
Site Name: Job No. 10/2254

Client: Date: 30/06/10

Borehole Sample Sample Depth Natural 1. Passing Liquid Plastic Plasticity 
Moisture 425 �m Limit Limit Index
Content sieve

No type No. m % % % % %

BH01 U 17 11.00 28 100 78 27 51

BH01 U 26 17.00 24 99 65 24 41

BH01 U 35 23.00 26 100 72 27 45

BH01 U 38 25.00 27 100 78 28 50

BH01 U 44 29.00 23 100 77 25 53

BH02 U 06 1.20 104 85 161 46 115

Description

Extremely closely fissured brownish grey 
CLAY with occasional pockets of dark 
brownish grey silty sand (10x5mm)

Grey slightly sandy CLAY with frequent 
pockets of light brownish grey sand 
(100x80mm) and occasional tabular pyrite 
nodules (35x25mm)

Extremely closely fissured grey CLAY with 
rare pockets of dark grey silty fine sand 
(5x3mm) and rare bioturbation

Extremely closely fissured grey CLAY with 
occasional pockets of dark grey sand 
(20x10mm) and bioturbation

CONCEPT SITE INVESTIGATIONS

 Determination of Moisture Content and Liquid and Plastic Limits

Northern Line Extension

REO Powerstation Ltd

Very closely fissured grey CLAY with 
occasional pockets of dark grey sand 
(80x60mm), light brownish grey sand 
(40x30mm) and bioturbation
Very soft greenish brown mottled reddish 
brown peaty CLAY with occasional angular to

BH02 U 28 9.50 27 100 73 24 49

BH02 U 37 15.50 26

BH02 U 40 17.50 28 100 75 28 47

BH02 U 46 21.50 28 100 82 29 52

BH02 U 52 25.50 23 100 74 22 53

BH02 U 69 35.70 16 100 47 21 27

BS 1377: Part 2: Clause 4.4: 1990 Determination of the liquid limit by the cone penetrometer method.

BS 1377: Part 2: Clause 5: 1990 Determination of the plastic limit and plasticity index.

BS 1377: Part 2: Clause 3.2: 1990 Determination of the moisture content by the oven drying method
Date - samples received: 08/06/2010
Date - samples tested: 30/06/2010
Checked by: J. Fokt Lab Manager

Extremely closely extremely closely fissured 
brown mottled bluish grey CLAY

Extremely closely fissured grey slightly 
micaceous CLAY with rare shell fragments

Extremely closely fissured grey CLAY with 
occasional pockets of light brownish grey sand 
(80x50mm), light grey sand (60x60mm) and 
rare bioturbation

brown peaty CLAY with occasional angular to
rounded coarse flint gravel, frequent rootlets 
and semi-decayed wood fragments

Very closely fissured greyish brown CLAY with 
occasional black staining

CONCEPT
Unit 8 Warple Mews Warple Way London W3 0RF

Tel: 020 8811 2880  Fax: 020 8811 2881

Very closely fissured grey CLAY with 
occasional bioturbation and pockets of dark 
grey fine sand (60x30mm)

Extremely closely fissured grey CLAY with 
occasional bioturbation and rare fossilised 
wood fragments (10x5mm)
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Site Name: Job No. 10/2254

Client: Date: 30/06/10

Borehole Sample Sample Depth Natural 1. Passing Liquid Plastic Plasticity 

Moisture 425 μμμμm Limit Limit Index

Content sieve

No type No m % % % % %

BH03 U 32 11.00 29 100 80 28 53

BH03 U 41 17.00 24 100 66 22 44

BH03 U 50 23.00 27 100 82 27 56

BH03 U 53 25.00 25 100 78 23 55

BH03 U 61 31.00 21 97 60 21 40

BH08 U 26 11.50 27 99 76 26 51

BH08 U 46 18.50 22 100 71 21 49

BS 1377: Part 2: Clause 4.4: 1990 Determination of the liquid limit by the cone penetrometer method.

BS 1377: Part 2: Clause 5: 1990 Determination of the plastic limit and plasticity index.

BS 1377: Part 2: Clause 3.2: 1990 Determination of the moisture content by the oven drying method

Date - samples received: 08/06/2010

Date - samples tested: 30/06/2010

Checked by: J. Fokt Lab Manager

Extremely closely fissured grey CLAY with 
occasional bioturbation, rare pockets of 
cemented silt and pyrite nodules (20x10mm)

Very closely fissured slightly sandy grey CLAY 
with frequent pockets of light grey sand 
(30x20mm) and rare bioturbation

Description

Extremely closely fissured grey CLAY with 
occasional bioturbation and pockets of dark 
grey sand (10x20mm)

Extremely closely fissured grey CLAY with 
occasional pockets of light grey sand 
(50x40mm) and dark grey sand (10x5mm) with 
rare bioturbation

Extremely closely fissured thinly bedded grey 
CLAY with rare pockets of dark grey sand 
(70x50mm) and occasional bioturbation

Brownish grey slightly sandy CLAY with 
occasional bioturbation and rare pockets of 
grey silt (10x5mm)

Extremely closely fissured grey CLAY with 
frequent bioturbation and occasional pyrite 
nodules (45x25x25mm), pyritised wood 
fragments (10x5mm) and pockets of light 
brownish grey sand (80x90mm)
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Unit 8 Warple Mews Warple Way London W3 0RF

Tel: 020 8811 2880  Fax: 020 8811 2881
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Site Name: Job No. 10/2254

Client: Date: 11/06/10

Borehole Sample Sample Depth Natural 1. Passing Liquid Plastic Plasticity 

Moisture 425 μμμμm Limit Limit Index

Content sieve

No type No. m % % % % %

BH04 U 13 7.50 25

BH04 U 19 11.50 22

BH04 U 28 17.50 27

BH04 U 31 19.50 28 100 83 28 55

BH04 U 37 23.50 19 100 68 21 47

BH04 U 40 25.50 21

BH04 U 46 29.50 23 99 75 24 52

BH04 U 50 31.50 25 100 65 21 44

BH04 D 55 33.50 8 NP

BH05 B 6 1.00 17 83 35 16 19

BH05 U 22 10.00 27 100 70 23 47

BH05 U 34 18.00 24 100 58 20 38

BH05 U 54 26.90 19 100 54 17 37

BH05 B 67 30.20 18 97 NP

BH05 U 73 32.00 22 100 85 24 61

BS 1377: Part 2: Clause 4.4: 1990 Determination of the liquid limit by the cone penetrometer method.

BS 1377: Part 2: Clause 5: 1990 Determination of the plastic limit and plasticity index.

BS 1377: Part 2: Clause 3.2: 1990 Determination of the moisture content by the oven drying method

Date - samples received: 26/05/2010

Date - samples tested: 11/06/2010

Checked by: J.Fokt Lab Manager
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 Determination of Moisture Content and Liquid and Plastic Limits

Northern Line Extension

REO (Powerstation) Ltd

Brownish grey slightly sandy CLAY with 
occasional pockets of light brown fine sand 
(10x15mm) and occasional bioturbation

Very closely fissured grey CLAY with occasional 
pockets of light grey sand (10x10mm) and dark 
grey sand (50x30mm)

Description

Grey locally thinly laminated slightly micaceous 
CLAY with closely spaced laminations of light 
brown and greenish grey fine sand

Grey locally thinly laminated slightly sandy CLAY 
with closely to medium spaced laminations of 
light brown sand and rare pockets of dark grey 
fine sand (55x20mm) and rare bioturbation

Strong, grey slightly clayey generally coarse 
gravel sized fragments of shelly/organic 
LIMESTONE 

Extremely closely fissured grey CLAY with 
occasional bioturbation

Grey slightly sandy CLAY with frequent pockets 
of light grey sand (50x60mm) rare pockets of 
dark grey fine sand (80x20mm) and occasional 
bioturbation

Grey slightly sandy CLAY with pockets of light 
brown sand (10x10mm) and occasional 
bioturbation

����������������������������
Unit 8 Warple Mews Warple Way London W3 0RF

Tel: 020 8811 2880  Fax: 020 8811 2881

Grey slightly clayey slightly silty fine and medium 
SAND

Dark grey locally thinly laminated shelly CLAY

Grey thinly laminated slightly CLAY with 
occasional bioturbation

Grey thinly to thickly laminated slightly sandy 
CLAY with occasional pockets of light brown silty 
fine sand (30x45mm) occasional bioturbation 
and rare tabular pyrite nodules (70x55mm)

Reddish brown mottled bluish grey friable CLAY 

Extremely closely fissured grey CLAY with 
occasional pockets of light brownish grey sand 
(80x80mm) and rare bioturbation

Dark brown locally mottled yellowish brown 
slightly sandy slightly gravelly CLAY with 
occasional pockets of black carbonaceous 
material (10x10mm) . Gravel is subangular to 
subrounded fine and coarse flint and occasional 
brick fragments (MADE GROUND)
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Site Name: Job No. 10/2254

Client: Date: 11/06/10

Borehole Sample Sample Depth Natural 1. Passing Liquid Plastic Plasticity 

Moisture 425 μμμμm Limit Limit Index

Content sieve

No Type No. m % % % % %

BH06 D 15 8.50 27 100 74 25 50

BH06 U 26 16.00 25 100 79 26 53

BH06 U 46 23.50 21 100 65 22 43

BH06 U 54 25.50 25 100 71 24 47

BH06 U 67 27.75 22 100 69 26 44

BH07 D 08 1.20 17 56 49 20 28

BH07 U 32 8.00 26 100 62 24 37

BH07 U 35 10.00 27 100 72 23 49

BH07 U 38 12.00 28

BH07 U 44 16.00 30

BH07 U 50 20.00 24 100 69 23 45

BH07 U 58 22.00 25 100 81 25 56

BH07 U 66 24.00 18

BH07 U 76 26.50 23

BH07 U 80 27.50 21

BS 1377: Part 2: Clause 4.4: 1990 Determination of the liquid limit by the cone penetrometer method.

BS 1377: Part 2: Clause 5: 1990 Determination of the plastic limit and plasticity index.

BS 1377: Part 2: Clause 3.2: 1990 Determination of the moisture content by the oven drying method

Date - samples received: 26/05/2010

Date - samples tested: 11/06/2010

Checked by: J.Fokt Lab Manager

Grey CLAY with occasional pockets of light 
brown fine sand (20x10mm) and bioturbation

����������������������������
Unit 8 Warple Mews Warple Way London W3 0RF

Tel: 020 8811 2880  Fax: 020 8811 2881

Extremely closely fissured grey CLAY with 
occasional pockets of light brownish grey 
sand (100x80mm) rare pyrite nodules 
(10x3mm) and occasional bioturbation

Grey slightly micaceous CLAY with rare 
bioturbation

Extremely closely fissured grey CLAY with 
rare pockets of light brownish grey sand 
(40x30mm)

Extremely closely fissured grey CLAY with 
occasional bioturbation and rare pockets of 
dark grey silt (20x3mm)

Very closely fissured grey CLAY with rare 
partings of light grey sand and occasional 
bioturbation

Grey CLAY with frequent pockets of dark grey 
fine sand (80x50mm) and occasional 
bioturbation
Very closely fissured grey slightly sandy 
CLAY with frequent bioturbation

Grey slightly sandy CLAY with frequent 
pockets of light grey sand (20x10mm) and 
occasional bioturbation

Description

Grey CLAY with rare pockets of dark grey silty 
fine sand (3x5mm) and bioturbation

Grey slightly sandy CLAY with occasional 
bioturbation
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 Determination of Moisture Content and Liquid and Plastic Limits

Northern Line Extension

REO (Powerstation) Ltd

Extremely closely fissured grey CLAY with 
occasional pockets of light grey silty sand 
(30x30mm) and frequent shell fragments

Reddish brown mottled bluish grey CLAY 

Greyish brown iron stained sandy gravelly 
CLAY with rare pockets of black 
carbonaceous material (15x10mm), rare brick 
fragments and roots of live appearance (3-
4mm). Gravel is angular to subrounded flint 
and rare granite (MADE GROUND)

Very closely fissured grey CLAY with 
occasional pockets of light brownish grey 
sand (40x20mm) and pockets of dark grey 
silty sand (5x30mm)
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Site Name: Job No. 10/2254

Client: Date: 30/06/10

Borehole Sample Sample Depth Natural 1. Passing Liquid Plastic Plasticity 

Moisture 425 μμμμm Limit Limit Index

Content sieve

No Type No. m % % % % %

BH09 U 25 10.00 28 98 78 27 52

BH09 U 39 16.50 26 99 77 26 52

BH09 U 55 20.50 26 100 81 27 54

BH09 U 59 21.50 20 99 58 19 40

BH09 U 65 23.00 21 99 66 19 48

BH09 U 75 25.50 19 100 48 17 31

BS 1377: Part 2: Clause 4.4: 1990 Determination of the liquid limit by the cone penetrometer method.

BS 1377: Part 2: Clause 5: 1990 Determination of the plastic limit and plasticity index.

BS 1377: Part 2: Clause 3.2: 1990 Determination of the moisture content by the oven drying method

Date - samples received: 08/06/2010

Date - samples tested: 30/06/2010

Checked by: J. Fokt Lab Manager

Description

Extremely closely fissured slightly sandy grey 
CLAY with frequent pockets of light grey sand 
(100x50mm) and pyrite nodules 
(40x30x10mm) and rare pyritised wood 
fragments(20x10mm)

Very closely fissured grey CLAY with 
occasional pockets of light brownish grey sand 
(50x30mm) and pyrite nodules (30x10mm) 
and light grey sand (20x30mm) with rare 
bioturbation and fossilised wood fragments

Extremely closely fissured grey CLAY with 
occasional shell fragments
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 Determination of Moisture Content and Liquid and Plastic Limits

Northern Line Extension

REO Powerstation Ltd

Extremely closely fissured grey CLAY with a 
rare tabular claystone fragments and rare 
bioturbation

Very closely fissured grey CLAY with 
occasional bioturbation, rare pockets of dark 
grey sand (10x10mm) and pyrite nodules 
(25x10mm)

Grey CLAY with rare bioturbation

����������������������������
Unit 8 Warple Mews Warple Way London W3 0RF

Tel: 020 8811 2880  Fax: 020 8811 2881
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Site Name: Job No. 10/2254

Client: Date: 30/06/10

Borehole Sample Sample Depth Natural 1. Passing Liquid Plastic Plasticity 

Moisture 425 μμμμm Limit Limit Index

Content sieve

No Type No. m % % % % %

BH08 U 50 19.50 21 100 62 21 41

BH08 U 58 21.50 24 100 69 22 47

BH08 U 72 25.00 21 100 65 23 42

BH10 U 21 11.00 28 98 84 27 58

BH10 U 27 15.00 25 100 78 26 51

BH10 U 45 19.40 26 100 77 27 51

BH10 U 53 21.40 23 100 71 27 43

BS 1377: Part 2: Clause 4.4: 1990 Determination of the liquid limit by the cone penetrometer method.

BS 1377: Part 2: Clause 5: 1990 Determination of the plastic limit and plasticity index.

BS 1377: Part 2: Clause 3.2: 1990 Determination of the moisture content by the oven drying method

Date - samples received: 08/06/2010

Date - samples tested: 30/06/2010

Checked by: J. Fokt Lab Manager

Description

Extremely closely fissured grey CLAY with 
occasional fragments of orangish brown 
siltstone and rare pyrite nodules 
(20x10x10mm)

Very closely fissured grey CLAY with 
occasional bioturbation and pockets of light 
grey sand (15x30mm)

Grey CLAY with occasional pockets of dark 
grey silt (3x5mm) and occasional bioturbation

Extremely closely fissured thinly bedded grey 
CLAY with occasional pockets of light 
brownish grey sand (40x20mm)

Grey slightly sandy CLAY with occasional 
pockets of light brown and dark grey fine 
sand (20x15mm)  and occasional bioturbation

Very closely fissured grey CLAY with 
occasional pockets of light brownish grey 
sand (70x30mm), dark grey sand 
(30x20mm), rare bioturbation and pyritised 
wood fragments (10x3mm)
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 Determination of Moisture Content and Liquid and Plastic Limits

Northern Line Extension

REO Powerstation Ltd

Grey slightly sandy CLAY with occasional 
bioturbation, pockets of light brownish grey 
sand (60x20mm) and rare fossilised wood 
fragments (70x10mm)

����������������������������
Unit 8 Warple Mews Warple Way London W3 0RF

Tel: 020 8811 2880  Fax: 020 8811 2881

Form Lab 002A
Rev 04/10 14 January 2010 G:://0-Labs/Excel templates/Output/002A-PI (SI).xls

LO
C

A
T

IO
N

:
N

or
th

er
n 

Li
ne

 E
xt

en
si

on
JO

B
 N

O
:

10
/2

25
4

P
A

R
T

IC
L

E
 S

IZ
E

C
LI

E
N

T
:

R
E

O
 (

P
ow

er
st

at
io

n)
 L

td
D

A
T

E
:

D
IS

T
R

IB
U

T
IO

N

B
or

eh
ol

e 
N

o.
B

H
04

S
am

pl
e 

N
o.

D
32

D
ep

th
20

.0
0

m

S
O

IL
 D

E
S

C
R

IP
T

IO
N

:

T
es

t 
M

et
h

o
d

: 
B

S
13

77
: 

P
A

R
T

 2
: 

9.
2/

9.
3/

9.
4

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

G
re

y 
sl

ig
ht

ly
 s

an
dy

 C
LA

Y
 w

ith
 o

cc
as

io
na

l b
io

tu
rb

at
io

n

C
LA

Y

0.
0

10
.0

20
.0

30
.0

40
.0

50
.0

60
.0

70
.0

80
.0

90
.0

10
0.

0

0.
00

01
0.

00
10

0.
01

00
0.

10
00

1.
00

00
10

.0
00

0
10

0.
00

00

% passing

S
A

N
D

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

S
IL

T
F

IN
E

M
E

D
IU

M
C

O
A

R
S

E

G
R

A
V

E
L

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

C
O

B
B

LE
S

B
S

 T
E

S
T

 S
IE

V
E

S
:

 6
3μ

m
   

 
 1

50
μ
m

   

21
2μ

m
   

 3
00

μ
m

   
 6

00
μ
m

   

42
5μ

m
   

2 
  

  
  

1.
18

m
m

  
 

 3
.5

  
  

  
 

5 
  

  
  

6.
3 

  
  

  10
  

  
  14

  
  

  
 

20
  

  
  28

  
  

  

37
.5

  
  

  

50
  

 
75

m
m

  
 

63
  

 
B

S
 T

E
S

T
 S

IE
V

E
S C

LA
Y

F
or

m
 L

ab
 0

13
B

R
ev

 3
/0

6 
21

 M
ar

ch
 2

00
6

G
:/

/0
-L

ab
s/

E
xc

el
 T

em
p

la
te

s/
O

u
tp

u
t/

P
S

D
 O

u
tp

u
t



LO
C

A
T

IO
N

:
N

or
th

er
n 

Li
ne

 E
xt

en
si

on
JO

B
 N

O
:

10
/2

25
4

P
A

R
T

IC
L

E
 S

IZ
E

C
LI

E
N

T
:

R
E

O
 (

P
ow

er
st

at
io

n)
 L

td
D

A
T

E
:

D
IS

T
R

IB
U

T
IO

N

B
or

eh
ol

e 
N

o.
B

H
04

S
am

pl
e 

N
o.

D
38

D
ep

th
24

.0
0

m

S
O

IL
 D

E
S

C
R

IP
T

IO
N

:

T
es

t 
M

et
h

o
d

: 
B

S
13

77
: 

P
A

R
T

 2
: 

9.
2/

9.
3/

9.
4

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

G
re

y 
sl

ig
ht

ly
 s

an
dy

 C
LA

Y
 w

ith
 p

oc
ke

ts
 o

f l
ig

ht
 b

ro
w

n 
sa

nd
 (

5x
15

m
m

) 
an

d 
oc

ca
si

on
al

 b
io

tu
rb

at
io

n

B
S

 T
E

S
T

 S
IE

V
E

S
:

0.
0

10
.0

20
.0

30
.0

40
.0

50
.0

60
.0

70
.0

80
.0

90
.0

10
0.

0

0.
00

01
0.

00
10

0.
01

00
0.

10
00

1.
00

00
10

.0
00

0
10

0.
00

00

P
ar

ti
cl

e 
si

ze
 (

m
m

)

% passing

 6
3μ

m
   

 
 1

50
μ
m

   

 2
12

μ
m

   30
0μ

m
   

 6
00

μ
m

   

42
5μ

m
   

2 
  

  
  

1.
18

m
m

  
 

3.
5 

  
  

  5 
  

  
  

6.
3 

  
  

  10
  

  
  14

  
  

  
 

20
  

  
  28

  
  

  

37
.5

  
  

  

50
  

 63
  

 

75
m

m
  

 

C
LA

Y
S

IL
T

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

S
A

N
D

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

G
R

A
V

E
L

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

C
O

B
B

LE
S

F
or

m
 L

ab
 0

13
B

R
ev

 3
/0

6 
22

 M
ar

ch
r 

20
06

G
:/

/0
-L

ab
s/

E
xc

el
 T

em
p

la
te

s/
O

u
tp

u
t/

P
S

D
 O

u
tp

u
t

LO
C

A
T

IO
N

:
N

or
th

er
n 

Li
ne

 E
xt

en
si

on
JO

B
 N

O
:

10
/2

25
4

P
A

R
T

IC
L

E
 S

IZ
E

C
LI

E
N

T
:

R
E

O
 (

P
ow

er
st

at
io

n)
 L

td
D

A
T

E
:

D
IS

T
R

IB
U

T
IO

N

B
or

eh
ol

e 
N

o.
B

H
04

S
am

pl
e 

N
o.

D
48

D
ep

th
30

.5
0

m

S
O

IL
 D

E
S

C
R

IP
T

IO
N

:

T
es

t 
M

et
h

o
d

: 
B

S
13

77
: 

P
A

R
T

 2
: 

9.
2/

9.
3/

9.
4

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

G
re

y 
sl

ig
ht

ly
 s

an
dy

 C
LA

Y
 w

ith
 p

oc
ke

ts
 o

f l
ig

ht
 b

ro
w

n 
sa

nd
 (

5x
10

m
m

)

0.
0

10
.0

20
.0

30
.0

40
.0

50
.0

60
.0

70
.0

80
.0

90
.0

10
0.

0

0.
00

01
0.

00
10

0.
01

00
0.

10
00

1.
00

00
10

.0
00

0
10

0.
00

00

P
ar

ti
cl

e 
si

ze
 (

m
m

)

% passing

C
LA

Y
S

IL
T

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

S
A

N
D

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

G
R

A
V

E
L

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

C
O

B
B

LE
S

B
S

 T
E

S
T

 S
IE

V
E

S
:

 6
3μ

m
   

 
 1

50
μ
m

   

21
2μ

m
   

 3
00

μ
m

   
 6

00
μ
m

   

42
5μ

m
   

 2
  

  
  

 

1.
18

m
m

  
 

3.
5 

  
  

  5 
  

  
  

6.
3 

  
  

  10
  

  
  14

  
  

  
 

20
  

  
  28

  
  

  

37
.5

  
  

  

50
  

 63
  

 

75
m

m
  

 

F
or

m
 L

ab
 0

13
B

R
ev

 3
/0

6 
21

 M
ar

ch
 2

00
6

G
:/

/0
-L

ab
s/

E
xc

el
 T

em
p

la
te

s/
P

S
D

 O
u

tp
u

t



LO
C

A
T

IO
N

:
N

or
th

er
n 

Li
ne

 E
xt

en
si

on
JO

B
 N

O
:

10
/2

25
4

P
A

R
T

IC
L

E
 S

IZ
E

C
LI

E
N

T
:

R
E

O
 (

P
ow

er
st

at
io

n)
 L

td
D

A
T

E
:

D
IS

T
R

IB
U

T
IO

N

B
or

eh
ol

e 
N

o.
B

H
04

S
am

pl
e 

N
o.

D
53

D
ep

th
32

.5
0

m

S
O

IL
 D

E
S

C
R

IP
T

IO
N

:

T
es

t 
M

et
h

o
d

: 
B

S
13

77
: 

P
A

R
T

 2
: 

9.
2/

9.
3/

9.
4

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

G
re

y 
sl

ig
ht

ly
 s

an
dy

 C
LA

Y
 w

ith
 p

oc
ke

ts
 o

f l
ig

ht
 g

re
y 

sa
nd

 (
10

x1
3m

m
) 

0.
0

10
.0

20
.0

30
.0

40
.0

50
.0

60
.0

70
.0

80
.0

90
.0

10
0.

0

0.
00

01
0.

00
10

0.
01

00
0.

10
00

1.
00

00
10

.0
00

0
10

0.
00

00

P
ar

ti
cl

e 
si

ze
 (

m
m

)

% passing

C
LA

Y
S

IL
T

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

S
A

N
D

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

G
R

A
V

E
L

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

C
O

B
B

LE
S

B
S

 T
E

S
T

 S
IE

V
E

S
:

 6
3μ

m
   

 
 1

50
μ
m

   

21
2μ

m
   

 3
00

μ
m

   
 6

00
μ
m

   

42
5μ

m
   

 2
  

  
  

 

1.
18

m
m

  
 

3.
5 

  
  

  5 
  

  
  

6.
3 

  
  

  10
  

  
  14

  
  

  
 

20
  

  
  28

  
  

  

37
.5

  
  

  

50
  

 63
  

 

75
m

m
  

 

F
or

m
 L

ab
 0

13
B

R
ev

 3
/0

6 
21

 M
ar

ch
 2

00
6

G
:/

/0
-L

ab
s/

E
xc

el
 T

em
p

la
te

s/
P

S
D

 O
u

tp
u

t

LO
C

A
T

IO
N

:
N

or
th

er
n 

Li
ne

 E
xt

en
si

on
JO

B
 N

O
:

10
/2

25
4

P
A

R
T

IC
L

E
 S

IZ
E

C
LI

E
N

T
:

R
E

O
 (

P
ow

er
st

at
io

n)
 L

td
D

A
T

E
:

D
IS

T
R

IB
U

T
IO

N

B
or

eh
ol

e 
N

o.
B

H
04

S
am

pl
e 

N
o.

B
54

D
ep

th
33

.0
0

m

S
O

IL
 D

E
S

C
R

IP
T

IO
N

:

T
es

t 
M

et
h

o
d

: 
B

S
13

77
: 

P
A

R
T

 2
: 

9.
2/

9.
3/

9.
4

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

G
re

y 
sl

ig
ht

ly
 s

an
dy

 C
LA

Y
 w

ith
 o

cc
as

io
na

l g
ra

ve
l s

iz
ed

 fr
ag

m
en

ts
 o

f s
tr

on
g 

sh
el

ly
/o

rg
an

ic
 li

m
es

to
ne

0.
0

10
.0

20
.0

30
.0

40
.0

50
.0

60
.0

70
.0

80
.0

90
.0

10
0.

0

0.
00

01
0.

00
10

0.
01

00
0.

10
00

1.
00

00
10

.0
00

0
10

0.
00

00

P
ar

ti
cl

e 
si

ze
 (

m
m

)

% passing

C
LA

Y
S

IL
T

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

S
A

N
D

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

G
R

A
V

E
L

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

C
O

B
B

LE
S

B
S

 T
E

S
T

 S
IE

V
E

S
:

 6
3μ

m
   

 
 1

50
μ
m

   

21
2μ

m
   

 3
00

μ
m

   
 6

00
μ
m

   

42
5μ

m
   

 2
  

  
  

 

1.
18

m
m

  
 

3.
5 

  
  

  5 
  

  
  

6.
3 

  
  

  10
  

  
  14

  
  

  
 

20
  

  
  28

  
  

  

37
.5

  
  

  

50
  

 63
  

 

75
m

m
  

 

F
or

m
 L

ab
 0

13
B

R
ev

 3
/0

6 
21

 M
ar

ch
 2

00
6

G
:/

/0
-L

ab
s/

E
xc

el
 T

em
p

la
te

s/
P

S
D

 O
u

tp
u

t



LO
C

A
T

IO
N

:
N

or
th

er
n 

Li
ne

 E
xt

en
si

on
JO

B
 N

O
:

10
/2

25
4

P
A

R
T

IC
L

E
 S

IZ
E

C
LI

E
N

T
:

R
E

O
 (

P
ow

er
st

at
io

n)
 L

td
D

A
T

E
:

D
IS

T
R

IB
U

T
IO

N

B
or

eh
ol

e 
N

o.
B

H
05

S
am

pl
e 

N
o.

B
6

D
ep

th
1.

00
m

S
O

IL
 D

E
S

C
R

IP
T

IO
N

:

T
es

t 
M

et
h

o
d

: 
B

S
13

77
: 

P
A

R
T

 2
: 

9.
2/

9.
3/

9.
4

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

D
ar

k 
br

ow
n 

lo
ca

lly
 m

ot
tle

d 
ye

llo
w

is
h 

br
ow

n 
sl

ig
ht

ly
 s

an
dy

 s
lig

ht
ly

 g
ra

ve
lly

 C
LA

Y
 w

ith
 o

cc
as

io
na

l p
oc

ke
ts

 o
f b

la
ck

 c
ar

bo
na

ce
ou

s 
m

at
er

ia
l (

10
x1

0m
m

) 
. G

ra
ve

l i
s 

su
ba

ng
ul

ar
 to

 s
ub

ro
un

de
d 

fin
e 

an
d 

co
ar

se
 fl

in
t a

nd
 o

cc
as

io
na

l b
ric

k 
fr

ag
m

en
ts

0.
0

10
.0

20
.0

30
.0

40
.0

50
.0

60
.0

70
.0

80
.0

90
.0

10
0.

0

0.
00

01
0.

00
10

0.
01

00
0.

10
00

1.
00

00
10

.0
00

0
10

0.
00

00

P
ar

ti
cl

e 
si

ze
 (

m
m

)

% passing

C
LA

Y
S

IL
T

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

S
A

N
D

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

G
R

A
V

E
L

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

C
O

B
B

LE
S

B
S

 T
E

S
T

 S
IE

V
E

S
:

 6
3μ

m
   

 
 1

50
μ
m

   

21
2μ

m
   

 3
00

μ
m

   
 6

00
μ
m

   

42
5μ

m
   

 2
  

  
  

 

1.
18

m
m

  
 

3.
5 

  
  

  5 
  

  
  

6.
3 

  
  

  10
  

  
  14

  
  

  
 

20
  

  
  28

  
  

  

37
.5

  
  

  

50
  

 63
  

 

75
m

m
  

 

F
or

m
 L

ab
 0

13
B

R
ev

 3
/0

6 
21

 M
ar

ch
 2

00
6

G
:/

/0
-L

ab
s/

E
xc

el
 T

em
p

la
te

s/
P

S
D

 O
u

tp
u

t

LO
C

A
T

IO
N

:
N

or
th

er
n 

Li
ne

 E
xt

en
si

on
JO

B
 N

O
:

10
/2

25
4

P
A

R
T

IC
L

E
 S

IZ
E

C
LI

E
N

T
:

R
E

O
 (

P
ow

er
st

at
io

n)
 L

td
D

A
T

E
:

D
IS

T
R

IB
U

T
IO

N

B
or

eh
ol

e 
N

o.
B

H
05

S
am

pl
e 

N
o.

B
13

D
ep

th
3.

20
m

S
O

IL
 D

E
S

C
R

IP
T

IO
N

:

T
es

t 
M

et
h

o
d

: 
B

S
13

77
: 

P
A

R
T

 2
: 

9.
2/

9.
3/

9.
4

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

B
ro

w
n 

sl
ig

ht
ly

 s
ilt

y 
ve

ry
 s

an
dy

 s
ub

an
gu

la
r 

to
 w

el
l-r

ou
nd

ed
 fi

ne
 to

 c
oa

rs
e 

fli
nt

 G
R

A
V

E
L 

w
ith

 r
ar

e 
cl

od
s 

of
 s

of
t b

ro
w

n 
cl

ay

0.
0

10
.0

20
.0

30
.0

40
.0

50
.0

60
.0

70
.0

80
.0

90
.0

10
0.

0

0.
00

01
0.

00
10

0.
01

00
0.

10
00

1.
00

00
10

.0
00

0
10

0.
00

00

C
LA

Y
S

IL
T

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

S
A

N
D

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

G
R

A
V

E
L

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

C
O

B
B

LE
S

B
S

 T
E

S
T

 S
IE

V
E

S
:

 6
3μ

m
   

 
 1

50
μ
m

   

 2
12

μ
m

   30
0μ

m
   

 6
00

μ
m

   

42
5μ

m
   

2 
  

  
  

1.
18

m
m

  
 

3.
5 

  
  

  5 
  

  
  

 6
.3

  
  

  
 

10
  

  
  14

  
  

  
 

20
  

  
  28

  
  

  

37
.5

  
  

  

50
  

 63
  

 

75
m

m
  

 

F
or

m
 L

ab
 0

13
B

R
ev

 3
/0

6 
21

 M
ar

ch
 2

00
6

G
:/

/0
-L

ab
s/

E
xc

el
 T

em
p

la
te

s/
P

S
D

 O
u

tp
u

t



LO
C

A
T

IO
N

:
N

or
th

er
n 

Li
ne

 E
xt

en
si

on
JO

B
 N

O
:

10
/2

25
4

P
A

R
T

IC
L

E
 S

IZ
E

C
LI

E
N

T
:

R
E

O
 (

P
ow

er
st

at
io

n)
 L

td
D

A
T

E
:

D
IS

T
R

IB
U

T
IO

N

B
or

eh
ol

e 
N

o.
B

H
05

S
am

pl
e 

N
o.

B
16

D
ep

th
6.

20
m

S
O

IL
 D

E
S

C
R

IP
T

IO
N

:

T
es

t 
M

et
h

o
d

: 
B

S
13

77
: 

P
A

R
T

 2
: 

9.
2/

9.
3/

9.
4

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

B
ro

w
n 

an
d 

lig
ht

 b
ro

w
n 

sa
nd

y 
su

ba
ng

ul
ar

 to
 w

el
l-r

ou
nd

ed
 fi

ne
 to

 c
oa

rs
e 

fli
nt

 G
R

A
V

E
L 

w
ith

 r
ar

e 
cl

od
s 

of
 s

of
t b

ro
w

n 
cl

ay

0.
0

10
.0

20
.0

30
.0

40
.0

50
.0

60
.0

70
.0

80
.0

90
.0

10
0.

0

0.
00

01
0.

00
10

0.
01

00
0.

10
00

1.
00

00
10

.0
00

0
10

0.
00

00

P
ar

ti
cl

e 
si

ze
 (

m
m

)

% passing

C
LA

Y
S

IL
T

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

S
A

N
D

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

G
R

A
V

E
L

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

C
O

B
B

LE
S

B
S

 T
E

S
T

 S
IE

V
E

S
:

 6
3μ

m
   

 
 1

50
μ
m

   

21
2μ

m
   

 3
00

μ
m

   
 6

00
μ
m

   

42
5μ

m
   

 2
  

  
  

 

1.
18

m
m

  
 

3.
5 

  
  

  5 
  

  
  

6.
3 

  
  

  10
  

  
  14

  
  

  
 

20
  

  
  28

  
  

  

37
.5

  
  

  

50
  

 63
  

 

75
m

m
  

 

F
or

m
 L

ab
 0

13
B

R
ev

 3
/0

6 
21

 M
ar

ch
 2

00
6

G
:/

/0
-L

ab
s/

E
xc

el
 T

em
p

la
te

s/
P

S
D

 O
u

tp
u

t

LO
C

A
T

IO
N

:
N

or
th

er
n 

Li
ne

 E
xt

en
si

on
JO

B
 N

O
:

10
/2

25
4

P
A

R
T

IC
L

E
 S

IZ
E

C
LI

E
N

T
:

R
E

O
 (

P
ow

er
st

at
io

n)
 L

td
D

A
T

E
:

D
IS

T
R

IB
U

T
IO

N

B
or

eh
ol

e 
N

o.
B

H
05

S
am

pl
e 

N
o.

D
24

D
ep

th
11

.0
0

m

S
O

IL
 D

E
S

C
R

IP
T

IO
N

:

T
es

t 
M

et
h

o
d

: 
B

S
13

77
: 

P
A

R
T

 2
: 

9.
2/

9.
3/

9.
4

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

G
re

y 
C

LA
Y

0.
0

10
.0

20
.0

30
.0

40
.0

50
.0

60
.0

70
.0

80
.0

90
.0

10
0.

0

0.
00

01
0.

00
10

0.
01

00
0.

10
00

1.
00

00
10

.0
00

0
10

0.
00

00

P
ar

ti
cl

e 
si

ze
 (

m
m

)

% passing

C
LA

Y
S

IL
T

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

S
A

N
D

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

G
R

A
V

E
L

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

C
O

B
B

LE
S

B
S

 T
E

S
T

 S
IE

V
E

S
:

 6
3μ

m
   

 
 1

50
μ
m

   

21
2μ

m
   

 3
00

μ
m

   
 6

00
μ
m

   

42
5μ

m
   

 2
  

  
  

 

1.
18

m
m

  
 

3.
5 

  
  

  5 
  

  
  

6.
3 

  
  

  10
  

  
  14

  
  

  
 

20
  

  
  28

  
  

  

37
.5

  
  

  

50
  

 63
  

 

75
m

m
  

 

F
ro

m
 L

ab
 0

13
B

R
ev

 3
/0

6 
21

 m
ar

ch
 2

00
6

G
:/

/0
-L

ab
s/

E
xc

el
 T

em
p

la
te

s/
P

S
D

 O
u

tp
u

t



LO
C

A
T

IO
N

:
N

or
th

er
n 

Li
ne

 E
xt

en
si

on
JO

B
 N

O
:

10
/2

25
4

P
A

R
T

IC
L

E
 S

IZ
E

C
LI

E
N

T
:

R
E

O
 (

P
ow

er
st

at
io

n)
 L

td
D

A
T

E
:

D
IS

T
R

IB
U

T
IO

N

B
or

eh
ol

e 
N

o.
B

H
05

S
am

pl
e 

N
o.

D
33

D
ep

th
17

.0
0

m

S
O

IL
 D

E
S

C
R

IP
T

IO
N

:

T
es

t 
M

et
h

o
d

: 
B

S
13

77
: 

P
A

R
T

 2
: 

9.
2/

9.
3/

9.
4

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

G
re

y 
C

LA
Y

 w
ith

 o
cc

as
io

na
l b

io
tu

rb
at

io
n

0.
0

10
.0

20
.0

30
.0

40
.0

50
.0

60
.0

70
.0

80
.0

90
.0

10
0.

0

0.
00

01
0.

00
10

0.
01

00
0.

10
00

1.
00

00
10

.0
00

0
10

0.
00

00

P
ar

ti
cl

e 
si

ze
 (

m
m

)

% passing

C
LA

Y
S

IL
T

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

S
A

N
D

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

G
R

A
V

E
L

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

C
O

B
B

LE
S

B
S

 T
E

S
T

 S
IE

V
E

S
:

 6
3μ

m
   

 
 1

50
μ
m

   

21
2μ

m
   

 3
00

μ
m

   
 6

00
μ
m

   

42
5μ

m
   

 2
  

  
  

 

1.
18

m
m

  
 

3.
5 

  
  

  5 
  

  
  

6.
3 

  
  

  10
  

  
  14

  
  

  
 

20
  

  
  28

  
  

  

37
.5

  
  

  

50
  

 63
  

 

75
m

m
  

 

F
or

m
 L

ab
 0

13
B

R
ev

 3
/0

6 
21

 M
ar

ch
 2

00
6

G
:/

/0
-L

ab
/E

xc
el

 T
em

p
la

te
s/

P
S

D
 O

u
tp

u
t

LO
C

A
T

IO
N

:
N

or
th

er
n 

Li
ne

 E
xt

en
si

on
JO

B
 N

O
:

10
/2

25
4

P
A

R
T

IC
L

E
 S

IZ
E

C
LI

E
N

T
:

R
E

O
 (

P
ow

er
st

at
io

n)
 L

td
D

A
T

E
:

D
IS

T
R

IB
U

T
IO

N

B
or

eh
ol

e 
N

o.
B

H
05

S
am

pl
e 

N
o.

B
67

D
ep

th
30

.2
0

m

S
O

IL
 D

E
S

C
R

IP
T

IO
N

:

T
es

t 
M

et
h

o
d

: 
B

S
13

77
: 

P
A

R
T

 2
: 

9.
2/

9.
3/

9.
4

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

G
re

y 
sl

ig
ht

ly
 c

la
ye

y 
sl

ig
ht

ly
 s

ilt
y 

fin
e 

an
d 

m
ed

iu
m

 S
A

N
D

B
S

 T
E

S
T

 S
IE

V
E

S
:

0.
0

10
.0

20
.0

30
.0

40
.0

50
.0

60
.0

70
.0

80
.0

90
.0

10
0.

0

0.
00

01
0.

00
10

0.
01

00
0.

10
00

1.
00

00
10

.0
00

0
10

0.
00

00

P
ar

ti
cl

e 
si

ze
 (

m
m

)

% passing

 6
3μ

m
   

 
 1

50
μ
m

   

 2
12

μ
m

   30
0μ

m
   

 6
00

μ
m

   

42
5μ

m
   

2 
  

  
  

1.
18

m
m

  
 

3.
5 

  
  

  5 
  

  
  

6.
3 

  
  

  10
  

  
  14

  
  

  
 

20
  

  
  28

  
  

  

37
.5

  
  

  

50
  

 63
  

 

75
m

m
  

 

C
LA

Y
S

IL
T

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

S
A

N
D

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

G
R

A
V

E
L

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

C
O

B
B

LE
S

F
or

m
 L

ab
 0

13
B

R
ev

 3
/0

6 
22

 M
ar

ch
r 

20
06

G
:/

/0
-L

ab
s/

E
xc

el
 T

em
p

la
te

s/
P

S
D

 O
u

tp
u

t



LO
C

A
T

IO
N

:
N

or
th

er
n 

Li
ne

 E
xt

en
si

on
JO

B
 N

O
:

10
/2

25
4

P
A

R
T

IC
L

E
 S

IZ
E

C
LI

E
N

T
:

R
E

O
 (

P
ow

er
st

at
io

n)
 L

td
D

A
T

E
:

D
IS

T
R

IB
U

T
IO

N

B
or

eh
ol

e 
N

o.
B

H
05

S
am

pl
e 

N
o.

D
74

D
ep

th
32

.5
0

m

S
O

IL
 D

E
S

C
R

IP
T

IO
N

:

T
es

t 
M

et
h

o
d

: 
B

S
13

77
: 

P
A

R
T

 2
: 

9.
2/

9.
3/

9.
4

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

B
lu

is
h 

gr
ey

 m
ot

tle
d 

br
ow

n 
C

LA
Y

B
S

 T
E

S
T

 S
IE

V
E

S
:

0.
0

10
.0

20
.0

30
.0

40
.0

50
.0

60
.0

70
.0

80
.0

90
.0

10
0.

0

0.
00

01
0.

00
10

0.
01

00
0.

10
00

1.
00

00
10

.0
00

0
10

0.
00

00

P
ar

ti
cl

e 
si

ze
 (

m
m

)

% passing

 6
3μ

m
   

 
 1

50
μ
m

   

 2
12

μ
m

   30
0μ

m
   

 6
00

μ
m

   

42
5μ

m
   

2 
  

  
  

1.
18

m
m

  
 

3.
5 

  
  

  5 
  

  
  

6.
3 

  
  

  10
  

  
  14

  
  

  
 

20
  

  
  28

  
  

  

37
.5

  
  

  

50
  

 63
  

 

75
m

m
  

 

C
LA

Y
S

IL
T

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

S
A

N
D

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

G
R

A
V

E
L

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

C
O

B
B

LE
S

F
or

m
 L

ab
 0

13
B

R
ev

 3
/0

6 
22

 M
ar

ch
r 

20
06

G
:/

/0
-L

ab
s/

E
xc

el
 T

em
p

la
te

s/
P

S
D

 O
u

tp
u

t

LO
C

A
T

IO
N

:
N

or
th

er
n 

Li
ne

 E
xt

en
si

on
JO

B
 N

O
:

10
/2

25
4

P
A

R
T

IC
L

E
 S

IZ
E

C
LI

E
N

T
:

R
E

O
 (

P
ow

er
st

at
io

n)
 L

td
D

A
T

E
:

D
IS

T
R

IB
U

T
IO

N

B
or

eh
ol

e 
N

o.
B

H
06

S
am

pl
e 

N
o.

B
16

D
ep

th
9.

00
m

S
O

IL
 D

E
S

C
R

IP
T

IO
N

:

T
es

t 
M

et
h

o
d

: 
B

S
13

77
: 

P
A

R
T

 2
: 

9.
2/

9.
3/

9.
4

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

G
re

y 
C

LA
Y

 w
ith

 r
ar

e 
co

bb
le

 a
nd

 c
oa

rs
e 

gr
av

el
 s

iz
ed

 fr
ag

m
en

ts
 o

f v
er

y 
st

ro
ng

 c
al

ca
re

ou
s 

cl
ay

st
on

e 
(~

20
%

)

B
S

 T
E

S
T

 S
IE

V
E

S
:

0.
0

10
.0

20
.0

30
.0

40
.0

50
.0

60
.0

70
.0

80
.0

90
.0

10
0.

0

0.
00

01
0.

00
10

0.
01

00
0.

10
00

1.
00

00
10

.0
00

0
10

0.
00

00

P
ar

ti
cl

e 
si

ze
 (

m
m

)

% passing

 6
3μ

m
   

 
 1

50
μ
m

   

 2
12

μ
m

   30
0μ

m
   

 6
00

μ
m

   

42
5μ

m
   

2 
  

  
  

1.
18

m
m

  
 

3.
5 

  
  

  5 
  

  
  

6.
3 

  
  

  10
  

  
  14

  
  

  
 

20
  

  
  28

  
  

  

37
.5

  
  

  

50
  

 63
  

 

75
m

m
  

 

C
LA

Y
S

IL
T

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

S
A

N
D

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

G
R

A
V

E
L

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

C
O

B
B

LE
S

F
or

m
 L

ab
 0

13
B

R
ev

 3
/0

6 
22

 M
ar

ch
r 

20
06

G
:/

/0
-L

ab
s/

E
xc

el
 T

em
p

la
te

s/
P

S
D

 O
u

tp
u

t



LO
C

A
T

IO
N

:
N

or
th

er
n 

Li
ne

 E
xt

en
si

on
JO

B
 N

O
:

10
/2

25
4

P
A

R
T

IC
L

E
 S

IZ
E

C
LI

E
N

T
:

R
E

O
 (

P
ow

er
st

at
io

n)
 L

td
D

A
T

E
:

D
IS

T
R

IB
U

T
IO

N

B
or

eh
ol

e 
N

o.
B

H
06

S
am

pl
e 

N
o.

D
28

D
ep

th
17

.0
0

m

S
O

IL
 D

E
S

C
R

IP
T

IO
N

:

T
es

t 
M

et
h

o
d

: 
B

S
13

77
: 

P
A

R
T

 2
: 

9.
2/

9.
3/

9.
4

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

G
re

y 
sl

ig
ht

ly
 s

an
dy

 s
lig

ht
ly

 m
ic

ac
eo

us
 C

LA
Y

 w
ith

 r
ar

e 
po

ck
et

s 
of

 li
gh

t b
ro

w
n 

fin
e 

sa
nd

 (
10

x1
0m

m
) 

ra
re

 p
yr

ite
 n

od
ul

es
 (

<
1m

m
) 

an
d 

oc
ca

si
on

al
 b

io
tu

rb
at

io
n

B
S

 T
E

S
T

 S
IE

V
E

S
:

0.
0

10
.0

20
.0

30
.0

40
.0

50
.0

60
.0

70
.0

80
.0

90
.0

10
0.

0

0.
00

01
0.

00
10

0.
01

00
0.

10
00

1.
00

00
10

.0
00

0
10

0.
00

00

P
ar

ti
cl

e 
si

ze
 (

m
m

)

% passing

 6
3μ

m
   

 
 1

50
μ
m

   

 2
12

μ
m

   30
0μ

m
   

 6
00

μ
m

   

42
5μ

m
   

2 
  

  
  

1.
18

m
m

  
 

3.
5 

  
  

  5 
  

  
  

6.
3 

  
  

  10
  

  
  14

  
  

  
 

20
  

  
  28

  
  

  

37
.5

  
  

  

50
  

 63
  

 

75
m

m
  

 

C
LA

Y
S

IL
T

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

S
A

N
D

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

G
R

A
V

E
L

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

C
O

B
B

LE
S

F
or

m
 L

ab
 0

13
B

R
ev

 3
/0

6 
22

 M
ar

ch
r 

20
06

G
:/

/0
-L

ab
s/

E
xc

el
 T

em
p

la
te

s/
P

S
D

 O
u

tp
u

t

LO
C

A
T

IO
N

:
N

or
th

er
n 

Li
ne

 E
xt

en
si

on
JO

B
 N

O
:

10
/2

25
4

P
A

R
T

IC
L

E
 S

IZ
E

C
LI

E
N

T
:

R
E

O
 (

P
ow

er
st

at
io

n)
 L

td
D

A
T

E
:

D
IS

T
R

IB
U

T
IO

N

B
or

eh
ol

e 
N

o.
B

H
06

S
am

pl
e 

N
o.

D
43

D
ep

th
23

.0
0

m

S
O

IL
 D

E
S

C
R

IP
T

IO
N

:

T
es

t 
M

et
h

o
d

: 
B

S
13

77
: 

P
A

R
T

 2
: 

9.
2/

9.
3/

9.
4

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

G
re

y 
sl

ig
ht

ly
 s

an
dy

 C
LA

Y
 w

ith
 o

cc
as

io
na

l p
oc

ke
ts

 o
f l

ig
ht

 b
ro

w
n 

fin
e 

sa
nd

 (
5x

5m
m

) 
an

d 
oc

ca
si

on
al

 b
io

tu
rb

at
io

n

B
S

 T
E

S
T

 S
IE

V
E

S
:

0.
0

10
.0

20
.0

30
.0

40
.0

50
.0

60
.0

70
.0

80
.0

90
.0

10
0.

0

0.
00

01
0.

00
10

0.
01

00
0.

10
00

1.
00

00
10

.0
00

0
10

0.
00

00

P
ar

ti
cl

e 
si

ze
 (

m
m

)

% passing

 6
3μ

m
   

 
 1

50
μ
m

   

 2
12

μ
m

   30
0μ

m
   

 6
00

μ
m

   

42
5μ

m
   

2 
  

  
  

1.
18

m
m

  
 

3.
5 

  
  

  5 
  

  
  

6.
3 

  
  

  10
  

  
  14

  
  

  
 

20
  

  
  28

  
  

  

37
.5

  
  

  

50
  

 63
  

 

75
m

m
  

 

C
LA

Y
S

IL
T

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

S
A

N
D

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

G
R

A
V

E
L

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

C
O

B
B

LE
S

F
or

m
 L

ab
 0

13
B

R
ev

 3
/0

6 
22

 M
ar

ch
r 

20
06

G
:/

/0
-L

ab
s/

E
xc

el
 T

em
p

la
te

s/
P

S
D

 O
u

tp
u

t



LO
C

A
T

IO
N

:
N

or
th

er
n 

Li
ne

 E
xt

en
si

on
JO

B
 N

O
:

10
/2

25
4

P
A

R
T

IC
L

E
 S

IZ
E

C
LI

E
N

T
:

R
E

O
 (

P
ow

er
st

at
io

n)
 L

td
D

A
T

E
:

D
IS

T
R

IB
U

T
IO

N

B
or

eh
ol

e 
N

o.
B

H
06

S
am

pl
e 

N
o.

D
49

D
ep

th
24

.5
0

m

S
O

IL
 D

E
S

C
R

IP
T

IO
N

:

T
es

t 
M

et
h

o
d

: 
B

S
13

77
: 

P
A

R
T

 2
: 

9.
2/

9.
3/

9.
4

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

G
re

y 
cl

ay
ey

 g
en

er
al

ly
 fi

ne
 S

A
N

D
 w

ith
 o

cc
as

io
na

l s
he

ll 
fr

ag
m

en
ts

B
S

 T
E

S
T

 S
IE

V
E

S
:

0.
0

10
.0

20
.0

30
.0

40
.0

50
.0

60
.0

70
.0

80
.0

90
.0

10
0.

0

0.
00

01
0.

00
10

0.
01

00
0.

10
00

1.
00

00
10

.0
00

0
10

0.
00

00

P
ar

ti
cl

e 
si

ze
 (

m
m

)

% passing

 6
3μ

m
   

 
 1

50
μ
m

   

 2
12

μ
m

   30
0μ

m
   

 6
00

μ
m

   

42
5μ

m
   

2 
  

  
  

1.
18

m
m

  
 

3.
5 

  
  

  5 
  

  
  

6.
3 

  
  

  10
  

  
  14

  
  

  
 

20
  

  
  28

  
  

  

37
.5

  
  

  

50
  

 63
  

 

75
m

m
  

 

C
LA

Y
S

IL
T

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

S
A

N
D

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

G
R

A
V

E
L

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

C
O

B
B

LE
S

F
or

m
 L

ab
 0

13
B

R
ev

 3
/0

6 
22

 M
ar

ch
r 

20
06

G
:/

/0
-L

ab
s/

E
xc

el
 T

em
p

la
te

s/
P

S
D

 O
u

tp
u

t

LO
C

A
T

IO
N

:
N

or
th

er
n 

Li
ne

 E
xt

en
si

on
JO

B
 N

O
:

10
/2

25
4

P
A

R
T

IC
L

E
 S

IZ
E

C
LI

E
N

T
:

R
E

O
 (

P
ow

er
st

at
io

n)
 L

td
D

A
T

E
:

D
IS

T
R

IB
U

T
IO

N

B
or

eh
ol

e 
N

o.
B

H
06

S
am

pl
e 

N
o.

D
72

D
ep

th
29

.0
5

m

S
O

IL
 D

E
S

C
R

IP
T

IO
N

:

T
es

t 
M

et
h

o
d

: 
B

S
13

77
: 

P
A

R
T

 2
: 

9.
2/

9.
3/

9.
4

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

Y
el

lo
w

is
h 

gr
ey

 m
ot

tle
d 

gr
ey

 m
ot

tle
d 

re
d 

C
LA

Y

B
S

 T
E

S
T

 S
IE

V
E

S
:

0.
0

10
.0

20
.0

30
.0

40
.0

50
.0

60
.0

70
.0

80
.0

90
.0

10
0.

0

0.
00

01
0.

00
10

0.
01

00
0.

10
00

1.
00

00
10

.0
00

0
10

0.
00

00

P
ar

ti
cl

e 
si

ze
 (

m
m

)

% passing

 6
3μ

m
   

 
 1

50
μ
m

   

 2
12

μ
m

   30
0μ

m
   

 6
00

μ
m

   

42
5μ

m
   

2 
  

  
  

1.
18

m
m

  
 

3.
5 

  
  

  5 
  

  
  

6.
3 

  
  

  10
  

  
  14

  
  

  
 

20
  

  
  28

  
  

  

37
.5

  
  

  

50
  

 63
  

 

75
m

m
  

 

C
LA

Y
S

IL
T

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

S
A

N
D

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

G
R

A
V

E
L

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

C
O

B
B

LE
S

F
or

m
 L

ab
 0

13
B

R
ev

 3
/0

6 
22

 M
ar

ch
r 

20
06

G
:/

/0
-L

ab
s/

E
xc

el
 T

em
p

la
te

s/
P

S
D

 O
u

tp
u

t



LO
C

A
T

IO
N

:
N

or
th

er
n 

Li
ne

 E
xt

en
si

on
JO

B
 N

O
:

10
/2

25
4

P
A

R
T

IC
L

E
 S

IZ
E

C
LI

E
N

T
:

R
E

O
 (

P
ow

er
st

at
io

n)
 L

td
D

A
T

E
:

D
IS

T
R

IB
U

T
IO

N

B
or

eh
ol

e 
N

o.
B

H
07

S
am

pl
e 

N
o.

B
09

D
ep

th
1.

20
m

S
O

IL
 D

E
S

C
R

IP
T

IO
N

:

T
es

t 
M

et
h

o
d

: 
B

S
13

77
: 

P
A

R
T

 2
: 

9.
2/

9.
3/

9.
4

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

G
re

yi
sh

 b
ro

w
n 

iro
n 

st
ai

ne
d 

sa
nd

y 
gr

av
el

ly
 C

LA
Y

 w
ith

 r
ar

e 
po

ck
et

s 
of

 b
la

ck
 c

ar
bo

na
ce

ou
s 

m
at

er
ia

l (
15

x1
0m

m
),

 r
ar

e 
br

ic
k 

fr
ag

m
en

ts
 

an
d 

ro
ot

s 
of

 li
ve

 a
pp

ea
ra

nc
e 

(3
-4

m
m

).
 G

ra
ve

l i
s 

an
gu

la
r 

to
 s

ub
ro

un
de

d 
fli

nt
 a

nd
 r

ar
e 

gr
an

ite
 (

M
A

D
E

 G
R

O
U

N
D

)

C
LA

Y

0.
0

10
.0

20
.0

30
.0

40
.0

50
.0

60
.0

70
.0

80
.0

90
.0

10
0.

0

0.
00

01
0.

00
10

0.
01

00
0.

10
00

1.
00

00
10

.0
00

0
10

0.
00

00

% passing

S
A

N
D

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

S
IL

T
F

IN
E

M
E

D
IU

M
C

O
A

R
S

E

G
R

A
V

E
L

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

C
O

B
B

LE
S

B
S

 T
E

S
T

 S
IE

V
E

S
:

 6
3μ

m
   

 
 1

50
μ
m

   

21
2μ

m
   

 3
00

μ
m

   
 6

00
μ
m

   

42
5μ

m
   

2 
  

  
  

1.
18

m
m

  
 

 3
.5

  
  

  
 

5 
  

  
  

6.
3 

  
  

  10
  

  
  14

  
  

  
 

20
  

  
  28

  
  

  

37
.5

  
  

  

50
  

 
75

m
m

  
 

63
  

 
B

S
 T

E
S

T
 S

IE
V

E
S C

LA
Y

F
or

m
 L

ab
 0

13
B

R
ev

 3
/0

6 
21

 M
ar

ch
 2

00
6

G
:/

/0
-L

ab
s/

E
xc

el
 T

em
p

la
te

s/
O

u
tp

u
t/

P
S

D
 O

u
tp

u
t

LO
C

A
T

IO
N

:
N

or
th

er
n 

Li
ne

 E
xt

en
si

on
JO

B
 N

O
:

10
/2

25
4

P
A

R
T

IC
L

E
 S

IZ
E

C
LI

E
N

T
:

R
E

O
 (

P
ow

er
st

at
io

n)
 L

td
D

A
T

E
:

D
IS

T
R

IB
U

T
IO

N

B
or

eh
ol

e 
N

o.
B

H
07

S
am

pl
e 

N
o.

B
22

D
ep

th
3.

00
m

S
O

IL
 D

E
S

C
R

IP
T

IO
N

:

T
es

t 
M

et
h

o
d

: 
B

S
13

77
: 

P
A

R
T

 2
: 

9.
2/

9.
3/

9.
4

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

Y
el

lo
w

is
h 

br
ow

n 
sl

ig
ht

ly
 s

ilt
y 

sa
nd

y 
su

br
ou

nd
ed

 to
 w

el
l-r

ou
nd

ed
 fi

ne
 to

 c
oa

rs
e 

fli
nt

 G
R

A
V

E
L 

w
ith

 r
ar

e 
sa

nd
st

on
e 

fr
ag

m
en

ts

B
S

 T
E

S
T

 S
IE

V
E

S
:

0.
0

10
.0

20
.0

30
.0

40
.0

50
.0

60
.0

70
.0

80
.0

90
.0

10
0.

0

0.
00

01
0.

00
10

0.
01

00
0.

10
00

1.
00

00
10

.0
00

0
10

0.
00

00

P
ar

ti
cl

e 
si

ze
 (

m
m

)

% passing

 6
3μ

m
   

 
 1

50
μ
m

   

 2
12

μ
m

   30
0μ

m
   

 6
00

μ
m

   

42
5μ

m
   

2 
  

  
  

1.
18

m
m

  
 

3.
5 

  
  

  5 
  

  
  

6.
3 

  
  

  10
  

  
  14

  
  

  
 

20
  

  
  28

  
  

  

37
.5

  
  

  

50
  

 63
  

 

75
m

m
  

 

C
LA

Y
S

IL
T

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

S
A

N
D

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

G
R

A
V

E
L

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

C
O

B
B

LE
S

F
or

m
 L

ab
 0

13
B

R
ev

 3
/0

6 
22

 M
ar

ch
r 

20
06

G
:/

/0
-L

ab
s/

E
xc

el
 T

em
p

la
te

s/
O

u
tp

u
t/

P
S

D
 O

u
tp

u
t



LO
C

A
T

IO
N

:
N

or
th

er
n 

Li
ne

 E
xt

en
si

on
JO

B
 N

O
:

10
/2

25
4

P
A

R
T

IC
L

E
 S

IZ
E

C
LI

E
N

T
:

R
E

O
 (

P
ow

er
st

at
io

n)
 L

td
D

A
T

E
:

D
IS

T
R

IB
U

T
IO

N

B
or

eh
ol

e 
N

o.
B

H
07

S
am

pl
e 

N
o.

B
26

D
ep

th
5.

00
m

S
O

IL
 D

E
S

C
R

IP
T

IO
N

:

T
es

t 
M

et
h

o
d

: 
B

S
13

77
: 

P
A

R
T

 2
: 

9.
2/

9.
3/

9.
4

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

O
ra

ng
is

h 
br

ow
n 

sa
nd

y 
an

gu
la

r 
to

 w
el

l-r
ou

nd
ed

 fi
ne

 to
 c

oa
rs

e 
fli

nt
 G

R
A

V
E

L 
w

ith
 r

ar
e 

sa
nd

st
on

e 
fr

ag
m

en
ts

0.
0

10
.0

20
.0

30
.0

40
.0

50
.0

60
.0

70
.0

80
.0

90
.0

10
0.

0

0.
00

01
0.

00
10

0.
01

00
0.

10
00

1.
00

00
10

.0
00

0
10

0.
00

00

P
ar

ti
cl

e 
si

ze
 (

m
m

)

% passing

C
LA

Y
S

IL
T

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

S
A

N
D

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

G
R

A
V

E
L

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

C
O

B
B

LE
S

B
S

 T
E

S
T

 S
IE

V
E

S
:

 6
3μ

m
   

 
 1

50
μ
m

   

21
2μ

m
   

 3
00

μ
m

   
 6

00
μ
m

   

42
5μ

m
   

 2
  

  
  

 

1.
18

m
m

  
 

3.
5 

  
  

  5 
  

  
  

6.
3 

  
  

  10
  

  
  14

  
  

  
 

20
  

  
  28

  
  

  

37
.5

  
  

  

50
  

 63
  

 

75
m

m
  

 

F
or

m
 L

ab
 0

13
B

R
ev

 3
/0

6 
21

 M
ar

ch
 2

00
6

G
:/

/0
-L

ab
s/

E
xc

el
 T

em
p

la
te

s/
P

S
D

 O
u

tp
u

t

LO
C

A
T

IO
N

:
N

or
th

er
n 

Li
ne

 E
xt

en
si

on
JO

B
 N

O
:

10
/2

25
4

P
A

R
T

IC
L

E
 S

IZ
E

C
LI

E
N

T
:

R
E

O
 (

P
ow

er
st

at
io

n)
 L

td
D

A
T

E
:

D
IS

T
R

IB
U

T
IO

N

B
or

eh
ol

e 
N

o.
B

H
07

S
am

pl
e 

N
o.

D
34

D
ep

th
9.

00
m

S
O

IL
 D

E
S

C
R

IP
T

IO
N

:

T
es

t 
M

et
h

o
d

: 
B

S
13

77
: 

P
A

R
T

 2
: 

9.
2/

9.
3/

9.
4

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

G
re

y 
sl

ig
ht

ly
 m

ic
ac

eo
us

 C
LA

Y
 w

ith
 r

ar
e 

bi
ot

ur
ba

tio
n

0.
0

10
.0

20
.0

30
.0

40
.0

50
.0

60
.0

70
.0

80
.0

90
.0

10
0.

0

0.
00

01
0.

00
10

0.
01

00
0.

10
00

1.
00

00
10

.0
00

0
10

0.
00

00

P
ar

ti
cl

e 
si

ze
 (

m
m

)

% passing

C
LA

Y
S

IL
T

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

S
A

N
D

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

G
R

A
V

E
L

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

C
O

B
B

LE
S

B
S

 T
E

S
T

 S
IE

V
E

S
:

 6
3μ

m
   

 
 1

50
μ
m

   

21
2μ

m
   

 3
00

μ
m

   
 6

00
μ
m

   

42
5μ

m
   

 2
  

  
  

 

1.
18

m
m

  
 

3.
5 

  
  

  5 
  

  
  

6.
3 

  
  

  10
  

  
  14

  
  

  
 

20
  

  
  28

  
  

  

37
.5

  
  

  

50
  

 63
  

 

75
m

m
  

 

F
or

m
 L

ab
 0

13
B

R
ev

 3
/0

6 
21

 M
ar

ch
 2

00
6

G
:/

/0
-L

ab
s/

E
xc

el
 T

em
p

la
te

s/
P

S
D

 O
u

tp
u

t



LO
C

A
T

IO
N

:
N

or
th

er
n 

Li
ne

 E
xt

en
si

on
JO

B
 N

O
:

10
/2

25
4

P
A

R
T

IC
L

E
 S

IZ
E

C
LI

E
N

T
:

R
E

O
 (

P
ow

er
st

at
io

n)
 L

td
D

A
T

E
:

D
IS

T
R

IB
U

T
IO

N

B
or

eh
ol

e 
N

o.
B

H
07

S
am

pl
e 

N
o.

D
53

D
ep

th
20

.9
5

m

S
O

IL
 D

E
S

C
R

IP
T

IO
N

:

T
es

t 
M

et
h

o
d

: 
B

S
13

77
: 

P
A

R
T

 2
: 

9.
2/

9.
3/

9.
4

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

G
re

y 
sl

ig
ht

ly
 s

an
dy

 C
LA

Y
 w

ith
 o

cc
as

io
na

l p
oc

ke
ts

 o
f d

ar
k 

gr
ey

 s
ilt

y 
fin

e 
sa

nd
 (

5x
5m

m
) 

an
d 

ra
re

 b
io

tu
rb

at
io

n

0.
0

10
.0

20
.0

30
.0

40
.0

50
.0

60
.0

70
.0

80
.0

90
.0

10
0.

0

0.
00

01
0.

00
10

0.
01

00
0.

10
00

1.
00

00
10

.0
00

0
10

0.
00

00

P
ar

ti
cl

e 
si

ze
 (

m
m

)

% passing

C
LA

Y
S

IL
T

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

S
A

N
D

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

G
R

A
V

E
L

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

C
O

B
B

LE
S

B
S

 T
E

S
T

 S
IE

V
E

S
:

 6
3μ

m
   

 
 1

50
μ
m

   

21
2μ

m
   

 3
00

μ
m

   
 6

00
μ
m

   

42
5μ

m
   

 2
  

  
  

 

1.
18

m
m

  
 

3.
5 

  
  

  5 
  

  
  

6.
3 

  
  

  10
  

  
  14

  
  

  
 

20
  

  
  28

  
  

  

37
.5

  
  

  

50
  

 63
  

 

75
m

m
  

 

F
or

m
 L

ab
 0

13
B

R
ev

 3
/0

6 
21

 M
ar

ch
 2

00
6

G
:/

/0
-L

ab
s/

E
xc

el
 T

em
p

la
te

s/
P

S
D

 O
u

tp
u

t

LO
C

A
T

IO
N

:
N

or
th

er
n 

Li
ne

 E
xt

en
si

on
JO

B
 N

O
:

10
/2

25
4

P
A

R
T

IC
L

E
 S

IZ
E

C
LI

E
N

T
:

R
E

O
 (

P
ow

er
st

at
io

n)
 L

td
D

A
T

E
:

D
IS

T
R

IB
U

T
IO

N

B
or

eh
ol

e 
N

o.
B

H
07

S
am

pl
e 

N
o.

D
61

D
ep

th
22

.9
5

m

S
O

IL
 D

E
S

C
R

IP
T

IO
N

:

T
es

t 
M

et
h

o
d

: 
B

S
13

77
: 

P
A

R
T

 2
: 

9.
2/

9.
3/

9.
4

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

B
ro

w
ni

sh
 g

re
y 

sl
ig

ht
ly

 s
an

dy
 C

LA
Y

 w
ith

 o
cc

as
io

na
l b

io
tu

rb
at

io
n

0.
0

10
.0

20
.0

30
.0

40
.0

50
.0

60
.0

70
.0

80
.0

90
.0

10
0.

0

0.
00

01
0.

00
10

0.
01

00
0.

10
00

1.
00

00
10

.0
00

0
10

0.
00

00

P
ar

ti
cl

e 
si

ze
 (

m
m

)

% passing

C
LA

Y
S

IL
T

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

S
A

N
D

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

G
R

A
V

E
L

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

C
O

B
B

LE
S

B
S

 T
E

S
T

 S
IE

V
E

S
:

 6
3μ

m
   

 
 1

50
μ
m

   

21
2μ

m
   

 3
00

μ
m

   
 6

00
μ
m

   

42
5μ

m
   

 2
  

  
  

 

1.
18

m
m

  
 

3.
5 

  
  

  5 
  

  
  

6.
3 

  
  

  10
  

  
  14

  
  

  
 

20
  

  
  28

  
  

  

37
.5

  
  

  

50
  

 63
  

 

75
m

m
  

 

F
or

m
 L

ab
 0

13
B

R
ev

 3
/0

6 
21

 M
ar

ch
 2

00
6

G
:/

/0
-L

ab
s/

E
xc

el
 T

em
p

la
te

s/
P

S
D

 O
u

tp
u

t



LO
C

A
T

IO
N

:
N

or
th

er
n 

Li
ne

 E
xt

en
si

on
JO

B
 N

O
:

10
/2

25
4

P
A

R
T

IC
L

E
 S

IZ
E

C
LI

E
N

T
:

R
E

O
 P

ow
er

st
at

io
n 

Lt
d

D
A

T
E

:
D

IS
T

R
IB

U
T

IO
N

B
or

eh
ol

e 
N

o.
B

H
01

S
am

pl
e 

N
o.

B
10

D
ep

th
6.

00
m

S
O

IL
 D

E
S

C
R

IP
T

IO
N

:

T
es

t 
M

et
h

o
d

: 
B

S
13

77
: 

P
A

R
T

 2
: 

9.
2/

9.
3/

9.
4

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

O
ra

ng
is

h 
br

ow
n 

ve
ry

 s
an

dy
 a

ng
ul

ar
 to

 w
el

l-r
ou

nd
ed

 fi
ne

 to
 c

oa
rs

e 
fli

nt
 G

R
A

V
E

L 
w

ith
 r

ar
e 

sa
nd

st
on

e 
fr

ag
m

en
ts

C
LA

Y

0.
0

10
.0

20
.0

30
.0

40
.0

50
.0

60
.0

70
.0

80
.0

90
.0

10
0.

0

0.
00

01
0.

00
10

0.
01

00
0.

10
00

1.
00

00
10

.0
00

0
10

0.
00

00

% passing

S
A

N
D

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

S
IL

T
F

IN
E

M
E

D
IU

M
C

O
A

R
S

E

G
R

A
V

E
L

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

C
O

B
B

LE
S

B
S

 T
E

S
T

 S
IE

V
E

S
:

 6
3μ

m
   

 
 1

50
μ
m

   

21
2μ

m
   

 3
00

μ
m

   
 6

00
μ
m

   

42
5μ

m
   

2 
  

  
  

1.
18

m
m

  
 

 3
.5

  
  

  
 

5 
  

  
  

6.
3 

  
  

  10
  

  
  14

  
  

  
 

20
  

  
  28

  
  

  

37
.5

  
  

  

50
  

 
75

m
m

  
 

63
  

 
B

S
 T

E
S

T
 S

IE
V

E
S C

LA
Y

F
or

m
 L

ab
 0

13
B

R
ev

 3
/0

6 
21

 M
ar

ch
 2

00
6

G
:/

/0
-L

ab
s/

E
xc

el
 T

em
p

la
te

s/
O

u
tp

u
t/

P
S

D
 O

u
tp

u
t

LO
C

A
T

IO
N

:
N

or
th

er
n 

Li
ne

 E
xt

en
si

on
JO

B
 N

O
:

10
/2

25
4

P
A

R
T

IC
L

E
 S

IZ
E

C
LI

E
N

T
:

R
E

O
 P

ow
er

st
at

io
n 

Lt
d

D
A

T
E

:
D

IS
T

R
IB

U
T

IO
N

B
or

eh
ol

e 
N

o.
B

H
01

S
am

pl
e 

N
o.

B
13

D
ep

th
8.

30
m

S
O

IL
 D

E
S

C
R

IP
T

IO
N

:

T
es

t 
M

et
h

o
d

: 
B

S
13

77
: 

P
A

R
T

 2
: 

9.
2/

9.
3/

9.
4

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

S
tif

f g
re

y 
sl

ig
ht

ly
 s

an
dy

 s
lig

ht
ly

 g
ra

ve
lly

 C
LA

Y
. G

ra
ve

l i
s 

an
gu

la
r 

to
 w

el
l-r

ou
nd

ed
 fi

ne
 to

 c
oa

rs
e 

fli
nt

B
S

 T
E

S
T

 S
IE

V
E

S
:

0.
0

10
.0

20
.0

30
.0

40
.0

50
.0

60
.0

70
.0

80
.0

90
.0

10
0.

0

0.
00

01
0.

00
10

0.
01

00
0.

10
00

1.
00

00
10

.0
00

0
10

0.
00

00

P
ar

ti
cl

e 
si

ze
 (

m
m

)

% passing

 6
3μ

m
   

 
 1

50
μ
m

   

 2
12

μ
m

   30
0μ

m
   

 6
00

μ
m

   

42
5μ

m
   

2 
  

  
  

1.
18

m
m

  
 

3.
5 

  
  

  5 
  

  
  

6.
3 

  
  

  10
  

  
  14

  
  

  
 

20
  

  
  28

  
  

  

37
.5

  
  

  

50
  

 63
  

 

75
m

m
  

 

C
LA

Y
S

IL
T

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

S
A

N
D

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

G
R

A
V

E
L

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

C
O

B
B

LE
S

F
or

m
 L

ab
 0

13
B

R
ev

 3
/0

6 
22

 M
ar

ch
r 

20
06

G
:/

/0
-L

ab
s/

E
xc

el
 T

em
p

la
te

s/
O

u
tp

u
t/

P
S

D
 O

u
tp

u
t



LO
C

A
T

IO
N

:
N

or
th

er
n 

Li
ne

 E
xt

en
si

on
JO

B
 N

O
:

10
/2

25
4

P
A

R
T

IC
L

E
 S

IZ
E

C
LI

E
N

T
:

R
E

O
 P

ow
er

st
at

io
n 

Lt
d

D
A

T
E

:
D

IS
T

R
IB

U
T

IO
N

B
or

eh
ol

e 
N

o.
B

H
02

S
am

pl
e 

N
o.

B
19

D
ep

th
3.

70
m

S
O

IL
 D

E
S

C
R

IP
T

IO
N

:

T
es

t 
M

et
h

o
d

: 
B

S
13

77
: 

P
A

R
T

 2
: 

9.
2/

9.
3/

9.
4

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

G
re

y 
sa

nd
y 

su
ba

ng
ul

ar
 to

 s
ub

ro
un

de
d 

fin
e 

to
 c

oa
rs

e 
fli

nt
 G

R
A

V
E

L

0.
0

10
.0

20
.0

30
.0

40
.0

50
.0

60
.0

70
.0

80
.0

90
.0

10
0.

0

0.
00

01
0.

00
10

0.
01

00
0.

10
00

1.
00

00
10

.0
00

0
10

0.
00

00

P
ar

ti
cl

e 
si

ze
 (

m
m

)

% passing

C
LA

Y
S

IL
T

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

S
A

N
D

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

G
R

A
V

E
L

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

C
O

B
B

LE
S

B
S

 T
E

S
T

 S
IE

V
E

S
:

 6
3μ

m
   

 
 1

50
μ
m

   

21
2μ

m
   

 3
00

μ
m

   
 6

00
μ
m

   

42
5μ

m
   

 2
  

  
  

 

1.
18

m
m

  
 

3.
5 

  
  

  5 
  

  
  

6.
3 

  
  

  10
  

  
  14

  
  

  
 

20
  

  
  28

  
  

  

37
.5

  
  

  

50
  

 63
  

 

75
m

m
  

 

F
or

m
 L

ab
 0

13
B

R
ev

 3
/0

6 
21

 M
ar

ch
 2

00
6

G
:/

/0
-L

ab
s/

E
xc

el
 T

em
p

la
te

s/
P

S
D

 O
u

tp
u

t

LO
C

A
T

IO
N

:
N

or
th

er
n 

Li
ne

 E
xt

en
si

on
JO

B
 N

O
:

10
/2

25
4

P
A

R
T

IC
L

E
 S

IZ
E

C
LI

E
N

T
:

R
E

O
 P

ow
er

st
at

io
n 

Lt
d

D
A

T
E

:
D

IS
T

R
IB

U
T

IO
N

B
or

eh
ol

e 
N

o.
B

H
02

S
am

pl
e 

N
o.

D
27

D
ep

th
8.

50
m

S
O

IL
 D

E
S

C
R

IP
T

IO
N

:

T
es

t 
M

et
h

o
d

: 
B

S
13

77
: 

P
A

R
T

 2
: 

9.
2/

9.
3/

9.
4

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

G
re

y 
sl

ig
ht

ly
 s

an
dy

 C
LA

Y

0.
0

10
.0

20
.0

30
.0

40
.0

50
.0

60
.0

70
.0

80
.0

90
.0

10
0.

0

0.
00

01
0.

00
10

0.
01

00
0.

10
00

1.
00

00
10

.0
00

0
10

0.
00

00

P
ar

ti
cl

e 
si

ze
 (

m
m

)

% passing

C
LA

Y
S

IL
T

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

S
A

N
D

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

G
R

A
V

E
L

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

C
O

B
B

LE
S

B
S

 T
E

S
T

 S
IE

V
E

S
:

 6
3μ

m
   

 
 1

50
μ
m

   

21
2μ

m
   

 3
00

μ
m

   
 6

00
μ
m

   

42
5μ

m
   

 2
  

  
  

 

1.
18

m
m

  
 

3.
5 

  
  

  5 
  

  
  

6.
3 

  
  

  10
  

  
  14

  
  

  
 

20
  

  
  28

  
  

  

37
.5

  
  

  

50
  

 63
  

 

75
m

m
  

 

F
or

m
 L

ab
 0

13
B

R
ev

 3
/0

6 
21

 M
ar

ch
 2

00
6

G
:/

/0
-L

ab
s/

E
xc

el
 T

em
p

la
te

s/
P

S
D

 O
u

tp
u

t



LO
C

A
T

IO
N

:
N

or
th

er
n 

Li
ne

 E
xt

en
si

on
JO

B
 N

O
:

10
/2

25
4

P
A

R
T

IC
L

E
 S

IZ
E

C
LI

E
N

T
:

R
E

O
 P

ow
er

st
at

io
n 

Lt
d

D
A

T
E

:
D

IS
T

R
IB

U
T

IO
N

B
or

eh
ol

e 
N

o.
B

H
09

S
am

pl
e 

N
o.

B
11

D
ep

th
3.

50
m

S
O

IL
 D

E
S

C
R

IP
T

IO
N

:

T
es

t 
M

et
h

o
d

: 
B

S
13

77
: 

P
A

R
T

 2
: 

9.
2/

9.
3/

9.
4

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

O
ra

ng
is

h 
br

ow
n 

ve
ry

 s
an

dy
 a

ng
ul

ar
 to

 r
ou

nd
ed

 g
en

er
al

ly
 fi

ne
 a

nd
 m

ed
iu

m
 fl

in
t G

R
A

V
E

L 
w

ith
 r

ar
e 

sa
nd

st
on

e 
fr

ag
m

en
ts

0.
0

10
.0

20
.0

30
.0

40
.0

50
.0

60
.0

70
.0

80
.0

90
.0

10
0.

0

0.
00

01
0.

00
10

0.
01

00
0.

10
00

1.
00

00
10

.0
00

0
10

0.
00

00

P
ar

ti
cl

e 
si

ze
 (

m
m

)

% passing

C
LA

Y
S

IL
T

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

S
A

N
D

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

G
R

A
V

E
L

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

C
O

B
B

LE
S

B
S

 T
E

S
T

 S
IE

V
E

S
:

 6
3μ

m
   

 
 1

50
μ
m

   

21
2μ

m
   

 3
00

μ
m

   
 6

00
μ
m

   

42
5μ

m
   

 2
  

  
  

 

1.
18

m
m

  
 

3.
5 

  
  

  5 
  

  
  

6.
3 

  
  

  10
  

  
  14

  
  

  
 

20
  

  
  28

  
  

  

37
.5

  
  

  

50
  

 63
  

 

75
m

m
  

 

F
or

m
 L

ab
 0

13
B

R
ev

 3
/0

6 
21

 M
ar

ch
 2

00
6

G
:/

/0
-L

ab
s/

E
xc

el
 T

em
p

la
te

s/
P

S
D

 O
u

tp
u

t

LO
C

A
T

IO
N

:
N

or
th

er
n 

Li
ne

 E
xt

en
si

on
JO

B
 N

O
:

10
/2

25
4

P
A

R
T

IC
L

E
 S

IZ
E

C
LI

E
N

T
:

R
E

O
 P

ow
er

st
at

io
n 

Lt
d

D
A

T
E

:
D

IS
T

R
IB

U
T

IO
N

B
or

eh
ol

e 
N

o.
B

H
09

S
am

pl
e 

N
o.

B
15

D
ep

th
5.

50
m

S
O

IL
 D

E
S

C
R

IP
T

IO
N

:

T
es

t 
M

et
h

o
d

: 
B

S
13

77
: 

P
A

R
T

 2
: 

9.
2/

9.
3/

9.
4

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

�
�

�
�

��
��

	

��

�

�

��
	�


�


�

�

�
	

O
ra

ng
is

h 
br

ow
n 

sa
nd

y 
an

gu
la

r 
to

 w
el

l-r
ou

nd
ed

 fi
ne

 to
 c

oa
rs

e 
fli

nt
 G

R
A

V
E

L 
w

ith
 r

ar
e 

sa
nd

st
on

e 
fr

ag
m

en
ts

0.
0

10
.0

20
.0

30
.0

40
.0

50
.0

60
.0

70
.0

80
.0

90
.0

10
0.

0

0.
00

01
0.

00
10

0.
01

00
0.

10
00

1.
00

00
10

.0
00

0
10

0.
00

00

P
ar

ti
cl

e 
si

ze
 (

m
m

)

% passing

C
LA

Y
S

IL
T

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

S
A

N
D

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

G
R

A
V

E
L

F
IN

E
M

E
D

IU
M

C
O

A
R

S
E

C
O

B
B

LE
S

B
S

 T
E

S
T

 S
IE

V
E

S
:

 6
3μ

m
   

 
 1

50
μ
m

   

21
2μ

m
   

 3
00

μ
m

   
 6

00
μ
m

   

42
5μ

m
   

 2
  

  
  

 

1.
18

m
m

  
 

3.
5 

  
  

  5 
  

  
  

6.
3 

  
  

  10
  

  
  14

  
  

  
 

20
  

  
  28

  
  

  

37
.5

  
  

  

50
  

 63
  

 

75
m

m
  

 

F
or

m
 L

ab
 0

13
B

R
ev

 3
/0

6 
21

 M
ar

ch
 2

00
6

G
:/

/0
-L

ab
s/

E
xc

el
 T

em
p

la
te

s/
P

S
D

 O
u

tp
u

t



Approved Signatories:                                     

Initials: kp

Test results relate only to the sample numbers shown above Date:
All samples connected with this report, incl any on 'hold' will be disposed off according to company policy. A copy of this policy is available on request.   Sheet 3/3   MSF-11/R9

02/07/2010

Checked and Approved

2519

K4 SOILS LABORATORY
Unit 8 Olds Close Olds Approach                                
Watford Herts WD18 9RU.                                          
E-mail: k4soils@aol.com

K.Phaure(Tech.Mgr)                      J.Phaure(Lab.Mgr)        

Uniformity Coefficient0.063 100

Grading Analysis

N/A

0.15

D10

0.425 100

100

D60

D100 125.0

0.212 100

0.3 100

1.18 100

0.6 100

2 100

3.35 100

0.001 61

Clay 67.8

Silt 31.56.3 100

5 100

Gravel 0.0

Sand 0.710 100 0.002 71

14 100

0.006 81

0.004 77

0.003 74

Sample Proportions

20 100

0.008 86

Cobbles 0.0

28 100

88

37.5 100

0.016 92

0.01250 100

Sedimentation Clause 9.5

63 100

0.031 96

125 100 0.043 98

Sieving Sedimentation Test Method

Particle Size 
mm

% Passing
Particle Size 

mm
% Passing

BS 1377 : Part 2 : 1990

Sieving Clause 

Visual Soil 
Description

Dark grey CLAY
Sample type D

19

Depth 12.00 - 12.45 m

����������������������������

Location Northern Line Extension
Sample No

PARTICLE SIZE DISTRIBUTION Job/report no: 9597

Borehole / Pit 
No

BH01BS 1377 : Part 2 : 1990 : Clause 9

0.022 95
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Approved Signatories:                                     

Initials: kp

Test results relate only to the sample numbers shown above Date:
All samples connected with this report, incl any on 'hold' will be disposed off according to company policy. A copy of this policy is available on request.   Sheet 3/3   MSF-11/R9

0.023 94
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9597

Borehole / Pit 
No

BH01BS 1377 : Part 2 : 1990 : Clause 9

����������������������������

Location Northern Line Extension
Sample No

PARTICLE SIZE DISTRIBUTION Job/report no:

31

Depth 20.00 - 20.45 m
Visual Soil 
Description

Dark grey silty CLAY
Sample type D

Sieving Sedimentation Test Method

Particle Size 
mm

% Passing
Particle Size 

mm
% Passing

BS 1377 : Part 2 : 1990

Sieving Clause 

Sedimentation Clause 9.5

63 100

0.032 96

125 100 0.044 99

86

37.5 100

0.016 91

0.01250 100

Sample Proportions

20 100

0.009 81

Cobbles 0.0

28 100

14 100

0.006 74

0.005 69

0.003 63

10 100 0.002 56

Gravel 0.0

Sand 0.4

6.3 100

5 100

0.002 50

Clay 53.3

Silt 46.3

2 100

3.35 100

1.18 100

0.6 100

0.212 100

0.3 100

100

D60

D100 125.0

Grading Analysis

N/A

0.15

D10

0.425 100

Uniformity Coefficient0.063 100

Checked and Approved
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Approved Signatories:                                     

Initials: kp

Test results relate only to the sample numbers shown above Date:
All samples connected with this report, incl any on 'hold' will be disposed off according to company policy. A copy of this policy is available on request.   Sheet 3/3   MSF-11/R9

0.025 73
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100

9597

Borehole / Pit 
No

BH01BS 1377 : Part 2 : 1990 : Clause 9

����������������������������

Location Northern Line Extension
Sample No

PARTICLE SIZE DISTRIBUTION Job/report no:

43

Depth 28.00 - 28.45 m
Visual Soil 
Description

Dark grey slightly sandy silty CLAY
Sample type D

Sieving Sedimentation Test Method

Particle Size 
mm

% Passing
Particle Size 

mm
% Passing

BS 1377 : Part 2 : 1990

Sieving Clause 

Sedimentation Clause 9.5

63 100

0.035 76

125 100 0.049 79

70

37.5 100

0.018 72

0.01350 100

Sample Proportions

20 100

0.009 68

Cobbles 0.0

28 100

14 100

0.007 63

0.005 59

0.003 55

10 100 0.002 49

Gravel 0.0

Sand 19.8

6.3 100

5 100

0.002 41

Clay 44.5

Silt 35.6

2 100

3.35 100

1.18 100

0.6 99

0.212 97

0.3 98

96

D60

D100 125.0

Grading Analysis

N/A

0.15

D10

0.425 99

Uniformity Coefficient0.063 81

Checked and Approved
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Unit 8 Olds Close Olds Approach                                
Watford Herts WD18 9RU.                                          
E-mail: k4soils@aol.com

K.Phaure(Tech.Mgr)                      J.Phaure(Lab.Mgr)        

02/07/2010

200

60

20620.6

0.2

0.06

0.03

0.006

0.002

0

10

20

30

40

50

60

70

80

90

100

Particle Size  -  mm

P
er

ce
n

ta
g

e 
P

as
si

n
g

  -
  %

CLAY
SILT SAND GRAVEL

COBBLES
Fine Medium Coarse Fine Medium Coarse Fine Medium Coarse

Approved Signatories:                                     

Initials: kp

Test results relate only to the sample numbers shown above Date:
All samples connected with this report, incl any on 'hold' will be disposed off according to company policy. A copy of this policy is available on request.   Sheet 3/3   MSF-11/R9
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K4 SOILS LABORATORY
Unit 8 Olds Close Olds Approach                                
Watford Herts WD18 9RU.                                          
E-mail: k4soils@aol.com

K.Phaure(Tech.Mgr)                      J.Phaure(Lab.Mgr)        

Uniformity Coefficient0.063 97

Grading Analysis

N/A

0.15

D10

0.425 99

98

D60

D100 125.0

0.212 99

0.3 99

1.18 100

0.6 100

2 100

3.35 100

0.002 49

Clay 51.7

Silt 45.16.3 100

5 100

Gravel 0.0

Sand 3.310 100 0.002 54

14 100

0.006 74

0.005 66

0.003 59

Sample Proportions

20 100

0.009 80

Cobbles 0.0

28 100

84

37.5 100

0.017 87

0.01250 100

Sedimentation Clause 9.5

63 100

0.033 93

125 100 0.046 95

Sieving Sedimentation Test Method

Particle Size 
mm

% Passing
Particle Size 

mm
% Passing

BS 1377 : Part 2 : 1990

Sieving Clause 

Visual Soil 
Description

Dark grey silty CLAY
Sample type D

36

Depth 14.50 - 14.95 m

����������������������������

Location Northern Line Extension
Sample No

PARTICLE SIZE DISTRIBUTION Job/report no: 9597

Borehole / Pit 
No

BH02BS 1377 : Part 2 : 1990 : Clause 9

0.023 91
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Test results relate only to the sample numbers shown above Date:
All samples connected with this report, incl any on 'hold' will be disposed off according to company policy. A copy of this policy is available on request.   Sheet 3/3   MSF-11/R9
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2519

K4 SOILS LABORATORY
Unit 8 Olds Close Olds Approach                                
Watford Herts WD18 9RU.                                          
E-mail: k4soils@aol.com

K.Phaure(Tech.Mgr)                      J.Phaure(Lab.Mgr)        

Uniformity Coefficient0.063 100

Grading Analysis

N/A

0.15

D10

0.425 100

100

D60

D100 125.0

0.212 100

0.3 100

1.18 100

0.6 100

2 100

3.35 100

0.002 60

Clay 63.8

Silt 35.66.3 100

5 100

Gravel 0.0

Sand 0.610 100 0.002 66

14 100

0.006 82

0.004 76

0.003 72

Sample Proportions

20 100

0.009 86

Cobbles 0.0

28 100

88

37.5 100

0.016 92

0.01250 100

Sedimentation Clause 9.5

63 100

0.032 96

125 100 0.046 98

Sieving Sedimentation Test Method

Particle Size 
mm

% Passing
Particle Size 

mm
% Passing

BS 1377 : Part 2 : 1990

Sieving Clause 

Visual Soil 
Description

Dark grey silty CLAY
Sample type D

45

Depth 20.50 - 20.95 m

����������������������������

Location Northern Line Extension
Sample No

PARTICLE SIZE DISTRIBUTION Job/report no: 9597

Borehole / Pit 
No

BH02BS 1377 : Part 2 : 1990 : Clause 9

0.023 95
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Approved Signatories:                                     

Initials: kp

Test results relate only to the sample numbers shown above Date:
All samples connected with this report, incl any on 'hold' will be disposed off according to company policy. A copy of this policy is available on request.   Sheet 3/3   MSF-11/R9

02/07/2010

Checked and Approved

2519

K4 SOILS LABORATORY
Unit 8 Olds Close Olds Approach                                
Watford Herts WD18 9RU.                                          
E-mail: k4soils@aol.com

K.Phaure(Tech.Mgr)                      J.Phaure(Lab.Mgr)        

Uniformity Coefficient0.063 96

Grading Analysis

N/A

0.15

D10

0.425 100

99

D60

D100 125.0

0.212 100

0.3 100

1.18 100

0.6 100

2 100

3.35 100

0.002 46

Clay 48.9

Silt 47.26.3 100

5 100

Gravel 0.0

Sand 3.910 100 0.002 52

14 100

0.006 73

0.005 66

0.003 60

Sample Proportions

20 100

0.009 79

Cobbles 0.0

28 100

82

37.5 100

0.017 85

0.01350 100

Sedimentation Clause 9.5

63 100

0.033 92

125 100 0.046 95

Sieving Sedimentation Test Method

Particle Size 
mm

% Passing
Particle Size 

mm
% Passing

BS 1377 : Part 2 : 1990

Sieving Clause 

Visual Soil 
Description

Dark grey slightly sandy silty CLAY
Sample type D

54

Depth 26.50 - 26.95 m

����������������������������

Location Northern Line Extension
Sample No

PARTICLE SIZE DISTRIBUTION Job/report no: 9597

Borehole / Pit 
No

BH02BS 1377 : Part 2 : 1990 : Clause 9

0.024 89
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Test results relate only to the sample numbers shown above Date:
All samples connected with this report, incl any on 'hold' will be disposed off according to company policy. A copy of this policy is available on request.   Sheet 3/3   MSF-11/R9
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Checked and Approved

2519

K4 SOILS LABORATORY
Unit 8 Olds Close Olds Approach                                
Watford Herts WD18 9RU.                                          
E-mail: k4soils@aol.com

K.Phaure(Tech.Mgr)                      J.Phaure(Lab.Mgr)        

Uniformity Coefficient0.063 99

Grading Analysis

N/A

0.15

D10

0.425 100

99

D60

D100 125.0

0.212 99

0.3 99

1.18 100

0.6 100

2 100

3.35 100

0.002 55

Clay 57.2

Silt 41.56.3 100

5 100

Gravel 0.0

Sand 1.310 100 0.002 59

14 100

0.006 74

0.005 70

0.003 63

Sample Proportions

20 100

0.009 78

Cobbles 0.0

28 100

83

37.5 100

0.017 88

0.01250 100

Sedimentation Clause 9.5

63 100

0.033 93

125 100 0.045 97

Sieving Sedimentation Test Method

Particle Size 
mm

% Passing
Particle Size 

mm
% Passing

BS 1377 : Part 2 : 1990

Sieving Clause 

Visual Soil 
Description

Dark grey and pale grey very silty CLAY
Sample type D

28

Depth 8.00 - 8.45 m

����������������������������

Location Northern Line Extension
Sample No

PARTICLE SIZE DISTRIBUTION Job/report no: 9597

Borehole / Pit 
No

BH03BS 1377 : Part 2 : 1990 : Clause 9

0.023 91
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Test results relate only to the sample numbers shown above Date:
All samples connected with this report, incl any on 'hold' will be disposed off according to company policy. A copy of this policy is available on request.   Sheet 3/3   MSF-11/R9
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Checked and Approved
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K4 SOILS LABORATORY
Unit 8 Olds Close Olds Approach                                
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E-mail: k4soils@aol.com

K.Phaure(Tech.Mgr)                      J.Phaure(Lab.Mgr)        

Uniformity Coefficient0.063 90

Grading Analysis

N/A

0.15

D10

0.425 100

98

D60

D100 125.0

0.212 99

0.3 99

1.18 100

0.6 100

2 100

3.35 100

0.002 45

Clay 48.7

Silt 41.16.3 100

5 100

Gravel 0.0

Sand 10.210 100 0.002 53

14 100

0.007 64

0.005 61

0.003 58

Sample Proportions

20 100

0.009 70

Cobbles 0.0

28 100

76

37.5 100

0.017 79

0.01350 100

Sedimentation Clause 9.5

63 100

0.034 85

125 100 0.047 89

Sieving Sedimentation Test Method

Particle Size 
mm

% Passing
Particle Size 

mm
% Passing

BS 1377 : Part 2 : 1990

Sieving Clause 

Visual Soil 
Description

Dark grey slightly sandy silty CLAY
Sample type D

40

Depth 16.00 - 16.45 m

����������������������������

Location Northern Line Extension
Sample No

PARTICLE SIZE DISTRIBUTION Job/report no: 9597

Borehole / Pit 
No

BH03BS 1377 : Part 2 : 1990 : Clause 9

0.024 83
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Approved Signatories:                                     

Initials: kp

Test results relate only to the sample numbers shown above Date:
All samples connected with this report, incl any on 'hold' will be disposed off according to company policy. A copy of this policy is available on request.   Sheet 3/3   MSF-11/R9

02/07/2010

Checked and Approved

2519

K4 SOILS LABORATORY
Unit 8 Olds Close Olds Approach                                
Watford Herts WD18 9RU.                                          
E-mail: k4soils@aol.com

K.Phaure(Tech.Mgr)                      J.Phaure(Lab.Mgr)        

Uniformity Coefficient0.063 99

Grading Analysis

N/A

0.15

D10

0.425 100

99

D60

D100 125.0

0.212 99

0.3 100

1.18 100

0.6 100

2 100

3.35 100

0.002 56

Clay 60.0

Silt 38.46.3 100

5 100

Gravel 0.0

Sand 1.710 100 0.002 63

14 100

0.006 77

0.004 74

0.003 70

Sample Proportions

20 100

0.009 83

Cobbles 0.0

28 100

88

37.5 100

0.016 90

0.01250 100

Sedimentation Clause 9.5

63 100

0.032 95

125 100 0.044 97

Sieving Sedimentation Test Method

Particle Size 
mm

% Passing
Particle Size 

mm
% Passing

BS 1377 : Part 2 : 1990

Sieving Clause 

Visual Soil 
Description

Dark grey silty CLAY
Sample type D

49

Depth 22.00 - 22.45 m

����������������������������

Location Northern Line Extension
Sample No

PARTICLE SIZE DISTRIBUTION Job/report no: 9597

Borehole / Pit 
No

BH03BS 1377 : Part 2 : 1990 : Clause 9

0.023 93

90

75

100

100

200

60

20620.6

0.2

0.06

0.03

0.006

0.002

0

10

20

30

40

50

60

70

80

90

100

Particle Size  -  mm

P
er

ce
n

ta
g

e 
P

as
si

n
g

  -
  %

CLAY
SILT SAND GRAVEL

COBBLES
Fine Medium Coarse Fine Medium Coarse Fine Medium Coarse

Approved Signatories:                                     

Initials: kp

Test results relate only to the sample numbers shown above Date:
All samples connected with this report, incl any on 'hold' will be disposed off according to company policy. A copy of this policy is available on request.   Sheet 3/3   MSF-11/R9

02/07/2010

Checked and Approved

2519

K4 SOILS LABORATORY
Unit 8 Olds Close Olds Approach                                
Watford Herts WD18 9RU.                                          
E-mail: k4soils@aol.com

K.Phaure(Tech.Mgr)                      J.Phaure(Lab.Mgr)        

Uniformity Coefficient0.063 85

Grading Analysis

N/A

0.15

D10

0.425 100

98

D60

D100 125.0

0.212 99

0.3 99

1.18 100

0.6 100

2 100

3.35 100

0.002 44

Clay 47.2

Silt 37.26.3 100

5 100

Gravel 0.0

Sand 15.610 100 0.002 50

14 100

0.007 61

0.005 59

0.003 57

Sample Proportions

20 100

0.009 65

Cobbles 0.0

28 100

67

37.5 100

0.018 71

0.01350 100

Sedimentation Clause 9.5

63 100

0.035 78

125 100 0.049 82

Sieving Sedimentation Test Method

Particle Size 
mm

% Passing
Particle Size 

mm
% Passing

BS 1377 : Part 2 : 1990

Sieving Clause 

Visual Soil 
Description

Dark grey slightly sandy silty CLAY
Sample type D

57

Depth 28.00 - 28.45 m

����������������������������

Location Northern Line Extension
Sample No

PARTICLE SIZE DISTRIBUTION Job/report no: 9597

Borehole / Pit 
No

BH03BS 1377 : Part 2 : 1990 : Clause 9
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Fine Medium Coarse Fine Medium Coarse Fine Medium Coarse



Approved Signatories:                                     

Initials: kp

Test results relate only to the sample numbers shown above Date:
All samples connected with this report, incl any on 'hold' will be disposed off according to company policy. A copy of this policy is available on request.   Sheet 3/3   MSF-11/R9

02/07/2010

Checked and Approved

2519

K4 SOILS LABORATORY
Unit 8 Olds Close Olds Approach                                
Watford Herts WD18 9RU.                                          
E-mail: k4soils@aol.com

K.Phaure(Tech.Mgr)                      J.Phaure(Lab.Mgr)        

Uniformity Coefficient0.063 91

Grading Analysis

N/A

0.15

D10

0.425 99

98

D60

D100 125.0

0.212 99

0.3 99

1.18 100

0.6 99

2 100

3.35 100

0.002 46

Clay 50.5

Silt 40.56.3 100

5 100

Gravel 0.0

Sand 9.010 100 0.002 55

14 100

0.006 68

0.005 62

0.003 60

Sample Proportions

20 100

0.009 74

Cobbles 0.0

28 100

77

37.5 100

0.017 80

0.01250 100

Sedimentation Clause 9.5

63 100

0.033 84

125 100 0.046 90

Sieving Sedimentation Test Method

Particle Size 
mm

% Passing
Particle Size 

mm
% Passing

BS 1377 : Part 2 : 1990

Sieving Clause 

Visual Soil 
Description

Dark grey slightly sandy silty CLAY
Sample type D

66

Depth 34.00 - 34.45 m

����������������������������

Location Northern Line Extension
Sample No

PARTICLE SIZE DISTRIBUTION Job/report no: 9597

Borehole / Pit 
No

BH03BS 1377 : Part 2 : 1990 : Clause 9

0.024 82
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9597
Borehole / Pit 
No BH08BS 1377 : Part 2 : 1990 : Clause 9

Location Northern Line Extension Sample No

PARTICLE SIZE DISTRIBUTION Job/report no:CONCEPT

Sample type B

13

Depth 3.70 - 4.20 m
Brown sandy GRAVEL (gravel is fmc and sub angular 

to sub rounded)
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Approved Signatories:                                     

Initials: kp
Test results relate only to the sample numbers shown above Date:

90
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Sieving Sedimentation Test Method

Particle Size 
mm % Passing Particle Size 

mm % Passing
BS 1377 : Part 2 : 1990

Sieving Clause 

Sedimentation N/A

63 100

125 100

37.5 94

50 100

Sample Proportions
20 75 Cobbles 0.0

28 87

14 62

6.3 34

5 24

Gravel 90.9

Sand 8.610 49

Silt & Clay 0.5

2 9

3.35 16

1.18 6

0.6 4

0.212 1

0.3 1

0

D60 13.3

D100 125.0

Grading Analysis

6

0.15

D10 2.2

0.425 2

K4 SOILS LABORATORY
Unit 8 Olds Close Olds Approach                                 
Watford Herts WD18 9RU.                                           
E il k4 il @ l

K.Phaure(Tech.Mgr)                      J.Phaure(Lab.Mgr)         

Uniformity Coefficient0.063 0

12/07/2010

Checked and Approved
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Test results relate only to the sample numbers shown above Date:
All samples connected with this report, incl any on 'hold' will be disposed off according to company policy. A copy of this policy is available on request.   Sheet 3/3   MSF-11/R9

E-mail: k4soils@aol.com 12/07/2010
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9597
Borehole / Pit 
No BH08BS 1377 : Part 2 : 1990 : Clause 9

Location Northern Line Extension Sample No

PARTICLE SIZE DISTRIBUTION Job/report no:CONCEPT

Sample type B

17

Depth 6.70 - 7.20 m
Visual Soil 
Description

Brown sandy GRAVEL (gravel is fmc and sub angular 
to rounded)

0.002

0.006

0.03

0.06

0.2

0.6

2 6 20 60

200

0

10

20

30

40

50

60

70

80

90

100

Pe
rc

en
ta

ge
 P

as
si

ng
  -

%

Particle Size  - mm

CLAY
SILT SAND GRAVEL

COBBLES
Fine Medium Coarse Fine Medium Coarse Fine Medium Coarse

Approved Signatories:                                     

Initials: kp
Test results relate only to the sample numbers shown above Date:
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Sieving Sedimentation Test Method

Particle Size 
mm % Passing Particle Size 

mm % Passing
BS 1377 : Part 2 : 1990

Sieving Clause 

Sedimentation N/A

63 100

125 100

37.5 100

50 100

Sample Proportions
20 78 Cobbles 0.0

28 87

14 70

6.3 49

5 41

Gravel 74.8

Sand 25.010 63

Silt & Clay 0.2

2 25

3.35 33

1.18 20

0.6 13

0.212 0

0.3 2

0

D60 9.2

D100 125.0

Grading Analysis

18

0.15

D10 0.5

0.425 6

K4 SOILS LABORATORY
Unit 8 Olds Close Olds Approach                                 
Watford Herts WD18 9RU.                                           
E il k4 il @ l

K.Phaure(Tech.Mgr)                      J.Phaure(Lab.Mgr)         

Uniformity Coefficient0.063 0

12/07/2010

Checked and Approved
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Test results relate only to the sample numbers shown above Date:
All samples connected with this report, incl any on 'hold' will be disposed off according to company policy. A copy of this policy is available on request.   Sheet 3/3   MSF-11/R9

E-mail: k4soils@aol.com 12/07/2010
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Approved Signatories:                                     

Initials: kp

Test results relate only to the sample numbers shown above Date:
All samples connected with this report, incl any on 'hold' will be disposed off according to company policy. A copy of this policy is available on request.   Sheet 3/3   MSF-11/R9

02/07/2010

Checked and Approved

2519

K4 SOILS LABORATORY
Unit 8 Olds Close Olds Approach                                
Watford Herts WD18 9RU.                                          
E-mail: k4soils@aol.com

K.Phaure(Tech.Mgr)                      J.Phaure(Lab.Mgr)        

Uniformity Coefficient0.063 97

Grading Analysis

N/A

0.15

D10

0.425 99

97

D60

D100 125.0

0.212 97

0.3 98

1.18 100

0.6 99

2 100

3.35 100

0.002 54

Clay 59.4

Silt 37.36.3 100

5 100

Gravel 0.0

Sand 3.210 100 0.002 63

14 100

0.006 76

0.004 70

0.003 67

Sample Proportions

20 100

0.009 83

Cobbles 0.0

28 100

88

37.5 100

0.016 90

0.01250 100

Sedimentation Clause 9.5

63 100

0.032 94

125 100 0.045 96

Sieving Sedimentation Test Method

Particle Size 
mm

% Passing
Particle Size 

mm
% Passing

BS 1377 : Part 2 : 1990

Sieving Clause 

Visual Soil 
Description

Dark grey silty CLAY
Sample type D

28

Depth 12.50 - 12.95 m

����������������������������

Location Northern Line Extension
Sample No

PARTICLE SIZE DISTRIBUTION Job/report no: 9597

Borehole / Pit 
No

BH08BS 1377 : Part 2 : 1990 : Clause 9

0.023 91

90

75

100

100

200

60

20620.6

0.2

0.06

0.03

0.006

0.002

0

10

20

30

40

50

60

70

80

90

100

Particle Size  -  mm

P
er

ce
n

ta
g

e 
P

as
si

n
g

  -
  %

CLAY
SILT SAND GRAVEL

COBBLES
Fine Medium Coarse Fine Medium Coarse Fine Medium Coarse



Approved Signatories:                                     

Initials: kp

Test results relate only to the sample numbers shown above Date:
All samples connected with this report, incl any on 'hold' will be disposed off according to company policy. A copy of this policy is available on request.   Sheet 3/3   MSF-11/R9

02/07/2010

Checked and Approved

2519

K4 SOILS LABORATORY
Unit 8 Olds Close Olds Approach                                
Watford Herts WD18 9RU.                                          
E-mail: k4soils@aol.com

K.Phaure(Tech.Mgr)                      J.Phaure(Lab.Mgr)        

Uniformity Coefficient0.063 100

Grading Analysis

N/A

0.15

D10

0.425 100

100

D60

D100 125.0

0.212 100

0.3 100

1.18 100

0.6 100

2 100

3.35 100

0.002 57

Clay 64.1

Silt 35.26.3 100

5 100

Gravel 0.0

Sand 0.810 100 0.002 68

14 100

0.006 80

0.005 76

0.003 72

Sample Proportions

20 100

0.009 86

Cobbles 0.0

28 100

88

37.5 100

0.016 93

0.01250 100

Sedimentation Clause 9.5

63 100

0.032 97

125 100 0.046 98

Sieving Sedimentation Test Method

Particle Size 
mm

% Passing
Particle Size 

mm
% Passing

BS 1377 : Part 2 : 1990

Sieving Clause 

Visual Soil 
Description

Dark grey CLAY
Sample type D

27

Depth 11.00 - 11.45 m

����������������������������

Location Northern Line Extension
Sample No

PARTICLE SIZE DISTRIBUTION Job/report no: 9597

Borehole / Pit 
No

BH09BS 1377 : Part 2 : 1990 : Clause 9

0.023 96
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9597
Borehole / Pit 
No BH10BS 1377 : Part 2 : 1990 : Clause 9

Location Northern Line Extension Sample No

PARTICLE SIZE DISTRIBUTION Job/report no:CONCEPT

Sample type B

11

Depth 3.20 - 3.70 m
Visual Soil 
Description

Brown slightly gravelly clayey SAND (gravel is fmc and 
sub angular to sub rounded)
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Approved Signatories:                                     

Initials: kp
Test results relate only to the sample numbers shown above Date:

0.027 29
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Sieving Sedimentation Test Method

Particle Size 
mm % Passing Particle Size 

mm % Passing
BS 1377 : Part 2 : 1990

Sieving Clause 

Sedimentation Clause 9.5

63 100

0.038 31

125 100 0.054 32

25

37.5 100

0.019 27

0.01450 100

Sample Proportions
20 97

0.010 23

Cobbles 0.0

28 99

0.003 17

14 95

0.007 21

0.005 21

0.004 18

6.3 91

5 90

Gravel 13.0

Sand 54.610 93

0.002 16

Clay 16.0

Silt 16.4

2 87

3.35 89

1.18 85

0.6 82

0.212 52

0.3 63

45

D60 0.3

D100 125.0

Grading Analysis

N/A

0.15

D10

0.425 74

K4 SOILS LABORATORY
Unit 8 Olds Close Olds Approach                                 
Watford Herts WD18 9RU.                                           
E il k4 il @ l

K.Phaure(Tech.Mgr)                      J.Phaure(Lab.Mgr)         

Uniformity Coefficient0.063 33

12/07/2010

Checked and Approved
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Test results relate only to the sample numbers shown above Date:
All samples connected with this report, incl any on 'hold' will be disposed off according to company policy. A copy of this policy is available on request.   Sheet 3/3   MSF-11/R9

E-mail: k4soils@aol.com 12/07/2010
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9597
Borehole / Pit 
No BH10BS 1377 : Part 2 : 1990 : Clause 9

Location Northern Line Extension Sample No

PARTICLE SIZE DISTRIBUTION Job/report no:CONCEPT

Sample type B

14

Depth 6.20 - 6.70 m
Visual Soil 
Description

Brown sandy GRAVEL (gravel is fmc and sub angular 
to rounded)
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Approved Signatories:                                     

Initials: kp
Test results relate only to the sample numbers shown above Date:
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Sieving Sedimentation Test Method

Particle Size 
mm % Passing Particle Size 

mm % Passing
BS 1377 : Part 2 : 1990

Sieving Clause 

Sedimentation N/A

63 100

125 100

37.5 100

50 100

Sample Proportions
20 91 Cobbles 0.0

28 96

14 87

6.3 63

5 51

Gravel 74.8

Sand 24.610 80

Silt & Clay 0.6

2 25

3.35 38

1.18 19

0.6 14

0.212 2

0.3 4

1

D60 6.0

D100 125.0

Grading Analysis

13

0.15

D10 0.5

0.425 9

K4 SOILS LABORATORY
Unit 8 Olds Close Olds Approach                                 
Watford Herts WD18 9RU.                                           
E il k4 il @ l

K.Phaure(Tech.Mgr)                      J.Phaure(Lab.Mgr)         

Uniformity Coefficient0.063 1

12/07/2010

Checked and Approved
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Test results relate only to the sample numbers shown above Date:
All samples connected with this report, incl any on 'hold' will be disposed off according to company policy. A copy of this policy is available on request.   Sheet 3/3   MSF-11/R9

E-mail: k4soils@aol.com 12/07/2010
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Approved Signatories:                                     

Initials: kp

Test results relate only to the sample numbers shown above Date:
All samples connected with this report, incl any on 'hold' will be disposed off according to company policy. A copy of this policy is available on request.   Sheet 3/3   MSF-11/R9
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Uniformity Coefficient0.063 100

Grading Analysis

N/A

0.15

D10

0.425 100

100

D60

D100 125.0

0.212 100

0.3 100

1.18 100

0.6 100

2 100

3.35 100

0.002 57

Clay 64.4

Silt 35.16.3 100

5 100

Gravel 0.0

Sand 0.510 100 0.002 68

14 100

0.006 80

0.004 76

0.003 72

Sample Proportions

20 100

0.009 86

Cobbles 0.0

28 100

89

37.5 100

0.016 91

0.01250 100

Sedimentation Clause 9.5

63 100

0.032 97

125 100 0.045 98

Sieving Sedimentation Test Method

Particle Size 
mm

% Passing
Particle Size 

mm
% Passing

BS 1377 : Part 2 : 1990

Sieving Clause 

Visual Soil 
Description

Dark grey silty CLAY
Sample type D

20

Depth 10.00 - 10.45 m

����������������������������

Location Northern Line Extension
Sample No

PARTICLE SIZE DISTRIBUTION Job/report no: 9597

Borehole / Pit 
No

BH10BS 1377 : Part 2 : 1990 : Clause 9
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Uniformity Coefficient0.063 94

Grading Analysis

N/A

0.15

D10

0.425 100

99

D60

D100 125.0

0.212 100

0.3 100

1.18 100

0.6 100

2 100

3.35 100

0.002 47

Clay 52.4

Silt 41.66.3 100

5 100

Gravel 0.0

Sand 6.010 100 0.002 57

14 100

0.006 68

0.005 64

0.003 60

Sample Proportions

20 100

0.009 73

Cobbles 0.0

28 100

76

37.5 100

0.017 80

0.01250 100

Sedimentation Clause 9.5

63 100

0.033 88

125 100 0.045 93

Sieving Sedimentation Test Method

Particle Size 
mm

% Passing
Particle Size 

mm
% Passing

BS 1377 : Part 2 : 1990

Sieving Clause 

Visual Soil 
Description

Dark grey slightly sandy silty CLAY
Sample type D

26

Depth 14.00 - 14.45 m

����������������������������

Location Northern Line Extension
Sample No

PARTICLE SIZE DISTRIBUTION Job/report no: 9597

Borehole / Pit 
No

BH10BS 1377 : Part 2 : 1990 : Clause 9
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Project Name: Samples Received: 07/06/2010

Project Started: 08/06/2010

Client:     Testing Started: 10/06/2010

Project No: Our Job/report no:      9502 Date Reported: 30/06/2010

BH04 40 25.5

BH05 34 18

BH07 35 10

BH07 58 22
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Determination of the Particle Density

Specific gravity

Mg/m3

Date : 30/06/2010

Initials : kp
 BS 1377 : Part 2 : Clause 8 : 1990

Summary of  Testing Checked and Approved

����������������������������NLE

REO (Powerstation) Ltd

BH / TP No 
:

Sample no 
/ ref :

2.68

10/2254

Sample 
depth (m):

Soil Description

Dark grey fissured CLAY

Grey fissured CLAY 2.70

Grey fissured CLAY 2.67

Grey heavily fissured CLAY 2.73
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Units : mg/kgmg/lpH Units
Method Codes : ICPACIDSICPWSSPHSOIL

Method Reporting Limits : 2010
UKAS Accredited : yesyesyes

La
bo

ra
to

ry
 ID

 N
um

be
r  

 C
L/

Client Sample Description

SO
4-

- (
ac

id
 s

ol
)

SO
4-

- (
H

2O
 s

ol
) m

g/
l

pH
 u

ni
ts

 (A
R

)

1017660BH01 15.5 1070 691 7.8

1017661BH01 23.5 1590 1100 7.7

1017662BH02 18.5-18.95 1200 908 8.0

1017663BH02 22.5-22.95 1650 943 7.5

1017655BH03 20.0-20.45 1210 629 7.6

1017656BH03 26.0-26.45 3000 1950 7.4

1017657BH08 10.5-10.95 847 431 8.1

1017658BH08 20.5 2790 1570 7.1

1017664BH09 8.0-8.45 1880 874 7.4

1017659BH10 9.5 1140 618 7.8

  Contact 
 Date Printed
 Report NumberEFS/103924  

 Table Number1

Bretby Business Park, Ashby Road

Burton-on-Trent, Staffordshire, DE15 0YZ

  Tel  +44 (0) 1283 554400

  Fax +44 (0) 1283 554422

  Ms J Fokt

07-Jul-10

Northern Line Extension

  Client Name   Concept ConsultantsSoils Sample Analysis

Page 2 of 4
Where individual results are flagged see report notes for status.

EFS/103924 Ver. 1
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Units : mg/kgmg/lpH Units
Method Codes : ICPACIDSICPWSSPHSOIL

Method Reporting Limits : 2010
UKAS Accredited : yesyesyes
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1015847BH04 28.5-28.95 2280 1810 7.5

1015848BH04 35.0-35.95 373 108 9.5

1015849BH05 15.0-15.45 1940 1070 7.6

1015850BH05 30.2-30.65 340 134 8.6

1015851BH06 28.65 355 102 9.2

1015852BH07 18.45 1870 973 6.5

1015853BH07 23.45 2620 170 5.6
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Units : mg/kgmg/lpH Units
Method Codes : ICPACIDSICPWSSPHSOIL

Method Reporting Limits : 2010
UKAS Accredited : yesyesyes
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1017888BH9 19.95 689 324 8.7

1017887BH10 20.9 1080<10 8.7

  Contact 
 Date Printed
 Report NumberEFS/103962  

 Table Number1

Bretby Business Park, Ashby Road

Burton-on-Trent, Staffordshire, DE15 0YZ

  Tel  +44 (0) 1283 554400

  Fax +44 (0) 1283 554422

  Ms J Fokt

12-Jul-10

Northern Line Extension

  Client Name   Concept ConsultantsSoils Sample Analysis
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Date:

Job No.

Client:

BH No. Sample 
Type

Sample
No

Depth top
 (m)

Cell 
pressure 

kN/m2

Strain at 
failure 

%

Bulk Density 
Mg/m3

Dry Density
 Mg/m3

NMC
%

Max 
Dev. Stress

kPa

Shear 
Strength 

kPa

BH01 U 17 11.00 330 4.8 1.972 1.542 28 273 137

BH01 U 26 17.00 510 7.1 2.036 1.643 24 387 194

BH01 U 35 23.00 690 5.4 2.000 1.592 26 447 223

BH01 U 44 29.00 870 4.4 1.993 1.627 23 741 371

Date - samples received:

Date - samples tested:

Checked by:

����������������������������
Unit 8 Warple Mews Warple Way London W3 0RF

Tel: 020 8811 2880  Fax: 020 8811 2881J. Fokt Lab Manager

25/05/2010

22/06/2010

Very closely fissured grey CLAY with 
occasional pockets of dark grey sand 
(80x60mm), light brownish grey sand 
(40x30mm) and bioturbation

Mode of 
failure/Comments

Description

��������	
���
���	�
��
��	

Northern Line Extension

22/06/2010

10/2254

Site Location: REO (Powerstation) Ltd

Undrained Triaxial Compression
BS 1377 : Part 7: 1990 Clause 8

Brittle

Plastic / brittle

Brittle

Extremely closely fissured grey CLAY with 
occasional pockets of dark grey sand 
(20x10mm) and bioturbation

Extremely closely fissured brownish grey CLAY 
with occasional pockets of dark brownish grey 
silty sand (10x5mm)

Grey slightly sandy CLAY with frequent pockets 
of light brownish grey sand (100x80mm) and 
occasional tabular pyrite nodules (35x25mm)

Brittle

Form Lab 028-A
Rev 2/10 15 January 2010 G://0-Labs/Excel Templates/Output/028A-Triaxial Output
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Client name & address:     Samples Received 07/06/2010

REO (Powerstation) Ltd Project Started 08/06/2010

Project Name: Northern Line Extension Testing Started 23/06/2010

Project No: 10/2254 Our Job / report no:           9502a Date Reported: 12/07/2010
Sample description:                        Sample no/ type: U BH no: BH01

Depth (m): 25.00
Test   details
Depth within original sample                             m : 25.10 Orientation within original sample                         : Vertical

Specimen details Initial Final
Height                                                             mm : 20 17.8
Diameter                                                         mm : 75 -
Bulk density                                               Mg/m3 : 1.99 2.17
Moisture content                                              % : 27 24
Dry density                                                Mg/m3 : 1.57 1.76
Voids Ratio                                                           : 0.75 0.56
Degree of saturation                                        % : 97.8 -
Particle density                                          Mg/m3 : 2.75 -
Swelling pressure                                         kPa : 0 -
Consolidation Stage

Applied Voids Coefficient Coefficient Applied Voids Coefficient
Pressure Ratio of of Pressure Ratio of

Consolidation Compressibility Consolidation
kPa m2/year m2/MN kPa m2/year

1 200 0.7297 6.95 0.068 11  
2 400 0.7132 3.48 0.048 12  
3 800 0.6767 0.37 0.053 13  
4 1600 0.6325 0.36 0.033 14  
5 400 0.6814 0.07 0.025 15  
6 200 0.7112 0.33 0.089 16  
7 400 0.6955 0.58 0.046 17  
8 800 0.6632 0.47 0.048 18  
9 1600 0.6251 0.31 0.029 19  
10 3200 0.5639 0.47 0.024 20  

One-Dimensional Consolidation Test
BS 1377 : Part 5 : Clause 3 & 4 : 1990 Initials : kp

Date : 12/07/2010

2519

Test Report by  K4 SOILS LABORATORY Unit 8 Olds Close Olds Approach Watford WD18 9RU Sheet 2/2

Test Results relate only to the sample numbers shown above.    Approved Signatories:         K.Phaure (Tech.Mgr)             J.Phaure (Lab.Mgr)                                

All samples connected with this report ,incl any on 'hold' will be stored and disposed off according to Company policy.Acopy of this policy is available on request. 

Determination of the one-dimensional consolidation properties

Very stiff fissured dark grey CLAY
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Client name & address:     Samples Received 07/06/2010

REO (Powerstation) Ltd Project Started 06/08/2010

Project Name: Northern Line Extension Testing Started 23/06/2010

Project No: 10/2254 Our Job / report no:           9502a Date Reported: 12/07/2010
Sample description:                        Sample no/ type: U BH no: BH02

Depth (m): 17.50
Test   details
Depth within original sample                             m : 17.60 Orientation within original sample                         : Vertical

Specimen details Initial Final
Height                                                             mm : 19 16.1
Diameter                                                         mm : 75 -
Bulk density                                               Mg/m3 : 2.00 2.26
Moisture content                                              % : 28 23
Dry density                                                Mg/m3 : 1.56 1.84
Voids Ratio                                                           : 0.75 0.48
Degree of saturation                                        % : 103.2 -
Particle density                                          Mg/m3 : 2.73 -
Swelling pressure                                         kPa : 0 -
Consolidation Stage

Applied Voids Coefficient Coefficient Applied Voids Coefficient
Pressure Ratio of of Pressure Ratio of

Consolidation Compressibility Consolidation
kPa m2/year m2/MN kPa m2/year

1 200 0.7184 7.41 0.097 11  
2 400 0.6664 0.37 0.151 12  
3 800 0.6195 0.47 0.070 13  
4 1600 0.5625 0.74 0.044 14  
5 400 0.6170 0.43 0.029 15  
6 200 0.6485 0.38 0.098 16  
7 400 0.6301 0.35 0.056 17  
8 800 0.5967 0.34 0.051 18  
9 1600 0.5579 0.82 0.030 19  
10 3200 0.4843 0.84 0.030 20  

One-Dimensional Consolidation Test
BS 1377 : Part 5 : Clause 3 & 4 : 1990 Initials : kp

Date : 12/07/2010

2519

Test Report by  K4 SOILS LABORATORY Unit 8 Olds Close Olds Approach Watford WD18 9RU Sheet 2/2

Test Results relate only to the sample numbers shown above.    Approved Signatories:         K.Phaure (Tech.Mgr)             J.Phaure (Lab.Mgr)                                

All samples connected with this report ,incl any on 'hold' will be stored and disposed off according to Company policy.Acopy of this policy is available on request. 

Determination of the one-dimensional consolidation properties

Stiff fissured dark grey CLAY
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number
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number
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Client name & address:     Samples Received 07/06/2010

REO (Powerstation) Ltd Project Started 08/06/2010

Project Name: Northern Line Extension Testing Started 23/06/2010

Project No: 10/2254 Our Job / report no:           9502a Date Reported: 12/07/2010
Sample description:                        Sample no/ type: U BH no: BH03

Depth (m): 25.00
Test   details
Depth within original sample                             m : 25.10 Orientation within original sample                         : Vertical

Specimen details Initial Final
Height                                                             mm : 20 18.1
Diameter                                                         mm : 75 -
Bulk density                                               Mg/m3 : 2.03 2.20
Moisture content                                              % : 26 23
Dry density                                                Mg/m3 : 1.61 1.78
Voids Ratio                                                           : 0.68 0.52
Degree of saturation                                        % : 102.5 -
Particle density                                          Mg/m3 : 2.71 -
Swelling pressure                                         kPa : 0 -
Consolidation Stage

Applied Voids Coefficient Coefficient Applied Voids Coefficient
Pressure Ratio of of Pressure Ratio of

Consolidation Compressibility Consolidation
kPa m2/year m2/MN kPa m2/year

1 200 0.6481 9.91 0.091 11  
2 400 0.6365 2.53 0.035 12  
3 800 0.6125 0.51 0.037 13  
4 1600 0.5727 0.42 0.031 14  
5 400 0.6195 0.52 0.025 15  
6 200 0.6402 0.17 0.064 16  
7 400 0.6279 0.66 0.037 17  
8 800 0.6033 0.35 0.038 18  
9 1600 0.5702 0.27 0.026 19  
10 3200 0.5202 0.40 0.020 20  

One-Dimensional Consolidation Test
BS 1377 : Part 5 : Clause 3 & 4 : 1990 Initials : kp

Date : 12/07/2010

2519

Test Report by  K4 SOILS LABORATORY Unit 8 Olds Close Olds Approach Watford WD18 9RU Sheet 2/2

Test Results relate only to the sample numbers shown above.    Approved Signatories:         K.Phaure (Tech.Mgr)             J.Phaure (Lab.Mgr)                                

All samples connected with this report ,incl any on 'hold' will be stored and disposed off according to Company policy.Acopy of this policy is available on request. 

Determination of the one-dimensional consolidation properties

Stiff dark grey fissured CLAY
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Client name & address:     Samples Received 07/06/2010

REO (Powerstation) Ltd Project Started 08/06/2010

Project Name: NLE Testing Started 09/06/2010

Project No: 10/2254 Our Job / report no:           9502 Date Reported: 30/06/2010

Sample description:                     Sample no/ type: U BH no: BH04

Depth (m): 25.50

Test   details
Depth within original sample                             m : 25.60 Orientation within original sample                         : Vertical

Specimen details Initial Final

Height                                                             mm : 19 17.0

Diameter                                                         mm : 75 -

Bulk density                                               Mg/m3 : 2.02 2.23

Moisture content                                              % : 20 18

Dry density                                                Mg/m3 : 1.69 1.89

Voids Ratio                                                           : 0.59 0.42

Degree of saturation                                        % : 89.7 -

Particle density                                          Mg/m3 : 2.68 -

Swelling pressure                                         kPa : 0 -

Consolidation Stage
Applied Voids Coefficient Coefficient Applied Voids Coefficient

Pressure Ratio of of Pressure Ratio of

Consolidation Compressibility Consolidation

kPa m2/year m2/MN kPa m2/year

1 400 0.5415 17.27 0.077 11  

2 800 0.5151 1.83 0.043 12  

3 1600 0.4803 1.42 0.029 13  

4 3200 0.4257 1.34 0.023 14  

5 800 0.4553 1.09 0.009 15  

6 400 0.4721 0.47 0.029 16  

7 800 0.4620 1.36 0.017 17  

8 1600 0.4414 0.59 0.018 18  

9 3200 0.4195 1.30 0.010 19  

10  20  

One-Dimensional Consolidation Test
BS 1377 : Part 5 : Clause 3 & 4 : 1990 Initials : kp

Date : 30/06/2010

2519

Test Report by  K4 SOILS LABORATORY Unit 8 Olds Close Olds Approach Watford WD18 9RU Sheet 2/2

Test Results relate only to the sample numbers shown above.    Approved Signatories:         K.Phaure (Tech.Mgr)             J.Phaure (Lab.Mgr)                                

All samples connected with this report ,incl any on 'hold' will be stored and disposed off according to Company policy.Acopy of this policy is available on request. 
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Determination of the one-dimensional consolidation properties

Dark grey fissured CLAY
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Voids ratio vs Applied pressure
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Client name & address:     Samples Received 07/06/2010

REO (Powerstation) Ltd Project Started 08/06/2010

Project Name: NLE Testing Started 09/06/2010

Project No: 10/2254 Our Job / report no:           9502 Date Reported: 30/06/2010

Sample description:                     Sample no/ type: U BH no: BH05

Depth (m): 18.00

Test   details
Depth within original sample                             m : 18.10 Orientation within original sample                         : Vertical

Specimen details Initial Final

Height                                                             mm : 19 16.4

Diameter                                                         mm : 75 -

Bulk density                                               Mg/m3 : 2.06 2.33

Moisture content                                              % : 23 20

Dry density                                                Mg/m3 : 1.67 1.94

Voids Ratio                                                           : 0.60 0.37

Degree of saturation                                        % : 103.8 -

Particle density                                          Mg/m3 : 2.67 -

Swelling pressure                                         kPa : 0 -

Consolidation Stage
Applied Voids Coefficient Coefficient Applied Voids Coefficient

Pressure Ratio of of Pressure Ratio of

Consolidation Compressibility Consolidation

kPa m2/year m2/MN kPa m2/year

1 200 0.5625 9.80 0.107 11  

2 400 0.5414 0.90 0.067 12  

3 800 0.5019 0.86 0.064 13  

4 1600 0.4493 0.53 0.044 14  

5 400 0.4887 3.01 0.023 15  

6 200 0.5088 0.15 0.068 16  

7 400 0.4962 0.49 0.042 17  

8 800 0.4747 0.48 0.036 18  

9 1600 0.4419 0.52 0.028 19  

10 3200 0.3747 0.26 0.029 20  

One-Dimensional Consolidation Test
BS 1377 : Part 5 : Clause 3 & 4 : 1990 Initials : kp

Date : 30/06/2010

2519

Test Report by  K4 SOILS LABORATORY Unit 8 Olds Close Olds Approach Watford WD18 9RU Sheet 2/2

Test Results relate only to the sample numbers shown above.    Approved Signatories:         K.Phaure (Tech.Mgr)             J.Phaure (Lab.Mgr)                                

All samples connected with this report ,incl any on 'hold' will be stored and disposed off according to Company policy.Acopy of this policy is available on request. 
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Client name & address:     Samples Received 07/06/2010

REO (Powerstation) Ltd Project Started 08/06/2010

Project Name: NLE Testing Started 09/06/2010

Project No: 10/2254 Our Job / report no:           9502 Date Reported: 30/06/2010

Sample description:                     Sample no/ type: U BH no: BH07

Depth (m): 10.00

Test   details
Depth within original sample                             m : 10.10 Orientation within original sample                         : Vertical

Specimen details Initial Final

Height                                                             mm : 19 15.8

Diameter                                                         mm : 75 -

Bulk density                                               Mg/m3 : 1.93 2.24

Moisture content                                              % : 27 23

Dry density                                                Mg/m3 : 1.52 1.83

Voids Ratio                                                           : 0.79 0.49

Degree of saturation                                        % : 91.9 -

Particle density                                          Mg/m3 : 2.73 -

Swelling pressure                                         kPa : 0 -

Consolidation Stage
Applied Voids Coefficient Coefficient Applied Voids Coefficient

Pressure Ratio of of Pressure Ratio of

Consolidation Compressibility Consolidation

kPa m2/year m2/MN kPa m2/year

1 200 0.7436 17.31 0.141 11  

2 400 0.7053 1.48 0.110 12  

3 800 0.6466 0.71 0.086 13  

4 1600 0.5812 0.66 0.050 14  

5 400 0.6294 0.57 0.025 15  

6 200 0.6577 0.12 0.087 16  

7 400 0.6428 0.34 0.045 17  

8 800 0.6137 0.30 0.044 18  

9 1600 0.5731 0.44 0.031 19  

10 3200 0.4938 0.36 0.032 20  

One-Dimensional Consolidation Test
BS 1377 : Part 5 : Clause 3 & 4 : 1990 Initials : kp

Date : 30/06/2010

2519

Test Report by  K4 SOILS LABORATORY Unit 8 Olds Close Olds Approach Watford WD18 9RU Sheet 2/2

Test Results relate only to the sample numbers shown above.    Approved Signatories:         K.Phaure (Tech.Mgr)             J.Phaure (Lab.Mgr)                                

All samples connected with this report ,incl any on 'hold' will be stored and disposed off according to Company policy.Acopy of this policy is available on request. 
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Determination of the one-dimensional consolidation properties

Grey heavily fissured CLAY

Stage 
number

Stage 
number

Voids ratio vs Applied pressure
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Client name & address:     Samples Received 07/06/2010

REO (Powerstation) Ltd Project Started 08/06/2010

Project Name: NLE Testing Started 09/06/2010

Project No: 10/2254 Our Job / report no:           9502 Date Reported: 30/06/2010

Sample description:                     Sample no/ type: U BH no: BH07

Depth (m): 22.00

Test   details
Depth within original sample                             m : 22.10 Orientation within original sample                         : Vertical

Specimen details Initial Final

Height                                                             mm : 19 16.8

Diameter                                                         mm : 75 -

Bulk density                                               Mg/m3 : 1.98 2.21

Moisture content                                              % : 20 19

Dry density                                                Mg/m3 : 1.64 1.86

Voids Ratio                                                           : 0.64 0.45

Degree of saturation                                        % : 85.8 -

Particle density                                          Mg/m3 : 2.70 -

Swelling pressure                                         kPa : 0 -

Consolidation Stage
Applied Voids Coefficient Coefficient Applied Voids Coefficient

Pressure Ratio of of Pressure Ratio of

Consolidation Compressibility Consolidation

kPa m2/year m2/MN kPa m2/year

1 200 0.5953 17.28 0.149 11  

2 400 0.5744 5.96 0.066 12  

3 800 0.5458 1.17 0.045 13  

4 1600 0.5060 0.82 0.032 14  

5 400 0.5386 2.15 0.018 15  

6 200 0.5573 0.32 0.061 16  

7 400 0.5467 0.84 0.034 17  

8 800 0.5282 0.83 0.030 18  

9 1600 0.5038 0.61 0.020 19  

10 3200 0.4506 0.57 0.022 20  

One-Dimensional Consolidation Test
BS 1377 : Part 5 : Clause 3 & 4 : 1990 Initials : kp

Date : 30/06/2010

2519
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Test Results relate only to the sample numbers shown above.    Approved Signatories:         K.Phaure (Tech.Mgr)             J.Phaure (Lab.Mgr)                                

All samples connected with this report ,incl any on 'hold' will be stored and disposed off according to Company policy.Acopy of this policy is available on request. 
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Determination of the one-dimensional consolidation properties
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Client name & address:     Samples Received 07/06/2010

REO (Powerstation) Ltd Project Started 08/06/2010

Project Name: Northern Line Extension Testing Started 23/06/2010

Project No: 10/2254 Our Job / report no:           9502a Date Reported: 12/07/2010
Sample description:                        Sample no/ type: U BH no: BH08

Depth (m): 19.50
Test   details
Depth within original sample                             m : 19.60 Orientation within original sample                         : Vertical

Specimen details Initial Final
Height                                                             mm : 19 17.3
Diameter                                                         mm : 75 -
Bulk density                                               Mg/m3 : 2.05 2.22
Moisture content                                              % : 21 20
Dry density                                                Mg/m3 : 1.69 1.86
Voids Ratio                                                           : 0.59 0.45
Degree of saturation                                        % : 97.3 -
Particle density                                          Mg/m3 : 2.69 -
Swelling pressure                                         kPa : 0 -
Consolidation Stage

Applied Voids Coefficient Coefficient Applied Voids Coefficient
Pressure Ratio of of Pressure Ratio of

Consolidation Compressibility Consolidation
kPa m2/year m2/MN kPa m2/year

1 200 0.5669 12.32 0.080 11  
2 400 0.5501 2.40 0.053 12  
3 800 0.5231 1.84 0.044 13  
4 1600 0.4884 0.56 0.028 14  
5 400 0.5186 0.40 0.017 15  
6 200 0.5374 0.43 0.062 16  
7 400 0.5273 0.70 0.033 17  
8 800 0.5084 0.81 0.031 18  
9 1600 0.4858 0.79 0.019 19  
10 3200 0.4482 0.73 0.016 20  

One-Dimensional Consolidation Test
BS 1377 : Part 5 : Clause 3 & 4 : 1990 Initials : kp

Date : 12/07/2010

2519

Test Report by  K4 SOILS LABORATORY Unit 8 Olds Close Olds Approach Watford WD18 9RU Sheet 2/2

Test Results relate only to the sample numbers shown above.    Approved Signatories:         K.Phaure (Tech.Mgr)             J.Phaure (Lab.Mgr)                                

All samples connected with this report ,incl any on 'hold' will be stored and disposed off according to Company policy.Acopy of this policy is available on request. 

Determination of the one-dimensional consolidation properties

Very stiff dark grey silty CLAY

Stage 
number

Stage 
number
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Compressibility
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Approved by
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Client name & address:     Samples Received 07/06/2010

REO (Powerstation) Ltd Project Started 08/06/2010

Project Name: Northern Line Extension Testing Started 23/06/2010

Project No: 10/2254 Our Job / report no:           9502a Date Reported: 12/07/2010
Sample description:                        Sample no/ type: U BH no: BH09

Depth (m): 20.50
Test   details
Depth within original sample                             m : 20.60 Orientation within original sample                         : Vertical

Specimen details Initial Final
Height                                                             mm : 20 0.0
Diameter                                                         mm : 75 -
Bulk density                                               Mg/m3 : 2.00
Moisture content                                              % : 26 22
Dry density                                                Mg/m3 : 1.59
Voids Ratio                                                           : 0.72
Degree of saturation                                        % : 98.8 -
Particle density                                          Mg/m3 : 2.73 -
Swelling pressure                                         kPa : 0 -
Consolidation Stage

Applied Voids Coefficient Coefficient Applied Voids Coefficient
Pressure Ratio of of Pressure Ratio of

Consolidation Compressibility Consolidation
kPa m2/year m2/MN kPa m2/year

1 200 0.6854 43.53 0.099 11  
2 400 0.6728 3.65 0.037 12  
3 800 0.6381 1.86 0.052 13  
4 1600 0.5841 0.48 0.041 14  
5 400 0.6388 0.50 0.029 15  
6 200 0.6685 0.24 0.091 16  
7 400 0.6513 0.55 0.052 17  
8 800 0.6190 0.50 0.049 18  
9 1600 0.5786 0.35 0.031 19  
10 3200 0.5119 0.36 0.026 20  

One-Dimensional Consolidation Test
BS 1377 : Part 5 : Clause 3 & 4 : 1990 Initials : kp

Date : 12/07/2010

2519

Test Report by  K4 SOILS LABORATORY Unit 8 Olds Close Olds Approach Watford WD18 9RU Sheet 2/2

Test Results relate only to the sample numbers shown above.    Approved Signatories:         K.Phaure (Tech.Mgr)             J.Phaure (Lab.Mgr)                                

All samples connected with this report ,incl any on 'hold' will be stored and disposed off according to Company policy.Acopy of this policy is available on request. 

Determination of the one-dimensional consolidation properties

Very stiff fissured dark grey CLAY
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1017661BH01 23.5 1590 1100 7.7

1017662BH02 18.5-18.95 1200 908 8.0

1017663BH02 22.5-22.95 1650 943 7.5
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1017659BH10 9.5 1140 618 7.8
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Units : mg/kgmg/lpH Units
Method Codes : ICPACIDSICPWSSPHSOIL

Method Reporting Limits : 2010
UKAS Accredited : yesyesyes

La
bo

ra
to

ry
 ID

 N
um

be
r  
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L/

Client Sample Description

SO
4-

- (
ac

id
 s

ol
)

SO
4-

- (
H

2O
 s

ol
) m

g/
l

pH
 u

ni
ts

 (A
R

)

1015847BH04 28.5-28.95 2280 1810 7.5

1015848BH04 35.0-35.95 373 108 9.5

1015849BH05 15.0-15.45 1940 1070 7.6

1015850BH05 30.2-30.65 340 134 8.6

1015851BH06 28.65 355 102 9.2

1015852BH07 18.45 1870 973 6.5
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Executive Summary 

General 

Buro Happold Limited was requested by REO (Powerstation) (REO) to undertake a summary of the previous 

land contamination reports undertaken at the proposed Battersea Power Station site (hereafter referred to as 

‘the site’).  The summary contaminated land risk assessment and geotechnical assessment for the proposed 

development at Battersea is in support of the outline planning application.   

This report collates and summarises the methodologies, results, conclusions and recommendations of all the 

historic contaminated land reports at the Battersea Power Station site. The summary and review of the 

previous contaminated land risk assessments is the basis for the revised Generic Quantitative Risk 

Assessment (GQRA) presented in this report.  The GQRA is undertaken in general accordance with CLR11 (ref 

1).  

The objective of this report is to assess the identified potential risks to both human health and environmental 

receptors from contaminants identified within the Made and Natural Ground both during construction and for 

the finished site development in line with the current masterplan.  The summary comprises an updated 

contaminated land risk assessment, based on the reviewed data, for the proposed development. 

A preliminary quantitative risk assessment (ref 2) report has been recently undertaken for the adjacent 88 

Kirtling St site.  This report incorporates a preliminary quantitative risk assessment, based on a desk study, for 

the 88 Kirtling Site, therefore this area of the development has been excluded from this interpretative 

geoenvironmental summary report.    

Background 

The Battersea Power Station site is located in Battersea, London. The majority of the site is currently occupied 

with the derelict Battersea Power Station building.  The eastern portion of the site is occupied by REO 

(Powerstation) offices and Thames Water.  The site is surrounded by commercial and residential properties, 

and a gas works.  The northern boundary of the site is bounded by the river Thames.    

The proposed development will involve the redevelopment of land and buildings, including alterations to 

Battersea Power Station and the demolition of existing buildings and development of new buildings for a mix 

of uses including retail, leisure/open space, residential, business,  Energy Centre, Cinema, and 

community/civic areas. 

Ground conditions 

The site is underlain by Made Ground material of variable composition, generally described as clayey sandy 

gravel, but varying to a sandy gravely clay. The gravel and cobbles are composed of flint, brick and concrete, 
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with occasional ash, clinker, metal and timber. The Made Ground is underlain by Alluvium and River Terrace 

Deposits which in turn rest upon the London Clay Formation. There is the presence of a scour filled hollow 

within the near surface deposits within the footprint of the Power Station.  

Soil samples from Made Ground recorded average concentrations of cadmium exceeding residential screening 

criteria, and individual concentrations of naphthalene benzo(a)pyrene, arsenic, chromium, lead, mercury, nickel 

and total cyanide exceeding the residential screening criteria.  Occasional exceedences of 

commercial/industrial criteria were noted for benzo(a)pyrene and lead.  Soil contamination is generally 

restricted to the Made Ground.  The soil gas regime is characterised by slightly elevated concentrations of 

methane and carbon dioxide (although gas flow rates are generally low). 

Water quality 

Groundwater (minor aquifer) beneath the site is interpreted to flow north towards the River Thames and Central 

London.  The minor aquifer is separated from the underlying Major Aquifer by a relatively impermeable clay layer 

(London Clay Formation) and is influenced by tidal fluctuations. Groundwater (minor aquifer in River Terrace 

Deposits) recorded slightly elevated contamination concentrations, particularly ammoniacal nitrogen.  Water 

quality is likely to improve based on the proposed site use, as significant sources of contamination would be 

removed during the development. 

Risk assessment 

A Generic Quantitative Risk Assessment carried out on the basis of existing data indicates that there are 

potentially significant risks to human health and the environment under the currently existing conditions. The 

proposed development of the site will also give rise to some potential temporary, short term risks, most 

notably to controlled water (specifically the River Thames) and construction workers during its development.  

This is particularly relevant in the northern part of the site, adjacent the River Thames.  

In the long term, provided the proposed mitigation measures are appropriately constructed and the 

recommendations adopted, the risks to people and the environment related to the former industrial use of the 

site, can all be mitigated to acceptably low levels 

Proposed mitigation  

These potential risks to construction workers and adjacent site users during construction can be mitigated by 

means of an appropriately rigorous health and safety/hygiene regime.   

Potential risks to future site users from soil contamination in areas of soft landscaping can be mitigated by the 

placement of a capping layer of clean-fill of sufficient thickness. 

� Remaining hydrocarbon hotspots identified as part of the risk assessment are located within the 

proposed basement footprint and will therefore be removed as part of the standard building design.  
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These areas of hydrocarbon contamination are likely to require selective excavation followed by 

remediation/off-site disposal to hazardous landfill. 

� Stockpiling of grossly contaminated soils should be avoided if possible and where necessary, stockpiles 

should be covered when not in use.  All hazardous/non-hazardous soils requiring off-site disposal will 

require pre-treatment prior to disposal to landfill.  The waste classification of the soils requiring off-site 

disposal will be confirmed with the earthworks contractor. 

� Buildings (included service trenches) in those areas where Made Ground is to remain should be 

provided with specific protection measures (as per CS2). The proposed redevelopment included deep 

basements, up to two storeys below ground level, being employed for storage and/or car parking. Below 

ground car parks will require venting measure to prevent accumulation of carbon monoxide and other 

harmful gases from exhaust emissions. These venting measures should be adequate in most cases to 

prevent any accumulation of ground gases. Although the permanent forced ventilation of the deep car 

parks should be sufficient to reduce risks in the main ventilated areas to acceptable levels it is important 

that any enclosed spaces (e.g. switch gear rooms) are permanently ventilated, service entries are sealed, 

and that drainage cavities in the peripheral walls are ventilated. 

In addition to these measures the following further investigations are scheduled to be undertaken post-

planning: 

� The risks and possible mitigation measures regarding the likelihood of piling to cause contamination in 

the major aquifer will be discussed further once piling specifications are determined.  These risks will be 

explored in a foundations works risk assessment in due course; 

� If unforeseen significant contamination is encountered during the enabling works further 

characterisation, risk assessment and/or remedial works may be required in accordance with the Model 

Procedures for the management of land contamination, 2004, CLR11 (ref.1); 

� An Construction phase Environmental Management Plan (CEMP) should be prepared and agreed with 

the regulatory authorities prior to commencement of the enabling works; 

� Further ground investigation is required prior to construction work following consultations with remedial 

contractors and potential exempt sites. This ground investigation will provide more detail for waste 

characterisation and allow approximately delineation of contaminated ‘hotspot’ areas; and 

� Provision is made for a Verification Report following remediation.  This Report will be prepared in general 

accordance with the Model Procedures for the management of land contamination, 2004, CLR11 (ref.1).  

It will need to take into account both the amount of data that will be obtained over the course of the 

work, but also the longevity of the work programme. 
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1 Introduction 

Buro Happold Limited was requested by REO Powerstation (REO) to undertake a summary of the previous 

land contamination reports undertaken at the proposed Battersea Power Station site (hereafter referred to as 

‘the site’).  The summary contaminated land risk assessment and geotechnical assessment for the proposed 

development at Battersea is in support of the detailed planning application.   The site location plan is shown on 

Figure 1, and the current site layout is shown on Figure 2. 

This report collates and summarises the methodologies, results, conclusions and recommendations of all the 

historic contaminated land reports at the site. The summary and review of the previous contaminated land risk 

assessments is the basis for the revised generic quantitative risk assessment (GQRA) presented in this report.  

The GQRA is undertaken in general accordance with CLR11-‘Model Procedures for the Management of Land 

Contamination’, Environmental Agency (UK), September 2004 (ref 1).   

The objective of this report is to assess the identified potential risks to both human health and environmental 

receptors, including controlled waters, from contaminants identified within the Made and Natural Ground both 

during construction and for the finished site development in line with current masterplan.  The summary comprises 

an updated contaminated land risk assessment, based on the reviewed data, for the proposed development. 

This report should be read in conjunction with the following two documents: 

� Phase 1 Preliminary Quantitative Risk Assessment (ref 2) report for 88 Kirtling St site (ref 2).  This report 

incorporates a preliminary quantitative risk assessment, based on a desk study, for the 88 Kirtling Site, 

therefore this area of the development has been excluded from this interpretative geoenvironmental 

summary report; and    

� Spoil Management Plan (ref 3).  This report details excavation volumes and waste management issues. 

It should be noted that the scope and design of this report has been based upon the known history of the site, 

the results of previous studies and investigations and on the development plan.  On this basis the spacing of 

the exploratory holes and the sampling and analysis plan for this investigation is considered to have provided a 

reasonable level of certainty relating to the ground conditions. However it is important to recognise that 

contamination can be both widespread and relatively localised, depending upon its source and nature etc.  No 

investigation, however comprehensive can be expected to determine absolutely the nature and extent of all the 

contamination which could be present on any site.  There will always be an element of uncertainty about the 

ground conditions including contamination.  This potential for currently undetected contamination to be 

present must therefore be taken into account in consideration of future development activities, for example, in 

the design of the remedial strategy, the health and safety planning, the financial planning and financial risk 

management and in the implementation of the below ground works during construction 
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1.1 Proposed Development 

The proposed development will involve the redevelopment of land and buildings, including alterations to 

Battersea Power Station and the demolition of existing buildings and development of new buildings for a mix 

of uses including: 

� Retail; 

� Leisure/Open Space; 

� Residential; 

� Business; 

� Nursery; 

� Energy Centre; 

� Accommodation (Hotel); and 

� Community/Civic facilities. 

The Development will comprise a number of standalone and linked buildings, the existing Battersea Power 

Station will be renovated and utilised for residential and retail use(s).   

Access to the site will be improved, particularly along Battersea Park Road and will include public transport 

facilities (such as a bus depot and underground tube station in the southern portion of the site). 

Areas adjacent the river will be re-landscaped and used as public open space. An energy centre will be 

constructed in the northern portion of the site and will provide majority of the energy for the proposed 

development.  Although not part of the current planning application, an underground tube station is proposed 

in the south-western corner of the site.  

Enabling works include extensive basement excavation across the site to enable construction of sub-

basement car parking facilities.  Proposed masterplan diagrams are shown in Figures 3 and 4. 

1.2 Proposed Development Schedule 

The construction phase plan (ref 4) indicates that site establishment are scheduled to begin in the start of 

2011.  This will be followed by renovation works within the Power Station building and the construction of the 

energy centre (in mid 2012) and residential buildings in 2014 to 2019, followed by construction of the 

underground station and landscaping areas from 2013.   The site is scheduled for completion by 2024. 



 

Battersea Power Station  Revision 00 
Geoenvironmental Interpretative Summary Report  July 2009 
Copyright © Buro Happold Limited  Page 13 of 84 

Buro Happold 

2 Site Description 

The site is located at Battersea, London at the approximate National Grid Reference TQ 290 775 (Figure 1) and 

occupies an area of about 3 ha.  The layout of the site is presented in Figure 2.    

2.1 Main Power Station Site 

Most of the ground around the outside of the Power Station comprises tarmac, concrete hard standing and 

exposed Made Ground. There are some above ground heaps of soil-materials.  Many of the structures that 

once surrounded the main Power Station building have been removed, but their foundations and/or below 

surface structures remain intact in places.  Some of the structures associated with the Power Station are still 

present or have obvious physical expression at the current ground surface e.g. the coal bunker perimeter to 

the north of the Power Station and access shafts associated with the cooling water tunnels. 

For the most part, the site outside of the main Power Station building comprises tarmac, concrete 

hardstanding and exposed Made Ground where haulage and access roads have been trafficked. Many of the 

structures that once surrounded the main Power Station building have been removed, but their foundations 

and/or below surface structures remain intact in places. Some of the structures associated with the Power 

Station are still present or have obvious physical expression at the current ground surface, e.g. the coal bunker 

perimeter to the north of the Power Station and access shafts associated with the cooling water tunnels. 

The river wall is a mass concrete gravity retaining type structure. A separate condition survey was conducted 

by Buro Happold Ltd’s Infrastructure, Transport and Environment departments in July 2002 (ref 4). The wall 

was found to be in generally good condition with localised deformations or structural defects, none of which 

were thought to affect the overall structural integrity of the wall.  

Prior to the most recent site investigations conducted by Buro Happold Ltd in 2004, many of the structures 

associated with Great Western Railway and Thames Water had been demolished either in part or totally. Only 

listed buildings and those reused by REO Powerstation are present. 

Ground levels outside the main Power Station building are between + 4.5m OD and + 5.2m OD.  The current 

working level within the Boiler House of Battersea Power Station is about 0.0m OD. 

2.2 28 Kirtling Street 

28 Kirtling Street is located on the eastern edge of the site, and is a rectangular lot that currently comprises 

Tarmacadam hardstanding (placed in late 2008) and leased to Thames Water for storage purposes.  The site is 

separated from the main power station site by Kirtling Street. 
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2.3 2 Battersea Park Road 

The site at 2 Battersea Park Road is located to the southeast of the main power station site at the intersection 

of Kirtling Street and Battersea Park Road (grid reference 529302, 177473). The site is roughly triangular in 

shape and up until recently was used as a fuel station by Esso. 
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3 Historical Land Use 

The history of the Power Station Site, 28 Kirtling Street and 2 Battersea Park Road has been determined using 

previous desk study information (ref 5 and ref 6).   Relevant site history information sourced from these reports 

is summarised below.  Locations of former structures are shown in Figure 5.  

3.1 Pre Power Station Era 

The earliest map (1746) depicts the site as an open expanse of land labelled as ‘Battersea Common Field’ 

(most of the surrounding land is shown as fallow or farmland); 

An outbreak of cholera in 1832 saw the ‘Clean Water Directive’ created and the Vauxhall and Southwark.  

Water companies both coming under scrutiny for the particularly poor quality of the water they supplied. This 

resulted in the development of the northern part of the site as a water supply and treatment works from about 

1845 on (primarily a series of water storage reservoirs and filtering beds).  The southern half of the Battersea 

site at this time was occupied by market gardens. The western boundary was formed by the railway that feeds 

into Battersea Park Station and across Victoria Bridge into the Victoria Rail Terminus. 

Two “town” gasworks existed in the Battersea area from 1862, one approximately 400m to the east and one 

immediately to the south-west of the site (this site is currently used for gas storage in multi-stage gasometers).  

The water treatment works were upgraded and expansion of the water treatment works was conducted in 

1869, the Market Gardens giving way to two new filter beds.  

The land around the gasworks to the south-west was used as a ballooning ground and a number of small 

aeronautical engineering companies that displayed their wares on these grounds had their premises in the 

arches underneath the railway bridge along the western site boundary.  The map dated 1894 shows the final 

development of the water treatment works (one large reservoir is shown to occupy the entire southern 

boundary of the Battersea site);   

By 1916 railway lines and goods sheds had replaced the water treatment works.  The railway land remained 

operational until the early 1960s. By 1916 the water works reduced in size with the filter bed to the north and 

north-west of the site shown as marsh. Another filter bed on the western boundary and half the largest central 

reservoir are marked as disused. Rails and buildings owned by the Great Western Railway then covered the 

southern half of the Battersea site with numerous lines branching off the main line that continues into the 

Victoria terminus across the river. A number of weighing points and small buildings are shown located around 

a larger rectangular building marked as being the ‘South Lambeth Goods Depot’.
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3.2 Power Station Era 

The construction of the coal-fired power station took place in two phases splitting the one giant building into 

two north-south oriented halves dubbed Station ‘A’ & ‘B’. The westernmost Station ‘A’ was designed to form 

exactly one half of the proposed station and consisted of (from west to east) switch room ‘A’, turbine hall ‘A’ 

and half of the central boiler house (boiler house ‘A’) with one chimney at either end of the boiler house. Power 

Station ‘B’ would more or less mirror Station construction of Battersea ‘A’ began in 1929 and was completed 

in 1933.  

The jetty was built in four sections, each section at a time being built inside a cofferdam. Large pad 

foundations were constructed for the main jetty piers and were situated 3.0 to 3.5m into the London Clay 

Formation (approx. –4.27mOD). The coaling jetty carried two large Stothert & Pitt cranes (still present) which 

unloaded the coal, brought by barges, onto conveyor belts where it could be transferred between a series of 

towers and other conveyors to either the coal bunker or directly into hoppers within the Power Station itself. 

Two cooling water intake/outlet chambers were also constructed within the jetty; one at the west end between 

the main jetty structure and a dolphin, the other in the centre. Together they account for a fifth of the jetty’s 

total length. The intake chamber in the centre of the jetty connected to a 4m external diameter culvert with a 

crown level rising from –10.3mOD at the junction with the chamber to –8.2mOD at the suction chamber in the 

Power Station. The outlet chamber was connected to an outlet culvert approximately 6m in diameter 

(externally) with a crown level of –5.5mOD at the outlet chamber, rising to –5.0mOD as it joined with shaft B (to 

the west of the north-west corner of Power Station A). From shaft B the outlet culvert continued at a slope of 1 

in 150m into turbine hall A where it joined with shaft A underneath one of the giant turbo-alternators. 

The cable tunnels that run through both Station A and B are 3m square box tunnels with cable racks on both 

sidewalls internally. These cable tunnels form an almost complete ring inside the Power Station with two 

branches going outside beyond the footprint of the Power Station, one branch south-east and the other 

heading north. The branch that heads north does so from a junction that is on the centre line of Power Station 

A and B at the north end of the boiler halls. Once this branch passes under the jetty it continues north until it 

gets roughly half way across the Thames where it turns to form an arc heading west 90��and terminates at a 

manhole under Grosvenor Road on the north bank. The other branch leaves the Power Station from the south-

east corner where it heads east to the site of the former Central Electricity Board’s transformer station. Before 

the cable tunnel reaches the transformer station it splits forming a Y-shape where one leg goes to the 

transformer station and the other follows the main access road of the site until it leaves the site and enters 

Kirtling Street. A basement pump-house room was located in the north-western corner of the Power Station 

building. Locations of existing cable tunnels are shown on Figure 6.   The room was used for storage of oils 

(such as lubricants) within sumps and tanks, all of which was removed in the late 1980’s.  Minor seepage of 

groundwater occurred in the basement, during which one of the pumps would automatically pump the water 

out into the river (ref 7).   
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A number of ancillary buildings and structures also built at the same time as Station A. These included: sludge 

filtering plant to the west, ash sumps and handling plant immediately to the south, workshops building east of 

the power station building and a number of smaller buildings such as a canteen adjacent to the south-west 

corner of the main Power Station building. Two north-south trending oil drains were each located on the 

eastern and western side of the Power Station building.  These drains were installed to receive oil leakages 

from power station equipment (such as pumps, capacitors and turbines).  The drains led into underground oil 

sumps, located along the southwest and northeast corners of the Powerstation exterior wall.  It is noted that 

the northeast oil sump was not observed during a recent (2008) site visit.  

During its working life the whole of the Power Station was circled by railway tracks that were used to bring coal 

in by train to supplement the stock brought in by Thames barges and to take away ash and other waste 

products. 

Battersea ‘B’ was constructed between 1937 and 1953, the construction works being interrupted by World 

War II.  The southeast corner of Power Station “A” was bombed during this time.   

Battersea Power Station “A” and “B” were decommissioned in 1975 and 1983, respectively. The main Power 

Station buildings were given a Grade II listed building status in October 1980.

3.3 Post Power Station Decommissioning 

Attempts were made by a previous owner in the 1980s to redevelop the Power Station building but this failed 

in the early 1990s due to a lack of capital. During this period the Boiler Halls were almost completed stripped, 

including the removal of some of the structural steelwork. 

Remnant buildings associated with the Railway Land and Water Treatment industries (sited in the western and 

eastern parts of the site respectively) were demolished in 2002.  

The coal store bunker north of the Power Station the bunker was emptied during decommissioning and 

backfilled with a variety of materials of unknown provenance. 

The Power Station was bombed during WWII but a separate munitions survey in 2002 (ref 8) concluded that 

the risk from encountering unexploded munitions during construction, and to the completed development 

including the Jetty, was low. 

Restoration works have recently been undertaken on the main Battersea power station building. 

3.4 28 Kirtling Street  

28 Kirtling Street was used as an engineering works in the late 19th and early 20th centuries.  The specific 

purpose of the works is unknown.  An ordinance survey plan from this era detailed the presence of two tanks 

within the site boundary.  An electrical substation was located in the north-eastern portion of the site from at 

least 1961 until circa 2006.   
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Surrounding historical land-uses included gasworks to the east and west, town baths to the east, paint works 

to the north, landfilling and cement works to the north west, Battersea Power Station to the west and garages 

to the south.  

3.5 2 Battersea Park Road 

The site at 2 Battersea Park Road remained undeveloped until circa 1916 when it was utilised as part of a 

garage based on Kirtling Street immediately to the northwest. Bedfore this, the area has been almost always 

associated with the transportation network, firstly in circa 1975 when it was associated with a Transport Depot 

located to the northwest, and more recently as an Esso fuel station; which has now been decomissioned. 

Surrounding historical land-uses circa 1916 included the South Lambeth Goods Depot to the west, as well as 

public baths and an electrical substation. In circa 1975 a Transport Depot and a car park were located to the 

north and northwest of the site and post 1991 to the present, the site is surrounded by Brooks Court to the 

northwest and unspecified works, depots and an electrical substation to the north. 

3.6 Other Information 

Council planning records were viewed on the Council website (www.wandsworth.gov.uk) on 11 September 

2008.  The on-line planning history containing planning files from 1986.   

Based on a review of council planning files, an application was submitted for the site in 2001 for the erection of 

a five storey building on the site.  The proposed building was comprised of offices, including an information 

centre for the former Battersea Power Station development plan.  Subsequent applications related to changes 

to the proposed development;  i.e. the removal of a condition relating to the requirement of an archaeological 

assessment on-site, and a renewal application in 2006 for the erection of a five storey building.  The latest 

2006 submission granted approval for the construction of the building, with the condition that the construction 

should commence within three years (i.e. June 2009). 

No mention of remedial works was made in the council record, furthermore, Council online records do not 

mention any planning restrictions or conditions relating to contaminated land. 
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4 Previous Investigations 

A number of ground investigations for geoenvironmental purposes have been undertaken at the site.  The 

locations of the exploratory holes detailed in the reports listed below are shown on Figure 7.  The Buro 

Happold 2002 and 2006 reports (refs 9 & 10, respectively) relate to a previous masterplan (as discussed in the 

reports).  The extent of the basement in the current masterplan (see Figure 3A) is slightly larger in lateral extent 

(notably incorporating 28 Kirtling Street and the coal bunker area) than the previous masterplan presented in 

the reports.  

The reports carried out at the site that have been reviewed as part of this study are as follows: 

� Site Investigation for Battersea Power Station (Soil Mechanics 1988, ref 11).  Drilling of 16 boreholes 

to depths ranging between 4-28.5m begl, with limited contamination.  This factual report was 

incorporated into an interpretative report (Report on Ground Contamination, Allot and Lomax, April 

1996, ref 7); 

� Geotechnical and Environmental Investigation (LBH Geotechnical and Environmental, July 1993 Ref 

12), undertaken at 28 Kirtling Street Included four boreholes to depths ranging between 10-20m below 

existing ground level (begl), four trial pits excavated, two gas standpipes installed (in Made Ground and 

River Terrace Deposits) , limited soil samples and one round of gas monitoring undertaken;  

� Archaeological and Geotechnical Desk Study, Battersea Power Station Site (Ove Arup & Partners, 

September 1997, ref 5).  Historical desk study (from a ground contamination perspective) on the main 

Battersea Power Station Site; 

� Factual Report on Phase One and Two Contamination Ground Investigation (Foundation and 

Exploration Services (FES), December 1997, Ref 13). Undertaken across the main power station site.  

Included 16 boreholes to depths ranging between 4m and 30m begl, 37 trial pits excavated, nine 

groundwater samples collected, seven gas standpipes within Made Ground, contamination soil 

sampling and two rounds of gas/groundwater monitoring.  This factual report was incorporated into 

‘Battersea power Station Ground Investigation Report, (Ove Arup & partners, December 1997 ref 14); 

� Geotechnical and Contamination Statement, Battersea Power Station 28 Kirtling Street.  (Buro 

Happold Ltd, January 2001, ref 6). Summarises previous historical desk studies for 28 Kirtling Street.  

The report incorporates a ground investigation (undertaken by Norwest Holst in 2000), which included 

the drilling of two boreholes, subsequent ground gas and groundwater monitoring, several trial pits, and 

soil sampling for contamination purposes; 
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� Ground Investigation at Battersea Power Station, Geotechnical and Geoenvironmental Factual 

Report. (Geotechnics Ltd, August 2002, ref 15).Factual ground investigation consisting of 51 boreholes 

(drilled to depths between 0.4m to 50mbgl), four drill holes (to depths ranging between 46m and 75m 

begl), 96 trial pits, and subsequent sampling/monitoring for soil, groundwater and ground gas. This 

information was incorporated into the ‘Desk Study and Contamination Interpretative Report’ (Buro 

Happold Ltd, January 2003, ref 19);  

� Report on Spoil Volumes and Spoil Management Strategy, Battersea Power Station Site.  (Rev 2, 

Buro Happold Ltd, October 2004 ref 16).  This report details spoil excavation volumes based on the 

previous owner’s masterplan, classifies soil for off-site disposal, and outlines spoil management issues 

to be considered. The former masterplan does not incorporate 88 Kirtling St or 28 Kirtling St. 

� Geotechnical Ground Investigation Factual report, Battersea Power Station.  (Fugro Engineering 

services, formerly Foundation and Exploration Services (FES) Ref 17).  Investigation consisted of drilling 

91 boreholes (to depths ranging between 4m to 75mbgl), 120 trial pits, groundwater and ground gas 

monitoring, and soil sampling and analysis.  The results were incorporated in the ‘Further 

Contamination Assessment following the 2004 Ground Investigation’ report (Rev 2, Buro Happold 

Ltd, and February 2006. Ref 10); and 

� Contaminated Land preliminary Risk Assessment, 88 Kirtling Street. (Buro Happold Ltd, December 

2008, ref 2).  Details site history information for 88 Kirtling St, primarily sourced from a Groundsure 

report for the site (ref 18), which also incorporated 28 Kirtling St and the main Powerstation Site.  

Includes a preliminary risk assessment based on the potential sources.  It is noted that as there are no 

existing contamination or intrusive investigations/reports (as far as Buro Happold Ltd is aware) for 88 

Kirtling Street, any contamination issues (including site history and description) relating to this site is 

included solely in the preliminary risk assessment report.   

NB: This following assessment is based on contamination data obtained during historic ground investigations 

and as such the contamination assessment is based on superseded guideline values for soil, groundwater and 

ground gas. Previous soil and groundwater contamination data from the 2001 (ref 6), 2003 (ref 19) and 2004 

(ref 9 and 10) ground investigations has been used in this report.  Inorganic data for soils and groundwater 

from the 1997 (ref 5)  ground investigation has also been used, however organic data prior to 2000 has not 

been used due to the age of the data and likelihood of natural attenuation of the organic determinands.  The 

following sections summarise the findings of the reports and attempt to update these findings based on the 

most recent guidance/assessment criteria.   
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4.1 Investigation in 1997 (Ove Arup & Partners) 

One of the main objectives of this investigation was “To provide quantitative information on the type, severity 

and general extent of contamination of the overlying Made Ground and underlying groundwater, sufficient for 

an appropriate and cost effective remediation strategy to be developed.” 

The emphasis of contamination soil sample collection was placed on the 37 trial pits. Gas and/or groundwater 

monitoring standpipes were also installed in all 17 boreholes. The testing suite employed by Arup for soils was 

as follows: 

� Phytotoxic (toxic to plants) metals: copper, nickel, zinc and boron (water soluble); 

� Zootoxic (toxic to humans and animals) metals: arsenic, cadmium, chromium, lead, mercury; and 

� Other determinands: pH, sulphate (total), cyanide (total), Toluene Extractable Matter (TEM). 

Any samples containing large amounts of rubble were tested for the presence of asbestos fibres.  A second 

round of testing on soil samples was carried out according to the following triggers:  If TEM concentration 

exceeded 1000mg/kg the sample was tested for PAHs and mineral oils.  If total cyanide concentration 

exceeded 25mg/lg then the sample was tested for free cyanide, complex cyanide and thiocyanate. 

Water samples collected from borehole installations during monitoring visits were tested for: 

� Metals: arsenic, boron, cadmium, chromium, copper, lead, mercury, nickel, selenium and zinc; 

� Organics: phenols, polycyclic aromatic hydrocarbons (PAHs), mineral oils, polychlorinated biphenyls 

(PCBs)  and Volatile Organic Compounds (VOCs); and 

� Other determinands: sulphate, cyanide and chloride, Chemical Oxygen Demand (COD) and Biological 

Oxygen Demand (BOD). 

Gases measurements taken in-situ during monitoring visits consisted of: 

� Methane, Carbon Dioxide and Oxygen; 

� Atmospheric and gas pressure; and 

� Gas flow rates. 

Arup targeted the Made Ground for their contamination sampling. In particular any samples that displayed 

large volumes of ash (to give their ‘worst case scenario’) or displayed any obvious hydrocarbon contamination 

were selected for analysis. Arup also noted the possibility of PCBs being abundant around transformer bay 

areas and selected samples taken from these areas for PCB testing. 

Only trial pit TP55 is mentioned as having any obvious signs of contamination present. This trial pit was 

situated in front of the retained building on an area next to the main power station site entrance. The log for 
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this exploratory hole noted a hydrocarbon odour to emanate from the Made Ground.  The odour increased in 

intensity once in the Alluvium and then increased once again in the River Terrace Deposits. The Arup report 

later states that “the results failed to indicate a significant degree of contamination at this location.  It is 

possible that the volatile fraction causing the odour may have been lost during the excavation process of the 

trial pit. 

The Arup contamination assessment of the site concluded that past uses of the site have not resulted in 

contamination of the ground or groundwater of a severity that will require local or site-wide remediation in 

advance of the building contracts. The report further indicated that the general level of contamination is below 

levels that require specific treatment or off-site disposal, for the type of end use planned.” It then added “…the 

general visual appraisal of the materials (Made Ground) as typical inert fill and sandy backfill. There was no 

evidence of domestic refuse or hazardous industrial waste having been deposited as backfill in the former 

water treatment reservoirs and filtering beds” It should be noted however that plastics, paper and “refuse” 

were noted as being used as backfill to the coal bunker. 

It is noted that recent statutory guidelines were not in place during the Arup/FES 1997 investigation.  

Additionally, the Arup report does not provide information on to what analysis methods were used in the 

analytical laboratory.  Whilst the Arup gas results are mentioned in further Sections, the soil and groundwater 

data (particularly for organics) would be subject to significant variation due to possible analysis method 

changes and natural attenuation.  The Arup 1997 laboratory results have not been included in interpretative 

sections of this report.  

4.2 Investigation in 2002 (Buro Happold) 

The report prepared by Buro Happold Ltd in January 2003 (ref 19) presented the results of a desk study, 

ground investigation and contamination assessment. Prior to preparation of the report Buro Happold carried 

out the following: 

� a desk study; 

� developed a preliminary conceptual model (PCM) and preliminary risk assessment (PRA) based on the 

desk study information; 

� designed a ground investigation (GI) based on the PCM and PRA; 

� used the results of the GI to refine the conceptual model and to prepare risks assessments for three 

scenarios: 

� current conditions (receptors as in the Preliminary Conceptual Model); 

� during construction – including short term risks to construction workers, occupiers and users 

of neighbouring properties, and the water environment; and 
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� following completion of development – including long term risks to occupants and users of 

the site and neighbouring properties and other receptors, and short-term risks to future 

maintenance workers. 

The report made recommendations regarding remedial and protective measures, and management of the 

construction process so as to eliminate or reduce any identified significant risks to acceptable levels. 

The study area for the desk study was the Power Station Site with further consideration of surrounding 

industries and land uses within approximately 250 metres of the site. The sources of desk study information 

(including Envirocheck report, historical mapping, previous reports and Environmental Agency information) are 

mentioned in the report). 

The findings of the desk study were used to develop the scope and extent of ground investigation, which was 

based on the conceptual model derived from the desk study and the proposed form of the previous 

development, including the proposed layout of the buildings and anticipated depths of excavation on various 

parts of the main Power Station Site. 

The GI works (undertaken in mid 2002) were both targeted and non-targeted. The targeted investigation re-

examined ‘hotspots’ (i.e. areas where concentrations of one or more contaminants were above those in 

surrounding areas) noted in previous investigations and the non-targeted investigation provided a sample grid 

spacing commensurate with the conceptual model. The locations determined for sample testing were selected 

to give a maximum spread across the Power Station Site and the different soil strata taking into account the 

coverage provided by previous investigations.  The investigation was also designed to identify the nature of 

any materials encountered that were identified as potential contaminants of soil or groundwater.   

The GI involved the excavation of machine dug trial pits and cable percussion boreholes. Representative soil 

and groundwater samples were taken for laboratory analysis.  

The coal bunker was found to have water resting at approximately the same level as the water table outside 

the bunker, i.e. approx. 2.5 and 3.5mbgl. Borehole BH901 and other historical boreholes have penetrated the 

bunker floor and therefore it is reasonable to assume that the coal bunker is no longer structurally intact 

against the ingress/egress of groundwater. Water samples collected from the nearby borehole BH902A and 

tested as part of the gas and groundwater monitoring process have revealed no elevated levels of the 

contaminants present in the backfill in the coal bunker. 

The analytical suites employed in the sample analysis included a standard list of contaminants identified in 

industry recognised guidelines, and provision for samples to be tested for specific potential contaminants 

identified at the desk study stage, including PCBs (polychlorinated biphenyls), mineral oils and solvents.   
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Soil samples obviously contaminated with hydrocarbons were subjected to additional contaminant-specific 

tests. A proportion of assumed uncontaminated natural soil samples were tested to provide ‘background’ 

concentrations. 

4.3 Investigation in 2004 (Buro Happold) 

The further investigations carried out in 2004 was intended to provide better definition on the full extent of the 

identified hotspots.  The further investigations were also intended to:  

� close the spacing on existing sampling points within areas of proposed excavation to refine existing 

assumptions regarding the distribution of hazardous and non-hazardous materials; and identify their re-

use potential in proposed landscape areas (if required); 

� provide further information on the ground gas regime; 

� provide further information on groundwater quality; and 

� provide supporting information for a Spoil Management Strategy for the site. 

The 2004 investigation used a wider test suite than the 2002 work, and some of the less reliable tests such as 

screening tests for oils and PAHs were dropped in favour of more accurate tests such as Diesel Range 

Organics (DRO) and determination of speciated PAHs by GC-MS(16 USEPA). Testing for PRO and BTEX 

(petrol range organics, benzene, toluene, ethyl benzene or xylene) was considered. However, there was no 

visual or olfactory evidence noted during field observations suggesting that volatile contamination might be 

present; and subsequent diesel range organics (DRO) testing confirmed that the majority of the hydrocarbon 

contamination comprised heavier-end compounds. In addition to testing of the soils for 'total' contaminants, 

selected soil samples were tested for leachable contaminants in accordance with the CEN standard leaching 

test, and “Waste Acceptance Criteria” (WAC). A larger number of samples were analysed using the 

Environment Agency standard (NRA-style) leaching procedure to give indicative data.  It should be noted that 

the NRA (National Rivers Agency – now defunct) testing method has been superseded by BSEN 12457-2 one 

stage leaching test.   

4.4 Addendums to 2004 Investigation (2006) 

The 2006 addendum to the 2004 Investigation responded to the planning queries received from Wandsworth 

Borough Council regarding the previous 2004 Buro Happold Report (ref 19). The query centred on a strip of 

land that was previously marked for residential development, and required the addendum to compare the data 

with residential guideline criteria. The addendum compared data in this area to ‘residential without plant 

uptake’ and concluded that findings did not indicate any significant difference from existing conclusions. 
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5 Ground Conditions 

Ground Conditions information has been primarily sourced from the 2001 and 2002 Buro Happold Ltd reports 

(refs 6 and 9, respectively), and Envirocheck Report (ref 20), and is summarised below., and a geological cross 

section across the site is included in Figure 4. 

5.1 Geology 

The geological map records Recent Alluvium (over the northern part of the site), underlain by River Terrace 

Deposits which in turn rest upon the London Clay Formation. The map highlights the presence of a scour filled 

hollow within the near surface deposits within the footprint of the Power Station. Other scour filled hollows are 

shown in surrounding areas. Beneath the London Clay Formation the geology comprises in descending order 

the Lambeth Group, Thanet Sands and Upper Chalk deposits. Site specific geological information based on 

the findings of the 2002 and 2004 ground investigations is summarised in Table 3.1. 

Table 5.1:  Typical strata sequence, elevations and thickness 

 

Strata 

Range of elevation of 
top of strata where 
encountered, 
(average) 

(m A.O.D) 

Range of 
thickness where 
encountered, 
(average) 

(m) 

General Soil Description 

Made 
Ground 3.1 to 5.3 (4.1) 0.5 to 4.9 (2.9) 

Variable composition, generally described as 
clayey sandy gravel, but varying to a sandy 
gravely clay. The gravel and cobbles were 
composed of flint, brick and concrete, with 
occasional ash, clinker, metal and timber. 
Concrete obstructions were noted at several 
exploratory locations 

Alluvium 3.0 to –2.2 (0.5) 0.5 to 5.2 (2.1) Very soft to soft clays of high plasticity. Notable 
peat bands. 

River 
Terrace 
Deposits 

3.0 to –3.9 (-0.4) 2.6 to 7.0 (4.6) 
Medium dense sand and gravel 

(Note comments on scour feature below) 

London Clay 
Formation 

-3.1 to –7.0 (-5.2) 30.4 to 37.0 
(33.7) 

Firm becoming stiff clay, with local sand bands 

Lambeth 
Group 

-37.0 to –41.6 (-
38.5) 

16.5 to 18.9 
(17.4) 

Interbedded very dense sands and very stiff 
clays 

Thanet Sand 
Formation 

-54.7 to –56.8 (-
56.0) 

8.5 to 11.9 
(10.1) 

Very dense silty Sand 

Upper Chalk -64.6 to –68.5 (-
66.2) 

Not penetrated Moderately weak to moderately strong white 
chalk with flint bands 
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5.1.1 Made Ground 

Made Ground was generally present across the entire site. Made Ground has been described both in terms of 

material constituents and below ground man made features.  

In terms of material constituents the Made Ground was variable in composition, ranging between clayey sandy 

gravel with occasional cobbles to a sandy gravely clay. Clayey Made Ground was more common in areas 

nearer to the river wall. The gravel and cobbles were composed of flint, brick and concrete, with occasional 

ash, clinker, metal and timber. 

Granular Made Ground deposits exhibit a variable density from loose to dense and reflect various states of 

compaction/infill. When clayey, Made Ground is typically described as having a soft or firm consistency. 

The composition of the Made Ground is highly variable and likely to collapse in shallow excavations. Poorly 

compacted Made Ground may also provide a potential source of collapse compression if the groundwater 

regime or support changes. 

Throughout the history of the site it is likely that natural materials have been excavated and filled across the 

area resulting in re-worked layers. These layers may not be easy to identify and may have been mistakenly 

identified as natural materials within boreholes logs. This may well be the case where layers of Alluvium have 

been encountered above an elevation of approximately +1 to +2 m OD. 

Exploratory holes (trial pits and boreholes) were excavated with irregular grid spacing in the order of 30m. 

Given the highly variable nature of the Made Ground further obstructions may be present in areas between 

exploratory holes.  

5.1.2 Alluvium 

Alluvium was encountered beneath the Made Ground at many locations across the site, decreasing in 

thickness away from the River Thames. Due to the reduced ground level, Alluvium is absent within the Power 

Station.  At 27 locations across the site Alluvium was recorded at an elevation greater than +2mOD. 

This is unlikely to represent natural deposits given the recorded age and mode of deposition of alluvial soils. 

Alluvial soils represent the deposition of very recent soil bearing deposits associated with minor fluctuations in 

plan and depth of the course of the River Thames since the last major glacial event (c. 10,000 years ago). It is 

typical for alluvial soils to be deposited in an environment closely associated with river levels, which in this 

case would be less than +2.0m OD before the development of flood control measures that have artificially 

created a channel of the river within London. The geological environment of formation suggests that ‘alluvium’ 

recorded above +2m OD is more likely to be associated with reworked soils (i.e. Made Ground) during the 

construction of the Power Station and Vauxhall and Southwark Company. Such confusion between natural and 

reworked soils is likely to be most prevalent in proximity to the existing river edge where alluvial soils are more 

widespread. 
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Alluvium as described in the boreholes typically comprises soft grey clay with varying quantities of organic 

matter and is highly compressible. Locally bands of fibrous peat were recorded. 

5.1.3 River Terrace Deposits 

River Terrace Deposits were encountered at all locations overlying the London Clay Formation. They typically 

comprise loose to dense brown sandy gravel varying to sand and (flint) gravel or locally very gravely sand. 

Particle size distribution (PSD) testing has been carried out on numerous samples. The results show a large 

variability in composition between sandy gravel and a gravely sand. Generally, the unit has less than 10% 

fines. 

Within the Power Station, the boundary between the London Clay Formation and the overlying deposits is 

marked by a series of closely spaced conical depressions within the surface of the London Clay Formation. 

The material within these conical features has been considered separately as drift-filled hollows.   

The gravels may have beneficial re-use options as an aggregate.  Commercial disposal options are currently 

being investigated.   

5.1.4 London Clay Formation 

The London Clay Formation was encountered at all borehole locations underlying the River Terrace Deposits or 

drift-filled hollow infill material. Generally it comprises grey brown locally slightly (fine) sandy clay. It is also 

typically highly plastic and is generally recorded as stiff from the upper surface, becoming very stiff from 

around -12.0mOD.  

Typically the London Clay Formation was found to be variably laminated or thinly bedded with sand or silt, 

bioturbated and fissured. It also often contained frequent evidence of bioturbation, calcareous nodules or thin 

bands (‘claystones’), shell fragments, pyrite or selenite and fragments of organic matter or lignite.  

Claystone bands were noted in most boreholes, described as moderately weak, locally moderately strong and 

typically between 0.1 and 0.5m thick. The upper surface of the London Clay Formation is generally easily 

identifiable from the overlying River Terrace Deposits. However, around the edge of the drift-filled hollow 

reworked London Clay Formation was observed within the undisturbed borehole samples. 

Within these samples the structure of fissuring and laminae within the samples appeared to be disturbed and 

was also notable for being slightly gravely. Towards the base of the London Clay Formation the sand content 

of the prevailing clay generally increases.  

5.2 Groundwater 

Groundwater strikes were generally recorded in the River Terrace Deposits at or near the top of the stratum 

with the water level rising approximately 1.0 m above this level. Water levels recorded across the site are 

generally in the range 0.5 to 1.0m OD (approximately 3.5m below ground level). The major exception to this is 
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within the Power Station which it is understood is partially cut-off by the cofferdam installed during 

construction. The water level within the Power Station was generally encountered within the boreholes and trial 

pits in the range –2.9 to –4.0m OD.  

Hourly monitoring of groundwater at the site (over a twenty four hour period) indicated there was a tidal 

response up to approximately 200m south of the River Thames. The range measured to the north of the Power 

Station was between 2 and 3m. Inferred groundwater contours presented in the 2003 and 2006 Buro Happold 

Ltd reports (ref 19 and 10) indicated variable groundwater flow direction, generally flowing south from the site.  

This monitoring may have been undertaken over the space of several hours, thereby the water level would 

have changed across the site due to tidal influences.  Disregarding these inferred contours, data logging of 

groundwater levels (presented in the 2002 Buro Happold report) indicates that the minor aquifer (Thanet 

Sands) is influenced by tidal fluctuations of the adjacent River Thames.    

Perched groundwater was recorded locally within the cohesive Made Ground, notably in the north east of the 

site which it is understood may be due to some leaking water pipes beyond the site boundary. 

Water strikes were also recorded within the London Clay Formation and the Lambeth Group. Within the 

London Clay Formation seepages were noted in many of the boreholes within slightly sandy layers or around 

claystone bands. Generally the flows were only recorded as minor seepages.  Two pneumatic piezometers 

were installed in the London Clay Formation at nominally 25.0m depth. They indicate the head to be 

approximately at the level of the top of the London Clay Formation, at 7.5 m depth. 

The soil strata underlying the Battersea site is classified by the EA (Groundwater Vulnerability Map Sheet 39, 

West London, ref 21) as a Minor Aquifer.  Minor Aquifers noted on Sheet 39 include the River Terrace Deposits 

(for Battersea), the London Clay Formation, The Reading and Woolwich Beds and the Thanet Sands.  There is 

no connectivity between the gravels and the aquifer – they are separated by the London Clay Formation. 

In terms of vulnerability and leaching potential, due to the lack of data available for urban soils, the EA 

assesses the soils of the Battersea site to be high leaching potential.  The groundwater vulnerability map does 

not indicate the general direction of groundwater flow across the site. 

There is a hydrometric survey borehole (named TQ27/88) maintained by the EA in the Battersea area, with 

response zones within the Thanet Sands. The data for 2007 shows that the groundwater level was generally 

rising until 2001, however levels have gradually decreased since this time, with a level of –40m OD recorded in 

January 2007 (ref 22).  

5.3 Hydrology 

Tidal data (October 2008) obtained from the Port of London Authority (PLA) indicated that tidal ranges (in the 

vicinity of central London) ranges from 0.4mOD to 7.5mOD (ref 23).  The EA designated the water quality of the 

stretch of the River Thames adjacent to the site as River Quality B (‘Good’) based on 2007 data (ref 24).  The 
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EA provided Buro Happold Ltd with Thames Water quality data collected from London Bridge (approximately 

5km downstream).  The water quality data indicated that this area of the river Thames has a varied conductivity 

(ranging between 376μS/cm and 7,840μS/cm), indicating brackish tidal waters. 

5.4 Unexploded Ordnance 

The site escaped damage during the bombing raids of World War I and all buildings present on maps dated 

1916 are still present on the maps dated 1929. It is therefore reasonable to assume that the site was not 

extensively bombed during World War 1. World War II saw the completed Power Station A receive blast 

damage from a bomb impact off the south west corner and there are anecdotal reports of another bomb 

penetrating the walls of Power Station A and skidding into an air raid shelter in the boiler house. 

There are two recorded bomb impacts during World War II, and many more may have gone unrecorded given 

the suitability of the Power Station as an air raid target. There is also the possibility that a bomb that pierced 

the ground surface in an adjacent site may have deflected and passed through relatively soft soil strata and 

into the Battersea site itself. 

With the identification of a risk due to unexploded ordnance, Fellows International Ltd (FIL) was consulted in 

their capacity as munitions clearance specialists (ref 8). A preliminary sweep of the site, including an area of 

the Thames surrounding the Jetty, was conducted in March 2002 by FIL to enable as much of the site to be 

issued an ‘Explosives Free Certificate’ as would enable ground investigation works to proceed safely. 

Unfortunately there were some areas of the site (shown in Figure 8) which the equipment employed by FIL was 

unable to penetrate or other metallic obstructions that hindered the effectiveness of their equipment. An 

‘Explosives Free Certificate’ was issued for the waterfront and the majority of the site. 
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6 Soil data assessment - contaminant source 
characterisation 

6.1 Previous Approach 

Site-specific assessment criteria (SSACs) were derived using the CLEA (Contaminated Land Exposure 

Assessment) or SNIFFER methodologies (ref 25 & 26) for some determinands for which there was no published 

Soil Guideline Values (SGVs) at that time. In other cases, appropriate criteria were drawn from other 

authoritative sources. The withdrawn ICRCL threshold limits for those elements regarded as toxic to plants 

(phytotoxic) were used, as they were deemed to remain a sound basis for initial assessments in the previous 

reports. They are comparable in magnitude to the values governing the disposal of sewage sludge to land and 

were derived taking these and other published information into account.  

Assessment criteria EPH (DRO) and mineral oil were selected by reference to generic guidelines used in other 

countries, particularly New Zealand and were deemed applicable to residential developments. Screening 

criteria relating to the potential for impact of soil contamination on groundwater were derived in a similar way 

6.2 Current Approach 

The current land use of the 2009 Masterplan site is varied and includes public open space, community/civic 

areas, hospital, retail and high density residential and commercial properties. An assessment of soil 

contaminant concentrations (from previous investigations) in relation to the current condition has been carried 

out to assess potential risks to human receptors using the site.  

Analytical data derived from the investigation has been put into context by comparison with published 

guidance or derived thresholds values. Current UK guidance published thresholds comprise Soil Guideline 

Values (SGVs), which are available for a limited number of determinands (Ref 27 to 34) and land uses. For 

contaminants without published SGVs or where soil conditions are different to those assumed for the 

published SGVs (6% soil organic matter content and sandy loam soil), Generic Assessment Criteria (GAC) have 

been derived. The derivation of GACs has been carried out based on published statutory guidance documents 

(Ref 35 and 36) and with consideration of the most sensitive receptors in the respective CLEA standard land- 

uses scenarios (the 0 to 6 year old child for the residential with and without plant uptake scenarios and the 

adult for the commercial / industrial land-use scenario) using the software model ‘CLEA 1.04 and associated 

handbook (Ref 37 and 38). The software model (CLEA 1.04) was issued by the Environment Agency in January 

2009 and replaces all the previously issued software versions. 

When deriving assessment criteria for contaminants for which updated tox reports are not currently available, 

health criteria value (HCV) model input parameters have been adopted as issued in the ‘old style tox reports’. 

The old style tox reports will in due course be superseded by new tox reports derived in line with the new 
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guidance. However, in the interim the Environment Agency advice is to use the old style tox reports as 

changes associated with the new guidance are unlikely to result in significantly different HCVs.

Assessment criteria for aliphatic and aromatic hydrocarbons bands have been derived also in line with the EA 

publication ‘The UK approach for evaluating human health risks (Ref 39).

In the near future assessment criteria for lead are to be derived using the CLEA 1.04 model. However, in the 

absence of HCV value for this contaminant, assessment criteria for lead have been adopted as derived and 

detailed in the old style lead SGV report (Ref 40). Lead assessment criteria as detailed in the old style SGV 

report had been derived on the basis of a response of the blood lead versus soil and dust lead relationship in 

line with a model developed by the Society for Environmental Geochemistry and Health (residential) and 

USEPA (commercial) respectively.

The SGVs have been derived assuming soil type as ‘sandy loam’ and a soil organic matter (SOM) content of 

6%. However as some soil types (such as the Made Ground or River Terrace Deposits) have sandy soils rather 

then sandy-loam and soil organic matter contents lower than 6%. For these soils we have used a second set 

of generic assessment criteria that have been derived conservatively assuming sandy soil and 1% soil organic 

matter content. 

Statistical analysis of the soil analytical results has been carried out in general accordance with the EA’s 

'Guidance on Comparing Soil Contaminant Data with a Critical Concentration' (ref 34) to enable an estimate of 

the true population mean to be calculated (upper confidence limit of the sample mean, (US95) from the data.  

The computer package ‘ProUCL 4.0’ has been used to calculate the US95 value, however the resulting data 

has also been interrogated to ensure it complies with EA guidance with respect to the distribution chosen to 

represent the data set.   The Maximum Value Test or Outlier Test has also been calculated using ProUCL 4.0 to 

determine whether or not the data-point is likely to form part of the same statistical distribution.  Where a 

maximum value has been determined as an outlier (confirmed by visual/olfactory evidence as being part of a 

different soil population) this concentration has not been included in the US95 calculation. 

When considering contamination with hydrocarbons such as fuel oils and petroleum it is important to take note 

of site observations (e.g. regarding odours, the appearance of samples and on-site measurement of vapour 

concentrations) as well as analytical results. It should also be noted that it is difficult to obtain entirely reliable 

results for volatile organic compounds such as benzene using disturbed samples, particularly when these are 

taken from trial pits and there is ample opportunity for loss of vapours to occur.  

Assessments are commonly made using broad parameters such as EPH/DRO (extractable petroleum 

hydrocarbons/diesel range organics), mineral oils and PRO (petroleum range organics) and/or individual 

compounds such as the BTEX (benzene, toluene, ethyl benzene, xylenes) compounds and MTBE (methyl-

tertiary-butyl-ether). The use of the broad parameters is made difficult because different analytical methods 

 

Battersea Power Station  Revision 00 
Geoenvironmental Interpretative Summary Report  July 2009 
Copyright © Buro Happold Limited  Page 32 of 84 

Buro Happold 

give different results, the carbon ranges reported sometime differ and the terminology is not necessarily used 

in a consistent way. For example, “mineral oil” is sometimes taken as the aliphatic components of EPH but 

may be determined directly, for example by thin-layer chromatography. A combination of methods has been 

used in the investigations of the Battersea site. Individual petroleum hydrocarbons have not generally been 

determined. Where speciation testing has been undertaken for TPHs,  assessment criteria for aliphatic (chain) 

and aromatic (branched) hydrocarbon bands have been derived also in line with the EA publication ‘The UK 

approach for evaluating human health risks’ (Ref 35).  For samples with no TPH speciation testing undertaken 

(i.e. ‘mineral oil’ or TPH C1—C40 concentrations only), these have conservatively been compared with the Inert 

Waste Acceptance Criteria (WAC) guidelines (ref 36) 

Division relevant to receptor 

The chemical results from the recent ground investigations have been characterised as Made or Natural 

Ground and then sub-divided accordingly.  The data has been assessed with respect to; 

The analytical data from the previous investigations has been assessed with respect to: 

� Chronic risks to human health; 

� Acute risks to human health; 

� Risks to flora; 

� Risks to buildings/structures; and 

� Risks to controlled waters (considered in Sections 8 and 9). 

6.2.1 Reporting of data 

Chemical testing results are described below and presented in Appendix A of this report as follows; 

Table A1  Soil results from Made Ground and Natural Soils (Buro Happold 2001, 2002 and 2004 data); 

Table A2  Soil results from Made Ground and Natural Soils (Ove Arup & Partners 1997 data); 

Table A3  Soil leachate results; 

Table A4  Groundwater results (Buro Happold 2001, 2002 and 2004 data); 

Table A5  Groundwater results (Ove Arup & Partners 1997 data); 

Table A6  Assessment of Gas Monitoring Results; and 

Table A7  Waste classification based on soil values. 
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7 Data Assessment – Soil 

7.1 Chronic risks to human health  

7.2 Inorganic soil results – Made Ground  

A maximum of 247 soil samples were analysed for inorganic determinands in Made Ground as listed in 

Appendix A – Tables A.1 & A.2 and summarised in Table 7.1 below.  Locations of contamination samples are 

shown in Figure 9, and concentrations of zinc, lead and arsenic exceeding adopted criteria are shown in Figure 

10. 

Table 7.1 – Inorganic determinands – Soils 

SGV/GAC                                           (No of 
samples exceeding SGV / GAC) 

Determinand No of 
samples 

Commercial / 
industrial 

Residential 
(without Plant 
Uptake 

Residential 
(With Plant 
Uptake) 

Max Min UCL9
5 

Outliers 
(Excluded) 

Arsenic 247 640 35 (18) 32 (21) 122 <0.5 13 - 

Cadmium 247 300 30 (1) 10 (1) 140 <0.5 1 
TP16/0m 
(140mg/kg) 

Chromium 247 330 38 (63) 37 (68) 138 4 31 - 

Lead 247 750 (9) 450 (52) 450 (52) 15,140 <1 202 

TP224A 2.1-
2.3 
(15,540mg/k
g) 

Mercury 247 26 (0) 0.4 (40) 0.4 (40) 41.7 <0.5 0.8 - 

Nickel 247 1800 (0) 130 (2) 130 (2) 172 <1 31 - 

Total Cyanide 84 16000 (0) 760 (1) 4.5 (1) 1314 <1 1 
TP201 0.4 
(1,134mg/kg) 

pH  9.5 (58) 6.6 12.9 - - 

All concentrations in mg/kg 

With the exception of lead, inorganic determinand concentrations in all samples were below the relevant 

SGVs/GACs for commercial/industrial land use in Made Ground. Occasional samples recorded elevated 

concentrations of several inorganic determinands, although not at grossly elevated concentrations.   
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Some soil samples from Made Ground recorded concentrations of arsenic, mercury, chromium and lead above 

the SGV or GAC for residential without plant uptake.  Occasional exceedences of the residential without plant 

uptake SGV were recorded for cadmium, total cyanide and nickel.  The US95 for arsenic, chromium, cadmium, 

lead, nickel and total cyanide was below residential without plant uptake SGVs/GACs. The US95 

concentrations for mercury exceeded the residential with and without plant uptake GACs. As the datasets 

were non-normal distribution, the Chebyshev (95%) UCL method was used.  

Three samples (TP16/0m, TP224A/2.1-2.3m, TP201/0.4m and TP255/0.5m) recorded the maximum 

concentrations of cadmium, lead and total cyanide, respectively, with statistical assessment indicating these 

data as outliers to the main population.  The borehole logs for TP224A indicate the presence of hydrocarbon 

odours and green sheen, indicating the lead could be sourced from localised contamination and are not part of 

site wide Made Ground soil population. Cadmium and mercury contamination identified at TP16/0m and 

TP255/0.5m, respectively, is likely to be sourced from Power Station activities at the site and not the Made 

Ground.  Therefore these soil samples were excluded from US95 calculations. 

Other potential outliers were identified by ProUCL, however as no localised visual or olfactory evidence of 

contamination was recorded at the identified location these potential outliers were not excluded from the 

dataset.  It is considered that these samples are representative of the heterogeneity of the Made Ground and 

are therefore included in the statistical analysis of the data set. 

7.3 Organic soil results – Made Ground  

A maximum of 148 soil samples were analysed for organic determinands in Made Ground as listed Appendix A 

– Table A.1 & A.2 and summarised in Table 7.2 below.  Due to the age of the data (>10years) and the likelihood 

of an unknown degree of natural attenuation of hydrocarbons and/or organics, soil concentrations included in 

the Arup (1997) report have not been included in this report.   
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Table 7.2 – Organic determinands – Soils (Made Ground) 

SGV/GAC  (No of samples exceeding SGV 
/ GAC) 

Determinand No of 
samples 

Commercial 
/ industrial 

Residential 
(Without 
Plant 
Uptake) 

Residential 
(With Plant 
Uptake) 

Max Min US95 Outliers 
(Excluded) 

Phenols* 107 970,000 (0) 22,000 (0) 400 (0) 0.54 <0.01 - - 

EPH C10-C12 5 900 (0) 6 (1) 6 (1) 12 2 - - 

EPH >C12 –C16 5 4400 (0) 30 (1) 30 (1) 71 4 - - 

EPH >C16-C21 5 20,000(0) 350 (2) 174 (2) 417 103 - - 

EPH C>21-C40 5 28,000 (0) 1300 (1) 880 (4) 7812 677 - - 

TPH C10-C40 36 500 (23) 38,340 20 - - 

Naphthalene 148 110 (0) 0.7 (53) 0.7 (53) 61.17 0.034 2.832 

TP4 0.6m 
(30mg/kg), 
TP226D 1.6m 
(54mg/kg), 
TP226E 1.3m 
(61mg/kg) 

Benzo(a)pyrene 148 14 (11) 1 (88) 0.7 (89) 152 0.006 5.98 

TP4 0.6m 
(152mg/kg), 
TP136  0m 
(93mg/kg), 
TP226E 1.3m 
(109mg/kg) 

All concentrations in mg/kg 

Benzo(a)pyrene concentrations exceeded residential without access to soil GACs in majority of samples, with 

occasional exceedences of the commercial/industrial GAC also noted.  Occasional exceedences of adopted 

residential GACs for naphthalene were recorded in various samples.  No exceedences above adopted 

commercial/industrial GAC were recorded for naphthalene.  

Only one sample exceeded the EPH C10-C12, C12-C16, C16-C21 and C21-C40 adopted GACs for residential 

(without plant uptake).  TPH C10-C40 concentrations (as mineral oils) exceeded Inert WAC criteria in 65% of 

the soil samples analysed.   

The US95 concentrations for benzo(a)pyrene and naphthalene exceeded the residential with and without plant 

uptake GACs but was less the than commercial/industrial GAC. As the datasets were non-normal distribution, 

the Chebyshev (95%) UCL method was used. EPH and Mineral Oil concentrations were not included in the 
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US95 statistical analysis as majority of these samples were targeted for this analysis, therefore a US95 value 

maybe higher than actual present in a random based dataset was used.   

Five samples (TP4 (0.6m), TP136 (B-a-P only) TP226D (1.6m) (naphthalene only) TP226E (2.1-2.3m) and TP201 

(0.4m)) recorded the highest concentrations of naphthalene and benzo (a) pyrene with statistical recorded 

visual and olfactory observations of hydrocarbon contamination or significant quantities of anthropogenic 

materials (such as clinker, brick and ceramic etc).  Other potential outliers were identified by ProUCL, however 

as no localised visual or olfactory evidence of contamination was recorded at the identified location, it is 

considered that these samples are representative of the heterogeneity of the Made Ground and are therefore 

included in the statistical analysis of the data set. 

Locations of TPH soil contamination at the site is shown in Figure 11. 

7.4 Natural Materials 

A maximum of 30 samples of natural materials were analysed for a suite of inorganic and organic 

determinands in the 1997, 2001, 2002 and 2004 investigations.  The large majority of samples recorded 

concentrations of all determinands below relevant screening values. As for Made Ground samples, organic 

results for soil samples analysed for the Arup 1997 investigation were excluded from this review. Results are 

presented in Tables A1 and A2 in Appendix A and summarised in Table 7.3 below. 
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Table 7.3 – Organic and Inorganic determinands – Soils (Natural) 

SGV/GAC   (No of samples exceeding SGV / 
GAC) 

Determinand No of 
samples 

Commercial / 
industrial 

Residential 
(Without 
Plant Uptake) 

Residential 
(Without 
Plant Uptake) 

Max Min US95 

(All) 

US95 

(RTD
) 

Outliers 
(Excluded) 

Arsenic 21 640 (0) 35 (1) 32 (1) 72 <0.5 14 13 

Chromium 21 330 (0) 38 (7) 37 (8) 132 15 45 39 

Lead 21 750 (1) 450 (2) 450 (2) 1,468 <1 148 43 

Mercury 21 26 (0) 1.0**/0.4* (0) 1.0**/0.4* (0) 3.6 <0.3 - - 

TPH C10-C40 15 500 (3) 1,659 <500 - - 

BH901, 
BH1100, 
and 
BH1002 

 

 

Samples from boreholes BH901, BH1100 and BH1002 were excluded from the dataset as the methods used 

to collect these soil samples (i.e. cable percussion) may cause cross-contamination by overlying fill layers.  

Outside of these boreholes, inorganic and organic contaminants (with the exception of chromium) were less 

than the adopted SGVs/GACs.  Concentrations of lead and TPH C10-C40 exceeding adopted SGVs/GACs for 

commercial/industrial were from BH1100 and BH1002, respectively.  

Concentrations of chromium exceeded the adopted criteria for residential (with and without access to soil). 

These chromium concentrations are likely to represent background concentrations.  US95 calculations were 

less for determinands analysed in River Terrace Deposits than Alluvium.  

7.5 Acute Risks to Human Health 

There are no guidance values for assessing acute risk related to soil contamination.  Because such risks are 

associated with short term exposure, consideration of maximum concentrations (and not the “average” 

concentration which is relevant to chronic or long term risk) is required.  Comparison of these maximum 

concentrations has been made with the various SGVs/GACs and other screening values which will provide a 

conservative benchmark for such short term risks (as the GACs/SGVs are based upon a long term exposure). 

In general, the maximum values recorded for both inorganic and organic determinands within Made Ground 

are not highly elevated.  More highly elevated maximum concentrations were recorded for lead, 

benzo(a)pyrene and TPH.   

Potential acute risks could be associated with benzo(a)pyrene and lead in soils.  The maximum recorded 

concentration of lead was up to approximately 30 times the adopted GAC for residential without plant uptake 
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in and 20 times the adopted SGV for commercial/industrial.  The maximum recorded concentration of 

benzo(a)pyrene was up to approximately 140 times the adopted GAC for residential without plant uptake and 

over 12 times the adopted GAC for commercial/industrial land use.  These elevated concentrations appear to 

be isolated/localised within the upper 1.3m of Made Ground in the vicinity of the Power Station building.  

Based on the isolated nature of contamination and the current lack of human receptor (other than occasional 

site visitors) in this area of the site, the acute human health risk is assessed as low. 

7.6 Asbestos  

Asbestos screening was undertaken on several soil samples from within Made Ground soil samples in the 

previous investigations, and no asbestos fibres were detected in the samples.  However this does not preclude 

the trace presence of bonded/cemented fragments of potential asbestos containing materials (ACM) being 

present across the site as significant amounts of ACM were likely to have been utilised in the construction of 

power station; for instance, asbestos containing materials were recovered in 1987 as part of the original leisure 

development (ref 7). 

7.7 Risks to Flora 

Phytotoxic effects with respect to flora have been assessed by statistical evaluation of the datasets of the 

phytotoxic elements copper and zinc from the previous (i.e. post 2000) investigation data. Values were 

compared to Dutch Intervention Values (DIVs, ref 37).  Results are summarised in Table 7-4. 

Table 7.4 - Phytotoxicity assessment 

Material Determinand 

(mg/kg) 

No of 
samples 

Dutch 
Intervention 
Value (DIV) 

Max Min US95 
(exc. 
Outliers) 

Outliers 

Copper  315 190 (27) 5,808 <1 56 TP4 0.6m 
(5,808mg/kg), 

Made Ground  

 

Zinc  315 720 (14) 4,094 10 150 TP4 0.6m 
(4,094mg/kg), 
TP16/0m 
(4,161mg/kg) 

Copper 13 190 (2) 429 <1 - Alluvium 

Zinc 13 720 (1) 990 28 - 

BH1100 and 
BH1002 

Copper 12 190 (0) 21 <1 - - River Terrace 
Deposits 

Zinc 12 720 (0) 147 21 - - 

All concentrations in mg/kg 
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Occasional samples of Made Ground recorded elevated concentrations of copper and zinc above relevant 

thresholds.  Two statistical outliers, TP4/0.6m and TP16/0m, were excluded from the US95 calculations.  

Heavy metal contamination identified at TP16/0m is likely to be sourced from Power Station activities at the 

site.  Significant quantities of anthropogenic materials (such as clinker, brick, ceramic etc) were noted at 0.6m 

at TP4, and are likely to be acting as a local source of contamination.  Therefore these two samples were 

excluded from statistical analysis. Other potential outliers were identified by ProUCL, however as no localised 

visual or olfactory evidence of contamination was recorded at the identified location.  It is considered that 

these samples are representative of the heterogeneity of the Made Ground and are therefore included in the 

statistical analysis of the data set. The US95 for copper and zinc was below the DIV in all soil units. 

Two samples (BH1100/4.5m, BH1001/10m) recorded the maximum concentrations of zinc and copper in 

natural soils. Samples from boreholes BH1100 and BH1002 were excluded from the dataset as the methods 

used to collect these soil samples (i.e. cable percussion methods) may cause cross-contamination by mixing 

overlying fill layers.   Excluding these outliers, zinc and copper concentrations in natural ground were less than 

the adopted DIV. 
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8 Soil leachability and groundwater data assessment - 
contaminant source characterisation 

8.1 Approach 

Potential risks to controlled waters have been assessed by examining soil leachability data as well as 

groundwater data from the site. For the initial data assessment the principal thresholds adopted for assessing 

potential risks to the Major Aquifer were the UK Drinking Water Standards (DWS) (ref 38).  World Heath 

Organisation (WHO) guidelines (ref 39) have been used where no UK DWS are available.  Based on 

background information supplied by the EA, monitoring points along the River Thames at Barnes Bridge and 

London Bridge (both approximately 500m west and east of the site, respectively) recorded conductivity 

readings indicating a fluctuating salinity from fresh to brackish.  Therefore, for assessing potential risks to River 

Thames, Marine/Coastal Environmental Quality Standards (EQS's) derived under the requirements of the EC 

Dangerous Substances Directive (ref 40) have been adopted.  EQS’s have been selected, where necessary, to 

be protective of Cyprinid fish.  The Environment Agency non-statutory EQS (operational EQS) (ref 41) with UK 

DWS and the Water Framework Directive (WFD) Environmental Quality Standards for Annex VIII substances 

(ref 42) have been adopted where no EQS is available.   

8.2 Leachability Data 

Soil leachability testing has been undertaken on representative samples from the previous investigations 

following guidance within Environment Agency (2006) Remedial Targets Methodology (ref 43), specifically: 

� BSEN 12457 Part 3 (Two Stage Test using a liquid to solid ratio of 2:1 in the first stage and a liquid to 

solid ratio of 8:1 in the second stage [Where 2:1 and 8:1 results are available for a sample the higher 

result of the two is used (which is generally the 2:1 result) in the following assessment]; and 

� BSEN 12457 Part 2 (One Stage Test using a liquid to solid ratio of 10:1). 

Majority of the leachate samples collected and analysed in the previous investigations were analysed using 

superseded analytical methodology (NRA leachate test, which doesn’t take into account moisture content as 

per the BSEN tests).  These leachate results have not been looked at in this report.  Eight soil samples were 

analysed under BSEN 12457 Part 3, and a summary of results in presented in table 8.1 and Appendix A.  
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Table 8.1 Determinands showing exceedences of thresholds in groundwater 

Adopted Screening Criteria (No. of 
samples exceeding adopted criteria) 

Soil Determinand No of 
samples 

Marine water EQS 
Standards 

Relevant to 
Major Aquifer  

Max Min 

Arsenic 8 0.025 (1) 0.01 (1) 0.025 <0.001 

Copper 8 0.005 (6) 2 (0) 0.031 0.001 

Zinc 8 0.04 (5) - 0.367 0.013 

Ammoniacal Nitrogen 
as N 

8 0.6 (2) 0.5 (2) 5.6 <0.04 

Sulphate 8 400 (4) 250 (5) 1502 14 

EPH (Mineral Oil) 8 - 600 (5) 22,248 107 

Benzo (a) pyrene 8 0.03 (0) 0.01 (2) 1.804 <0.01 

PAH (UK 4) 8 - 0.1 (2) 5.674 <0.01 

All results in mg/L unless otherwise stated 

All other determinands recorded concentrations below these thresholds. 

Potential risks to controlled waters have been assessed by examining the soil leachability data as well as 

groundwater data.  A total of eight soil samples (from Made Ground) were scheduled for leachability testing as 

described above.  Groundwater was sampled from several locations at part of the 1997, 2002 and 2004 

ground investigations.  Soil leachability data and groundwater data are presented as Table A.3 and A.4 in 

Appendix A respectively. 

River Thames is located along the northern boundary of the site, and is upstream of the tidal Thames estuary. 

Based on a review of the data, zinc concentrations in leachate samples were less than the (hardness 

corrected) surface water directive screening levels for cyprinid fish.   

8.2.1 Leachability 

The leachate from several soil samples recorded concentrations of arsenic, copper, zinc, ammoniacal nitrogen, 

SO4, EPH (Mineral Oil) & B(a)P above the screening thresholds.  These exceedences represented 

approximately 50% of samples analysed for these analytes, indicating copper, zinc, PAH, B(a)P, ammoniacal 
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nitrogen are reasonably leachable within Made Ground soils across the site.   The source of metals is likely to 

originate from ashy material within the Made Ground.  Furthermore, the soil analytical results for B(a)P 

determinands in Made Ground are highly elevated, acting as the source of relatively highly leachable B(a)P. 

8.2.2 Groundwater 

8.2.2.1 Field observations 

During groundwater sampling, approximately 3cm to 5cm of Light Non-Aqueous Phase Liquid (LNAPL) was 

observed in BH2020 (and was sampled).  No LNAPL (with the exception of the sheen described above) or 

dense non-aqueous phase liquids (DNAPL) were detected in any of the boreholes during the monitoring 

periods.  Determinands with one or more exceedences of relevant screening criteria are summarised in Table 

8.2 below. Locations of groundwater samples are shown in Figure 12.   Locations of Ammoniacal Nitrogen and 

PAH contamination is shown in Figures 13 and 14, respectively. 

Table 8—2 Determinands showing exceedences of thresholds in groundwater 

Adopted Screening Criteria (No. of samples 
exceeding adopted criteria) 

Determinand No of 
sampling 
locations 

Relevant to Marine water 
EQS  

Relevant to Minor 
Aquifer 

Max Min 

Mercury 39 0.0003 (1) 0.001 (0) 0.0004 <0.0001 

Arsenic 49 0.025 (1) 0.01 (5) 0.026 0.01 

Copper 46 0.005 (1) 2 (0) 0.140 <0.001 

Nickel 39 30 (1) 20 (2) 0.03 <0.001 

Zinc 53 0.04 (1) - 0.243 <0.003 

Ammoniacal 
Nitrogen as N 

36 0.6 (15) ( 0.5 (18) 53.1 <0.2 

pH units 52 6.0-9.0 >6.5 (1) 8.21 6.4 

Benzo(a)pyre
ne* 

29 0.00003 (3) 0.00001 (4) 0.066 <0.0000
1 

PAHs (UK4) 29 - 0.0001 (3) 0.03413 0.00001 

EPH (DRO) 
C10-C40 

26 - - 425 <0.01 

All results in mg/L    *Does not include Arup 1997 data for organic compounds. 
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8.2.2.2 Metals / Inorganics 

Occasional samples of groundwater recorded slightly elevated concentrations of arsenic, mercury, nickel, 

copper and zinc.  Most wells recorded all determinands less than adopted screening criteria. Arsenic 

concentrations were recorded at higher levels (and exceeding relevant criteria) in the 1997 Arup investigation 

compared to Arsenic concentrations from samples collected in 2002 and 2004 investigations.  The laboratory 

limit of detection for some determinands (specifically zinc and copper) is higher than the marine water EQS in 

the 2002 data.  This is attributable to the analysis preceding the guideline criteria; therefore the laboratory 

detection limits were higher than what is available at present for this analytes.  This is not considered 

significant as generally concentrations of these metals in soil samples were not at significantly high levels.  

Concentrations of ammoniacal nitrogen were elevated above adopted screening criteria relevant to the Minor 

Aquifer and River Thames in majority of groundwater samples.  In particular, a significant concentration of 

ammoniacal nitrogen was detected in BH 2018.  This borehole is situated adjacent buried putrescible waste, 

which could be contributing to high ammoniacal concentrations.  Ammoniacal nitrogen contamination is likely 

to originate from breakdown of organic material (possibly natural organic soils) beneath the site or degrading 

petroleum hydrocarbon at the site.  Another source of ammoniacal nitrogen could be potential petroleum 

hydrocarbon contamination within the groundwater beneath the gasworks located along the southern site 

boundary.  The site is down hydrogeological gradient from the gasworks, particularly during a low tide, 

resulting in the potential migration of ammoniacal nitrogen (a by-product of hydrocarbon degradation in 

groundwater) onto the site.  

8.2.2.3 Organics 

Concentrations of benzo(a)pyrene and PAHs (UK4) were above adopted screening criteria in groundwater wells 

BH2011 and BH2020, with concentrations detected in BH2020 significantly exceeding the criteria by over 

three orders of magnitude.    

Elevated TPH C10-C40 concentrations were detected in groundwater wells (BH2020, BH1100, BH203, BH702, 

BH2005, BH2018, BH2024A, BH2039B and BHAW01) sampled, and with the exception of BH2020 all TPH 

C10-C40 concentrations in groundwater samples were less than 1,100μg/L.  BH2020 is situated immediately 

west of one of the oil drains.  Inconsistent readings of TPH were recording between some groundwater 

monitoring rounds in 2004.  This could be attributed to tidal influences or poor decontamination techniques 

during sampling.   TPH C4-C12 and BTEX concentrations were less than the laboratory lower limit of reporting. 

Hydrocarbon contaminants (i.e. MTBE and BTEX) were detected in groundwater samples in the FES 1997 field 

investigation at concentrations less than adopted EQS  Given the age of this groundwater data and the 

likelihood of natural attenuation of hydrocarbons since 1997, organic analytes (i.e. phenols, PAHs, BTEX, 

VOCs, MTBE, Mineral Oil)  has not been included as part of this assessment. In addition, the laboratory lower 
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limit of reporting for several inorganic compounds (copper, lead and cyanide) analysed in the 1997 

investigation are higher than the adopted guideline criteria. 

8.3 Risks to Buildings/Services 

An assessment of the risk to buried concrete and other building materials from ground contamination is 

included in the Buro Happold Ltd 2006 addendum Report (ref 10).  The site was classified as a DS-2 

classification based on SD1- Concrete in Aggressive Ground (ref 44). 

As conventional water pipe work in the proposed development is likely to be laid within natural soils (River 

Terrace Deposits and London Clay Formation), contaminant concentrations have been compared against 

threshold values derived by Water Regulations Advisory Scheme (WRAS) (ref 45).  Where soil concentrations 

exceed these threshold values, it is likely that special consideration of material selection will be required. 

Numerous concentrations of arsenic, sulphate and pH were elevated above WRAS material selection threshold 

values in River Terrace Deposits.  Arsenic is classed as a toxic contaminant, whereas pH and sulphate are 

corrosive.   

With reference to Table 3 of WRAS Information and Guidance Note: No 9-04-03 (ref 45), suitable pipe materials 

for organic and corrosive environments include wrapped iron or polythene/aluminium/polythene.  Suitable pipe 

materials for toxic contaminants include metal or plastic. 
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9 Data Assessment – Ground Gas 

9.1 Programme 

Ground gas monitoring was undertaken at 47 locations across the site, majority of which were installed within 

Made Ground soils, since 1993.  This monitoring programme comprised between three and ten visits over a 

total ten month period Majority of gas wells were monitored over 3 to 4 monitoring rounds in 2004 and/or 

2002.  Gas wells at 28 Kirtling Street were monitored over two rounds only in 2001. Table 9-1 shows a 

summary of elevated results from the previous investigations.  Locations of ground gas measurements are 

shown on Figure 15.  

Table 9-1 Summary of elevated ground gas monitoring results from previous investigations 

Borehole Date Geological Units 
Screened 

Max. 
Carbon 
dioxide 
(%v/v) 

Max. 
Methane 
(% v/v) 

Min. 

Oxygen (% 
v/v) 

Max 
Flow 
(l/hr) 

BH102 1997 MG/RTD 5.2 0.1 4.2 - 

BH201 2002 MG, ALL, RTD 6.7 <0.1 10.4 0 

BH602A 2002 MG, ALL(?), RTD, LC 6.0 <0.1 2.0 0 

BH2015 2004 MG, RTD, LC 6 <0.1 15.7 3.8 

BH2020 2004 MG, ALL, LC 5.5 <0.1 11 0.4 

BHGW01 2004 MG, RTD 11.6 3.9 3 3 

 
MG = Made Ground, ALL = Alluvium, RTD = River Terrace Deposits, LC = London Clay Formation 

Elevated concentrations of methane up to 3.9% v/v and up to 11.6% v/v carbon dioxide were recorded in 

BHGW01, which is located in the north-west corner of the power station and is associated with recently placed 

fill containing putrescible matter. Methane was also detected in BH2026, which is located southeast of the 

Power Station building.  Borehole logs for this well indicate 4m of Made Ground containing organic matter and 

slag and other anthropogenic material in a sandy matrix. 

Concentrations of carbon dioxide varied across the site, with elevated concentrations up to 11.6% recorded in 

BHGW01. Sixteen other locations recorded carbon dioxide concentrations over 1% during the 2002 or 2004 

monitoring rounds. 
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A photo-ionisation detector (PID) was used to provide a screen for Volatile Organic Compounds (VOCs) 

present in the soil gas during the 2002 and 2004 monitoring rounds.  Two locations (BH201 and BH203) 

recorded minor concentrations of VOCs (between 50ppm and 195ppm) in the 2002 monitoring round.  

Negligible VOC readings were recorded in other monitoring wells during this period.   

Variable flow rates were observed, ranging from -2.5l/hr up to 2.7/hr but did not differ significantly between 

response zone stratum.  Hydrogen sulphide concentrations were not recorded in the 2002 monitoring round, 

and carbon monoxide concentrations were not recorded in either monitoring round or the 28 Kirtling Street 

monitoring round.  Gas samples were not collected for laboratory analysis. 

Gas wells screened within alluvium units did not record methane concentrations, and methane concentrations 

are likely to be associated with Made Ground. 

9.2 Assessment of methodology 

The soil data has been assessed with reference to CIRIA report C665 (ref 46) and British Standard 8485 (ref 47) 

Consideration has therefore been given to both methane and carbon dioxide concentrations as well as 

emission (flow) rates.  The Gas Screening Value (GSV) is defined as the product of gas concentration multiplied 

by flow rate.  The GSV is then considered with other parameters/limiting conditions to define a Characteristic 

Situation.  The Characteristic Situation in turn identifies the need for and scope of any necessary gas 

protection measures.  Assessment of the ground gas results for each monitoring round is provided in Appendix 

A as Table A6. 

Borehole BHGW01 recorded a GSV of 0.19 l/hr indicating the ground gas regime in Made Ground falls within 

Characteristic Situation 2 (Table 8.5, CIRIA Report C665, ref 46) which would require protective measures for 

office/commercial/industrial development. Majority of the Made Ground and alluvium soils will be excavated as 

part of the redevelopment works, and remaining in-situ soils will not be occupied by buildings.  Based on 

existing data from gas monitoring wells screened in the London Clay Formation (which we be the unit beneath 

the proposed buildings), the site may not require gas protection measures, however this could only be 

confirmed by further testing. 
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10 Contaminated Land Risk Assessment 

10.1 General approach 

In the UK, the assessment of risk from contamination follows the source=>pathway=>receptor approach. If 

one of these three elements is absent it is considered that there is no risk of harm. If, however, there is 

considered to be a linkage between any given source and any given receptor then a risk-based approach is 

used to assess the significance or impact of any such linkage. 

Source – The contaminants that have the potential to have an adverse affect on human health and/or the 

health of the environment, including controlled waters (i.e. the hazard); 

Pathway – The potential route by which a receptor may come into contact with the source; and 

Receptor – The specific group of human beings or aspect of the environment (e.g. controlled waters) that 

could be affected by the source. 

Risks are defined as the probability of an event occurring combined with the severity of the consequence of 

that event occurring.  Particularly, to assess the risk to site end-users posed by any given source, the 

sensitivity of each receptor is considered.  For example, the concentration of contamination acceptable at a 

site to be developed as a residential property with a garden used to grow vegetables and accessible to young 

children is set lower than that for a commercial site where soil is exposed in minor areas of landscaping and 

the only long-term users of the site are adults. Similarly, a site overlying a major aquifer supplying potable 

water to a large population will be considered more stringently than a site overlying impermeable geology with 

only minor seepages of groundwater from site soils. 

10.2 Sub division of chemical data 

Receptors taken into account in the assessment of the Power Station Site include; 

1. in its present condition: 

� site users including: trespassers, casual visitors, maintenance workers and ground workers. 

2. during construction: 

� construction and ground workers; 

� site users; 

� occupiers and users of neighbouring properties; 

� groundwater; and 
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� surface water (The River Thames). 

3. when development has been completed: 

� future users of commercial premises and landscaped areas; 

� groundwater; 

� surface water; 

� building materials and services; and 

� landscape planting. 

It has generally been assumed in the assessment that any Made Ground that is left in place will be either 

covered by buildings or hardstanding (i.e. there will be no access by site users). Any soft landscaping areas 

created will be separated from the Made ground by a suspended slab. 

The general issues related to specific analytes are summarised in Table 10.1 below. 

Table 10.1 Contaminant Toxicity 

Contaminant(s) Principal Hazard/Reasons for Concern Secondary Concerns 

Lead and PAHs Potentially harmful to human health. Some 
PAHs are human carcinogens. 

Potential water pollutants. 

Potentially harmful to human health but 
risks are difficult to assess for these 
composite parameters. 

Petroleum 
hydrocarbons 
including mineral oils, 
DROs, PROs, kerosene 
residues etc. List I substances that are not permitted to 

enter groundwater. 

Hydrocarbons may attack or 
penetrate plastics (e.g. water 
supply pipes) 

 

Sulphate Water-soluble sulphate aggressive to 
cement based materials such as concrete. 

Potential water pollutants.  

Water soluble sulphate also toxic 
to plants and a water pollutant. 

Copper, nickel, zinc Toxic to plants and soil micro-organisms 
(note some other contaminants may also be 
toxic to the latter). 

Potential water pollutants. 

 

 

10.3 Conceptual Site Model 

The potential risks posed to human health and the environment by ground contamination at this site have been 

evaluated using a detailed quantitative risk assessment which incorporates the ‘source-pathway-receptor’ 

identification and assessment methodology in accordance with CLR 11 (ref 1).  The risk assessment process 

therefore involves the identification of each site specific source based on both desk based and chemical 
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information obtained from the site investigation together with identification of each relevant exposure pathway 

and each potential receptor.  The potential risks to the receptor are then assessed by considering the potential 

effect of the source on the receptor as well as the likelihood of a pathway linking the two, i.e. a pollutant 

linkage as discussed above.  A conceptual site model for each stage (i.e. current state, during construction and 

proposed site use) are presented in Figures 16 to 18. 

10.3.1 Potential Sources 

Based on the desk based and site investigation data obtained to date, the potential sources of contamination 

that may reasonably affect receptors on the site are summarised in Table 10.2 below. 

Table 10.2 Potential Contamination Sources 

Potential 
Source(s) 

Location Potential Contaminants of Concern/Comments 

Made Ground Across Site Heavy metals, asbestos, polycyclic aromatic hydrocarbons 
(PAHs), Total petroleum hydrocarbons (TPH), Polycyclic 
Biphenyls (PCBs), carbon dioxide, methane.  Potential method of 
contamination is from historical leaks and spillages across site.    

Oil Storage 
Sumps/Drains 

Along Eastern 
and Western 
side of Power 
Station 

TPH, PAHs, Phenols, Mineral oils. Residual oils (from former 
Power Station activities) may be present within the drains and 
sumps. 

Ash Sumps Along 
Southern Site 
Boundary 

TPHs, Heavy Metals, PAHs, Phenols. Ash was not noted in 
sampling locations within the sump, however ash material could 
be encountered during excavation in this area. 

Former Thames 
Water Depot 

28 Kirtling 
Street 

TPHs, Heavy Metals, PAHs. From spillages/leakages associated 
with the former depot. 

Hazardous 
construction 
materials 

Across Power 
Station Site 

Asbestos Fibres.  ACM materials have been removed from the 
site, however trace amounts may remain. 

Off-site Gas Works  Located 50m 
south of main 
Power Station 
Site 

TPH, BTEX, PAHs, methane, carbon dioxide. Victorian era gas 
station, featuring gasometers.  

 

During operation of the Power Station, there were several contaminative activities occurring (as identified in 

Section 3 and Figure 5).  With the exception of the ash sumps, oil sumps and oil drains, majority of these 

sources (i.e. railway, water treatment area, gas washing tower, tippler house, coal storage, turbines, pumps, 
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boilers, capacitors, transformers and workshops) have been removed.  Contamination from these (former) 

activities is predominantly located within the Made Ground.  In addition, based on the nature of the 

development (i.e. large scale Made Ground excavation), contamination arising from these former sources is 

likely to be dispersed within the excavated Made Ground.   

Based on this the Made Ground has been classed as a contamination source rather than dividing up the 

source into several (redundant) sources.  As the oil drains/sumps and ash sumps are a significant (and 

currently in-situ) contamination source that could significantly impact in all three stages (i.e. current use, 

construction and proposed site use), these structures are listed as individual potential contamination sources. 

10.3.2 Potential Receptors and Pathways 

Site specific pathway receptor linkages have been identified for the site (Table 10.3 below) with respect to the 

sources outlined above with respect to the anticipated future uses of the site as described in Section 1.1.   
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Table 10.3 Potential Receptors/Pathways 

 

10.3.3 Risk Assessment 

The details of the Generic Quantitative Risk Assessment are presented in Tables 10.4 (existing site condition),  

10.5 (enabling works/construction phase condition), and 10.6 (proposed site condition) and the results/ 

conclusions discussed in Section 12. 

It should be noted this risk assessment has been completed without consideration of potential remedial 

measures however does assume use of standard site health and safety procedures and appropriate personal 

protective equipment (PPE) and site management practices (stockpile management, surface drainage etc). A 

summary of key details with respect to the existing, construction phase and proposed development conditions 

is provided below prior to the risk assessment: 

Receptor Pathway 

Current site users 
(recreational users, 
children attending local 
secondary school) 

Direct contact and dermal uptake, soil ingestion, gas and 
vapour inhalation (outdoor air)  

Enabling works and 
construction phase 
workers.  

Direct contact and dermal uptake, soil and dust ingestion 
including asbestos fibres, gas and vapour inhalation.  

Site end users (users of 
commercial areas)  

Direct contact and dermal uptake, soil and dust ingestion 
including asbestos fibres, gas and vapour inhalation. 
Ingestion of contaminated water supplies. 

Human Health 
 

Offsite users (specifically 
commercial and high 
density residential areas 
south and east of the site) 

Soil and dust ingestion during enabling works/construction 
including asbestos fibres, gas and vapour inhalation, 
ingestion of contaminated water supplies. 

River Thames Leaching and groundwater transport/surface runoff 

River Terrace Deposits 
Aquifer 

Leaching and groundwater transport. 

Controlled Waters 
 

Thanet Sand Aquifer Leaching and groundwater transport. 

Flora  Direct contact and up-take via root system. 

On site structures 
(including water supply 
pipes) 

Direct contact/ permeation of plastic pipe work by 
contaminants in soil and leachate. 

Buildings/Services 
 

Offsite structures 
(including water supply 
pipes) 

Direct contact/ permeation of plastic pipe work by 
contaminants in leachate. 
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Existing condition: Derelict commercial/industrial use [Table 10.4]; 

Enabling works/construction phase: Significant excavation phases including stockpiling on-site and 

transport off site by barge and road, renovation of existing structures (e.g. Battersea power Station), demolition 

of existing structures (such as 28 Kirtling Street),  construction of proposed buildings and landscaping[Table 

10.5]; and 

Proposed development: Mixed use development including retail blocks, basement car parking, hospital, 

public open space and residential uses [Table 10.6]. 
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10.4 Summary of risk assessment under current conditions 

Risks to people 

The human receptors potentially at risk under current conditions are the people who visit/use the site together 

with residents of neighbouring properties.  The potential risks to people both on and off-site associated with 

ground gases are assessed as Moderate to Moderate/ Low.  This reflects the nature of the soil gas regime and 

the lack of hardstanding across the site (which has the potential to cause lateral migration of gas).  The 

assessment of the potential risks to visitors/users of the site associated with solid contamination (primarily in 

Made Ground materials) vary from Moderate/Low to Low, reflecting the recorded concentrations, limited 

period of exposure and the lack of widespread hardstanding across the site.  The potential risks to adjacent 

site users are generally Moderate/Low, based on risks associated with the possibility of dust inhalation 

associated with the potential generation of dust (from contaminated soils).  

Risks to flora 

The potential risks to flora associated with the presence of phytotoxic metals in the Made Ground are 

assessed as Low reflecting the lack of the existing (native) flora, the recorded levels of contamination, but also 

the unsuitable nature of the made ground soils as a growing medium.   

Risks to controlled waters 

There are currently potentially significant risks to both groundwater and surface waters related to both the 

contaminated soils (mostly in made ground) and leachate.  The risks to groundwater (the Minor Aquifer) are 

typically Moderate reflecting the presence of contamination hotspots, the absence of any barrier to rainfall 

infiltration in some areas, the shallow depth to groundwater and the proven presence of isolated hotspots of 

contaminants in the groundwater/leachate.  Although the site is not within a Source Protection Zone, there are 

local abstractions (albeit in areas currently not significantly contaminated), and groundwater is likely to be 

hydraulically connected to River Thames.   Groundwater wells adjacent to the river Thames did not contain 

significant concentrations of contaminants in the previous 2004 monitoring round, however the presence of a 

secondary source (i.e. contaminated, leachable soils) indicates that future contamination of River Thames from 

migrating contaminated groundwater at the site cannot be precluded.  Therefore, based on the current site 

use, the risks to surface water (River Thames) are generally moderate reflecting the potential for contamination.  

The risks to major aquifer are considered very low reflecting contamination present in the minor aquifer and 

presence of aquitard (i.e. London Clay Formation) between the minor and Thanet Sand aquifers. 
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10.5 Summary of risk assessment during development. 

Risks to Human health 

During the development of the site, the human receptors potentially at risk are the construction workers and 

residents of neighbouring properties.  It has been assumed that during development, the active part of the site 

will be secured by the contractor.   

The potential risks to construction workers from soil contaminants in Made Ground, are assessed as Low, 

whereas the risk to construction workers from the oil sumps and drains is considered low to moderate.  This 

assessment reflects both the nature of the materials, presence of hazardous oils in drains/sumps, ground gas 

regime and construction methods, but also the potential for direct contact, dust inhalation etc.   

All of theses potential risks are capable of mitigation by means of an appropriately rigorous health and 

safety/hygiene regime. 

The potential risks to adjacent site users and people on adjacent parts of the site are generally assessed as 

Low.  However, there are potential risks greater than Low related to migration of contamination (via dust 

inhalation etc), particularly during the storage of contaminated soils on-site. These potential risks can be 

mitigated by covering of stockpiles, soil wetting to limit dust generation etc. 

Risks to controlled waters. 

During development there are potentially significant risks to both groundwater and River Thames related to the 

excavation and temporarily stockpiling of contaminated soils, including leachate run-off.  The potential risks to 

the Minor Aquifer are assessed as Low to Moderate reflecting the current absence of any barrier to rainfall 

infiltration (although this potential will reduce as the new cover/landscaping is progressively developed).  It also 

reflects the presence of recorded contaminants in the soil and in the groundwater/leachate, the possible 

temporary local increase in leachate migration due to excavations, dynamic compaction and potential 

introduction of migration pathways during piling.   

The risks to the minor aquifer (Thanet Sands) are assessed as Low to Moderate.  This reflects the discussion 

above regarding minor aquifer groundwater and the potential transport pathway created by through piling. 

These risks to the major aquifer can be mitigated by the adoption of safe piling measures (such as using cast 

piles and/or double drilling etc).  The risks and possible mitigation measures regarding the likelihood of piling 

to cause contamination in the major aquifer will be discussed further once piling specifications are determined.  

These risks will be presented in an upcoming groundwater risk assessment relating to piling works (Foundation 

Works Risk Assessment). 

The risks to River Thames are assessed as Moderate to High.  This reflects the discussion above regarding 

groundwater, the potential for enhanced leaching of contaminants from stockpiles, the close proximity of the 

river to proposed earthworks the likely use of barges to transport soil off-site and the scale of the proposed 
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earthworks. These risks can be mitigated by the adoption of safe working practices such as pre-planned 

stockpile management, measures to control run off, leachate collection, enclosed conveyors to the barges etc. 

Care must be exercised when draining and dismantling/decommissioning structures such as the oil drain and 

oil sump. The biodegraded oil and lubricant in these structures are in a liquid state and therefore highly mobile. 

All fuel and chemicals associated with construction works to be kept in bunded or otherwise sealed containers 

to avoid leaks and spills. If spilt, the clean up of these materials will be complex, time consuming and 

expensive. Accumulation of rainfall in excavations should be avoided. Where possible temporary retaining wall 

such as steel sheet piles should be driven at least 3m into the London Clay Formation to create an effective 

groundwater cut off and prevent a hydraulic gradient being created 
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10.6 Summary of risks on completion of the final development 

Risk to human health 

In the final development, the majority of Made Ground surrounding the Power Station will be covered with 

hardstanding or imported/re-used inert landscaping topsoil.  The interior of the Power Station will be paved 

and used for car parking.  This effectively separates the future site users from any residual contaminated soils 

left on-site. On this basis, there is no plausible exposure pathway and thus no risks to site users and occupiers 

of adjacent sites from contamination present in the Made Ground in this area.   

Across the rest of the site, a small percentage of soft landscaping is proposed, some of these areas are 

located on contaminated ground, which it may not be feasible to excavate (due to engineering constraints 

presented by the Power Station Building). However any soft landscaped areas will be separated from the 

underlying contaminated materials by a suspended slab. The potential risks to site users are assessed as 

Moderate/Low to Low reflecting the removal of majority of the contamination material, and the residual 

contamination left over (in the vicinity of the Power Station building.  This risk can be further mitigated by the 

treatment of localised hotspots within and immediately surrounding the Power Station building, and the 

emplacement of inert soil capping layer (either from off-site sources or treated soil from the basement 

excavation) outlined in BRE 465 (ref 48).   

Risks from ground gas 

Risks to the site users and users of adjacent sites related to gases are assessed as Moderate to 

Moderate/Low.  This reflects the severity of the hazard, the removal of majority of Made Ground and Alluvium, 

and the proposed development, but also the consistently low flow rates recorded.  Gas protection measures 

(as per CS 2) will be required within buildings located on alluvium or Made Ground material (particularly in 

northern portion of the site).   

A number of the new buildings or basements included in the proposed redevelopment works are to be 

constructed in direct contact with this Made Ground. The floor constructions and other protective measures 

described in the BRE report and other relevant guidance (CIRIA C665 ref 46) should be employed to ensure 

adequate ventilation of the carbon dioxide emitted by this stratum. In most cases, the floor constructions 

required would simply be a gas-proof membrane laid over a granular venting layer. At time of writing this report 

the buildings included in the proposed redevelopment included deep basements, up to -3mOD, being 

employed for storage and/or car parking. Below ground car parks will obviously require venting measure to 

prevent accumulation of carbon monoxide and other harmful gases from exhaust emissions. These venting 

measures should be adequate in these areas to prevent any accumulation of ground gas. The assessment in 

relation to gas is based on monitoring over a limited period of time. Gas production rates can be affected by 

changing ground conditions (i.e. excavation of soils etc), however as basement areas are situated over the 

London Clay Formation, it is deemed that the risk presented by ground gas is considered low. 
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Risks to flora 

The potential risks to flora associated with the presence of phytotoxic metals in the proposed development are 

assessed as Very Low reflecting the recorded contaminant concentrations, the proposed hardstanding across 

the majority of the site, and the emplacement of soft landscaping topsoil.  This risk can be further mitigated by 

treating underlying contaminated soil and/or using a capping layer (as per BRE 465, ref 48) prior to 

emplacement of landscape soils.   

Risks to Controlled Waters 

Majority of the site will be covered with impermeable hardstanding (either car parking, concrete forecourts or 

building footprints); including the base of the power station building which will be used as a car parking 

complex. This cover will reduce infiltration and therefore the potential for leachate formation.  On completion of 

the new development, risks to the Minor Aquifer and River Thames from contaminated material are assessed 

as moderate to low, reflecting this reduction in infiltration, hydraulic connectivity between groundwater and the 

river and reduction in contaminated soils across the site as part of the basement excavation. Groundwater 

within areas not included in the basement dig did not record significant contamination.  Risks will be mitigated 

as any with residual contamination outside the basement footprint (e.g. within and adjacent the Power Station) 

where appropriate, will be treated to reduce contaminant concentration thereby limited the secondary 

contamination source potential from the minor aquifer. 

A Remedial Options Appraisal will outline and assesses different options for mitigating risks to controlled 

waters. Further assessment of remedial options is currently underway and will be designed following 

consultation with the Local authority and Environmental Agency. 
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11 Waste Management 

11.1 Approach 

Waste management options have been included in the accompanying ‘Spoil Management Report’ (Buro 

Happold). A summary is provided below.   

In order to determine the likely waste classes, soil and leachate test results from previous investigations have 

been assessed using: 

� Values indicating Hazardous Waste according the ‘Environment Agency (2004) Framework for the 

Classification of Contaminated Soils as Hazardous Waste, Version 1, July 2004’(ref 49); 

� Technical Guidance WM2 – Hazardous Waste, Interpretation of the definition and classification of 

hazardous waste’(ref 50); and  

� Waste Acceptance Criteria (WAC) limit values for inert and hazardous waste (ref 36). 

The majority of the contamination data from the investigations did not fulfil the minimum data requirements for 

determining granular WAC to landfill (ref 36). The majority of leachate samples were analysed using NRA 

techniques.  The EA will only consider two stage leachate testing as per BS EN12457-3 in the calculation of 

waste acceptance criteria, therefore soil samples were not compared to WAC limit values and no division 

between inert and non-hazardous waste types has been made.   

The Hazardous waste risk categories are based on a greater range of analytes than majority of soil samples 

have been analysed for. The soil samples were analysed prior to the introduction of EA hazardous waste 

guidelines (ref 50), therefore some analytes included in the EA Hazardous waste spreadsheet (such as PCBs) 

are not extensively analysed across the soil samples.  However, the major contaminates of concern (i.e. heavy 

metals and petroleum hydrocarbons) present at the site have been analysed in majority of soil samples.  It is 

unlikely that additional analysis of other analytes (such as PCBs) included in the current Hazardous waste 

spreadsheet would result in significant increases in the amount of hazardous soil samples at the site. Areas of 

suspected hazardous waste is shown in Figure 19. 

As a conservative estimate, an allowance should be made for approximately 15% of Made Ground waste soils 

to be classed as hazardous.  Additional ground investigations of greater density of data should be undertaken 

on a per excavation basis, which may allow delineation of ‘inert’ and ‘non-hazardous’ areas and ‘Hazardous’ 

waste hotspots.  It is understood that the remediation contractor is likely to dispose of practically all of the 

material at exempt sites, which have site specific waste criteria.  Based on review of contamination data 

(presented in the forthcoming contaminated land risk assessment) Made Ground materials may not be suitable 
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for re-use on-site from a contamination perspective unless these soils are treated; this may also be required to 

improve geotechnical parameters.   

Given that enough data exists to identify the presence of hazardous waste areas on site, this highlights the 

need for soil treatment prior to disposal for treatment purposes. In addition, available data has indicated that 

significant volumes of natural ground (specifically the London Clay Formation and River Terrace Deposits 

units), are likely to be classified as inert.  Further analysis for a more comprehensive range of analytes will give 

a more accurate delineation between hazardous/non-hazardous/inert waste volumes across the site.  This 

would be undertaken at remediation contractor tendering stage when more information is known about 

destination landfills and exempt sites. 

During excavation of Made Ground, it is recommended that a watching brief is undertaken for ACM, with 

removal and separate disposal to an appropriately license facility. All Made Ground is therefore considered 

unsuitable for use in soft landscaping areas unless it treated or is beneath a suitable capping layer.   

Further details on waste management (including management of existing stockpiles on-site and groundwater 

seepages during excavation) are included in the spoil management plan and will be discussed in the 

Remediation Strategy. 

 

Battersea Power Station  Revision 00 
Geoenvironmental Interpretative Summary Report  July 2009 
Copyright © Buro Happold Limited  Page 72 of 84 

Buro Happold 

12 Conclusions 

12.1 Ground conditions 

The site is underlain by Made Ground material of variable composition, generally described as clayey sandy 

gravel, but varying to a sandy gravely clay. The gravel and cobbles are composed of flint, brick and concrete, 

with occasional ash, clinker, metal and timber. Concrete obstructions were noted at several exploratory 

locations.  The Made Ground is underlain by Alluvium and River Terrace Deposits which in turn rest upon the 

London Clay Formation. There is the presence of a scour filled hollow within the near surface deposits within 

the footprint of the Power Station. Other scour filled hollows are shown in surrounding areas. Beneath the 

London Clay Formation the geology comprises in descending order the Lambeth Group, Thanet Sands and 

Upper Chalk deposits.  

Groundwater strikes were generally recorded in the River Terrace Deposits at or near the top of the stratum 

with the water level rising approximately 1.0 m above this level. Water levels recorded across the site are 

generally in the range 0.5 to 1.0m OD (approximately 3.5m below ground level). The major exception to this is 

within the Power Station which it is understood is partially cut-off by the cofferdam installed during 

construction.  There is a tidal response in groundwater up to approximately 200m south of the River Thames. 

The range measured to the north of the Power Station was between 2 and 3m. Inferred groundwater contours 

indicated variable groundwater flow direction, generally flowing south from the site.  This monitoring may have 

been undertaken over the space of several hours, thereby the water level would have changed across the site 

due to tidal influences.  Disregarding these inferred contours, the minor aquifer is likely to flow toward the River 

Thames.   

12.2 Soil Contamination 

Soil samples from Made Ground recorded average concentrations of cadmium exceeding residential screening 

criteria, and individual concentrations of naphthalene benzo(a)pyrene, arsenic, chromium, lead, mercury, nickel 

and total cyanide exceeding the residential screening criteria.  Occasional exceedences of commercial criteria 

were noted for benzo(a)pyrene and lead.  Soil contamination is generally restricted to the Made Ground. 

12.3 Controlled waters 

Copper, zinc, PAHs, benzo(a)pyrene and ammoniacal nitrogen are reasonably leachable in Made Ground soil 

across the site.   The source of metals is likely to originate from Made Ground materials.  Furthermore, the soil 

analytical results for benzo(a)pyrene. 

Occasional samples of groundwater (minor aquifer in River Terrace Deposits) recorded slightly elevated 

concentrations of arsenic, mercury, nickel, copper and zinc at levels exceeding the adopted screening criteria, 

however concentrations are not deemed to present an acute risk to controlled waters.  Most wells recorded all 
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determinands less than adopted screening criteria. Concentrations of benzo(a)pyrene and PAHs (UK4) were 

above adopted screening criteria in two boreholes.  Generally volatile organic contamination in groundwater 

has reduced over time. 

Concentrations of ammoniacal nitrogen were elevated above adopted screening criteria relevant to the Minor 

Aquifer and River Thames in majority of groundwater samples, with one groundwater well recording significant 

concentrations. This groundwater well is situated adjacent buried putrescible waste, which could be 

contributing to high ammoniacal concentrations.  Ammoniacal nitrogen contamination is likely to originate from 

breakdown of organic material (including putrescible material within the coal bunker area) beneath the site or 

degrading petroleum hydrocarbon at the site.  

12.4 Ground gas 

The soil gas regime is characterised by slightly elevated concentrations of methane and carbon dioxide 

(although gas flow rates are generally low).  Majority of ground gas wells are screened within the Made Ground 

and Alluvium, majority of which will be removed as part of the basement excavation.   Gas protection 

measures typical of CS2 were recommended at this site for building areas overlying any residual Made Ground 

material (if any).  The remainder of areas overlying the London Clay Formation will not require gas protection 

measures, however as a preventative measure further gas monitoring will be undertaken in the London Clay 

Formation material during additional ground investigation works. 

12.5 Risk assessment 

A summary of the risk assessment for each of the three scenarios (current, during development and future use) 

is presented in Table 12.1 and discussed in more detail in the following text. 
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Table 12.1 Summary of risk assessment 

Receptor Source Current risk Risk during construction Future risk 
People onsite Made Ground Moderate/Low NA Moderate/Low 

 Alluvium Moderate/Low NA Low 

 Oil Drains/Sumps Moderate/Low NA Moderate/Low 

 UG Ash Sump Low NA Very Low 

 Offsite Gas Works Low NA Low 

 Hazardous Building Materials Moderate NA NA 

People offsite Made Ground Moderate/Low Moderate/Low Very Low 

 Oil Drains/Sumps Low Low Low 

 UG Ash Sump Low Moderate/Low Very Low 

 Hazardous Building Materials Moderate Moderate Very Low 

Construction  Made Ground NA Moderate/Low NA 

Workers Alluvium NA Low NA 

 Oil Drains/Sumps NA Moderate/Low NA 

 UG Ash Sump NA Low NA 

 Offsite Gas Works NA Moderate NA 

 Hazardous Building Materials NA Low NA 

Flora Made Ground Very Low NA Very Low 

 Oil Drains/Sumps NA NA Very Low 

Minor Aquifer Made Ground Moderate Moderate/Low Low 

 Oil Drains/Sumps Moderate Moderate Low 

 UG Ash Sump Moderate Moderate Moderate/Low 

 Offsite Gas Works Moderate NA Moderate 

Major Aquifer Made Ground Very Low Moderate NA* 

 Oil Drains/Sumps Very Low Moderate/Low NA* 

River Thames Made Ground Moderate Moderate Low 

 Oil Drains/Sumps Moderate/Low High Low 

Buildings & UG Ash Sump Low Moderate/Low Low 

Services Made Ground NA NA Low 

* Will be assessed in upcoming controlled waters risk assessment during piling works.
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The generic quantitative risk assessment carried out on the basis of existing data indicates that there are 

potentially significant risks to human health and the environment under the existing conditions at the site. 

The proposed development of the site will give rise to a temporary increase in risk(s), most notably to 

construction workers and controlled waters.  This is particularly relevant in the areas within and around the 

Battersea Power Station and the 28 Kirtling Street areas.  Short-term risks to the Minor Aquifer and River 

Thames are also likely to increase during the excavation works. This is primarily because of the potential for 

runoff and leaching from stockpiles, and potential spillages during loading of barges etc.   

In the long term however, provided appropriate mitigation measures are employed and the recommendations 

in Section 13 adopted, the risks to human health and the environment can all be mitigated to acceptably low 

levels.   

Risks to the Minor Aquifer and River Thames are considered to be partially mitigated by the proposed 

development, which will consist of a change from soft to hard landscaping. By reducing rainwater infiltration 

across the site this will limit potential contaminant leaching from the remaining Made Ground into groundwater.  

In addition, the primary source (i.e. oil sumps/drains and ash sump, putrescible materials in the former coal 

bunker) and the majority of the secondary source material (i.e. contaminated Made Ground material) will be 

removed as part of the basement excavation. Further mitigation is not considered necessary due to the 

following: 

� The maximum recorded concentrations of ‘persistent’ contaminants (i.e. metals etc) in groundwater are 

not highly elevated (within one order of magnitude of adopted screening criteria); 

� The main contaminants of concern (B(a)P and PAH) are largely degradable under natural attenuation 

processes. (B(a)P has a very slow biodegradation rate however a very high partition coefficient. Thus 

meaning that in groundwater bodies it is predominantly attached to the aquifer matrix and migrates very 

slowly, lowering the risk to adjacent receptors). 

� Areas of B(a)P and PAH contamination are limited in extent, and are associated with source material that 

will be removed as part of the excavation works; 

� Concentrations of hydrocarbon contaminants in monitoring wells adjacent the River Thames were less 

than laboratory limits of reporting; and 

� A considerable thickness of low permeability London Clay Formation is present across the site limiting 

vertical migration of contaminants from the Terrace Gravels Minor into the underlying Major Aquifer.   

12.6 Waste Management 

Several hazardous waste hotspots were recorded in Made Ground materials highlighting the need for soil 

treatment prior to disposal for treatment purposes. In addition, available data has indicated that significant 
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volumes of natural ground (specifically the London Clay Formation and River Terrace Deposits), are likely to be 

classified as inert.   

During excavation of both Made Ground, it is recommended that a watching brief is undertaken for ACM, with 

removal and separate disposal to an appropriately license facility. All Made Ground is therefore considered 

unsuitable for use in soft landscaping areas unless it treated or is beneath a suitable capping layer.   

Further details on waste management (including management of existing stockpiles on-site and groundwater 

seepages during excavation) are included in the spoil management plan and will be discussed in the 

Remediation Strategy. 
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13 Recommendations 

The proposed development includes a number of measures necessary to mitigate the potential risks.  In 

summary these comprise: 

� The implementation of a rigorous Health & Safety regime (including PPE, welfare and personal hygiene) 

by the construction work force; 

� Construction workers should remain vigilant of ground conditions at all times and should report any 

suspect areas of potential contamination (especially asbestos); 

� Surface asbestos fragments/fabric (if encountered) should be removed by a competent/licensed 

contractor.  All material should be segregated and disposed of in line with the waste regulations;  

� Remaining hydrocarbon hotspots identified as part of the risk assessment are located within the 

proposed basement footprint and will therefore be removed as part of the standard building design.  

These areas of hydrocarbon contamination are likely to require selective excavation followed by 

remediation/off-site disposal to hazardous landfill; 

� Stockpiling of grossly contaminated soils should be avoided if possible and where necessary, stockpiles 

should be covered when not in use.  All hazardous/non-hazardous soils requiring off-site disposal will 

require pre-treatment prior to disposal to landfill.  The waste classification of the soils requiring off-site 

disposal be confirmed by the earthworks contractor; 

� All service trenches should be backfilled with clean inert material; 

� A risk to potential future receptors from the underlying Made Ground has been identified.  It is 

recommended a capping layer is constructed within areas of soft landscaping to prevent contact 

between future receptors and the underlying Made Ground.  The clean capping layer is likely to be 0.6m 

thick and will geotextile require a marker layer between the Made Ground and overlying capping layer 

(as outlined in BRE 465); 

� Groundwater remediation is not considered necessary as the groundwater contamination is not 

considered at significantly high concentrations as to warrant immediate remediation, primary 

contamination sources (such as the oil drains and sumps) and majority of the secondary sources (i.e. 

Made Ground) will be effectively removed as part of the earthworks.  Groundwater removed as part of 

the excavation works is likely to require treatment prior to discharge to sewer, or the River Thames; and 

� Buildings (including service trenches) in those areas where Made Ground is to remain should be 

provided with specific protection measures (as per Characteristic Situation 2) .The floor constructions 

and other protective measures described in the BRE report 414 (ref 51) and other relevant guidance 
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(CIRIA report C665 (ref 46) and British Standard 8485 (ref 47)) should be employed to ensure adequate 

mitigation of ground gas. 

In addition to these measures the following further investigations are scheduled to be undertaken post-

planning: 

� The risks and possible mitigation measures regarding the likelihood of piling to cause contamination in 

the major aquifer will be discussed further once piling specifications are determined.  These risks will be 

explored in a foundations works risk assessment in due course; 

� If unforeseen significant contamination is encountered during the enabling works further 

characterisation, risk assessment and/or remedial works may be required in accordance with the Model 

Procedures for the management of land contamination, 2004, CLR11 (ref.1); 

� An Construction phase Environmental Management Plan (CEMP) should be prepared and agreed with 

the regulatory authorities prior to commencement of the enabling works; 

� Further ground investigation is required prior to construction work following consultations with remedial 

contractors and potential exempt sites. This ground investigation will provide more detail for waste 

characterisation and allow approximately delineation of contaminated ‘hotspot’ areas; and 

� Provision is made for a Verification Report following remediation.  This Report will be prepared in general 

accordance with the Model Procedures for the Management of Land Contamination, 2004, CLR11 

(ref.1).  It will need to take into account both the amount of data that will be obtained over the course of 

the work, but also the longevity of the work programme. 
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Appendix A: Analytical Summary Tables 
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LBH Geotechnical & Environmental 1993 BH4 MG 26-Jul-93 - 1007 6.8 1 2 0.010 0.0010 0.020 0.0020 2
22-Aug-97 - - 15.4 1.4 0.1 0.014 0.0014 0.001 0.0001 1
29-Aug-97 - - 14.8 1.9 0.1 0.019 0.0019 0.001 0.0001 1
22-Aug-97 - - 5.9 3.9 0.1 0.039 0.0039 0.001 0.0001 1
29-Aug-97 - - 21 0.1 0.1 0.001 0.0001 0.001 0.0001 1

FES 1997 BH203 MG 26-Sep-97 - - 16.3 1.2 0.1 0.012 0.0012 0.001 0.0001 1
12-Aug-02 - 1011 20 0.1 0.1 0.001 0.0001 0.001 0.0001 1
27-Aug-02 - 1015 20 0.1 0.1 0.001 0.0001 0.001 0.0001 1
11-Aug-04 1.6 1005 8.4 1 0.1 0.010 0.0160 0.001 0.0016 1
28-Aug-04 1 1008 11.2 0.1 0.1 0.001 0.0010 0.001 0.0010 1
13-Sep-04 1.5 999 15.5 0.1 0.1 0.001 0.0015 0.001 0.0015 1
24-Sep-04 4.2 1019 20.9 0.1 0.1 0.001 0.0042 0.001 0.0042 1
11-Oct-04 4.1 1011 10.9 0.1 0.1 0.001 0.0041 0.001 0.0041 1
27-Sep-04 0.9 1021 20.9 0.1 0.1 0.001 0.0009 0.001 0.0009 1
11-Oct-04 1.6 1014 20.9 0.1 0.1 0.001 0.0016 0.001 0.0016 1

24/09/2004 0.3 1019 18.2 1.4 0.1 0.014 0.0042 0.001 0.0003 1
11/10/2004 0.4 1015 18.8 1.4 0.1 0.014 0.0056 0.001 0.0004 1

FES 1997 BH204 MG / ALV 26-Sep-97 - - 14.7 0.1 0.9 0.001 0.0001 0.009 0.0009 1
LBH Geotechnical & Environmental 1993 BH1 MG / RTG 26-Jul-93 - 1007 15.2 1.2 0.1 0.012 0.0012 0.001 0.0001 1

22-Aug-97 - - 8.6 4.5 0.1 0.045 0.0045 0.001 0.0001 1
29-Aug-97 - - 4.1 5.2 0.1 0.052 0.0052 0.001 0.0001 2
29-Aug-97 - - 19.5 1.5 0.1 0.015 0.0015 0.001 0.0001 1

FES 1997 BH201 MG / RTG 26-Sep-97 - - 15.3 0.1 0.1 0.001 0.0001 0.001 0.0001 1
01-Jul-02 - 1002 14.1 0.6 0.1 0.006 0.0006 0.001 0.0001 1
08-Jul-02 - 1009 17.2 0.2 0.1 0.002 0.0002 0.001 0.0001 1
12-Jul-02 - 1020 16.3 0.8 0.1 0.008 0.0008 0.001 0.0001 1
17-Jul-02 - 1021 14 0.7 0.1 0.007 0.0007 0.001 0.0001 1
22-Jul-02 - 1012 12.2 1.9 0.1 0.019 0.0019 0.001 0.0001 1
25-Jul-02 - 1015 9.5 2 0.1 0.020 0.0020 0.001 0.0001 1
30-Jul-02 - 1012 9.3 2.5 0.1 0.025 0.0025 0.001 0.0001 1
05-Aug-02 - 1015 7.2 3.6 0.1 0.036 0.0036 0.001 0.0001 1
12-Aug-02 - 1011 18.6 0.9 0.1 0.009 0.0009 0.001 0.0001 1
27-Aug-02 - 1015 17 0.7 0.1 0.007 0.0007 0.001 0.0001 1
11-Aug-04 0.9 1006 19.8 0.1 0.1 0.001 0.0009 0.001 0.0009 1
28-Aug-04 0 1008 17.2 0.1 0.1 0.001 0.0001 0.001 0.0001 1
13-Sep-08 0 1000 19.2 0.1 0.1 0.001 0.0001 0.001 0.0001 1
07-Oct-04 0 1014 19 0.1 0.1 0.001 0.0001 0.001 0.0001 1
12-Aug-02 - 1011 20.5 0.1 0.1 0.001 0.0001 0.001 0.0001 1
27-Aug-02 - 1015 19.8 0.1 0.1 0.001 0.0001 0.001 0.0001 1
24-Sep-04 0.1 1019 12.4 2.9 0.1 0.029 0.0029 0.001 0.0001 1
07-Oct-04 0 1014 16.8 3.5 0.1 0.035 0.0035 0.001 0.0001 1
11-Aug-04 0.7 1006 20.8 0.1 0.1 0.001 0.0007 0.001 0.0007 1
28-Aug-04 0.2 1008 19.8 0.4 0.1 0.004 0.0008 0.001 0.0002 1
13-Sep-04 0 999 20.9 0.1 0.1 0.001 0.0001 0.001 0.0001 1
11-Oct-04 1.4 999 20.6 0.3 0.1 0.003 0.0042 0.001 0.0014 1
24-Sep-04 0.2 1019 15.7 3.1 0.1 0.031 0.0062 0.001 0.0002 1
07-Oct-04 3.8 1015 7.7 6 0.1 0.060 0.2280 0.001 0.0038 2

11/08/2004 2 1002 14.4 1.8 0.1 0.018 0.0360 0.001 0.0020 1
28/08/2004 0.3 1009 9.7 3 0.1 0.030 0.0090 0.001 0.0003 1
13/09/2004 3.8 1000 12.3 3.4 0 0.034 0.1292 0.000 0.0000 2
07/10/2004 2.9 1014 14.8 2.6 0.1 0.026 0.0754 0.001 0.0029 2
24/09/2004 2.1 1019 18.3 1.1 0.1 0.011 0.0231 0.001 0.0021 1
11/10/2004 1 1014 19.6 0.8 0.1 0.008 0.0080 0.001 0.0010 1
01-Jul-02 - 1002 20.5 0.1 0.1 0.001 0.0001 0.001 0.0001 1
08-Jul-02 - 1009 20.5 0.1 0.1 0.001 0.0001 0.001 0.0001 1
12-Jul-02 - 1020 20.5 1.4 0.1 0.014 0.0014 0.001 0.0001 1
17-Jul-02 - 1021 12.9 6.7 0.1 0.067 0.0067 0.001 0.0001 2
22-Jul-02 - 1012 13.1 4.9 0.1 0.049 0.0049 0.001 0.0001 1
25-Jul-02 - 1015 14.7 4.2 0.1 0.042 0.0042 0.001 0.0001 1
30-Jul-02 - 1012 13.6 5.8 0.1 0.058 0.0058 0.001 0.0001 2
05-Aug-02 - 1015 10.4 6.2 0.1 0.062 0.0062 0.001 0.0001 2
12-Aug-02 - 1011 19.8 0.1 0.1 0.001 0.0001 0.001 0.0001 1
27-Aug-02 - 1015 19.2 0.1 0.1 0.001 0.0001 0.001 0.0001 1
01-Jul-02 - 1002 16 1.4 0.1 0.014 0.0014 0.001 0.0001 1
08-Jul-02 - 1009 16.1 2 0.1 0.020 0.0020 0.001 0.0001 1
12-Jul-02 - 1020 14.5 1.7 0.1 0.017 0.0017 0.001 0.0001 1
17-Jul-02 - 1021 16 1.4 0.1 0.014 0.0014 0.001 0.0001 1
22-Jul-02 - 1012 15.1 3.1 0.1 0.031 0.0031 0.001 0.0001 1
25-Jul-02 - 1015 13.7 3.1 0.1 0.031 0.0031 0.001 0.0001 1
30-Jul-02 - 1012 14.1 3.2 0.1 0.032 0.0032 0.001 0.0001 1
05-Aug-02 - 1015 12.9 2.2 0.1 0.022 0.0022 0.001 0.0001 1
12-Aug-02 - 1011 10 2.8 0.1 0.028 0.0028 0.001 0.0001 1
27-Aug-02 - 1015 12.1 3.6 0.1 0.036 0.0036 0.001 0.0001 1
28/08/2004 1.1 1009 12 5 0.1 0.050 0.0550 0.001 0.0011 1
13/09/2004 1.2 1000 12.4 5.5 0.1 0.055 0.0660 0.001 0.0012 2
11/10/2004 2.4 1013 20.4 0.5 0.1 0.005 0.0120 0.001 0.0024 1
12/08/2004 0.6 1002 20.9 0.1 0.1 0.001 0.0006 0.001 0.0006 1
28/08/2004 0.1 1009 6.8 1.6 0.1 0.016 0.0016 0.001 0.0001 1
13/09/2004 0.3 999 19.9 0.4 0.1 0.004 0.0012 0.001 0.0003 1
25-Jun-02 - 1027 20.5 0.1 0.1 0.001 0.0001 0.001 0.0001 1
01-Jul-02 - 1002 13.6 0.8 0.1 0.008 0.0008 0.001 0.0001 1
08-Jul-02 - 1009 17 0.1 0.1 0.001 0.0001 0.001 0.0001 1
12-Jul-02 - 1020 16.8 0.5 0.1 0.005 0.0005 0.001 0.0001 1
17-Jul-02 - 1021 13.6 0.7 0.1 0.007 0.0007 0.001 0.0001 1
22-Jul-02 - 1012 14.6 0.5 0.1 0.005 0.0005 0.001 0.0001 1
25-Jul-02 - 1015 15.2 0.1 0.1 0.001 0.0001 0.001 0.0001 1
30-Jul-02 - 1012 14 1.6 0.1 0.016 0.0016 0.001 0.0001 1
12-Aug-02 - 1011 17.2 1.6 0.1 0.016 0.0016 0.001 0.0001 1
27-Aug-02 - 1015 18.6 1 0.1 0.010 0.0010 0.001 0.0001 1
24-Sep-04 2 1019 14.5 2.9 0.1 0.029 0.0580 0.001 0.0020 1
07-Oct-04 2.9 1015 14.3 2.9 0.1 0.029 0.0841 0.001 0.0029 2
01-Jul-02 - 1002 15.3 0.1 0.1 0.001 0.0001 0.001 0.0001 1
08-Jul-02 - 1009 16.1 0.1 0.1 0.001 0.0001 0.001 0.0001 1
12-Jul-02 - 1020 12 0.1 0.1 0.001 0.0001 0.001 0.0001 1
17-Jul-02 - 1021 15.3 0.1 0.1 0.001 0.0001 0.001 0.0001 1
22-Jul-02 - 1012 15.4 0.1 0.1 0.001 0.0001 0.001 0.0001 1
25-Jul-02 - 1015 13.1 0.1 0.1 0.001 0.0001 0.001 0.0001 1
30-Jul-02 - 1012 19 0.1 0.1 0.001 0.0001 0.001 0.0001 1
05-Aug-02 - 1017 13.2 0.1 0.1 0.001 0.0001 0.001 0.0001 1
12-Aug-02 - 1011 13.7 0.1 0.1 0.001 0.0001 0.001 0.0001 1
27-Aug-02 - 1015 19.9 0.1 0.1 0.001 0.0001 0.001 0.0001 1
11-Aug-04 1.7 1003 14.9 0.1 0.1 0.001 0.0017 0.001 0.0017 1
13-Sep-04 0.4 1000 17.4 0.1 0.1 0.001 0.0004 0.001 0.0004 1
07-Oct-04 4.2 1015 16.2 0.1 0.1 0.001 0.0042 0.001 0.0042 1

MG / RTG

Fugro 2004

Fugro 2004 BH2026

GW06 MG / RTG

Fugro 2004 BH2020 MG / ALV /RTG

MG / ALV / RTG

Fugro 2004 BH2024A MG / ALV / RTG

MG

Fugro 2004 BH2005 MG

BH401

Geotechnics Limited 2002 BH204

MG / RTG / LCBH402Geotechnics Limited 2002

Geotechnics Limited 2002 MG / RTG/ LC

Fugro 2004

Fugro 2004

MG

Geotechnics Limited 2002 BH201 MG / ALV / RTG

MG / RTGBH301Geotechnics Limited 2002

MG / RTGGeotechnics Limited 2002

MG /RTG

BH2015 MG / RTG

BH501

BH2011

BH102

BH104

BH106

BH113

BH101

BH2001

GW10

MG / RTG

MG / RTG

MG

MG

MG

FES 1997

FES 1997

FES 1997

FES 1997

Geotechnics Limited 2002

Fugro 2004

Fugro 2004
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12/08/2004 3 1002 3.4 10.1 3.9 0.101 0.3030 0.039 0.1170 2
28/08/2004 0.7 1009 20.9 0.1 0.1 0.001 0.0007 0.001 0.0007 1
14/09/2004 0 998 20.9 0.1 0.1 0.001 0.0001 0.001 0.0001 1
11/10/2004 1.9 1014 3 11.6 3.3 0.116 0.2204 0.033 0.0627 2
22-Jul-02 - 1012 20.1 0.1 0.1 0.001 0.0001 0.001 0.0001 1
25-Jul-02 - 1015 19.3 0.1 0.1 0.001 0.0001 0.001 0.0001 1
30-Jul-02 - 1012 19.8 0.1 0.1 0.001 0.0001 0.001 0.0001 1
05-Aug-02 - 1015 20 0.1 0.1 0.001 0.0001 0.001 0.0001 1
12-Aug-02 - 1011 18.1 0.6 0.1 0.006 0.0006 0.001 0.0001 1
27-Aug-02 - 1015 20.2 0.2 0.1 0.002 0.0002 0.001 0.0001 1
11-Aug-02 0.3 1002 20.9 0.1 0.1 0.001 0.0003 0.001 0.0003 1
28-Aug-04 0.1 1011 20.7 0.1 0.1 0.001 0.0001 0.001 0.0001 1
25-Jul-02 - 1015 19.6 0.1 0.1 0.001 0.0001 0.001 0.0001 1
30-Jul-02 - 1012 19.9 0.1 0.1 0.001 0.0001 0.001 0.0001 1
05-Aug-02 - 1015 19.1 0.1 0.5 0.001 0.0001 0.005 0.0005 1
12-Aug-02 - 1011 20.2 0.1 0.1 0.001 0.0001 0.001 0.0001 1
27-Aug-02 - 1015 20 0.1 0.1 0.001 0.0001 0.001 0.0001 1
22-Jul-02 - 1012 20.9 0.1 0.1 0.001 0.0001 0.001 0.0001 1
25-Jul-02 - 1015 20 0.1 0.1 0.001 0.0001 0.001 0.0001 1
30-Jul-02 - 1012 19.8 0.1 0.1 0.001 0.0001 0.001 0.0001 1
05-Aug-02 - 1015 19.3 0.1 0.1 0.001 0.0001 0.001 0.0001 1
12-Aug-02 - 1011 18.4 0.1 0.1 0.001 0.0001 0.001 0.0001 1
27-Aug-02 - 1015 19.6 0.1 0.1 0.001 0.0001 0.001 0.0001 1
11-Aug-04 0.2 1005 20.9 0.1 0.1 0.001 0.0002 0.001 0.0002 1
28-Aug-04 0.1 1009 20.9 0.1 0.1 0.001 0.0001 0.001 0.0001 1
13-Sep-04 1 999 20.9 0.1 0.1 0.001 0.0010 0.001 0.0010 1
11-Oct-04 0 1014 20.9 0.1 0.1 0.001 0.0001 0.001 0.0001 1

Fugro 2004 BH1010 28/08/2004 0.3 1010 14.2 0.1 0.1 0.001 0.0003 0.001 0.0003 1
25-Jul-02 - 1015 20.7 0.1 0.1 0.001 0.0001 0.001 0.0001 1
30-Jul-02 - 1012 16.9 0.5 0.1 0.005 0.0005 0.001 0.0001 1
05-Aug-02 - 1015 14.1 1.3 0.1 0.013 0.0013 0.001 0.0001 1
27-Aug-02 - 1015 20.2 0.1 0.1 0.001 0.0001 0.001 0.0001 1
12-Aug-04 0.5 1002 20.9 0.1 0.1 0.001 0.0005 0.001 0.0005 1
28-Aug-04 0 1009 16.7 2.6 0.1 0.026 0.0026 0.001 0.0001 1
14-Sep-04 2.5 1000 19.3 1.6 0.1 0.016 0.0400 0.001 0.0025 1
11-Oct-04 0.9 1013 15.9 3.4 0.1 0.034 0.0306 0.001 0.0009 1
11-Aug-04 0 1005 19.9 0.1 0.1 0.001 0.0001 0.001 0.0001 1
28-Aug-04 0.3 1009 20.9 0.1 0.1 0.001 0.0003 0.001 0.0003 1
13-Sep-04 0.8 999 20.9 0.1 0.1 0.001 0.0008 0.001 0.0008 1
07-Oct-04 0.1 1014 20.6 0.1 0.1 0.001 0.0001 0.001 0.0001 1

FES 1997 BH108 RTG 29-Aug-97 - - 20.8 0.1 0.1 0.001 0.0001 0.001 0.0001 1
FES 1997 BH115 RTG 29-Aug-97 - - 20.6 0.1 0.1 0.001 0.0001 0.001 0.0001 1

22-Jul-02 - 1012 19.9 0.1 0.1 0.001 0.0001 0.001 0.0001 1
25-Jul-02 - 1015 20.3 0.1 0.1 0.001 0.0001 0.001 0.0001 1
30-Jul-02 - 1012 20.1 0.1 0.1 0.001 0.0001 0.001 0.0001 1
05-Aug-02 - 1015 20.1 0.1 0.1 0.001 0.0001 0.001 0.0001 1
12-Aug-02 - 1011 20 0.1 0.1 0.001 0.0001 0.001 0.0001 1
27-Aug-02 - 1015 20.1 0.1 0.1 0.001 0.0001 0.001 0.0001 1
24-Sep-04 0.1 1019 20.4 0.1 0.1 0.001 0.0001 0.001 0.0001 1
11-Oct-04 0.3 1014 20.9 0.1 0.1 0.001 0.0003 0.001 0.0003 1
22-Jul-02 - 1012 18.1 0.1 0.1 0.001 0.0001 0.001 0.0001 1
25-Jul-02 - 1015 20.3 0.1 0.1 0.001 0.0001 0.001 0.0001 1
30-Jul-02 - 1012 20.4 0.1 0.1 0.001 0.0001 0.001 0.0001 1
05-Aug-02 - 1015 20.3 0.1 0.1 0.001 0.0001 0.001 0.0001 1
12-Aug-02 - 1011 19.9 0.1 0.1 0.001 0.0001 0.001 0.0001 1
27-Aug-02 - 1015 20.1 0.1 0.1 0.001 0.0001 0.001 0.0001 1
17-Jul-02 - 1021 19.5 0.1 0.1 0.001 0.0001 0.001 0.0001 1
22-Jul-02 - 1012 19.8 0.1 0.1 0.001 0.0001 0.001 0.0001 1
25-Jul-02 - 1015 19.8 0.1 0.1 0.001 0.0001 0.001 0.0001 1
30-Jul-02 - 1012 20.2 0.1 0.1 0.001 0.0001 0.001 0.0001 1
05-Aug-02 - 1015 19.6 0.1 0.1 0.001 0.0001 0.001 0.0001 1
12-Aug-02 - 1011 19.2 0.1 0.1 0.001 0.0001 0.001 0.0001 1
27-Aug-02 - 1015 21 0.1 0.1 0.001 0.0001 0.001 0.0001 1
25-Jul-02 - 1015 16.7 0.1 0.1 0.001 0.0001 0.001 0.0001 1
30-Jul-02 - 1012 16.5 0.1 0.1 0.001 0.0001 0.001 0.0001 1
05-Aug-02 - 1015 17 0.1 0.1 0.001 0.0001 0.001 0.0001 1
12-Aug-02 - 1011 18.8 0.1 0.1 0.001 0.0001 0.001 0.0001 1
27-Aug-02 - 1015 19.8 0.1 0.1 0.001 0.0001 0.001 0.0001 1
12-Aug-04 0.2 1003 20.9 0.1 0.1 0.001 0.0002 0.001 0.0002 1
28-Aug-04 0.2 1009 19.4 0.4 0.1 0.004 0.0008 0.001 0.0002 1
13-Sep-04 0.9 1000 20.7 0.2 0.1 0.002 0.0018 0.001 0.0009 1
11-Oct-04 1.1 1013 20.9 0.1 0.1 0.001 0.0011 0.001 0.0011 1
08-Jul-02 - 1009 19.8 0.1 0.1 0.001 0.0001 0.001 0.0001 1
12-Jul-02 - 1020 18.7 0.1 0.1 0.001 0.0001 0.001 0.0001 1
17-Jul-02 - 1021 20.5 0.1 0.1 0.001 0.0001 0.001 0.0001 1
22-Jul-02 - 1012 20.1 0.1 0.1 0.001 0.0001 0.001 0.0001 1
25-Jul-02 - 1015 20 0.1 0.1 0.001 0.0001 0.001 0.0001 1
30-Jul-02 - 1012 20.2 0.1 0.1 0.001 0.0001 0.001 0.0001 1
05-Aug-02 - 1015 10.1 0.1 0.1 0.001 0.0001 0.001 0.0001 1
12-Aug-02 - 1011 20 0.1 0.1 0.001 0.0001 0.001 0.0001 1
27/08/2002 - 1015 19.9 0.1 0.1 0.001 0.0001 0.001 0.0001 1
29/09/2004 1.5 1017 20.9 0.1 0.1 0.001 0.0015 0.001 0.0015 1
11/10/2004 1.6 1011 20.6 0.3 0.1 0.003 0.0048 0.001 0.0016 1
17-Jul-02 - 1021 19.1 0.1 0.1 0.001 0.0001 0.001 0.0001 1
22-Jul-02 - 1012 19 0.1 0.1 0.001 0.0001 0.001 0.0001 1
25-Jul-02 - 1015 19.9 0.1 0.1 0.001 0.0001 0.001 0.0001 1
30-Jul-02 - 1012 19.7 0.1 0.1 0.001 0.0001 0.001 0.0001 1
05-Aug-02 - 1017 19.3 0.1 0.1 0.001 0.0001 0.001 0.0001 1
12-Aug-02 - 1011 17.5 0.1 0.1 0.001 0.0001 0.001 0.0001 1
27-Aug-02 - 1015 20.1 0.1 0.1 0.001 0.0001 0.001 0.0001 1
24-Sep-04 0.3 1020 20.9 0.1 0.1 0.001 0.0003 0.001 0.0003 1
07-Oct-04 0.4 1015 20.6 0.1 0.1 0.001 0.0004 0.001 0.0004 1
17-Jul-02 - 1021 20.3 0.1 0.1 0.001 0.0001 0.001 0.0001 1
22-Jul-02 - 1012 20.1 0.1 0.1 0.001 0.0001 0.001 0.0001 1
25-Jul-02 - 1015 19.7 0.1 0.1 0.001 0.0001 0.001 0.0001 1
30-Jul-02 - 1012 19.1 0.1 0.1 0.001 0.0001 0.001 0.0001 1
05-Aug-02 - 1015 20.2 0.1 0.1 0.001 0.0001 0.001 0.0001 1
12-Aug-02 - 1011 20.2 0.1 0.1 0.001 0.0001 0.001 0.0001 1
27-Aug-02 - 1015 18.1 0.1 0.1 0.001 0.0001 0.001 0.0001 1
12/08/2004 0.5 1003 20.9 0.1 0.1 0.001 0.0005 0.001 0.0005 1
28/08/2004 1.1 1009 20.9 0.1 0.1 0.001 0.0011 0.001 0.0011 1
13/09/2004 0 999 20.5 0.4 0.1 0.004 0.0004 0.001 0.0001 1
07/10/2004 0.9 1015 20.6 0.1 0.1 0.001 0.0009 0.001 0.0009 1

RTGFugro 2004

GW01Fugro 2004

BH2030

RTGBH902AGeotechnics Limited 2002

ALV / RTG

Fugro 2004 BH2018 ALV / PEAT / LC

ALV / RTG / LC

Geotechnics Limited 2002

Geotechnics Limited 2002 ALV / PEAT / ALV / RTG

BH601 RTGGeotechnics Limited 2002

BH202Geotechnics Limited 2002

Geotechnics Limited 2002 BH203

Geotechnics Limited 2002 BH1100

Geotechnics Limited 2002 RTGBH701

Geotechnics Limited 2002 BH104A RTG

Geotechnics Limited 2002 BH105 RTG

RTG

Geotechnics Limited 2002 BH102 RTG

MG / RTG / LC

BH801

BH702

Peat / ALV / RTG
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Appendix B: Previous Investigations (CD) 
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