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EXECUTIVE SUMMARY

Proposed works

Site history

Published geology Drift:

Solid:

Topography

Hydrology

Site works

Revealed ground
conditions

North part of the site (e.g. BH1, BH2, WSs 101 to 105)
Topsoil
[max depth: 0.55m bgl]
Made ground:

[max depth: 1.0m bgl]
Tidal Flat Deposits (TFD)







South part of the site (e.g. BH3, WSs 106 to 109)
Topsoil
[max depth: 0.45m bgl]
Tidal Flat Deposits (TFD)





The whole site
Glacial till [proven to at least
16m bgl]


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Groundwater

Allowable net bearing
pressures

Shrinkable soil

Buried concrete

Gas protection

Road pavement
design

Contamination test
results

Contamination
assessment
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1 Introduction

the site

1.1 Aims

1.2 Scope








1.3 Conditions and Limitations
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2 Desk study information

2.1 Sources of site information

Table 1: Sources of site information
Source description Details Date

2.2 The site

2.2.1 Location and size
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2.2.2 Site features
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2.2.3 Adjacent land use

North:
East:
South:
West:

2.2.4 Site topography

2.2.5 Proposed development

2.3 Site history
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2.4 Published geology

2.4.1 Superficial drift geology

Terrington Beds “younger marine alluvium; salt
marsh, tidal creek and river deposits (sandy silt, sand and clay).”

Tidal Flat Deposits – Clay and Silt “Mud flat and sand flat deposits…
[which] consist of unconsolidated sediment, mainly mud and/or sand… Normally a
consolidated soft silty clay, with layers of sand, gravel and peat.”
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2.4.2 Solid geology

“Silicate-mudstone, grey, generally smooth to slightly silty, with
sporadic beds of argillaceous limestone nodules.”

2.4.3 Mining

2.5 Hydrogeology

2.6 Hydrology

2.6.1 Flooding
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2.7 Waste

2.8 Radon gas

no requirement

2.9 Industrial land use













2.10 Anticipated ground conditions

Table 2: Anticipated geology (subject to confirmation with site works)
Strata Description Anticipated approx.

depth to base (m bgl)
Tidal Flat Deposits
Glacial Till

Oxford Clay Formation
Kellaways Sand Member
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3 Previous ground investigation

3.1 Scope of site works





3.2 Previously revealed sub-strata

3.2.1 Topsoil

3.2.2 Tidal Flat Deposits (TFD)
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Table 3: Previous SPT test results
SPT start
depth
(m bgl)

SPT N Value

SPT location (WS __)



15

Table 4: Shear vane results in clays (from previous GEL investigation)
Test location Depth (m bgl) Raw results (kPa)

2

3

4

5

6

7

8

9

10

0 1 2 3 4 5 6 7 8 9 10 11
St
ar
td
ep
th
of
te
st
(m

bg
l)

Super heavy DCP blowcount (per 100mm penetration)
Figure 1: DCP results in previous investigation

WS2

WS3

WS5

WS7

WS9

WS12

WS14

WS19

WS18
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3.2.3 Interpreted marine sand

3.3 Visual or olfactory evidence of contamination

3.4 Groundwater observations

3.5 Soakaway test results
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Table 5: Results of soakaway infiltration tests in previous GEL investigation
Test

location
Base of pit
(m bgl)

Test soil stratum Initial
depth to
water
(m bgl)

Final
depth to
water
(m bgl)

Time
taken
(mins)

Calculated
water

infiltration
rate* (m/s)

3.6 Previous geotechnical laboratory testing

Table 6: Results of previous plasticity andmoisture tests
Hole Sample depth

(m bgl)
LL (%) PL (%) PI (%) NMC (%) % passing

425um sieve

Table 7: Results of previous particle size distribution tests
Hole Sample

depth
(m bgl)

% clay % silt % sand %
gravel

Particle size description



18

Table 8: Results of previous CBR lab tests
Hole Sample

depth
(m bgl)

NMC (%) Bulk density
(Mg/m3)

Dry
density
(Mg/m3)

CBR (%) % retained
on 20mm
sieve

Top Bottom

Table 9: Results of previous sulphate tests
Hole Sample depth

(m bgl)
Water soluble sulphate

(mg/l)
pH

3.7 Scope of previous geochemical laboratory testing
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Table 10: Scope of previous geochemical tests
Hole Depth

(m
bgl)

Soil /
water

pH

Su
lp
ha
te
(w
at
er
-s
ol
ub
le
)

Cy
an
id
e
(f
re
e
an
d
to
ta
l)

Su
lp
hi
de
s

M
et
al
s*

SO
M

PA
H
s

To
ta
lp
he
no
ls

TP
H
s

VO
Cs

SV
OC
sT
IC
(p
es
tic
id
es
)

W
AC

         

        

        

       

       



       

 

       

       

       

         

        

        

3.8 Results of previous contamination testing
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Table 11: Results of previous GEL geochemical tests (SOIL)
Contaminant No. of

samples
tested

Lowest
value

(mg/kg)

Highest
value

(mg/kg)

95th
percentile
(mg/kg)

GAC*
(mg/kg)

No of GAC
exceed-
ances
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Table 12: Results of previous GEL geochemical tests (GROUNDWATER)
Contaminant No. of

sampl
es

tested

Lowest
value
(ug/kg)

Highest
value
(ug/kg)

Water
Supply

GAC (ug/l)

No. of
WQS
GAC

exceed-
ances

EQS
(fresh-
water)
GAC
(ug/l)

No. of
EQS GAC
exceed-
ances
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4 Preliminary contamination assessment

4.1 Assessment principles

source
receptor pathway

Table 13: Severity of hazard being realised
Classification Category/Definition

Human Controlled waters Property Eco system

Table 14: Probability of hazard being realised
Classification Definition
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et al.

Table 15: Risk classification matrix
Consequence
Severe Medium Mild Minor

Probability Highly likely
Likely
Low likelihood
Unlikely

Table 16: Risk classification definition
Classification Definition

4.2 Conceptual site model

4.2.1 Sources
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Table 17: Potential sources of contamination (identified in GEL report)
Location Source Comments Example contaminants

4.2.2 Receptors and pathways

Table 18: Potential receptors and pathways
Pathway Receptors Comments

4.3 Preliminary risk assessment

source-pathway-receptor
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very
low low






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5 Site InvestigationWorks

5.1 Fieldwork

5.1.1 Shell and auger boreholes (BH1 to BH3)

5.1.2 Windowless sampler boreholes

5.1.3 DCP testing
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5.2 Laboratory testing

Geotechnical








Geochemical









Table 20: Laboratory testing on shell and auger borehole samples (BH1 to BH3)

Sample
hole

Sample
location

HML
Sample
ref.
(S/__)

Chemtech
sample
ref.

Depth
(m bgl)

PI MC
Consol-
idation

Particle
size
distn

UU
Triaxial

pH and
sul-
phates

SOM

 



 

  













 
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Table 21: Laboratory tests on windowless sampler borehole samples (WS101 to
WS110)

Sample
hole

Sample
location

HML
Sample
ref.
(S/__)

Chemtech
sample
ref.

Depth
(m bgl)

M
et
al
ss
ui
te

PA
H
sb
y
US
EP
A1
6

As
be
st
os
ID

Pe
st
ic
id
es

CB
R
(s
oa
ke
d)

TP
H
by
CW

G

Pa
rt
ic
le
siz
e
di
st
n

PI
&
M
C

pH
an
d
su
lp
ha
te
s

SO
M

   





 

  







   

 

   







 






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6 Ground Conditions & Soil Properties

6.1 Sequence of sub-strata

Table 22: Ground conditions in windowless sampler boreholes (WS101 toWS110)
Strata: Topsoil Made

ground
Tidal Flat Deposits

Comments
Cohesive
(SILT/
CLAY

Granular
(SILT / fine
SAND

Cohesive
(SILT/
CLAY)

Granular
(SILT fine
SAND)

Cohesive
(SILT/
CLAY

Hole Depth to base of strata (m bgl)*
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Table 23: Ground conditions in shell and auger boreholes (BH1 to BH3)
Strata: Tidal Flat Deposits Glacial Till

Hole Depth to base of strata (m bgl)*

6.2 Topsoil

6.3 Made ground
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6.4 Tidal Flat Deposits (TFD)

6.4.1 Cohesive TFD soils
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Table 24: Plasticity andmoisture content test results for GLD clays
Sample
geology

Sample
location

Depth
(m bgl)

HML
Sample
reference

Natural
moisture
content
(%)

Plastic
limit
(%)

Liquid
limit
(%)

Plasticity
index
(%)

% of
sample
passing
425 m
sieve

Modified
plasticity
index
(%)

0

1

2

3

4

5

6

7

8

0 10 20 30 40 50 60 70 80 90 100

De
pt

h
(m

bg
l)

Moisture content (%)

Figure 2:Moisture content against depth

MC PL LL
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BH1-1 (1.2m-1.65m)

BH1 (7.95m-8.1m)

WS105 (1.2m-1.7m bgl)WS3 (0.5-1.0m bgl)

0

10

20

30

40

50

60

70

0 20 40 60 80 100 120

Pl
as

tic
ity

 In
de

x

Liquid Limit

Figure 3: Plasticity data for TFD cohesive soils

CL CI CH CV

MVMHMIML ME

CE
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Table 25: Shear vane results in clays
Test

location
Depth
(m bgl)

Raw results (kPa) Corrected results (kPa)

2
2
5
8
14
78

Note

0
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17

0 5 10 15 20 25 30 35 40

St
ar
td
ep
th
of
te
st
(m

bg
l)

SPT N value
Figure 4: SPT N values

BH1

BH2

BH3

WS101

WS102

WS104

WS106

WS107

WS108

WS109
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Table 26: Estimated strength of TFD cohesive soils from SPT correlations
Test location Average SPT depth

(m bgl)
SPT N value Estimated undrained

shear strength (kPa)
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Figure 5: DCP results in recent investigation

WS103

WS105

WS106

WS108

WS109
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38

0

1

2

3

4

5

6

7

8

9

0 2 4 6 8 10 12 14 16 18 20

De
pt
h
(m

bg
l)

Super heavy DCP blowcount (per 100mm penetration)

Figure 6: Combined DCP results in north part of the site
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WS3
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WS103

WS105

5th %ile (all above data)

average DCP (all above data)
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mv

mv

mv

mv

mv

Table 27: Summary of consolidation test results on TLD silts/clays
Borehole:

Sample depth (m bgl):
Pressure range (kPa) mv in

MN/m2

cv in
m2/year

mv in
MN/m2

cv in
m2/year

mv in
MN/m2

cv in
m2/year

mv

mv

mv
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Figure 7:Deep TFD very soft peaty silt/clay -mv values against
vertical stress (during loading)
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Figure 8: Shallow very soft TFD silt/clay -mv values against vertical
stress (during loading)

BH2 (2.0m-2.45m)
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cv

cv

cv

cv

cv

6.4.2 TFD granular silts/sands

the shallow TFD soils in the south
half of the site are comprised entirely of granular (non-shrinkable) soil
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BH1 (5.0m-5.45m)

BH3 (2.0m-2.45m)

BH3 (5.0m-5.45m)

WS102 (0.5m-1.0m)

WS106 (1.1m-1.6m)
WS108 (1.2m-1.8m)
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Figure 9: Grading curves for granular silts and fine sands
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Figure 11: Combined DCP results in south part of the site
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constant volume ’cv,k

6.5 Glacial Till (boulder clay)

6.5.1 Plasticity and moisture content

6.5.2 Undrained shear strength, cu
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cu

6.6 Groundwater observations

Table 28: Summary of groundwater observations
Location Prevailing

ground
conditions

Water level
after drilling
(m bgl)

During monitoring (dd/mm/yyyy)
03/07/
2020

17/07/
2020

30/07/
2020

13/08/
2020

28/08/
2020

11/09/
2020



47

6.7 CBR test results

Table 29: Summary of CBR test results
Location:

Natural or soaked:
Sample depth:

Soil type:

CBR (%)
Top 0.5 1.1 20 2.0 2.1 35 9.2

Bottom 0.8 1.5 0.6 28 4.7 5.0 37 31

Moisture
content
(%)

Top

Bottom

Swelling (mm)
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7 Settlement analysis

7.1 Design methodology





7.1.1 Foundations in cohesive silts/clays

in situ
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, =
 v

 mv

 h

7.1.2 Foundations in granular soils (e.g. sand)

in situ

7.1.3 Foundation dimensions and stress influence factors

in situ

If

If
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Table 30: Stress Influence factors below centre of a raft foundation
Plan area
foundation
dimensions

(m)

Depth below footing level, z (m)

0.5 1.0 1.5 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
Vertical stress influence factor, If

12 x 12 1.000 0.997 0.989 0.976 0.930 0.863 0.783 0.700 0.622 0.549 0.484 0.428
12 x 6 1.000 0.985 0.956 0.913 0.800 0.680 0.572 0.481 0.405 0.343 0.293 0.252=

v

q
z
If

7.2 Adopted ground models

in situ

7.2.1 North area of the site
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Table 31: North area: groundmodel for settlement analysis
Layer Depth to top of

stratum (m
bgl)

Material Layer thickness
(m)

Unit weight
(kN/m3)

in situ
overburden at
base (kPa)

Soil properties

mv =
0.3m2/MN
mv as per
Figure 8

Average SPT
N value = 6
mv as per
Figure 7
mv =

0.075m2/MN

mv

7.2.2 South area of the site

Table 32: South area: ground model for settlement analysis
Layer Depth to top of

stratum (m
bgl)

Material Layer thickness
(m)

Unit weight
(kN/m3)

in situ
overburden at
base (kPa)

Soil properties

Average SPT
N value = 6

mv as per
Figure 7
mv =

0.075m2/MN
-
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7.3 Results of settlement analyses

Table 33: Results of settlement analyses for rafts
Area of site Load (kPa) Foundation dimensions Calculated

immediate
granular
settlement
(mm)

Calculated
total

settlement
(mm)

Length, L (m) Width, B (m) Depth, D (m)

78.2
61.0
41.3
12.4
39.8

7.3.1 12m by 6m raft

7.3.1 12m by 12m raft

7.4 Acceptable settlement
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“For foundations
on sands … Skempton and MacDonald [1956] concluded … the limiting total settlement is
… 40-65mm for raft foundations”, while, “for foundations on clays [they] similarly
prescribed … design limits for total settlement of … 65-100mm for rafts.”

7.5 Preloading

cv

cv

In situ

Table 34: Time required for consolidation of 9m thick clay layer
coefficient of consolidation, cv = 2.3 m2/year; drainage path length = 9m

Degree of consolidation, Uv (%) 0 10 20 40 50 75 90 95 99

0.0 0.0079 0.031 0.126 0.196 0.477 0.848 1.129 1.781
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8 Engineering Issues

8.1 Foundations

8.1.1 Shallow raft foundation

8.1.2 Strip footings

Table 35: South area: allowable bearing pressures in TFD granular sands/silts
Depth
(m bgl)

Foundation width (m)
0.45 0.6 0.9 1.5

Allowable bearing
pressure

48 50 46 33
61 61 46 33
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8.1.3 The influence of trees on foundation depth

8.1.4 Piled foundations

cu

ultimate
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Table 36: Preliminary ultimate (cast in-situ) pile load resistances
Stratum Depth range

(m bgl)
Soil type Adopted geotechnical parameters Friction or

adhesion
(kPa)

End bearing
resistance
(kPa)

1 ,
2
3
4
5 = × = × = ×= = ×

ultimate
Working

Table 37: Preliminary estimated bored pile loads
Pile length (m) Pile diameter (mm) Estimated ultimate load

(kN)
Estimated working load

based on 2.5 global factor of
safety (kN)

87
160
162
282

8.2 Slab design
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8.3 Excavations and groundwater control

8.4 Buried concrete

mobile

shallow ground
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.

Table 38: Soil sulphate content
Stratum Sample

location
HML
sample
ref.
(S/_)

Chem-
tech
sample
ref.

Depth
(m bgl)

Water-
soluble
sulfate
(mg/l)

pH Total
sulfur,
[TS] (%)

Total
(acid-
soluble)
sulfate,
[AS] (%)

Total
poten-
tial

sulfate,
[3TS]
(%)

Oxidis-
able

sulfides
(%)

[3TS-AS]

deeper ground
slightly peaty clays

8.5 Road pavement design

8.6 Soakaway design
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9 Ground Gas Assessment

9.1 Ground gas monitoring results

Table 39: Summary of recent HML gas monitoring results
Visit Date Peak flow Carbon dioxide Methane Comments

Max.
flow
(l/hr)

Hole Max.
steady
conc.
(%)

Hole Max.
steady
conc.
(%)

Hole

l/hr

9.1.1 Methane (CH4) assessment

(0.1%/100) x 7.2 l/hr = 0.0072 l/hr.
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Very Low Risk

Table 40: CS by site characteristic GSV

9.1.2 Carbon dioxide (CO2) assessment

l/hr

CO2 borehole flow rate = (5.0%/100) x 0.6 l/hr = 0.03 l/hr

Very
Low Risk

9.2 Gas sources and pathways
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Table 41: Soil organic matter (SOM) content
Stratum Sample

location
HML
sample
ref.
(S/_)

Chemtech
sample
ref.

Depth
(m bgl)

TOC
(% w/w)

Estimated
SOM

(% w/w)

9.3 Gas protection measures
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10 Analysis of soil contamination test data

generic assessment criteria
Land Quality Management Ltd/Chartered Institute of

Environmental Health suitable for use levels

residential with

10.1 Metals and metalloids

Table 42: Generic assessment criteria for metals -
Residential with plant uptake

Element (mg/kg)
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10.2 Polycyclic aromatic hydrocarbons (PAHs)

Table 43: Soil GACs for PAH - Residential with plant uptake

Element SOM of 1% SOM of 2.5% SOM of 6%

10.3 Asbestos
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10.4 Petroleum hydrocarbons (TPH & BTEX)

Table 44 - Total Petroleum hydrocarbons (TPHs) generic acceptance criteria – residential with
plant uptake

Compound 1% SOM 2.5% SOM 6% SOM

TP
H
Al
ip
ha
ti
c

C5-6
C6-8
C8-10
C10-12
C12-16
C16-35
C35-44

TP
H
A
ro
m
at
ic

C5-7
C7-8
C8-10
C10-12
C12-16
C16-21
C21-35

BT
EX

Benzene
Toluene

Ethylbenzene
O-xylene
M-xylene
P-xylene
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10.5 Pesticides (organophosphates, and organochlorines)
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11 Revised Contamination Assessment

source-pathway-receptor

very low low moderate /
low
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12 SUMMARY & CONCLUSIONS

12.1 Ground conditions

12.1.1 North (and central) part of the site (e.g. BH1, BH2, WSs 101 to 105, WSs 1 to 9)

 Topsoil [max depth: 0.55m bgl]
 Made ground: [max depth: 1.0m bgl]
 Tidal Flat Deposits (TFD)





12.1.2 South part of the site (e.g. BH3, WSs 106 to 109, WSs 10 to 20)

 Topsoil [max depth: 0.45m bgl]
 Tidal Flat Deposits (TFD)




12.1.3 The whole site

 Glacial till [proven to at least 16m bgl]


12.2 Geotechnical properties
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Table 46: Geotechnical properties
Soil Depth (m bgl) Geotechnical property Value

TFD: shallow
cohesive silts/clays

cu

mv

TFD: shallow
granular silts/sands

°
TFD: deep slightly
organic silt/clay

mv

Glacial till
(boulder clay)

cu

12.3 Foundations

12.3.1 Shallow raft foundation

granular silts and sands

cohesive soft/firm
silts/clays

12.3.2 Strip footings

granular silts and sands
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12.3.3 The influence of trees on foundation depth

12.3.4 Piled foundations

12.4 Slab design

12.5 Excavations and groundwater control

12.6 Buried concrete

.
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12.7 Road pavement design

12.8 Soakaway design

12.9 Contamination testing











12.10 Gas protection measures

l/hr l/hr
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12.11 Contamination risk assessment

source-pathway-receptor

in-
situ
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13 References
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Plans & Photographs
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