Polycyclic Aromatic Hydrocarbons

Concentrations are reported on a wet weight basis.

GC/MS (SIM)
Customer and Site Details: Hyder Cons@lting UK Ltd: LNO1323
Sample Details: ‘ BH230.5 | Job Number: $10_0786
LIMS ID Number: CL1003533! - Date Booked in: 15-Feb-10
QC Batch Number: 0499 ‘ Date Extracted: 19-Feb-10
Quantitation File: Initial Calibration Date Analysed: 19-Feb-10
Directory: \0219PAHGCS\ Matrix: - Soil
Dilution: 1.0 f Ext Method: Ultrasonic
UKAS accredited?: Yes
Target Compounds | CAS#|| R.T. Concentration % Fit
(min) mg/kg
Naphthalene 91-20-3 . - < 0.08 -
Acenaphthylene 208-96-8 | - < 0.08 -
* |Acenaphthene 83-32-9 - <0.08 -
-'|Fluorene 86-73-7 - < 0.08 -
Phenanthrene 85-01-8 - < 0.08 -
Anthracene 120-12-7 | - < (.08 -
Flugranthene 206-44-0 | - < .08 -
Pyrene 129-00-0 |- - < 0.08 -
Benzolalanthracene 56-55-3 | - < .08 -
Chrysene 218-01-9 - <0.08 -
Benzo[blfluoranthene 205-99-2 | - < (.08 -
Benzolklflueranthene 207-08-9 - < (.08 -
Benzo[alpyrene 50-32-8 - < (.08 -
Indeno[1,2,3-cd]pyrene 193-39-5 | - < 0.08 -
Dibenzo[a,h]anthracene 53-70-3 - < 0.08 -
Benzo[g,h.ilperyiene 191-24-2 | . - < 0.08 -
Total (USEPA16) PAHs - - < 1.28 -
"M" denotes that % fit has been manually interpreted
Internal Standards % Area Surrogates % Rec
1,4-Dichlorobenzene-d4 NA | Nitrobenzene-db NA
Naphthalene-d8 86 " |2-Flugrobiphenyl 104
Acenaphthene-d10 80 Terphenyl-d14 106
Phenanthrene-d10 70
Chrysene-d12 - 64
Perylene-d12 62

The Total PAH result is the sum of non-rounded individual PAH results and therefore may
differ to the sum of the rounded individual PAH results printed above. By convention, where
any one or more result is a "less than”, the total is expressed as a "less than" and includes
the "less than" concentration within the total. | -

Where individual results areiﬂagged see report notes for status.
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Polycyclic Aromatic Hydrocarbons
GC/MS (SIM)

Customer and Site Details: Hyder Consuiting UK Lid: LNG1323

Sample Detalls: ‘ TP200.5 Job Number: $10_0786
LIMS ID Number: - CL1003534 |- Date Booked in: 15-Feb-10
QC Batch Number: - 0499 3 Date Extracted: 19-Feb-10
Quantitation File: Initial Cafibrat;ion Date Analysed: 19-Feb-10
Directory: \0219PAHGCH Matrix: Sail

Dilution: 1.0 | - Ext Method: ' Ultrasonic

UKAS accredited?: Yes

Target Compounds CAS# | R.T. Concentration % Fit
_ (min) mg/kg
‘[Naphthalene 91-20-3 | - < (.08 -
Acenaphthylene 208-96-8 | - < 0.08 -
Acenaphthene 83-32-9 - < (.08 -
Fluorene 86-73-7 | - ‘ ' < (.08 -
Phenanthrene . 85-01-8 ‘[ - <0.08 -
Anthracene ' 120-12-7 | - < 0.08 -
Fluoranthene 206-44-0 | - . . <0.08 -
Pyrene 129-00-0 - < (.08 ' -
Benzo[ajanthracene 56-55-3 C - - < 0.08 -
Chrysene 218-01-9 - < (.08 -
Benzo[blfluoranthene 205-99-2 | - < 0.08 . -
Benzolk)fluoranthene 207-08-9 | - < 0.08 -
Benzo[ajpyrene : 50-32-8 - < (.08 -
Indeno[1,2,3-cd]pyrene 193-39-5 - . < (.08 -
Dibenzo[a,hlanthracene 53-70-3 I - < (0.08 : -
|Benzo[g,h,i]perylene 191-24-2 |. - - < (.08 -
Coronene 191-07-1* - < 0.08 -
Total (USEPA16) PAHs - ] - < 1.28 -

.~ " Denotes compound is not UKAS accredited
- "M" denotes that % fit has been manually interpreted

Internal Standards % Area ‘ Surrogates % Rec
1,4-Dichlorobenzene-d4 NA ! . Nitrobenzene-d5 NA
Naphthalene-d8 C 86 2-Fluorobipheny! 100
Acenaphthene-d10 80 Terphenyl-d14 101
Phenanthrene-d10 73 |

Chrysene-d12 67 :

Perylene-d12 67 !

Concentrations are reported on a wet weight basis.

The Total PAH result is the sum of non-rounded individual PAH results and therefore may
differ to the sum of the rounded individual PAH results printed above. By convention, where
any one or more result is a "less than", the total! is expressed as a "less than" and includes
the "less than" concentration within the total.

Where individual results are ﬂabged see report notes for status.
\

I
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Polycyclic Aromatic Hydrocarbons

GC/MS (SIM)
Customer and Site Details: Hyder Consulting UK Lid: LNO1323
Sample Details: TP201.2 Job Number: 510_0786
LIMS ID Number: CL1003535 ; Date Booked in: 15-Feb-10
QC Batch Number: 0499 Date Extracted: 19-Feb-10
Quantitation File: Initial Calibration Date Analysed: 19-Feb-10
Directory: - 21 QPAHGCS\ Matrix: Soil
Dilution: 1.0 ‘ Ext Method: Ultrasonic
UKAS accredited?: Yes
Target Compounds | CAS# | R.T. Concentration % Fit
i {min) mg/kg

Naphthalene 91-20-3 | - < (.08 -

- |Acenaphthyiene 2(8-96-8 | - < 0.08 =
Acenaphthene . 83-32-9 - < 0.08 -
Flugrene 86-73-7 - < (.08 -
Phenanthrene 85-01-8 | - <0.08 -
Anthracene 120-12-7 - < 0.08 -
Flugranthene 206-44-0 - < (.08 -
Pyrene 129-00-0 - <-(.08 -
Benzo[alanthracene 56-55-3 - < 0.08 -
Chrysene 218-01-9 - < 0.08 -
Benzo[b]flucranthene 205-99-2 | - < 0.08 -
Benzok]fluoranthene 207-08-9 | - < (.08 -
Benzo[a]pyrene 50-32-8 | - < 0.08 -
Indeno1,2,3-cd]pyrene 193-39-5 | - < (.08 -
Dibenzo[a,hjanthracene 53-70-3 | - < 0.08 -
Benzolg,h,iJperylene 191-24-2 - < 0.08 -
Total (USEPA16) PAHs - ; - < 1.28 -

"M" denotes that % fit has been manually interpreted
Internal Standards % Area Surrogates % Rec
1,4-Dichlorobenzene-d4 NA Nitrobenzene-d5 NA
Naphthalene-d8 85 ~ [2-Fluorobipheny 103
Acenaphthene-d10 81 i Terphenyl-di4 110
Phenanthrene-d10 81 1
Chrysene-d12 77 |
Perylene-d12 76

Concentrations are reporied on a wet weight basis.

The Total PAH result is the sum of non—rounded individual PAH results and therefore may
differ to the sum of the rounded individual PAH results printed above. By convention, where
any one or more result is a "less than", the total is expressed as a "less than" and includes
the "less than" concentration within the total,
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Polycyclic Aron%’atic Hydrocarbons
GC/MS (SIM)

Customer and Site Details:  Hyder Consnl:lting UK Ltd: LNO1323

Sample Details: - TP21 0.5 1‘ - Job Number: $10_0786
LIMS ID Number: CL1003536 | | Date Booked in: 15-Feb-10
QC Batch Number; 0499 ' Date Extracted: 19-Feb-10
Quantitation File: Initial Calibra:iion Date Analysed: 19-Feb-10
Directory: ' \0219PAHGCS5\ Matrix: Sail

Dilution: 1.0 1 Ext Method: Ultrasonic

I
UKAS accredited?: Yes

Target Compounds CAS # R.T. Concentration % Fit

' | (min) mg/kg
Naphthalene 91-20-3 - < 0.08 -
Acenaphthylene 208-96-8 - < (.08 ' -
Acenaphthene , 83-32-9 - < 0.08 -

- [Fluorene : 86-73-7 - <0.08 -

Phenanthrene ' 85-01-8 - < .08 -
Anthracene- : 120-12-7 - < 0.08 -
Fluoranthene , 206-44-0 - < (.08 -
Pyrene 128-00-0 - ' < 0.08 -
Benzolalanthracene 56-55-3 - < (.08 -
Chrysene 218-01-9 - < 0.08 : -
Benzo[b]fluoranthene 205-99-2 . - < 0.08 ~
Benzo[k]fluoranthene 207-08-9 - < (.08 -
Benzo[a]pyrene 50-32-8 - < 0.08 -
Indeno[1,2,3-cdlpyrene 193-39-5 -~ - < 0.08 -
Dibenzo[a,hlanthracene 53-70-3 - < .08 -
Benzo[g, h,iJperylene 191-24-2 - < 0.08 -
Total (USEPA16) PAHs ' - ‘ - < 1.28 -

"M" denotes that % fit has been manually interpreted
K '
Internal Standards . % Area || '|Surrogates % Rec

1,4-Dichlorobenzene-d4 NA ] Nitrobenzene-d5 NA
Naphthalene-d8 87 ; 2-Fluorgobipheny! 103
Acenaphthene-d10 82 j Terphenyl-d14 - 111
Phenanthrene-d10 - 84 |

Chrysene-d12 83

Perylene-d12 83

Concentrations are reported on a wet weight basis.

The Total PAH result is the sum of non-roundeH individual PAH results and therefore may
differ to the sum of the rounded individual PAH results printed abave. By convention, where
any one or more result is a "less than", the totaliis expressed as a "less than" and includes
the "less than" concentration within the total. |

Where individual results are ﬂégged see report notes for status.
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Polycyclic Aromatic Hydrocarbons

GC/MS (SIM)
Customer and Site Details: Hyder Consuilting UK Ltd: LNO1323
Sample Details: TP2212 | Job Number: $10_0786
LIMS ID Number: CL1003537 ! - Date Booked in: 15-Feb-10
QC Batch Number: 0499 Date Extracted: 19-Feb-10
Quantitation File: fnitial Calibrétion Date Analysed: 18-Feb-10
Directory: 1021 9PAHGCS\ Matrix: Soil

Dilution: ' 1.0 ; Ext Method: Ultrasonic

UKAS accredited?: Yes

Target Compounds | CAS#/| R.T. Concentration % Fit
' ' | (min) mg/kg
Naphthalene 91-20-3 || - < 0.08 -
Acenaphthylene | 208-96-8 |- - < (.08 S
Acenaphthene | 83-32-9 . - < 0.08 -
Fluorene 86-73-7 | - < 0.08 -
Phenanthrene 85-01-8 - - ‘ < 0.08 E
Anthracene 120-12-7 | - < 0.08" -
Fluoranthene 206-44-0 | - - < (.08 .
Pyrene 129-00-0 - < (.08 . -
Benzo[a]anthracene ' 56-55-3 - <008 . . -
Chrysene 218-01-9 |. - _ < 0.08 : -
Benzo[bHflucranthene 205-99-2 - < 0.08 -
Benzo[K]fluoranthene 207-08-9 - < 0.08 -
Benzo[a]pyrene 50-32-8 - . < (.08 -
Indeno[1,2,3-cd]pyrene 193-39-5 || - < (.08 -
Dibenzo[a,h]anthracene 53-70-3 - < 0.08 -
Benzo[g,h.i]perylene 191-24-2 - < (.08 -
Total (USEPA16) PAHs - - <128 -
"M" denotes that % fit has been manually interpreted
Internal Standards % Area Surrogates % Rec
1,4-Dichlorobenzene-d4 NA ' Nitrobenzene-d5 NA
Naphthatene-d8 85 | 2-Fluorohiphenyl 104
Acenaphthene-d10 80 | Terphenyl-d14 115
Phenanthrene-d10 75 |
Chrysene-d12 76
Perylene-d12 72

Concentrations are reported on a wet weight b‘asis

The Total PAH result is the sum of non—rounded individual PAH results and therefore may
differ to the sum of the rounded individua! PAH results printed above. By convention, where
any one or more result is a "less than", the total is expressed as a "less than" and mcludes
the "less than" concentration within the total. |

Where individual results are flagged see report notes for status.
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Polycyclic Aromatic Hydrocarbons

Page 10 of 38

GC/MS (SIM)
Customer and Site Details: Hyder Consu;lting UK Ltd: LNO1323
Sample Details: TP240.5 ¢ Job Number: S10_0786
LIMS ID Number: CL1003538 | ‘ Date Booked in: 15-Feb-10
QC Batch Number: 0499 ‘ Date Extracted: 19-Feb-10
Quantitation File: Initial Calibration . Date Analysed: 19-Feb-10
Directory: \0219PAHGC5\ Matrix: Soil
Dilution: 1.0 5 Ext Method: Ultrasonic
UKAS faccredited?: Yes
Target Compounds | CAS # R.T. Concentration % Fit
(min) mg/kg
Naphthalene 91-20-3 - < 0.08 -
Acenaphthylene - 208-96-8 - < 0.08 -
Acenaphthene 83-32-9 - < 0.08 -
Fluorene 86-73-7 - < .08 -
Phenarithrene 85-01-8 5.69 0.10 94
Anthracene 120-12-7 - < 0.08 -
Fluoranthene 206-44-0 7.03 0.61 95
Pyrene 129-00-0 7.31 0.62 98
Benzo[alanthracene ' 56-55-3 8.99 0.45 89
Chrysene 218-01-9 0.04 0.44 93
Benzo[bifluoranthene 205-99-2 10.53 0.81 99
Benzo[k]fluoranthene - 207-08-9 10.56 0.30 97
Benzolalpyrene 50-32-8 10.95 0.61 98
Indeno[1,2,3-cd]pyrene 193395 | 12.33 0.48 100
Dibenzo[a,hjanthracene 53-70-3 |. - < 0.08 -
Benzo[g,h,ijperylene 191-24-2 12.63 0.49 94
Total (USEPA16) PAHs - - < 5.39 -
"M" denotes that % ﬁt has been manually interpreted

Internal Standards % Area Surrogates % Rec
1,4-Dichlorobenzene-d4 NA Nitrobenzene-d5 NA
Naphthalene-d8 83 2-Fluorohiphenyl 104
Acenaphthene-d10 77 Terphenyl-d14 103
Phenanthrene-d10 73
Chrysene-d12 67
Perylene-d12 68

Concentrations are reported on a wet weight bésis.

The Totai PAH result is the sum of non-rounded individual PAH results and therefore may
differ to the sum of the rounded individual PAH results printed above. By convention, where
any one or more result is a "less than", the total is expressed as a "less than" and includes
the "less than" concentration within the total.

Where individual results are flagged see report notes for status.
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Polycyclic Aromatic Hydrocarbons

Customer and Site Details:

GC/MS (SIM)

Hyder Consulting UK Ltd: LNO1323

‘Sample Details: TP251.2 | Job Number: S$10_0786
LIMS ID Number: CL1003539 Date Booked in: 15-Feb-10
QC Batch Number: 0499 Date Extracted: 19-Feb-10
Quantitation File; Initial Calibration Date Analysed: 19-Feb-10
Directory: \0219PAHGCS\ Matrix: Soil
Dilution: 1.0 g Ext Method: * Ultrasonic

UKAS accredited?: Yes
Target Compounds | CAS # R.T. Concentration % Fit
~ {min) . mg/kg

Naphthalene 91-20-3 || - < 0.08 -
Acenaphthylene 208-96-8 - < 0.08 -
Acenaphthene B83-32-9 - < 0.08 -
Fluorene 86-73-7 - < (.08 -
Phenanthrene 85-01-8 - < 0.08 -
Anthracene 120-12-7 - < (.08 -
Fluoranthene 206-44-0 7.03 0.19 95
Pyrene 129-00-0 7.32 0.18 99
Benzo[alanthracene 56-55-3 8.99 .13 92
Chrysene 218-01-9 | 9.4 0.13 94
Benzo[b]fluoranthene 205-99-2 10.53 0.31 77
Benzo[kjfluoranthene 207-08-9 10.56 0.12 80
Benzo[a]pyrene -~ 50-32-8 10.96 0.23 93
Indenof1,2,3-cd]pyrene 193-39-5 12.33 0.23 75
Dibenzo[a,h]anthracene 53-70-3 - < 0.08 -
Benzo[g,h,i]perylene 191-24-2 12.63 0.24 95
Coronene 191-07-1 * - < (.08 -
Total (USEPA16) PAHs - - <232

Internal Standards % Area
1,4-Dichlorobenzene-d4 NA
Naphthalene-d8 82
Acenaphthene-d10 77
Phenanthrene-d10 73
Chrysene-d12 66
Perylene-d12 66

Concentrations are reported on a wet weight bajsis.

- " Denotes compound is hot UKAS accredited
"M" denotes that % fit has been manually interpreted

% Rec

Surrogates

Nitrobenzene-d5 NA
2-Fluorobiphenyl 104
Terphenyl-d14 104

The Total PAH result is the sum of non-rounded individual PAH results and therefore may
differ to the sum of the rounded individual PAH results printed above. By convention, where
any one or more resulit is a "less than", the totallis expressed as a "less than" and includes
the "less than" concentration within the total.
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Where individual results are ﬂaé‘ged see report notes for status.
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Polycyclic Aromatic Hydrocarbons

Customer and Site Details:

|

1

GC/MS (SIM)

Hyder Consuiting UK Ltd: LNO1323

Page 12 of 38

K

‘Sample Details: TP2520 | Job Number: $10_0786
LIMS ID Number: CL1003540. | Date Booked in: 15-Feb-10
QC Batch Number: 0499 ‘ Date Extracted: 19-Feb-10
Quantitation File: Initial Calibration Date Analysed: 19-Feb-10
Directory: \0219PAHGCS)\ Matrix: Soil
Dilution: 1.0 | Ext Method; . Ultrasonic
UKAS |accredited?: Yes
Target Compounds | CAS # R.T. Concentration % Fit
_ (min) mg/kg
Naphthalene 91-20-3 - < 0.08 -
Acenaphthylene 208-96-8 - < 0.08 -
Acenaphthene 83-32-9 |} - . < 0.08 -
Fluorene 86-73-7 || - < 0.08 -
Phenanthrene 85-01-8 || - < 0.08 . -
Anthracene 120-12-7 - < (.08 -
Fluoranthene 206-44-0 - < 0.08 -
Pyrene. 129-00-0 - < 0.08 -
Benzo[alanthracene 56-55-3 - < 0.08 -
Chrysene 218-01-9 - < 0.08 -
Benzo[blfluoranthiene 205-99-2 - < (.08 -
Benza[k]fluoranthene 207-08-9 - < (.08 -
Benzo[alpyrene 50-32-8 - < 0.08 -
Indeng[1,2,3-cd]pyrene 193-39-5 - < (.08 -
Dibenzo[a,hjanthracene 53-70-3 - < (.08 -
Benzolg,h,ijperyiene 191-24-2 - < 0.08 -
Total (USEPA16) PAHs - - < 1.28 -
"M" denotes that % fit has been manually interpreted

Internal Standards. % Area Surrogates % Rec
1,4-Dichiorobenzene-d4 NA Nitrobenzene-d5 NA
Naphthalene-d8 87 2-Fluorobiphenyl 102
Acenaphthene-d10 81 Terphenyl-di4 110
Phenanthrene-d10 82.
Chrysene-d12 83
Perylene-d12 80
Concentraticns are reported on a wet weight ba lS

The Total PAH result is the sum of non-rounded individual PAH results and therefore may -’
differ to the sum of the rounded individual PAH ‘results printed above. By convention, where

any one or more result is a "less than”, the total
the "less than" concentration within the total.

Where individual results are ﬂagéed see report notes for status.

is expressed as a "less than" and includes

EFS/100786 Ver. 1




Polycyclic Aromatic Hydrocarbons

GC/MS (SIM)
Customer and Site Details:  Hyder Consdlting UKLtd: LNO1323
Sampie Details: TP260.5 | Job Number: $10_0786
LIMS ID Number: CL1003541 3 Date Booked in: 16-Feb-10
QC Batch Number: 0499 ‘ Date Extracted: 19-Feb-10
Quantitation File: Initial Calibraiion Date Analysed: 19-Feb-10
Directory: \0219PAHGCS Matrix: Soil
Dilution: 1.0 1 Ext Method: Ultrasonic
UKAS faccredited?: Yes
Target Compounds | CAS # R.T. Concentration % Fit
_ {min) mg/kg
Naphthalene 91-20-3 | - < 0.08 )
Acenaphthylene 208-96-8 - < 0.08 -
Acenaphthene 83-32-9 - < 0.08 -
Fluorene 86-73-7 - < 0.08 -
Phenanthrene 85-01-8 - < 0.08 -
Anthracene 120-12-7 - < (.08 -
Fluoranthene 206-44-0 7.03 0.32 95
Pyrene 129-00-0 7.31 0.31 06
Benzo[a]anthracene 56-55-3 9.00 0.21 89
Chrysene 218-01-9 9.04 0.22 92
Benzo[blfluocranthene 205-99-2 10.53 0.43 92
Benzo[k]fluoranthene 207-08-9 10.56 0.16 92
Benzo[alpyrene 50-32-8 10.95 0.27 92
indeno[1,2,3-cd]pyrene 193-39-5 12.33 0.24 94
Dibenzo[a,hlanthracene 53-70-3 - <.0.08 -
Benzo[g,h,i]perylene 191-24-2 12.63 0.24 96
Total (USEPA16) PAHs - - < 2.96 -
"M" denotes that % fit has been manually interpreted

Internal Standards % Area _[Surrogates % Rec
1,4-Dichlorobenzene-d4 NA Nitrobenzene-d5 NA
Naphthalene-d8 85 2-Fluorobiphenyl 102
Acenaphthene-d10 80 Terphenyl-d14 110
Phenanthrene-d10 82
Chrysene-d12 83
Perylene-d12 83

Concentrations are reported on a wet weight baéis.

The Total PAH result is the sum of non-
differ to the sum of the rounded individu
any one or more result is a "less than”, the total i

the "less than" concentration within the total.

Page 13 of 38

‘
R
[

Where individual results are ﬂagbéd see report notes for status.
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Pdlycyclic Aromatic Hydrocarbons
GC/MS (SIM)

Customer and Site Details: Hyder Consplting UK Ltd: LNO1323

Sample Details: TP27 0.3 | -Job Number: S$10_0786
LIMS ID Number: ' CL1003542 . Date Bocoked in: 15-Feb-10
QC Batch Number: 0499 - - Date Extracted: 19-Feb-10
Quantitation File: Initial Calibration Date Analysed: . 19-Feb-10
Directory: : \0219PAHGC5\’ Matrix: Sail

Dilution: 1.0 3 Ext Method: Ultrasonic

UKAS accredlted‘7 Yes

Target Compounds CAS#|| R.T. Concentration % Fit
' | (min) mg/kg
Naphthalene 91-20-3 || 3.31 0.13 97
Acenaphthylene 208-96-8 | | - < 0.08 S
Acenaphthene 83-32-9 | - <008 -
Fluorene . 86-73-7 - < 0.08 -
Phenanthrene ' 85-01-8.1| 569 | 0.55 - 98
Anthracene 120-12-7 5.75 0.23 96
Fluoranthene 206-44-0 7.03 0.68 96
Pyrene 129-00-0 7.31 ' 0.54 96
Benzo[a]anthracene 56-55-3 8.99 0.39 92
Chrysene 218-01-9 9.04 0.41 - 95
Benzo[b]fluoranthene 205-99-2 || 1052 0.84 100
Benzo[k]fluoranthene 207-089 | 1056 | - 0.25 9
Benzolalpyrene 50-32-8 10.95 0.31 91
Indeno[1,2,3-cd]pyrene 193-39-5 12.33 . 0.43 96
Pibenzo[a,h]lanthracene 53-70-3 | 12.36 0.14 76
'|Benzo[g.h,ijperyiene 191-24-2 || 1263 | 0.49 97
Total (USEPA16) PAHs = 1 - < 563 -

"M" denotes that °/jofﬁt has heen manually interpreted

Internal Standards % Area Surrogates . % Rec
1,4-Dichlorobenzene-d4 NA Nitrobenzene-d5 ‘ NA
Naphthalene-d8 ) 82 | 2-Fluorobiphenyl 103
Acenaphthene-d10 76 i Terphenyl-d14 110
Phenanthrene-d10 71

Chrysene-d12 73 |

Perylene-d12 75

Concentrations are reported on a wet weight basis.

The Total PAH result is the sum of non-rounded individual PAH results and therefore may
differ to the sum of the rounded individual PAH results printed above. By convention, where
any one or more result is a "less than", the total is expressed as a "less than" and includes
the "less than" concentration within the total. |

Where individual results are ﬂagged see report notes for status.
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Polycyclic Aromatic Hydrocarbons
| - GC/MS (Sim)

Customer and Site Details: Hyder Consdfting UK Ltd: LNO1323

Sample Details: TP27 1.85 | Job Number: $10_0786
LIMS ID Number: CL1003543 | Date Booked in; 15-Feb-10
QC Batch Number: 0499 Date Extracted: 19-Feb-10
Quantitation File: ~ Initial Caﬁbraiion Date Analysed: 19-Feb-10
Directory: , \0219PAHGC5) Matrix: Soil

Dilution: : 1.0 Ext Method: Ultrasonic

UKAS dccredited?: Yes

Target Compounds | CAS# | R.T. Concentration % Fit
: | (min) mg/kg
Naphthalene 91-20-3 || - < 0.08 -
Acenaphthylene 208-96-8 || - < 0.08 -
Acenaphthene : 83-32-9 || - < 0.08 -
Fluorene 86-73-7 | - < 0.08 -
Phenanthrene 85-01-8 - - < (.08 -
Anthracene 120-12-7 || - < 0.08 -
Fluoranthene | 206440 | - - < 0.08 -
Pyrene 129-00-0 | - <008 -
Benzofalanthracene 56-65-3 | . - < 0.08 -
Chrysene - 218-01-9 |. - < (.08 -
Benzo[b]fluoranthene 205-99-2 - : <0.08 -
Benzo{k]fluoranthene 207-08-9 - < (.08 -
Benzo[alpyrene : 50-32-8 | - < 0.08 .
Indeno[1,2,3-cdjpyrene 193-39-5 [ - __ <0.08 -
Dibenzo[a,hlanthracene 53-70-3 - < (.08 - -
Benzo[g,h.iJperylene 191-24-2 - - < 0.08 =
Total (USEPA16) PAHs - ‘ - < 1.28 -
"M" denotes that % fit has been manually interpreted
Internal Standards % Area ‘ Surrogates % Rec
1,4-Dichlorobenzene-d4 NA Nitrobenzene-d5 NA
Naphthalene-d8 84 . 2-Fluorobiphenyl - 101
Acenaphthene-d10 80 ‘ Terphenyl-d14 122
Phenanthrene-d10 80
Chrysene-d12 92
Perytene-d12 93

Concentrations are reported on a wet weight basis.

The Total PAH resultis the sum of non-rounded individual PAH resufts and therefore may.
differ to the sum of the rounded individual PAH results printed above. By convention, where
any one or more result is a "less than", the total is expressed as a "less than" and includes
the "less than" concentration within the total.

Where individual results are flagged see report notes for status.
Page 15 of 38 : EFS/100786 Ver. 1



|

Polycyclic Aromatic Hydrocarbons

GC/MS (SIM)

Customer and Site Details: ~ Hyder Consuiting UK Ltd: LNO1323

Sample Details: TP2805 | Job Number: S10_0786
LIMS ID Number: CL1003544 | . Date Booked in: 15-Feb-10
QC Batch Number: 0499 1 Date Extracted: .19-Feb-10
Quantitation File: Initial Calibr&_fion Date Analysed: 20-Feb-10
Directory: \0219PAHGCS! Matrix: Soil
Dilution: 1.0 I : Ext Method: Ultrasonic

UKAS accredited?: Yes

Target Compounds | CAS # R.T. | Concentration % Fit
(min) | . mg/kg
Naphthalene 91-20-3 - < 0.08 ' -
Acenaphthylene 208-96-8 - < (.08 -
Acenaphthene 83-32-9 - < (.08 -
Fiuorene 86-73-7 - < (.08 -
Phenanthrene 85-01-8 - < 0.08 -
Anthracene 120-12-7 - <008 -
Fluoranthene 206-44-0 - < 0.08 -
Pyrene 129-00-0 - < (.08 -
Benzo[a]anthracene 56-55-3 - < (.08 -
Chrysene 218-01-9 - < 0.08 -
Benzo[b]fluoranthene 205-99-2 - < (0.08 -
Benzo[k]fluoranthene 207-08-9 - ‘ < 0.08 -
Benzo[ajpyrene 50-32-8 - < 0.08 -
Indeno[1,2,3-cdjpyrene 193-39-5 - < 0.08 -
Dibenzo[a,h]anthracene 53-70-3 - < 0.08 -
Benzo[g,h,ilperylene ) 191-24-2 - < (.08 -
Total (USEPA16) PAHs - - < 1.28 -

"M" denotes that % fit has been manually interpreted

Internal Standards % Area Surrogates % Rec
1,4-Dichlorobenzene-d4 NA ' Nitrobenzene-d5 NA
Naphthalene-d8 84 2-Fluorobiphenyi 102
Acenaphthene-d10 78 Terphenyl-d14 109
Phenanthrene-d10 70.

Chrysene-d12 68

Perylene-d12 63

Concentrations are reported on a wet weight basis.

The Total PAH result is the sum of non-rounded individual PAH results and therefore may
differ to the sum of the rounded individual PAH;resuIts printed above. By convention, where
any one or more result is a "less than", the total is expressed as a "less than" and includes
the "less than" concentration within the total. |

aE

: Where individual results are flagged see report notes for status.
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Polycyclic Aromatic Hydrocarbons

GC/MS (SIM)

Customer and Site Details:  Hyder Consulting UK Ltd: LNO1323

Sample Details: TP2829 Job Number: $10_0786
LIMS ID Number: CL1003545 |. Date Booked in: 15-Feb-1G-
QC Batch Number: 0499 ' Date Extracted: 19-Feb-10
Quantitation File: Initial Cahbratlon Date Analysed: 20-Feb-10
Directory: \0219PAHGC5\ Matrix: Soil
Dilution: 1.0 j Ext Method: Ultrasonic

UKAS iaccredited?: Yes

Target Compounds CAS # Il R.T. Concentration % Fit
| (min) mg/kg
Naphthalene 91-20-3 - < .08 -
Acenaphthylene 208-96-8 - - =<0.08 -
Acenaphthene 83-32-9 - < 0.08 ~
Fluorene 86-73-7 - < 0.08 -
Phenanthrene 85-01-8 - < 0,08 . -
Anthracene 120-12-7 - . < (.08 -
Fluoranthene 206-44-0 - < (.08 -
Pyrene - ' 129-00-0 - <008 -
Benzo[alanthracene 56-55-3 - < (.08 -
Chrysene 218-01-9 - < (.08 -
Benzo{b]fiuoranthene 205-99-2 - < 0.08 -
Benzo[k]fluoranthene 207-08-9 - < 0.08 ‘ -
Benzo[a]pyrene 50-32-8 - < 0.08 -
Indeno[1,2,3-cd]pyrene 193-39-5 - < 0.08 -
Dibenzo[a,hjanthracene 53-70-3 - < 0.08 -
|Benzo[g,h,ijperylene 191-24-2 - < 0.08 -
Total (USEPA16) PAHs - . - ' < 1.28 -

"M" denotes that % fit has been manually interpreted

Internal Standards : % Area | Surrogates % Rec

1,4-Dichlorobenzene-d4 NA Nitrobenzene-d5 ' NA
Naphthalene-d8 86 2-Fluorchiphenyl 105
Acenaphthene-d10 80 Terphenyl-d14 108
Phenanthrene-d10 78
Chrysene-d12 . 73
Perylene-d12 68

. ,
Concentrations are reported on a wef weight basis.

The Total PAH result is the sum of non-rounded individual PAH results and therefore may
differ to the sum of the rounded individual PAH‘resuIts printed above. By convention, where
any one or more result is a "less than”, the total is expressed as a "less than" and includes
the "less than" concentration within the total. |

: Where individual results are flagged see report notes for status.
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Polycyclic Aromatic Hydrocarbons

GC/MS (SIMm)
Customer and Site Details: Hyder Consulting UK Ltd: LNO1323
Sample Details: ' ‘TP290.5 | Job Number: $10_0786
LIMS ID Number: CL1003546 Date Booked in: 15-Feb-10
QC Batch Number: 0499 ; Date Extracted: 19-Feb-10
Quantitation File: Initial Calibration Date Analysed: 20-Feb-10
Directory: \021 9PAHGG5\ Matrix: Soil
Dilution: 1.0 1 Ext Method: Ultrasonic
UKAS jaccredited?: Yes.
Target Compounds | CAS# | R.T. Concentration % Fit
: | (min) mg/kg
Naphthalene 91-20-3 | - < 0.08 -
Acenaphthylene 208-96-8 - - < 0.08 -
Acenaphthene 83-32-9 - < 0.08 -
Fluorene 86-73-7 - < 0.08 -
Phenanthrene 85-01-8 - < 0.08 -
Anthracene 120-12-7 - < (.08 -

. |[Flueranthene 206-44-0 7.03 0.21 77
Pyrene 129-00-0 7.31 0.20 97
Benzofa]anthracene 56-55-3 8.99 0.12 90
Chrysene 218-01-9 9.04 0.13 94
Benzo[b]fluoranthene 205-99-2 10.53 0.22 99
Benzo/klfluoranthene 207-08-9 10.56 0.10 95
Benzo[alpyrene 50-32-8 10.95 0.15 08
Indeno[1,2,3-cd]pyrene 193-39-5 12.34 0.15 44
Dibenzola,hjanthracene 53-70-3 - < 0.08 -
Benzo[g,hii]perylene 191-24-2 12.63 0.17 93
Total (USEPA16) PAHs - | - < 2.01 -

"M" denotes that % ﬁt has been manually interpreted

Internal Standards % Area Surrogates % Rec
1,4-Dichlorobenzene-d4 NA Nitrobenzene-d5 NA
Naphthalene-d8 83 ! 2-Fluorobiphenyl 101
Acenaphthene-d10 79 ; Terphenyl-d14 112
Phenanthrene-d10 84

Chrysene-d12 88

Perylene-d12 90

Concentrations are reported on a wet weight ba$is.

The Total PAH result is the sum of non-roundediindividual PAH results and therefore may
differ to the sum of the rounded individual PAH rfesults printed above. By convention, where

any one or more result is a "less than", the total |s expressed as a "less than" and includes
the "less than” concentration within the total, - :

Where individual results are ﬂaqged see report notes for status.
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WASTE ACCEPTANCE CRITERIA TESTING
BSEN 112457/3

IClient Hyder Consulting UK Lid : Weight of sampie (ka) Leaching Data 0255
. . i 0, .
Contact I : z:ﬁt:to VT:il;tht@blng o(n/o;rying at 105 (kg) 02_ ‘156?,'
Jse LNO1323 T I T e e -
Sample Description ReportNo | SampleNo | Issue Date |Weight of Deionised water to carry out 2:1 stage (kg) 0.371
~ mous R e T e ——
1 ‘ Landfill Waste Acceptance Criteria Limit Values
g % ; Concentration in Stable Non-
E 8 Solid Waste A"aIVSis (Dry BaSis" b (D: :\Ifi::gm Inert Waste Hra?acr:;:ls Hazardous Waste] .
g '8 ' | Basis) Landfill Waste in Non- Landfill
= £ Hazardous
2 - ‘ Landfill
N WSLMS59 | Total Organic Carbon (% M/M} : ‘ 8.68 3 5 6
LOI450  |Loss on Ignition (%) ST
U | BTEXHSA [Sum of BTEX (mg/kg) i ‘ <0.06
N | PCBUSECD [Sum of 7 Congener PCB's {mglkg) i <0.0451
U | TPHFIDUS |Mineral Oil (mgikg) j 127
N [ PAHMSUS {PAH Sum of 17 (mg/kg) <1.84
WSLM3  |pH (pH units) ‘
ANC Acid Neutralisation Capacity (molfkg) @pH 7 ﬂ SER ] Tobeevaluated | To be evaluated
Calculatad
g § Leachate Analysis 2:1 Leachate|8:1 Leach a:te amg:;%?z:;:ed am:t’:;:g;::ﬁ o Landgl v;?;ﬁ“;;g'g:s":ﬁ;zi‘::a'“e"' for
i 3 ¢ maikg (dry woight)
2‘ ;_6' mg/l except *° mg/kg {dry weight) 7
U | wSLM3 [pH (pH units) ® 8 78 |
u WSLM2  [Conductivity (psicm) = 474 200 | |
u ICPMSW  |Arsenic 0.002 0.002/: | 0.004 ’ 0.02 0.5 2 25
N | ICPWATVAR |Barium 0.29 0.24 | 0.58 25 20 100 300
) ICPMSW  |Cadmium 0.0003 <0.0001. 0.0006 <0.001 0.04 1 5
u ICPMSW  [Chromium - 0.003 0.004| 0.006 0.04 0.5 10 70
u ICPMSW  |Copper 0.011 0.007| 0.022 0.08 2 50 100
u ICPMSW  [Mercury 0.0001 <0.0001 : 0.0002 <0.001 0.01 0.2 2
U ICPMSW  |Molybdenum 0.035 0.014 |- 0.07 0.18 0.5 10 30
u ICPMSW  [Nickel 0.004 0.002| | 0.008 0.02 0.4 10 40
u ICPMSW  |Lead <0.001 0.016] - <0.002 <0.13 0.5 © 10 50
U ICPMSW  |Antimony 0.033 0.023 ] . - 0.066 0.25 0.06 0.7 5
u ICPMSW  Selenium ‘ 0.002 <0.001 0.004 <0.01 0.1 0.5 7
U ICPMSW  |Zinc 0.072 0.037 | 0.144 0.43 4 50 200
U KONENS |Chioride : 10 2 1 20 34 800 15000 25000
u ISEF  [Fluoride 0.9 08 || 18 8 10 150 500
U | ICPWATVAR |Sulphate as S04 128 3 | - 256 485 1000 20000 50000
N WSLM27 |Total Dissolved Solids 370 156 | ' 740 1946 4000 | 60000 100000
u SFAPI  |Phenol Index . <0.05 0.08 | <0.1 <0.7 1 sEias
N WSLM13 |Dissolved Organic Carbon 8.9 74 1 17.8 77 500 800 1000
Templale ver. 1 ] Landil Waste ACCaplance Crleria Imit values conect as of 1181 March 2009,

Whare individual results are ﬂx;-lggéd see report notes for status.
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WASTE ACCEPTANCE CRITERIA TESTING
BSEN? 1245713

Client Hyder Consulting UK Ltd : Weight of sampie (kg Leaching Data 0225
i ; g
JContact 7 _ ;1;’5::::: vr::;th?q;:esdco;?rying at 105C (kg) (;?815
, e
Sample Description Report No Samplé No | Issue Date |Weight of Deionised water to carry out 2:1 stage (kg) 0.401
stz e T -
b ‘ Landfill Waste Acceptance _criteria Limit Values
g '3 ; Concentration in Stable Non-
E 8 Solid Waste Analysis (Dry BaSIs:) (Drf :,ri:]ght Inert Waste H:;;aa(:'«tii:zs Hazardous Waste
2 B ‘ Basis) Landill Wast in Non- Landfil
.8. % Hazardous
p = Landfill
N WSLM59  |Total Organic Carbon {% M/M) 1.75 3 5 6
LOI450 Loss on Ignifion (%)
] BTEXHSA [Sum of BTEX (mg/kg) <0.05
N | PCBUSECD |Sum of 7 Congener PCB's (mg/kg) <0.035
U | TPHFIDUS |Mineral Cit (mg/kg) 125
N | PAHMSUS |PAH Sum of 17 (mgikg) <29
WSLM3-  |pH (pH units) >6
ANC Acid Neutralisation Capacity {molikg) @pH 7 To be evaluatad | To be evaluated
g g ) S \ Calculated S:rl:::::;z Landfill Waste Acceptance Criteria Limit Values for
5 ) Leachate Analysis 2:1 Leachate| 8:1 Lea?hate “'“""g,"ffmd amog:l;;;cm BSEN 12457/3 @ IS 10 litre kg-1
g E mglkg {(dry weight)l
;‘:" E mg/l except *° mg/kg (dry weight)
U | wWsSLM3 |pH (pH unitsj ® 7.8 8.3 et
U |- wsLM2  {Conductivity (usicm) ® 188 115 : —
] ICPMSW . |Arsenic 0.005 0.002 0.0 0.02 0.5 2 25
N [ ICPWATVAR |Barium 0.2 0.26 0.4 25 20 100 300
u ICPMSW  |Cadmium 0.0001 <0.0001 0.0002 <0.001 0.04 1- 5
U ICPMSW  |Chromium 0.008 0.003 0.018 0.04 0.5 10 70
u ICPMSW  |Copper 0.017 0.011 0.034 0.12 2 50 100
u ICPMSW  |Mercury <0.0001 <0.0001 <0.0002 <(.001 0.01 02 2
U ICPMSW  [Molybdenum 0.006 0.0d3 0.012 0.03 0.5 10 30
U ICPMSW  INickel 0.004 0.001 0.008 0.01 04 - 10 40
U ICPMSW  [Lead 0.019 0.0Ci " 0.038 0.04 0.5 10 50
U ICPMSW  |Antimony 0.004 0.003 0.008 0.03 0.06 0.7 5
Ul ICPMSW [Selenium <0.001 <0.001 <0.002 <0.01 0.1 0.5 7
U ICPMSW  (Zinc 0.118 0055 0.236 0.65 4 50 200
u KONENS  |Chloride 3 <1; 8 <13 800 15000 25000
U ISEF Fluoride 1.3 0.9 2.6 10 10 150 500
U | ICPWATVAR |Sulphate as SO4 "9 4] 18 48 1000 20000 50000
N WSLM27 |Total Dissolved Solids 147 Qd 294 993 4000 60000 100000
u SFAPI  |Phenol Index <0.05 0.08 <0.1 <0.6 1 e e
N WSLM13  |Dissolved Organic Carbon 8.1 8.6, 16.2 85 500 800 1000
Template ver. 1 B Landfil Waste Accaplance Crileria imit values comect as of 13th March 2009.
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Report Notes

Generic Notes

Soil/Solid Analysis

Unless stated otherwise, i
- Results expressed as mg/kg have been calculated on an air dried basis
- Sulphate analysis not conducted in accordance with BS1377
- Water Soluble Sulphate is on a 2:1 water:soil extract

Waters Analysis

Unless stated otherwise results are expressed as mg/l |

Oil analysis specific

Uniess stated otherwise,
- Results are expressed as mg/kg
- §G is expressed as glem’@ 15°C

Gas (Tedlar bag) Analysis

Unless stated otherwise, results are expressed as ug/l r ‘

Asbestos Analysis

CH Denotes Chrysotile

CR Denotes Crocidolite

AM Denotes Amosite )

NADIS Denotes No Asbestos Detected in Sample
NBFOQ Denotes No Bulk Fibres Observed

Svmbol Reference '

A Sub-contracted analysis ‘

$$ Unable to analyse due to the nature of the sample |

9 Samples submitted for this analyte were not preserved on site in accordance with laboratory protocols.
This may have resulted in deterioration of the sample(s) during transit to the laboratory.
Consequently the reported data may not represent the concentration of the target analyte present in the sample
at the time of sampling

¥ Results for guidance only due to possible mterference

& Blank corrected result ‘

1.8 Insufficient sample to complete requested analysis |

1.8{g) Insufficient sampie to re-analyse, results for gurdance only

Intf Unable to analyse due to interferences

N.D Not determined

N.Det Not detected

Req Analysis requested, see attached sheets for results

b Raised detection limit due to nature of the sample |-

* All accreditation has been removed by the laboratory for this result

1 MCERTS accreditation has been removed for this result

Note: The Laboratory may only claim that data is accrejdited when all of the requirements of our Quality

System have been met. Where these requirements have not been met the laboratory may elect to include the data |
in its final report and remove the accreditation from mdlvrdual data items if it believes that the validity of the

data has not been affected. If further details are requrred of the circumstances which have led to the removal of
accreditation then please do not hesitate to contact the‘ llaboratory.

END OF REPORT

: Where individual results are: ﬂagged see report notes for status
Page 38 of 38 1 EFS/100786 Ver. 1




Summary of Laboratory Sample Descriptions

Hole |Sample |[Type|] Depth
Number | Number (m) : ! Description of Sample™
BH23 1.00-2.00 |Brown sandy (fine to coarse) silty CLAY.
BH23 2.00 Brown gravelly silty CLAY.
BH23 '4.00-5.00 |Brown gravelly silty clayey (fine to coarse) SAND.
BH23 6.50-7.50 |Brown gravelly silty CLAY.
BH24 2.00 Brown gravelly silty CLAY.
BH24 ' ' 2.00-3.00 |Brown gravelly silty CLAY.
BH24 4.00-5.00 |Brown gravelly sandy (fine to coarse) silty CLAY.
BH24 7.00-8.06 |Brown gravelly sandy (fine to coarse) silty CLAY.
BH25 2.00-3.00 |Brown gravelly sandy (fine to coarse) silty CLAY.
BH25 2.50  [Brown gravelly silty CLAY.
BH25 6.50-8.00 [Brown gravelly sandy (fine to coarse) silty CLAY,
BH26 1.00-2.00 {Brown gravelly sandy (fine to coarse) silty CLAY.
BH26 3.00 Brown gravelly salidy (fine to coarse) silty CLAY.
BH26 5.00-6.50 |Brown gravelly sandy (fine to coarse) clayey SILT.
BH26 6.50-7.90 |Brown gravelly sandy (fine to coarse) silty CLAY.
TP27 1.85 Brown gravelly sandy (fine to coarse) silty CLAY.
TP27 | 2.80 o
TP27 3.50 Brown siity claye;‘r‘sandy (fine to coarse) GRAVEL,
TP27 ' 400 , |
TP27 550 |Brown gravelly silty CLAY.
TP28 1.20 Brown gravelly sandy (fine to coarse) silty CLAY.
TP28 . 200 :
TP28 2.90 Brown gravelly silty CLAY.
TP28 3.90 Brown silty clayey sandy (fine to coarse) GRAVEL.
TP28 550 |Brown gravelly silty CLAY.

|
Note Results on this table are in summary jormat and may not meet the requirements of the relevant standards, additional information is held by the

laboratory i .
% se0 D&.&»@Mh s/30i0

Checked by Date Approved by Date
: .Contract No.: -
. 9513-190210
EnviRecover Hartlebury e
j Client ref:
\BORATORY TESTING SERVICES LIWITED ‘ 1 : LN01323

GEO/001 Dec 05 ' Issue No. 1.1 , Page of



Summary of Soil Classification Tests

BS 1377:Part 2:1990
Hole/ _ Moisture | Eiquid { | Plastic | Plasticity %
Sample [Sampls Depth Content | Limit Limit Index Passing { Remarks
Number | Type m % % || % % 425mm
‘ cL3z | cL4szud || s CL6. \

BH23 . 1.00 - 2.00 21 a |2 19 97  |CI Intermediate Plasticity
BH23 400-500 | 23 32 C 18 14 74 CL Low Plasticity

BH23 6.50 - 7.00 22 28 || 19 9 90 |CL Low Plasticity

BH24 2,00 - 3.G60 20 41 P21 20 100 CI Intermediate Plasticity
BH24 4.00 - 5.00 20 38 |18 20 96 CI Intermediate Piasticity
BH24 7.00 - 8.060 23 35 . 18 17 76 CL/T Low/Inter. Plasticity
BH2S 2.00 - 3.00 21 a5 20 15 84 CL/ Low/Inter. Plasticity
BH2S5 6.50 - §.00 18 31 P19 12 5 CL Low Plasticity

BH26 1.00 - 2.00 25 39 18 21 78 |CIIntermediate Plasticity
BH26 3.00 s 46 23 23 93 CI Intermediate Plasticity
BH26 6.50 - 7.90 21 36 . 20 16 69  |CXintermediate Plasticity
TP27 1.85 24 36 23 | 13 68  |CIIntermediate Plasticity
TP27 5.50 235 46 © 20 26 100 CI Intermediate Plasticity
TP28 1.20 28 45 26 19 97 CI Intermediate Plasticity
TP28 5.50 18 36 19 17 92 |CI Intermediate Plasticity

Symbhels: NP : Non Plastic  #: Lignid Limit and Plastic Lmnt Wet Sieved

PLASTICITY CHART FOR CASAGRANDE CLASSIFICATION.
BS 5930:1999

90
80

70 : .3 ‘ '
60 : ‘ /

g
= .
%’ 40 - //
% 30 _ /,/
= 20 ' e }
]
10 - -
0 . 1 T I T T ] T
0 20 40 60 - 80 100 120
Liquid Limit (%)
/P@y\ mcﬂ'@é os/mM0 | 'p@u\ QJX% 0s/03/40
Checked by  Date ‘ Approved by Date
|
1 : - ' ' Coatract No.: m
" 3/190210 -
EnviRecover Hartlebury 251 -
‘ ; ‘ Client Ref No: =
LASORATORY TESTING SERVICES LIMITED : LN0I323 UKAS

TESTING
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BS 1377 Part 2:1990.

PARTICLE SIZE DISTRIBUTION TEST

Wet Sieve, Clause 9.2
Hole Number: BH23 C Type: B Depth(m): 100 to 2.00
g é § § 2 E § § = 4 w 2 b= n w '
= | g =S = ~ Qv A oo
90
80
0
£
60 &
I
s0 &
w0 &
30
20
10
: 0
0.001 0.01 0.1 » : 10 100 1000
Particle Size (mm),
BS Test |Percentage Patticle | Percentage Soil Total
Sieve Passing Diameter | Passing | Fraction Percentage
125 100 |
75 100 - 0.02 # Cobbles 0
63 100 Gravel 0
37.5 100 0.006 4 Sand 5
20 100 ‘ : ‘ ' Silt and Clay 95
10 100 0.002 | #
6.3 100 ‘
3.35. 100
2.00 100 o |
1.18 99 : Remarks:
0.60 08 #- not determined
0.300 97
0.212 97
0.150 97 | |
0.063 95 | o p&u@ |
' _ 0510312010 0%/3 0s/B/010
Checked by . Date ‘ Approved by Date
: Contract No.:
Enviﬁecover Hartlebury 9513-190210
‘ Client Ref No:
| LN01323 UKAS

TESTING,

LABORATORY TESTING SERVICES LIMITED



PARTICLE SIZE DISTRIBUTION TEST

BS 1377|Part 2:1990.
Wet Sieve, Clause 9.2
Hole Number: BH23 Type: B Depth (m):  4.00 to 5.00
g g g g 238 % <« 853 o=z = o 0
. TH 100
/T '
90
/

’/ - 80
," 70
yifl £
60 &
-9}
&
N 30 E
w0 &

30

20

10

‘ 0

0.001 0.01 ' 0.1 1 10 100 1000
Particle Size (mm),

BS Test |Percentage Particle | Percentage A Soil Total
Sieve Passing Diameter | Passing Fraction Percentage
125 100
75 " 100 0.02 C# Cobbles 0
63 100 3 Gravel 11
37.5 100 0.006 LH# : ) Sand 45
20 100 . : : Silt and Clay 44
10 99 . 0.002 L #

6.3 99

3.35 95
2.00 89 | ‘

1.18 81 Remarks:
0.60 69 #- not determined

0.300 59 ' 3
0212 55 S :

0.150 51
0.063 44 L %\Q

. ls/03/2010 o%h 05/03/2010
Checked by ﬁDate . Approved by Date
: Contract No.:
EnviRecover Hartlebury 9513-190210
. Client Ref No:

‘ LNG1323 UKAS

TESLING




PARTICLE SIZE DISTRIBUTION TEST

BS 1377 Part 2:1990.

Wet Sieve, Clause 9.2
Hole Number: BH24 Typ‘)e:. B Depth (m): 4.00 to 5.00
g 2 3 2 238 Bl s 28 8 e 2= w .
ST 10
P ‘ 90
ihat 80
0
£
60 2
-7}
¥
50 g
49 £
30
20
10
- 0
0.001 001 0.1 1 10 100 1000
Particle Size (mm).

BS Test |Percentage Particle Pel}*cjcntage Soil Total
Sieve | Passing Diameter | Passing | Fraction Percentage
125 100 : |
75 100 0.02 # Cobbles 0
63 100 Gravel 1
37.5 100 0.006 # Sand 18
20 100 3 Silt and Clay 81
10 100 0.002 #

6.3 100

3.35 100

2.00 99 ‘

1.18 99 Remarks:
0.60 .97 #- not determined

0.300 94
0.212 92
0.150 39
0.063 81 . D&u\g

06/03/2010 Mﬁ 05/03/2010
Checked by Date Approved by Date
Contract No.;
EnviRecover Hartlebury 9513-150210
i Client Ref No:
LN01323 UKAS

TESTENG

LABORATORY TESTING SERVICES LIMITED




PARTICLE SIZE DISTRIBUTION TEST

BS 1377 Part 2:1990.

Wet Sleve, Clause 9.2
Hole Number: , BH24 Type: B Depth(m): 7.00 to 8.00
g g § € 838 8§ = 8 8 oo 2 9w “
= — 2 & g ~ D o 100
g
y 90
80
7
// 70
.4t o
g
e | 5 &
i 8
50 g
40 &
. 30
20
10
: 0
0.001 0.0l 0.1 1 10 100 1000
' Particle Slze (mm).
BS Test |Percentage Particle | Percentage Soil Total
Sieve | Passing Diameter | Passing | Fraction Percentage
125 100
75 100 0.02 # Cobbles 0
63 100 : Gravel 5
37.5 100 0.006 # Sand 40
.20 100 - Silt and Clay 55
10 99 : 0.002 C# '
6.3 98 ]
3.35 97
2.00 - 95
1.18 91 Remarks:
0.60 82 #- né)t determined
0.300 73 |
0.212 68
0.150 64 w '
0.063 55 D&.\»\S
osiozr0r 0%/" Os/03/2010
Checked by Date Approved by Date
Contract No.:
i -1902
EnviRecover Hartlebury 9513-190210
b . Client Ref No:
- LN01323 UKAS

TESTING

LABORATORY TESTING SERVICES LIMITED



PARTICLE SIZE DISTRIBUTION TEST

BS 1377 Part 2:1990.

Wet Sleve, Clause 9.2
Hole Number: BH25 Type: B Depth (m):  2.00 to 3.00
g g & B 2838 8 =2 8 8 3% 2 » . 9« 00
o
A
y 9.
"4
80
/

7 : "
_ g
60 Z-
S
50 %n
0 &

30

20

10

0

0.001 0.01 0.1 1 10 100 1000
Particle Size (mm).

BS Test |Percentage Particle | Percentage Soil Total
Sieve Passing Diameter | Passing | Fraction Percentage
125 100 ;

75 100 0.02 # Cobbles 0
63 100 I © Gravel |
37.5 100 " 0.006 L # Sand 35
20 100 : Silt and Clay 64
10 100 0.002 #

6.3 100 |

3.35 100

2.00 99 |

1.18 95 Remarks:

0.60 88 #- not determined

0.300 80
0.212 75
0.150 70 ‘

0.063 | 64 | %\0

L 0s/03/2010 : Mf’ 05/03/2010
Checked by Date Approvedby  Date
| Contract No.:
EnviRecover Hartlebury 9513-190219
} Client Ref No:
! LN01323 UKAS

TESTING




PARTICLE SIZE DISTRIBUTION TEST

BS 1377 Part 2:1990,

Wet Sleve, Clause 9.2
Hole Number: BH25 Type: B Depth(m): 650 to 8.00
g £ 8 E 838 § =z 282 .3 = % o 9.
— 100
'y
90
/’
: 80
)4

‘ / 0
y g
60 2
‘ o
50 -g
B g
‘ a0 &

30

20

10

: 0

0.001 0.01 0.1 B 1o 00 - 1000
' Particle Size (mm). .

BS Test |Percentage ~ Particle | Percentage , Soil Total
Sieve | Passing Diameter Passing Fraction Percentage
125 100 }

75 100 0.02 # Cobbles 0
63 100 f Grave] 23
37.5 100 ' 0.006 # : Sand 36
20 100 f _ Silt and Clay | 41
10 97 0.002 o # ‘

6.3 93 ’ 3

3.35 85

2.00 77 |

1.18 68 _ a Remarks:

0.60 58 #- not determined

0.300 50 1
0.212 47
0.150 46 |
0.063 41 : o p&u\Q .

, ‘ 05/03/2040 OM/" 05/03/2040
Checked by  Date Approved by Date
: Contract No.:
EnviRie‘cover Hartlebury 9513-190210
i Client Ref No:
: LN01323 UKAS

TESTING




PARTICLE SIZE DJSTRIBUTION'TEST
BS 1377 Part 2:1990.
Wet Sieve, Clause 9.2
Hole Number; BH26 " Type: B Depth(m): 100 to 2.00
g g 8 2 2HE 8 2 &8 3 o35 2 » .. 9
- 100
~ 90
at 80
A7
- 0
Y
’ 60 2
Ry
gﬁ
50 g
w2
30
20
10
‘ 0
0.001 0.01 0.1 B 10 100 1000
Particle Size (mm). -

BS Test |Percentage Particle | Percentage : Soil Total
Sieve Passing Diameter | Passing : Fraction Percentage
125 100 ‘

75 100 0.02 # Cobbles 0
63 100 A Gravel 10
375 100 0.006 # Sand 28
20 100 2 Silt and Clay 62
10 99 0.002 L #

6.3 97 '

3.35 93

2.00 - 90 _

1.18 86 Remarks:

0.60 82 #- n}ot determined

0.300 77 |
0.212 73 -

0.150 68 _

0.063 62 \Q

0s/03/2010 p&-\“ 0%/‘ 05/03/2010
Checked by 1Date Approved by Date
‘ ) Contract No.:

oy 9513-190210
EnviRecover Hartlebury
. ‘ i Client Ref No:

LN01323 UKAS




PARTICLE SIZE DISTRIBUTION TEST

| .
BS 1377/ Part 2:1990.
Wet Sieve, Clause 9.2
Hole Number: BH26 Type: B Depth (m):  3.00
e e 0 100
/” — 90
“r/ : ' 80
0
£
60 4
[-®
)
50 ;g:
0 &
30
20
10
1 0
0.001 0.01 01 H 10 100 1000
Particle Size (mm).

BS Test |Percentage Particle | Percentage Soil Total
Sieve Passing Diameter | Passing | Fraction Percentage
125 100
75 100 0.02 # Cobbles 0
63 100 i Gravel 2
375 100 0.006 # Sand 23
20 100 1 Silt and Clay 75
10 100 0.002 O I# .

6.3 100 *

3.35 99

2.00 98 ;

1.18 97 Remarks:
0.60 95 #- not determined

0.300 91 1
0212 . 87 }

0.150 82 |
0.063 75 l)&”\g o

05/03/2010 0%/5 05/03/2010
Checked by Date Approved by Date
) 3 Contract No.: m
Enviﬂecover Hartlebury 9513-190210
i ; : Client Ref No:
k UKAS

j : LN01323

TESTING

LABORATORY TESTING SERVICES LIMITED



PARTICLE SIZE DISTRIBUTION TEST

BS 1377 Part 2:1990,
Wet Sieve & Pipette| Analysis, Clause 9.2 & 9.4

Hote Number: BH26 Type: B Depth(m): 500 to 650

a02
006
020
063
150
212
300
D 60D
18
]
35
2
oo
00
75
5
25

100

50

80

70

60

50
/ ,

Percentage Passing, -

- 20

0.001 0.01 0.1 ' 1 10 100 1000
Particle%Size (mm). '

BS Test |Percentage Particle | Percentage ‘Soil Total
Sieve Passing Diameter | Passing ' Fraction Percentage
125 100 . j .
75 100 0.02 46 Cobbles |- 0
63 100 3 Gravel 1
37.5 100 0.006 25 Sand 27
120 100 | Silt 58
10 100 1 0.002 14 Clay ] 14
6.3 100 3
3.35 100
2.00 : 99 . ‘
1.18 - 97 Reljr.l‘arks:
0.60 9] . . C19.4.8 - Sample has not been pretreated
0.300 84 B
0.212 81 :
0.150 | = 77 ?
0.063 72 o {}&u\)’) : :
| 0s/03/2010 e~ 05/03/2010
Checkedby  Date Approved by Date
: Contract No.: '
EnviRecover Hartlebury 9513-190210
i Client Ref No:
: : LNO1323 UKAS

TESTING

LABORATORY TESTING SERVICES LIMITED



PARTICLE SIZE DISTRIBUTION TEST

BS 1377 Part 2:19990.

Wet Sleye, Clause 9.2
Hole Number: BH26 T'ype: B Depth(m): 6.50 to 7.90
= T T 160
; ~
; / 90
T : l/
i ',/ 80
T
70
60 2
S
o g
4 50 5
w0 &
30
20
10
‘ 0
0.001 » 0.01 0.1 1 10 100 . 1000
Particle Size (mm).

BS Test |Percentage Particle Petj'centage Soil Total
Sieve Passing | Diameter | Passing _ Fraction Percentage
125 100 |
75 100 : 0.02 L # Cobbles ' -0
63 100 _ _ Gravel 13
37.5 100 0.006 D # . Sand 36
20 100 s _ Silt and Clay 51
10 98 0.002 #

6.3 95

3.35 .93

2.00 87

1. 1.8 81 Remarks:

0.60 73 _ #- njdt determined

0.300 65 L
0.212 62 j
0.150 58" o '
0.063° 51 | D&u\g |

og/03/200 0%/5 05/03/2010
Checked by Date Approved by Datg
Contract No.:
EnviRecover Hartlebury 9513-190210
Client Ref No:
' "'LN01323 UKAS

LABORATORY TESTING SERVICES LIMITED




=
PARTICLE SIZE I})fISTRIBUTION TEST

BS 1377 Part 2:1990.

Date Approved by Date

Wet Sieve, Clause 9.2
Hole Number: TP27 Tyipe: B Depth(m): 1.85
|
g 3 8 8 £3% § 2 38 o3 2 v oo 4 o
4L
// 90
4 80
{/ 70 .
- &0 2
-™
)
50 2
30
20
10
1 | 0
0.001 001 . 0.t 1 10 100 1000
Particle Size (mm).

BS Test |Percentage Particle | Percentage Soil Total
Sieve Passing Diameter | Passing Fraction Percentage
125 100 3 ‘

75 100 0.02 i # Cobbles 0
63 100 Gravel 7
37.5 100 0.006 ¥ Sand 39
20 100 Silt and Clay 54
10 100 0.002 H

6.3 100 ‘ ‘

335 98
200 | 93
1.18 84 Remarks: J
0.60 73 : # n:ot determined
0.300 65 |
0.212 62 3 ' :

0.150 59 o , _

0.063 54 E D&U\Q

!ds/ozfzwo X 05/03/2010
Checked by |
: !
!

Contract No.:
9513-190210
Client Ref No:

- LN01323 UKAS

EnviRecover Hartlebury

LABDRATORY TESTING SERVICES LIMITED



PARTICLE SIZE DISTRIBUTION TEST

BS 1377 [Part 2:1990.

Wet Sieve, Clause 9.2
Hole Number: TP27 Typje: B Depth (m):  3.50
g £ 8 2 258 € 2 8 4 .o = 0
= —8 Qo o 100
90
80
/ 0
y g
p. 2
B
50 &
/ g
40 &
/
/ 3
all . 20
3/
B
w A 10
; - [¢]
0.001 0.01 Cod B 10 100 1000
Particle Size (mm). '

BS Test [Percentage Particle | Percentage Sail Total
Sieve Passing 7 Diameter |- Passing Fraction Percentage
125 100 :

75 100 0.02 # , Cobbles _ 0
63 100 _ Gravel 56
37.5 88 0.006 # Sand 32
20 67 | 7 Silt and Clay 12
10 67 . 0.002 # l

6.3 66 1

3.35 59

2.00 4 |

1.18 29 ' Remarks: .

- 0.60 20 #- notj determined
0.300 17 ‘

0.212 16 ‘

0.150 15 - I
0.063 12 | p&u@ :

0S/03010 M/" 05/03/2010
‘ Checked by  Date ~ Approved by Date
: ) Contract Ne.:
EnviRecover Hartlebury 9513-190216
i ; Client Ref No:

TESVING

o , LNO01323 UKAS
LABORATORY TESTING SERVICES LIMITED | S



PARTICLE SIZE DISTRIBUTION TEST

BS 1377 Part 2:19990.

LABORATORY TEETING SERVICES LIMITED

Wet Sle‘(e, Clause 9.2
Hole Number: - TP28 Type: B Depth (m):  1.20
g g g 2 238 8 = 22 .o = 9w -n :
3 - p——r = 100
= 9%
80
0
£
60 %
-9
%
50 8
w0 &
30
: 20
10
, : o
0,001 0.01 0.1 S 10 100 1000
Particle Size (mm), '
BS Test {Percentage Particle | Percentage Soil Total
Sieve Passing Diameter | PRassing Fraction Percentage
125 100 |
75 100 0.02 ‘ # Cobbles 0
63 100 ; Gravel 2
37.5 100 0.006 # Sand 7
20 100 | Silt and Clay 91
10 99 0002 | | # : |
6.3 99 ' ‘
3.35 99 -
2.00 G8 o
1.18 98 ‘ Remarks
0.60 98 #- rmt deterrmned
0300 | ~ 96 !
0.212 95 - j :
0.150 94 ‘
0.063 91 _ p&u@
‘ \os/osfzmo UBXQ/’ 05/03/2010
Checked by 'Date Approved by Date
L Contract No.: &
EnviRecover Hartlebury 9513-150210
: Client Ref No:
' LNG1323 UKAS

TESTING




Dry Density/Moisture Content Relationship

BS 13771:3Part 4:1990

Hole Number: BH25 Type : \ B Depth (m): 6.50-8.00

——+—— Sample =+ = Airvoids 5% — = = Ajrvoids 10% = sm;ece- Ajrvoids 0%

i \

B L, S,
e

L.
-
e

h\
7

\ - ' 1.80
N
\ \ |“_

Dry Density Mg/m3
\
— -
" -

f 1.70
\ : ) \ ‘\‘
\\ L A\
/ - \
\ \
X ;
Y A\
A \
\
/ \EEA
\‘
. \
: \ :
; ; . > 1.60
4.0 9.0 14.0 * 19.0 24.0 29.0
Moisture Content %

Initial Moisture Content: - 22 Metﬁod of Compaction 2.5Kg Rammer / Single Sample
Particle Density (Mg/m3): I 2.65 Assumed Matérial Retained on 37.5 mm Test Sieve (%): 0
Maximum Dry Density {mg/m3): 1.81 Matérial Retained on 20.0 mm Test Sieve (%): 0
Optimum Moisture Content (%) 15 Sample Preparation Clause : 3.24.1
Remarks

05/03/10 Q&u\;)o%h 05/03/10

Checked by  Date ‘Approved by Date

Contract No.:

. § 9513-190210
EnviRecover Hartlebury —
| ) Client Ref No:
LABORATORY TESTING SERVICES LIMITED |- LNO1323
LB/ UG Dec U . 1ssuje No 1.3

rage ot



. . . . L] [
Dry Dens1ty/M01stum"e Content Relationship
BS 1377:Part 4:1990
Hole Number: TP27 Type: | B Depth (m): 3.50
—— Samgple — = Air voids 5% ; —— = Airvoids 1% =0 @ emmmaae Airvoids 0%
1 TR 1.90
\ A kY
X T X
\ : \\. \
L \ N : 5
/// Y \\'\ \\
LA N NERS “
// \\ N \\ \‘\
“ \ \_ \\ L\‘
: ‘ N » 1.80.
/ \ \ \\\‘\
T 7 . X A \\
& X
< A \ \
z / A
2 y \ Y
a / \ 1
A / ‘ \
\ .
‘-\ A 1.70
\ \
\l
\\
N
\\
\
N
N
_ _ A 1.60
4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0 22.0 24.0
Moisture|Content % '
Initial Moisture Content: . ] 18 Meﬂldd of Compaction 2.5Kg Rammer / Single Sample
Particle Density (Mg/m3): I 2.75 Assumed Material Retained on 37.5 mm Test Sieve (%): 12
Maximum Dry Density (mg/m3): 1.86 Material Retained on 20.0 mm Test Sieve (%) 33
Optimum Moisture Content (%): 12 Sample Preparation Clause : Non-Standard
Remarks

0S/03/10 ﬂ&u\;)o%h 05/03/10

Checked by Date Approved by Date

‘ ‘ Contract No.: %

] 513-1 0 =
EnviRecover Hartlebury 2.. ‘ Rgfo s !
Nk tent Rel No:

KAS
LN01323 ) 1ESTING

LARORATORY TESTING SERVICES LIMITED i

UbUnve Lec v Issue/No |3 rage ot




Dry Density/MoistunQ Content Relationship

BS 1377:Part 4:1990
Hole Number: TP27 Type: ‘B Depth (m): 5.50
—— Sample — =+ Aiir voids 5% — — — Airvoids 10% ~ ==m-ea- Airvoids 0%
T —TTT% 1.70
i \ \ : ‘\‘ :
\ K kY
\ \
z ! “
\ \ : ‘\‘
A s 5
: A N kY
| \ Al 5
| \ A
TR \
T VN A %
2 A i e
e / ' ) :\‘\ Y\
S e \ T
b . \ \ \\ 1 60
é cr/ \\ \ . ‘
A \ \
\ \
\
\ h
h \
\ ;
\ \
\\ -
\ \
\ .
\ \
\ \
\
\
% . 1.50
4.0 9.0 140 19.0 240
' Moisture Content %
Initial Moisture Content: 25 Method of Compaction 2.5Kg Rammer / Single Sample
Particle Density (Mg/m3): I - 2.65 Assumed Material Retained on 37.5 mim Test Sieve (%o): 0
Maximum Dry Density {(mg/m3): 1.64 Material Retained on 20.0 mm Test Sieve (%): 0
Optimutn Moisture Content (%o): 16 Samblc Preparation Clause : 3.2.4.1

Remarks ;

0s/zm0 p&u@c&)ﬁh 05/03/10

Checked by Date ! Approved by Date

Contract No.: @

EnviRecover Hartlebury - 9513-190216 8

Client Ref No:

; UKAS
LABORATORY TESTING SERVICES LIMITED [ LIN0O1323 TESTING

i
UELUUG Liec Ud Issue No 1.3 rage or




|
|
\
[
2
\
i

Dry Density/Moisture Content Relationship

BS 1377:Part 4:1990
Hole Number: Tr28 Type: B T Depth (m): 2.90.
——— Sample — . Airvads 5% | —— = Airvoids 0% =  ==e=-ee= Air voids 0%
v - - . 1.80
\ A L
\ e N
\ | \‘ \
\ ; \- \“
\ j \ ‘\‘
{ \Y } N ‘ v
/ v\ VI
/ \ VAN
4 \ : \ \ .
/ \ \ \ \
o A A )}
E . \ 3
2 /| \ ‘ 3
! \ \ N
z v 5 \ 5 1.70
5 \ .
[} Y \ kY
o \ N o\
D ) \_ Y
\ A \‘l\
\ ! 5\
\ \
A v '
\ .
. VN
¥ Y >
. \ \-
\\ \
\ b
\ \
‘ A A 1.60
4,0 9.0 14.0' 19.0 24.0 '
: Moisture Content % -
Initial Moisture Content: 23 Method of Compaction 2.5Kg Rammer / Single Sample
Particle Density (Mg/m3): | 2.65 Assumed Ma{eﬁal Retained on 37.5 mm Test Sieve (%): Y
Maximum Dry Density {mg/m3}: 1.76 Materia! Retained on 20.0 mm Test Sieve (%): 0
Optimum Moisture Content (%): 17 Sa:ﬁp]e Preparation Clause : ) 3.2.4.1
Remarks
0s/03/10 | p&u@&%ﬁ 05/03/10
Checked by Date | Approved by Date
; Contract No.:
. s 9513-1%021)
EnviRecover Hartlebury
i _ Client Ref No: URRs
LABORATORY TESTING SERVICES LIMITED . L LN01323 L
GEUOUL Lec Us 155U No 1.3 vage of



Dry Density/Moisture Content Relationship
BS 137'{:?art 4:1990

Hole Number:

TP28 Type: | B Depth (m): 5.50
——— Sample = = Air voids 5% — — —Airvoids 10% =00 e-=——e- Adrvoids 0%
\ \ N 1.90
\ ¥ %
\ \
\ ¥ 3
\ \ Y
\ \ 4
‘ . |“
\ \. \
Vo }
D NG |
a // \\ Ry \\ Y
& \ \ “1‘
: AL VN
5 Y Y = Y 1.80
5 \ oy '
a / \ N v
[ \ : \ \
a8 \ " 1
\ \ \
\ \ \
\ \ \
TT T %
\ A
A\ \‘
\\ \ '
\ \
\ \
\ [
A \ |
T 1.70
4.0 9.0 14.01 19.0 24.0
' Moisturé Content % '
Initjal Moisture Content: 18 Method of Compaction l _2,5Kg Rammer / Single Sample ’
Particle Density (Mg/m3): I 2.65 Assumed Material Retained on 37.5 mm Test Sieve (%a): 0]
Maximum Dry Density (mg/m3): 1.83 Material Retained on 20.0 mm Test Sieve (%0): 0
Optimum Moisture Content (%): 14 Sample Preparation Clause : 3.24.1
Remarks
0s/03/10 | D&w\g&ﬁb 05/03/10
Checked by Date ‘ Approved by Date
Contract No.: @
. 3 9513-1%0210 8
EnviRecover Hartlebury :
‘ Client Ref No: URAS
LABORATORY TESTING SERVICES LIMITED ' a : LN01323
UEUO vec U

TESTENG

Issue No 1.3

vage ot




LABORATORY TESTING BERVICES LIMITED

Date:

Client:

Qur Reference:

Client Reference:

Contract Title:

Description: (Total Samples)

Date Received:
Date Started:
Date Completed:

Test Procedures:

Notes:

Approved By:

Authorised Signatories:

Certificate of Analysis

|

i

.

!
05/03/2010

Hyder Consulting
9513-190210
LND1323

Envi Recover Hartley
12

19/02/2010
02/03/2010
04/03/2010

(B.S. 1377 : PART 3 : 1990) |

Unit 24-26

The Avenue

Delta Lakes

Llanelli

Carmarthenshire

SA15 2DS

tel: +44 (0)1554 7497201 757734
fax: +44 (0)1554 749845 [ 775107
e-mail: info@geolab.org.uk

Solid samples will be disposed 1 month and liquids 2 weeks

after the date of issue of this‘. test certificate

|
i R
- Honey

i .
Vaughan Edwards Wayne Honey
Managing Director Laboratory Technician

AR b

Alun Walters
Technical Manager
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ONE DIMENSIONAL CONSOLIDATION

BS]377:; Part 5: 1990

Hole Number: BH23 'Sample Number: L?\IIA
Al

Depth (m): 2.0

GEOQ/0I1 11-Jun-07

Y/

Checked By

EnviRecover Hartlebury

Issue No 1.1

Pressure - kPa

Injtial Conditions Pressure Range Mv Cv Method of time fitting used
Moisture Content (%) 20 . kPa m2/MN m2/yr Cv Calculated using 90
Bulk Density (Mg/m3); 1.87 0 - 100 0.247 6.445 Nominal Laboratory Temperature
Dry Density (Mg/m3); 1.56 | 100 - 150 0.164 4.432 20C
Voids Ratio: 0.6993| 150 - 200 0.187 1.531 Location of specimen with sample
‘[Degree of saturation; 74.4 | 200 - 250 0.132 0.626 Top
Height {mm): 19.85| 250 - 200 0.000 4.289 [Remarks:
Diameter (mm) 75.08 | 200 - 150 0.001 9.596
Particle Density (Mg/m3): | 2.65 | 150 - 100 0.Q28 6.582
Assumed ;
0.66 *
0.66 \
0.65 \
0.65
e \
=0.64 ;
[+ !
:ﬁ \
o ;
~0.64 ; \
0.63 k
0.63 \
0.62
0.62 ‘ .
1 10 100

1000

05/03/10 A\ 05/03/10

‘ Date

]

9513-190210

Approved By Date

" Contract No.
9513-190210
Client Ref No.
LN01323

page of

Bynea, Llanelli, Carmarthenshire, SA14 ¢



ONE DIMENSIONAL CONSOLIDATION

BS1377: Part 5: 1990

Sy



1

ONE DIMEN SION-AL CONSOLIDATION

BS1377; Part 5: 1990

|
Hole Number: BH24 Sample Number: N/A Depth (m): 2.00
i ‘
Initial Conditions Pressure Range l\;/fv Cv Method of time fitting used
Moisture Content (%): 20 ‘kPa m2/MN m2/yr ~_Cv Calculated using t90
Bulk Density (Mg/m3). 1.92 0 - 100 0.264 6.545 Nominal Laboratory Temperature
Dry Density (Mg/m3): 160 | 100 - 150 | 0331 | 4402 20'C
Voids Ratio: 0.6517| 150 - 200 0.?68 1.519 Location of speciien with sample
Degree of saturation; 80 | 200 - 250 0.160 1.044 Top
Height (mm): 19.9 | 250 - 200 .011 5906 |Remarks:
Diameter (mm) 74.35§ 200 - 150 0.029 4.188
Particle Density (Mg/m3): | 265 | 150 - 100 | 0.055 3212
Assumed
0.62
0.6_] :
0.60 - ‘ : \
.59
£
=
~0.58
2
=]
>
0.57
0.56
055 ‘ \
0.54 .
-1 10 ; 100 1000

v

Pressure - kPa

% 05/03/10 ﬁ&u@c&%ﬁ  05/03/10

Checked By Date Approved By Date

Contract No.
9513-1%0210

EnviRecover Hartlebury Client Ref No.
: : LN01323

LABDRATORY TESTING SERVICES LIMITED |
: | ' page of

GEQ/011 11-Jun-07 Issue No 1.1 ?513-190210 Bynea, Llanelli, Canmarthenshire, 5A149




ONE DIMENSIONAL CONSOLIDATION

BS1377: \PartS 1990

SU



ONE DIMENSIONAL CONSOLIDATION

BS1377: Part 5: 1990

Hole Number: BH25 Sample Numbér: I;‘UA Depth (m): 2.50
Initial Conditions Pressure Range Mv Cv - Method of time fitting used
Moisture Content (%): 28 kPa m2/MN m2/yr Cv Calculated using t90
Bulk Density (Mg/m3): 1.95 0 - 100 0.371 1.618 Nominal Laboratory Temperature
Dry Density (Mg/m3): 1.53 | 100 - 150 | 0.214 1.690 20'C
Voids Ratio: 0.7361] 150 - 2().0 0.?06 1.110 Location of specimen with sample
Degree of saturation: 9 | 2000 - 250 00143 | 0811 Top
Height (mm): 199 | 250 - 200 | 0006 5820 |Remarks:
Diameter (mm) 75.26 | 200 - 150 | 0.017 2468
Particle Density (Mg/m3): | 2.65 | 150 - 100 | 0.042 3.197
Assumed

0.68

0.67 h

0.66

Voids Ratio
<
on
(¥

0.64
0.63 «
0.62 = :
1 : 10 | 100 : 1000
Pressf.u‘e -kPa
% 05/03/10 p&u\;)o%h 05/03/10
Checked By |+ Date : Approved By Date
Contract No.
3 9513-190210
- EnviRecover Hartlebury Client Ref No.
1 LNO01323
LABDRATORY TESTING SERVICES LIMITED : ' o
: g page of

GEOA11 11-Jun-07 Issue No 1.1 | 9513-190210 Bynea, Llanelli, Cannanhenshire, SAl49




ONE DIMENSIONAL CONSOLIDATION

BS1377: Part 5: 1990

S0




Consolidated Undrai;ned Triaxial Compression Test

Specimen Details

BS 1377 : Part 8 : 1990

Borehole

Sample No.

Depth m
Date : Ny
Disturbed / Undisturbed

BH24

8.5
04/03/2010
Undistirbed

Description of Specimen

Reddish br(:n}vn slightly gravelly silty CLAY

initial Specimen Conditions

Height . mm 203.{0‘0
Diameter mm 106.00
Area mm? 8824.73
Volume em’ 1791.42
Mass g. 3939‘.30
Dry Mass ' g 3528.80
Density Mg/m® 2.2;0
Dry Density Mg/m?> 197
|Moisture Content % 12°
Specific Gravity kN/m® 265
{assumed/measured) assumed
) T
|
Final Specimen Conditions L
Moisture Content % 13:
Density Mg/m® 2.2;6
Dry Density Mg/m® 2,00

An Deldes

Checked and Approved By

%
|
|
i
|
1
|
|
I
Em;fiRecover - Hartlebury
\
!
\
i
|

05/03/10
Date
Client Ref
LN01323
Contract No

9513-250210




Consolidated Undraihed Triaxial Compression Test

BS 1377 : Part 8 : 1990

Specimen Details

Borehole BH24
Sample No. |
Depth m 6.5
Date 04/03/2010
Test Setup ;
Date started 230212010
Date Finished 03/03/2010
Top Drain Used y
Base Drain Used Y
Side Drains Used y i
Pressure System Number P2
Cell Number C2]
Saturation |
Cell Pressure Incr. kPa 100.00
Back Pressure Incr. kPa 985.00
Differential Pressure kPa 5.00
Final Cell Pressure kPa 500.00
|Final Pore Pressure kPa 493.00
Final B Value 0.98
Consolidation ;
Effective Pressure kPa 50.00 100.00 200.00
Cell Pressure kPa 500.00 500.00 500.00
Back Pressure kPa 450.00 400.00 300.00
Excess Pore Pressure  kPa "43.00 " 28.00 99.00
Pore Pressure atEnd ~ kPa 450.d0 400.00 300.60
Consolidated Volume  cm® 1778.32 1773.42 1761.52
Consolidated Height mm 202.51 -195.52 191,19
Consolidated Area mm® 8781.71 8070.28 9213.47
Vol. Compressibility mZMmN 0.01625 0.00689 0.02237
Consolidation Coef. mzf)'r- 11.866}43 4.41197 3.35741
’P@m Dﬂ@f’ﬁ 05/03/10
Checked and Approved By Date
. Client Ref
LM01323
Envikecover - Hartlebury Contract No

LABORATORY TESTING SERVICES LWNTED

9513-250210




Consolidated Undrained Triaxial Compression Test .

BS 1377 : Part 8 : 1990
Specimen Details |
Borehole BH24
Sample No. }
Depth 6.5
Date 04/03/2010
Consolidation Stage
S oot Ti i
1785 quarej-rpo ime (min} '
1790
1785 —\ e Stage 1
-’E 1780 et Siage 2
2 S b  -Suge3
-
21775
L ﬂ—.mmrl
7o 4+— ‘
H ;
= i
21765 : ;
0. :
1760 | ~ } " '
000 5.00 10.60 1500 20.00 2500 30.00 35.00
120
160 AIALA S AN ATA A & AMAANS |
£ 5
[ .
& 80 § o ——sage 1
“: :
|
:12 50 il Stage 2
3 : R
i Stage 3
 x
0 —L3 AL . s
0.10 100 10.00 . 100.00 10G0.00
Time (min) on jogarithmic acale
’PQ,« QC&Q)'& 05/03/10
Checked and Approved By Date
’ Client Ref
LN01323
EnviRecover - Hartlebury

Contract No

9513-250210




Consolidated Undrajined Triaxial Compression Test
BS 1377 : Part 8 : 1990

Specimen Details

Borehole BH24

Sample No. :

Depth m 6.5

Date . 04/03/2010
~Sheating ;

Initial Celt Pressure kPa 500 : 500 500
Initial Pore Pressure kPa - 450 ) 400 300
Rate of Strain mm/min 0.2254 0.0809 0.0602
Max Deviator Stress R

Axial Strain 3.699 5.947 7.320
Axial Stress kPa - 230.179 250.00 347.31
Cor. Deviator stress kPa 227.263 245.92 343.08
Effective Major Stress  kPa 289.263 330.92 483.08
Effective Minor Stress ~ kPa 63.000 85.00 140.00
Effective Stress Ratio 4.591 3.893 3.45
s' kPa 176.132 207.96 311.54
t kPa 113,132 122,96 171,54
Max Effective Priciple Stress Ratio !

|Axial Strain 0.963 4,229 6.248
Axial Stress kPa ) 161.834 235,121 342.477
Cor. Deviator siress kPa 161.736 231.166 338.307
Effective Major Stress  kPa 186.736 296.166 466.307
Effective Minor Stress ~ kPa 25.000 65.000 128.000
Effective Stress Ratio 7.469 4,556 3643
ES kPa 105.868 180.583 297.153
t kPa 80.868 ) 115.583 169,153
Shear Resistance Angle degs ! : 28.0
Coheston ¢ kPa 35

’pQM\ M@@ | 7' 05/03/10

Checked and Approved By i Date
‘ Client Ref

LND1323

EnviRecover - Hartlebury Contract No

9513-250210



Consolidated Undrajined Triaxial Compression Test
BS 1377 : Part 8 : 1990

Specimen Details I

Borehole BH?,4
Sample No. I
Depth m 85
Date 04/032010
[
Shearing Stage
400
350
m 1
w
‘% 250 ——Stage 1
5 200 ; —8—Suage 2
2
i 150 4 Stage 3
£ 10 |
i
50 .
o .
0 2 4 8 8 10 2
Axia‘al_ Strain (%)
600
500 -
E - M Stage 1
2 : A y
5 300 . : ——Stage 2
'g 200 Stage 3
a
100
0
0 2 4° ‘B 1 10 12
Axial Strain {%) -
/AQ,A mﬁ% 05/03710
Checked and Approved By Date
’ Client Ref
y LND1323
|
EnviRécover - Hartlebury Coafract No
|

| . 9513-250210




Consolidated Undrained Triaxial Compression Test

Specimen Details

BS 1377 : Part 8 : 1990

Borehole BH24
Sample No. i
Depth m 6.5
Date 0410372010
Shearing Stage ‘
8
74
i 6 ; \
2 5
g I i St 1
w4 ]
3 a ‘ 3 ‘ —E—Stge2
g 2 | : Stage 5
z : -
E 1
wog
' o z 4 LB 10 12
Axial Strain (%)
250 /
200 —_ /
g 150 / ——Stage 1
‘g’ ‘ —tage 2
b e ——e] P Stage 3
: 100 / < ‘.\:\
[ j
i
0 I
o 50 10 150 200 250 00, 350 400 450 500
. Normal Effectiva Stress (kN
f%.« ﬁ)ﬁw ; 05/03/10
Checked and Approved By Date
. i Client Ref
LNO1323
EnviRjecover - Hartlebury Contract No

9613-250210




" Specimen Details

Consolidated Undrafned Triaxial Compression Tést
BS 1377 : Part 8 : 1990

Borehole
Sample No.
Depth’
Date

BHz4

m Y

Shearing Stage

04/03/2010°

200

180

180

140

120

—Stage 1

Stage 2

60

Effective Shear Stress (kN/m2)

40

2¢

50 100 150 ! 200 250 300 350 . 400
Normal Eﬁec‘tﬁve' Stress (kN/m2)}

/pﬂm DeBes 05/03/19

Checked and Approved By | Date
. ' Client Ref

LN01323 -

Envil‘(ecuver - Hartlebury o Contract No

9513-250210




Consolidated Undrained Triaxial Compression Test

Specimen Details

BS 1377 : Part 8 : 1990

Borehole

Sample No.

Depth

Date

Disturbed / Undisturbed

BHzZ

4
05/03/2010

Undisturbed

Descripticn of Specimen

Reddish brde slightly gravelly silty CLAY

Initial Specimen Conditions

203.00

Height mm ‘
Diameter mm 106.00
Area mm? 8824.73 -
Volume em® 1791.42
|Mass g 3739.20
Dry Mass g 3280.70
Density Mgn’m3 2.09
Dry Density Mgim® 183
|Moisture Content % 14
Specific Gravity kN/m*® 2.65
{assumed/measured) assumed
Final Specimen Conditions ;
Moisture Content % 15
Density Mgim® 217
Dry Density’ Mgim* 1.90
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Checked and Approved By
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Consolidated Undrq

Specimen Details

BS 1377 : Part 8 : 1990

ined Triaxial Compression Test

Borehole BH24
Sample No. ‘
Depth m 4
Date 05/03/2010
|
Test Setup .
Date started 23.'02.'2010
Date Finished 04/03/2010
.| Top Drain Used vyl
Base Drain Used y! i
Side Drains Used ¥
Pressure Systern Number P5’
Cell Number C5
|
Saturation i
Cell Pressure Incr. kPa 100.00
Back Pressure Incr. kPa 95.00
Differential Pressure kPa 5.00
Final Cell Pressure kPa 400.00
Final Pore Pressure kPa 396.00
Final B Value 1.00;
|
Consolidation i
Effective Pressure kPa 50.00 100.00 200.00
Cell Pressure kPa 400.00 400.00 400.00
Back Pressure kPa 350.00 300.00 200.00
|Excess Pore Pressure  kPa 46.00 22,00 93.00
Pore Pressure atEnd  kPa 350.00 300.00 200.00
Consclidated Volume cm® 1751‘152 1746.22 1730.12
Consolidated Height mm 201.49 197.41 194.93
Consolidated Area mm? 8693.70 8845.64 8875.78
Vol. Compressibility m2MN 0.063#4 0.01009 0.04610
[Consolidation Coef. mtyr. 4.63532 3.66248 3.08893
|
|
| |
£ Deltos esuante
Checked and Approved By | Date
I Client Ref
LN01323
EnviRecover - Hartlebury Contract No
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Consolidated Undraijned Triaxial Compression Test
BS 1377 : Part 8 : 1990

Specimen Details

Borehole ) BH24
Sample No. j
Depth m 4
Date 05/03/2010

Consolidation Stage
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Consolidated Undrained Triaxial Compression Test

Specimen Details

BS 1377 : Part 8 : 1990

LABORATORY TESTING SERVICES LIMITED

Borehole BH24
" |Sample No. ;
Depth m 4
Date 0510312010
Shearing |
Initial Cell Pressure kPa 400 400 400
Initial Pore Pressure kPa 350 300 200
Rate of Strain mm/min .0.0878 0.0675 0.0565
Max Deviator Stress :
Axial Strain 3.410 4,154 5.548
[Axial Stress kPa 288.761 274.10 382.35
J|Cor. Deviator stress kPa 255.867 270.15 378.22
Effective Major Stress ~ kPa 330.867 353.16 531.22
" |Effective Minor Stress ~ kPa 76.000 83.00 153.00
Effective Stress Ratio 4,354 4.255 3.47
s’ ' kPa 203.433 218.08 34211
t' kPa 127.433 135.08 185.11
|Max Effective Priciple Stress Ratio |
Axial Strain 1.251 3.349 4,643
Axial Stress kPa 188.100. 235,132 369.583
Car. Deviator stress kPa 187.973 231.242 365.505
Effective Major Stress kPa 224,873 293242 499.505
Effective Minor Stress  kPa 37.600 62,000 134.000
Effective Stress Ratio 6.080 4.730 3.728
s' kPa 130.986 177.621 316.753
t' kPa 93.986 115.621 182.753
Shear Resistance Angle degs ! 29.0
Cohesion ¢’ kPa 36
’P@»« m% } 05/83/10
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Consolidated Undraijned Triaxial Combression Test
BS 1377 : Part 8 : 1990

Specimen Details

Borehole BH24.
Sample No. j
Depth m 4.
Date - 05/0372010

Shearing Stage
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Conéolidated Undrained Triaxial Compression Test

BS 1377 : Part 8 : 1990

Specimen Details B
Borehole BH24
Sample No.

Depth m 4
Date 050312010

Shearing Stage
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Consolidated Undraihed Triaxial Compression Test -
BS 1377 : Part 8 : 1990

Specimen Details

[Borehole

BH24-
Sample No. j
Depth m 4 ]
Date 05/03/2010
Shearing Stage ‘
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' Consolidated Undrained Triaxial Compression Test

Specimen Details

BS 1377 : Part 8 : 1990

Borehole

Sample No.

Depth m
Date

Disturbed / Undisturbed

BH25
4
05/03/2010
Undisturbed

Description of Specimen .

Reddish brown slightly gravedly silty CLAY

Initial Specimen Gonditions

204100

Height mm
.|Diameter mm 104/60
Area mm? 8494.87
Volume cm® 1732.95
|[Mass g 3948,10
Dry Mass g 3587.60
Density Mg/m* 228
Dry Density Mg/m® 2.07
|Moisture Content % 10
Specific Gravity kN/m* 265
(assumed/measured) assumed
Final Specimen Conditions !
Moisture Content % 11°
Density Mg/m® 2.32
Dry Density: Mg/m® 2.09
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Consolidated Undrained Triaxial Compression Test

Specimen Details

BS 1377 : Part 8 : 1990

BHZ5

Borehole

Sample No.

Depth m 4!

Date 05/03/2010

Test Setup S

Date started 23/02/2010

Date Finished 04/03/2010

Top Drain Used y!

Base Drain Used ¥

Side Drains Used Y

Pressure System Number P4 .

Cell Number C4|

Saturation |

Cell Pressure Incr. kPa 100,00

Back Pressure Incr. kPa 95.00

Differential Pressure kPa 5.00

Final Celi Pressure kPa 500.00

Final Pore Pressure kPa 495,00

Final B Value .

Consolidation ;

Effective Pressure kPa 50.q0 100.00 200.00

Cell Pressure kPa 500.00 500.00 500.00

Back Pressure kPa 450.00 400.00 300.00

Excess Pore Pressure  kPa 45.00 20,00 ' 82.00
-JPore Pressure at End ~ kPa 450,00 400.00 300.00

Consolidated Volume  em? 1723.35 1721.85 1713.45

Consaolidated Height mm 203.62 199.46 195,94

Consolidated Area mm? 8463.49 8632.48 8744.70

Vol. Compressibility m2AiN 0.01231 0.00218 0.01626

Consolidation Coef. mehyr. 5.21497 0.42902 1.41624
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Consolidated Undmyﬁed Triaxial Compression Test
BS 1377 : Part 8 : 1990 '

Specimen Details

S
Borehole BH25
Sample No. |
Depth m 4
Date 050372010

|
Consolidation Stage
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Consolidated Undrained Triaxial Compressidn Test

Specimen Details

BS 1377 : Part 8 : 1990

Borehole BH25
Sample No. i
Depth m 4.
Date 05/03/2010
Shearing ; .
Initial Cell Pressure kPa 500 - 500 500
Initial Pore Pressure kPa 450 400 300
Rate of Strain mm/min 0.1035 0.0083 0.0270

|
Max Deviator Stress L
Axial Strain 2814 4.351 5.873
Axial Stress kPa 511.810 564.48 698.32
Cor, Deviator stress kPa 509.053 560.51 694.15
Effective Major Stress ~ kPa |, 586.053 666.51 869.15
Effective Minor Stress ~ kPa 75.000 106.00 175.00
Effective Stress Ratio 7.514 6.288 4.97
s' kPa 332,027 386.26 522,08
t kPa 254.027 280.26 347.08
|max Effective Priciple Stress Ratio 1
Axial Strain 0918 3118 4.927
Axial Stress kPa 291.854 468.068 651.176
Cor. Deviator stress kPa 201.758 464.188 647.071
Effective Major Stress  kPa 322158 536.188 794.071
Effective Minor Stress ~ kPa 31.000 72.000 147.000
Effective Stress Ratio 10.412 7.447 '5.402
s’ kPa 176.879 304,094 470.535
t' kPa - 145.379 232.094 323.535
Shear Resistance Angle degs : 38.0
Cohesion ¢' kPa i 48
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Checked and Approved By : Date
! Client Ref
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Consolidated Undrained Triaxial Compression Test

Specimen Details

BS 1377 : Part 8 : 1990

Borehole

Sample No.

Depth m
Date

BHZ5

4

Shearing Stage

05/03/2010
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Consolidated Undrained Triaxial Compression Test
BS 1377 : Part 8: 1990

Specimen Details

Borehole BH25
Sample No. i
Depth m 4.
Date 05/03/2010

Shearing Stage
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Consolidated Undrained Triaxial Compression Test

BS 1377 : Part 8 : 1990

Specimen Details

Borehole BH25
Sample No. :
Depth m 4
Date 0510312010

Shearing Stage \
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Executive Sum'mary

Introduction:

1. Hyder Consulting {UK) Limited (HCL} ﬂas been instructed by Mercia Waste Management (Mercia) to
undertake a Geotechnical and Geo-En\n'ronmentaI desk study, an Environmental Impact Statement, -
plus preliminary Factual and Interpretatwe Reports for a proposed 15.5MW renewable energy facility
located at the Hartlebury Trading Estate |n Worcestershire.

2. This report presenis an interpretative summary of data collected during an initial preliminary ground
investigation undertaken on site in FeBruary 2010 and provides advice relating to the physical and
chemical nature of the ground based on interpretation of this data to support the EIA submission
document.

3. Reference should also be made to thef associated Desk Study Report (Ref. 1) and Factual Ground

Investigation Report {Ref.6) for this devglopment, atso produced by HCL.

Site Location and Description:

4. The site is located approximately Skim south-south-east of Kidderminster, within the Hartlebury
Trading Estate, Worcestershire and is gentred on OS National Grid Reference 385950,269850.

5. The site encompasses an unoccupied area of disused land with open access from the south via Oak.
Drive, and is covered mainly by roug!}'n grass, bramble and low shrubs. A stream flows in culvert
through the centre of the site. The siteis bordered to the north by Biffa landiill site, and to the west
by a small waste-water treatment works and large warehouse.

Hydrological and Environmentai Sensitivity:

6. The site does not lie within a Groundwater Source Protection Zone, there afe no licensed .
groundwater abstractions recorded within a 500m radius of the site and the site overlies a non-
aquifer. The site therefore can be regarded as having low groundwater sensitivity.

7. The nearest primary river feature is located approximately 800m south-east, and is named the Eimley
Brook. The stream flowing through the }site discharges into this brook, so the site should be regarded
as having high surface water sensmwty There are no known water quality sampling points recorded
for the brook.

There are no recorded major pollutlon mcndents to controlled waters within 1km of the site.

Information contained within the Envnrpcheck Report shows that the site is not within the zone of
potential flooding from fiuvial watercourses.

10. The site can be regarded as having a iow ecological sensitivity, though it should be noted that there
is a small stand of Japanese knotweed on site, which wili impose some constraints on the timing and
methods of site clearance.

Geological Information:

11. Published geological information shows the solid geology directly beneath the site area to comprise
the Mercia Mudstone Group {(MMG) of Permo-Triassic geological age. A previous ground
investigation undertaken on the site indicates this solid geology to be overlain by Superficial Deposits
of re-worked natural soils, which in turnj are overlain by Made Ground. ’

12. A preliminary ground investigation haé been undertaken by HCL between 4th and 16th of February
2010 comprising boreholes (cable percusswe and rotary cored) and trial pits, with associated
geotechnical and contamination Iaboratory testing. This investigation has encountered a strata
sequence in general accordance WIth those anticipated based on the desk study data, with a
sequence comprising Made Grounh over Superficial Deposits over Weathered (becoming
unweathered) Mercia Mudstone materijal.

Continued /..
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Geological Information {(continued):

13. In the northern part of the site, the Made Ground is typically 1-2m thick and generally granular in
nature. Inthe southern part it is thickeri(typically 2-2.5m}) and more cohesive with many inclusions of
construction waste including localised gsbestos cement board.

14. The superficial soils are typically preseht to 1.5-2.5m and comprise scft/firm slightly gravelly clay.

15. The weathered Mercia Mudstone straﬁum initially comprises firm to stiff clay, that becomes rapidly
very stifffhard with depth (= 4m) gradin{gﬁ into very weak mudstone at approximately7m depth.

16. Summaries of the pertinent engineeriﬁg properties of these soils are provided and discussed within
the text of the report for outline design.|
'

Groundwater Levels:

17. Groundwater monitoring to date mdncates levels that have fluctuated with time between 45.5 and 46.8
mAQD {1.0-2.5m bgl). These f!uctuatlons may be linked to periods of rainfall variation, though
evidence to date is insufficient to be ccTnc!us“fe These water [evéls infer a groundwater flow direction
from north to south across the site wmw a hydraulic gradient calculated to be =0.01.

18. Localised high water pressure conditions have been identified at a depth of 13-16m in Borehole
BH20. However, because the artesmp, water pressures identified in this hole egqualised over-night
may indicate either that the layer and/or zone of material with elevated water pressures is confined
and of relatively limited extent and/or (that the permeability of the zone is sufficiently low to prevent
maintenance of the artesian pressure for any length of time. The artesian effect is aftributed to water
pressure not volume; therefore signific?ht water containment is not expected to be a major concern.

Contamination Assessment: |

19. Analytical testing was undertaken on\ Made Ground and natural soils for soil totals and leachate.
-Groundwater was also analysed. 1,

20. The soil results were compared to screenmg values for a standard CLEA commercial end use and
only Lead was found to be elevated. I?ptentlal Asbestos containing material was encountered in the
shallow Made Ground in one location. |

21. Leachate and Groundwater results were compared to appropriate EQS or Drinking Water Standards.
Whilst some contaminants (Copper, Ammeniacal Nitrogen and organics) were found to be elevated in
the soils leachate analysis, this was \rflot reflected in the groundwater results, which were generally
found to be below the guidelines value}sl

22. Ground Gas monitoring is ongoing h¢Wever to date no methane has been encountered. Carbon
dioxide has been detected with a maximum of 10.5% volume. Flow rates are generally low and the
maximum reading was 0.2/hr. The a:t:rnospheric pressure during the monitoring was between 900
and 1018mb. Using the maximum data available, the Gas Screening Value is 0.0211/hr which
equates to Characteristic Situation 1 Very low risk. This will be reviewed once all the data has been
collected.

23. A pollutant linkage assessment was u:hdenaken and is presented in Table 11.2. This indicates that
there is a moderate to low rigk from the elevated Lead concentration and a moderate risk from
asbestos containing material in the Made Ground. A low risk is presented for risk to controlled
waters. i
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Contamination Considerations:
24,

25.

It is recommended that the elevated Léad concentrations encountered in BH20 at 0.75m depth are
removed to reduce the risk to the codstruction workers and to future site users, This should be
undertaken prior to works beginning to énsure that the material is not spread across the site.

A walching briefidiscovery strategy should be maintained with regards to the potential presence of
currently unknown contamination. If efncomtered during the site enabling works, an experienced
Geo Environmental Engineer should |be contacted and analysis undertaken on the suspected
material.

27.

28.

28.

30.

Waste Management:
26.

Due consideration should be given to tﬁle UK Landfill Directive when disposing of material to landfill.
If material is to be re-used on site |principles in the CL:AIRE document Definition of Waste:
Development Industry Code of Practice should be followed.

Results of the total soil analysis were put into CATWASTESOIL and the ma}'ority were showed to be
non-hazardous with 2 being hazardous. |

Waste Acceptance Criteria (WAC) test?ng' was undertaken on 2 samples which were shown to be
non-hazardous. This indicated that one sample is likely to be considered as Inert and one as non-
hazardous. S

It is recommended that the excavated|material is stockpiled and if disposal to landfill is required,
testing should be undertaken at this stage to confirm the correct waste dlassification. - During
stockpiling Made Ground and natural soifs and contaminated and non contaminated material should
be separated as different disposal route$:may be appropriate for each type.

The Duty of Care for waste disposal fallé with the waste producer.
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{  INTRODUCTION

Hyder Consulting (UK) Limited (HCL) has been instructed by Mercia Waste Management
(Mercia) to undertake a Geotechnical and Geo-Environmental desk study, an Environmental
impact Statement, plus preliminary Factual and Interpretative Reports for a proposed 15.5MW
renewable energy facility located at the $antebury Trading Estate in Worcestershire.

This Interpretative report presents a summary of data collected during an initial preliminary
ground investigation undertaken on site in February 2010 and provides advice relating io the
physical and chemical nature of the ground based on interpretation of this data. Prior to
undertaking the ground investigation, a'Desk Study Report (Ref. 1) was produced by HCL,
which should be read in conjunction W|th this document and the associated Factual Ground
Investlgatlon Report (Ref 6).

1.1 Background to the Proposed Development

The Joint Municipal Waste Management Strategy (JMWMS) for Herefordshire and
Worcestershire, 2004-2034, has highlighted the need for dealing more effectively with the waste
left over after recycling (referred to as ‘résidual waste’).

In a review of the JMWMS undertaken by the Joint Members Waste Forum, a number of
scenarios for managing residual waste were examined using a computer model called WRATE.
Following this assessment, the option of a single site Energy-from-Waste plant with combined
heat and power (CHP) capabilities was identified as the optimum solution, resulting in the
Mercia EnviRecover 15.5MW renewable‘ energy facility.

As such, a planning apphcatlon is requnred plus a ground and groundwater assessment for
inclusion in a chapter of an EIA submlssmn document. This chapter will pick up salient points of
the contamination conceptual model and achievability of the current construction development
"based on the recovered technical inforn"iation obtained from an intrusive ground investigation.

1.2 - Objectives of the Report

The principal objective of the report istd provide an assessment of the current geotechnical and
geo-environmental conditions of the proposed site. To this end, this report aims to :

" Establish likely ground and groun;dwater conditions beneath the site;

. ldentify the potential presence of bontaminants within the soil;
] Provide a series of construction phase options for the scheme;
= . Identify health and safety issues ansmg as a result of the ground conditions; and

= Discuss materials management an_d waste disposal issues.

In order to meet these objectives, a site specific intrusive preliminary ground investigation was
undertaken and supervised by HCL ut:hsmg CJ Associates Ltd. (CJA) as drilling / plant provision
subcontractors.
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2.2

2.3

24

SITE SETTING

Site Location

The site is located approximately 9kmt south-south-east of Kidderminster, within the Hartlebury
Trading Estate, Worcestershire.

The site comprises of a small parcel of\ land with an estimated surface area of 3.3 hectares. The
Ordnance Survey National Grid Reference at the centre of the site is 385950,269850.

A site location plan is shown in Figure 1.

Site Description

The site encompasses an unoccupied area of disused land with open access from the south vig

Oak Drive. To the east, the site is |mmed|ately bordered by capse woodland, to the north by a
pond and Biffa landfill site; and to the twest by a small waste-water treatment works and large
warehouse. The site is covered mainly by rough grass, bramble and low shrubs.

The waste-water treatment works in the west is accessed by a track that traverses north-west to
south-east through the centre of the site. A stream flows from the waste-water treatment works,
through the centre of the site and then bff-site to the south. In general this stream flows within in
a ditch, though it is culverted across the centre of the site and also further off-site to the south.

Public Register and Historical Information

Publically available information is usually obtained from agencies that have licences to
reproduce data held by the UK Government and other such bodies. Landmark Information
Group Ltd., who are the pre-eminent: supplier of such data were approached to provide
information for this study. ‘

A full review of public register and hlstoncal information can be seen in the Desk Study Report
{Ref. 1). ;

Geology a’nd Hydrology

The 1:50,000 scale British Geological Survey (BGS) Sheet 182 (1976) shows the solid geology
directly beneath the site area to comprijse the Mercia Mudstone Group (MMG), a strata formerly
referred to as the Keuper Marl. - i

Superficial deposits are not shown onthe BGS Sheet 182, as the thickness of any localised
deposits is considered insignificant at the mapped scale.

The former Lower Keuper Sandstone outcrops between one and two kilometres from the site to
the north, south, east and west. To the east and west a faulted contact is postulated that
suggests the site is on a downthrown block

The dip of the sandstone to the west suggests that it may be present at approximately 40m bgl
beneath the site. |
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Further details on the ground conditions on site and in the vicinity of the site (1km to the NwW),
have been obtained from an on-site ground investigation (undertaken in 20086, Ref. 2) and from
a BGS repart on the Hartiebury Landfi I site located 800m to 1km north-west (Ref. 3). These
sources indicate that the Hartlebury Landfill site is underlain by between 5m and 7m of
superficial deposits (average of 6.2m), comprising an uppermost stratum of Made Ground,
overlying weathered Mercia Mudstone. Bedrock is initially comprised of weak, red-brown
mudstone (as part of the Mercia Mudstone Group).

More detailed geological classification =for the area is obtained from the BGS report, which
interprets the solid geology of the MMG in the area as comprising an upper sub-stratum of the
Sidmouth Mudstone Formation (~up to: 30m thick) and a lower sub-stratum of the Tarporley
Siltstone Formation (~up to 20m thlck)‘ iThe MMG is underlain by the Bromsgrove Sandstone
Formation at depths ranging from 30m 10 60m below ground level (bgl).

While there has been little developmept on the site historically, the ground levels have been
artificially raised, particularly in the south-west of the site, where approximately 3m of Made
Ground is reported. Adjacent to this area is a mound, approximately 3m high, from which in
excess of 4.3m of Made Ground was encountered in a trial pit excavated on top of the mound.
Elsewhere on the site, the thickness of Made Ground is significantly reduced, to the order im to
2m. The site is therefore not level in places with a mounded area in the south-west and a ditch
up to 2m deep in the centre. 3

|
The National Soil Resources Institute Soils Site Report (Appendix D of Ref. 1) indicates that the
surface soils in the area of site are likely to comprise reddish, loamy or fine, silty over clayey
soils with slowly permeable subsoils and,shght seasonal waterloggmg

2.4.1  Groundwater Vulnerablhty

The National Soil Resources Institute Solls Site Report classifies the soil in the area of the site
as having an intermediate leaching potential. These are soils, which have a moderate ability to
attenuate a wide range of diffuse source poflutants but in which it is possible that some non-
adsorbed diffuse source pollutants and hqund discharges could penetrate the soil layer.

The underlying Mercia Mudstone Group is classified as a Non-Aquifer {negligibly permeable),
which would correspond with the ldentlfled geology. Non-aquifers (now reclassified as
Unproductive Strata) are formations, whlch are generally regarded as containing insignificant
quantities of groundwater. However‘ groundwater flow through such rocks, although
imperceptible, does take place and needs fo be considered in assessing the risk associated with
persistent pollutants and subsuriace constructlon Beneath the Mercia Mudstone Group lies the
Sherwood Sandstone aguifer which wae formerly classified as a Major Aquifer (now classified
as a Principal Aquifer). |

|

The site does not lie within a Groundwater Source Protection Zone.
No licensed groundwater abstractions afe recorded within a 500m radius of the site.

The Catchment Abstraction Management Strategy (CAMS) for the Worcestershire Middle
Severn determined the groundwater in the catchment to he over licensed.

It is reported that the groundwater Ievels in the Triassic Sandstone are regionally depressed due
to over abstraction. ‘
‘rable Zone

The site is located within a Nitrate Vulne

i
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2.4.2 Nearby Surface Water ﬁeatures

A stream/drainage ditch is shown to |ssue at the western site boundary, which then heads
eastward to the centre of the site, before turning southward (the culverted drain) and flowing ofi-
site, southward within a culvert.

The nearest primary river feature is located approximately 800m south-east, and is named the
Elmley Braok. There are no known water quality samplmg points recorded for the brook.

2.4.3 Poliution Incidents to Controlled Waters

There have been a total of 11 recorded pollutiont incidents to controlled waters within 1km of the
site. All were regarded as Category 3 (Mrnor Incidents) and related mainly.to the release of oils,
solvents and detergents. :

A full list of the incidents is located wrthln the datasheets of the Envirocheck Report contained
within Appendix B of the Desk Study Report {Reference 1). -

2.4.4 Flooding |

Information contained within the Envirocheck Report shows that the site is not within the zone of
potential flooding from fluvial watercourses There are no recorded flood defences or floodwater
storage areas shown within 1km of the srte
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2.5

Environmental Sensitivity summary

b

Groundwater sensitivity: Iowj

The site overlies a non-aquifer, there are no groundwater absiractions within a 500m radius of
the site and the site is not located within a groundwater source protection zone.

Surface Water Sensitivity: High

A stream/drainage ditch is located in tﬁe centre of the site, which discharges to a watercourse
via a series of culverts, approximately 600m south-west of the site.

Ecological Sehsitivity' Low

The site itself is not designated for lts ecological importance and an ecological assessment
undertaken on the site in 2004 (Flefs 4 and 5) states the following:

- No evidence of Water Vole actlvrry in or adjacent to the north to south running ditch in the

centre of the site;

= Holes and crevices that were accéssible within the study area did not demonstrate any '

evidence of being used by bat spemes though bat roosts are anticipated in the woodland
- to the east of the site; ;

L] There are no waterbodies on site ]suitable for great crested newt; a partly culverted ditch
running through the site does not constitute suitable habitat;

= A careful search of the site produé'ed no evidence of use by any other protected species;

] No species with special protectlon undér Schedule 1 of the 1981 Wildlife and Countryside
Act, or Annex | of the EU Birds Dlrectwe were recorded on or in the vicinity of the site;

] The field surveys work did not |dgnt|fy the presence of any plant species or habitats
protected by law, or considered rare in the UK;

= There is a small stand of Japanese knotweed on site, WhICh will i |mpose some constraints

on the timing and methods of sne\c[earance

Mercia EnviRecover Renewable Energy Facility - Contaminated Land Interpretative Report
Hyder Consulting (UK) Limited-2212959 i : . Page 5



3.1

3.2

GROUND INVESTIGATION

The preliminary ground investigation was carried out between 4" and 16" of February 2010. It
was undertaken and supervised by HCL on behalf of Mercia Waste Management. The purpose
of the investigation was to identify the ground and groundwater conditions across the site and
provide key information for the productlon of the Environmental Impact Assessment chapter by
identifying the likely impact on the environment of the development. The ground investigation
will also provide preliminary mformatlon for foundation design, excavation (and its support) and
contamination issues surrounding the development of the Mercia EnviRecover energy facility.

A plan showing the exploratory hole Iocatlons is presented within Appendix B.

The site specific ground investigation ﬁas addressed the objectives identified within Section 1.2
of this report. The findings of the ground investigation are summarised below and are detailed in
the HCL Factual Report (Ref. 8).

Site Works

The completed scope of the ground invjestigation is as follows:

" 4 no. cable percussive boreholes to maximum depth of 10m below ground level {bgl) with
alternating Standard Penetrationtest (SPTs) and undisturbed soil samples (U100) at 1m
intervals to 5m bgl, and where possmle at 1.5m intervals at depth greater than 5m bgl.

. 3 no. rotary cored boreholes to maximum depth of 20m bgl, with SPTs at 1m intervals to
5m bgl'and at 1.5m intervals below 5m byl

= 4 no. trial pits to depths of 5m bgl:
. 6 no. trial pits to depths of 2m bgl.

The depth, thickness and descriptions of the strata (includihg depths of sampling points) are
given on the relevant exploratory logs, presented within the HCL Factual Report (Ref. 6).

Upon their completion, the boreholesi(that were not completed with groundwater monitoring
installations) and trial pits were safely backfilled and compacted and the ground re—lnstated as
far as practicable. :

Sampling

A Geotechnical Engineer from HCL logged the boreholes and trial pits in accordance with the
recommended procedures provided by document BS5930:1999 “Code of Practice for Site
Investigations™ (Ref. 7) and in general: accordance with CIRIA C570 “Engineering in Mercia
Mudstone” 2001 (Ref. 8). Disturbed, Undisturbed and environmental samples were collacted
from the exploratory holes, which were subsequently sent for geotechnical, chemical and .

_ contamination analysis with the testing scheduled by HCL.

Groundwater was encountered in all jof the seven boreholes. This has been subsequently
sampled and sent for chemical analysis. -
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Furthermore all boreholes have been installed with groundwater and gas monitoring standpipes
and an ongoing programme of monitoring is currently. taking place over a three month period to
allow groundwater and gas levels to gl;abilise and to be recorded over a range of {short-term)
climatic variations. The results of this ﬁmniton’ng will be issued as a separate addendum to this

report. L.

3.3  Laboratory Testing

Geotechnical and chemical laboratory testing was undertaken on selected samples taken from
the boreholes and trial pits and are |summarised in Table 3.1. Testing of all samples was
scheduled by HCL and undertaken th an HCL appointed laboratory. The test results are
discussed within Sections 5 to 7 of th}§irepon and are presented in full within the HCL Factual
Report (Ref. 6). E

Asbestos presence was analysed asia precautionary health and safety measure. Waste
Acceptance Criteria (WAC) testing wa{‘s carried out at the UK lower detection limits for inert

- waste to enable an assessment of Waste Management on-site and off-site to be undertaken.

Table 3.1: Summary of Analysis Undertaken on Scheduled Samples
TypeofTest .  Standard  Number of Samples
o ' ' ' (Egofecfiﬁical & Chémiqal Te_sté- B
moisture contents ‘ : BS1377:1980 Part 2:3 15
atterberg tests BS1377:1880 Paﬁ 2:48&5 15
particle density | BS1377:1990 Part 4 4
density tests i BS1377:1990 Pat4:5 - 7
PSDs (Particle Size Distribution) BS1377:1990 Part 2:9 13
sedimentation tests - ' BS1377:1990 Part 2 1
compaction tests ' |\ BS1377:1990 Part4 6
one-dimensional consolidation tests ' BS1377:1990 Part 6 - 3
consolidated undrained triaxial tests , BS1377:1990 Part 6 3
pH : BS1377:1990 Paﬂ 3 13
2:1 soil/water extract j BS1377:1990 Part 3 13
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Table 3.1: Summary of Analysns Un

dertaken on Scheduled Samples (contlnued)

_ 'Type of Test Standard . Number of Samples
_ Sbntamination_ Tests B '

Soil _ ‘ . S
Metals (arsenic, cadmium, chromium, nickel, lead copper MCERTS Accredited 15
zing, mercury and selenium) . ‘
Speciated PAH (USEPA 16) MCERTS Accredited 15
TPH (Total Petroleum Hydrocarbons) 6 banded . MCERTS Accredited i5
Asbestos Screen and Microscopy MCERTS Accredited 5
Soil Organic Matter (SOM) MCERTS Accredited &
Leachate ' _ ‘
Metals (arsemc cadmium, chromium, nickel, lead; oopper MCERTS Accredited 15 .
zinc, mercury and selenium)
Speciated PAH MCERTS Accredited 15
TPHCWG MCERTS Accredited 15
Chloride MCERTS Accredited 15
Ammonia 15
Groundwater -
Metals {arsenic, cadmium, chromium, nickel, lead ‘copper MCERTS Accredited 5
zing, mercury and selenium) '
Speciated PAH (USEPA 16 MCERTS Accredited 5
TPH CWG MCERTS Accredited 5
Chloride MCERTS Accredited &
Ammonia (Ammoniacal nitrogen as N} " MCERTS Accredited 5
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4°  GROUND CONDITIONS ENCOUNTERED

4.1 Previous Investigations

A previous Investigation has been carried out by Ground Investigation and Piling Limited (GIP)
in May 2008 (Ref. 2). The findings of this report are incorporated into the following discussions.

Made ground was found to depths of up to 4.30m bgl containing ash brick mudstone among
other man made substances. including |lasbestos board. The cohesive made ground was found
to have intermediate plasticity dand megdium volumetric change potential. Superficial Deposits
were encountered to depth of between| 0.7-3.0m as firm sometimes stiff gravelly CLAY. These
Superficial deposits were identified to have up to very high plasticity and high volumetric change
potential. Mercia Mudstone formation \Lvas found directly underlying this stratum, initially as a

firm to stiff CLAY. Mudstone was then found from 5m bgl with up to intermediate plasticity and _
medium volumetric change potential. '

Groundwater strikes were noted in the four boreholes drilled on site in 2006 {see Ref. 2) at
depths ranging from 4m to 5m bgl withih' Residual Mercia Mudstone clays. In the shallower trial
pits, groundwater was encountered in a limited number of the excavations at depths around 1m
bgl, ranging from slow seepage to fast seepage. These inflows are considered likely to be
derived from perched groundwater withih the Made Ground soils.

4.2 Summary of Strata Sequence

Ground conditions were found to be in general accordance with those anticipated based on the
desk study data, and the general strata sequence can be summarised below:

= Made Ground

" Superficial Deposits: Weathered Mercia Mudstone material re-worked by geological (e.g
glacial) processes. l

. Weathered Mercia Mudstone Group (soil material)
. Mercia Mudstone Group (rock majterial)

The strata descriptions used in the factujal teport are in accordance with BS 5930:1990 (Ref. 7).
The weathering grades and terminology|assigned to the Mercia Mudstone stratum in the factual
report and this interpretation (“fully”, “pahialfy” and “unweathered") are in accordance with those
recommended in CIRIA C570 “Engineering in Mercia Mudstone”, 2001 (Ref. 8).

The typical strata sequence encounteréd at the proposed Mercia EnviRecover energy facility

site has been summarised within Tablej 4.1 with the full borehole and trial pit logs presented

within the HCL Factual Report (Ref. 6). The material properties and engineering considerations

of the strata encountered are discussed respectively in Sections 5 and 6 of this report and the
~contamination testing is discussed in Section 7.
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Table 4.1: General Sequence of Strata 1

Stratum ' Gene_ral desc_riptior%" i _St;aturﬁ . _ T ypicaI'D'epth Range of
. _ | e Strata (m bgh) .
Made Ground ~ (northern Typically granutar materija! (ioose black sitty gravelly GLto <1.0m
part of the site). sand) containing gravel :afnd cobble sized pieces of {Max. 2.0m)
i coal, ash, clinker and brick.
This is underlain by soft red sandy gravelly clay
{reworked Mercia Mudsione Material?).
Made Ground - (southern Typically predominantly c}:qhaive material (Soft brown GlLto27m

part of the site),

silty cobbly gravelly clay), with gravel and cobbles
comprising demolition debris {wall sections), metal
{steel mesh and iron bars), ash and brick.

GIP investigation also identified asbestos cement

board. |

{Max. 4.3m in GIP
investigation of localised
‘mound’, which also
documents 5.5m in a further
previous investigation)

Soft/ firm brown/grey sihﬂ{fCLAY, with occasional

Superficial Deposits ‘ 151025

{localised) medium rounded graved Qf chert, quartz and (0.7-3.0inGIP)
. sandstone. ‘

Fully weathered Mercia Firm to stiff red CLAY. 1.5104.5

Mudstone (Grade IVb).

Partially Weathered Mercia  Very stiff CLAY becoming very weak MUDSTONE. 4510175

Mudstone (Grade IVa to (recovered as mudstone gravel in some locations).

Grade 11} : :

Unweathered Mercia Weak to Moderately weak MUDSTONE with medium >17.5

Mudstone (Grade I}

spaced fractures and Iocajlised bands/lenses/pockets
of gypsum {Grade |).

Two illustrative geological cross sections across the site are shown within Appendix ‘C with the

cross section lines orientated in a gener.

maximum of 3m across the site.

ally west to east direction. The ground level varies by a

As shown on the cross sections, the weathered Mercia Mudstone is encountered at
approximately 4.5m bgl across the site, jand perched groundwater levels are present within the
Made Ground at approximatsly 1 to 2m bygl.

Supetimposed onto these cross sactions|is an approximate outtine of the current
of excavation for the construction of the proposed Energy-from-Waste plant.

proposed area
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4.3 Groundwater

4.3.1 Groundwater Encountered

Groundwater strikes were encountered and recorded during the present ground investigation in
the following exploratory holes: 1

Table 4.2: Groundwater Strikes (préent investigation)

Exploratory - Level of Waﬁl Strike - Comment(s)

. Hole o ~(mO
BH20 46. 16
BH21 4796 Possibly perched GW in the Made Ground?
BH22 . 4559 '
BH23 46.79: Possibly perched GW in the Made Ground?
BH24 47.04 Possibly perched GW in the Made Ground?
BH25 46.02
BH26 45.03
TP27 42.84 Seepage
TP28 44.58 Seepage
TP29 4424 Seepage

Although observations made ciuringfi the February 2010 site investigation record that
groundwater was rarely present during drilling and trial pitting, it is considered that this may be
due to the relative low permeability of the majonty of the soils and the time periods the
excavation sides were left exposed rather than the absernce of any perched groundwater or
phreatic surface. In the majority of cases the boreholes were cased through the upper soil
horizons, and the trial pits were left opgn for limited time periods.

In the GIP ground invesiigation, grour*dwater was recorded at slighﬂy lower levels in following
the exploratory holes: i

|
| .
Table 4.3: Groundwater Strikes (GlP‘i_nVestigation, March 2006}

Exploratory Level of Wa}ur _Strike . Cominant(s).

. Hole - (mop)-
BH1 43.90.
BH2 4382:
BH3 4342
BH4 43.71.
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4.3.2

4.3.3

Groundwater Levels

Groundwater levels on—sne have been monltored since the ground investigation was
undertaken.

Table 4.4: Groundwater Levels

BH20 385057 = 269904 -47.79 : 46.16 45.83

BH21 385913 269856 48.43 - 45.96 44.53
BH22 386000 269796 47.98 4550 45.63 45.46
BH23 385914 269899 47.61 4686 46.84 46.55
BH24 386031 269915 47.64 4875 46.70 46.68
BH25 - 385961 269806 4712 4597 46.18 45.71
. BHz8 385857 269817 50.04 46.03 46.18 45.89

Rest groundwater levels in the mudstone were recorded between 45.59 and 46.75 mAOD on
11" February 2010. On 24" February 2010, these levels generally seem to have risen slightly
to between 45.63 and 46.84 mAOD, but on 12" March 2010 they have dropped again to
between 44.53 and 46.68 mAOD. These fluctuations may be linked to periods of rainfall
variation. ;

Groundwater Hydraulicsi

Confining conditions have been ident'rﬁed at depth. During the drilling of BH20, at depth 15m

bgl, an uncased section of the borehole hole collapsed, and continued to do as the borehole
was progressed. Consequently, the hole was then further cased to 8.0m bgl, but falling water
was audible at the bottom of the borehole (possibly indicating a significant water strike had
developed between 8m and 15m depth) At this point, water was introduced into the borehole
up to ground level in preparation for conducting a falling head permeability head test. However,
once ground level was reached the water continued to rise and overflow the top of the casing
(approximately 1m agl), a situation indicative of potential artesian water pressures in a stratum
between approximately ~13.0 to 16.0m depth. However, the following morning the water
pressure was seen to have equallsed\ at approximately 2.90m bgl (45.09mAQD), suggesting
either that the layer and/or zone of matenal with elevated water pressures is confined and of
relatively fimited extent and/or that the pemeability of the zone is sufficiently low to prevent
mamtenance of the artesian pressure for any length of tlrne

None of the other boreholes und_ertaken on this site o date have encountered similar
groundwater conditions to those encountered in BH20, again indicating that the layer and/or
zone of material with potential artesian }Water pressures may be of limited lateral extent possibly
a relict buried channel of more granular material within the Mercia Mudstone Formation

_stratigraphy. Note that this effect is attributed to water pressure which is expected to be fracture

controlled and is not water volume; as}such water containment in attenuation ponds, etc is not

_ expected to be a major concern during bo_nstruction.
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Notwithstanding that elevated water p‘r'essures may only be present in isolated locations, the
presence of such localised pressures. w:li have significant consequence on the detailad design
of the walls and floor to the deep excavatlon {in the temporary and permanent works cases). As
a result, the detailed design stage grolind investigation will need to specifically gather data to
ascartain the extent and/or ssgnmcance of this phenomencn on the construction of the deep
excavation,

Given the rest water level elevations, fqrther potential inflow horizons may coincide with depths
at which it is noted on the logs that there was ‘no recovery’ or where the mudstone was noted to
be heavily fractured and veined with gypsurn

The measured rest water levels infer a g‘roundwater flow direction from north to south across the
site {(see note below with regard to BH20).

The hydraulic gradient is calculated to be 0.0098 (11/02/2010) and 0.01 (24/02/2010).

The influence of the geological faulted boundanes to the east and wast of the site on
groundwater flow is unknown.

4.3.4 Permeability Testing

Rising head permeability tests were conducted in the upper 8m of strata in three of the
boreholes. After one hour of monltonng, BH20 showed no nse in water leve! and BH25 and
BH26 had recovered by 33 and 46%, respectwely

The iack of response in BH20 does not reflect the observations made during the drilling of the
borehole. Although the water level in the borehole has since risen to 1.63 mbgl, it is assumed
that the lack of aquifer structure may have been compensated by the borehole construction,
Further it is noted that the measured groundwater level (24/02/2010} is 1.23 m lower than that

- measured prior to the parmeaility test (0 4 mbgl). In addition, the observation that the borehole
was artesian during drilling, leads to the assumption that the measured groundwater level in the
installation is more representative of the phreatic surface in the near-surface {<10mbgl) strata
and is not a true reflection of the aquer conditions that may be encountered at depth in the
v:cmrty of this borehols,

Table 4.5: Permeability Test Resulis |-

BH20 385957 269904  47.79 O.1magl 155 155 .
BH25 385961 269806 4742  1.15 8.20 599  0.017
BH26 385857 269817 5004  3.65 9.00 659  0.059

These values are comparable with theirange quoted in, ‘BGS Englneerlng geology of British
rocks and soils — Mudstones of the Mercia Mudstone Group’, of 10" 1o 10° m/d, parallel to
beddmg and 10° to 10 m/d for compacted mudstone.

Mercia EnviRecover Renewable Energy Facility - Contammated Land Interpretative Report
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4.3.5 Groundwater/Surface Water Interaction

The environment agency has a Triassic sandstone numerical model for the area which assumes

the River Stour to be in hydraulic conﬁnuity with groundwater. The relative elevations of the
watertable beneath the site and the culverted stream that runs across the 'site suggest that

hydraulic continuity between surface waiter and groundwater is possible. In practice this is likely
to be limited by the low permeability of the superficial clay and underlying mudstone.

Mercia EnviRecover Renewabte Energy Facility - Contaminated Land Interpretative Report
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5  GEOTECHNICAL PROPERTIES

51 Introduction

A testing programme for soil sampleé:i recovered from the exploratory borehole and trial pit
locations was scheduled by HCL and\Carried out by a designated laboratory as specified by
document BS1377:1990 “Methods of Tests for Soils for Civil Engineering Purposes” {Ref. 9).
The results are included in the factual report provided by HCL (Ref. 6).

5.2 Made Ground

The made ground is spatially variable a¢ross the north and south of the site in both composition
and depth: .

a North - Within ihe northern half of the' site, made ground generally comprises a layer of
fly ash with gravel of coal to 0.5m bgl underlain by approximately 1.5m of re-worked red
clay (re-worked Mercia Mudstone). -

b South - To the south, the topography is more undulating, this is likely to be due to infilling
and discarding of waste across_‘ this area of the site. An upper layer of made ground
comprises waste items in a maFr;ix of red clay. Waste found during trial pitting include
demolition rubble (a section of wall five courses thick), metal containers, metal mesh,
concrete and unspecified scrap r?etal to approximately 1.5m bgl.

Index Properties o

Two Atterberg Limit tests have beeﬁ; carried out on the cohesive Made Ground in this
investigation, to supplement those undertaken in the previous GIP investigation. The results
indicate the cohesive Made Ground to‘have a Plasticity Index of between 19% and 21%, and
therefore to be of intermediate plasticity‘ with a low volume change potential.

5.3  Supefficial Deposits

Superficial deposits have been identifiécéi on-site in localised areas across much of the site, to
typical depths in the present investigati%)fn of between 1.50m and 2.5mbgl. In the previous GIP
investigation, this stratum was encountered to more variable depths of between 0.70m and
3.0m byl. i : '

Index Properties i

i
One Atterberg Limit test has been céﬁri,ed out on a sample of this stratum in this ground
investigation, to supplement the 7 te‘s;s undertaken in GIP the investigation. These tests
produced Plasticity Index values of between 26% and 50%, and therefore to be of intermediate
to high plasticity with a medium to high‘\irolume change potential. ,

B
Mercia EnviRecover Renewable Energy Facility - Contaminated Land Interpretative Report
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5.4  Weathered (Grade IVb to Grade ) Mercia Mudstone

Fully weathered Mercia Mudstone (Grade IVb) was encountered below the made ground to
approximate depths ranging between 1.5 - 4.5m byl

In general, immediately underlying thé made ground/superficial deposits this sub-stratum is -
encountered as soft to firm, red clay that.becomes increasingly more firm to stiff with depth.

At approximately 4.5m bgl this sub-stratum becomes a very stiff and fissile material recovered
as medium. gravel sized lithorelicts of %weak mudstone in a clay matrix (weathering Grade I
material). The weathering profile within}this material is likely to be better defined within the trial
pit excavations than the boreholes, because the mass soil structure is more clearly discernable
in the trial pit sidewalls. v

5.4.1 Index Properties

Natural Moisture Content test resulis objtained from sarﬁples of the fully and partially weathered
MMG material are summarised graphica}lly in Figure 5.1, ‘

Figure 5.1: Natural Moisture Content Erofile for Weathered MMG material
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These tests indicate the natural moisture content to generally be in the range 18% to 25%, with
isolated samples with slightly elevated moisture content. Although there is clearly appreciable
scafter in the results, in general terms it 'shows a slight gradual reduction in moisture content
with depth (progressively less weatherinfg) typical of that provided in table 3.3 of CIRIA C570.
However, towards the base of the sub-stratum {in the less weathered material) the moisture
contents are slightly high relative to typical values for Grade II-lll material given in this
reference. ‘

Mercia EnviRecover Renewable Energy Facility - Contaminated Land Interpretative Report
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Atterberg Limit test results obtained from samples of the fully and partially weathered MMG
material are summarised graphically in|Figure 5.2. These tests produced Plasticity Index values
of between 9% and 26% (average 17.4%) indicating these soils to be low/intermediate plasticity

clay with low to medium volume change:potential. ' '

Figufe 5.2; Casagrande classificatioﬁz plot for Weathered MMG material
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A depth profile of the Plasticity Index values obtained in this sub-stratum is shown graphically as
Figure 5.2. Although there is cleary s:ome scatter in the results, in general terms it shows a
gradual reduction in plasticity with depth from =20% near-surface {1-2m bgl) to 10-15% at
greater depth (6-7m bgl). This rangfa of values and trend in line with progressively less
weathering is typical of that provided in table 3.3 of CIRIA C570.

Figure 5.3: Plasticity Index Profile fo‘nj Weathered MMG material
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9.4.2 Undrained Shear Strength

Insitu hand shear vane tests carried out in the fully weathered (Grade I1Vb) Mercia Mudstone to
depths of up to 3.7m bgl produced estimated undrained shear strengths of between 39 and 77
kPa, ‘

Figure. 5.4 shows a depth profiie of ‘N'|values obtained from insitu Standard Penetration Tests
(SPTs) undertaken in both the present and previous (GIP) ground investigations. Tests with ‘N’
values above 50 have been extrapolated (to a capped value of 100) to provide better definition
of the strength of the less weathered (déeper) soils in the strata sequence.

The profile illustrates how the ‘N’ value Jincrease steady from =10 at 2-3m bgl to 2100 at a depth
of approximately 8.0m bgl. L

~ This SPT data has been converted into estimated equivalent undrained shear strength (SU)
using a correlation of SU = 5x N based on section 5.1 of CIRIA G570, and is shown graphically
in Figure 5.5. This graph suggests an undrained shear profile rapidly increasing from =50kN/m2
at.1.0m bgt to =500kN/m2 at 7.0mbgl, with hard clay (SU = 300kN/m2) oceurring at about 6.0m
bgl. Below 7.0m depth the shear strength continues to increase at a slower rate to =1000kN/m?
at 20.0m bgl. ‘

Mercia EnviRecover Renewable Energy Facility - Contaminated Lahd Interpretative Report
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Figure 5.4: Profile of SPT ‘N’ Values | -
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Figure 5.5: Undrained Shear Strengthj Profile Estimated from SPTs
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5.4.3 Drained Shear Strength

Three consolidated undrained triaxial tésts performed on these sub-soils produced the following

results:
Sample Ref. P’ (9 : ¢’ (kN'm?)
BH24 / 4.00m .29 36
BH24 /6.50m 28 35

BH25 / 4.00m . 38 49

Based on published correlations, the I?I;asticity Index test results suggest @' value of 28° - 30°,
which is in good agreement with two of the triaxial test results and with typical published values
for Grade IV MMG material given in Table 7.1 of CIRIA C570.

The high ¢’ value of 38° obtained from sample ref BH25 at 4.00m is more typical of Grade Il
material,

Whilst the high ¢’ values obtained in the triaxial tests are indicative peak values for a very stiff
heavily-overconsolidated clay, they are very high in relation to the published typical values for
‘this stratum, and significantly lower 'Ior]ug-term' values are recommended for the design of piles
and retaining walls, particularly when the engineering characteristics of the overall soil mass
(e.g. blocky mudstone lithorelicts in a clay matrix) will also need to be considered. To this end, it
is recommended the following dralned shear strength parameters are used for prellmlnary

design:
Weathering Grade. @ (9 ¢’ (kN/m°)
Grade IV — I 8 20

Grade Il : . ;38 25

For detailed design, it is recc‘:mmendé‘d that further appropriate investigation and laboratory
testing is undertaken to establish drain?d shear strength design parameters with more certainty.
In particular, consideration could be given to undertaking effective stress testing to establish
residual ¢’ values to replicate the Iower} boundary properties at the interface between mudstone
‘blocks’ in the soil mass structure. !

5.4.4 Consolidation Characterzistics‘

Three samples of Grade IV Mercia Mudstone were tested for one dimensional consolidation
properties by Oedometer consoli‘dation; :

These tests produced coefficient of volpme compressibility (m,) values over the stress increase
range 100 — 200kPa of between 0.18 and O.SOmleN. Over the same stress range, they
produced coefficient of consolidation (c;V) values of between 1.0 and 1.3 m?/yr.

These coefficient of volume compresslﬁlllty (m) values results are high relative to most very stiff
heavily over-consolidated clay soils, and very high compared with the relationship proposed in
section 5.2 of CIRIA C570 of E’ = Ngg (MPa)

i
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For example,
Taking E' = 1/m, = Ng, based bh Figure 5.4 SPT ‘N’ = 35 at 4.00m depth equates to -
My=1/Ng =1/35 =0.03 (about 110" the value of the Iaborato‘r_y derived result)
This discrepancy might be explained by the physical sample disturbance that is known to
potentially lead to over-measurement| of laboratory compressibility characteristics in Mercia
Mudstone material, due to its heavily over-consolidated and bonded nature. Consequently, for

outline design it is suggested that the\ followmg design parameters are used for estimates of
foundation settlement:

Weathering Grade. m, (m*/MN) . Comment(s)

Grade IV 0.2! - Based on laboratory test results
Grade li - Il = ‘[."Njeo Based on correlation in CIRIA C570

55  Unweathered (Grade |) Mercia Mudstone

At depth the Mercia Mudstone stratum becomes Grade | unweathered material. Based on
visual description of the material recovered in the boreholes, this boundary occurs at
approximately 15-17.5m bgl, though this may be affected by physical disturbance of the material
by the drilling / sampling process.

Based on the SPT ‘N’ profile, and ClRIA C570, whereby the distinction between Grade Il and |
-material is approximately at N = 80, the boundary occurs considerably higher at approximately
7-9m bgl (Figure 5.4).

This sub-stratum typically occurs as a very weak becoming weak (locally moderately
weak/moderately strong) Mudstone with medium spaced fractures and [ocalised frequent
spaced lenses/bands of gypsum.

5.5.1 Undrained Shear Strength

Based on the SPT ‘N’ profile provided as Figure 5.4, with the exception of a few localised
exceptions, the ‘N’ value in this material is consistently 2100 below a depth of approximately
-8.0mbgl. Converting this into estimated equivalent undrained shear strength (Sy) suggests a
profile increasing from =525kN/m? at 8.0mbgl to =1500kN/m” at 20.0m bgl (refer Figure 5.5).

These figures equéte to a material thaﬂis typically very week, but with occasional bands of very
weak, weak and moderately weak material.

5.5.2 Drained Shear Strength

Based on the discussion provided in sejction 5.4, it is recommended the following drained shear
strength parameters are used for prelinjinary design:

Weathering Grade. ® (9 ¢ (kN/m®)
Grade | ' 38 25
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i
Again, it is recommended that furtr‘}er appropriate investigation and laboratory testing is
undertaken to establish drained sheat strength design parameters with more certainty for
detailed design. ;

5.5.3 Consolidation Charac.teﬂ‘stics

Based on the discussion provided in:section 5.4, it is recommended the following design
parameters are used for estimates of fqundation settlement in the outline design:

b
Weathering Grade. ~ m, (m’/MN) Comment(s)

Grade | = 1/Ngo Based on correlation in CIRIA C570

r
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6 CONCEPTUAL IVIODEL & QUALITATIVE RISK
ASSESSI\/IENT |

6.1 Introduction

Irrespective of the degree of contammatlon current guidelines require a systematic approach to
the assessment of contamination. Thlsus achieved by developing a conceptual model.

The conceptual model |dent|f|es the \polfutant Iinkages that may exist by highlighting the
relationships between the contammants pathways and receptors and how these are linked
together.

A contaminant may be defined as

-

A substance which is in, on or under th.é land and which appears to be causing significant harm
or may cause significant harm to receptors or pollution of controfled waters is being caused or
is likely to be caused. -

A receptor may be defined as &ither:

(&) Human Health

(by A living organism, a Qroup of orgajnisms or an ecological system.

(c) A piece of property which is bein_cj;,‘ or could be, harmed, by a contaminant; or
{d) Controlled waters, which are beinfg, or could be polluted by a contaminant.

A pathway may be defined as
One or more routes or means by, or through, which a receptor:

(a) Is being exposed to, or affecied by a contaminant, or

(b)  Could be so exposed or affected.

Where a pathway can expose an idenjtified receptor to an identified contaminant, a pollution
linkage is formed. All three elements mUst be present for a pollutant linkage to exist.

The following sections detail the method of assessment and the conceptual model assessing
the potential contaminative sources, the\ potential pathways and the identified receptors.

6.2  Qualitative Risk Assessment

Risk assessment is the process of collatmg known information on & hazard or set of hazards (to
determine the potential severity of any lmpact) along with details on the likelihood of impact on
detailed receptors. Risks are generally}managed by isolating the receptor or by intercepting or
interrupting the exposure pathway, so no:pollutant linkages are formed and there can be no risk.
The following section focuses on the potential hazards or contaminants identified on site and
indicate whether they may be able to imbact a nearby receptor.

The assessment of risk presented is baljsed upon the procedure outlined in the Department for
Environment, Food and Rural Affairs-(DEFRA), Statutory Guidance on Contaminated Land.
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The guidance states that the designation of risk is based upon a consideration of both:

] The likelithood of an event {(probability); [takes into account both the presence of the
hazard and the receptor and tha lntegnty of the pathway}, and

= . The severity of the potential consequence [takes into account both the potential severity
of the hazard and the sensitivity of the receptor].

Under such a classification system, the following categorisation of risk has been developed and
the terminology adopted as follows:

" Table 6.1 Summary of Risk Classificétion Categories

Term _ . 'Description _

Very High Risk There is a high probability that severe harm could arise to a designated
receplor from an identified hazard at the site without appropriate remedial
action.

High Risk Harmis Ilkely to arise to a designated receptor from an identified hazard
at the site w1thout appropriate remedial action.

Moderate Risk ltis possnb!e that without appropriate remedial action, harm could arise to
a dmlgnaled receptor but & is relatively unlikely that any such harm
would be severe and if any harm were to ocour it is hkely that such harm
would be relg.uvely miid.

Low Risk Itis poss:ble that harm could arise to a designated receptor from an
identified hazard but it is likely that at worst this harm, if realised, would
normnaily be mlld
Negligible Risk The prosencg of an identified hazard does not give rise to the potential to

cause significant harm to a designated receptor.

The risk assessment has been undertaken to determine the likely levels of environmental risk
associated with development of the s:te‘ More general environmental risks arising from the iand
associated with cuirent use are outside the scope of this work.
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6.3 Conbeptual Model

6.3.1 Potential Contaminative Sources

Potential contaminative sources identifi‘ed as relevant to the site are ideniified as follows:

] [Existing off-site waste-water treatment works;
. Existing off-site-Biffa landfill;
] Former on-site railway;

6.3,2 Receptors

Environmentally sensitive receptors are considered to include:

- Human Health

At this stage, construction workérs will be the focus of the conceptual model, which will
than be refined following a ground investigation in order to re-assess the risks to these
- workers and to long-term site end—users

] Controlled waters (groundwater and surface water)

. An unnamed stream flowing through the middle of the site is cons:.ldered to be a highly
sensitive receptor. i

As the site is underfain by a non—aquer, groundwater is considered to be a receptor of
low sensitivity.

6.3.3 Pathways'

Table 6.2 Potential Pathways for the Sites

Receptor - . I Pathways:
Human Health - Accidenrta] ingestion of contamlnants in soil
Construction and maintenance | Dermal’ contact with contaminants within soil and dust
workers Accidental inhalation of contaminants within soil vapour and dust
Controlled Waters Direct djischarge to surface water via spills and leaks on site
Unnamed stream in centre of site |
Controlled Waters Vertical|and horizontal migration of contaminants through soils mto

Groundwater groundwater

6.3.4 Pollutant Linkages

Based on the potential contaminant sources identified on-site and off-site, Table 6.3 assesses -
each of the three components of the cohceptual modsl within the context of pollutant linkages to
establish any potent|al risk to human health, the environment and buildings or underground
services.
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6.4  Protection of Workers

The risks from contamination posed td thumans, are considered to be moderate to high until
proven otherwise by an intrusive ground investigation. While workers could potentially be
exposed to contaminants during construction and excavation works, this would be an acute
rather than a chronic risk. 3

The risk from asbestos is considered v%able, as a single piece of asbestos cement board was
encountered in trial pit TP6 at a dedth of 2.4m bgl. This raises the possibility that other
fragments may be present elsewhere |across the site. In which case, if suspect material is
encountered, this shouid be treated as per appropriate guidelines. '

In general, the risks to site workers from any contamination can be minimised by appropriate
site management measures during the works. It is advisable to ensure that all construction
workers are adequately protected with appropriate Personal Protective Equipment (PPE) and
that a suitable health and safety scheme is adopted during any construction activities. Refer to
document HSG (66) “Protection of Workers and the General Public During Development of
Contaminated Land” published by the HSE for further guidance.

6.5  Summary of Environmental Risk

Given the minimum amount of historical development on site, it is anticipated that any
contamination may be correspondingly slight. Therefare, the environmental risks to the identified
receptors are generally. classified as low; however, the potential risks to human health are
classified as moderate to high until provén otherwise through intrusive ground investigation.
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7.2

POLLUTANT LINKAGES

Introduction

The following sections detail the potential receptors, pathways, and contaminants that may be

present at the site. The definitions of |a receptor, a pathway and a contaminant source are
provided in the box below. A po!lutia’nt linkage is a term used to describe a particular
combination of contaminant-pathway- receptor which is the basis for any contammated tand
assessment. :

msms an ecologtca! system or a paece of property

aiLcontammant or

A qr could be poﬂuted by a oontammant

A receptor may be defined as either: PR
(a) aliving ‘org'anism a group of org
which is berng, or could be harmed b

Ty ~

QS

(b) controlled waters which are bern
A pathway may be defined as
A route, or routes, by which a recépto ’

S S

(a) is being exposed to, or affected  a contaminant; or R

o

{b) could be s0 exposed or affect;éd-

=

A pathway can only be |dent|f|ed if it car éxhbsé an identified receptor to an identified

contammant

A contaminant source may be define afs

*‘m

a substanbe which is in, on or under th
cause poliution of controfled waters af

Iand and which has the potential to cause harm or to
or pose a nsk o human heaith. !

The relationship between the above th

(re elements is called a pollutant Imkage All three
elements must be present for a poliuta : : :

Imkage to e><|st

Potential Receptors

The potentlal receptors detailed below takes into consideration the proposed development of
the site in to a renewable energy facmty

Human Beings !

" Site Users (maintenance workeré and contractors).

Controlled Waters (groundwater andi-surface water)

. “An unnamed stream fiowing through the middle of the site considered to be a highly
sensitive receptor. ;

. As the site is underlain by a non -aquifer, groundwater is considered to be a receptor of
low sensitivity. |

Buildings

" Underground building services (water pipes, concrete).
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7.3

7.4

Flora and Fauna

. The small area of woodland copse off site to the east is considered o be a receptor of
low sensitivity due to the dlrect!on of groundwater flow and the relatively low permeability
of the underlying strata. This is therefore not considered to be a significant receptor and
is not considered further in this report.

Potential Pathways

Pathways are the routes that link the receptor to the contamlnatlon The potentlal pathways for
thrs site are, therefore, considered to be

Table 7.1 Identified contaminant pathways

' Receptor -~ Pathways .~ |

Human Beings  Accidental mgestion of contaminants within soil and dust.
Indoor and outdoor inhalation of vapours and ground gases
Dermal contact with:contaminants within soil and dust.

Controlled . Vertical migration df: soiuble contaminants throtigh the .
Waters unsaturated zone into groundwater beneath the site.

Horizontal and dowjn-slope migration of contaminated
groundwater into the local surface water environment.

Leaching of contaminants into surface waters
Direct Discharge td surface water via spills and leaks on site

Buildings Direct contact of bu;!dmg services with contammants in the
sail.

Potential Contaminant Sources

An assessment of the potential source$aof contamination at the site has been compiled based
upon the information taken from the| Envirocheck Report, Environment Agency and other
available sources of information as detdiled above.

Potential contaminative sources identified as relevant to the site are discussed in Section 2.4
and 4.4 of the desk study report and are identified as follows:

. Existing off-site waste~watér treatinent works;

. Existing off-site Biffa landfilt i

. Former on-site railway,

. Former on site RAF depot

= Former on site lorry park

. Current use as access to waste V\frater treatment works

The main potential contaminants are tjl'rjerefore considered to be mélals, hydrocarbons (Total
Petroleum Hydrocarbons, Polycyclic Aromatic Hydrocarbons, BTEX), asbestos and PCBs.
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8.1

8.1.1

8.1.2

8.2
8.2.1

RESULT OF CONTAMINANT ANALYSIS

Risk to Humein Health — Soil Assessment

Soil samples (comprising 11 Made Gr:o'und and 4 natural soils) were collected from across the
site area and analysed for a suite opcontaminants in order to assess the degres to which
contamination is present and to determine the potential risk to site end users and the water
environment. The laboratory sheets are included in the Appendices of the factual report and the
results are discussed below: ‘

Soil Screening Value (SSV)

The proposed use of the site is as a Energy from Waste plant As there is no standard land use
for such a development, the CLEA Commermaj land use exposure model has been used as Tier
1 screening values. |
In recent months, the Environment Agency has published several new Soil Guideline Values
(SGVs) under the CLEA regime. THese values will be used where appropriate. Where no
published values are available, the CLEA madel will be used to derive values. The toxicological
data will be taken from authoritative :sources and physchem input data used will be from
authoritative sources such as the EA ‘rgport Compilation of Data for Priority Organic Poflutants
for Derivation of Soil Guidelines Valuesi(SC050021/SR7).

For organic contaminants SSVs for a 1:% Sail Organic Matter (SOM) have been used as Tier 1
screening values. This is considered to be a precautionary approach.

Averaging Areas

On the basis of the site wide historic uses, the EnviRecover site has been considered as one
averaging area. The chemical results: have been separated into different soil sirata such as
Made Ground and natural soils and as?essed separately.

Soil Results — Tier 1 Screening

Made Ground — Commercial End Use

Eleven soil samples were analysed from the Made Ground. Below is a summary of the findings
with the site maximum compared to tht‘aéappropriate SSVv.
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Table 8.1  Tier 1 screening of inorgja_nic contaminants for a commercial end use

Arsenic 5.8-289 sap M "No

Cadmium 0.1~ 46.09 230" No
Chromium 29.4-183.2 6250 7 No
Copper . 184- 34500 ~45,800"% No
Lead | 12.6-4,839 750 Yes (BH20- 0.75m)
Mercury 0.1- 022 3,600 No
Nickel | 285-2166 1,800 | No
Selenium 0.5-36 ‘ 13,000™ No
Zinc o 74.5- {4,950 667,000 No.
pH Value ' 7.7 - 9 6~9 No
1 EA published Soil Guideline Values ‘

2 LOM/CIEH published value

3 Hyder Detived Value (HyGAC) i

4 Previous Soil Guideline Value (Currently withdrawn)

All the contaminant concentrations aré; below the relevant SSVs except for Lead which will
require further consideration. |

Table 8.2 Tier 1 Screening for PAH contaminants in Made Ground

Naphthalene <0.08-§ 0.13

Acenaphthylene <0:08 ' 91500 No
Acenaphthene <0.¢)8 157" No
Fluorene . <0.08 1531 : No
Phenanthrene © <0.08-+0.55 73100 No
Anthracene <0.08-0.23 54900 ~ No
Fluoranthene <0.08-+0.68 732001 No
Pyrene ' <0.03-§- 0.62 54900 No
Benz(a) anthracene <0.08+ 0.45 130t : No
Chrysene <0.08- 0.44 1370" Mo
Benzo(b)fluoranthene <0.08—§— 084 © 1401 ' - No
Benzo(k)fluoranthene <0.08 — 0.3 - 14110 No
Benzo(a)pyrene - <U.08+ 0.61 141" No
Indeno{123cd)pyrene <0.08-0.48 140 No
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Table 8.2 Tier 1 Screening for PAHicontaminants in Made Ground {continued)

Dibenzo(ah)anthracene <0.08+0.14 14,10 No

Benzo(ghi)perylene <0.08-0.49 54900 No

PAH 16 Total <1.28-5.:63 NA

Values in blue are soil saturation limits.

1 Hyder Derived Value (HyGAC)

Table 8.3 Tier 1 Screening for TPH contaminanis in Made Ground

TPH »C8-C10 <2 847" No

TPH >C10 - C12 <2 37.20 ~ No
TPH >C12-C16 <2-435 ' 222" . No
TPH >C16 - C21 2.11-236 28600t No
TPH >C21 - €35 4.88 - 359 28600 No

Values in blue are soil saturation limits,

1 Hyder Derived Cr'rleria (HyGAGC)

All the contamlnants concentrations are befow the relevant SSV. Therefore PAH and TPH
compounds are not considered fo be contammants of concern.

BTEX

Two soil samples from the Made Ground were analysed for BTEX (Benzens, Toluene,
Ethylbenzene and Xylene). Concentrations were recorded below the Iaboratory limit of detection
in both the soif samples.

PCBs

Two soil samples from the Made Grour}ud were analysed for 7 PCB (Polychlorinated Biphenyls)
congeners. Concentrations were recorded below the laboratory limit of detection in one soil
sample, whilst the other soil sample (TP20 at 0.5m) recorded low concentrations for PCB 101
(6.4ug/kg) and PCB138 (7.3ug/kg). As a guide, the published SGV for Dioxin- like PCBs,
Dioxins and Furans is 240ug/kg for a commermal end use. These values are significantly lower
and therefore are not considered to pose a risk to site end users. No further consideration is
required. :

Asbestos

Five soil samples were analysed for asbestos and no fibres were detected. However, during the
excavation of one trial pit TP24 (0.0 and 0.5m bgl), potential asbestos containing material was
found. This will require further cons:derahon

Mercia EnviRecover Renewable Energy Facility — Comamlnaled Land Interpretative Report
Hyder Consuiting (UK) Limited-2212959 ‘ Page 33



8.2.2

Statistics Analysis

From the above Tier 1 screening, Lead is elevated in one sample from BH20. Lead
concentrations have therefore been assessed statistically using current UK guidance published
by CIEH and CL:AIRE Guidance on Comparing Soil Contamination Data with a Critical
Concentration.

In this guidance the chemical data is} assessed using a hypothesis approach depending on
whether the site is to be redeveloped| for planning or is to be considered under the Part 2a
regime. The EnviRecover site will bei assessed under the planning scenaric. The CL:AIRE
guidance uses a nulf and altemative hypothesis approach in order to assess the data.
Depending on which scenario is bemg assessed the null and altemative hypothesis can mean
different things.

Under the planning scenario the key qujestion that needs to be addressed is therefore

Is there sufficient evidence that the true mean concentration of .the contaminant (x) is
less than the critical concentration (Cc)?

The hypotheses are therefore

Nult Hypothesis (Ho)  the true meah concentration is‘eqﬁa! {0 or greater than the critical
concentration (x = Cc) ; :

Alternative Hypothesis (H1) the tane mean conceniration is less than the critical
concentration (x < CGc)

I the Nult Hypothesis (Ho) cannot be rejected then assessment of fisk at higher tiers (DQRA) or
remediation of the site may be reqmred prior to development of the site. If Ho can be rejected
then the Alternative Hypothesis (H1) must be true and no further consideration is reqguired.

For the lead concentrations encountered on site the following table |[lustrates the statistical
analysis ‘

Table 8.4 Statistical analysis for lead |

Lead 750mgrkg  519mg/kg | -0.532  2406.4mig’kg No 51%

The above analysis indicates that thd :null hypothesis cannot be rejected and therefore the
elevated Lead concentrations are considered a contaminant of concemn.
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8.2.3 Natural Soils — Comimer

sial End Use

Four soil samples were analysed from ithe natural soils during the ground investigation on the
EnviRecover site. Below is a summary of the findings compared to the appropriate SSVs.

 Table 8.5 Tier 1 screening of inordanic contaminants

Arsenic 49-7.1 a4 'No
Cadmium 0.1-0.19 | 230" No
Chromium 47.9-70.9 6250 ' No
Copper 13.4-435| 45,800 No
Lead 7-127 | 7501 No
Mercury 01 3,600" No
Nickel 442-644° 1,800" No
Selenium 0.5 13,000t No
Zinc 80.2-91.4| 667,000 No
pH Value 82-89 6-9 No
1 EA published Soil Guideline Values

2 LOM/CIEH published value

3 Hyder Derived Value (HyGAC)

4

Table 8.6 Tier 1 screening for TPE{ Contaminants in natural soils

Previous Soil Guideline Value (currently withdrawn)

TPH C8 - C10 <2 ga.7" No

TPH>C10-C12 <2 37.2" - Neo

TPH>C12-C16 <2-1228 222" No

TPH>C16 - C21 <2-39 28600"" No

TPH »>C21 —C35 4.38-13 28600 No
Values in blue are soil saturation limits '

1 Hyder Derived Criteria (HyGAC)

i
|
|

Ali the samples were analysed for PAH compounds and all the results were below the limit of
laboratory detection (0.08mg/kg).

Ali the inorganic and organic contamm%mt concentrations in the natural soils are below the SSVs
for a commercial land use. No funher consideration is warranted with regards to the natural

soils.
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9.1

RISK TO CONTROLLED WATERS —
LEACHATE AND GROUNDWATER
ASSESSMENT

Five groundwaier and eleven Ieachate‘ .samples were analysed across the EnviRecover site.
The samples were analysed for a range of contaminants to determine the potential risk to
Controlled Waters. The lahoratory sheets are included in the Appendlces of the factual report.

Water Ouality Standards

To assess the leachate analysis and the groundwater in terms of its potential as a source of
contamination, each contaminant concéhtration has been compared against appropriate Water
Quality Standards (WQS), such as Environmental Quality Standards (EQS) for freshwater and
UK Drinking Water Standards (DWS). EQS are considered protective of surface water and DWS
are protective of groundwater which may be used as a potable supply.

For a number of contaminants, the hgrdness of the receiving wafer must be considered to
determine the EQS. In the Kidderminster area the groundwater is considered to be moderately
hard (150-200mg/l). Therefore the EQS values for this banding have been used in the
assessment below. 5

The site is not within a Source Protectic}n Zone and there are no water abstractions within 500m
of the site. Therefore EQS values are considered as appropriate for the assessment.

Please note that for PAH compounds | there is only an EQS value published for Naphthalene.
There is a guideline value for Total PAH within the Surface Water Abstraction regulations.
These values have been used as an initial screen to determine if there is a risk to water
environment from PAH compounds in the leachate or groundwater. Other WQS values in the

- table (in grey) are values derived using toxic equivalent factors derived for Benzo(a)pyrene

which has a drinking water standard of j‘I_Ong/I.
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9.2 Leachate Results
9.2.1 Tier 1 Screening — Made Ground

Eleven soil samples-from the Made Ground were subject to leachate analysis (CEN BS12457
2:1 ratio). A summary of the results and comparison to appropnate WQS is detailed below.

Table 9.1 Inorgamc Leachate Results

Arsenic <0.001-0. 012 © 05" No

 Cadmium ' <0.0001-0.0015 008" No
Chromium 0.003-0.101 o2 No

" Copper ' 0.003-0.028 0.01 YES
Mercury ~ 0.0003-0.001 0.001" No
Nickel 0.002-0.043 0.15 No
Lead  <0.001-008 025" . No
Selenium <0.001-0.007 . 001® ‘No
Zinc _ 0.0190.241 0.25" No
Chloride (mg) = . 120 250" N
Ammonical Nitrogen <o.01-1.1§ 0.015" YES
1 Environmental Quality Standard (EQS) for freshwater

2 Drinking Water Standards (DWS)

All the contaminant concentrations are below the relevant WQIS except for Copper and
Ammoniacal Nitrogen. Tha Copper Ieachate is exceeded in 9 of the 11 samples analysed,
whilst the Ammoniacal Nitrogenis excaeded in 4 of the 11 samples.

Leachate results are available for organlc compounds Whilst many of the compounds were
below the limit of faboratory detection, a\ number were above and are detailed in the table below
with the appropriate guideline values.

Table 9.2 Organic Leachate Resulis apove limit of laboratory detection

Naphthalene - <0.01-0.047 0.01 Yes

Acenaphthylene <0.010-0.017 0.001 Yes
Acenaphthene <0.01-0.061 0.01 Yes
Fluorene <0.01-0.36j9- 0.01. Yes
Phenanthrene <0.01-0.982- 001 Yes
Anthracene  <0.01-0.04 0.01 Yes
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Fluoranthene 0.011-0.101 0.001 Yes

Pyrene 0.01-0.134 . 001, Yes,
Benzo(a)anthracene <0.01-o.oaf4 0.0001 Yes
Chrysene <0.01-0013 0.001 Yes
Benzo(b)fluoranthene <0.01-0.013 0.0001 Yes
TPH Aliphatics G126 <0.01-0.013 o0 Yes
TPH Aliphatics G16-21 <0.01-0.078 0.01 Yes
TPH Aromatics C16-21 <0.01-0.034 0.01 Yes
TPH Aliphatics C21-35 <0.01-0.047 0.01 Yes
TPH Aromatics C21-35 <0.01-0.025 0.01 Yes

Due to the stringent WQS used for orghnic contaminants, several concentrations are found to
be above the guideline values and may warrant further consideration.

9.3 Groundwater Resulis

9.3.1  Tier 1 Screening

Five groundwater samples obtained from wells screened into the Mercia Mudstone were
analysed during the ground investigation by Hyder. Samples were taken from BH22, BH23,
BH24, BH25 and BH26. All the results are summarised below in Table 9.3.

Table 9.3 Summary of incrgahic groundwater results

Chioride 29-120 250" No

Nickel ' 0.003-0.007 0.150" ' No
Chromium 0.006-0.011 0.2 No
Cadmium <0.0001-0.0002 0.05" No
Copper _ 0.001-0.004 0.01" No
Lead <0.001 ‘ 0.25'" : No
Zinc | <0.002-0.011 0.25% No
| Arsenic - <0.00 1-¢5004 0.05" No
Mercury <0.00b1 0.001¢" | No

-
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Tahle 9.3 Summary of inorggnic groundwater results (continued)

Selenium <0.001-0.033 o010 YES
Ammoniacal Nitrogen as <01~ 1.1 _ 0.015" YES
N E

1 Envircnmental Quality Standard :(_EOS) for freshwater
2 Drinking Water Standards (DWS) '

All the contaminants are below the WGS except for Ammoniacat Nitrogen and Selenium. The
Ammoniacal Nitrogen is above the WOS in 4 of the § groundwater samples, whilst Selenlum is
only elevated in 1 sample.

Both the WQS for Ammoniaca[ Nitrogen and Selenium are DW'S and are therefore considered
fo be conservative for the water environment on site. The levels of Ammoniacal Nitrogen
recorded are considered not to be indicative of landfill leachate which would typical be
concentrations experienced are in the order of 20 fo 30 mgi.

Given the ervironmental setting and the conservative WQS, Ammoniacal Nitrogen and
Selenium are not considered to be \contammants of concern and do not warrant further
consideration. ‘ '

The groundwater samples were analyéed for PAH compounds and all were below the limit of
laboratory detection except Benzo(a anthracene in BH26 which had a concentration of
0.012ug/l. This concentration is below the WQS of 0.1ug/l and therefore is not considered to be
of concem. |

The groundwater samplas were analyé,ed for TPH using the TPHCWG method. All the results
including those of BTEX compounds\ivere found to be below the laboratory detection limit
except for the Aromatic fraction 021-35 which had concentrations of 0.011mg/l in BH22 and
BH24. This concentration is only very slightly above the DWS of 0.01mg/l for ocils and
hydrocarbons and therefore is not consrdered to pose a significant risk and does not warrant
further consideration. E

it should be noted that groundwater odncentmﬁons of Copper and several organic compounds
were below the WQS but ware found to be elevated in leachate analysis. The leachate analysis
is a method of testing undertaken in a laboratory to determine if a risk is posed from
contaminants in the soil, but it may not ‘demonstrate what is actually occurring on site. As the
groundwater is not significantly lmpacted by these contaminants it would indicate that leaching
is not readily occurring on site. The elevated leachate results are therefore not considered to
pose a significant risk to the waterj ienvironment. For completeness they are however
considered in the risk assessment that follows in Section 11.

Mercia EnviRecover Renewable Energy Fagility — Comammated Land Interpretative Report
Hyder Consulting (UK) lened-2212959 I

Page 39



9.4 Summary of Contamination

From the above sections, the followidg‘ are considered to be contaminant sources and need
consideration in the risk assessment which follows:

. Lead in the Made Ground |
. Potential Asbestos containing méterial in the Made Ground.

= ° PAH, Copper and Amimoniacal Nitrogen in the leachate
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10 GROUND GAS MONITORING

10.1  Gas Assessment

Due to the proximity of the site to a lanidfill, gas monitoring is necessary. Subsequently Hyder is
in the process of an ongoing monitoring phase using the seven instalied boreholes on-site. At
present 2 monitoring rounds have been|undertaken over the course of 1 month.

It should be noted that this is pért of}an ongoing phase of monitoring occurring twice every
month for 3 months. The full ground ga$ ‘assessment will therefore be provided as an addendum
to this report. L

To date no methane has been detectedien site and the maximum readings are below:

= Methane 0%

= Carbon dioxide 10.5% (BH22)

= Oxygen 0.3% (BH22) (minimum) ;

~  Flow rate 0.20hr (BH26)

The atmospheric pressure during the mcj)_nitoring visit was between 200mb and 1018mb.

The results indicate that carbon dioxids% jgas is present on site and therefore is a potential risk
that should be considered further and assessed again after monitoring process is complete.

Gas Characterisation Situatibn

CIRIA guidance (Assessing risk posed by hazardous ground gases o buildings, CIRIA C659,
2006 now revised as CIRIA C665) has been released which sets out the latest way of
undertaking gas risk assessments. ‘ :

As part of the CIRIA report Situation A; covers all development types except low rise housing
with gardens, which adopts the method proposed by Wilson and Card (1995).

The GSV are calculated using the formula:

- GSV = borehole fiow r%{te (I/hr) x gas concentration (v/v %)

This calculation is carried out for both the maximum methane, carbon dioxide -and flow rates
which would illustrate the measured worst-case-scenario on site over the monitoring period. The
GSV is then compared with the Characteristic Situation (Madified Wilson and Card classification)
detailed in the CIRIA guidance and from this an assessment of the risk can be established.

Due to the likely presence of a landfill a@jacent to the site, there is the potential for migration of
carbon dioxide and methane towards the surface.

The ‘groun‘d investigation identified a mz’jﬂXimum carbon dioxide concentration of 10.5% and a
worst case flow rate of 0.2 I/hr. The GSV:for carbon dioxide (to date) is therefore calculated as
0.021l/hr. ‘

No ‘concentrations of methane were jfbund.- Based on these results the site coutd be
characterised as Characteristic situation 1, Very low risk. This will be reviewed once all the gas
monitoring data is available. P
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11
11.1

11.2

RISK ASSESSMENT
Methodology |

Risk assessment is the process of collating known information on a hazard or set of hazards (to
determine the potential severity of any ]impact) along with details on the likelihood of impact on
detailed receptors. Risks are generally managed by isolating the sensitive receptor or by
intercepting or interrupting the exposure pathway, thus no pollutant linkages are formed and
there is no risk. The following risk assassment focuses on the potential contaminants identified
on the site and the proposed developmént of the site,

CIRIA guidance (C552) states that the désignation of risk is based upon a consideration of both:
- The likelthood of an event (pmbabilﬂy); (takes into account both the presence of the

hazard and the receptor and the integrity of the pathway).

= . The severity of the potential con$equence {takes into account both the potential soverity
of the hazard and the sensitivity of the receptor).

Under such a classification systerﬁ the f01!owing categorisation of risk has been developed and
the terminology adopted as follows: | ‘

Table 1 1.-1 Summary of risk classifidation categories

Term' Description. b

Very High Risk There is a high probability that significant harm could arise to a

designated receptor from an identified hazard at the site with
appropriate remedial action.

High Risk Significant Harm is Iikelf( 1o arise fo a designated receptor from an

identified hazard at the site without appropriate remedial action.

Moderate Risk It is possible that withotﬁ ‘appropriate remedial action, harm could arise

to a designated receptor but it is relatively unlikely that any such harm
would be severe and if any harm were to occur, it is likely that such
harm would be relatively miid. '

Low Risk It is possible that signific:ant harm could afise to a designated receptor

from an identified hazard but it is likely that at worst this harm if realised
would nommally be mild.-

Very Low Hisk There is a low possibility that harm could arise to a receptor. In the

event of such harm being realised, it is not likely to be severe.

Further risk assessment definitions are located in Appendix D.

Pollutant Linkages

Based on the potential contaminant source and the potential receptors and pathways identified
above, Table 11.2 provides an assessment of each identified polfutant linkage to establish the
potential risk to the sensitive receptors. The proposed development has been taken into
consideration and the risk assessment has been developed based on the site being developed
as a Energy to Waste site. |
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12 CONTAMINATION CONSIDERATIONS

12.1 Protection of Workers

‘Contamination from materials brought 'on to site (e.g. fuel and lubricating oils for plant) during
the construction phase must be considered harmful to human health, the environment and
controlled waters. The risks posed fromf all imported substances must be adequately addressed
within a comprehensive site management plan.

Additionally, in accordance with good practice procedures, it is advisable to utilise the document
HSG 66: “Protection of Workers and the General Public During Development of Contaminated
Land" published by the HSE (Ref. 8) ito ensure that all construction workers are adequateiy
protected (using appropriate Personal| Protective Equipment) and that a suitable health and
safety scheme is adopted during any cdnstruction activities.

12.2  Elevated Lead Concentrations

Whilst the risk from the Lead concentrations is considered to be low, it would be prudent to
remove the elevated Lead concentration from BH20 at 0.75m. The concentration at this
location is significantly higher than the|other Lead concentrations recorded on site. From the
borehcle log the contamination is within the Made Ground strata which contains coal fragments
and is to a depth of 1.2m,

Validation work should be undertaken of the area after excavation to ensure that all the Lead
contamination has been removed from site. The contaminated material should be removed to a
suitably licensed landfill facility

12.3 Watching Brief / Discoivery Strategy R

During the site enabling works, a wafc_hing brief should be maintained with regards to the
Jpotential presence of currently unknown contaminant sources. If visually contaminated material
is encountered analysis should be undertaken by an experienced Geo Environmental Engineer
to confirm if the soil meets the required|criteria to be protective of human health and controlled
waters. Work in the affected area should cease until the analysis results are received and a
solution is approved. ‘

Across the site in areas of Made Ground the work force should remain aware of the possibility of
encountering asbestos containing material.  If any asbestos containing materials are
discovered, disposal to a suitably licensed or permitted waste facility should be undertaken.
Appropriate health and safety measures|should also be adopted.
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13~ WASTE MANAGEMENT

As part of any development or construction works, it must be noted that shouid any material
require off-site disposal to an appropnately licensed landfill (for example, material generated
due to excavation works associated lwith any development/construction) due consideration
should be given to the UK Landfill Directive. Furthermore, any materials without a defined re-
use on-site can be considered as waste If material is to be re-used on site, then the principles .
included in the draft CL:AIRE document “Definition of Waste: Development Industry Code of
Practice” (Ref. 9) should be foliowed. |

Due to the introduction of the Landfill Dtrectlve in July 2004, waste must be characterised prior
to being sent to an appropriately Ilcensed landfill site. Landfills are categorised into one of three
types; inert, non-hazardous and hazardous and can only accept waste they are licensed for.
The characterisation is therefore to ensure that the tandfull is suitably licensed to accept the
excavated soil (| e. the waste} from the site.

Waste producers have a duty to classrfy and describe their waste correctly;'this includes
selecting the most appropriate six-digit code from the European Waste Catalogue (EWC).
Appropriate hauliers with waste handling licences must be sought for removal of material off-
site.

13.1.1 Waste Disposal CATWASTE™

* The results from the Made Ground of the investigation have been input into CATWASTE®"
which determines from the total concentrations if the material is non-hazardous or hazardous.
The results indicated that of the 11 made ground samples 2 were found to be HAZARDQUS
and the others were non- hazardous The output spreadsheet is included in Appendix E.

The 2 samples (BH20 at 0.75m and TP26 at 0 5m) which are hazardous due to elevated lead,
copper and zing results, ‘

Please note that CATWASTE does not con5|der the Total Organic Carbon (TQC) content of the
soil samples. This will need to be taken account of before disposal in a landfill can take place.
This will need to be taken account of before disposal in & landfill can take place. The maximum
value allowed in a hazardous landfill is 6% TOC.

13.2 Waste Acceptance Criteria (WAC)
13.2.1 Waste Acceptance Criteria Testing

Two samples (TP20 at 0.5m and TP25 at 1.2m) were analysed for WAC, with the full results -
included within the Factual Report. Usmg the CATWASTE results, both these samples are
considered to-be non-hazardous. The WAC results are therefore compared to the Inert
leaching criteria to determine if this materlal would be considered to be Inent.

The soil sample from TP20 at 0.50nt ‘bgl exceeded the Total Organic Matter criteria and
Antimony for inert material and therefore is likely to be considered as non-hazardous.

The WAC results from the soil sample from TP25 at 1.2m bgl were all below the inert leaching
criteria and therefore is likely to be considered as inert.
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It is recommended that material that iis excavated which requires disposal off site to an
appropriate landfill site, should be re-tested from the stockpile to determine the correct dlsposal
route. 1

When stockpiling Made Ground/Natur:éI Soils and contaminated/non contaminated material
should be kept separate whenever possible as the material may have different waste
classifications and therefore could be idisposed at different landfill sites. This will ensure
minimum cost for disposal for the prolect

The duty of care for waste disposal falls with the waste producer. Above is an indication of the
likely classification. . ‘
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Appendix B

Exploratory Hole Location Plan
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Appendix C

Geological Cross Sections
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~ Appendix D

Risk Assessment Definitions






Risk assessment considers the identified sources,

together.

ithe potential receptors and the pathways linking them

In the poliutant linkage table of this report, the column designated as ‘Hazard (severity)’ gives an indication of
the sensitivity of a given receptor to a particutar source being considered. [t is a worst case classification
and is based on full exposure via the particular linkage being examined. The derivation of the classes used
to rank this particular aspect are given in the table below

Classification of Potential Consequence (Severify)

Classification

Human Pﬁa_nh-' S

Contro'_lléd'*a{_ol AT

Built Environment - ::

Ecosystams o

Severe

Medium

Miid

Minor

Imeversible damage to
human health. Short term
facute) risk to human
health likely to result in
“signiticant harm™ as
defined by Part 2a.

Chronic damage to human
heatth. Non-permanent
health effects to humans

Slight short term health
effects 1o humans

Non permanent health
effects to human health
(easily prevented by
means such as personal
protective clothing etc)

Substantial poiluﬁon of

sensilive \ : water
resources |-

I

.
Pollution  of | : sensitive
water resources or smali
scale poliution of
sensitive ‘ © water
resources | :

Pollution to nor-sensitive
water resources

|
Insubstantial piiution to
non-sensitive | | water
resources

i

Catastrophic damage to

buildings, structures or
the environment

Damage to buildings,
structures or the
environment

Damage 1o sensitive
buildings, structures
services or the
environment.

Easily repairable cffects
of damage to buildings
or structures

A short-term risk 1o a particular
ecosyslemn or organism forming
part of such ecosystem.

A significant change in a
particular ecosystem or forming
part of such ecosystem

Significant damage to crops

Harm (altthough not necessarily
significant hamn which may
result in financial loss or
expenditure to resolve, eg loss
of plants in a landscape scheme.

Subsequently, ih the column entitled ‘Likelihood

‘Eof Occurrence”, in the Pollutant Linkage table, an

assessment is made of the probability of the selected source and receptor being linked by the identified
pathway. This assessment is ranked based on site $pecific conditions as detailed in the table that follows
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Classification of probability

High likelthood -

There is a pollution linkage and an event that either appears very likely in the short term and
almost inevitable over the long te:m or there is evidence at the receptor of harm or pollution.

Likely -

There is a pollution linkage and all}the elements are present and in the right place, which means
that there us a probable that an @en wilt occur.  Circumstances are such that an event is not
inevitable, but possible in the short term and likely over the long term.

Low Likelihood

There is a pollution linkage and cifcumstances are possible under which an even could occur.

However it is by no means certain that even over a longer period such event would take place and
in less likely in the shorier term.

Unlikely

There is a pollution linkage but mrwmstances are such that i is improbable that an event would
occur even in the very long term.

In the Pollutant Linkage table of this report, the ‘Potejntial Risk’ column is an overall assessment of the actual
risk, which considers the likely consequence of a gWen risk being realised and the likelihood of that risk
being realised. ‘The risk classifications are assigned using the following consequence/likelihood matrix:

Potential Consequence

High

Moderate

& Moderate/Low Very ngh

| Low Moderate/Low  Moderate High

§ Very Low Low - Moderate/low  Moderate
_ % Very Low Very Low Low Moderate'Low
Likelihood  Unlikely Lowm © - Lkey . High

Table below descﬁbes the risk classifications

Risk Term Description

Very High Risk There is a high probability: that significant harm could arise to a designated receptor from an
identified hazard al the site without appropriate remedial action.

High Risk

Harm is likely to arise to a designated Iréceptor from an identified hazard at the site without
appropriate remedial action. 3

Moderate Risk

it is possible that ‘without appropﬁaie} remedial action harm could arise to a designated
receptor from an identified hazard, Hoﬁéver it is either relatively unlikely that any such hamm
would be severe or if any harm wereifo occur it is more likely that such harm would be
retatively mild, : ‘

Low Risk It is possible that harm could arise te a Haignated receptor from an identified hazard but it is
likely that this harm if realised would al.\drorst normally be mild.
Very Low Risk There is a low pessibifity that harm cwhj:i;arise to a receptor. Inthe event of such harm being

realised it is not likely to be severe.
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Executive Summary

1.

Introduction:

Hyder Consulting (UK) Limited (HCL) has been instructed by Mercia Waste Management {Mercia} to
undertake a Geotechnical and Geo- En‘vironmentaf desk study, an Environmental Impact Statemerit,
plus preliminary Factual and Interpretatlve Reports for a proposed 15.5MW renewable energy facility
located at the Hartlebury Trading Estate in Worcestershire.

This report presents an interpretative summary of data collected during an initial preliminary ground
investigation undertaken on site in Fepru'ary 2010 and provides advice relating to the physical and

chemical nature of the ground based|én interprefation of this data to support the EIA submission
document. ‘

Reference should also be made to the associated Desk Study Report (Ref. 1) and Factual Ground

4,

Investigation Report (Ref.6) for this development, also produced by HCL.

Site Location and Description:

The site is located approximately 9km south-south-east of Kidderminster, within the Harttebury
Trading Estate, Worcestershiré and is r;éntred on O8 National Grid Reference 385950,269850.

The site encompasses an unoccupied area of disused land with open access from the south via Oak
Drive, and is covered mainly by rough grass, bramble and low shrubs. A stream flows in culvert
through the centre of the site. The site is bordered to the north by Biffa landfill site, and to the west
by a small waste-water treatment works ‘and large warehouse.

6.

10.

Hydrological and Environmental Sensitivity:

The site does not lie within a Groundwater Source Protection Zone, there are no licensed
groundwater abstractions recorded within a 500m radius of the site and the site overlies a non-
aquifer. The site therefore can be regarded as having low groundwater sensitivity.

The nearest primary river feature is Ioce}t’ed approximately 800m south-east, and is named the Elmiey
Brook. The stream flowing through the site discharges into this brook, so the site should be regarded
as having high surface water sensmwty\ There are no Known water quality sampling points recorded
for the brook.

There are no recorded major pollution_ihbidents to controlled waters within 1km of the site.

Information contained within the Enviroé:heck Report shows that the site is not within the zone of
potential flocding from fluvial watercourses.

The site can be regarded as having a [aw ecological sensitivity, though it shouid be noted that there
is a small stand of Japanese knotweed jo,n site, which will impose some constraints on the fiming and
methods of site clearance.

12.

Geological Information:
11.

Published geological information shows the golid geology directly beneath the site area to comprise
the Mercia Mudstone Group (MMG) of Permo Triassic geological age. A previous ground
investigation undertaken on the site indicates this solid geology to be overlain by Superficial Deposits
of re-worked natural soils, which in turn are overfain by Made Ground.

A preliminary ground investigation has been undertaken by HCL between 4th and 16th of February
2010 comprising boreholes (cable percussive and rotary cored) and trial pits, with associated
geotechnical and contamination faboratory testing. This investigation has encountered a strata
sequence in general accordance with those anticipated based on the desk study data, with a
sequence comprising Made Ground ovér Superficial Deposits over Weathered (becoming
unweathered) Mercia Mudstone material:

Continued /...
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Geological Information (continued): | ‘

13. In the northern pari of the site, the Made Ground is typically 1-2m thick and generally granular in
nature. In the southern part it is thlcker!(typlcally 2-2.5m) and more cohesive with many inclusions of
construction waste including localised asbestos cement board.

14. The superficial soils are typically prese:'rjt t0 1.5-2.5m and comprise soft/firm slightly gravelly clay.

15. - The weathered Mercia Mudstone stratle initially comprises firm to stiff clay, that becomes rapidly
very stifffhard with depth (= 4m) gradinlg into very weak mudstone at approximately7m depth.

16. Summaries of the pertinent engineerinjgi properties of these soils are provided and discussed within
the text of the report for outline design. |

Groundwater Levels:

17.  Groundwater monitoring to date mdlcates levels that have fluctuated with time between 45.5 and 46.8
mAQOD (1.0-2.5m bgl). These fluctuanons may be linked to periods of rainfall variation, though
evidence to date is insufficient to be cqncluswe These water levels infer a groundwater flow direction
from north to south across the site witha hydraulic gradient calculated to be =0.01.

18. Localised high water pressure conditidrjs have been identified at a depth of 13-16m in Borehole
BH20. However, because the artesian water pressures identified in this hole equalised over-night
may indicate either that the layer and/¢f zone of material with elevated water pressures is confined
and of relatively limited extent and/or‘thfat the permeability of the zone is sufficiently low to prevent
maintenance of the artesian pressure fqr any length of time. The artesian effect is attributed to water
pressure not volurhe; therefore signific;a_int water containment is not expected to be a major concern.

Engineering Considerations (structu]rﬁes outside the deep excavation):

19. Shallow (strip / pad) foundations will bé suitable for most structures, with foundations taken down to
at least 300mm below any Made Ground soils into the underlying natural soils. Recommended safe
net bearing pressures for preliminary eiesign are provided within the report for foundations placed at
1m, 2m and 3m depth in either superfijciial soils or weathered Mercia Mudstone to limit post-
construction total and differential settléments to 25mm and 15mm-respectively.

20. The underlying soils are clays with a hlgh to medium volume change potential. Consequently,
minimum foundation depth of 0.90m should be adopted to prevent potential problems associated with
the seasonal shrinkage and swelling oflthe clay soils. Across much of the site, however, the thickness
of made ground will result in shallow foundatlons being at greater depth than this minimum
requirement. In the vicinity of emstmg, proposed or recently removed trees, the foundation depth will
need to be increased in accordance with the guidelines given in NHBC Chapter 4.2 ‘Building Near
Trees'. Related to this recommendatidn, itis understood that several high water demand species
trees used to be present in the centre fdf the site, which may necessitate the use of a pile or a raft
foundation solution for units in their imjnjediate vicinity.

21. Formation soils should be carefully insjpected by a suitable qualified / experienced person to identify
the nature of the formation stratum (eg whether made ground, superficial soils or weathered Mercia
Mudstone) and/or the presence of any soft/loose zones. Any such zones should be over-excavated
and replaced with a well-compacted well~graded granular fill or lean mix concrete.

22. The superficial soils 'and weathered Mercla Mudstone strata are likely to be very susceptible to
softening in the presence of excess wa_ter Consequently, it is crucial to ensure that proposed
formations are not exposed to significant and/or prolonged rainfall.

23. For structures imposing higher loads: éhdlor with more stringent settlement tolerances, piled
foundations are recommended. Bored,;augered or driven piles would be suitable in these soils,
though pile type selection should take‘cognlsance of the presence of buried large obstructions in the
made ground soils. Consideration also ishould be given to the requirement to dispose of ansmgs
comprising {in part) made ground smls if non-displacement piles are adopted.

; - Continued ./...
| .

Mercia EnviRecover Renewable Energy Facility — Geotechnical|Interpretative Report (Outline Design)

Hyder Consulting (UK) Limited-2212959 l ) Page iv




25.

26.

27.

28.

Engineering Considerations (structures outside the deep excavetion) {continued):
24,

Suspended floor construction is likely to be appropriate for most structures because of the presence
of made ground and/or medium shrmkage potenttal cohesive soils. For structures not in close
proximity to existing, proposed or recently removed trees and where the made ground is of limited
thickness, it may be economic to excavate out the made ground and re-compacted it to a suitable
engineering earthworks specification and then utilise a ground bearing floor.

For targer structures where suspended ifloors are unecenomic, an excavation and re-compaction
solution is likely to be the most favourable and cost-effective though consideration could be given to
combining a suitable method of ground treatment (e.g. vibro-stone or vibro-concrete columns) with 2
ground bearing slab.

In the ground investigations, groundweter was generally encountered as seepages from within the
made ground or just below its interface with the natural soils. Some of these instances may be
perched waters within the made groundisoils, though some may be in hydraulic contmuny with the
stream flowing through the site, -

Groundwater monitoring indicates seepe.ges are likely in excavations below 1.0-2.5m and appropriate
provisions for groundwater control shoel_d be anticipated in this respect.

With the exception of localised large pie_ces of rubble within the made ground soils, excavation for the
construction of shallow foundations ete. should be possible using conventional hydraulic excavators.

30.

31.

32.

33.

Engineering Considerations (deep e:anvation area):
29.

The base of the excavation is approxlmately at the interface between weathering Grade Il and
Grade Il material, and bearing capacity)may be limited mare by the drained shear strength and
settlement characteristics of the underlylng soils than undrained shear strength. A safe net bearing
pressure of 500kN/m2 is recommended for prefiminary design based on published literature, though
this will need to be confirmed dependlng on groundwater controf measures incorporated into the
permanent works design.

Although pronounced variability in the formation soils is less likely at this depth, they should be
carefully inspected by a suitable qualified / experienced person to identify the presence of any
weaker zones (particularly in areas of anhmpated high structural loads). Any such zones should be
over-gxcavated and replaced with lean rmix concrete.

The low plasticity soils are likely to be Ve_ry susceptible to softening in the presence of free or
standing excess water and it is crucial thiat excavations for structural foundations are covered without
delay (e.g. with blinding concrete) to prevent softening by any water that may enter the excavation.

Excavation for the deep basement should be relatively straight-forward using conventional hydraulic
plant, though towards the base of the excavation ptant capable of ‘hard digging’ may be required, and
localised use of plant capable of ‘easy rjpping’ may be required in the more competent bands of
harder mudstone and sandstone. '

Detailed discussion is provided in the report for various options of excavation support and
groundwater control for the deep excavetion area in the temporary works and permanent works
condition. For the purposes of design, the water table classification (BS 8102 : 2009) should be
regarded as ‘high’, and it is anticipated ihat a Grade 2 environment performance level is appropriate.-

Continued /...
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Engineering Considerations (deep excavation area):

34. The presence of a high groundwater t‘able and potential focalised artesian water pressures just below _
the proposed excavation formation Ievel are critical issues to the design of any temporary works, the
permanent basement walls and groundwater control measures. Although a nurnber of potential
options are feasible, and the ullimate decision will involve a detailed assessment of relative cost for
the alternatives, the following recomn'iendations are provided:

* A solution involving some form of cut off wall is favoured over open excavation, not only to control
* lateral groundwater inflow but ajsm fo limit the extent of any peripheral groundwater drawdown.
This form of sclution can be comblned to form Type ‘B’ 'structurally integral protection’ to the
permanent waorks basement, but is| likely to make construction using a monolithic R.C. box less
cost-effective. ‘

* The stifiness of the soils at depth is I|ke1y to preciude the use of sheet piles, and a secant pile or
diaphragm wall is considered more su:table It is likely that these walls will need to be propped with
struts or anchors (though in the early temporary works case the use of soil berms could be
considered), which would have the benefit of reducing the internal steel reinforcement and/or the
-toe embedment depth required.

* The installation of pressure relief wells is considered to represent the simplest and most cost-
effective way of controlling the risk of heave of the base of the excavation due to hydraulic uplift.
These could be incorporated into the permanent works design of the basal slab to control hydraulic
uplift and form part of the Type 'C' drainage protection measures.

* The design of the basal slab needslt'o be designed taking cognisance of the potentially very high
long-term hydraulic pressures to prevent the risk of catastrophic heave which might then lead to
failure of the surrounding retammg walls. Based on preliminary data available to date, in the
absence of any groundwater control \measures these pressures could be of the order of 90kN/m? at
the proposed formation level. The sizé and geometry of the proposed basement structure, mears it
is very unlikely that these forces cari be accommodated by shear resistance on the side walls, and
it is recommended that outline design comprises a combination solution of basal pressure relief
wells, thickened basal slab and (if| required) supplementary ground anchorages and/or tension
piles.

35. Groundwater regime aspects will havejvery significant implications on the cost of the design and
construgtion of the deep basement. Consequently, as part of the ground investigation to provide data
for detailed design, it is imperative thaﬁ sufficient instrumentation and monitoring of the groundwater
regime is undertaken to provide data for economic and safe construction. It is anticipated that this
will include the installation of vibrating wire piezometers at discrete levels around the proposed
structure, linked to datalogger systems to enable any fluctuations in groundwater levels and artesian
walter pressures to be ascertained.

- Re-use of Excavated Materials:

36. The majority of the soils likely to be excavated on the site are likely to be suitable for re-use as either
landscape fill or general earthworks matenals

37. ltis important that the various stratum groups are appropriately segregated (partlcularly the made
ground) to prevent the risk of cross contamlnatlon

38. Preliminary test results indicate that thgz:SuperfICJal Deposit soils and Mercia Mudstone materials will
be suitable for re-use as SHW Class 1 1qr Class 2 general fill (Class 1A, 24/2B/2C depending on
stone content and/or moisture content). : The majority of these materials will fall into Class 2B dry
cohesive, and very stiff'hard clay matetial excavated from deeper levels may need to be improved by
the addition of water (via spray |rr|gat|on) to soften them suﬁlclently to facilitate adequate re-
compaction. ‘

Continued /...
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40.

41.

42.

43,

44,

Re-use of Excavated Materials (contih‘ued)'
39.

Material from shallow depth may be tomsoﬂ (wet) in its "as-excavated' condition to be suitable for re-
compaction as engineered fill, but (subject to further testing) it is likely these soils may be improved
by the addition of lime (or cement} to render them suitable for re-use as engineered earthworks
materials.

The Mercia Mudstone stratum soils are likely to be very susceptible to softening in the presence of

free or standing excess water and it is crucial that any excavations are kept free of ponding water {if
at all possible) and that excavation for }haterial proposed for re-use as engineered materials is not
undertaken during periods of prolongediand/or heavy rainfall.

A proportion of the material likely to be} excavated from the basement area will comprise made
ground soils. Preliminary laboratory tests undertaken in the GIP investigation indicates that the
cohesive made ground soils would be suitable for re-use as general cohesive fill (though soft material
may need to be improved) and granuldr‘made ground is likely to be suitable for re-use as Class 1 fill.
All of the made ground soils will need to be carefully screened to remove unsuitable mclusmns {e.g.
timber, concrete blocks, textile, metal, etc).

Chemical testing indicates that the vast majority of the made ground soils are likely to be suitable for
re-use, with the exception of one sample that provided unacceptably high levels of lead cortent.
Consequently, as part of the detailed design ground investigation, additional testing of samples
should be undertaken in this area to délimit the extent of this contamination.

None of the sails likely to be won from site are likely to be suitable for re-use as selected (Class 6} fill
material. :

Itis understood that enquiries have beén made by Mercia Waste Management to companies to make
use of the excavated natural materials for specialist re-use as brick manufacture and/or landfill site
capping materiats. Some samples were'provided for specialist testing by the brick manufacturer
company though at the time of writing this report we have recewed no feedback in the suitability or
otherwise of the soils in this regard.

46.

47.

48,

- Other Considerations:
45,

Buried Concrete Classitication: Buried concrete should be designed to Sulphate Design Class DS-
1, ACEC Class AC-1s, as defined withiri the BRE guidelines. :

Road Pavement Design Considerati(}ns: A preliminary subgrade CBR value of 2.5% is
recommended for outline design. Because the subgrade soils will be vary variable, the incorporation
of appropriate geogrid reinforcement at the base of the pavement foundation is recommended to
ameliorate any variations and enable the thickness of capping / sub-base to be reduced. Some of the
likely subgrade soils are likely to be very susceptible to softening in the presence of excess water, so
formations should not be exposed to sugmflcant and/or prolonged rainfall.

Soakaway Dralnage: In-situ percolation tests indicate that soakways will not represent a suitable ‘
form of surface water disposal on this site.

Former Well: A possible well is detailéd within the north eastern part of the site, in the previous
ground investigation report, that is beliéved to be an open well full of water and brick rubble. It is not
believed to have been stabilised and tﬁis will require further consideration prior to development. In
particular, if the well is relatively deep, treatment involving grouting and capping may. be necessary.
Also, depending on the depth of the well and the backfill material, it may form a receptor for
groundwater and should therefore be considered further in respect of groundwater contamination
once additional information is obtained. -
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Contamination Assessment:
49,

50.

51.

52.

53.

Analytical testing was undertaken on Made Ground and natural soils for soil totals and leachate.
Groundwater was also analysed.

The soil results were compared to scn eéning values for a standard CLEA commercial end use and
only Lead was found fo be elevated. lf’otential Asbestos containing material was ericountered in the
shallow Made Ground.in one location. r

Leachate and Groundwater results were compared to appropriate EQS or Drinking Water Standards.
Whilst some contaminants {Copper, Ammomacal Nitrogen and organics) were found to be elevated in
the soils leachate analysis, this was not reflected in the groundwater results, which were generally
found to be below the guidelines values .

Ground Gas monitoring is ongoing however to date no methane has been encountered. Carbon
dioxide has been detected with a mammum of 10.5% volume, Flow rates are generally low and the
maximum reading was 0.2V'hr. The atrnospherrc pressure during the monitoring was between 900
and 1018mb. Using the maximum dafa availabte, the Gas Screening Value is 0.0211/hr which
equates to Characteristic Situation 1 Very low risk. This will be reviewed once all the data has been
collected. r

" A pollutant linkage assessment was uhdertaken and is presented in Tabie 13.2. This indicates that

there is a moderate to low risk from theielevated Lead concentration and a moderate risk from
asbestos containing material in the Made Ground. A low risk is presented for risk to controlled
waters. ‘

55.

Contamination Considerations:
54,

It is recommended that the elevated Lead concentrations encountered in BH20 at 0.75m depth is
removed to reduce the risk to the constructron workers and to future site users. This should be
undertaken prior to works beginning to ensure that the material is not spread across the site.

A watching brief/discovery strategy shoUId be maintained with regards to the potential presence of
currenitly unknown contamination. If eh’countered during the site enabling works, an experienced
Geo Environmental Engineer should be contacted and analysis undertaken on the suspected

material. r

Waste Management: |
56.

57.

58.

59.

60.

Due consideration should be given to 'rhe UK Landfill Directive when disposing of material to landfill,
If material is to be re-used on site principles in the CL:AIRE documént Definition of Waste:
Development Industry Code of Practicje!should be followed.

Results of the total soil analysis were out into CATWASTESOIL and the majority were showed to be

_ non-hazardous with 2 being hazardous.:

Waste Acceptance Criteria (WAC) tesﬁﬁg was undertaken on 2 samples which were shown to be
non-hazardous. This indicated that one sample is likely to be considered as Inert and one as non-
hazardous ;

Itis recommended that the excavated materral is stockpiled and if disposal to landfill is required,
testing should be undertaken at this stage to corfirm the correct waste classification. During
stockpiling Made Ground and natural s';o?ils and contaminated and non contaminated material should
be separated as different disposal routefs may be appropriate for each type.

The Duty of Care for waste disposal far!e with the waste producer,

\
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1 INTRODUCTION

Hyder Consulting (UK) Limited (HCL): has been instructed by Mercia Waste Management
(Mercia) to undertake a Geotechnical land Geo-Environmental desk study, an Environmental
impact Statement, plus preliminary Factual and Interpretative Reports for a proposed 15 SMW
renewable energy facility located at the\HartIebury Trading Estate in Worcestershire,

This Interpretative report presents a summary of data collected during an initial preliminary
ground investigation undertaken on site in February 2010 and provides advice relating to the
physical and chemical nature of the ground based on interpretation of this data. Prior to
undertaking the ground investigation, ‘a Desk Study Report (Ref. 1) was produced by HCL,
which should be read in conjunction wﬁh this document and the associated Factual Ground
Investigation Report (Ref.6)

1.1 Background to the Proposed Development

The Joint Municipal Waste Management Strategy (JMWMS) for Herefordshire and
Worcestershire, 2004-2034, has highlighted the need for dealing more effectively with the waste
left over after recycling (referred to as ‘residual waste’).

In a review of the JMWMS undertaken by the Joint Members Waste Forum, a number of
scenarios for managing residual waste were examined using a computer model called WRATE.
Following this assessment, the option of a single site Energy-from-Waste plant with combined
heat and power (CHP) capabilities was identified as the optimum solution, resulting in the
Mercia EnviRecover 15.5MW renewablé;energy facility.

As such, a planning app[icatibn is required plus a ground and groundwater assessment for
inclusion in a chapter of an EIA submission document. This chapter will pick up salient points of

the contamination conceptual model and achievability of the current construction development
based on the recovered technical information obtained from an intrusive ground investigation.

1.2 Objectives of the Report

The principal objective of the report is tb;provide an assessment of the current geotechnical and
~ geo-environmental conditions of the prqposed site. To this end, this report aims to :

» - Establish likely ground and grouddwéter conditions beneath the site;

= - Identify the potential presence of icontaminants within the soil;

. Provide a series of construction ﬁhase options for the scheme;

= Identify health and safety issues érising as a result of the ground conditions; and
- Discuss materials management and waste disposal issues.

in order to meet these objectives, a Slte -specific intrusive preliminary ground investigation was
undertaken and supervised by HCL Utl|l$lng CJ Associates Lid.. (CJA) as drilling / plant provision
subcontractors. !
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2.2

2.3

2.4

SITE SETTING

Site Location

The site is located apprommately 9km| south south east of Klddermlnster within the Hartiebury
Trading Estate, Worcestershire.

The site comprises of a small parcel of land with an estimated surface area of 3.3 hectares. The
Ordnance Survey National Grid Reference at the centre of the site is 385950,269850.

A site location plan is shown in Figure 1

Site Description

The site encompasses an unoccupied area of disused land with open access from the south via
Oak Drive. To the east, the site is immediately bordered by copse woodland, to the north by a
pond and Biffa landfill site, and to the \west by a small waste-water treatment works and large
warehouse. The site is covered mainly by rough grass, bramble and low shrubs.

The waste-water treatment works in the 'west is accessed by a track that traverses north-west to
south-east through the centre of the site. A stream flows from the waste-water treatment works,
through the centre of the site and then off-site to the south. In general this stream flows within in
a ditch, though it is culverted across the icentre of the site and also further off-site to the south.

Public Register and Historical information

Publically available information is usually obtained from agencies that have licences o
reproduce data held by the UK Government and other such bodies. Landmark Information
Group Ltd., who are the pre- emlnent supplier of such data were approached to provide
information for this study.

A full review of public register and histbrical information can be seen in the Desk Study Réport
(Ref 1). ;

Geology and Hydrology

The 1:50,000 scale British Geological Survey (BGS) Sheet 182 (1976) shows the solid geology
directly beneath the site area to comprise the MerCIa Mudsione Group (MMG), a strata formerly
referred to as the Keuper Marl.

Superficial deposits are not shown onf the BGS Sheet 182, as the thickness of any localised
deposits is considered insignificant at the mapped scale.

The former Lower Keuper Sandstone c}utcrops between one and two kilometres from the site to
the north, south, east and west. To}the east and west a faulted contact is postulated that
suggests the site is on a downthrown bIOck.

The dip of the sandstone to the west suggests that it may be present at approxlmately 40m bgl
beneath the site. ‘
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2.4.1

Further details on the ground conditionsion site and in the vicinity of the site (1km to the NwW),
have been obtained from an on-site grdtjnd investigation (undertaken in 2006, Ref. 2) and from
a BGS report on the Hartlebury Landfill: site located 800m to 1km north-west (Ref. 3). These
sources indicate that the Hartlebury Landfili site is underiain by between 5m and 7m of
superficial deposits (average of 6.2m),: comprising an uppermost stratum of Made Ground,
overlying weathered Mercia Mudstone: Bedrock is initially comprised of weak, red-brown
mudstone (as part of the Mercia Mudstone Group).

More detailed geological classification|for the area is obtained from the BGS report, which
interprets the solid geology of the MMG in the area as comprising an upper sub-stratum of the

‘Sidmouth Mudstone Formation (~up to:30m thick) and a lower sub-stratum of the Tarporley

Siltstone Formation (~up to 20m thick).'j The MMG is underlain by the Bromsgrove Sandstone
Formation at depths ranging from 30m to 60m below ground level (bgl).

While there has been little development on the site historically, the ground levels have been
artificially raised, particularly in the south-west of the site, where approximately 3m of Made
Ground is reported. Adjacent to this arjéa is & mound, approximately 3m high, from which in
excess of 4.3m of Made Ground was encountered in a trial pit excavated on top of the mound.
Elsewhere on the site, the thickness of Made Ground is significantly reduced, to the order 1m to

_2m. The site is therefore not level in plages, with a mounded area in the south-west and a ditch

up to 2m deep in the centre.

The National Soil Resources Institute Spils Site Report (Appendix D of Ref. 1) indicates that the
surface soils in the area of site are likely to comprise reddish, loamy or fine, silty over clayey
soils with slowly permeable subsoils and slight seasonal waterlogging.

Groundwater Vulnerability

The National Soil Resources Institute Soils Site Report classifies the soil in the area of the site
as having an intermediate leaching potential. These are soils, which have a moderate ability to
attenuate a wide range of diffuse source pollutants but in which it is possible that some non-
adsorbed diffuse source pollutants and liquid discharges could penetrate the soil layer.

The underlying Mercia Mudstone Group is classified as a Non-Aquifer (negligibly permeable),
which would correspond with the iqéntified geology. Non-aquifers (now reclassified as
Unproductive Sirata) are formations, which are generally regarded as containing insignificant
quantities of groundwater. However, : groundwater flow through such rocks, although
imperceptible, does take place and needé 1o be considered in assessing the risk associated with
persistent pollutants and subsurface construction, Beneath the Mercia Mudstone Group lies the
Sherwood Sandstone aquifer which was formerly classified as a Major Aquifer (now classified
as a Principal Aquifer).

The site does not lie within a Groundwater Source Protection Zone.
No licensed groundwater abstractions are recorded within a 500m radius of the site.

The Catchment Abstraction Managemeﬁlt Strategy (CAMS) for the Worcestershire Middle
Severn determined the groundwater in the catchment to be over licensed.

" ltis reported that the groundwater !evel$ in the Triassic Sandstone are regionally depressed due
to over abstraction.

" The site is located within a Nitrate Vulnerable Zone.
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2.4.2 Nearby Surface Water Features

A étream/drainage ditch is shown to i;ssue at the western site boundary, which then heads
eastward to the centre of the site, before turning southward (the culverted drain} and flowing off-
site, southward within a culvert. : '

The nearest primary river feature is Ioéjafed approximately 800m south-east, and is named the
Elmley Brook. There are no known wateir quality sampling points recorded for the brook.

2.4.3 Pollution Incidents to Controlled Waters

There have been a total of 11 recorded pollutlon incidents to controlled waters within 1km of the
site. All were regarded as Category 3 (Mtnor Incidents) and related mainly to'the release of oils,
solvents and detergents. | :

A full list of the incidents is located wthln the datasheets of the Enwrocheck Report contained
within Appendix B of the Desk Study Report (Reference 1).

2.4.4 Flooding !

information contained within the Envirohheck Repoit shows that the site is not within the zone of
potential flooding from fluvial watercourses. There are no recorded flood defences or floodwater
storage areas shown within 1km of the site.-
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2.5  Environmental Sensitivity summary

Groundwater sensitivity: Iow;f

The site overlies a non-aquifer, there are no groundwater abstractions within a 500m radius of
the site and the site is not located within :a groundwater source protection zone.

Surface Water Sensitivity: High

A stream/drainage ditch is located in tHe centre of the site, which discharges to a watercourse
via a series of culverts, approximately 600m south-west of the site.

Ecological Sensitivity: Low

The site itself is not designated for its; ecological importance and an ecological assessment
undertaken on the site in 2004 (Refs. 4 and 5) states the following:

No evidence of Water Vole actlwty in or adjacent to the north to south running dltch in the

~ centre of the site;

Holes and crevices that were acoéssible within the study area did not demonstrate any
evidence of being used by bat spemes though bat roosts are anticipated in the woodland
to the east of the site;

There are no waterbodies on sitejs'.;uitable for great crested newt; a partly culverted ditch
running through the site does not|constitute suitable habitat;

A careful search of the site produbed no evidence of use by any other protected species;

No species with special protectioh; under Schedule 1 of the 1981 Wildlife and Countryside
Act, or Annex | of the EU Birds Directive were recorded on or in the vicinity of the site;

The field surveys work did not idémtify the presence of any plant species or habitats
protected by law, or considered rare in the UK;

There is a small stand of Japaneée knotweed oni site, which will impose some constraints
on the timing and methods of site clearance.

Mercia EnviRecover Renewable Energy Facility — Geotechnical lnterpretatwe Report (Outiine Design})
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3.1

3.2

GROUND INVESTIGATION

The preliminary ground investigation was carried out between 4™ and 16" of February 2010. It
was undertaken and supervised by HCL on behalf of Mercia Waste Management. The purpose
of the investigation was to identify the|ground and groundwater conditions across the site and
provide key information for the production of the Environmental Impact Assessment chapter by
identifying the likely impact on the environment of the development. The ground investigation
will also provide preliminary information: for foundation design, excavation (and its support) and
contamination issues surrounding the development of the Mercia EnviRecover energy facility.

A plan showing the exploratory hole Io@étions is presented within Appendix B.

The site specific ground investigation has addressed the objectives identified within Section 1.2
of this report. The findings of the ground investigation are summarised below and are detailed in
the HCL Factual Report (Ref. 6).

Site Works

The completed scope of the ground investigation is as follows:

= 4 no. cable percussive borehole$ to maximum depth of 10m below ground leve! {bgl) with
alternating Standard Penetration{test (SPTs) and undisturbed soil samples (U100} at 1m
intervals to 5m bgl, and where possible at 1.5m intervals at depth greater than 5m bgl.

= 3no. rotary cored boreholes to maximum depth of 20m bgl, with SPTs at 1m intervals to
5m bgl and at 1.5m intervals below 5m bgl.

= 4no. trial pits to depths of 5m byl
" 6 no. trial pits to depths of 2m bgl:

The depth, thickness and descriptioné iof the strata (including depths of sampling points) are
given on the relevant exploratory logs, presented within the HCL Factual Report (Ref. 6).

Upan their completion,. the boreho]esi(that were not completed with groundwater monitoring
installations) and trial pits were safely backfilled and compacted and the ground re-instated, as
far as practicable. )

Sampling

A Geotechnical Engineer from HCL Iogged the boreholes and trial pits in accordance with the
recommended procedures provided by document BS5930:1999 “Code of Practice for Site
Investigations™ (Ref. 7) and in general accordance with CIRIA C570 "Engineering in Mercia
Mudstone” 2001 (Ref. 8). Disturbed, undisturbed and environmental samples were collected -
from the exploratory holes, which were subsequently sent for geotechnical, chemical and
contamination analysis with the testing|scheduled by HCL. :

Groundwater was encountered in alli of the seven boreholes. This has been subsequently
sampled and sent for chemical analysis:

Mercia EnviRecover Renewable Energy Facility — Geotechmcal\ Interpretatsve Report {Qutline Design)
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3.3

Furthermore all boreholes have been installed with groundwater and gas monitoring standpipes
and an ongoing programme of monﬁoﬂhg is currently taking place over a three month period to
allow groundwater and gas levels to stabilise and to be recorded over a range of (short-term)
climatic variations. The results of this monitoring will be issued as a separate addendum to this
report. ‘ ‘ :

|aboratory Testing

Geotechnical and chemical laboratory testing was undertaken on selected samples taken from
the boreholes and trial pits and are summarised in Table 3.1. ‘Testing of all samples was
scheduled by HCL and undertaken by an HCL appointed laboratory. The test results are
discussed within Sections 5 to 7 of this/report and are presented in full within the HCL Factual
Report (Ref. 6). ; :

Asbestos presence was analysed as|a precautionary health and safety measure. Waste

Acceptance Criteria (WAC) testing was. carried out at the UK lower detection limits for inert

waste to enable an assessment of Wasts Management on-site and off-site to be undertaken.

Table 3.1 :'Summéry of Analysis Undertaken ion Scheduled Samples

Type of Test ; Standard Number of Samples
\Geotechnical & Chemical Tests,

moisture contents - BS1377:1990 Part 2:3 15
atterberg tests BS1377:1990 Part 2:4 &5 15
particle density BS1377:1990 Part 4 4
densily tests BS1377:1990 Part 4:5 7
PSDs (Particle Size Distribution) B8S51377:1980 Part 2:9 13
sedimentatibn tests BS1377:1990 Part 2 1
compaction tests BS1377:1930 Part 4 6
one-dimensional consolidation tests BS1377:1990 Part 6 3
consolidated undrained triaxial tests BS1377:1990 Part 6 3
pH BS1377:1990 Part 3 13
2:1 soilwater extract . BS1377:19%0 Part 3 13

Hyder Consutting (UK} Limited-2212859
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Table 3.1: Summary of Analyms Undertaken on Scheduled Samples (contmued)

Type of Test’ R “{{|- - Standard . - Number of Samples :
' Con_ta__rmna!ton Tests ) o : :
Soil : S :
Metals (arsenic, cadmium, chromlum nickel, Iead'copper MCERTS Accredited 15
zinc, mercury and selenium) _
Speciated PAH (USEPA 16} 7 MCERTS Accredited ' 15
TPH (Total Petroleum Hydrocarbons) 6 banded |: MCERTS Accredited .15
Asbestos Screen and Microscopy o MCERTS Accredited 5
Soil Organic Matter (SOM) | MCERTS Accredited ‘B
Leachate. ' - ' :
Metals (arsenic, cadmium, chromium, nickel, Ieadlcopper MCERTS Accredited ) 15
zinc, mercury and selenium) y :
Speciated PAH ' =t MCERTS Accredited 15
TPHCWG E MCERTS Accredited .15
Chioride NE MCERTS Accredited 15
Ammonia o ‘ 15
Groundwater ' o
Metals {arsenic, cadmium, chromium, nickel, Ieadéoopper MCERTS Accredited 5
zinc, mercury and selenium) :
Speciated PAH (USEPA 16 ' | MCERTS Accredited 5
TPH CWG : MCERTS Accredited 5
Chioride BE MCERTS Accredited - 5
Ammonia (Ammoniacal nitrogen as N) : MCERTS Accredited 5

Mercia EnviRecover Renewable Energy Facitity — Geotechnicali Interpretative Report (Outline Design)
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4 GROUND CONDITIONS ENCOUNTERED

4.1 Previous Investigation‘s

A previous investigation has been carried out by Ground Investigation and Piling Limited (GIP)
in May 2006 (F{ef. 2). The findings of this report are incorporated into the following discussions.

Made ground was found to depths of | \up io 4.30m bgl containing ash brrck mudstone among
other man made substances mctudmg\asbestos board. The cohesive made ground was found
to have intermediate plasticity and medium volumetric change potential. Superficial Deposits
were encountered to depth of between 0.7-3.0m as firm sometimes stiff gravelly CLAY. These
Superficial deposits were identified to h‘eive up to very high plasticity and high volumetric change
potential. Mercia Mudstone formation was found directly underlying this stratum, initially as a
firm to stiff CLAY. Mudstone was then found from 5m bgl with up to intermediate plasticity and
medium volumetric change potential.

~ Groundwater strikes were noted in the:four boreholes drilled on site in 2006 (see Ref. 2) at _
depths ranging from 4m to 5m byl wuthm Residual Mercia Mudstone clays. In the shallower trial
pits, groundwater was encountered in a limited number of the excavations at depths around 1m
bgl, ranging from slow seepage to fast seepage. These inflows are considered likely to be-
_ derived from perched groundwater within the Made Ground soils.

42  Summary of Strata Seffquence

Ground conditions were found to be in general accordance with those anticipated based on the
desk study data, and the general strata! ‘sequence can be summarised below:

" Made Ground

- Superficial Deposits: Weathered Mercna Mudstone material re-worked by geological (e.g
glacial) processes.

= Woeathered Mercia Mudstone Group (soil material)
. Mercia Mudstone Group (rock matenal)

The strata descriptions used in the factlial report are in accordance with BS 5330:1990 (Ref. 7).
The weathering grades and termmology assigned to the Mercia Mudstone stratum in the factual
report and this interpretation (“fully”, “partially” and “unweathered”) are in accordance with those
recommended in CIRIA C570 “Engineerﬁ'ng in Mercia Mudstone”, 2001 (Ref. 8).

The typical strata sequence encountered at the proposed Mercia EnviRecover energy facility
site has been.summarised within Tabte 4.1 with the full borehole and trial pit logs presented
within the HCL Factual Report (Ref. 8). | The material properties and engineering considerations
of the strata encountered are discussedirespectively in Sections 5 and 6 of this report and the
contamlnatlon testmg is dlscussed in Sectlon 7.

Mercia EnviRecover Renewable Energy Facility — Geotechnical fnferpretative Report (Outline Design)
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Table 4.1: General Sequence of Strata

Stratum General descriptipri c}f 3S_tr.en'un"l . Typical Depth Range of
' ' 1 Strata(mbgl}
Made Ground — {northern Typ:wlly granular matenal {locse black silty graveily GLto<1.0m"
part of the site). sand) containing grave!\and cobble sized pieces of {Max. 2.0m}
coal, ash, diinker and bndc
This is underlain by soft red sandy gravelly clay
(reworked Mercia Mudstone Material?).
Made Ground — {southern Typically predominantly bph&cive material (Soft brown GLto 27m

part of thg site).

silty cobbly gravelly day),iwith gravel and cobbles
comprising demolition debris (wall sections), metal
(steel mesh and iron bars), ash and brick.

GIP investigation also |dent|f ed asbestos cement

board.

{Max. 4.3m in GIP
investigation of localised
‘mound’, which also
documents 5.5m in a further
previous investigation)

Superficial Deposits

Soft / firm brown/grey silty CLAY, with occasional 151025
{localised) " medium rounded gravel ¢ of chert, quartz and (0.7-3.0in GIP)
sandstone.
Fully weathered Mercia Firm to stiff red CLAY. 15t04.5
Mudstone {Grade IVb). : ‘
Partially Weathered Mercia ~ Very stiff CLAY beoominb’very weak MUDSTONE. 4510175
Mudstone (Grade IVa to (recovered as mudstonegravel in some locations).
Grade i) 2
Unweathered Mercia Weak to Moderately weak MUDSTONE with medium »17.5

Mudstone (Grade [)

spaced fractures and localised bands/lenses/packets
of gypsum (Grade |).

Two illustrative geological cross sections across the site are shown within Appendlx C with the
cross section lines orientated in a generally west to east direction. The ground level varies by a
maximum of 3m across the site. |

As shown on the cross sections, the weathered Mercia Mudstone is encountered at
approximately 4.5m bgl across the site, and perched groundwater levels are present within the
Made Ground at approximately 1 to 2m bgl

Superimposed onto these cross sectionsi is an approximate outline of the current proposed area
of excavation for the construction of tha proposed Energy-from-Waste plant.

Mercia EnviRecover Renewable Energy Facility — Geotechnical Imetpretalwe Report (Outline Design)
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4.3 Groundwater

431 Groundwater Encountered

Groundwater strikes were encountered} and recorded dr.in'ng the present ground investigation in

the following exploratory holes:

Table 4.2: Groundwater Strikes (presant investigation)

Exploratory Hole  Level of Waﬁl’ Strike Comment(s)

(mony)
BH20 - 14616
BH21 47.96 Possibly perched GW in the Made Ground?
BH22 45.59 _
BH23 46.79% Possibly perched GW in the Made Ground?
BH24 47.04 Possibly perched GW in the Made Ground?
BH25 46.02)°
BH2s 46.03]
TP27 42,84 Seepage
TP28 4458 Seepage
TP29 4424, Seepage

Although observations made during :the February 20%0 site investigation record that
groundwater was rarely present during}drilling and trial pitting, .it is considered that this may be
due to the relative low permeability of the majority of the soils and the time periods the
excavation sides were left exposed rather than the absence of any perched groundwater or
phreatic surface. In the majority of cases, the boreholes were cased through the upper soil
horizons, and the trial pits were left open for limited time periods.

In the GIP ground investigation, groundwater was recorded at slightly lower levels in following

the exploratory holes:

. Table 4.3: Groundwater Strikes (GIP ihvestigation March 2006)

Exploratory Hole Level of Waié Strike Comment(s)

(mom}
BH1 43.90
BH2 4382
BH3 4342
BH4 43.71

Mercia EnviRecover Renewable Energy Facility — Geotechnical lnterpretaiwe Report (Outiine Design)
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4.3.2

4.3.3

Groundwater Levels

Groundwater levels on-site have been momtored since the ground investigation was
undertaken. b

Table 4.4: Groundwater Levels

BH20 385957 260904  47.79 46.16 45.83

BH21 385913 269856 (4843 _ 45.96 44.53
BH22 386000 269796 |47.98 4559 45.63 45.48
BH23 385914 269899 | 47.61 4666 46.84 46.55
BH24 =~ 386031 269915 |47.64 4675 4670 46.68
BH25 385961 269806  47.12 4597 46.18 45.71

BH26 385857 269817  |50.04 46.03 46.18 45.89

Rest groundwater levels in the mudstone were recorded between 45.59 and 46.75 mAOD on
11" February 2010. On 24" February\ 2010, these levels generally seem to have risen slightly
to between 45.63 and 46.84 mAOD,\ but on 12™ March 2010 they have dropped again to
between 44.53 and 46.68 mAQD. These fluctuations may be linked te periods of rainfall
variation. P

Groundwater Hydraulics}ﬁ

Confining conditions have been identifi;ad at depth. During the drilling of BH20, at depth 15m
bgl, an uncased section of the borehole hole collapsed, and continued to do as the borehole
was progressed. Consequently, the hble was then further cased to 8.0m bgl, but falling water
was audible at the bottom of the borphole (possibly indicating a significant water strike had
developed between 8m and 15m depth). At this point, water was introduced into the borehole
up to ground level in preparation for oohducting a falling head permeability head test. However,
once ground level was reached the water continued to rise and overflow the top of the casing
(approximately 1m agl), a situation |nd|cat|ve of potential artesian water pressures in a stratum
between approximately ~13.0 to 1spm depth. However, the following moming the water
pressure was seen to have equalised 'at approximately 2.90m bgl {45.09mAQOD), suggesting
either that the layer and/or zone of material with elevated water pressures is confined and of
relatively limited extent and/or that the; permeability of the zone is sufficiently low to prevent
maintenance of the artesian pressure for any tength of time.

None of the other boreholes undedaken on this site to date have encountered similar
groundwater conditions to those encolintered in BH20, again indicating that the layer and/or
zone of material with potential anesmn\water pressures may be of limited lateral extent possibly
a relict buried channel of more granular material . within the Mercia Mudstone Formation
stratigraphy. Note that this effect is attributed to water pressure which is expected to be fracture
controlled and is not water volume; as|such water containment in attenuation ponds, etc is not
expected to be a major concern during construction.

Mercia EnviRecover Renewable Energy Facility — Geotechnical Interpretative Report {Outline Design)
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43.4

Notwithstanding that elevated water pjrzessures may only be present in isolated locations, the
presence of such localised pressures will have significant consequence on the detailed design
of the walls and floor to the deep excavation (in the temporary and permanent works casas). As
a result, the detailed design stage ground investigation will need to specifically gather data to
ascertain tha extent and/or S|gn|f|cance of this phenomenon on the construction of the deep
excavation,

Given the rest water leval elevations, furlher potential inflow horizons may coincide with depths
at which it is noted on the logs that there was ‘no recovery’ or where the mudstone was noted to
be heavily fractured and veined with gypsum

The measured rest water levels infer a groundwater flow direction from north to south across the
site (see note below with regard to BH20) :

The hydraulic gradient is calculated to be 0.0098 (11/02/2010) and 0.04 (24102/2010)

The influence of the geological faultedboundaries to the east and west of the site on
groundwater fiow is unknown.

Permeability Testing

Rising head permeability tests were 1¢onducted in the upper 8m of strata in three of the
boreholes. After one hour of monitoring, BH20 showed no rise in water level and BH25 and
BH26 had recovered by 33 and 46%, re"Spectiver

The lack of response in BH20 does not reflect the observations made dunng the drilling of the
borehole. Aithough the water level in the borehele has since risen to 1.63 mbgl|, it is assumed
that the lack of aguifer structure may lhave been compensated by the borehole construction.
Further it is noted that the measured groundwater level (24/02/2010) is 1.23 m lower than that
measured prior to tha permeability test K0.4 mbgl). In addition, the observation that the borehole
was artesian during drilling, leads to theiassumption that the measured groundwater level in the
installation is more representative of the phreatic surface in the near-surface (<10mbgl) strata
and is not a true reflection of the aqun‘er conditions that may be encountered at depth in the
vicinity of this borehole. ;

Table 4.5: Permeability Test Results -

BH20 385957 269904 47;,.‘79 0.1 magl 16.5 16.5 -

BH25 385961 269806 ¢71 2 1.15 8.20 5.99 0.017
BH26 385857 269817 5b.04 3.65 2.00 6.59 0.059

These values are comparable with théi range quoted in, ‘BGS Engineering geo!ogy of British
rocks and soils — Mudstones of the Mercna Mudstone Group’, of 10" to 10° m/d, parallel to
bedding and 10°° to 10°° m/d for compacted mudstone.
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4.3.5 - Groundwater/Surface Wéter]nteraction

The environment agency has a Tnassm sandstone numerical model! for the area which assumes
the River Stour to be in hydraulic contmmty with groundwater. The relative elevations of the
watertable beneath the site and the culverted stream that runs across the site suggest that
hydraulic continuity between surface water and groundwater is possible. In practice this is likely
to be limited by the low permeability of the superficial clay and underlyirig mudstone.

Mercia EnviRecover Renewable Energy Facility — Geotechmcal Interpretatwe Report (Outlme Design)
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5.2

5.3

GEOTECHNICAL PROPERTIES

Introduction

A testing programme for soil samplesirecovered from the exploratory borehole and trial pit
locations was scheduled by HCL and|¢arried out by a designated laboratory as specified by
document BS1377:1990 “Methods of Tests for Soils for Civil Engineering Purposes” (Ref. 9).
The results are included in the factual report provided by HCL (Ref. 6).

Ma_de Ground

The made ground is spatially variable across the north and south of the site in both composition
and depth:

a North - Within the northern hah“of the site, made ground generally comprises a layer of
fly ash with gravel of coal to 0.5m bgl underlain by approximately 1.5m of re-worked red
clay (re-worked Mercia Mudstoné).

b South - To the south, the tOpogr;\'phy is more undulating, this is likely to be due to infilling
and discarding of waste across this area of the site. An upper layer of made ground
comprises waste items in a matrix of red clay. Waste found during trial pitting include
demglition rubble (a section of jwall five courses thick), metal containers, metal mesh,
concrete and unspecified scrap metal to approximately 1.5m bgl.

Index Properties

Two Atterberg Limit tests have been carried out on the cohesive Made Ground in this
investigation, to supplement those undertaken in the previous GIP investigation. The results
indicate the cohesive Made Ground 10 ‘have a Plasticity index of between 19% and 21%, and
therefore to be of intermediate plasticity;with a low voiume change potential.

Superficial Deposits

Superficial deposits have been identifiéd on-site in localised areas across much of the site, to
typical depths in the present investigation of between 1.50m and 2.5mbgl." In the previous GIP
investigation, this stratum was encountered to more variable depths of between 0.70m and
3.0m bgl.

Index Properties

One Atterberg Limit test has been carried out on a sample of this stratum in this ground
investigation, to supplement the 7 tests undertaken in GIP the investigation. These tests
produced Plasticity Index values of between 26% and 50%, and therefore to be of intermediate
to high plasticity with a medium to high volume change potential.
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54  Weathered (Grade IVb to Grade |l) Mercia Mudstone

Fully weathered Mercia Mudstone (Gradie [Vb) was encountered below the made ground to -
approximate depths ranging between 1.5 - 4.5m bgl.

In general, immediately underlying thie; made ground/superficial deposits this sub-stratum is
encountered as soft to firm, red clay that becomes increasingly more firm to stiff with depth.

At approximately 4.5m bgl this sub-stratum becomes a very stiff and fissile material recovered
as medium gravel sized lithorelicts of\\}veak mudstone in a clay matrix {(weathering Grade 1l
material). The weathering profile withiﬁ this material is likely to be better defined within the trial
pit excavations than the boreholes, because the mass soil structure is more clearly dlscernable
in the trial pit S|dewalls ‘

5.4.1 Index Properties

Natural Moisture Content test results obtamed from samples of the fully and partially weathered
MMG material are summarised graphlc‘ally in Figure 5.1.

Figure 5.1: Natural Moisture Conten'q Profile for Weathered MMG material
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These tests indicate the natural m0|sture content to generally be in the range 18% to 25%, with
isolated samples with slightly elevated imoisture content. Although there is clearly appreciable
scatter in the results, in general terms it shows a slight gradual reduction in moisture content
with depth (progressively less weathermg) typical of that provided in table 3.3 of CIRIA C570.
However, towards the base of the sub-stratum (in the less weathered. material) the moisture
conients are slightly high relatwe to typlcal values for Grade II-lIl material given in this
reference.
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Atterberg Limit test results obtained from samples of the fully and partially weathered MMG
material are summarised graphically in Figure 5.2. These tests produced Plasticity Index values
of between 9% and 26% (average 17.4%) indicating these sails to be low/intermediate plasticity
clay with low to medium volume change potential.

Figure 5.2: Casagrande classificatior@ plot for Weathered MMG material
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A depth profile of the Plasticity Index vdJUes obtained in this sub-stratum is shown graphically as
Figure 5.2. Although there is clearly some scatter in the results, in general terms it shows a
gradual reduction in plasticity with depth from' =20% near-surface (1-2m bgl) to 10-15% at
greater depth (6-7m bgl). This range of values and trend in line with progressively less
weathering is typical of that provided intable 3.3 of CIRIA C570.

Figure 5.3: Plasticity Index Profile for Weathered MMG material
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5.4.2 Undrained Shear Strengtjh

Insiti hand shear vane tests carried out in the }ully weathered (Grade IVb) Mercia Mudstone to
depths of up to 3.7m bgl produced estimated undrained shear strengths of between 39 and 77
kPa.

Figure 5.4 shows a depth profile of N\ values obtained from insitu Standard Penetration Tests
{SPTs) undertaken in both the present ‘and previous (GIP) ground investigations. Tests with 'N’
values above 50 have been extrapolated (o a capped value of 100) to provide better definition
of the strength of the less weathered {(deeper) soils in the strata sequence.

The profile illustrates how the 'N' valuglincrease steady from =10 at 2-3m bgl to 2100 at a depth
of approximately 8.0m bgl.

This SPT data has been converied mto estimated equivalent undrained shear strength (SU)
using a correlation of SU= 5x N based on section 5.1 of CIRIA G570, and is shown graphically

" in Figure 5.5. This graph suggests an undrained shear profile rapidly increasing from =50kN/m2
at 1.0m bgl to =500kN/m2 at 7.0mbgl, with hard clay (SU = 300kN/m2) occurring at about 6.0m
bgl. Below 7.0m depth the shear strength continues to increase at a slower rate to =1000kN/m?
at 20.0m bgl. '
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Figure 5.4: Profile of SPT ‘N’ Values - .
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Figure 5.5: Undrained Shear Strengtpi Profile Estimated from SPTs
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5.4.3 Drained Shear Strength

Three consolidated undrained triaxial tests performed on these sub-soils produced the following

results:
Sample Ret. @ (9 ¢’ (kN/m?)
BH24 / 4.00m 29 36
BH24/ 6.50m 8 35

BH25 / 4.00m 38 49

Based on published correlations, the Plésticity Index test results suggest ¢’ value of 28°- 30°,
which is in good agreement with two of|the triaxial test results and with typical publ:shed values
for Grade IV MMG material given in Table 7.1 of CIRIA C570.

The high ¢’ value of 38° obtained from sample ref BH25 at 4.00m is more typical of Grade I
material.

Whiist the high ¢’ values obtained in the triaxial tests are indicative peak values for a very stifi
heavily-overconsolidated clay, they are very high in relation to the published typical values for
this stratum, and significantly lower Iong-term values are recommended for the design of piles
and retaining walls, particularly when the engineering characteristics of the overall soil mass
(e.g. blocky mudstone lithorelicts in a clay maitrix) will also need to be considered. To this end, it
is recommended the following dramed shear strength parameters ‘are used for preliminary -

design;
Weathering Grade. S (9 ¢’ (kN/m?)
Grade IV -l _ 28 20
Grade Il 38 25

For detailed design, it is recommended that further appropriate investigation and laboratory
testing is undertaken to establish drained shear strength design parameters with more certainty.
In particular, consideration could be glven to undertaking effective stress testing to establish
residual ¢’ values to replicate the lower boundary properties at the interface between mudstone
‘blocks’ in the soil mass structure.

5.4.4 Consolidation Characteristics

Three samples of Grade IV Mercia Mudstone were tested for one dimensional consolldatlon
properties by Oedometer consoladatnon

These tests produced coefficient of volume compressablllty {my) values over the stress increase
range 100 — 200kPa of between O. 18‘ and 0.30m*MN. Over the same stress range, they
produced coefficient of consolldatlon (cv) walues of between 1.0 and 1.3 m?yr.

These coefficient of volume compresabd:ty {m.) values results are high relative to most very stiff
heavily over-consolidated clay soils, and: very high compared with the relationship proposed in
section 5.2 of CIRIA C570 of E' = Neo (MPa)
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For example,
Taking E'=1/m, = Ngp, based on Figure 5.4 SPT ‘N’ = 35 at 4.00m depth equates to
My=1/MNgg =1/35 =0.03 j('about 1/10™ the value of the laboratory derived result)

This discrepancy might be explained| by the physical sample disturbance that is known to
potentially lead to over-measurement ‘of laboratory compressibility characteristics in Mercia
Mudstone material, due to its heavily over-consolidated and bonded nature. Consequently, for
outline design it is suggested that the following design parameters are used for estimates of
foundation settlement:

Weathering Grade. m, (M*MN) Comment(s)
Grade IV 0.2 Based on laboratory test results

Grade Il — I = 1/Neo Based on correlation in CIRIA G570

5.5  Unweathered (Grade I) Mercia Mudstone

At depth the Mercia Mudstone stratum becomes Grade | unweathered material, Based on
visual description of the material racovered in the boreholes, this - boundary occurs at
approximately 15-17.5m bgl, though thisimay be affected by physical disturbance of the material
by the drilling / sampling process. X :

Based on the SPT ‘N’ profile, and CIRIA C570, whereby the distinction between Grade Il and |
material is approximately at N = 80, the:boundary occurs considerably higher at approximately
7-9m bgf (Figure 5.4). :

‘This sub-stratum typically occurs as a very weak becoming weak (locally moderately
weak/moderately strong) Mudstone withj medium spaced fractures and localised frequent
spaced lenses/bands of gypsum.

5.59.1 Undrained Shear Strength

- Based on the SPT "N’ profile provided ias Figure 5.4, with the exception of a few localised
exceptions, the ‘N’ value in this material is consistently 2100 below a depth of approximately.
8.0mbgl. Converting this into estimated equivalent undrained shear strength (Sy) suggests a
profile increasing from =525kN/m? at 8.0rhbgl to 21500kN/m? at 20.0m bl (refer Figure 5.5).

These figures equate to a material that is typically very week, but with occasional bands of very
. weak, weak and moderately weak material.

2.5.2 Drained Shear Strength

Based on the discussion provided in sthion 5.4, it is recommended the following drained shear
strength parameters are used for preliminary design: -
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Weathering Grade, ¢>’ (9 ¢’ (kN/m?)

Grade | | 38 25

Again, it is recommended that‘furth,er appropriate investigation and laboratory testing is
undertaken to establish drained shear strength design parameters with more certainty for
detailed design. i :

2.5.3 Consolidation Characteristics

Based on the discussion provided in section 5.4, it is recommended the following design
parameters are used for estimates of foundation settlement in the outline design:

Weathering Grade. m, (mszN) Comment(s)

Grade | = 1/Ng Based on correlation in CIRIA C570
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6  ENGINEERING CONSIDERATIONS
(Structures Outside the Deep Excavation)

6.1 Shallow Foundation Desugn

The made ground soils across the slte are highly variable in both content and engineering
Characteristics. The data available suggests that they have not been placed to any engineering
specification, and therefore in their present condition their bearing capacity and settlement
characteristics cannot be relied on. Consequently, they are not considered suitable as a refiable
formation material for shallow foundatlons and it is recommended.all foundations are taken
down to at least 300mm into the underlylng ratural soils.
\

Based on shallow strip or pad foundatlons with a formation in the superficial deposits, it is
recommended that the following safe net bearing capacities are used for preliminary design:

Table 6.1: Recommended Prehmmary ISafe Net Bearmg Pressures for Shallow

Foundations (Superticial Soils) }
|

Foundation Depth Preliminary Safe Net Bearing Pressure (kN/m?)
(m b 1.0mstrip |2mx2mPad 2mx2mPad 3m x 3m Pad
1.0 100 125 115 110
20 125 | 150 145 140
3.0 | 60 . 190 185 185

For shallow strip or pad foundations \wnh a formation in the weé\thered Mercia Mudstone
stratum, where the increase in undrained; shear strength with depth is greater and more reliable,
the following preliminary safe net bearing capacities are appropriate:

Table 6.2: Recommended Preliminarﬁ fSafe Net Bearing Pressures for Shallow
Foundations (Weathered Mercia Mudsione)

Foundation Depth PresumedéSafe Net Bearing Pressure (kN/m?)
(m bgl 1.0m strip 2:m Xx2mPad 2mx2mPad 3m x3m Pad
1.0 100 : 125 115 110
2.0 | 160 190 185 17
3.0 215 . 255 245 245

The bearing pressures provided abovei L.5lis*,sume that the acceptable post-construction total and
differential settiement does not exceed 25mm and 15mm respectively.
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Because the underlying soils are indicated to be high to medium plasticity clays with a high to
medium volume change potential, a mihimum foundation depth of 0.90m should be adopted to
prevent potential problems associated with the seasonal shrinkage and swelling of the clay soils
based on NHBC guidelines (including climate zone correction). Across much of the -site,
however, the thickness of made ground| will result in shallow foundations being at greater depth
than this minimum requirement. :

In the vicinity of existing, proposed or i’ecently removed trees, the minimum foundation depth
will need to be increased in accordance with the guidslines given in NHBC Chapter 4.2 “Building
Near Trees’. This depth will be a functibn of the tree species and height and/or mature height
depending on whether it has been recently (or is to be) removed or proposed planting.

Related to this recommendation, from ithe previous GIP report, it is understood that several -
trees used to be present in the centre of the site, which included high water demand species
such as oak and willow. Although these trees were removed some years ago, without further
detailed investigation in these areas it is not possible to be certain that the soil moisture content
profiles have equalised and that further volume change is no longer a potential problem.
Consequently, until further data is available deeper foundations will be needed in these areas in
accordance with the NHBC guidelines. | In very close proximity to such former trees, this may
necessitate the use of a pile or a raft foundation solution, depending on the nature of the
structure, the anticipated structural loads and the presence {or absence) of made ground.

As a result of the variable ground conditions, the formation soils should be carefully inspected
by a suitable qualified / experienced person to identify the nature of the formation stratum (e.g.
whether made ground, superficial soils or weathered Mercia Mudstone) and/or the presence of
any soft/loose zones. Any such zones ishould be over-excavated and replaced with a well-
compacted well-graded granular fill or lean mix concrete.

The superficial soils and weathered Merjcia Mudstone strata are likely to be very susceptible to
softening in the presence of excess watejr. Consequently, it is crucial to ensure that proposed
formations are not exposed to significant|and/or prolonged rainfall,

6.2  Piled Foundation Design

For structures imposing loads and/or witﬁ settlement tolerances that cannot be accommodated
by the shallow foundation recommendations made in section 6.1 above, piled foundations
represent the most practicable foundationisolution. '

Bored, augered or driven piles would be suitable in these soils, though reference should be
made to a reputable specialist piling contractor for advice on the most suitable and cost-
effective pile solution in these sdils, whichishould include the potential presence of buried large
obstructions in the made ground soils. :

In dediding the type of pile, considerationishould be given to the requirement to dispose of
arisings comprising (in part) made ground soils if non-displacement piles (bored/augered) are
adopted. ‘ :
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Once the requirement for any structures to have piled foundations has been -ascertained,
because the engineering characteristics of the Mercia Mudstone stratum can be extremely
variable both with depth and laterally, further ground investigation should be undertaken in the
location of the specific structure upon the. site. This will enable the detailed design of the pile
foundatuon( ) to be optimised.

6.3 Floor Design

Floor design for units (other than the deep excavation area) will be dictated by:

1 ‘The presence of near-surface non-engineered made ground soils, which could result in
excessive settlement of ground bearing floors.

2 The presence of high-medium shnnkage clay soils, which could resutlt in potential heave
-of ground bearing floors.

Consequently, the following recommendations are made at this outline design stage.

For structures underlain by made ground, & suspended floor is recommended.

b. For structures not underiain by made ground but located within the zone of influence of
existing, proposed or recently removed trees based on NHBC Chapter 4.2, a suspended
floor is recommended.

c For structures not underlain by made ground and not located in close proximity to
existing, proposed or recently removed trees a ground bearing floor is suitable.

Given the extensive cover of made ground across the site, it is considered that most structures
will fall into category (a) above. However, in areas of the site not located in close proximity to
existing, proposed or recently removed trees and where the made ground is of limited thickness,
it may be economic to excavate. out the made ground and re- compacted it to a suitable
engineering earthworks specification and then utilise a ground bearing floor.

For larger structures that fall into category (a) or (b) above, where suspended floors are
uneconomic, an excavation and re-compactlon solution is likely to be the most favourable and
cost-effective {depending on how muchw of the made ground needs improvement treatment to
make it suitable for re-compaction). Alternatlveiy, combining a suitable method of ground
treatment of the made ground soils: (such as vibro-stone or vibro-concrete columns
(VSCs/VSCs)) with a ground bearing slab may represent the more economic and lower risk
solution, ; :

6.4  Groundwater Consideﬁations

. In the ground investigations, groundwater was generally encountered as seepages from within
the made ground or just below its interface with the natural soils. Some of these instances may
be perched waters within the made ground soils, though some may be in hydraulic continuity
with the stream flowing through the site. -

Monitoring of the groundwater installations indicates water levels in the range1.0-2.5m below
existing ground level (m begl).

On this basis, appropriate provisions fbr groundwater control should be anticipated in this
réspect.
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6.5 . Excavatability

With the exception of localised large pieces of rubble within the made ground soils, excavation
of the trial pits using conventional hydraulic excavators was achieved without any difficulty.
Therefore, excavation for the construction of shallow foundations etc. should not require
spemaflst ripping plant, though progress| \below 3.0m will reduce conce the stiffivery stiff soils.
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7 ENGINEERING CO‘NSIDERATIONS
(Deep Excavation Area)

7.1  Foundation Design

For the proposed deep excavation assoolated with the Energy-from-Waste Plant at a depth of
approximately 8m below existing ground level (=39.8mOD), the investigation data indicates the
formation to be in Mercia Mudstone materlal with an SPT ‘N’ value =80 for which an estimated
equivalent undrained shear strength of: 500kN/m?. Based on table 3.3 of CIRIA C570 this
places the base of the excavation apprommately at the interface between weathering Grade Il
and Grade Il material. As a result, bedring capacity may be limited more by the drained shear
strength and settlement characteristics! of the underlying soils than undrained shear strength.
On this basis, until more detailed data\ is available on the strain characteristics of the soils at
very high stress levels, it is recommended that a safe net bearing pressure of 500kN/m? is used
for preliminary design as indicated by table 8.2 of CIRIA C570 and table 2.3(b) of Tomlinson
{(Ret. 10).

Although pronounced variability in the formatlon soils is less likely at this depth, they shouid be
carefully inspected by a suitable quahfled / experienced person to identify the presence of any
weaker zones (particularly in areas of anticipated high structural ioads). Any such zones should
be over-excavated and replaced with Iean mix concrete.

The low plastlcny of the less weathered\ Merma Mudstone stratum soils means they are likely to
be very susceptible to softening in the ipresence of free or standing excess water (even the
weak mudstone variants). Consequently, it is crucial to ensure that any excavations for
structural foundations are covered wﬁhout delay (e.g. with blinding concrete) to prevent
softening by any water that may enter the excavation.

7.2 Excavatability

The proposed fioor level of the Eanecover incinerator will be constructed at a formation level
of approximately 8m begl (=39.8mOD), end is likely to require excavation to depths in excess of
9m begl for construction of the slab struo_ture etc.

From the ground-investigation it has been identified that the excavation will be predominantly
into-material ranging from (typically) firm clay (undrained shear strength of 50kN/m?) to very
week/weak mudstone at 9.0m depth‘ '(undramed shear strength varylng widely between
=400kN/m? - =1600kN/m?) (refer to flgure 5.5).
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In general, excavation through these materials should be relatively stralght -forward using
conventional hydraulic plant (see Figure \7 1 based on the work by Pettifer and Fookes, Raf. 11).
However, towards the base of the excavation, plant capable of ‘hard digging’ may be required,

and localised use of plant capable of ‘easy ripping’ may be required in the more competent
bands of harder mudstone and sandstone.

Figure 7.1: Estimate of Material Excav?tibility (based on Pettifer and Fookes)
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7.3 Excavation Support and Groundwater Control
Considerations

7.3.1 General Design Considerations

The cost-efiective design of the deep excavation area will require the structural design, overall
weatherproofing design, waterproofing| design and construction processes to be considered
together, because of the close interaction of these crucial design elements. Similarly, strategies
for controlling groundwater, soil gasesiand contaminants need to be considered as early as
possible in the planning and design process to ensure project success.

Protection against water ingréss fromi the following sources need to be considered in the
basement design: ‘

a. inflow of surface water (e.g. rainfall, surface water runoff, burst adjacent water main);

b. water pressures acting on the external retaining wall system (tateral groundwater pressures);
¢. water pressures below the base slab! (hydrbstatic uplift pressures).

For each of these éases, the water-rgsisting design needs to provide sufficient protection
against a pre-determined: head and/or volume of water,

7.3._2 Waterproofing Protection

Waterproofing protection of a basement% construction typicaliy utilises one or a combination of
the following types of protection measure:

a. Type A (barrier) protection; _

b. Type B (strubturally integral) prote¢tion;

c. Type C (drained} protection. |

The decision on the best type of protection {or combination of protections) needs to consider the
following: :

The category of basement ‘involved; '

The water table classification and reguired perfornﬁance level required;

Any need for combined protection; ' |

THe need (or otherwise) for contirjUity in the protection;

Practicality of construction; |

Cost:

V- T B U i

Risks to construction programmei :
Basement Category - |

Given that the excavation will comprise 'én excavation approximately 8-8m desp and be subject
to hydrostatic pressures, it should be categorised as ‘deep’ based on CIRIA Report 140 (Ref.
22). ‘ .
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Water Table Classification

Baséd on Table 1 of BS 8102 : 2009, th'e water table classification is ‘high’ because the water
table (or perched water table) is assessed to be permanently above the underside of the base
slab. ‘ '

On this basis a Type ‘A", ‘B’ or 'C’ waterﬁroofing protection system is acceptable provided:

a. A Type ‘A’ (barrier) protection sysiem (only) utilises an appropriate cementitious multi-
coated render {or cementitious coat:ngs) are used and the wall is of concrete to BS EN
1992. | .

b. A Type ‘B’ (structurally integral) protection system {only) utilises either a reinforced
concrete wall to BS EN 1992, or a piled wall that:

(i) isdirectly accessible for re@air and maintenance from inside the structure; or
(i} is combined with a fully—bojn:ded waterproofing barrier (i.e. Type 'A’ protection); of
(i) isfacedinternally with a cohcrete wall to BS EN 1992

Performance level Required

Based on Table 2 of BS 8102 : 2009, it is anticipated that the proposed structure for this
development falls into ‘Grade 2' that requires a performance level whereby no water penetration
is acceptable but damp areas are tolerable and ventilation might be required.

This basement grade approximates to the former Grade 2 ‘better utility” protectlon of BS 8102 :
1990, with typical usage as a workshop plant room or storage area.

Type ‘A’ Tanking Protectyom

Type ‘A’ protection is designed to prO\?ide a continuous barrier system which excludes water
and/or water vapour and may exclude gases. lts reliability is reliant on the formation or
adequate joints (where sheet systems are used), the prevention of damage during construction
and achieving a satisfactory bond to the substrate.

Generally, the main structure to be 'tanked’ needs to be monolithic with a minimum of
movement (especially transverse) at joints. Consequently, for large deep basements with a

_permanent hydrostatic head (such as this development), tanking is only practicable if combined
with a reinforced box construction (except where walls are cast onio sheet piling), which limits
the options with respect to temporary works excavation stability with potential consequences to
construction cost and/or programme. As result, such basements would normally be designed to
resist water penetration (Type ‘B’ protection).

Type B Structurally Integral Protection

Type ‘B’ protection relies on the ability]of the structure, by itself, to minimise water penetration.
As a result,- where practicable thesq ‘basements are usually constructed as a reinforced
concrete box designed to resist hydrostatic pressure (and other loadings). - -
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Because the level of protection with trris option relies on the design and construction of high-
quality concrete {with cracking controlled to prevent the penetration of moisture to an acceptable
degree), the degree of water {and vhpour) resistance achievable generally increases with
construction costs. In practice, compléte (or a high-level of) environment control cannot be
guaranteed using Type ‘B’ protection alone using any retaining construction method.

In general, retaining solutions with a Iairge number of joint interfaces {e.g. piled walls) are more
likely to result in water penetration, and in such circumstances it may be more practical to
accept some water penetration and dbsign a system of combined protection incorporating a
Type ‘A’ (barrier) protectioh (e.g. internal RC lining wall) and/or Type ‘C’ precautions..

Options for various retaining solutions are discussed further in section 7.3.3 below.

Type ‘C’: Drained 'Cavity Pré’tection

Type ‘C’ protection involves the incorporation of drained cavities to the structural walls and/or
floor to collect any moisture that penetqaites and discharge it to a sump. Consequently, the inner
wall to drained cavities is generally non:load bearing and may need to be designed to be free-
standing. The cavity should not be useh to conceal large leaks.

Cavities under floors can be formed u#i'ng no-fines concrete (if the seepage inflow is relatively
slight) or proprietary systems (e.g. profiled drainage sheets). '

Based on CIRIA Report 139 (Ref. 21), fhe principal advantages of drained protection are:

. Less dependent on primary construction processés, which may be more difficult to
control, and hence this protectiop_ system may be more reliable in achieving the required
environment. §

. Installation may be underiaken iin more favourable conditions outside the construction
programme crifical path. ‘

. Water ingress through the priméfy structure may be checked and remedied before final
installation of the inner wall. |
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= The principal disadvantages are: |

. Reduction in useable floor area. |
= Pumps will need to be installed tojremove accumulated water.
. Iif the outer skin is of masonry or pfaln concrete, under a high hydrostatic pressure (which

may be the case with this development), water may penetrate in excessive
guantities which may‘ not be efficiently drained.

= Access to the external wall for repair is prevented after the inner wall has been built.

. Long-term costs operation and maintenance costs (e.g. pumps, cleaning of cavities).

7.3.3 Basement Perimeter Wali Construction Options

There are a number of options avallable to form the basement perimeter walls to form Type ‘B
protection and range from temporary support methods, which allow ‘traditional’ construction
techniques to be adopted {e.g. monolithic R.C. box structure), to wall types that can be used for
temporary andfor permanent works. 1 Methods of basement construction that can be
incorporated into the permanent works, usmg reinforced concrete, include:
. Stesl sheet pile wall
- Contiguous bore pile wall.
" Secant pile wall
" Hard/soft pile wall

.= Diaphragm wall.

The considerations for each of these methods is summarised as table 3.4 of CIRIA Report 139
and IStructE report on the Design and Construction of Deep Basements (2004), and is
condensed in tables 7.1 to 7.3 below.
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Table 7.1: Suitability of various wall ﬂy_pes to form a water-retaining barrier.

Stabilisation! Wall Type

Suitability as a Water-Retaining Barrier

Temporary Wbrks Condition | Permanent Works Condition

T(&;Post Wall Not suitable | B Not suitable -
Sheet Piled Wal Suitable!” Suitable®
Contiguous Piled Wall | Not suitable | Not suitable
Secant Piled Wall |

Hard / Soft Suitable Not usually suitable

Hard / Firm Suitable Suitable®

Hard / Hard Suitable Suitabie®
Diaphragm Wall - Suitable Suitable®
Notes: — k

(1) Some form of seal between sheets mdy be required depending on water pressures
encountered. Potential de-ciutching in’' coarse-grained soils may affect performance.

{2) Structural facing and/or drained cavitie's should also be provided for high-grade
substructures/basements. i
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As may be apparent from table 7.2 aind 7.3 above, a decision whether to rely entirely upon
structurally integral (Type B) protectioniis crucial to the design and cost-effective construction of
the basement. : ‘

Requirements for Deep Exdévation Support (Temporary and
Permanent Works) |

In general, excavations in unweathe’reld (Grade I} Mercia Mudstone give few stability problems
when dry (though normal supports for excavations need to be provided or the side battered to a
safe slope). However, CIRIA C570 states that "difficulties can occur when ground water inflows
are allowed to soften the mudstone” and “a good knowledge of the ground water regime is thus
essential before starting to excavate.” 1 : :

Excavation in the more weathered majt'erials (Grades Il — IVb) presents even more difficulties,
when seepages from more sandy hatizons can create internal erosion and potential failure of
unsupported faces in excavations. ‘ '

Vertical excavations will not remain stajble for any length of time, and some form of support will
need to be provided in the Temporary Works and Permanent Works situations. Therefore,
excavation faces in these soils will need to be either battered back to a gradient that has
adequate stability during the construption phase or supported by some form of retaining
solution. i

Given the high ground water levels pre‘sjent at this site (circa 1.0-2.5m begl) it is crucial that any
stability support considerations incorporates appropriate ground water control systems to
maintain adequate support in the shoh-term (Temporary Works condition) and the long-term
(Permanent Works condition). | C

Monolithic Box Construction|:

This option involves structurally integral reinforced (or possibly pre-stressed) concrete floors and
‘walls within open excavation or some fform of appropriate temporary support mechanism, At
this site, temporary works options could include: :

] Open cut excavation
= Steepened slope open cut excave:;\tion.
. Contiguous piles E

Whilst ordinarily steel sheet piles would also be considered suitable for temporary works
support, given the large embedment iikély to be required for the sheet piles to resist retained
soill and water levels (even if appropriately strutted/anchored), the ability to achieve this
embedment within the bedrock remains lé significant risk item.

As discussed above (and tables 7.1 to!?.s) each of these options will require some additional
form of groundwater control in the temb’orary works case, to maintain stability and/or facilitate
construction. Temporary works suppo:r;t using secant piles or diaphragm wall would also be
suitable {and could be constructed to provide sufficient groundwater control), though it is more
likely that the cost-effective solution in:these instances is to use the wall as the Type 'B’
groundwater control mechanism in the Permanent Works case also.
Open cut excavation is épplicab!e wherie, the site has room to accommodate a safe soil batter
. (which is a function of the soil strength,’ groundwater conditions and appropriate analysis/risk
assessment of the consequences of slope failure). A de-watering system will be required to
depress the groundwater levels during cb;nstruction period. S

i L
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A reduced plan area of excavation coujl_d be achieved by increasing the inclination of the open
cut excavation by using crib walis, gabion walls or soil nails/anchors. Whilst at first glance this
option may appear expensive, given the depth of excavation required for this project, it may
prove cost-effective relative to the réquirements to provide lateral support to a vertical
excavation method. ‘ ‘ '

For this proposed development, givehs the relatively high groundwater level, the additional
groundwater control measures and/or excavation volume is likely to make this option less cost-
effective. ‘

Steel Sheet Pile Wall

Steel Sheet Pile walling involves a séries of interlocked steel sheet panels driven into the
ground to provide structural support and (if required) a groundwater cut-off to the excavation.

The depth of excavation for this proposed development will be too high for a sheet pile wall to
work in pure cantilever, and some forrh of additional lateral support will be necessary. This
could take the form of temporary struts| with waling beams, temporary/permanent anchors with
waling beams, or temporary soil berms én the inside of the excavation. '

Lateral groundwater controt (both tempérary and permanent) could be achieved by welding the
joints between sheets, though in the pérmanent works condition the incorpora_tion of an inner
low-permeability concrete wall and/or Type ‘C’ drainage protection.

For this proposed deveiopment, even allowing for. appropriate struts / anchors to reduce the
necessary toe embedment required to achieve adequate wall stability, based on the SPT ‘N’
profile (figure 5.4) it is doubtful that the s{heets can be driven to sufficient depth for this retention
option to work, though it would be prudent to discuss this with a reputable specialist contractor
prior to detailed design. .

Contiguous Pile Walll

Contiguous piled walling involves a sé’ries of closely spaced bored in-situ concrete piles
(installed by auger or continuous flight auger (cfa)). It tends to be used in clay soils where free-
- groundwater is limited. ‘ :

By its very nature, this form of construction does not exclude groundwater inflow into the
excavation and therefore: 1

" In the Temporary Works condition, additional groundwater control measures will be
necessary and/or the gaps between piles plugged with in-situ concrete or jet grouting.

. In the Permanent Works condition, a substantial facing (e.g. Type ‘B’ R.C. wall) and/or
drainage protection (Type ‘C’) will be required.

For this proposed development, the reléiively high groundwater level, édditional groundwater
control measures and/or space required to accommodate an inner R.C. wall is likely to make
this option less cost-effective. :
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Secant Pile Wall

Secant piled walls replace the requirement for ‘structural’ internal walls by installing augered
and cased (or cfa) piles that are over-lapped to form a line of intermarried piles with a good
structural bond. True secant wallmg (oscillator-formed piles) is accepted as a reasonable
alternative to diaphragm walling in terms of forming a watertlght barrier, whilst pseudo-secant
piled walls are not considered to be so effective.

The initial (female) piles may be concreted with ‘normal’ mix concrete (to form a hard-hard
secant wall) or with a weaker grade \concrete aliowing the later (male) piles to cut into the
female piles with less effort (hard-soft secant wall) thereby creating less deformation and
potentially a more watertight interlock. - Walls with an intermediate strength female pile
component are also used (hard-firm sebant).

. Secant piles are usually preferred in granular water-bearing soils, which may be present in
localised discrete horizons in this proposed excavation.

Hard-soft secant pile walls, installed} by cfa rigs, often providé‘ a competitive solution for
temporary and permanent soil retention in water-bearing free-draining soils, though the cost .and
time required to install guide walls for secant pile installation should also be taken into account.

Secant pile walls can either be constructed in pure cantilever of, if required, incorporating lateral
support in the form of (temporary or permanent) struts / anchorages or temporary soil berms to
reduce the internal steel reinforcement jand/or the toe embedment depth.

Diap_hragm Wall

Diaphragm walls involve the use of a slurry-supported trench filled with tremied concrete to
provide a wall for both temporary ahd permanent soil retention. They are well-suited to
situations that require large-dimension: wall sections and are appropriate for permeable and
impermeable soils. Care needs to be taken in detailing the interlock between diaphragm
panels, and with the implications of wall construction tolerances.

Diaphragm walls can either be construgted in pure cantilever or, if required, incorporating lateral
support in the form of {temporary or permanent) struts /. anchorages or temporary soil berms to
reduce the internal steel reinforcement iand/or the toe embedment depth.

Recommendation(s)

- Based on the preliminary data available, it is considered that the most practicable solution
to the basement perimeter wall construction is either a secant pile or a diaphragm wall.
Both these form of wall will provide support in the temporary and permanent stages, with
a reasonable level of Type ‘B’ water-exclusion.

= Depend'ing on more detailed gropndwater analysis, consideration will need to be given to
the incorporation of appropriate Type ‘C' drainage protection measures into the design,
though this carries long-term disadvantages as detailed in 7.3.2.

. Depending on the design detailing, if required, consideration could be given to
incorporating lateral support to the retaining wall in the form of (temporary or permanent)
struts / anchorages or temporary soil berms to reduce the internal steel reinforcement
and/or the toe embedment depth.-
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. An alternative proposal would be the adoption of a monolithic box construction. This
would enable Type ‘A’ barrier protection to be incorporated into the design thereby
negating the long-term disadvantages of a Type ‘C’ drainage protection system.
However, it would require more elaborate and expensive groundwater control measuras
particularly in the temporary works condition if constructed in open cut. As discussed
below, the most effective ground\jwvater measures may represent some form of cut-off wall
(e.g. diaphragm wall).

= Given that the costs of excavation and construction to the proposed depth are likely to be
considerable (whichever constrQetion methodology is utilised), an alternative proposal
would be to reduce the depth of excavation required {if possible) by selecting alternative
plant for the energy recovery pro(:essing.

7.3.4  Groundwater Control Considerations

As detailed above, an understanding of the groundwater regime is crucial to cost-effective
design of the proposed construction of 5ch the temporary and permanent works.

The preliminary ground investigation |has identified a groundwater table varying between
=44.5mOD and =46.8mOD (average =46.0mOD), with a slight hydraulic gradient from north to
south across the site. In general, groundwater strikes occurred as discrete seepages from the
made ground soils (possibly perched groundwater) and seepages/inflows through fissures in the
weathered Mercia Mudstone stratum. | : ' :

In addition to the above data, as discussed in section 4.3 ‘Groundwater Hydraulics’, BH20
encountered potential confined groundwater conditions with potential. artesian water pressures
at a depth of approximately ~13.0 to 16.0m bgl (=34.8-31.8mOD),

Groundwater will influence the design ajnd construction of the basement and its excavation in
the following ways:

= Increased Iéteral forces on any excavation retaining walls,

" Increased instability of any opén cut excavation(s).

. Requirements for groundwater ex{:f_usion / control in the permanent works (as discussed
above). -

" Requirements to prevent heave ofithe excavation (temporary works) and/or floor slab

{permanent works). '

On the basis of the existing groundwater data, assuming an excavation depth of =3.0mbegl
(38.8mOD), in the absence of any de-watering measures the walls to the basement excavation
may have to withstand =8-9m head of water and the floor slab a hydraulic uplift pressure of
=90kN/m?.  Based on the highest artesian pressure measure to date in BH20 of =48.7mOD,
this equates to an hydraulic uplift pressure of =139kN/m2 at 34.8mOD below the base of the
excavation with =4m of overburden (=80kN/m?) in the temporary works condition and 104kN/m?
in the permanent works condition (assumjing 1.om thickness slab and no plant loadings).

Therefore, on the basis of the exiStingi groundwater data and present proposed excavation
depth, the excavation for and construction of the floor slab needs to accommodate either some
form of groundwater de-watering measlres and/or structural measures to prevent hydraulic
uplift (heave) in the temporary and perménent works conditions.
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Pumping From Sumps |
Whilst pumping from sumps is the moéti widely used form of groundwater control, in the context
of this site with deep excavation combined with high head of water its use to control
groundwater to facilitate open cut or contiguous piled wall excavation may only result in internal

erosion and potential failure of unsupported faces / sections in excavations.

The greatest depth to which the wateri table may be lowered using this technique is generally
about 6m, so the existing proposed exc;avation will require staged lowering of the pumping level
and/or submersible deep-well pumping.; ‘

Pumping from sumps will also provi'c#e only limited contribution to alleviate hydraulic uplift
pressures at the base of the excavation.,

. On its own pumping from sumps is dhlikely to comprise an adequate form of groundwater
control for the deep excavation thoughl:as discussed below, it can be of use if combined with
other forms of control (e.g. partial cut-off).

Well-pointing

Well-pointing involves lowering the groundwater table by installing a number of filter wells

outside the excavation. It has the ad\#antage that water is drawn away from the excavation

face, thus increasing the stability of the sides and (potentially) permitting open cut excavation.

However, unless aiso installed at a level below the base of the excavation this technique will

provide little contribution to alleviate hydr;aulic uplift pressures at the base of the excavation due

to any underlying zones of (sub-)artesiap_ water pressure,

This methodology is also most effective in granular soils with moderate permeability, and is

therefore unlikely to be particularly e:ffective in the relatively impermeable cohesive soils

underlying this site, where water ingres;_s into the excavation is likely to be predominantly via
fissures than mass (primary) permeability.

Creation of a cut-off

The adoption of a seepage cut-off arou_rid the perimeter of the excavation is likely to be feasible
to control groundwater pressures benéath the excavation in the temporary works condition,
particularly if combined with groundwat.:e’r pressure relief / drainage wells on the inside of the
excavation. |

Because it will probably enable groundmfréter to be controlled within the limits of the excavation,
the creation of a cut-off has other benefits when combined with some other form of de-watering:

. It will limit the extent of any potenjtial drawdown effects on adjacent structures/vegetation
beyond the excavation. v

. Pumping volumes (and. hence‘;g:osts) may be considerably reduced (though the
economics of this needs to be bala‘nced against the costs of extra cut-off walling).

However, because the existing data sub_gest it will be difficult to create a total rather than a
partial cut-off in the underlying strata, a cut-off solution on its own will not reduce potential
hydraulic uplift pressures on the floor slab in the permanent condition unless combined with
long-term groundwater pressure relief / dgéinage wells.

The creation of a cut-off lends itself to a t,f'liaphragm wall or secant piled wall form of construction
solution. N
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Pressure Relief Wells

Given the relative low permeability of the underlying soils (even the localised potential artesian

" layer encountered in BH20), the installation of pressure relief wells probably represents the
simplest and most cost-effective way :of controlling the risk of heave of the base of the
excavation due to hydraulic uplift. They.comprise a series of boreholes {or trenches) filled with
gravel constructed into the base of thé excavation. These are then connected to a layer of
coarse gravel at formation level, allowing water flowing up the wells to escape to a pumping
sump. 1

The tlow, and therefore the pressure reiigaf, must be maintained while casting the base slab and
until an appropriate solution to problerjn of basal heave in the permanent works condition is
completed. Alternatively, they can be incorporated into the permanent works design of the basal
slab to contral hydraulic uplift and form part of the Type ‘C’ drainage protection measures.

Ground Freezing

Ground freezing may represent a potential method to control groundwater inflow during the
construction phase. However, not only is it an extremely expensive form of ground treatment
but it may also cause considerable heave in the near-surface silty clay soils, which may have a
significant effect on the design of the adjacent structures. '

Drilling and Grouting

The method involves drilling a series of holes around the perimeter (and base) of the excavation
and infilling them with - liquid grout| -under pressure. The grout permeates into the
fissures/fractures in the soilfrock in the vicinity of the drillhole, thereby reducing the permeability
of the ground. By undertaking this form of ground treatment in a series of rows around the
excavation (eg 2 rows of primary holes, followed by a set of intermediary secondary and
possibly even tertiary holes) it is possible to create a near-impermeable grout curtain around the
entire excavation. The depth of this cjurtain could also be extended below the depth of the
excavation to reduce potential groundwater inflow from the base.

This methodology is also most effective in high permeability granular soils or fractured rock
formations, and is therefore unlikely to| be particularly effective in the relatively impermeable
cohesive soils underlying this site, where water ingress into the excavation is likely to be
predominantly via fissures than mass (plfimary) permeability.

Recommendation(s)

. At present the data available on tﬁe groundwater regime beneath the site is only
preliminary. Clearly, there are aspects that potentially will have very significant
implications on the cost of the design and construction of the proposais to limit risks to an
accepted level. Consequently, aéipart of the ground investigation to provide data for
detailed design, it is imperative that sufficient instrumentation and monitering of the
groundwater regime is undertaked to provide data for economic and safe construction. It
is anticipated that this will include the installation of vibrating wire piezometers at discrete -
levels around the proposed structure, linked to datalogger systems to enable any
fluctuations in groundwater levels énd artesian water pressures to be ascertained.

" Based on the preliminary data available, it is considered that the most practicable solution
to the control of groundwater in thé-temporary works condition is a partial cut-off wall
(which can form the permanent basement perimeter wall) combined with basal pressure
relief wells. :
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] This combination has the advantjage that the pressure relief wells may be incorporated
into the permanent works design of the basal slab to control hydraulic uplift and form part
of the Type ‘C’ drainage protection measures. '

- As part of the recommendation made in section 7.3.3, it is clear that the costs of
excavation, construction and de{watering of the excavation are likely to be considerable.
Consequently, it may be economic to consider an alternative proposal that involves a
reduced the depth of excavationi(if possible) by selecting alternative plant for the energy
recovery processing. 1

7.3.5 Basal Slab Design

As discussed above, the design of thé basal slab needs to be designed taking cognisance of
the potentially very high long-term hydfaulic pressures to prevent the risk of catastrophic heave
which might then lead to failure of the surrounding retaining walis. '

In the absence of any groundwater cdntrol measures, based on prefiminary data available to
date, these pressures could be of the order of 90kN/m*® at the proposed formation level, -

The magnitude of thése forces, and thé geometry of the proposed basement structure, means it
is very unlikely that these forces can be accommodated by shear resistance on the side walls. -

Whilst it would be possible to withstand the upliit pressures by anchoring the basal slab via
anchorages and/or tension piles constlfucted on a grid basis, given the magnitude of the uplift
forces it is likely that the basal slab willineed considerable reinforcement to span between each
anchorage point. ‘ '

Based on the highest water pressuresj measured to date, in the absence of any groundwater
control measures, to prevent hydraulic uplift by mass of basal slab alone (i.e. excluding any
plant loads), would require a formation level of =32.8mOD (i.e. a 7m thick slab) which is very
unlikely to be cost-sffective. '

At this stage, therefore, it is recommended that outline design of the permanent works solution
comprises a combination of: '

= Basal pressure relief wells,

= Thickened basal slab.

. (if required) supplementary grounb anchorages and/or tension piles.

Clearly, tc enable cost-effective and sa_fe detailed design of these elements it is crucial that
turther appropriate ground investigation -is undertaken to gain more detailed understanding of
the groundwater regime beneath this site.
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OTHER CONSIDERATIONS

Re-Usé Of Excavated Materials

If the re-use of site won material is prop‘osed either on-site or for other purposes off-site, itis
important that the various stratum groups are appropriately segregated (partlcularly the made
ground) to prevent the risk of cross contammatlon

Furthermore the fully weathered/partlally weathered Mercia Mudstone and unweathered Mercia
Mudstone should remain segregated to|allow for separate re-use strategies. If they are mixed
then the material may be rendered unsuitable for particular end-uses.

Stockpiling and storage of the excavated topsoil, superficial deposits and weathered bedrock
will be required in order that these may be re-used. The stockpile should be sealed to prevent
rainfall infiltration into the material and preventative measures for control of excavated material
and suspended solids from entering any water courses must also be considered. These
measures may include temporary dramage ditches, stockpile sheets, geo-textile wrap, straw
bales and silt traps.

Preliminary test results indicate that tﬁe fully weathered/partially weathered Mercia Mudstone
will be suitable for re-use as Class 2 general fill in accordance with the Specification for
Highway Works Series 600 Earthworks criterion (Class 2A/2B/2C depending on stone content
and/or moisture content). It is antlcapated the majority of these materials will fall into Class 2B
dry cohesive, and very stiffhard clay material excavated from deeper levels may need to be
improved by the addition of water (wa spray irrigation) to soften them sufficiently o facilitate
adeqguate re-compaction.

Superficial Deposits and near-surface | weathered Mercia Mudstone material may be too soft
(wet) in its ‘as-excavated’ condition to be suitable for re-compaction as engineered fill.
Preliminary laboratory tests undertaken:in the GIP investigation indicates that these soils may
be improved by the addition of lime (or cement) to render them suitable for re-use as
engineered earthworks materials, though it is recommended additional testing be undertaken at
the detailed design stage to further clarify this issue.

Unweathered Mercia Mudstone materija_\l is likely to be suitable fo'r re-use as either Class 2C
(stony cohesive) or Class 1 (general granular) fill depending on the strength of the rock and its
response to crushing by compaction plgnt.

The relatively low plasticity of the Merjcia Mudstone stratum soils means they are likely o be
very susceptible to softening in the presence of free or standing excess water (even the weak
mudstone variants). Consequently, it is crucial to ensure that any excavations are kept free of
ponding water (if at all possible) and: that excavation for material proposed for re-use as
engmeered matertals is not undertaken\ during periods of prolonged and/or heavy rainfall.

Based on a very approximate estlmate\from the prehmmary ground investigation data avallable,
approximately 20-25% of the matenal likely to be excavated from the basement area will
comprise made ground soils,

Preliminary laboratory tests undertaken in the GIP investigation indicates that the cohesive
made ground soils would be suitable fbr re-use as general cohesive fill, though again material
that is too soft (wet) in its ‘as-excavated’ condition may be improved by the addition of lime (or
cement) to render them suitable for ire-compaction. Testing on samples of granular made
ground indicated it to be suitable for re-use as Class 1 general granular fill. All of the made
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ground soils will need to be carefully sgreened to remove unsuitable inclusions (e.g. timber,
concrete blocks, textile, metal) that will prohlblt adequate re-compaction.

The chemical test results md:cate that the vast majority of the made ground soils are likely to be
suitable for re-use as engineering or Iandscape fill material, with the exception of one sample
that provided unacceptably high Ievels of lead content. Consequently, as part of the ground
investigation for detailed design, it |s recommended that additional testing of samples be
undertaken in this area to further dellmltithe extent of this contamination.

None of the soils likely t0 be won from SIte are likely to be suitable for re-use as selected (Class
6) fill material. i :

It is understood that enquiries have befe’n made by Mercia Waste Management to companies to
make use of the excavated natural materials for specialist re-use as brick manufacture and/or
tandfill site capping materials. Some samples were provided for specialist testing by the brick
manufacturer company though at the time of writing this report we have received no feedback in
the suitability or otherwise of the soils i |n ‘this regard.

8.2 Protection of Buried Qoncrete

In accordance with BRE Special Digeist SD1 (Ref. 12), sulphate content and pH value testing
was carried out on selected soil samplgs between 0-8m bgl.

The test results lie within the limit of Splphate Design Class DS-1, as defined within the BRE
guidelines, The minimum pH value |s‘7 77 and the maximum sulphate value'is 50 mg/. The
groundwater regime is considered as static between 1-8m bgl, therefore an Aggressive
Chemical Envnronment for Concrete (ACEC) classification of AC-1s is considered appropriate.

8.3 Road Pavement De3|gn Considerations

Five in-situ California Bearing Ratio (CB’R) Tests were carried out on near-surface soils within
the GIP ground investigation, on made \ground {(granular and cohesive) and cchesive natural
soils. These tests produced CBR values of between 3.1% and 4.4%, indicative of coheswe
soils with undramed shear sirength of 75 100kN/m?,

The majority of the descriptions and |nS|tu tests (SPTs, HSVs) of the cohesive near-surface
(<1.0m) soils suggest undrained shear ‘strength of 50-60 kN/m?, indicative of a CBR value of
=2%. i

Based on an upper bound Plasticity Indéx value for the cohesive near-surface (<1.0m} soils of
40%, an equilibrium CBR value of =2.5% is estimated based on a high-water table and poor-
average construction conditions. : :

On the basis of the above, it is recommended that a preliminary subgrade CBR value of 2.5% is
adopted for outline design. Because tﬁe made ground soils will be vary variable in their
deformation modulus value (stiffness), consideration should be given to the incorporation of
appropriate geogrid reinforcement at th‘é base of the pavement foundation to ameliorate any
variations. This will also enable the thlckness of capping / sub-base to be reduced.

Some of the likely subgrade soils are ||I‘<efy to be very suscept;ble to softening in the presence of
excess water. Consequently, itis crucial to ensure that formations are not exposed to
significant and/or prolonged rainfall.
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8.4

8.5

Soakaway Drainage

Two in-situ percolation tests carried out m general accordance W|th BRE Digest 365 “Soakaway
Design” as part of the GIP ground mvestlgatlon produced negligible percolation, indicating that
soakways will not represent a suitable form of surface water disposal on this site.

Former Well

Within the GIP report, a possible well is detalled within area 600A. It states that previous works
identified what was believed to be an open well which was full of water and brick rubble. Itis
not believed to have been stabilised and this will require further consideration prior to
development.

The GIP report provides recommendatrons such as if the well is shallow (less than 3.0m) it may
be possible to excavate out and replace\ it with a suitable well compacted granular material.
the well is deeper then backfilling may require grouting and capping of the feature.

Further investigation should be undertak_en in the area of this possible well to determine the
appropriate measures required to backfill this feature. Depending on the depth of the well and
the backfill material, this may form a recéptor tor groundwater and should therefore be
considered further in respect of groundwater contamination once additional information is
obtained.
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9.2

POLLUTANT LINKAGES

Introduction

The following sections detail the poteritial receptors, pathways, and contaminants that may be

" present at the site. The definitions of a receptor, a pathway and a contaminant source are

provided in'the box below. A pollutant linkage is a term used to describe a particular
combination of contaminant-pathway-r;éceptor which is the basis for any contaminated land
assessment. ‘ '

A receptor may be defined as either:'i |- ,
'w'jsms,' an'ecoiddical s_ystem: ora piece of property

(@). aliving'organism, a group of org
which is being, or could be, harmed, b j( a contaminant; or.

(®) oontroﬂed Waters which are ber'h | or could be pollbted bya con'taminant. '
A pathway may be defined as e T '
A route, or routes, by which a receptol ‘

(a): s being. exposed to, or affected by écontaminanf, or
(b} could be so exposed or affected:!| .~ - C - _
A pathway can only be identified if it can expose an identified receptor to an identified
contaminant.- ' - {0 - ' : SR

A contaminant source may be defineld las

a substance which is in, on or under the fand and which has the potential to cause harm or to
cause pollution of controlled waters. ar}?/ or pose a risk to human health.. ' S

The refationship between the above thLT elements is calied a ‘pollutant linkage'. All three
elements must be present for a pollutant linkage to exist. ) o

i
Potential Receptors |

The potential receptors detailed below ;takes into consideration the proposed development of -
the site in to a renewable energy facility.

Human Beings

. Site Users (maintenance workers and contractors).

Controlled Waters (groundwater and surface water)

. An unnamed stream flowing thrdugh the middle of the site considered to be a highly.
sensitive receptor. 1

= As the site is underlain by a nonthuifer, groundwater is considered to be a receptor of
low sensitivity. ‘ :

Buildings _
*  Underground buildihg services (walter pipes, concrete).
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9.3

8.4

Flora and Fauna

= The smali area of woodland cop$'e off site to the east is considered to be a receptor of
low sensitivity due to the directioq of groundwater flow and the relatively low permeability
of the underlying strata. This is therefore not considered to be a significant receptor and
is not considered further in this report.

Potential Pathways

Pathways are tha routes that link the rejc:,eptor to the contamination. The potential pathways for
this site are, therefore, considered to be:

Table 9.1 Identified contaminant pathways

Receptor ,' e Péthways

Human Beings  Accidental ingestion of contaminants within soil and dust.
Indoor and outdoor inhalation of vapours and ground gases
Dermal contact with|contaminants within soif and dust.

Controlled Vertical migration oﬂ soluble contaminants through the
Waters unsaturated zone into groundwater beneath the site.

Horizontal and down-slope migration of contaminated
groundwater into the local surface water environment.

Leaching of contaminants into surface waters
Direct Discharge to surface water via spills and leaks on site

Buildings Direct contact of building services with contaminants in the
soil. !

Potential ContaminantiSources

An assessment of the potential sources jof contamination at the site has been compiled based
upon the information taken from the Envirocheck Report, Environment Agency and other
available sources of information as detailed above.

Potential contaminative sources identifidd as relevant to the site are discussed in Section 2.4
and 4.4 of the desk study report and are identified as follows:

- Existing off—siie waste-water treétrﬁént works;

= Existing off-site Biffa landfill

] Former on-site railway,

= Former on site RAF depdt

om Former on site ldrry park

) Current use as access to waste water treatment works

The main potential contaminants are thérefore considered to be métals, hydrocarbons (Total
Petroleum Hydrocarbons, Polycyclic Aromatic Hydrocarbons, BTEX), asbestos and PGBs.
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10
10.1

10.1.1

10.1.2

10.2
10.2.1

RESULT OF CONTAI\/IINANT ANALYSIS

Risk to Human Health‘i—- Soil Assessment

Soil samples {(comprising 11 Made Ground and 4 natural soils} were collected from across the
site area and analysed for a suite of!c;:ontaminants in .order to assess the degree to which
contamination is present and to deterr‘pine the potential risk to site end users and the water
environment. The laboratory sheets are included in the Appendices of the factual report and the

results are discussed below in Section 1 0.2.
Soil Screening Value (SSV)

The proposed use of the site is as a Enr;ejrgy from Waste plah’t. As there is no standard land use
for such a development, the CLEA Commercial land use exposure model has been used as Tier
1 screening values. T

In recent months, the Environment Agé_ncy has published several new Soil Guideline Values
(SGVs) under the CLEA regime. These values will be used where appropriate.  Where no
published values are available, the CLEA model will be used to derive values. The toxicological
data will be taken from authoritative sources and physchem input data used will be from
authoritative sources such as the EA re;p?ort Compilation of Data for Priority Organic Polfutants
for Derivation of Soil Guidelines Values (SC050021/SR7).

For organic contaminants SSVs for a 1 ’/o Soil Organic Matter (SOM} have been used as Tier 1
screening values. - This is considered to be a precautionary approach.

Averaging Areas

On the basis of the site wide historic ujses, the EnviRecover site has been considered as one
averaging area. The chemical results have been separated into different soil strata such as
Made Ground and natural soils and assessed separately.

Soil Results — Tier 1 Screening

Made Ground — Commercial End Use
Eleven soil samples were analysed fromy the Made Ground. Below is a summary of the findings
with the site maximum compared to the appropriate SSV. '
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Arsenic : 58— 28.9

640 [A3]
Cadmium 0.11~45.09 230" No
Chromium 20.4 - 1832 62509 No
Copper 18.4— 34,500 45,800% No
Lead 12.6- 4,839 750 Yes (BH20 - 0.75m)
Mercury 0.1- 022 3,600 No
Nickel 28.5-2166 1,800™ No
Selenium ' 05— 3;6 13,000 No
Zine 74.5- 14,950 667,0007 No
pH Value ) 7.7 -9 6-9 No
1 EA published Scil Guideline Values
2 LQMW/CIEH published value
3 Hyder Derived Value (HyGAC) ‘
4 Previous Soll Guideline Value (Currently withdrawn)

. All the contaminant concentrations are\ below the relevant SSVs except for Lead which will

require further consideration.

Table 10.2 Tier 1 Screening for PAH contaminants in Made Ground

' Naphthalene <0.08-0.13 76.4M No
Acenaphthylene <0.08 91500 No
Acenaphthene <0.0$ 1570 No
Fluorene <0.08 1531 No
Phenanthrene <0.08-0.55 73100 No
Anthracene <0.08-0:23 549001 No
Fluoranthene 7 <0.08-0i68 732000 No
Pyrene . <0.08 - ¢.52 54900" No
Benz(a)anthracene <0.08 —-f(jl.’45 130t No
Chrysene . <0.08- 0.4 1370t No
Benzo{b)fluoranthene <0.08-0:84 140" No
Benzo(K)fluoranthene <0.08-0.3 1411 No
Benzo(a)pyrene <0.08-0.61 1440 No
Indeno(123cd)pyrene <0.08=0.48 1400 No
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Table 10.2 Tier 1 Screening for PAH|¢ontaminants in Made Ground (continued) -

Dibenzo{ah)anthracene <0.08 .. 0.14 1410 " No

Benzo(ghi)perylene <0.08-§» 0.49 54900 No

PAH 16 Total . <1.28-5.63 NA

Values in blue are soil saturation limits.

1 Hyder Derived Value (HyGAC)

Table 10.3 Tier 1 Screening for TPH jcontaminants in Made Ground

Contarnma ]

TPH >C8- C10 <@ 84.7" No
TPH >C10- C12 | <2 37.2W No
TPH >C12-C16 <2-4.35 . 2220 No
TPH >C16- C21 : 2.11-2386 28600 No

TPH >C21 - C85 4.88- 350 28600 No

Values in blue are soit saturation limits.

1 Hyder Derived Criteria (HyGAC) i

_All the contaminants concentrations are below the relevant SSV. Therefore PAH and TPH
compounds are hot considered to be contaminants of concern.

BTEX

Two soil samples from the Made Ground were analysed for BTEX (Benzene, Toluene,
Ethylbenzene and Xylene). Concentratlons were recorded below the laboratory limit of detection
in both the so;l samples.

PCBs

Two socil samples from the Made Ground were analysed for 7 PCB (Polychiorinated Biphenyls)
congeners. Concendrations were recorded below the laboratory limit of detection in one soil
sample, whilst the other soil sample (T P20 at 0.5m) recorded low concentrations for PCB 101 -
(6.4ug/kg) and PCB138 (7.3ug/kg). As a guide, the published SGV for Dioxin- like PCBs,
Dioxins and Furans is 240ug/kg for a commercial end use. These values are significantly lower
.and therefore are not considered to pose a risk to site end users. No further consnderatlon is
required. !

Asbestos

Five soil samples were analysed for asbestos and no fibres were detected However, during the
excavation of one trial pit TP24 (0.0 and' i0.5m bgl), potential asbestos containing material was
found. This wilt require further consrderation
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10.2.2 Statistics Analysis

From the above Tier 1 screening, Lead‘?s elevated in one sample from BH20, Lead
concentrations have therefore been assessed statistically using current UK guidance published
by CIEH and CL:AIRE Guidance on Comparmg Soil Contamination Data with a Critical
Concentration.

In this guidance the chemical data is assessed using a hypothesm approach depending on
whether the site is to be redeveloped for planning or is to be considered under the Part 2a
regime. The EnviRecover site will be assessed under the planning scenario. The CL:AIRE
guidance uses a null and alternative hypothes:s approach in order to assess the data.
Depending on which scenario is being assessed the null and alternative hypothesis can mean
different thmgs '

Under the planning scenario the key quéstion that needs to be addressed is therefere

Is there sufficient evidence that the true mean concentration of the oontamman: (x)is
less than the critical concentration (Cc)? ‘

The hypotheses are therefore

Null Hypothesis (Ho)  the true mean concentration is equal to or greater than the critical
concentration (x = Cc) ‘

Alternative Hypothesis (H1) the true mean concentration is less than the critical
concentration (x < Cc)

If the Null Hypothesis (Ho) -cannot be re;ected then assessment of risk at higher tiers (DQRA) or
remediation of the site may be required pnor to development of the site. if Ho can be rejected
then the Alternative Hypothesis (H1) must be true and no further consideration is required.

For the lead concentrations encountered on site the following table illustrates the statistical
analysis

Table 10.4 Statistical analysis for fead

' Lead 750mgkg 519mgkg 0532  2406.4mg/kg No 51%

= £ T SR =t = e -

The above analysis indicates that the nullihypothesis cannot be rejected and therefore the
elevated Lead concentrations are considered a contaminant of concern.
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10.2.3 Natural Soils — Commercial End Use

Four soil samples were analysed from the natural soils during the ground investigation on the
EnviRecover site. Below is a summary §6f the findings compared to the appropriate SSVs.

Table 10.5 Tier 1 _séreening of inorgémic contaminants

?QPIamman

Arsenic 49-71 | 640" No
Cadmium 0.1-019 |- 230" No
Chromium 47.9-709 6250 No
Copper ' 134435 |- 45,800% No
Lead 7-127 i : 750" Mo
Mercury 01 | 3,600™" © No
Nickel 442-644 | 1,800 No
Selenium 05 13,000 No
Zinc | 80.2-91.4 | 667,000 . No
pH Value ' 82-89 | 6-9 No
1 EA published Soil Guidefine Values '

2 LOMCIEH published value

3 Hyder Derived Value (HyGAC)

4 Previous Soif Guideline Value {currenily wnhdrawn}

Table 10.6 Tier 1 screening for TPI—iI‘ Contaminants in natural soiis

TPH C8-C10 <2 847" No

TPH >C10-C12 @ a7 No
TPH>C12~C18 <2~ 2j.§28 22.20 No
TPH >C16 - C21 @-39 28600 No
TPH >C21-C35 ‘ 43813 28600"" No

Values in blue are soil saturation limits

1 Hyder Derived Criteria {HyGAC) |
All the samples were analysed for PAH compounds and all the results were below the limit of
laboratory detection (0.08mg/kg).

All the inorganic and organic contaminanf concentrations in the natural soils are below the SSVs
for a commercial land use. No further consideration is warranted with regards to the natural
soils. '
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11

111

RISK TO CONTROLLED WATERS -
LEACHATE AND GROUNDWATER
ASSESSMENT

Five groundwater and eleven leachate! samples were analysed across the EnviRecover site.
The samples were analysed for a range of contaminants to determine the potential risk to
Controlled Waters. The Iaboratory sheets are included in the Appendices of the factual report.

Water Quality Standards

To assess the leachate analysis and the groundwater in terms of its potential as a source of
contamination, each contaminant conce-jntration has been compared against appropriate Water
Quality Standards (WQS), such as Environmental Quality Standards (EQS) for freshwater and
UK Drinking Water Standards (DWS). EQS are considered protective of surface water and DWS
are protective of groundwater which may be used as a potable supply.

For a number of contaminants, the hardness of the receiving water must be considered to
determine the EQS. In the Kidderminster area the groundwater is considered to be moderately
hard (150-200mg/l). Therefore the EQS values for this banding have been used in the
assessment below. : ‘

‘The site is not within a Source Protection Zone and there are no water abstractions within 500m

of the site. Therefore EQS values are cdnsidered as appropriate for the assessment.

Please note that for PAH compounds there is only an EQS value published for Naphthalene.
There is a guideline value for Total PAH within the Surface Water Abstraction regulations.
These values have been used as anlinitial screen to determine if there is a risk to water
environment from PAH compounds in the leachate or groundwater. Other WQS values in the
table (in grey) are values derived using toxic equivalent factors derived for Benzo(a)pyrene
which has a drinking water standard of 10ng/l.
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11.2 Leachate Resulis
11.2.1 Tier 1 Screening - Madei Ground

Eleven soil samples from the Made Ground wera subject to leachate analysis (CEN BS12457
2:1 ratic). A summary of the results and icomparison to appropriate WQS is detailed below.

Tabie 11.1 Inorganic Leachate Results

Arsenic 7 <0.001-0.012 0.05" : No

Cadmium <0.0001-0.0015 0.05" No
Chromium 0.003-0.101 0.2" No
Copper 0.003-0.098 0.01® " YES
Mercury 0.0003-0.001 0.001" No
Nicke! 0.002-0.043 o8t No
Lead <0.001-0.06 0.25M No
 Selenium <0.001-0.007  om® No

- Zinc 0.019-0.241 . 0.25% No
Chioride (mg/l) 120 © o 250™ No
Ammorical Nitrogen <0.01-14 0.015" YES
1 Environmental Qualty Standard (EQS) for freshwater

2 Drinking Waler Standards (DWS) :

All the contaminant concentrations are below the relevant WQS except for Copper and
Ammoniacal Nitrogen. The Copper leachate is exceeded in 9 of the 11 samples analysed,
whilst the Ammoniacal Nitrogen is exceeded in 4 of the 11 samples.

Leachate results are available for orgamc compounds. Whilst many of the compounds were
below the limit of laboratory detection, ajnumber were above and are detailed in the table below
with the appropriate guideline values, |

Table 1.2 Organic Leachate Results Ebove limit of laboratory detection

Naphthalene i <0.01-0.047 0.1 Yes

Acenaphthylene <0.010-0. 017 0.001 Yes
Acenaphthene <0.01-0. 061 ' 001 Yes
- Fluorene ] <0.01-0.36$' _ 001 Yes
Phenanthrene ' <0.01-0.982: : 0.01 Yes

Anthracene. <0.01-0.04 o0t Yes
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Fluaranthene 0.011-0.101 - 0.001 Yes

Pyrene 7 0.01-0.154 0.0t Yes
Benzo(a)anthracene <0.01-0.0?4 0.0001 Yes
Chrysene | <0.01-0.013 . 0.001 Yes
Benzo(b)fluoranthene <0.01-0.013 0.0001 _ Yes
TPH Aliphatics C12-16 <0.01-0.013 0.01 ' Yes
TPH Aliphatics C16-21 <0.01-0.079 0.01 Yes
TPH Aromatics C16-21 <0.01-0.034 0.01 Yes
TPH Aliphatics C21-35 <0.01-0.047 0.01 Yes

TPH Aromatics C21-35 - <0.01-0.025 0.01 Yes

Due to the stringent WQS used for organic contaminants, several concentrations are found to
be above the guideline values and may warrant further consideration.

11.3 Groundwater Results

11.8.1 Tier 1 Screening

Five ‘groundwater samples obtained from wells screened into the Mercia Mudstone were
analysed during the ground :nvestrgatlon by Hyder. Samples were taken from BH22, BH23,
BH24, BH25 and BH26. All the results are summarised below in Tables 11.3 and 11.4.

Table 11 3 Summary of morgamc groundwater results

Chloride 29120 2501 No

Nickel 0.003-0007 0.1501 No
Chromium - 0.006-0.011 0.2 No
Cadmium <0.0001-0.0002 0.05% No
Copper 0.001-0.004 0.01 No
Lead <0001 0.25" No
Zinc <0.002-0.011 025" No
Arsenic <0.001-0.004 " g.05" ' No

Mercury <0.0001 0.001" | No
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Table 11.3 Summary of inorggfnic groundwater results {continued)

: 1
Selenium <0.001 - 0.033 0.010% YES
Ammoniacal Nitrogen as <0151 0.015" . YES
N . |

L
1 Environmental Quality Standard <I§QS) for 1r&shwate|"
2 Drinking Water Standards (Dwsi

All the contaminants are below the W(DS except for Ammoniacal Nitrogen and Selenium. The
Ammoniacal Nitrogen is above the qu in 4 of the 5 groundwater samples, whilst Selenium is
-only elevated in 1 sample.

Both the WQS for Ammoniacal Nitrogejlj and Selenium are DWS and are therefore considered
to be conservative for the water environment on site. The levels of Ammoniacal Nitrogen
recorded are considered not to be |nd|cat|ve of landfill leachate which would typical be
concentrations experienced are in the order of 20 to 30 mg.

Given the environmental setting and the conservative WQS, Ammoniacal Nifrogen and
Selenium are not considered to be contammants of concern and do not warrant further
consideration. |

The groundwater samples were analysed for PAH compounds and all were below the limit of
laboratory detection except Benzo(a)anthracene in BH26 which had a concentration of
0.012ug/l. This concentration is below the WQS of 0.1ug/l and therefore is not considered to be
of concemn. ‘

The groundwater samples were analysed for TPH using the TPHCWG method. All the results
including those of BTEX compounds were found to be beiow the laboratory detection fimit
except for the Aromatic fraction C21-35 which had concentrations of 0.011mg/l in BH22 and
BH24. This concentration is only véi‘y slightly above the DWS of 0.01mg/ for oils and
hydrocarbons and therefore is not conmdered to pose a significant risk and does not warrant
further consideration. |

It should be noted that groundwater coricentrations of Copper and several organic compounds
were below the WQS but were found to be elevated in leachate analysis. The leachate analysis
is @ method of testing undertaken in a laboratory to determine if a risk is posed from
contaminants in the soil, but it may not demonstrate what is actually occurring on site. As the
groundwater is not significantly lmpacted by these contaminants it would indicate that leaching
is not readily occurring on site, The elevaled leachate results are therefore not considered to
pose a significant risk to the water 'emnronment For completeness they are however
consideraed in the risk assessment that follows in Section 13.
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11.4  Summary of Contamination

From the above sections, the followin;g are considered to be contaminant sources and need
consideration in the risk assessment which follows:

] Lead in the Made Ground

. Potential Ashestos containing material in the Made Ground.

= . PAH, Copper and Ammoniacal Nitrogen in the leachate
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12
12.1

GROUND GAS MONITORING

Gas Assessment

Due to the proximity of the site to a Ianﬁfill. gas monitoring is necessary. Subsequently Hyder is
in the process of an ongoing monitoring phase using the seven installed boreholes on-site. At
present 2 monitoring rounds have beenjundertaken over the course of 1 month.

It should be noted that this is part of |an ongoing phase of monitoring occurring twice every
month for 3 months. The full ground gas -assessment will therefore be provided as an addendum
to this report.

To date no methane has been detected] on site and the maximum readings are below:

»  Methane 0%

" Carbon dioxide 10.5% (BH22)

. Cxygen 0.3% (BH22) (minimum)§

" Flow rate 0.2l/hr (BH26) '

The atmospheric pressure during the mbnitoring visit was between 900mb and 1018mb,

The results indicate that carbon dioxidé-gas is present on site and therefore is a potential riék
that should be considered further and assessed again after monitoring process is complete.

Gas Charactefisation Situation

CIRIA guidance (Assessing risk posedjby hazardous ground gases to buildings, CIRIA C653,
2008 now revised as CIRIA C665) has been released which sets out the latest way of
undertaking gas risk assessments.

As part of the CIRIA report Situation A;covers alf devélopmenr lypes except low rise housing
with gardens, which adopts the method proposed by Wilson and Card (1995).

The GSV are calculated using the formula:

GSV = borehole flow tate (I/hr) x gas concentration (v/v %)

This calculation is carried out for both wthe maximum methane, carbon dioxide and flow rates
which would itlustrate the measured worst-case -scenario on site over the monitoring period. The
GSV is then compared with the Charactenstlc Situation (Modified Wilson and Card classification)
detanled in the CIRIA guidance and from \'[hIS an assessment of the risk can be established.

Due to the likely presence of a landiill adjacent to the site, there is the potential for migration of .
carbon dioxide and methane towards the surface.

The ground investigation identified a rriammum carbon dioxide concentration of 10.5% and a
worst case flow rate of 0.2 I/hr The GSV for carbon dioxide (to date) is: therefore calculated as
0.021l/hr. ‘

No concentrations of methane were | found. Based on these results the site could be
characterised as Characteristic sltuatlonh Very low risk. This will be reviewed once all the gas
monitoring data is available.
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13
13.1

13.2

RISK ASSESSMENT
Methodology

Risk assessment is the process of collating known information on a hazard or set of hazards (to
determine the potential severity of any impact) along with details on the likelihood of impact on
detailed receptors. Risks are general!y managed by isolating the sensitive receptor or by
intercepting or interrupting the exposure pathway, thus no pollutant linkages are formed and
there is no risk. The following risk assessment focuses on the potentlal contaminants identified
on the site and the proposed deve[opment of the site,

CIRIA guidance (C552) states that the des:gnatlon of risk is based upon a consideration of both;
. The likelihood of an event (probability); (takes into account both the presence of the

hazard and the receptor and the'integrity of the pathway).

. The severity of the potential consequence (takes into account both the potential severity
of the hazard and the sensitivity ¢ of the receptor).

Under such a classification system the‘ foliowing categorisation of risk has been developed and
the terminology adopted as follows:

Table 13.1  Summary of risk classili cation categories

Term Description

Very High Risk There is a high probab:llty that significant harm could arise to a

designated receptor from an identified hazard at the site with
appropriate remedlal action.

High Risk Significant Harm is Ilkejy to arise to a designated receptor from an

identified hazard at thei site without appropriate remedial action.

Moderate Risk Itis possible that without appropriate remedial action, harm could arise

to a designated receptor but it is relatively unlikely that any such harm
would be severe and iflany harm were to oceur, it is likely that such
harm would be relatively mild. :

Low Risk | Itis possible that S|gnmcant harm cou!d arise to.a designated receptor

from an identified hazard but it is likely that at worst this ham if realised
would normally be mlld. -

Very Low Risk There is alow possnblllty that harm could arise to a receptor. In the

event of such harm being reafised, iti is not likely to be severa.

Further risk assessment definitions are located in Appendix D.

Pollutant Linkages

Based on the potential contaminant source and the potential receptors and pathways identified
above, Table 13.2 provides an assessment of each identified pollutant linkage to establish the
potential risk to the sensitive receptors. | The proposed development has been taken into
consideration and the risk assessment has been developed based on the site being developed
&s a Energy to Waste site.
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14 CONTAMINATION GO'NSIDERATIONS

14.1  Protection of Workers.

Contamination from materials brought on-to site (e.g. fuel and lubricating oils for piant) during
the construction phase must be cons:dered harmful to human health, the environment and
controlled waters. The risks posed from all imported substances must be adequately addressed
within a comprehensive site management plan.

Additionally, in accordance W|th good practlce procedures, it is advisable to utilise the document
HSG 66: “Protection of Workers and the General Public During Development of Contaminated
Land” published by the HSE (Ref. 8) to ensure that all construction workers are adequately
protected (using appropriate Personal | Protective Equipment) and that a suitable health and
safety scheme is adopted during any constructlon activities.

14.2 Elevated Lead Concentrations

Whilst the risk from the Lead concentrations is considered to be low, it would be prudent to
remove the elevated Lead concentration from BH20 at 0.75m. The concentration at this
location is significantly higher than the other Lead concentrations recorded on site. From the
barehols log the contamination is wﬂhm\the Made Ground strata which contains coal fragments
and is to a depth of 1.2m.

Validation work should be undertaken of the area after excavation to ensure that aI'I the Lead
contamination has been removed from sne The contaminated matenal should be removed to a
suitably licensed landfill facility.

14.3 Watching Brief / Discovery Strategy

During the site enabling works, a watchihg brief should be maintained with regards to the
potential presence of currently unknown|contaminant sources. If visually contaminated material
is encountered analysis should be undertaken by an experienced Geo Environmental Engineer
to confirm if the soil meets the required criteria to be protective of human health and controlled
waters. Workin the affected area should cease until the analysis results are received and a
solution is approved.

Across the site in areas of Made Ground the work force should remain aware of the possibility of
encountering asbestos containing material. If any asbestos containing materials are
discovered, disposal to a suitably ficensed or permitted waste facility should be undertaken.
Appropriate health and safety measures|should also be adopted. :
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15 WASTE MANAGEMENT

As part of any development or construction works, it must be noted that should any material
require off-site disposal to an approprlately licensed landfill (for example, material generated
due to excavation works associated|with any development/construction) due consideration
should be given to the UK Landfill Directive. Furthermore, any materials without a defined re-
use on-site can be considered as waste If material is to be re-used on site, then the principles
included in the draft CL:AIRE document “Definition of Waste: Development Industry Code of
Practice” (Ref. 9) should be followed

-Due to the introduction of the Landfill Directive in July 2004, waste must be characterised prior
to being sent to an appropriately licensed landfill site. Landfills are categorised into one of three
types; inert, non-hazardous and hazardous and can only accept waste they are licensed for.
The characterisation is therefore to ensure that the landfill is suitably licensed to accept the
excavated soil (i.e. the waste) from the site,

Waste producers have a duty to classify and describe their waste correctly; this includes
selecting the most appropriate six-digit code from the European Waste Catalogue (EWC).
Appropriate hauliers with waste handling licences must be sought for removal of material off-
site. ‘

15.1.1 Waste Disposal CATWASTE"

The results from the Made Ground of the investigation have been input into CATWASTE®"
which determines from the total concentratlons if the material is non-hazardous or hazardous.
The results indicated that of the 11 made ground samples 2 were found to be HAZARDOUS
and the others were non- -hazardous. The output spreadsheet is included in Appendix E.

The 2 samples (BH20 at 0.75m and TP26 at 0.5m) which are hazardous due to elevated lead,
copper and zinc results.

Please note that CATWASTE does not consider the Total Organic Carbon (TOC) content of the
soil samples. This will need to be taken account of before disposal in a landfili can take place.
This will need to be taken account of before disposal in a landfill can take place. The maximum
value allowed in a hazardous landfill is 6% TOC.

16.2 Waste Acceptance Criteria (WAC)
15.2.1 Waste Acceptance Criteria Testing

Two samples (TP20 at 0.5m and TP25 at 1.2m) were analysed for WAC, with the full results
included within the Factual Report. Using the CATWASTE results, both these samples are
considered to be non-hazardous. The WAC results are therefore compared to the Inert
leaching criteria to determine if this materia[ would be considered to be Inert.

The soil sample from TP20 at 0.50nj'1' bgl exceeded the Total Organic Matter criteria and
Antimony for inert material and therefore is likely to be considered as non-hazardous.

The WAC results from the soil sample}from TP25 at 1.2m bgl were all below the inert leaching
criteria and therefore is likely to be considered as inert.

It is recommended that material thai'is excavated which reduires disposal off site to an
appropriate landfill site, should be re-tésted from the stockpile to determine the correct disposal
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route. When stockpiling Made Grolnd/Natural Soils and contaminated/non contaminated
material should be kept separate whenever possible as the material may have different waste
classifications and therefore could bei disposed at different iandfill sites. This will ensure
minimum cost for disposal for the project.

The duty of care for waste disposal-fall;s with the waste producer. Above is an indication of the
likely classification. |
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Appendix A

Site Location Plan
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‘Appendix B

i Exploratory Hole Location Plan
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Appendix C

Geological Cross Sections
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Appendix D

Risk Assessment Definitions



Risk assessment considers the identified sources,

together.

;the potential receptors and the pathways linking them

In the pollutant linkage table of this report, the co[umﬁ designated as ‘Hazard (severity)’ gives an indication of
the sensitivity of a given receptor to a pariicular source being considered, |t is a worst case classification
and is based on full exposure via the particular linkage being examined. The derivation of the classes used
to rank this particuar aspect are given in the table be?ow

\
Classification of Potential Consequence (Severity)
|

effects to human health
{easily prevented by
means such as personal
protective clothing efc}

Insubstantial pollution to

non-sensitive
resources

water

of damage to buildings
or structures

: - ) R

Classification .~ Human Health ... . .~ controlle_dwéiHr . BulltEnvironment : . - Ecosystems ' ..

Severe Ireversile damage io Substantial po‘!ution of Catastrophic damage to A shori-term risk to a particular
twman health. Short term  sensitive water  buildings, structures or ecosystem or organism forming
(acute) risk to human resources the environment part of such ecosystem.
health likely to result in
*significant  harm"  as
defined by Part 2a.

Medium Chronic damage tohuman Pollution of |sensilive Damage to buildings, A significant change in a
heatth.  Non-permanent water resources or small  structures or the particular ecosystem or forming
health effects to humans scale pollution of environment part of such ecosystem

sensitive I water :
Tesources
Mild Slight short term heatth Pollution to nonlsensitive Damage 1o sensitve  Significant damage to crops
effects to humans water resources buildings, structures
services or the
environment. ’
Minor Non permanent health Easily repairable effects Harm (although not necessarily

significant harm which may
result in financial loss or
expenditure 1o resoive. eg loss
of pfants in a Jandscape scheme.

Subsequently, in the column entitted ‘Likelihood

of Occurrence”, in the Poliutant Linkage table, an

assessment is made of the probability of the selected source and receptor being linked by the identified
pathway. This assessment.is ranked based on site specific conditions as detailed in the table that follows
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Classification of probability

High likelihood . -

.There is a pollution linkage and éﬁevent that either appears very likely in the short term and
almost inevitable over the long term|or there is evidence at the receptor of harm or pollution.

Likely

\

There is a pollution linkage and all pze elements are present and in the right place, which means
that there us a probable that an e\j(en will occur. Circumstances are such that an event is not
inevitable, but possible in the shorl ’(errn and likely over the long term.

Low Likelihaod -

There is a pollution linkage and cijrcumstances are possible under which an even could occur.
However it is by no means ceftain that even over a longer period such event would take place and
in less fikely in the shorter temm. ‘ '

Unlikely -

There is a pollution linkage but circumstances are such that it is improbable that an event would -
occur even in the very long term.

in the Poliutant Linkage table of this report; the ‘Potential Risk’ column is an overali assessment of the actual
risk, which considers the likely consequence of a given risk being realised and the likelihood of that risk
being realised. The risk classifications are assigned using the following consequence/likelihood matrix:

Potential Consequence.

d Moderate/Low Moderjfate High Very High

edii Low Modefaie.’i_cw Moderate High‘

Very Low Low ‘ Moderate/Low  Moderate
Mmor s Very Low Very l;.'ow Low Moderate/Low
Ukelivood — Unikely  Low]| ey Hgn

ol

Table below describes the risk classifications

Risk Term - Description
Very High Risk There is a high probability that signiﬁcrint harm could arise 1o a designated receptor from an
identified hazard at the site without appropriate remedial action.

High Risk

Harm is likely to arise 1o a designated receptor from- an identilied hazard at the site without
appropriate remedial action: ‘ ’

Moderate Risk

tis bossible that without appropria!ej remedial action harm could arise to a designated

receptor from an identified hazard, However it is either relatively unlikely that any such harm

would be severe or if any harm were to occur it is more likely that such harm would be
i

relatively mild. i ]
Low Risk It is possible that harm could arise to a}designaled receptor from an identified hazard but it is
jikely that this harm if realised wouid at worst normally be mild.
B |
Very Low Risk There is a low possibility that harm could arise to a receplor. in the event of such harm being

realised it is not likely to be severe. |
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1 INTRODUCTION

1.1 Terms of Reference

Hyder Consulting (UK) Limited (HCL) has been instructed by Mercia Waste Management
(Mercia) to undertake a Geotechnica‘l‘ and Geo-Environmental desk study for a proposed
15.5MW renewable energy facility located at the Hartlebury Trading Estate in Worcestershire.

The interpretation of the data collect»‘ed during the desk study and site walkover survey is
presented within this report. |

1.2 Background to the Proposed Development

The Joint Municipal Waste Manaéement Strategy (JMWMS) for Herefordshire and
Worcestershire, 2004-2034, has highllgpted the need for dealing more effectively with the waste
left over after recyclmg {referred to as r951dual waste’).

In a review of the JMWMS undertaken by the Joint Members Waste Forum, a number- of
scenarios for managing.residual waste Mere examined using a computer model called WRATE.
Following this assessment, the option of a single site Energy-from-Waste plant with combined
heat and power (CHP) capabilities was identified as the optimum solution, resulting in the
Mercia EnviRecover 15.5MW renewable energy facility.

As such, a planning application is requured plus a ground and groundwater assessment for
inclusion in a chapter of an EIA submlssmn document. This chapter will pick up salient points of
the contamination conceptual model aq:d achievability of the current construction development
based on the recovered technical information obtained from an intrusive ground investigation.

1.3  Report Objectives
~ The principal objectives of this report are to identify factors that could mfluence construction
works. These broadly include: 1

= . The likely ground conditions benéath the site;

. The potential presence of contammants in soil and groundwater;

. The potentlal health and safety |ssues arlsmg as a result of ground contamlnatlon and
- Materials management and wastg issues.

In order to meet these objectives, areview of published geological and hydrogeological
information has been undertaken. Higtorical land uses and any polential past and present
sources of contamination have been identified using various sources including historical maps
and the records of regulatory and statutory bodies procured through the Landmark Information
Group Ltd., Envirocheck Report. i

We have undertaken every effort to ens‘Ure that the information in this desk study is, at the time
of writing, both accurate and -current. HCL does not warrant, nor does it accept any
responsibility or liability for, the accuragy or completeness of the content or for any loss, which
may arise from reliance on information| provided by the Landmark Information Group Ltd., and

any other third party on which this desk istudy report is based upon.
|
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SITE SETTING

Site Location

The site is located approximately Skm|south-south-east of Kidderminster, within the Hartlebury
Trading Estate, Worcestershire.

The site comprises a small parcel of land with an estimated surface area of 3.3 hectares. The
Ordnance Survey National Grid Reference at the centre of the site is 385950,269850.
‘ .

A site location plan is shown in Figure 1.

Site Description

The site comprises an unoccupied area of disused land with open access from the south via
Oak Drive. To the east, the site is lmn‘wedlately bordered by a wooded area, to the north by a
square pond and Biffa landfill site, and to the west by a small waste-water treatment works and
large warehouse. The site is covered malnly by rough grass, bramble and low shrubs.

The waste-water treatment works in the west i§ accessed by a track that runs north-west to
south-east through the centre of the S|te A stream flows from the waste-water treatment works,
through the centre of the site and then| off-site to the south. The stream lies in a ditch, which |s
culverted in the centre of the site, and agam off-site to the south.

Public Register Informa’uon

Publlc register information relating to the site and the surrounding area was obtained from the
Landmark Information Group Lid. En\nrocheck Report. A complete copy of the Envirocheck
Report is included within Appendices B\and C of this report.

Waste Activities

The Envirocheck Report includes a rewew of records held by the Environment Agency and the
Local Authorities, along with details of historical landfill sites held by the British Geological
Survey. ;

Registered Landfill Sites and Waste Management Facilities

The southern boundary of Waresley landfill and waste management facility is located
immediately to the north of the site. The landfill is operated by Biffa Waste Services Ltd. and is
authorised to accept domestic waste. !

A historical landfill site (Hartlebury Landflli) is recorded approximately 800m to 1km north-north-
west at a clay pit associated with the Hartlebury Brickworks. The landfili was licensed io
Hereford and Worcester County Councn and was operational from 1980 until 1992. The site was
authorised to accept inert, industrial, commercual household, special waste and liquid sludge.

A licensed waste management famlrty |s recorded on Plot H600, Oak Drive, which is registered
to Estech Europe Ltd. However, this appears to be on the same (undeveloped) plot of land that
the Mercia EnviRecover 15.5MW renewable energy facility will be located.

Mercia EnviRecover Renewable Energy Facility - Desk Study Hepon
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Trade Directory Entries

Contemporary Trade Directory Entries

Utilising data contained within the Envirocheck Report and from intemet searches, the active
trade entries located within 250m of the site are shown in Table 2.1. Those entries located
further than 250m of the site are detaile‘d within the datasheets in Appendix B of this report.

Table 2.1 Summary of Contemporary Trade Directories within 250m of the Site

Company Name S o Activities- -~ Approx. Distance
L T ' “(direction)

" Active Trade Entries

Rentokil Pest Control ' Pest and vermin cortrol ' 100m (SW)

Alo UK Ltd Agriculturjai machinery — sales and service *© 115m (SE)
|

Styles Precision Lid - Precision engineers ' _ 22m (W)

Smile Orange Printers - ijextile 240m (E}

Garden Leisure Furniture Ltd Soft furnis]hings -'manufacturers 250m (SW)

Fuel Station Entries

There are no fuel station entries recordsd within 1km of the site.

Pollution Controls

There is one registered Integrated Pol ution Prevention and Control (IPPC) within 1km of the
site, which is issued to Biffa Waste Serv‘ices Ltd. for waste landfilling purposes.

A Llocal Authority Integrated Pollution Proventlon and Control (LAIPPC) consent is issued to
Wienerberger Ltd. for the manufacture of heavy clay goods and refractory goods located 520m
north-west of the site.

A registered Local Authority Pollution Preventlon and Control (LAPPC) consent is recorded for
TPL Printers {UK) Lid. located 100m wost of the site, however, this business is listed as inactive
in the Envirocheck Trade Directory. Beyond 250m of the site, further LAPPCs are detailed within
the datasheets in Appendix B of this report. :

Industrial Processes with Hazardous Substances
There are no current activities supplied\ under Control of Major Accident Hazards (COMAH) or

Notification of Installations Handling Hazardous Substances (NIHHS) regulations located within
1km of the site.

Potential Contamination Sources (Current)

An assessment of sources of potenﬁal contamination at the site, and in the vicinity of the site, as
obtamed from the Envirocheck Report, lS presented in Table 2.2.

Mercia EnviRecover Renewable Energy Facility - Desk Study Repon
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3 ARCHAEOLOGICAL INTEREST

The potential for archaeological interest at the site has been taken from a report produced by
Enviros in 2004 (Ref. 1), as supplied by Peter Durrans of Worcestershire County Council. The
report states that while the site is m\proxrmlty to a Medieval Viliage and a Grade Il Listed
Building (St. Michael's Church), it is believed that the development of the site will not have a
direct effect on the church or the Meq:eval Village (or their importance as historical sites), as
they do not encroach on the site bounqaries.

Additionally, the site comprises a substéntsal upper stratum of Made Ground and it is considered
that there is a low probability that there' ssgnn‘lcant archaeological material will be present in the
upper sub-surface deposits.

Mercia EnviRecover Renewable Energy Facility - Desk Study Report
" Hyder Consulting (UK} Limited-2212959 ) Page 5




Hyder

4  HISTORICAL LAND USE

4.1 General

The historical land use of the site has l?een traced with reference to currently available historical
maps originally published between 1883 and 2009. The historical maps were obtained with the
Envirocheck Report and are included in Appendix C of this Desk Study Report. The following
text summarises significant observations relating to any potentially contaminative former land
uses on and adjacent to the subject site.

4.2 The Site

The 1884 map shows the site to be uhdeveloped (potentially agricultural) land, With a roughly
north-west to south-east trending footpath running through its centre.

There is no change to the site area until 1970, when the footpath has been widened into a track
and five rail tracks are shown running parallel with it. A drain is now shown trending north-north-
east to south-south-west from the centre of the site, heading off-site and culverted beneath the
tracks. The drain is fed by a stream o:riginating on the western boundary of the site at a new
waste-water treatment works. | '

- By 1987, the tracks have been removied, though the culverted drain and stream remain. By .
1992, the culverted drain is no longer §hown as a contiguous feature, remaining intact only up
to the southern site boundary, as Oak Drive has now been constructed. The Environment
Agency Detailed River Network Map! (included in Appendix B) shows that the stream is .
culverted again beneath Qak Drive. |

There are no further significant changes shown on the historical maps to the present day.

4.3  Surrounding Area

On the earliest available map of 1884, the area surrounding the site is clearly rural, with the only
sign of any development being Bellington Farm, 300m south-east; Newhouse Farm, 500m
north-east; the village of Elmley Lovetf, tkm south-east; the north-north-west to south-south-
east trending Great Western Railway Iihe, some 550m west and the (Hartlebury) Brick Works
located 1.1km north-west of the site. ‘

The area remains essentially unchangéd until 1970, when the Hartlebury Trading Estate has
been constructed and a new waste-water treatment works is shown on the western site
boundary. ! '

By 1991, a clay pit is shown immediatély off-site to the north (the present-day Biffa Waresley
Landfill Site}. ‘ -

Some remodelling of the trading estate occurred in 1992, with the construction. of Oak Drive
along the site’s southern boundary. The site layout then remained unchanged until sometime
between 2000 and 2006, when new industrial units were constructed to the south-east of the
site. ‘ o

There are no further significant changes ;to the immediate site area to the present day.

Mercia EnviRecover Renewable Energy Facility - Desk Study Report
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4.4  Potential Contaminatibn Sources (Historic)

An assessment of sources of potentlal\contammatlon at the site and in the vicinity of the sne is .
‘presented in Table 4.1.

Mercia EnviRecover Renewable Energy Facility - Desk Study Repon
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5  SITE SENSITIVITY

The following sections detail the site’s environmental and geotechmcal sensitivity with regards
to geology, mining, hydrogeology, hydrology and ecology.

5.1 Geology
Published Geology

The 1:50,000 scale British Geological |Survey (BGS) Digital Geological Maps for the area, as
provided within the Envirocheck Report (Appendix B), have been used to identify the likely
underlying geological conditions at the sne

.‘ ‘
Superticial deposits are not shown on the geological map, as there is an insignificant thlckness
The solid geclogy beneath the topsoil énd subsoil is shown to comprise mudstone of the Mercia
Mudstone Group (MMG). 3
Further details on the ground condltlons on site and in the vicinity of the site (1km to the NW),
have been obtained from an on-site ground investigation (undertaken in 2006, Ref. 3) and from
a BGS report on the Hartlebury Landﬂll site located 800m to 1km north-west (Ref. 4). These
sources confirm that the site is underlam by between 5m and 7m of superficial deposits
(average of 6.2m), comprising an uppermost stratum of Made Ground, overlying firm to stiff
clay. Bedrock is initially comprised of weak, red-brown mudstone {(as part of the Mercia -
Mudstone Group). More detailed geologlcal classification for the area is obtained from the BGS
report, which confirms the solid geology of the MMG .in the area as comprising an uppermost
stratum of the Sidmouth Mudstone Formatlon (~up to 30m thick) and a lowermost stratum of the
Tarporley Siltstone Formation (~up to w20m thick). The MMG is underlain by the Bromsgrove
Sandstone Formation at depths ranglng from 30m to 60m below ground Ievel {bgl).

The National Scil Resources Institute Sonls Site Report (Appendix D) states that the soils on site
comprise reddish, loamy or fine, silty O\H‘er clayey soils with slowly permeable subsoils and slight
seasonal waterloggmg ;

|

5.2 Hydrogeology
©.2.1  Groundwater Vulnerabiliﬂy

The National Soil Resources Institute émls Site Report classifies the soil on site as having an
intermediate leaching potential. These are s0ils, which have a moderate ability to attenuate a
wide range of diffuse source poliutants but in which it is possible that some non-adsorbed
diffuse source pollutants and liquid discharges could penetrate the sail layer.

The Envirocheck Report classes the underlymg Geology as a Non-Aquifer (Negligibly
permeable), which would correspond WIth the identified geology. Non-aquifers are formations,
which are generally regarded as contalnmg insignificant quantities of groundwater. However,
groundwater flow through such rocks, although imperceptible, does take place and needs to be
considered in assessing the risk associated with persistent pollutants.

Mercia EnviRecover Renewable Energy Facility - Desk Study Report
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Groundwater Abstractions

There are no licensed groundwater abstractions recorded within a 500m radius of the site and
the site does not lie within a Groundwa;ter Source Protection Zone.

Hydrology

Nearby Su_rface Water Fbatures

A stream/drainage ditch is shown to issue at the western site boundary, which then heads
eastward to the centre of the site, before turning southward (the culverted drain) and flowing off-
site southward through a culvert.

The nearest primary river feature is Iocated approximately 800m south-east, and is named the
Elmley Brook. There are no water quallty sampling points recorded for the brook.

Surface Water Abstracttqns

There are no licensed surface water abstractions recorded within 1km of the site.

Discharge Consents

There is an active discharge consent for the waste-water treatment works bordering the west of
the site, for the discharge of fmal/treated effluent to the Little Acton Brook. '

There are four more discharge consents for processes located within 1km of the site. These are
listed in the Envirocheck Report datasheets contained within Appendix B of this report.

Pollution Incidents to Controlled Waters

There have been a total of 11 recorded pollution incidents to controlled waters within 1km of the
site. All were regarded as Category 3 (Mlnor Incidents) and related mainly to the release of oils,
solvents and detergents. ‘

A full list of the incidents is located w:thln the datasheets of the Envirocheck Report contained
within Appendix B of this report.

FIooding
information contained within the Envrrocheck Report shows that the site does not lie within the

zone of potential flooding from rivers. \There are no recorded flood defences or floodwater
storage areas shown within 1km of the site.

Sensitive Land Use

There are no ecologically sensitive areajs recorded within 1km of the site. However, the site is
located in an area of Adopted Green Bel;t;and within a Nitrate Vulnerable Zone.

Mercia EnviRecover Renewable Energy Facility - Desk Study Report :
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5.5  Environmental Sensitivity summary

Groundwater sensitivify: Iovﬁ

The site overdies a non-aquifer, there ére no groundwater abstractions within a 500m radius of
the site and the site is not located within.a groundwater source protection zone.

Surface Water Sensitivity: Hiigh

A stream/drainage ditch is located in the centre of the site, which discharges to a watercourse
via @ series of culverts, approximately 600m south-west of the site.

Ecological Sensitivity: Low

The site itself is not designated for it$ ecological importance and an ecological assessment
. undertaken on the site in 2004 (Refs. 1 & 2) states the following:

» No evidence of Water Vole activiiy in or adjacent to the north to south running ditch in the
centre of the site; '

* Holes and crevices that were ac}cessible within the study area did not demonstrate any
evidence of being used by bat species, though bat roosts are anticipated in the
woodland to the east of the site; ' ‘

= There are no waterbodies on sité suitable for great crested newt; a partly culverted ditch
running through the site does not constitute suitable habitat;

= A careful search of the site produci:ed no evidence of use by any other protected species;

= No species with special protectioﬁ under Schedule 1 of the 1981 Wildlife and Countryside
Act, or Annex | of the EU Birds Directive were recorded on or in the vicinity of the site;

= The field surveys work did not identify the presence of any plant species or habitats
protected by law, or considered ;rare in the UK;

= There is a small stand of Japanege knotweed on site, which will irn_pose some constraints
on the timing and methods of site clearance. '

Mercia EnviRecover Renewable Energy Facility - Desk Study Repoh
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ENVIRONMENTAL RESTRICTIONS &
EXISTING ON-SITE HAZARDS

Storage of Hazardous Materials

The historical maps show that railway Iﬁnes were once present running through the centre of the
site. As such, it is possible that hazardous materials were stored in rolling stock, and may have
leaked into the underlying soil. i '

Ground Conditions

While there has been little development on the site historically, the ground levels have been
artificially raised, particularly in the sojuth-west of the site, where approximately 3m of Made
Ground was encountered (see Ref. 3). Adjacent to this area is a mound, approximately 3m high,
from which in excess of 4.3m of Made Ground was encountered in a irial pit excavated on top of
the mound. Elsewhere on the site, the thickness of Made Ground is significantly reduced, to the
order 1m to 2m.

The site is therefore not level in places, with a mounded area in the south-west and a ditch up to
2m deep in the centre,

Contaminated Land

As part of the ground investigation undertaken on. site in 2006 (see Ref. 3}, contamination
testing was undertaken on selected samples, however the location of these sampling points is
not known (the ground investigation was not undertaken by HCL). Nevertheless, laboratory
analysis on the recovered samples has| confirmed that the results were below the relevant soil
guideline values for hydrocarbons and most metals. The only exceptions were elevated copper
and zinc values, however these metals are not normally considered harmful to human health
{though they are recognised phytotoxins).

During the excavation of one trial pit, a$bestos cement board was found, however this was an
isolated occurrence. P :

Groundwater samples were also analylsed, with the all substances tested falling below the
relevant threshold values or below the laboratory detection limit. The only exception was a
single sulphate resuilt. ‘ ‘

As the locations of the above contaminfation soil sampling points are unknown at present, the
conceptual site model in Section 7 will aésume that no contamination testing has taken place on
site. ‘ '

Mercia EnviRecover Renewable Energy Facility - Desk Study Repoh ) '
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7 CONCEPTUAL MODEL & QUALITATIVE RISK
ASSESSMENT | |

7.1 Introduction

Irrespective of the degreé of contamination, current guidelines require a systematic approach to
the assessment of contamination. This is achieved by developing a conceptual model.

The conceptual model identifies the |pollutant linkages that may exist by highlighting the
relationships between the contaminants, pathways and receptors and how these are linked
together. : ' '

A contaminant‘may be defined as

A substance which is in, on or under th‘ land and which appears to be causing significant harm
or may cause significant harm to receqtors, or pollution of controlled waters is being caused or
is fikely to be caused. |

A receptor may be defined as either:

(@) Human Health
(b}  Aliving organism, a group of orga:nisms or an ecological syétem.

(c) - A piece of property which is beingj,? or could be, harmed, by a contaminant; or
(d) Controfled waters, which are beinjg, or could be poliuted by a contaminant,

A pathway may be defined as

| "
One or more routes or means by, or thrqugh, which a recepfor:
N |

|
(8}  Is being exposed to, or affecied bj/-a contaminant, or

) Could be so exposed or affecled.

. : ‘
Where a pathway can expose an ideni‘ified receptor to an identified contaminant, a pollution
linkage is formed. All three elements must be present for a pollutant linkage to exist.

The following sections detail the metho‘d of assessment and the conceptual model assessing
~ the potential contaminative sources, the potential pathways and the identified receptors.

\
.
7.2 Qualitative Risk Assessment
Risk assessment is the process of collaﬁng known infarmation on a hazard or set of hazards (to
determine the potential severity of any impact) along with details on the likelihood of impact on
detailed receptors. Risks are generaily Tanaged by isolating the receptor or by intercepting or
interrupting the exposure pathway, so no pollutant linkages are formed and there can be no risk.
The following section focuses on the pdtential hazards or contaminants identified on site and

indicates whether they may be able to impact a nearby receptor.
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The assessment of risk presented is Hased upon the procedure outlined in the Department for
Environment, Food and Rural Affairs (DEFRA), Statutory Guidance on Contaminated Land

(Ret. 5).

The guidance states that the designatiqn of risk is based upon a consideration of both:

= The likelihood of an event (prdbability); [takes into account both the presence of the
hazard and the receptor and the integrity of the pathway], and

= The severity of the potential consequence [takes into. account both the potential severity
of the hazard and the sensitivity of the receptor].

Under such a classification system, the following categorisation of risk has been developed and

the terminology adopted as follows:

Table 7.1 Summary of Risk Classification Categories

H

. Term ti 7 Description:

Very High Risk There is a high probability that severe harm could arise to a designated
receplor from an identified hazard at the site without appropriate remedial
action, ! '

High Risk Harm is !Ekefy 1o arise to a designated receptor from an identified hazard
at the site without appropriate remedial action.

Moderate Risk Itis possible}thai without appropriate remedial action, harm could arise to
a designated receptor but it is relatively unlikely that any such harm
would be se\jfere and it any harm were to occur itis likely that such harm
would be relatively mild.

Low Risk Itis possibleithai harm could arise to a designated receptor froman
identified hazard but it is likely that at worst this harm, if realised, would
normally be mild. _

Negligible Risk The presenc(je of an identified hazard does not give fise to the potential to

cause significant harm to a designated receptor.

The risk assessment has been undenajken to determine the likely levels of environmentat risk
associated with development of the site] More general environmental risks arising from the land
associated with current use are outside the scope of this work,
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