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1.0 Introduction
Piled foundations are proposed for the developed at land off Bootle Street in Manchester, approximately centred
on NGR SJ 83656 98006.

Given the sensitivity of the groundwater underlying the site, a piling risk assessment has been produced in order

to identity the risk associated with a piled foundation solution to the underlying aquifer.

The purpose of the report is to confirm provide an assessment of risk presented by a piled foundation solution
as requested by the Environmental Agency, to address a potential risk to the known bedrock aquifer. This report

has been written to address this concern.

1.1 Scope

This piling risk assessment provides an overview of the site’s ground and groundwater conditions and
considers the potential risks associated with the adoption of Continuous Flight Auger (CFA) piling to
groundwater. The report also identifies appropriate risk management and monitoring protocols that can

be adopted to ensure any residual risk is brought within adequate and practicable limits.
1.2 References

In preparation of this report reference has been made to the following key guidance document:

¢ Piling and Penetrative Ground Improvement Methods on Land Affected by Contamination: Guidance
on Pollution Prevention National Groundwater & Contaminated Land Centre report NC/99/73 (EA
Report 2001).

Reference is also made to the following geo-environmental reports:

e Curtins Consulting (December 2021) St Michael’s Phase 2 Ground Investigation, report ref. 078847-
CUR-00-XX-RP-GE-001-PO01.

The findings of this report should be read in conjunction with the above. It is anticipated that readers of

this risk assessment will have access to the above reports and hence a copy has not been included.

Rev V01 | Copyright © 2022 Curtins Consulting Ltd Page 1
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2.0 The Site

21 Site Location

The site is located off Bootle Street, Manchester, M2 5GU centred at the approximate NGR SJ 83656
98006 covering an area of approximately 0.3Ha. The site is currently occupied by a central area of
hardstanding used for car parking, surrounded by unoccupied buildings to the north, east, south and
west. The site is generally level and is bound to the north by Jackson’s Row, east by Southmill Street
and south by Bootle Street. The surrounding area is occupied by office blocks, restaurants and high-
rise apartments.

2.2  Site History

Earliest mapping indicates building on site with no specific end use with Jackson’s Row and Bootle
Street present in their current arrangement. By 1850, several small buildings and associated courtyards
are located on site. Between 1894 and 1896, a courtyard is noted in the centre of the site and by 1908,

the courtyard is labelled as a Fire Station.

By WWII, the building in the south east corner of the site was damaged by a bomb strike. In 1948, a
police station was recorded in the northeast, east and southeast of the site and a sunken tank in the
north. In 1955, the Poster Services Ltd Print Works was recorded in the south east corner including a

garage and petrol tank and demolished by 1970. In 2022, the site configuration remains unchanged.

2.3 Hydrogeology

Environment Agency data indicates that the superficial deposits are classified as Unproductive, with

the underlying bedrock geology classified as a Principal Aquifer. A Principal Aquifer is defined as:

Layers of rock or drift deposits that have high intergranular and/or fracture permeability meaning they
usually provide a high level of water storage. They may support water supply and/or river base flow
on a strategic scale. In most cases, Principal Aquifers are aquifers previously designated as Major

Aquifers.

The site is not situated within a designated Source Protection Zone (SPZ).

2.4  Hydrology

The nearest surface water feature identified in the Rochdale Canal, approximately 270m south east of
the site.

Rev V01 |Copyright ©2022 Curtins Consulting Ltd Page 1
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25 Made Ground

Made ground was encountered in all exploratory holes from ground level to depths between 0.20m and
1.40m bgl (37.19m to 33.16m AOD). In all positions, an upper layer of concrete was encountered with
a thickness of 0.10m and 0.33m, except in WS108 where laminate floor (0.01m thickness) overlies

concrete (0.19m thickness).

In RBH101, a made ground comprising brown sandy gravely clay with intact brick was encountered,
while in RBH102 and RBH103, the made ground was recorded as a reddish-brown gravelly slightly
clayey fine to coarse sand with intact bricks. In WS105 and WS106, made ground comprising sandy

angular to subangular fine to coarse gravel was encountered below the concrete.

In WS104 — WS107, the concrete directly overlies the natural stratum below. In WS109 and WS110,
the made ground comprised a 0.10m thick layer of concrete, overlying a 0.02m thick layer of bitumen,

followed by a 0.08m thick layer of intact bricks.

The sand is fine to coarse and the gravel across site is recorded as angular to subangular fine to coarse

of sandstone, brick, ceramic, concrete, bitumen and coal.

2.6 Glacial Till

Deposits of Glacial Till were encountered below the Made Ground in all exploratory holes except
WS108 underlying the Made Ground to maximum depths between 0.30m and 5.00m bgl (35.59m and
32.40m AOD).

Due to the variability in the composition of the Glacial Till (i.e., interbedded granular and cohesive
materials) this report has classified the soils based on engineering behavior as opposed to the
nomenclature used by the BGS. Therefore, the natural superficial deposits have been interpreted and

assessed as either ‘Cohesive Till’ or ‘Granular Till’ in respect to their geotechnical assessment.

2.6.1 Cohesive Glacial Till

The cohesive Glacial Till was encountered in exploratory holes RBH102, RBH103 and WS104.
It is recorded as a firm to very stiff reddish-brown slightly gravelly Clay. The gravel was found

to comprise subrounded fine to coarse of sandstone and quartz.

In WS104 rounded cobbles of sandstone and mudstone are present.

2.6.2 Granular Glacial Till

The granular Glacial Till was encountered below the Made Ground, in RBH101, RBH102,
RBH103, WS104, WS105, WS106, WS107, WS109 and WS110. It was recorded as a very
dense reddish-brown slightly gravelly fine to coarse Sand in RBH101 to RBH103 and WS104,

Rev V01 |Copyright ©2022 Curtins Consulting Ltd Page 2
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and as a brown slightly gravelly coarse Sand in WS105, WS106, WS107, WS109 and WS110.
The gravel was subangular to well-rounded fine to coarse of sandstone and quartz.

2.7 Chester Formation

The Chester Formation bedrock was encountered all exploratory hole locations except WS104.

The bedrock was encountered between depths of 0.20m and 5.00m bgl (34.18m and 32.40m AOD) to
the maximum depth drilling of up to 50.50m bgl (-13.12m AOD).

The bedrock typically comprised interbedded variations of extremely weak to medium strong reddish-
brown fine to coarse grained Sandstone. In RBH102 from 46.02m to 50.00m bgl (-8.62m to -12.60m
AOD) the sandstone was recorded as strong.

In RBH101, RBH102 and RBH103 the sandstone was recorded to contain subangular to subrounded
fine to medium gravel clasts at various depths. In RBH102 from 16.62m to 21.50m (20.75m to 15.87m
AOD) a micaceous sandstone was noted

2.8 Groundwater

No groundwater strikes were recorded during the siteworks although they may have been concealed
by use of the water flush in the boreholes. A summary of post investigation groundwater level monitoring

is presented in Table 2.8.

Table 2.8 — Groundwater Monitoring Results

Borehole Installation  Response Zone o o o <
Ref. Strata m bgl (m AOD) o) > S S
(<} (<} S S
N~ N —l Lo
— (@) N (@]
35.00 — 50.00
RBH101 Sandstone (2.38 — -12.62) (23.55) | (23.45) | (23.44)
20.00 — 35.00 1303 | 1324 | 1328 | 1812 | 1321
RBH102 |  Sandstone (17.37 — 2.37) - 2438) | (2413) | (2409) | (425 | (24.25)
5.00 — 20.00 1145 | 1288 | 1293 | 1304 | 1204 | 12.94
RBH103 | Sandstone (3241-17.41) | (25.96) | (2453) | (24.48) | (437) | (24470 | (447)
Cohesive 0.50 - 1.00 1.18 0.33 1.17
WS104 Glacial Till (36.91 — 36.41) - Dry Dy | (3623) | (37.08) | (36.24)

Based upon groundwater elevations and the underlying geology, the following considerations are given

to the underlying groundwater regime:

e A variable groundwater table appears to be present below the site within the cohesive Glacial
Till at an elevation range of between 37m and 36m AOD, and within the Sandstone bedrock
between 26m and 23m AOD.

e It is evident that the groundwater levels within the cohesive Glacial Till in WS104 vary

considerably. For example, it is noted as the installation pipework being flooded following
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periods of heavy rain, and then the water level recorded as dry during drier weather conditions.

This indicates that surface water inflows possibly due to heavy periods of rain may be impacting

the borehole causing the large change in groundwater levels. This groundwater level is not

considered to be representative of a shallow groundwater table across the site however further

groundwater monitoring is recommended to confirm this

2.9 Contamination Summary

A total of 4No. soil samples were obtained from the boreholes and tested for Curtins Suite A,

summarised in Table 2.8.
Table 2.8 — Environmental Chemistry Analysis Suite: Soils

Suite Ref. ‘ Analyte

LOD
Asbestos Screen -

pH Value 0.1 pH

2:1 Water Soluble Sulphate 0.01 g/l
Soil Organic Matter (SOM) 0.4% wiw

Arsenic, Chromium, Chromium VI, Copper, Lead, Nickel, Selenium 0.20 - 1 mg/kg

Zinc 0.5 mg/kg
Soils Suite A Boron (water soluble) 0.4 mg/kg
Cadmium 0.1 mg/kg
Mercury 0.1 mg/kg
Cyanide (total) 0.5 mg/kg
Phenols (screen) 0.3 mg/kg
PAHs (USEPA 16) 0.1 mg/kg

TPH (Aro/Ali Split) 1 mg/kg

No visual or olfactory evidence of contamination was identified during the ground investigation to justify

increasing the testing to incorporate VOC or SVOC analysis.

The chemical analysis results were compared against a Commercial end-use scenario. With respect to

the Commercial thresholds, no exceedances of contamination GACs were recorded in any of the soil

samples tested.

All samples tested were also screened for asbestos fibres with no asbestos positively identified in the

laboratory. No suspected asbestos containing materials (ACMs) were identified within any of the

exploratory holes excavated on site.

Rev V01 |Copyright ©2022 Curtins Consulting Ltd
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With regard to controlled waters, three groundwater samples were obtained from RBH101, RBH102
and RBH103. Given the presence of the Principal Aquifer underlying the site, the result of laboratory
analysis were assessed against UK DWS and where these were not available for review, WHO

guidelines.

With respect to the Principal Aquifer, one determinant was recorded at a concentration greater than the
relevant UK DWS:

e Sulphate at 309mg/l (UK DW 250mg/l)

Marginally elevated concentrations of sulphate were recorded in RBH101 at 14.29m bgl. There is no
indication the elevated concentration recorded were as a result of high concentrations in soils leaching
in soil leaching to the underlying aquifer based on the chemical soil analysis from the made ground and

glacial till above.

The marginally elevated concentrations are attributed to background concentrations within the

sandstone bedrock.

2.10 Ground Gas

An initial programme of six gas monitoring visits over twelve weeks was proposed. Six gas monitoring
visits have been undertaken between 17" August 2021 and 5" November 2021, with barometric

pressure recorded between 1005 mb and 1031 mb.

Evaluation of the ‘representative borehole’ scenario (highest hazardous gas flow rate identified a single
borehole) records a maximum Qng of 0.0039 I/hr for carbon dioxide where for the fifth visit the maximum

steady state gas flow reading is -1.3 I/hr, and a maximum gas concentration is 0.30% Y/v.

Evaluation of the ‘worst case’ scenario (highest Qng across the entire dataset irrespective of location
and discrete monitoring events) recorded a maximum Qng of 0.0091 I/hr for carbon dioxide with the

highest steady state flow rate of -1.3 I/hr and a maximum gas concentration of 0.70% V/v.

Considering the above, it is recommended that the site is characterised with CS1 classification, with no

gas protection measures required for the proposed development.

2.11 Aggressive Ground Conditions

The site has been classified in accordance with BRE Special Digest 1 (Ref. 19) and laboratory testing
undertaken accordingly in Section 7.0. Based on the laboratory test results obtained during the Curtins
ground investigation, it is considered that a Design Sulphate Class may be undertaken as DS-1 with an

ACEC class of AC-1 for made ground, glacial till and Chester Formation bedrock.
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3.0 Piling Risk Assessment

At the current design stage, the adoption of CFA piles is considered to be the preferred piling solution. Current
design information indicates 750mm to a depth of 10.00m bgl. This method should be considered with

consideration of minimal ground vibration, as well as groundwater protection aspects.

CFA piles essentially involve driving a large auger into the ground, with soils within the radius of the auger
brought to surface and replaced with concrete on withdrawal of the auger. The displacement of the surrounding
ground is governed by the speed of rotation of the auger relative to the speed of vertical penetration.
Theoretically, it is possible to adjust the speeds so that the volume of soils displaced laterally and removed as

arisings is equal to the volume of concrete placed.
Within the EA Report (2001), the six Source-Pathway-Receptor scenarios are identified as:

1. Creation of preferential pathways, through a low permeability layer (an aquitard), to allow potential
contamination of an underlying aquifer;

2. Creation of preferential pathways, through a low permeability surface layer, to allow upward migration of
landfill gas, soil gas or contaminant vapours to the surface;

3. Direct contact of site workers and others with contaminated soil arising which have been brought to the
surface;

4. Direct contact of the piles or engineered structures with contaminated soil or leachate causing degradation
of pile materials (where the secondary effects are to increase the potential for contaminant migration);

5. The driving of solid contaminants down into an aquifer during pile driving; and

6. Contamination of groundwater and, subsequently, surface waters by concrete, cement paste or grout.

This piling risk assessment tabulated overleaf address aspects 1, 5 and 6 above only, in keeping with the

objectives of this report. The risk assessment methodology follows that presented in Appendix B.

Rev V01 |Copyright ©2022 Curtins Consulting Ltd Page 6
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TABULATED RISK ASSESSSMENT: CFA Piles

1. Creation of preferential pathways,
through a low permeability layer
(an aquitard), to allow potential
contamination of an underlying
aquifer.

Potential Consequence

4. Direct contact of the piles or
engineered structures with
contaminated soil or leachate
cause degradation of pile
materials (where the secondary
effects are to increase the
potential for contamination
migration)

Medium
Pollution of sensitive water
resources in groundwater,

5. The driving of solid contaminants
down into an aquifer during pile
driving.

although not abstracted in the
immediate vicinity and primary
pathways likely to be to the
nearby canal.

6. Contamination of groundwater
and, subsequently, surface
waters by concrete, cement paste
or grout.

Potential Probability

Unlikely
o Limited Made Ground contamination
identified; and
e CFA piling method essentially self-
sealing with concrete and therefore no
resultant pathway.

Potential

Risk Management Options
Available

Not applicable.

Low Likelihood
e Soluble sulphate concentrations in
soils meet a Design Sulphate Class of | Moderate/ Use suitably sulphate resistant
DS1 AC-1 for made ground soils and Low concrete for all substructures.
natural soils/bedrock
Low Likelihood

Above considerations, plus: _

« Low likelihood as arisings brought to Moderate/ | SPe€d of auger rotation needs to be
surface in CFA method, with speed of Lo matched with downward force to
auger rotation to be matched with avoid driving soils down.
downward force to avoid driving soils
down.

Cement content of the concrete will
Low Likelihood Moderate/ need to be closely monitored so
Above considerations. Low that this in itself does not ‘bleed’
into groundwater.

Rev V01 | Copyright © 2022 Curtins Consulting Ltd
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4.0 Summary and Recommendations

The risk assessment presented herein has concluded that there is a Low risk to contamination of groundwater
beneath the site from the use of CFA piling, providing that the following risk management measures are put in

place:

e Speed of auger rotation needs to be matched with downward force to avoid driving soils down; and
o Cement content of the concrete will need to be closely monitored so that this in itself does not ‘bleed’ into

groundwater.
The following should also be considered:

e The piling contractor should prepare and submit relevant method statements for approval prior to piling
works commencing;

e Where arisings are generated, they should be classified, handled and disposed of in compliance with
relevant best practice and regulatory requirements;

e The piling contractor should make allowance for the provision of appropriate PPE; and

¢ In the event of uncovering any areas of unexpected contamination during the piling works, including
odorous or stained soils, works should be ceased with the advice of the appointed environmental consultant

sought immediately.

This document should be forwarded to the Planning Authority for discharge of the relevant planning condition

before piling works commence.

Rev V01 | Copyright © 2022 Curtins Consulting Ltd Page 8
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Appendix A — Site Plan
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Appendix B — Borehole Logs
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Borehole No.
Sheet 1 of 6
Project No. Hole Type
Project Name: St Michael's Co-ords:  383693.50 - 398018.32
) 078847 RC
. Scale
Location: Manchester Level: 37.38 1:50
. . Logged B
Client: Bowmer & Kirkland Dates:  27/07/2021 - 02/08/2021 ggN y
Coring
Well We}ter Depth Type Depth Level Legend Stratum Description
Strikes (m) IFl | TcrR |scr|rRaD| (M) (m)
MADE GROUND: CONCRETE -
035 ES 0.19 37.19 MADE GROUND: Brown sandy gravelly clay 1
) with frequent intact bricks. Sand is fine to coarse. ]
Gravel is angular to subangular fine to coarse ]
including brick, ceramic and coal. ]
1
1.40 35.98 Very dense reddish brown gravelly medium to ]
coarse SAND. ]
2.00 D 2
3
4
4.00 - 5.50 : 65 23 0 460 32.78 Weak reddish brown medium to coarse grained ]
R NI 1| SANDSTONE. ]
1 H 4.60 to 4.67m 0 - 10 degrees closely spaced planar rough 5 —
From 4.67 to 4.89m recovered as non-intact core of angular E
NR cobbles. T
4.89 to 4.98m 0 - 10 degress closely spaced planar rough ]
coocs 1, From 4.98 to 5.50m no recovery .
From 5.50 to 5.55m recovered as non-intact core of angular E
ﬂ to subangular fine to coarse gravel. 1
5.55t0 6.82m 0 - 10 degrees very closely spaced to closely ]
spaced planar rough. 6 —
550-7.00 | " | 89 | 89 | 51 N
NR From 6.82 to 7.00m no recovery ]
7.00 to 7.81 10 - 45 degrees very closely spaced to closely 7 -]
spaced planar rough. -
12 ]
7.00 - 8.50 92 85 35 ]
NI From 7.81 to 7.90m recovered as non-intact core of angular ]
cobbles. 8 —
11 7.90 to 8.37 0 - 10 degrees very closely spaced to closely N
spaced planar rough. i
NR From 8.37 to 8.58m no recovery ]
= From 8.58 to 8.63m recovered as non-intact core of angular ]
cobbles. a
8.63 10 9.90m 0 - 15 degrees very closely spaced to closely —
spaced planar rough. 9 ]
8.50 - 10.00 10 81 81 50 1
9.43 27.95 Weak reddish brown fine grained SANDSTONE. .
From 9.59 to 9.63m sand infill ]
NI ;
10.00 27.38 Continued on next sheet 10
Remarks

Service inspection pit hand excavated from GL to 1.20m. No groundwater encountered due to water flush.




Borehole No.
Sheet 2 of 6
Project No. Hole Type
Project Name: St Michael's Co-ords:  383693.50 - 398018.32
) 078847 RC
. Scale
Location: Manchester Level: 37.38 1:50
. . Logged B
Client: Bowmer & Kirkland Dates:  27/07/2021 - 02/08/2021 ggN y
Water| Depth |Type Coring Depth Level -
Well . P yP P Stratum Description
Strikes (m) / Fl TCR | SCR | RQD (m) (m)
From 9.90 to 10.00m recovered as non-intact core of ]
angular to subangular fine to coarse gravel. E
Very weak reddish brown medium to coarse ]
23 grained SANDSTONE. -
10.00 to 10.94m 0 - 10 degrees extremely closely spaced 1
10.00 - 11.50 86 77 13 and closely spaced planar rough. ]
- From 10.94 to 11.00m recovered as non-intact core of sandy 11 —
13 angular to subangular fine to coarse gravel. 7
NI 11.00 to 11.16m 0 -10 degrees very closely spaced planar ]
NR rough. i
m From 11.16 to 11.20 recovered as non-intact core of sandy 1
angular to subangular fine to coarse gravel. 7
11.68 25.70 From 11.27 to 11.50mn no recovery. ]
From 11.50 to 11.55m recovered as non-intact core of sandy ]
angular to subangular fine to coarse gravel. 12 —
9 11.55to 12.82m 0 - 15 degrees very closely spaced to 7]
11.50 - 13.00 100 88 66 medium spaced planar rough. ]
Medium strong reddish brown fine to medium E
grained SANDSTONE. ]
11.85 to 11.93m 1 No. discontinuity incipient fracture 90 ]
degrees planar rough. 1
NI From 12.82 to 13.00m recovered as non-intact core of stiff ]
reddish brown clay 13 ]
13.00 to 13.80m 0 - 20 degrees very closely spaced to -
medium spaced planar rough. 1
<25 1
13.00 - 14.50 99 92 61 ]
NI From 13.80 to 13.89m recovered as non-intact core of i
angular cobbles. 14 —
13.89 to 14.50m 10 - 45 degrees very closely spaced to 1
12 medium spaced planar rough. ]
NR From 14.50 to 14.58m no recovery. ]
14.58 to 15.22m 0 - 10 degrees closely spaced to medium E
8 spaced planar rough. ]
15 —
14.50 - 16.00 —= 91 87 63 From 15.22 to 15.28m recovered as non-intact core of sandy ]
angular to subangular fine to coarse gravel. 1
15.28 to 16.49m 0 - 10 degrees very closely to medium ]
spaced planar rough. ]
11 i
16 —
From 16.49 to 16.87m weak ]
16.00 - 17.50 1" 90 83 28 1
17
o From 17.21 to 17.29m recovered as non-intact core of sandy ]
NR angular to subangular fine to coarse gravel. B
] 17.29 to 17.35m 0 - 10 degrees closely spaced planar ]
rough. ]
From 17.35 to 17.50m no recovery. i
From 17.50 to 17.56m recovered as non-intact core of sandy B
11 angular to subangular fine to coarse gravel. 18 —
17.56 to 18.7m 0 - 10 degrees very closely spaced to i
17.50 - 19.00 91 80 41 medium spaced planar rough. ]
From 17.68 to 17.72m clay infill. 1
NI From 18.47 to 18.57m recovered as non-intact core of ]
angular cobbles. ]
<25 18.57 to 18.92m 10 - 30 degrees very closely spaced to .
R closely spaced planar rough. 1
19.00 18.38 From 18.92 to 19.00m no recovery. 19 ]
Medium strong reddish brown medium to coarse .
grained SANDSTONE. ]
19.00 - 20.50 9 100 95 74 19.0(_) to 20.44m 0 - 10 degrees very closely spaced to _]
medium spaced planar rough. -
Continued on next sheet 20
Remarks

Service inspection pit hand excavated from GL to 1.20m. No groundwater encountered due to water flush.




Borehole No.
Sheet 3 of 6
Project No. Hole Type
Project Name: St Michael's Co-ords:  383693.50 - 398018.32
) 078847 RC
. Scale
Location: Manchester Level: 37.38 1:50
. . Logged B
Client: Bowmer & Kirkland Dates:  27/07/2021 - 02/08/2021 ggN y
Water| Depth |Type Coring Depth Level -
Well . P yP P Stratum Description
Strikes (m) / Fl TCR | SCR | RQD (m) (m)
1”‘4 From 20.44 to 20.50m recovered as non-intact core of -]
angular cobbles. 7
20.71 16.67 20.50 to 20.71m 0 - 10 degrees very closely spaced to ]
closely spaced planar rough. .
Medium strong reddish brown fine grained 21
SANDSTONE. i
20.50 - 22.00 4 80 80 65 20.71 to 21.70m 0 - 10 degrees closely spaced to medium 1
spaced planar rough. N
From 21.70 to 22.00m no recovery. ]
22.00 15.38 Medium strong reddish brown medium to coarse 22 7
grained SANDSTONE with occassional ]
subrounded to rounded coarse gravel. .
22.00 to 23.32m 0 - 30 degrees closely spaced and medium 1
5 spaced planar rough. ]
22.00 - 23.50 91 91 85 ]
23
NR From 23.32 to 23.50m no recovery. n
3 23.50 to 23.81m 0 degrees medium spaced planar rough. ]
NI From 23.81 to 24.00m recovered as non-intact core of ]
angular cobbles. 24 —]
24.00 to 24.82m 10 - 30 degrees closely spaced and 7]
23.50 - 25.00 100 70 64 medium spaced planar rough. T
5 ]
NI From 24.82 to 25.00m recovered as non-intact core of sandy n
NI angular to subangular fine to coarse gravel and angular 25 —
cobbles. 7
From 25.00 to 25.17m recovered as non-intact core of a
angular cobbles. -
25.17 to 26.29m 0 - 10 degrees closely spaced to medium 1
spaced planar rough. 25.57 - 25.68m 1 No. Discontinuity 7
25.00-26.50 | 4 85 67 67 incipient fracture 90 degrees planar rough. ]
26 —
NR From 26.29 to 26.50m no recovery. ]
26.50 to 29.96m 0 - 10 degrees very closely spaced to ]
9 closely spaced planar rough. -
From 26.96 to 27.00m recovered as non-intact core of sandy |27 —]
angular to subangular fine to coarse gravel. i
26.50 - 28.00 94 94 51 27.00 to 27.97m 0 - 10 degrees closely spaced locally very ]
4 closely planar rough. B
NR From 27.91 to 28.00m no recovery. 28 ]
28.00 to 29.42m 0 - 10 degrees medium spaced locally very 1
closely planar rough. ]
28.00 - 29.50 6 94 94 85 ]
29 —
From 29.32 to 29.35m clay infill ]
AR From 29.42 to 29.50m no recovery. 1
9 29.50 to 29.73m 0 - 10 degrees very closely spaced to ]
closely spaced planar rough. ]
From 29.73 to 31.00m no recovery. -
Continued on next sheet 30
Remarks

Service inspection pit hand excavated from GL to 1.20m. No groundwater encountered due to water flush.




Rotary Core Log

Borehole No.

RBH101

Sheet 4 of 6
Project No. Hole Type
Project Name: St Michael's Co-ords:  383693.50 - 398018.32
) 078847 RC
. Scale
Location: Manchester Level: 37.38 1:50
. . Logged B
Client: Bowmer & Kirkland Dates:  27/07/2021 - 02/08/2021 ggN y
Coring
Well We}ter Depth Type Depth Level Stratum Description
Strikes (m) / Fl TCR | SCR | RQD (m) (m)
29.50-31.00| NR | 16 | 16 | 13 .
31.00 to 31.33m 0 - 10 degrees very closely spaced to 31 -]
6 closely spaced planar rough. E
From 31.33 to 32.50m no recovery. -
31.00 - 32.50 21 21 18 1
NR ]
32 —
32.50 to 33.39m 0 -10 degrees closely spaced to medium ]
spaced locally very closely spaced planar rough. E
8 33
32.50 - 34.00 87 87 82 ]
NI From 33.39 to 33.50m recovered as non-intact as sandy a
angular to subangular fine to coarse gravel. ]
6 33.50 to 34.00m 0 - 10 degrees closely spaced to medium 1
; spaced planar rough. 7
H_From 33.94 to 34.00m no recovery. 34 —
1 1 34.00to 34.19m 0 - 10 degrees closely spaced to medium T
NI spaced planar rough. ]
[ From 34.19 to 34.33m recovered as non-intact core of sandy .
angular to subangular fine to coarse gravel. —
34.33 to 38.44m 0 - 10 degrees closely spaced to medium 7
34.00 - 35.50 100 87 87 spaced locally very closely spaced planar rough. 34.33 to ]
34.48 1 No. Discontinuity incipient fracture 90 degrees .
—-r planar rough. 35 —
T 35.50 188 Medium strong reddish brown fine to medium N
Y grained SANDSTONE. ]
[ } 36 {
=3 35.50 - 37.00 100 | 100 | 97 ]
e - 6 ]
il 37
‘o 37.00 - 38.50 100 100 87 ]
38
— L_From 38.44 to 38.50m no recovery. -
. 38.50 to 39.90 0 - 10 degrees medium spaced locally very T
: closely spaced planar rough. ]
39
38.50 -40.00 | ° 93 93 88 1
— NR i ]
40.00 -2.62 Continued on next sheet 40

Remarks

Service inspection pit hand excavated from GL to 1.20m. No groundwater encountered due to water flush.




Borehole No.
Sheet 5 of 6
Project No. Hole Type
Project Name: St Michael's Co-ords:  383693.50 - 398018.32
) 078847 RC
. Scale
Location: Manchester Level: 37.38 1:50
. . Logged B
Client: Bowmer & Kirkland Dates:  27/07/2021 - 02/08/2021 ggN y
Coring
Well We}ter Depth Type Depth Level Stratum Description
Strikes (m) / Fl TCR | SCR | RQD (m) (m)
> From 39.90 to 40.00m no recovery. ]
Medium strong reddish brown medium to coarse 1
grained SANDSTONE. ]
40.00 to 41.58m 0 - 10 degrees closely spaced to medium —
7 spaced planar rough. 1
40.00 - 41.50 92 92 75 1
41 ]
From 41.20 to 41.23m recovered as non-intact core of ]
NR rounded fine to coarse gravel. —
From 41.38 to 41.50m no recovery. 1
41.50 to 44.10m 10 -30 degrees closely spaced to medium ]
spaced locally very closely spaced planar rough. ]
42
41.50 - 43.00 100 95 88 1
From 42.54 to 42.63m clay infill N
7 ]
43
43.00 - 44.50 77 77 42 ]
44 —
o From 44.10 to 44.16m recovered as non-intact core of a
NR angular cobbles. E
From 44.16 to 44.50m no recovery. 1
44.50 to 45.66m 0 - 10 degrees closely spaced to medium ]
spaced planar rough. E
8 45
44.50 - 46.00 77 77 70 ]
From 45.66 to 46.00m no recovery. 7]
NR T
46.00 to 47.13m 0 - 10 degrees closely spaced locally very 46 -]
closely spaced planar rough. E
6 n
46.00 - 47.50 95 89 77 1
47
L From 47.13 to 47.20m recovered as non-intact core of B
9 angulars cobbles. N
NR 47.20 to 47.42m 0 - 10 degrees closely spaced planar ]
rough. ]
From 47.42 to 47.50m no recovery. —
47.50 to 48.61m 0 - 10 degrees closely spaced to medium N
5 spaced locally very closely spaced planar rough. 48 ]
47.50 - 49.00 73 73 65 ]
From 48.61 to 49.00m no recovery. ]
NR ]
49.00 to 50.16m 0 - 10 degrees closely spaced to medium 49 -
spaced planar rough. E
49.00-50.50 | 5 77 77 77 E
Continued on next sheet 50

Remarks

Service inspection pit hand excavated from GL to 1.20m. No groundwater encountered due to water flush.




Borehole No.

Rotary Core Log | reuto1
Sheet 6 of 6
Project No. Hole T
Project Name: St Michael's 0;3527 © Co-ords:  383693.50 - 398018.32 © ; Cype
Location: Manchester Level: 37.38 Sﬁ:ge
) i Logged By
Client: Bowmer & Kirkland Dates: 27/07/2021 - 02/08/2021 PN
Coring
Well Wgter Depth Type Depth Level Legend Stratum Description
Strikes (m) / Fl TCR | SCR | RQD (m) (m)
From 50.16 to 50.50m no recovery. E
50.50 | 1312 ooy End of borehole at 5050 m ] ]
51
52
53 —
54 —
55
56 —
57
58 —
59 —
60 —
Remarks

Service inspection pit hand excavated from GL to 1.20m. No groundwater encountered due to water flush.




Borehole No.
Sheet 1 of 5
Project No. Hole Type
Project Name: St Michael's Co-ords:  383708.81 - 398005.21
) 078847 RC
. Scale
Location: Manchester Level: 37.37 1:50
. . Logged B
Client: Bowmer & Kirkland Dates:  27/07/2021 - 13/08/2021 9$W y
Coring
Well We}ter Depth Type Depth Level Legend Stratum Description
Strikes (m) / Fl TCR | SCR | RQD (m) (m)
MADE GROUND: CONCRETE -
0.22 37.15 - - - T
MADE GROUND: Brown reddish brown slightly E
0.40 ES clayey gravelly medium to coarse sand. Gravel is |
angular to subrounded fine to coarse including s
sandstone, coal and rare intact bricks. ]
1
1.20 3617 = Very stiff reddish brown CLAY. ]
1.40-1.55 D [ — — - ]
1.60 38.77 Very reddish reddish brown fine to coarse SAND. ]
2
3
NI 3.50 33.87 Extremely weak reddish brown medium to n
coarse grained SANDSTONE with occasional ]
>25 subangular to subrounded fine to medium gravel ]
clasts. 4
From 3.50 to 3.59m recovered as non-intact core of sandy ]
3.50-5.00 100 94 23 subangular fine to coarse gravel. E
From 3.59 to 4.26m highly fractured. 1
4.26 to 5.00m 5 - 20 degrees very closely spaced to closely ]
1 spaced, planar and undulating rough. ]
NI From 5.00 to 5.09m recovered as non-intact core of 5 -]
>25 ﬂ subangular sandstone cobbles. -
_From 5.09 to 5.32m highly fractured. N
5.32t0 6.40m 0 - 10 degrees very closely spaced to closely ]
spaced locally extremely closely spaced, planar rough with ]
occasional clay infill. E
5.00-6.50 13 93 87 39 From 5.68 to 5.685m sandy clay band. 1
From 5.90 to 5.905m sandy clay band. 6 ]
NR 4. From 6.40 to 6.50m no recovery. ]
From 6.50 to 6.87m highly fractured. —
>25 E
6.87 30.50 Very weak reddish brown fine to medium grained 7 _
SANDSTONE. B
6.50 - 8.00 97 97 40 6.87 to 7.95m 5 - 20 degrees very closely spaced to closely 7
13 spaced, planar rough. ]
m_From 7.95 to 8.00m no recovery. 8 —
8.00 to 9.40m 5 -20 degrees very closely spaced to closely ]
spaced locally extremely closely spaced, planar rough ]
locally smooth. E
800-950 | ' | 100 | 93 | 73 ]
o
9.21 28.16 Weak reddish brown fine to medium grained n
NI SANDSTONE. a
From 9.40 to 9.50m recovered as non-intact core of ]
11 subangular sandstone cobbles. 1
9.50t0 9.97m 5 - 10 degrees very closely spaced to closely 7]
Continued on next sheet 10
Remarks

Service inspection pit hand excavated from GL to 1.20m. No groundwater encountered due to water flush.




Rotary Core Log

Borehole No.

RBH102

Sheet 2 of 5

Project Name:

St Michael's

078847

Project No.

Co-ords:

Hole Type

708.81 - .21
383708.81 - 398005 RC

Location:

Manchester

Level:

Scale

37.37 1:50

Client:

Bowmer & Kirkland

Dates:

Logged By

27/07/2021 - 13/08/2021 W

Water
Well Istrikes

Depth
(m)

Type
/ FI

Coring

Depth

TCR

SCR

rRap| (M)

Level

(m)

Stratum Description

9.50 - 11.00

100

97

86

11.00 - 12.50

13

100

100

57

12.50 - 14.00

100

100

77

14.00 - 15.50

100

100

79
14.93

15.50 - 17.00

100

100

89

16.62

17.00 - 18.50

18

100

99

64

18.50 - 20.00

100

100

84

19.87

22.44

20.75

17.50

spaced locally medium spaced, planar rough

From 9.61 to 9.70m locally extremely weak.

From 9.97 to 10.03m recovered as non-intact core of sandy
subangular coarse gravel.

10.03 to 11.50m 5 - 10 degrees closely spaced to medium
spaced locally very closely spaced, planar rough.

1

11.5to 12.50m 5 - 15 degrees very closely spaced to closely
spaced, planar and stepped and locally undulating rough.

From 12.39 to 12.50m locally weak.

12.50 to 14.00m 0 - 15 degrees closely spaced to medium
spaced locally extremely closely spaced, planar rough

From 13.09 to 13.15m mudstone band.

From 13.46 to 13.50m sandy clay band.

14.00 to 15.50m 5 - 15 degrees closely spaced to medium
spaced, locally very closely spaced, planar locally stepped
rough.

Weak, reddish brown medium to coarse grained
SANDSTONE with occasional subangular to
subrounded fine to medium gravel clasts.

15.5to 17.5m 5 - 10 degrees closely spaced to medium
spaced locally extremely closely spaced, planar and
undulating rough.

From 16.05 to 16.10m locally very weak.

Medium strong reddish brown medium grained
micaeous SANDSTONE with occasional
subangular to subrounded fine to medium gravel
clasts.

17.50 to 17.95m 0 - 5 degrees closely spaced to medium
spaced, planar smooth locally rough and 1 No. discontinuity
75 - 80 degrees planar rough.

From 17.95 to 17.97m recovered as non-intact core of sandy
subangular fine to coarse gravel.

17.97 to 18.50m 0 - 5 degrees closely spaced to medium
spaced, planar rough.

18.50 to 20.00m 0 - 15 degrees closely spaced to medium
spaced locally very closely spaced, planar and undulating
rough.

From 19.155 to 19.35m mudstone band.

Continued on next sheet

12

13

16

19

20

Remarks

Service inspection pit hand excavated from GL to 1.20m. No groundwater encountered due to water flush.




Rotary Core Log

Borehole No.

RBH102

Sheet 3 of 5

Project Name:

St Michael's

078847

Project No.

Co-ords:

Hole Type

708.81 - .21
383708.81 - 398005 RC

Location:

Manchester

Level:

Scale

37.37 1:50

Client:

Bowmer & Kirkland

Dates:

Logged By

27/07/2021 - 13/08/2021 W

Water

Well \sirikes

Depth
(m)

Type
/ FI

Coring

Depth

TCR

SCR

rRap| (M)

Level

(m)

Stratum Description

20.00 - 21.50

15

NI

98

94

70

21.50 - 23.00

100

100

21.50

91

23.00 - 24.50

100

100

23.22

92

24.50 - 26.00

NR

89

100

24.90

79

26.00 - 27.50

NI

10

100

100

79

27.50 - 29.00

100

100

93

29.00 - 30.50

91

91

76

15.87

14.15

12.47

Medium strong reddish brown fine grained
micaeous SANDSTONE.

B spaced, planar rough and 1 No. discontinuity 80 - 85
Hl degrees, planar smooth.

20.00 to 20.48m 5 - 10 degrees closely spaced to medium

From 20.46 to 20.462m highly micaeous lamination.

From 20.50 to 20.64m locally coarse grained and very weak.

20.64 to 21.47m 5 - 15 degrees closely spaced to medium 21
spaced locally very closely spaced, planar rough.

From 21.47 to 21.50m no recovery.

Medium strong reddish brown medium to coarse
grained SANDSTONE with occasional
subangular to subrounded fine to medium gravel
clasts.

21.50 to 24.50m 0 - 10 degrees closely spaced to medium
spaced locally very closely spaced, planar and undulating
rough locally smooth.

From 21.60 to 21.70m subangular to subrounded coarse
gravel bed.

Medium strong reddish brown fine grained
SANDSTONE.

24.50 to 25.86m 5 - 20 degrees closely spaced to medium
spaced locally very closely, planar rough.

Medium strong reddish brown medium to coarse
grained SANDSTONE with occasional
subangular to subrounded fine to medium gravel
clasts.

From 25.84 to 26.00m no recovery.

26.00 to 27.20m 5 - 10 degrees very closely spaced to
closely spaced locally extremely closely, planar and
undulating rough.

From 27.20 to 27.30m recovered as non-intact core of sandy
subangular medium to coarse gravel.

27.20 to 27.50m 5 - 15 degrees closely spaced, undulating
rough.

27.50 to 29.00m 0 - 10 degrees closely spaced to medium
spaced, planar and undulating rough.

29.00 to 30.37m 0 - 5 degrees closely spaced to medium
spaced locally very closely spaced, planar and locally
undulating rough.

Continued on next sheet

22

23

24

25

26

27

28

29

30

Remarks

Service inspection pit hand excavated from GL to 1.20m. No groundwater encountered due to water flush.
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Borehole No.

RBH102

Sheet 4 of 5

Project Name:

St Michael's

078847

Project No.

Co-ords:

Hole Type

708.81 - .21
383708.81 - 398005 RC

Location:

Manchester

Level:

Scale

37.37 1:50

Client:

Bowmer & Kirkland

Dates:

Logged By

27/07/2021 - 13/08/2021 W

Water

Well \sirikes

Depth
(m)

Type

Coring

Depth

/ Fl

TCR

SCR

rRap| (M)

Level

(m)

Stratum Description

AT

NR

30.50 - 32.00

R

96

96

84
31.52

32.00 - 33.50

10

NI

100

89

32.00

77

33.50 - 35.00

100

100

92

35.00 - 36.50

100

97

64
35.90

36.45

36.50 - 38.00

100

100

90

38.00 - 39.50

100

96

85

5.85

5.37

1.47

0.92

From 30.37 to 30.50m no recovery.

30.50 to 31.94m 0 - 5 degrees closely spaced to medium
spaced locally very closely spaced, planar smooth and 1 No.
discontinuity 40 - 45 degrees, planar smooth.

31

Medium strong reddish brown fine grained
SANDSTONE.

From 31.94 to 32.00m no recovery.

Medium strong reddish brown medium to coarse
grained SANDSTONE with rare subangular to
subrounded fine to medium gravel clasts.

32.00 to 32.10m 1 No. disconituity 85 - 90 degrees, planar
rough.

From 32.10 to 32.23m recovered as non-intact core of
subangular gravelly cobbles.

32.23 to 34.40m 5 - 20 degrees closely spaced to medium
spaced locally very closely spaced, planar and locally
undulating rough.

From 34.40 to 34.43m recovered as non-intact core of sandy
gravel.

34.43 to 35.46m 0 - 10 degrees closely spaced to medium
spaced locally very closely spaced, planar and undulating
rough.

From 35.46 to 35.51m recovered as non-intact core of sandy
subangular medium to coarse gravel.

35.51 to 36.50m 0 - 10 degrees closely spaced to medium
spaced locally very closely spaced, planar and undulating
rough.

Medium strong reddish brown fine grained
SANDSTONE.

From 36.27 to 36.32m mudstone band.

Medium strong reddish brown medium to coarse
grained SANDSTONE with rare subangular to
subrounded fine to medium gravel clasts.

36.50 to 38.09m 0 - 5 degrees closely spaced to medium
spaced locally extremely closely spaced, planar and locally
undulating rough and 1 No. discontinuity 70 - 75 degrees,
planar smooth.

From 38.09 to 28.15m recovered as non-intact core of
clayey sandy subangular fine to coarse gravel.

38.15 to 40.77m 10 - 20 degrees closely spaced to medium
spaced locally very closely spaced, planar rough.

From 38.97 to 39.01m mudstone band.

Continued on next sheet

32

33

34

35
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38

39

40

Remarks

Service inspection pit hand excavated from GL to 1.20m. No groundwater encountered due to water flush.
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Borehole No.
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Project Name:

St Michael's

078847

Project No.

Co-ords:

383708.81 - 398005.21

Hole Type
RC

Location:

Manchester

Level:

37.37

Scale
1:50

Client:

Bowmer & Kirkland

Dates:

27/07/2021 - 13/08/2021

Logged By
TW

Water
Well Istrikes

Depth
(m)

Type
/ FI

Coring

TCR

SCR

RQD

Depth
(m)

Level

(m)

Stratum Description

39.50 - 41.00

NI

96

93

70

41.00 - 42.50

100

100

89

4217

42.50 - 44.00

100

100

87

44.00 - 45.50

100

100

44.59
91

45.50 - 47.00

92

92

83

47.00 - 48.50

100

99

99

48.50 - 50.00

100

99

98

50.00

-4.80

-7.22

-12.63

From 40.77 to 40.90m recovered as non-intact core of sandy

subangular medium to coarse gravel. 41

40.90 to 40.94m 1 No. discontinuity 0 - 5 degrees very

closely spaced, planar rough.

From 40.94 to 41.00m no recovery.

41.00 to 42.50m 5 - 10 degrees closely spaced to medium
spaced locally very closely spaced, planar and locally
stepped rough and 1 No. discontinuity 40 -45 degrees,

planar rough.

42

Medium strong reddish brown fine grained

SANDSTONE.

42.50 to 45.50m 5 - 15 degrees closely spaced to medium
spaced locally very closely spaced, planar and undulating
rough and 1 No. discontinuity 40 - 45 degrees, planar

smooth.

From 44.14 to 44.16m subangular to subrounded coarse

gravel bed.

From 44.47 to 44.49m mudstone band.

43

44

Strong reddish brown medium to coarse grained
SANDSTONE with occasional subangular to

subrounded fine to medium gravel clasts. 45

45.50 to 46.92m 5 - 10 degrees very closely spaced to
closely spaced locally medium spaced, planar rough.

From 46.92 to 47.00m no recovery.

47.00 to 47.54m 0 - 5 degrees closely spaced to medium

spaced, planar rough.

From 47.54 to 47.56m recovered as non-intact core of sandy

subangular fine to medium gravel.

47.56 to 48.89m 0 - 5 degrees closely spaced to medium

spaced, planar rough.

From 48.22 to 48.41m fine grained band with sedimentary

structure.

46

47

48

From 48.89 to 48.91m recovered as non-intact core of sandy 49

subangular fine to medium gravel.

48.91 to 50.00m 5 - 10 degrees closely spaced to medium
spaced locally extremely closely spaced, planar rough.

[ End of borehole at50.00m | 50

Remarks

Service inspection pit hand excavated from GL to 1.20m. No groundwater encountered due to water flush.




Borehole No.
Sheet 1 of 5
Project No. Hole Type
Project Name: St Michael's Co-ords:  383717.15 - 398018.23
) 078847 RC
. Scale
Location: Manchester Level: 37.41 1:50
. . Logged B
Client: Bowmer & Kirkland Dates:  27/07/2021 - 10/08/2021 9$W y
Coring
Well We}ter Depth Type Depth Level Legend Stratum Description
Strikes| (m) / FI TCR | SCR | RQD (m) (m)
MADE GROUND: CONCRETE -
0.21 87.20 MADE GROUND: Reddish brown gravely fine to ]
0.45 ES coarse sand with frequent intact bricks. Gravel is 7]
angular to subrounded fine to coarse including g
coal and brick. T
1.00 36.40 Firm reddish brown slightly gravelly CLAY. 7]
Gravel is subrounded fine to coarse including ]
1.35 36.06 sandstone. ]
Very dense reddish brown slightly gravelly N
medium to coarse SAND. Gravel is subrounded E
to well rounded fine to coarse including T
sandstone. 2 —
3
4]
- 5.00 32.40 Very weak reddish brown medium to coarse 5]
15 grained SANDSTONE. .
N From 5.00 to 5.09m recovered as non-intact core of fine to ]
N_medium sand. —
12 5.04 to 5.30m 0 - 10 degrees closely spaced locally 1
5.00-6.50 63 55 23 extremely closely spaced, planar rough and 1 No. ]
discontinuity 80 - 90 degrees planar rough. a
]| From 5.30 to 5.38m recovered as non-intact core of sandy 6 —
subangular fine to medium gravel. 1
NR From 5.38 to 5.47m locally extremely weak. 7]
5.38 to 5.95m 0 - 20 degrees very closely spaced to closely a
spaced, planar rough. —
From 5.95 to 6.50m no recovery. 1
6.50 to 7.25m 0 - 10 degrees closely spaced, planar rough. ]
12 -
[
6.50 - 8.00 50 50 35 From 7.25 to 8.00m no recovery. E
NR ]
f:lnl 8.00 29.40 Extremely weak reddish brown medium to 8 ]
=55 coarse grained SANDSTONE. ]
From 8.00 to 8.12m recovered as non-intact core of clayey ]
>25 medium to coarse sand. —
8.12 to 8.20m 1 No. discontinuity 5 - 10 degrees, undulating 1
8.00 - 9.50 100 89 35 8.75 28.66 rough ]
From 8.20 to 8.25m recovered as non-intact core of sandy ]
subangular coarse gravel. 9 —
15 From 8.25 to 8.75m highly fractured. 1
Very weak reddish brown medium to coarse 1
grained SANDSTONE with occasional 1
subangular fine to medium gravel clasts. n
8.75t0 9.50m 0 - 15 degrees very closely spaced to closely E
spaced, planar rough ]
Continued on next sheet 10
Remarks

Service inspection pit hand excavated from GL to 1.20m. No groundwater encountered due to water flush.
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Project Name:

St Michael's

078847

Project No.

Co-ords:

Hole Type

71715 - 18.2
383 5-398018.23 RC

Location:

Manchester

Level:

Scale

37.41 1:50

Client:

Bowmer & Kirkland

Dates:

Logged By

27/07/2021 - 10/08/2021 W

Water

Well \sirikes

Depth
(m)

Type
/ FI

Coring

Depth

TCR

SCR

rRap| (M)

Level

(m)

Stratum Description

R R R R R T T R R I R R R T R R N N R T N T R R R R R N T N N T T T

TR

9.50-11.00 | NR

>25

11.00 - 12.50
10

NR

78

78

26

17

12.50 - 14.00

NR

80

80

48

NI

14.00 - 15.50

NR

87

69

53

NI

12

15.50 - 17.00

10

100

89

44

16.83

17.00 - 18.50

100

100

17.48
79

18.50 - 20.00

NR

90

90

79

20.58

19.92

From 9.00 to 11.00m no recovery.

11.00 to 11.53m 0 - 10 degrees extremely closely spaced to "

very closely spaced locally closely spaced, planar and
undulating rough.

From 11.40 to 11.53m locally extremely weak.

11.53 to 12.17m 10 - 30 degrees closely spaced, planar and
undulating rough.

12

From 12.17 to 12.50m no recovery.

12.50 to 13.20m 0 - 10 degrees very closely spaced to
closely spaced, planar rough

13

From 13.20 to 14.00m no recovery.

14.00 to 14.09m 1 No. discontinuity 5 - 10 degrees, planar 14

rough.

W subangular cobbles.

From 14.09 to 14.38m recovered as non-intact core of

14.36 to 15.30m 0 - 10 degrees closely spaced to medium
spaced locally very closely spaced, planar rough.

15

From 15.30 to 15.50m no recovery.

From 15.50 to 15.60m recovered as non-intact core of sandy
subangular coarse gravel and cobbles.

15.60 to 16.29m 0 - 5 degrees very closely spaced to closely
spaced, planar rough and 1 No. discontinuity from 15.00 to

16.00m 85 - 90 degrees, planar rough. 16

From 16.29 to 16.35m recovered as non-intact core of very
sandy subangular coarse gravel.

16.35to 16.83m 5 - 10 degrees closely spaced to medium
spaced locally very closely spaced, planar rough and 1 No.
discontinuity 80 - 90 degrees, planar rough.

Medium strong reddish brown fine grained
SANDSTONE.

17

16.83 to 18.85m 0 - 10 degrees closely spaced to medium
spaced locally very closely spaced, planar smooth.

Weak reddish brown medium to coarse grained
SANDSTONE with occasional subangular fine to
medium gravel clasts.

18

18.85to 19.85m 5 - 10 degrees very closely spaced to

closely spaced, planar rough. 19

From 19.85 to 20.00m no recovery.

20

Continued on next sheet

Remarks

Service inspection pit hand excavated from GL to 1.20m. No groundwater encountered due to water flush.




Borehole No.
Sheet 3 of 5
. . Project No. Hole Type
Project Name: St Michael's Co-ords:  383717.15 - 398018.23
) 078847 RC
. Scale
Location: Manchester Level: 37.41 1:50
. . Logged B
Client: Bowmer & Kirkland Dates:  27/07/2021 - 10/08/2021 9$W y
Coring
Well We}ter Depth Type Depth Level Stratum Description
Strikes (m) / Fl TCR | SCR | RQD (m) (m)
20.00 to 23.00m 0 - 10 degrees closely spaced to medium ]
spaced, planar locally stepped rough. E
20.00 - 21.50 100 | 100 85 1
21
5 .
22
21.50 - 23.00 100 | 100 | 100 1
23.00 to 25.87m 0 - 10 degrees closely spaced to medium 23 -
spaced locally very closely spaced, planar and undulating E
rough and 1 No. discontinuity from 23.92 to 24.00m 85 - 90 1
degrees, planar rough. N
23.00 - 24.50 100 100 85 ]
24 —
6 ]
25
24.50 - 26.00 91 91 77 1
NR From 25.87 to 26.00m no recovery. ]
26.00 to 26.85m 0 - 5 degrees closely spaced to medium 26 ]
spaced locally very closely spaced, planar rough. E
6 ]
26.00 - 27.50 100 | 100 95 26.85 1056 1
’ ’ Medium strong reddish brown fine grained 27 ]
SANDSTONE. i
26.85 to 29.00m 5 - 10 degrees closely spaced to medium 1
spaced locally very closely spaced, planar rough locally ]
L,._smooth. ]
From 27.5 to 27.53m mudstone band. -
2r.n 9.70 Medium strong reddish brown medium to coarse n
7 grained SANDSTONE with occasional 28 ]
subangular fine to medium gravel clasts. E
27.50 - 29.00 100 100 98 ]
29.00 to 30.45m 0 - 10 degrees very closely spaced to 29 -
medium spaced, planar rough. E
29.00-30.50 | 7 97 97 88 E
Continued on next sheet 30
Remarks

Service inspection pit hand excavated from GL to 1.20m. No groundwater encountered due to water flush.




Borehole No.
Sheet 4 of 5
Project No. Hole Type
Project Name: St Michael's Co-ords:  383717.15 - 398018.23
) 078847 RC
. Scale
Location: Manchester Level: 37.41 1:50
. . Logged B
Client: Bowmer & Kirkland Dates:  27/07/2021 - 10/08/2021 9$W y
Coring
Well We}ter Depth Type Depth Level Stratum Description
Strikes (m) / Fl TCR | SCR | RQD (m) (m)
= From 30.45 to 30.50m no recovery. .
30.50 to 31.28m 5 - 10 degrees closely spaced to medium ]
spaced locally very closely spaced, planar rough. ]
5 i
31 ]
30.50 - 32.00 . 93 91 85 ) 1
NR From 31.28 to 31.32m recovered as non-intact core of i
clayey weathered subangular to subrounded fine to medium —
mudstone gravel. —
7 From 31.32 to 31.42m no recovery N
31.42 to 32.00m 5 - 10 degrees closely spaced to medium ]
l._spaced locally very closely spaced, planar rough. 32 —
32.00 to 35.00m 0 - 5 degrees closely spaced to medium —
spaced, planar rough. ]
32.00 - 33.50 100 | 100 81 1
33
6 .
34 —
33.50 - 35.00 100 100 100 ]
35.00 to 37.76m 0O - 10 degrees closely spaced to medium 35 ]
35.25 215 spaced, planar rough. E
’ : Weak reddish brown medium to coarse grained ]
SANDSTONE with occasional subangular fine to -
medium gravel clasts. ]
35.00 - 36.50 100 | 100 89 ]
36
4 ]
37
36.50 - 38.00 84 84 65 1
NR From 37.76 to 38.00m no recovery E
L From 38.00 to 38.07m recovered as non-intact core of sandy 38 -
6 subangular cobbles. ]
38.07 to 38.42m 0 - 5 degrees very closely spaced, planar 1
N rough. a
From 38.42 to 38.50m recovered as non-intact core of sandy ]
subangular cobbles. E
38.00 - 39.50 100 90 82 38.50 to 40.19m 0 - 5 degrees closely spaced to medium 1
spaced, planar rough. 39 ]
4 1
39.59 -2.18 Medium strong reddish brown fine grained ]
SANDSTONE. ]
Continued on next sheet 40
Remarks

Service inspection pit hand excavated from GL to 1.20m. No groundwater encountered due to water flush.




Rotary Core Log

Borehole No.

RBH103

Sheet 5 of 5

Project Name:

St Michael's

Project No.
078847

Co-ords:

Hole Type

71715 - 18.2
383 5-398018.23 RC

Location:

Manchester

Level:

Scale

37.41 1:50

Client:

Bowmer & Kirkland

Dates:

Logged By

27/07/2021 - 10/08/2021 W

Water

Well \sirikes

Depth
(m)

Type
/ FI

Coring

TCR

SCR

RQD

Depth
(m)

Level

(m)

Stratum Description

39.50 - 41.00

23

NR

89

89

53

41.00 - 42.50

NR

91

91

77

42.50 - 44.00

NI

]

16

NR

82

70

56

44.00 - 45.50

NR

92

92

80

45.50 - 47.00

NI

100

91

85

47.00 - 48.50

100

100

94

48.50 - 50.00

100

100

97

41.77

42.94

44.00

46.02

50.00

-4.36

-5.54

-6.60

-8.62

-12.60

40.19 to 40.83m 0 - 5 degrees very closely spaced to
medium spaced, planar rough.

From 40.83 to 41.00m no recovery.
I

41.00 to 42.36m 5 - 10 degrees closely spaced to medium
spaced locally extremely closely spaced, planar and
undulating rough.

Medium strong reddish brown coarse grained
SANDSTONE with occasional subangular fine to
medium gravel clasts.

42.30 to 43.73m 0 - 10 degrees very closely spaced to
closely spaced, planar and locally stepped rough.

From 42.36 to 42.50m no recovery.

42.50 to 43.00m 5 - 10 degrees medium spaced, planar
rough.

Weak reddish brown fine to medium grained
SANDSTONE.

|l From 43.00 to 43.11m recovered as non-intact core of sandy

subangular medium to coarse gravel.

43.11 to 43.23m 0 - 5 degrees closely spaced, planar rough.

From 43.23 to 43.30m recovered as non-intact core of sandy
subangular cobbles.

From 43.73 to 44m no recovery.

Medium strong reddish brown medium to coarse
grained SANDSTONE with occasional
subangular fine to medium gravel clasts.

44.00 to 45.38m 0 - 5 degrees closely spaced to medium
spaced, planar rough.

From 45.38 to 45.50m no recovery.

45.50 to 46.02m 5 - 10 degrees closely spaced to medium
spaced, planar and undulating rough.

Strong reddish brown medium to coarse grained
SANDSTONE with occasional subangular to
subrounded fine to medium gravel clasts.

From 46.02 to 46.15m recovered as non-intact core of sandy
subangular cobbles.

46.15 to 50.00m 5 - 20 degrees closely spaced to medium
spaced locally very closely spaced, planar rough.

End of borehole at 50.00 m

42

43

45

46

47

48

49

Remarks

Service inspection pit hand excavated from GL to 1.20m. No groundwater encountered due to water flush.




Borehole No.
Borehole Log Ws104
Sheet 1 of 1
. . Project No. Hole Type
P N : Michael' - : 78 - 28.4
roject Name: St Michael's 078847 Co-ords 383699.78 - 398028.48 WS
I
Location: Manchester Level: 37.41 ngoe
) i Logged By
Client: Bowmer & Kirkland Dates: 27/07/2021 - 27/07/2021 PN
Samples and In Situ Testing
Well g}l ?Iier Depth Level Legend Stratum Description
MK€S| Depth (m) |Type Results (m) (m)
MADE GROUND: CONCRETE
0.25 ES 022 37.19 Light brown fine to coarse slightly gravelly
SAND. Gravel is subangular to well rounded fine
to coarse including sandstone.
0.46 36.95 Very stiff reddish brown mottled grey CLAY with
—_—_ —| frequent rounded cobbles of sandstone and
[ — — 4 mudstone.
1.20 N=61
(3,3/6,12,18,25) 1.30 36.11
1.20-1.35 D : : Very dense reddish brown medium to coarse
SAND.
1.56 50 (7,20/50 for
80mm)
1.82 35.50 i s

End of borehole at 1.82 m

Remarks

Service inspection pit hand exacavated from GL to 1.20m. No groundwater encountered. Terminated at 1.82m due to @
SPT refusal.




Borehole No.
Borehole Log W$105
Sheet 1 of 1
Project No. Hole Type
Project Name: St Michael's o 818 p Co-ords:  383723.84 - 398028.79 " Syp
Scal
Location: Manchester Level: 34.31 1(.;:;
) . Logged By
Client: Bowmer & Kirkland Dates: 28/07/2021 - 28/07/2021 PN
Samples and In Situ Testing
Well g’y ?Iier Depth Level Legend Stratum Description
MK€S| Depth (m) |Type Results (m) (m)
MADE GROUND: CONCRETE ]
020 34.11 MADE GROUND: Brown sandy gravel. Sand is ]
0.28-0.35 D 0.28 34.03 fine to coarse. Gravel is angular to subangular i
0.35 33.96 fine to coarse including concrete, brick and s
0.37 33.94 bitumen. T
Brown slightly gravelly coarse SAND. Gravel is ]
subrounded fine to coarse of sandstone and |
quartz. i R
Reddish brown SANDSTONE. A
End of borehole at 0.37 m 1
Remarks

Hand excavated pit to 0.37m bgl in sandstone bedrock.




Borehole No.
Borehole Log Ws106
Sheet 1 of 1
Project No. Hole Type
Project Name: St Michael's o 818 p Co-ords:  383709.88 - 398035.35 " Syp
Scal
Location: Manchester Level: 34.30 1(.;:06‘
) i Logged By
Client: Bowmer & Kirkland Dates: 28/07/2021 - 28/07/2021 PN
Samples and In Situ Testing
Well g}l ?Iier Depth Level Legend Stratum Description
MK€S| Depth (m) |Type Results (m) (m)
MADE GROUND: CONCRETE ]
0.15 34.15 MADE GROUND: Brown sandy gravel. Sand is ]
0.25 34.05 fine to coarse. Gravel is angular to subangular ]
0.30 34.00 fine to coarse including concrete, brick and B
0.32 33.98 bitumen. ]
Brown slightly gravelly coarse SAND. Gravel is :
subrounded fine to coarse of sandstone and ]
{_quartz. ] 1
. Reddishbrown SANDSTONE. ______________ ; 1
End of borehole at 0.32 m b
Remarks

Hand excavated pit to 0.32m bgl in sandstone bedrock.




Borehole No.
Borehole Log Ws107
Sheet 1 of 1
. . . , Project No. ) Hole Type
Project Name: St Michael's 078847 Co-ords:  383684.61 - 398040.17 WS
Scal
Location: Manchester Level: 33.53 1(.;:06‘
) i Logged By
Client: Bowmer & Kirkland Dates: 28/07/2021 - 28/07/2021 PN
Samples and In Situ Testing
Well g}l ?Iier Depth Level Legend Stratum Description
keS| Depth (m) | Type Results (m) (m)
MADE GROUND: CONCRETE ]
0.33-0.36 D 822 gg?g wxxxrxsl  Greyish brown slightly gravelly coarse SAND. T
0'40 33'12 Gravel is subrounded fine of quartz. :
0'42 33'10 Brown slightly gravelly coarse SAND. Gravel is ]
: ’ subrounded fine to coarse of sandstone and -
quartz. i B
Reddish brown SANDSTONE. ! 1
”””””” End of borehole at 0.42m~ 77 ]
Remarks

Hand excavated pit to 0.42m bgl in sandstone bedrock.




Borehole No.

Borehole Log Ws108
Sheet 1 of 1
. . . , Project No. ) Hole Type
Project Name: St Michael's 078847 Co-ords:  383673.96 - 398010.14 WS
|
Location: Manchester Level: 34.39 81(.;:06‘
) i Logged By
Client: Bowmer & Kirkland Dates: 28/07/2021 - 28/07/2021 PN
Samples and In Situ Testing
Well g}l ?Iier Depth Level Legend Stratum Description
MK€S| Depth (m) |Type Results (m) (m)
0.01 34.38 MADE GROUND: Laminate floor |
0.05 34.34 MADE GROUND: CONCRETE -
CONCRETE with gravel inclusions including B
0.20-0.30 D 0.20 34.18 quartz and flint. T
Grey SILTSTONE 7
0.30 34.08 - EYREIRES End of borehole al 030 m i
Remarks

Hand exavated pit to 0.30m bgl in bedrock.




Borehole No.
Borehole Log Ws109
Sheet 1 of 1
. . Project No. Hole Type
P N : Michael' - : 701.15 - 397998.97
roject Name: St Michael's 078847 Co-ords 383701.15 - 397998.9 WS
|
Location: Manchester Level: 34.33 Sﬁ::
) i Logged By
Client: Bowmer & Kirkland Dates: 28/07/2021 - 28/07/2021 PN
Samples and In Situ Testing
Well g’y ?Iier Depth Level Legend Stratum Description
MK€S| Depth (m) |Type Results (m) (m)
MADE GROUND: CONCRETE ]
0.10 34.23 1
0.12 34.21 MADE GROUND: Bitumen B
0.30 34.03 MADE GROUND: Intact bricks :
0.32 34.01 Brown slightly gravelly coarse SAND. Gravel is i
| subrounded fine to coarse of sandstone and R
| quartz. | 7]
' Reddish brown SANDSTONE. ]
S End of borehole at 0.3Tm~ 77 ' ]
Remarks

Hand excavated pit to 0.32m bgl in sandstone bedrock.




Borehole No.

Borehole Log Ws110
Sheet 1 of 1
. . Project No. Hole Type
P N : Michael' - : 717.32 - 397995.
roject Name: St Michael's 078847 Co-ords 383 32 - 397995.59 WS
Scal
Location: Manchester Level: 34.34 1(.;:06‘
L d B
Client: Bowmer & Kirkland Dates:  28/07/2021 - 28/07/2021 Oglgjil y
Samples and In Situ Testing
Well g}l ?Iier Depth Level Legend Stratum Description
MK€S| Depth (m) |Type Results (m) (m)
MADE GROUND: CONCRETE ]
8'12 23'2‘2‘ F=—— -\ MADE GROUND: Bitumen i
0.20-0.30 D 0'20 34'14 ——-4_ MADE GROUND: Intact bricks ]
. ) Brown slightly gravelly coarse SAND. Gravel is R
0.30 34.04 subrounded fine to coarse of sandstone and b
0.32 34.02 quartz. i :
' Reddish brown SANDSTONE. ______________ / .
End of borehole at 0.32 m _
Remarks

Hand excavated pit to 0.32m bgl in sandstone bedrock.
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Piling Risk Assessment

Appendix C — Risk Assessment Rationale

The qualitative risk assessment of environmental harm is designed to establish connecting links between a
hazardous source to a potential receptor via an exposure pathway.

The qualitative risk assessment corresponds with the proposed piling operations on site.

Risk assessment is the process of collating known information on a hazard or set of hazards in order to estimate
actual or potential risk to receptors. The receptor may be humans, a water resource, a sensitive local ecosystem
or future construction materials. Receptors can be connected to the hazardous source by one or several
exposure pathways such as direct contact for example. Risks are generally managed by isolating the receptor
or intercepting the exposure pathway or by isolating or removing the hazard.

Without the three essential components of a source, pathway and receptor there can be no risk. Therefore, the
presence of hazard on a site does not necessarily mean there is a risk.

By considering where a viable pathway exists which connects a source with a receptor the risk assessment in
Section 3.0 and Table A4.1 identifies where pollutant linkage exists. If there is no pollutant linkage there is no
risk and only where a pollutant linkage is established does the risk assessment, consider the level of risk.

The risk assessment considers the likelihood of a particular event taking place (accounting for the presence of
the hazard and receptor and the integrity of the exposure pathway) in conjunction with the severity of the
potential consequence (accounting for the potential severity of the hazard and the sensitivity of the receptor).

In the risk assessment the consequence of the hazard has been classified as severe or medium or mild or minor
and the probability (likelihood) of the circumstances actually occurring classified as high likelihood or likely or
low likelihood or unlikely.

The consequences and probabilities are subsequently cross-correlated to give a qualitative estimation of the
risk using Department of the Environment risk classifications as detailed in the table below and as referenced
in CIRIA C552.

Consequence

High Likelihood Moderate Risk

Likely Moderate Risk

Low Likelihood High/Moderate Risk

=
23
= o
Qo
T =
Q2 o
O x
o x
n -
=

Unlikely

Rev V01 | Copyright © 2022 Curtins Consulting Ltd
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Piling Risk Assessment

QG curtins

In accordance with DoE guidance, the following categorisation of consequence has been developed.

Classification Definition Examples
Ishort-term (acujce)“n.sk to human he"alth High concentrations of cyanide on the surface of an
ikely to result in “significant harm” as informal recreation area
defined by the Environment Protection '
Act 1990, Part lIA. Short-term risk of Major spill f contaminants from site int ntrolled
Severe pollution of sensitive water resource. | pifiage of contaminants from site nto controfle
. water.
Catastrophic damage to
S:Irlt(ijéz?asr/prggc?sr%t:n?h%rrt_uca)rrr;arr:isska?i)oﬁ Explosion, causing buiIding cqllap_se. (can also equate to a
formi short-term human health risk if buildings are occupied).
orming part of such ecosystem.
Concentration of a contaminant from site exceeds the
generic or site-specific assessment criteria.
Chronic damage to Human Health.
Pollution of sensitive water resources. A | Leaching of contaminants from a site to a Principal or
Medium significant change in a particular | Secondary A aquifer.
ecosystem or organism forming part of
such ecosystem. Death of a species within a designated nature reserve.
Lesser toxic and asphyxiate effects.
Pollution  of non-sensitive  water . e .
resources. Significant damage to crops, Zglljlil;gﬁ)sn) of non-classified groundwater (inc. Secondary B
Mild buildings, structures and services. ’
Damage to sensitive _— L
buildings/structures/services or the Damage to building rend'erln_g It uns_a_fe to occupy (e.g.
: foundation damage resulting in instability).
environment.
Harm, although not necessarily
significant harm, which may result in a | The presence of contaminants at such concentrations that
financial loss or expenditure to resolve. | protective equipment is required during site works.
Minor Non-perma_nent health effects to human _ _
health (easily prevented by means such | The loss of plants in a landscaping scheme.
as personal protective clothing, etc).
Easily repairable effects of damage to | Discoloration of concrete.
buildings, structures and services.

Rev V01 | Copyright © 2022 Curtins Consulting Ltd
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Piling Risk Assessment

In accordance with DoE guidance, the following categorisation of probability has been developed.

Classification ‘ Definition

There is a pollution linkage and an event that either appears very likely in the short term and

High Likelihood almost inevitable over the long term or there is evidence at the receptor of harm or pollution.

There is a pollution linkage and all the elements are present and in the right place, which
Likely means that it is probable that an event will occur. Circumstances are such that an event is not
inevitable, but possible in the short term and likely over the long term.

There is a pollution linkage and circumstances are possible under which an event could occur.
Low Likelihood However, it is by no means certain that even over a longer period such event would take place
and is less likely in the shorter term.

There is a pollution linkage, but circumstances are such that it is improbable that an event

Unlikely would occur even in the very long term.

In accordance with DoE guidance, the following categorisation of risk has been developed.

Classification Definition

identified hazard at the site without appropriate further action.

Harm is likely to arise to a designated receptor from an identified hazard at the site without

There is a high probability that severe harm could arise to a designated receptor from an
appropriate further action.

It is possible that without appropriate further action harm could arise to a designated receptor.
Moderate Risk It is relatively unlikely that any such harm would be severe, and if any harm were to occur it is
more likely that such harm would be relatively mild.

It is possible that harm could arise to a designated receptor from an identified hazard. It is likely
that, at worst, if any harm was realised any effects would be mild.

The presence of an identified hazard does not give rise to the potential to cause harm to a
designated receptor.

The term ‘risk’ in this instance refers to the risk that the source, pathway, receptor linkage for a given source
of contamination is complete. It does not refer to immediate risk to individuals or features present on the site
from potential contaminants and is intended to be used as a tool to assess the necessity of further
investigation or risk management operations.

Rev V01 | Copyright © 2022 Curtins Consulting Ltd



Our Locations

Birmingham

2 The Wharf

Bridge Street
Birmingham

B1 2JS

T. 0121 643 4694
birmingham@curtins.com

Bristol

Quayside

40-58 Hotwell Road
Bristol

BS8 4UQ

T. 0117 302 7560
bristol@curtins.com

Cambridge

50 Cambridge Place
Cambridge

CB2 INS

T. 01223 631 799
cambridge@curtins.com

Cardiff

3 Cwrt-y-Parc
Earlswood Road
Cardiff

CF14 5GH

T. 029 2068 0900

Douglas
Varley House
29-31 Duke Street

Douglas

Isle of Man

IM1 2AZ

T. 01624 624 585
douglas@curtins.com

Dublin

39 Fitzwilliam Square
Dublin 2

Ireland

T. 00353 1 507 9447
dublin@curtins.com

Edinburgh

1la Belford Road
Edinburgh

EH4 3BL

T.0131 2252175
edinburgh@curtins.com

Glasgow

Queens House

29 St Vincent Place
Glasgow

G12DT

T.0141 319 8777
glasgow@curtins.com

Kendal

28 Lowther Street
Kendal

Cumbria

LA9 4DH

T. 01539 724 823
kendal@curtins.com

Leeds

Rose Wharf
Ground Floor
Leeds

L29 8EE

T. 0113 274 8509
leeds@curtins.com

Liverpool

51-55 Tithebarn Street
Liverpool

L2 2SB

T. 0151 726 2000
liverpool@curtins.com

London

40 Compton Street
London

EC1V 0BD

T. 020 7324 2240
london@curtins.com

Manchester

Merchant Exchange

17-19 Whitworth Street West
Manchester

M1 5WG

T. 0161 236 2394
manchester@curtins.com

Nottingham

56 The Ropewalk
Nottingham

NG1 5DW

T. 0115 941 5551
nottingham@curtins.com

]
‘ Curtins Consulting Ltd registered in England and Wales No: 2054159
} Registered office: 51-55 Tithebarn Street, Liverpool, L2 2SB
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