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5 Ground Contamination

A source-pathway-receptor assessment of ground contamination issues has been made. The findings of
this assessment will be provided to the Environmental Health Officer at the Derby City Council to
confirm that they are in agreement with its findings and the general proposed requirements in relation to
ground contamination issues.

5.1 Potential Sources of Ground Contamination

The desk study assessment of the site indicates that the previous development at the site is not thought
to pose a significant contamination risk to the site, although some potentially contaminative uses, both
on and off site, have been noted. The potential sources of contamination are:

i) Two garages, at least one of which included road vehicle servicing & repair works, a filling
station.
ii) A saddlers/harness manufacture to the south of the site which may have included a

tannery and other animal processing and bi-products.
iii) An electricity sub-station off site to the west.
iv) A former gas works off site about 100m to the west.
V) Up to 2.8m of Made Ground at the site.
5.2 Proposed End Use

The proposed end used for the site includes commercial and office development and high rise
residential development with no gardens or major landscaping. A basement car park is proposed for the
eastern section of the site.

5.3 Consideration of Risks Posed to Human Health

5.3.1 Initial screen levels for chemical tests on soil samples
The results of the laboratory chemical analyses for all soil samples have been compared against the
following hazard screening criteria:

* CLEA Soil Guideline Values (SGVs) for residential with no plant uptake.
* Arup Generic Assessment Criteria (GACs) derived using CLEA UK (beta) 2005.
+ Intervention Values for Soil/Sediment and Groundwater (SRCy,man, February 2001)

Only where SGVs are not available have other criteria been used for the initial assessment. When the
chemical concentrations for a contaminant are below the corresponding CLEA SGV for the particular
proposed end use it can be assumed that human health is not adversely affected by the contaminant.
The SRC,man, @nd GAC values are also considered to be stringent for this particular development.

A summary of the site-specific screening levels and the comparison with test results is given in the table
below.
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Table 5.3 - Comparison of results with soil screening values
Chemical Screen Document Range of resuits Number of Number of
level (mg/kg unless test resuits above
(mg/kg stated) results screen level
unless
stated)
Arsenic 20 CLEA 3.2 to 22 10 1
Cadmium 30 CLEA <0.1 t0 4.53 10 0
Chromium Chromiu CLEA 11.8t0 422 10 0
m VI 200
Copper 2090 GAC 7to 179.6 10 0
Lead 450 CLEA 17.8 to 593.8 10 1
Mercury 15 CLEA <0.1to 0.53 10 0
Nickel 75 CLEA 14.4 to0 62 10 0
Selenium 260 CLEA <05t 1 10 0
Zinc 15000 GAC 51.3 to 401.4 10 0
Barium 9270 GAC 83 to 2180 10 0
Beryllium 84.2 GAC <1to 4 10 0
Cyanide 54 CLEA <0.6t00.7 10 0
Antimony 31 GAC 051029 10 0
Molybdenum 1310 SRChuman <0.5t056 10 0
Nickel 75 CLEA 14 .4 to 62 10 0
Benzene 0.04 GAC <0.6 to <10 ug/ 7 0
Toluene 3,8,15* CLEA <0.6 ug/kg to 7 0
<10 ug/kg
Ethylbenzene 16,41.80" CLEA <0.6ug kg to 7 0
<10ug/kg
Xylene 156 SRChuman <11ug/kg to 7 0
<12ug/kg
Semi-volatile Organic Compounds - - See detailed 4 0
results
Volatile Organic Compounds - - See detailed 4 0
results
PAH Acenaphthene >100000 SRChuman <0.08 to 6.57 1 0
Acenaphthylene 26000 SRChuman <0.08 to 1.64 1 0
Anthracene 25500 SRChuman <0.09 to 20.64 11 0
Benzo(a)anthracene 36.36 SRChuman <0.09 10 36.36 1 0
Benzo(a)pyrene 1.36 GAC <0.09 to 28.46 11 6
Benzo(b) fluoranthene 2800 SRChuman <0.09 to 40.32 11 0
Benzo(ghi)perylene 19200 SRChuman <0.09 to 14.98 11 0
Benzo(kjfiuoranthene 3200 SRChuman <0.09t0 15.18 11 0
Chrysene 32000 SRChuman <0.09 to 26.76 11 0
Dibenzo(a,h)anthracene 1.32 SRChuman <0.09 to 3.48 11 3
Fluoranthene 30300 SRChuman <0.10 to 44.26 1 0
Fluorene 2650 SRChuman <0.09 to 1.42 11 0
Indeno(1.2,3-cd)pyrene 3200 SRChuman <0.09t0 179 1 0
Naphthalene 7 GAC <0.08 to 0.39 11 0
Phenanthrene 23000 SRChuman <0.09 to 63 97 11 0
Pyrene >10000 SRChuman <0.10 to 66.34 11 0
Phenol 21900/ CLEA <06to 1.1 10 0
34400/
37300*
pH - - 8.2t0 11.8 -
CLEA SGVs are for residential development with no plant uptake
GAC Generic Assessment Criteria for residential with no plant uptake.
SRChuman Intervention Values for Soil/Sediment and Groundwater
* SGVs for soil organic matter (SOM) content of 1%,2.5% and 5% respectively
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5.3.1.1 Asbestos
Asbestos analysis was carried out on 8 Made Ground samples taken during the ground investigation.
The analysis denotes no buik fibres observed.

5.3.2 Comparison of chemical test results for soil samples with screening levels

The screening values have been exceeded for lead. arsenic, benzo(a)pyrene and
dibenzo(a,h)anthracene, results are as indicated in Section 5.3.1 and as detailed below.

¢ Alevel of 22mg/kg of arsenic was recorded in Made Ground taken at 0.1m from trial pit TP1.
The level recorded is only slightly above the CLEA screening value of 20mg/kg.

+ A sample of Made Ground taken at 0.20m from trial pit TP4 found a level of lead to be
593.8mg/kg. The CLEA screen value for lead is 450mg/kg.

e Elevated levels of benzo(a)pyrene and dibenzo(a,h)anthracene were found in samples of Made
Ground taken from trial pits TP4, TP3 and TP2, hand dug pits HD1 and borehole BH3. The
highest recorded level of benzo(a)pyrene was 28.46mg/kg in HD1 at 0.5m depth. This level of
benzo(a)pyrene is above the Arup GACs value of 1.36mg/kg but well below the SRC man Of
280mg/kg.

e The highest recorded level of dibenzo(a,h)anthracene was 3.48mg/kg in HD1 at 0.5m depth.
This level of dibenzo(a.h)anthracene is above the Arup GACs screening value of 1.32mg/kg but
below the SRCyyman Value of 70mg/kg.

A detailed assessment of individual VOCs and SVOCs, not listed in the table in Section 5.3.1, against
appropriate screening values do not show any cause for concern.

Screening values were not available for all chemicals for which test data was provided. A number of
these determinands tested were recorded above the detection limits. These include:

* boron values ranging from 0.62mg/kg to 11.2mg/kg
e chloride values ranging from 12.40mg/kg to 326mg/kg
¢ sulphide values ranging from 0.7mg/kg to 4.8mg/kg
e chromium values ranging from 11.8mg/kg to 42.2mg/kg
e manganese values ranging from 440mg/kg to 1160mg/kg
o tin values ranging from <0.5mg/kg to 56.5mg/kg
¢ iron values ranging from 206mg/kg to 26,200mg/kg
e coronene values ranging from 0.22mg/kg to 4.57mg/kg
¢ 1- methylnaphthalene recorded at 0.3mg/kg
e 2 - methylnaphthalene recorded at 0.5mg/kg
¢ Dibenzofuran recorded at 0.7mg/kg
In trial pits TP2 and TP3. within the made ground, the pH was recorded at 10.9 and 11.8 respectively.

All elevated values were recorded in samples of Made Ground. No elevated levels were recorded in
samples analysed from the Mercia Mudstone.

5.3.3 Potential receptors
The end users (i.e. residents and office workers) and future ground workers of the site are potential

human receptors.

An item should be entered into the CDM risk register to identify potential risks to construction workers
which will need to be assessed by the Contractor.
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5.3.4 Consideration of pathways
‘Hard’ cover is being provided across most of the site, which prevents a pathway via direct contact with
the underlying ground for site end users.

Some landscaped areas are proposed. Landscaping measures should be designed to separate the end
users of the site from potentially contaminated ground.

5.3.5 Discussion
Concentrations are generally considered to be low. The proposed development separates the end users
from the underling ground and a source — pathway — receptor linkage does not exit. Further assessment

may be required if localised pockets of contamination are found during the site works.

5.4 Consideration of Risks Posed to Groundwater and Related Receptors

5.4.1

Initial screening levels for chemical tests on groundwater samples

Groundwater test results have been compared to stringent screen levels taken from the following, in
order of preference.

e UK drinking water standards (UKDWS).
e EQS values for freshwater (EQS).
+ World Health Organisation, Health (WHO)

A summary of the site-specific screening levels and the comparison with test results is given in the table

GEOTECHNICALUSSUE GEOTECHNCIAL REPORTVGEQC REP_001 DOC

below.
Table 5.3 — Comparison of groundwater chemical test results with screening values

Chemical Screen level Document Range of Number Number

results of test of results
(mg/l unless (mg/l) results above
stated) screen
level

pH - - 7.3t08.1 6 -

Total Sulphur (as - - 1000 to 6 0

S0.) 1890

Nickel 0.05 UKDWS 0.004 to 6 0
0.011

Chromium 0.05 UKDWS <0.001 to 6 0
0.002

Cadmium 0.005 UKDWS <0.001 to 6 0
0.003

Copper 2 UKDWS 0.001 to 6 5
0.004

Lead 0.025 UKDWS <0.001 6 0

(Reducing to
0.01)

Zinc 5 UKDWS 0.017 to 6 5
0.088

Arsenic 0.01 UKDWS <0.001 to 6 1

0.01

Chloride 250 UKDWS 27 to 40 6 0

Calcium 250 UKDWS 371 to 833 6 6

Magnesium 50 UKDWS 20.8t0 73.2 6 5

Sodium 200 UKDWS 28.8to 173 6 0

Potassium 12 UKDWS 6.65 to 21.7 6 2

Manganese 0.05 UKDWS 0.04 to 3.4 6 4

Iron 0.2 UKDWS 0.04 to 0.14 6 0

Mercury 0.001 UKDWS <0.001 6 0

Ammonia cal 0.015 EQS <0.01to 0.8 6 B

Nitrogen

Nitrate 50 UKDWS <0.2t0 4.3 6 0
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Chemical Screen level Document Range of Number Number
results of test of results
{mg/l unless (mg/l) resuits above
stated) screen
level
Selenium 0.01 UKDWS 0.001 to 6 1
0.02
Sulphide 0.00025 EQS <0.2 t0 0.6 6 6
Thiocyanate - - <0.01 6
Chromium VI - - <0.01 6 -
Cyanide 0.05 UKDWS 0.07 to 0.1 6 6
Phenol 0.0005 UKDWS 0.15t0 0.2 6 6
Benzene 0.001 UKDWS <0.005 6 6
Toluene 0.05(0.5) EQS <0.005 to 6 0
0.02
Xylene 0.03 EQS <0.005 to 6 1
0.04
Ethylbenzene 03 WHO <0.005 to 6 0
0.04
Chemical Oxygen - - <5t0 20 6 -
Demand
Biochemical - - <210 09 6 -
Oxygen Demand
Total Oxygen - - 19t069 6 -
Demand
Polyaromatic - - See detailed 6 -
Hydrocarbons resuits
VOCs - - See detailed 6 -
results
SVOCs - - See detailed 6 -
results
BTEX - - See detailed 6 -
results
GRO - - See detailed 6 -
results
Aliphatic/Aromatic - - See detailed 6 -
results
UKDW S UK Drinking Water standards
EQS EQS Freshwater
WHO World Health Organisation (Health)

5.4.2

Comparison of chemical test resuits for groundwater with screening levels

The screening values have been exceeded for arsenic, calcium, magnesium, potassium, manganese,
iron, ammoniacal nitrogen. selenium, sulphide. cyanide. phenol. benzene, ethylbenzene and xylene,

results are as indicated in Section 5.4.1 and as detailed below.

One sample of groundwater taken from the standpipe at BH4 recorded 0.01mg/l of arsenic. This value is
found to be at the UK Drinking Water Standards of 0.01mg/l. This recorded value of 0.01mg/l is below
the EQS freshwater value of 0.05mg/! for arsenic.

All the groundwater samples taken from the standpipes and piezometers installed at the site found
elevated levels of calcium when compared against the UK Drinking Water Standard of 250mg/l.

Groundwater samples taken from standpipes BH1. BH2. BH3 and BH4 and peizometer BH4 found
elevated levels of magnesium when compared against the UK Drinking Water Standards of 50mg/l.

Groundwater from the peizometer BH3 and standpipe BH4 found elevated levels of potassium when
compared against the UK Drinking Water Standards 12mg/|.

Standpipes BH2 and BH4 and pizometers BH3 and BH4 found elevated levels of manganese within the
groundwater sampled and tested when compared against the UK Drinking Water Standards of 0.05mg/l.
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When the results are compared against the World Health Organisation (Health) screening vaiue of
0.5mg/l only two result were found to be higher than this screening value.

Four groundwater test results found elevated levels of ammonia cal nitrogen when compared against
EQS freshwater value of 0.015mg/l. The elevated results were recorded in standpipes BH2 and BH3
and in piezometers BH3 and BH4. The highest recorded result was 0.8mg/l. All the results were lower
than the World Health Organisations screening value of 1.5mg/l.

The groundwater samples tested taken from piezometer BH3 found elevated levels of selenium
(0.02mg/t) when compared against the UK Drinking Water Standard screening values of 0.01mg/l.

Six groundwater samples taken were found to be above the EQS freshwater screen values for sulphide
set at 0.00025mg/l. The detection level set for the screening of sulphide was set at <0.2mg/l therefore
all the resuits were above the screening values. Only the sample taken from standpipe BH4 recorded a
result above the detection limit, 0.6mg/l.

Six groundwater samples taken were found to be above the UK Drinking Water Standards screening
values for cyanide, set at 0.05mg/l. The highest recorded result is 0.1mg/l taken from piezometer BH3.

Groundwater samples taken from all six installations had elevated levels of phenol when compared
against UK Drinking Water Standards screening value of 0.0005mg/l. The highest level of phenol
recorded was in 0.2mg/l in standpipe BH1. When comparing the levels of phenol recorded to EQS
freshwater screening levels of 0.03mg/l and 0.3mg/l the values are found to be all above the lower end
screening level (0.03mg/l) but below the upper screening value (0.3mg/l).

As part of the BETX suite benzene was recorded at a detection limit of <0.005mg/l in all installations.
The detection limit used is above the UK Drinking Water Standard screening value of 0.001mg/l.
However, the detection limit used is lower than the lower EQS freshwater screening value of 0.03mg/l.
As part of the VOC suite benzene was recorded at <0.001mg/l apart from standpipe BH4 were benzene
was recorded at 0.002mg/l. Again this recorded value is above the UK Drinking Water Standard but
below the lower EQS freshwater screening value.

As part of the BETX suite xylene was recorded at 0.04mg/! in standpipe BH4. This values is above the
EQS freshwater screening value of 0.03mg/l. As part of the VOC suite xylene was recorded at
0.051mg/l and 0.084mg/l, in standpipe BH4, again these values is above the EQS freshwater screening
value. All three results are below the World Health Organisation (Health) screening value of 0.5mg/l.

5.4.3 Nearest potential receptors
The nearest potential receptors is the River Derwent which flows from north to south approximately
100m to the east of the site and Markeaton Brook which use to pass the west side of the site in the area
of Bold Lane. It is understood that Makeaton Brook flows within a culvert, close to its original location
off the site.

5.4.4 Sources of ground contamination
The site has been developed since 1610. The known historic site uses which potentially pollute the
groundwater are a garage and saddlers/harness manufactures. Groundwater poliution could also have
occurred from surrounding historic industry including the gas works and garage on the north, north-
western ‘upstream’ side of the site. The most resent use of the site suggests that it is unlikely to have
posed a significant threat to the groundwater.

5.4.5 Consideration of pathways
The groundwater level is generally flat and the site is located between the Markeaton Brook and the
River Derwent. The groundwater at the site may flow towards both of these watercourses.

The River Terrace deposits found across the site may act as a potential pathway between the site, as a
potential source, and the groundwater receptors, Markeaton Brook and the River Derwent. However,
the geological map shows that River Terrace deposits do not extend as far as the River Derwent found
approximately 100m to the east of the site. therefore the pathway to the receptor may be limited. It is
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understood that Markeaton Brook is culverted in the vicinity of the site, so the flow of groundwater into
the brook may be restricted.

The hard cover at the site will reduce infiltration of surface water that could mobilise any possible
contaminants.

5.4.6 Discussion
The data suggests that historical sources exist. It is likely that the slightly elevated chemical test results
for groundwater are a result of past industrial usage of the region.

If evidence of hydrocarbon contaminated materials are identified during construction works then these
material will need to be removed/treated.

There is a low risk of mobilising contamination into groundwater due to hard cover.

5.5 Ground Gases

To assess the risks associated with potential presences of ground gases, reference has been made to
CIRIA guidance, C659, Assessing the Risks posed by Hazardous Ground Gases to Buildings, 2006.

The sensitivity of the proposed development is moderate as the proposed development will contain
high-rise residential units. It seems that the potential source of any ground gases is very low (i.e. Made
Ground). For this situation the CIRIA report indicates that six sets of readings should normally be
undertaken.

Two further monitoring visits are required. One should be at a time of low atmospheric pressure.

A full review of the risks posed by the ground gases will be undertaken after completion of the
monitoring works, but at this stage it is anticipated that the risks will be low with limited gas protection
requirements.
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6 Geotechnical Design Considerations

6.1 Ground Conditions

A thick layer of Made Ground covers the site, generally over 1m thick and up to 3m thick. Much of it is
seems to be crushed concrete and brick rubble, which contains various other materials. In the east of
the site a top layer of rubble overlies thick soft clay. Layers of soft clay are also present in other areas.

A strong hydrocarbon odour was noted at 0.8m in Made Ground in hand-dug pit HD7.

It is likely that River Terrace Deposits covered the whole site, but has been locally removed where the
Made Ground is thickest. It is possible that these are the areas of old basements from previous
developments on the site. This stratum is typically a medium dense sand and gravel, which potentially
contains thick layers of soft clay.

Mercia Mudstone is the solid geology at the site. The top part of the mudstone is highly weathered to
clay where gypsum has been dissolved from it. A reasonably thin top layer is firm, but strengths
generally increase with depth. The mudstone is generally present below a depth of about 11m and is
typically weak. The bottom of the weathered top section is thicker at BH4 and possibly extends to over
20m depth, although SPT results suggest that it may only extend to a depth of 15m.

A very low SPT result was measured in the mudstone indicating very soft to soft consistency. This
result is probably due to the dissolution of gypsum from within the host mudstone. Where gypsum has
been dissolved, it is expected that the permeability of the mudstone is significantly increased.

A shallow groundwater underlies the site and it seems that the flow direction is towards the Markeaton
Brook across the west part of the site.

The monitoring results indicate some upflow of groundwater is occurring.

Monitoring shows ground gases are present on the site in low concentrations. This is discussed in
Section 5.5.

6.2 Ground Contamination

The chemical test data suggests that the source of ground contamination on the site is very low. The
proposed development separates the end users (i.e. residents and office workers) from the underling
ground as ‘hard’ cover is being provided across most of the site therefore the source — pathway —
receptor linkage does not exit. Some landscaped areas are proposed. Landscaping measures should
be designed to separate the end users of the site from potentially contaminated ground e.g. 1m of
‘clean’ subsoil/topsoil beneath soft landscaping areas. Further assessment may be required if localised
pockets of contamination are found during the site works.

There is no clear pattern to the slightly elevated chemical test result for groundwater and it is expected
that they reflect the past industrial usage of the region. Direct pathways to the groundwater receptors,

Markeaton Brook and the River Dewent, appear to be limited. The ‘hard’ cover being provided across
the site will reduce infiltration of surface water that could mobilise any possible contaminants.

If evidence of hydrocarbon contaminated materials are identified during construction works then further
assessment may be required potentially leading to remove/ treatment.

The potential source of any ground gases is very low (i.e. Made Ground). For the proposed end use
(i.e. high-rise residential units) the CIRIA report indicates that six sets of readings should normally be
undertaken. At present a further two monitoring visits are required. One should be at a time of low
atmospheric pressure.

A full review of the risks posed by the ground gases will be undertaken after completion of all the
monitoring works, but at this stage it is anticipated that the risks will be low with limited gas protection
requirements e.g. will constructed ground floor slab with damp proof membrane.
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6.3 Earthworks

The archaeological field investigation works will remove a significant thickness of Made Ground from the
site. All materials removed from the site should be disposed of at a suitably licensed facility.

The archaeologists may investigate the full depth of the Made Ground and it is therefore possible that all
of it will be removed before the commencement of the main construction works.

Thick Made Ground is present at some exploratory holes, possibly as backfill to old basements, and
some may remain after the archaeological works. A thin layer of Made Ground may also be present
elsewhere.

A large basement car park is proposed and ground levels will need to be lowered by about 2.0m in that
area. The depth of excavation is therefore likely to be about 2.5m and only minor swelling of the ground
is therefore expected.

There is no requirement for significant quantities of fill. However, it is possible that some fill will be
required in the west part of the site, outside of the basement area, especially if site levels are lowered
significantly by the archaeological works. Some of this may be won from sand and gravel layers within
the River Terrace Deposits, although given the proposed basement level of 46.5mOD the quantities
may be small. It is therefore possible that a small quantity of imported fill is required.

Services are present on the site and may require diversion before the commencement of significant
earthworks.

Hard excavation will be required to remove hard surfaces and old foundations. It is possible that
remnant foundations are present from previous developments at the site  Occasional thin ‘skerry’ bands
were encountered in boreholes.

Careful consideration should be given to the approach to excavations close to the site boundary where
existing buildings are to be retained. This is further discussed in the next section.

Given that dissolution of gypsum will have increased the permeability of the mudstone, significant
inflows of groundwater may enter excavations below the groundwater level. Monitoring also indicates
upflow of the groundwater should also be considered.

Careful consideration should be given to any dewatering works, as lowering the groundwater will
increase the effective stresses on soils and cause settlement of the ground. This could affect nearby
building.

Given the currently proposed basement car park floor level of 46.5mOD, the depth of excavation below
the general groundwater level (46.2mOD in September 2007 at three boreholes) will be limited. The
deepest excavations will probably be for foundations. Refer to Section 6.6 for further details. The use
of pile foundations would help to minimise the excavation depth. Some seasonal fluctuation of
groundwater levels is likely to occur, given that the site is located between two watercourses. Further
monitoring for ground gases is planned and will also provide additional information on groundwater
levels.

6.4 Disposal of Surplus Material

6.4.1 Implementation of the waste Regulations
Waste Acceptability Criteria (WAC) was implemented in July 2005. The WAC are maximum limits for
both total and leachable characteristics that cannot be exceeded for particular classes of waste when
disposing of that particular waste. The WAC do not define hazardous / non-hazardous but do define
inert when testing is required. There are WAC set for hazardous waste, stable non-reactive hazardous
waste placed in engineered cells in non-hazardous sites and inert wastes. There are no WAC for non-
hazardous waste. The implication is that hazardous waste that exceeds the WAC has to be treated to
meet the WAC before disposal.
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6.4.2 Classification of Waste
There are now three principal waste types (inert, non-hazardous and hazardous) aithough hazardous
may be further split based on the WAC. These are summarised below:

e Inert - generally uncontaminated natural soils. If this is the case the material may be disposed of to an
inert landfill if it satisfies the inert leachability Waste Acceptance Criteria (WAC). Inert may also be
used as a construction material in other sites.

e Hazardous - defined by the European Waste Catalogue and the analysis of ‘total’ chemical
determinants to assess the hazard properties. It must be treated in accordance with the principles
(BPEO) set out by the Directive. Treatment may change the classification to non-hazardous (as
defined by the EWC and the ‘total’ chemical content). Subsequent to treatment, and the classification
following treatment. the waste may only be disposed of if it satisfies the leachability WAC for the
relevant classification of landfill.

+ Stable non reactive hazardous waste — defined in a similar manner to hazardous waste but
satisfying stricter WAC. Subsequent to treatment, it may be disposed of in specifically designed
separate cells in non-hazardous landfills (if the operator has obtained a permit to operate these cells).

If the waste is not inert and not hazardous then by default the waste is non-hazardous. Non-
hazardous waste may be sub-classified based on the bio-degradable content. There are currently no
WAC for non-hazardous waste.
There are some inert wastes for which WAC testing may not be required including "soils and stones",
although "soils and stones from contaminated sites” are an exception and are subject to the WAC tests.
6.4.3 WAC Testing and Results
At the time of the ground investigation, Waste Acceptability Criteria (WAC) testing be undertaken to
allow them to determine whether the waste is classified as inert, as defined by the Waste Regulations.
Two samples pf made Ground taken during the ground investigation were WAC tested. An initial
comparison of the test resuits with WAC for inert waste has been made and a summary is included in
Table 7.4.
Table 7.4 - Waste Acceptance Criteria for Inert Waste
Chemical WAC for Highest Recorded Number Number
inert Resuits of test of
waste results results
above
(mg/kg) screen
level
Limit Values (mg kg”) for compliance test using BS EN 12457 at S 10 1kg"
Arsenic 0.5 0.11 2 0
Barium 20 22 2 0
Cadmium 0.04 <0.004 2 0
Chromium 05 0.03 2 0
Copper 2 0.14 2 0
Mercury 0.01 <0.001 2 0
Molybdenum 05 0.29 2 0
Nickel 04 0.03 2 0
Lead 0.5 0.47 2 0
Antimony 0.06 0.02 2 0
Selenium 0.1 0.03 2 0
Zinc 4 0.62 2 0
Chloride 800 73 2 0
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Fluoride 10 10 2 0
Sulphate 1000 8271 2 0
Total Dissolved 4000 2332 2 0
Solids

Phenol Index 1 <0.5 2 0
Dissolved Organic 500 470 2 0
Carbon

None of the recorded WAC testing results was found to be above the inert waste landfill limit values set.

6.5 Retaining Walls

Footings to existing buildings are located immediately adjacent to the proposed basement in some parts
of the site.

Consideration was initially given to traditional underpinning to provide support in the temporary case
with reinforced concrete basement walls used for the permanent case. The ground investigation has
shown that the groundwater level is a little below the basement car park floor level and is likely to be
higher still due to seasonal variation.

Excavations for foundations below the existing groundwater level would have been required in some
parts of the site. Under such circumstances, maintaining dry and stable excavations would be both
difficult. Furthermore, the required excavations for foundations to the proposed building would have
needed to extend significantly below the level of the existing footings. This would have required deep
and wide underpinning 'panels’, which would also have increased the complexity of the works, risks to
the existing buildings and cost.

It is now proposed that stiff propped embedded retaining walls are used to support the ground in both
the temporary and permanent cases. The ground floor slab and a reinforced basement slab will provide
propping in the permanent case. Careful consideration needs to be given to the construction sequence
to ensure that adequate support is given to the existing buildings at all times. It may be possible to
make use of the proposed ground floor slab in the temporary case too. To limit settiement of the footing
it may be desirable to prop the wall close to the level of the footing, although construction logistics may
dictate propping at another level.

There is limited space for the retaining wall and this will limit the available width for piles. Sheet pile
walls may be narrower than concrete walls of similar stiffness, but vibration levels during driving are
likely to be too high given the proximity of adjacent buildings. Low vibration push-in techniques could be
considered. This technique is suitable for softer clays and it may be difficult to achieve the required
depth of embedment given the strength of the Mercia Mudstone. Calculations to determine the required
depth of embedment are being carried out to allow this to be assessed further. Optimising the position
of props may help to limit the required depth of embedment, which may improve the suitability of this
technique. The length of piles will also be important when considering the ease of delivery and handling
of the sheet piles.

A sheet pile wall could also be made reasonably watertight by welding plate at clutches. Vertical load
capacity would be provided for support of the superstructure.

Until this is further investigated, the proposals currently allow for contiguous bored pile or secant walls
to be used, together with a drained cavity between internal block walls and the piles. Piles could also
be used for support of vertical loads from the superstructure.

Excavations have been made to check the detail of the existing footings, which generally do not extend
significantly from the edge of the walls on them. It is therefore currently anticipated that there is
sufficient room for 450mm diameter piles. If calculations show this width of wall is not stiff enough,
consideration could be given to the use of steel beams in piles. The steel beam sections would add
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significantly to cost and should only be considered where other lower-cost options have been
exhausted.

Party wall issues require careful consideration and discussions should be initiated at an early stage to
identify any related constraints. The potential for ground movements including ground-borne vibration to
affect the adjacent properties will need to be considered for all construction techniques,

Consideration is currently being given to what level of deflection can be tolerated. For initial design
purposes, the tolerable total settlement of existing footings is being taken as 10mm. CIRIA C580
provides guidance on likely amounts of ground movement that can be expected from wall installation
and deflection of the wall during the excavation works

For the permanent works case, allowance should be made for high groundwater levels that could occur
when river levels are high. The basement will need to be designed to exclude groundwater and for uplift
forces from water pressure acting on the underside of the floor slab.

6.6 Foundations

6.6.1 Areas with basement (generally the east part of the site)
The proposed basement floor level is 46.5mOD. Internal column loads are high at approximately 3MN
(working load). External column loads are anticipated to be about 2MN.

Given the level of loading, footings within the River Terrace Deposits are not considered suitable, as
extremely large footings would be required. Footings on the Mercia Mudstone could be considered.
However, the uppermost part of the mudstone is firm and this would need to be penetrated. If footings
were founded below this, an allowable bearing pressure of about 175 to 200kPa may be acceptable.
This would require very large footings, up to about 4m square. Furthermore, the depth of the footings
would typically be over 2m below the basement level and below the groundwater level.

It is therefore expected that piles would offer a more suitable and cost-effective foundation solution. For
external column pile groups could also be centred closer to the site boundary and this may offer
additional benefits.

One of the four boreholes found the Mercia Mudstone to be weathered to firm clay to considerable
depth. The design of pile foundations will need to allow for this. Bored piles are preferred given the
sensitivity of the site in terms of noise and vibration. Long piles would generate much of their load
capacity in shaft resistance, which is mobilised at small movements. At working load, total and
differential settlements should therefore be small.

The design currently allows for 600mm diameter bored piles at 1.8m spacing supporting each column
with each pile carrying 1MN. Three pile groups would then provide rotational restraint in both directions
for internal columns. Twin piles provide restraint across the building edges and ground-beams provide
restraint along the edge of buildings and can also be used to support the fagade.

Pile design calculations have not been carried out, but it is currently expected that the required pile
length would be of the order of 17m. Consideration should be given to the suitability of CFA piles, which
may allow longer, smaller diameter piles to be used, although a greater number of piles would be
required.

Made Ground, including remnant substructure, is present across parts of the site below ground floor and
basement levels. A strategy for dealing with obstructions is needed.

The lower part of the Made Ground contains a significant amount of soft clay. However, it seems that
this will be removed in the area of the basement and consideration can therefore be given to the use of
a ground-bearing floor slab. Local pockets of Made Ground could be removed and replaced with
suitable fill or lean mix concrete. The formation should be checked and any soft pockets within the
underlying River Terrace Deposits will probably also require removal.
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A thick of Made Ground is present in the area of the ramp, where the existing ground surface level is
lower. It is possible that much of this will remain and a suspended floor slab may therefore be required
in this area.

A compressible material is needed beneath slabs in areas where remnant substructure remains, to
avoid unintentional load distributions that could adversely affect the slab.

6.6.2 Areas without basement (west part of the site, except in area of access ramp)
A significant thickness of variable Made Ground is present in the west part of the site. This is not
considered a suitable founding stratum for footings or ground-bearing slabs. Bored pile foundations with
suspended ground floors are therefore recommended at this stage. However, it is possible that the
archaeological works will remove much of the Made Ground, in which case ground-bearing floor slabs
would be worth consideration.

6.7 Sulphate Conditions

Mercia Mudstone commonly contains elevated levels of sulphate. Several tests give sulphate
concentration from soil-water extract tests over 1.0g/l, the maximum concentrations being 1.58g/l and
1.67g/l. The pH results vary between 6.7 and 8.3 indicating near neutral and slightly alkaline conditions.

Samples of groundwater were tested as part of both the geotechnical and chemical testing. Results
show the concentrations of sulphate vary between 1.0g/l and 1.9g/l.

Using these results and assuming the site is ‘brownfield’, sulphate conditions can be classified using
BRE Special Digest 1 as Design Sulphate Class DS-3. Assuming ‘mobile’ groundwater conditions the
ACEC Class is AC-3. At this ACEC class, it is likely that the requirements for buried concrete will be
affected by the sulphate conditions.
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Further Work

It was not possible to find full details of the existing building foundations on the perimeter of the site due
to the presence of the existing supermarket / warehouse superstructure that is to be demolished. We
recommend that further exploratory works are undertaken on the site in the locations listed below, either
during or after the demolition works.

Some of these items are most appropriately inspected once the Main Contractor is on site to commence
site clearance and enabling works.
« Level and outstand on existing cellar foundations to 2 Sadler Gate Bridge (Subway shop)

« Foundation level to Magistrates Court Annex (9 to 11 Bold Lane) where adjacent to the site. At
present this is obscured by the existing warehouse perimeter wall.

« Foundation level to be clarified for the small Council office building to the northern site
boundary. This is currently obscured by the existing warehouse perimeter wall which may be
acting as a retaining wall.

« Probe holes to determine thickness of existing walls in selected areas.
« Condition of foundations to boundary walls where not inspected during site investigation works.

« Further inspection and surveys as necessary to accurately locate existing services within the
site boundary. For example the statutory services search indicated a gas connection in close
proximity to the courtyard to 6 Bold Lane. The exact position of this gas pipe should be
established.

Further trial pitting could also be appropriate in the area of the old supermarket, if a ground-bearing floor
slab is to be considered. This would provide additional information on the extent and nature of the
Made Ground and River Terrace Deposits.

Further ground investigation is also required to confirm the exact extent of ground contamination in the
areas where access was limited or restricted e.g. supermarket.
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