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BASIS OF REPORT 

This document has been prepared by SLR Consulting Limited with reasonable skill, care and diligence, and taking account of the 

manpower, timescales and resources devoted to it by agreement with Suez UK Ltd. (the Client) as part or all of the services it has been 

appointed by the Client to carry out. It is subject to the terms and conditions of that appointment. 

SLR shall not be liable for the use of or reliance on any information, advice, recommendations and opinions in this document for any 

purpose by any person other than the Client. Reliance may be granted to a third party only in the event that SLR and the third party 

have executed a reliance agreement or collateral warranty. 

Information reported herein may be based on the interpretation of public domain data collected by SLR, and/or information supplied 

by the Client and/or its other advisors and associates. These data have been accepted in good faith as being accurate and valid.   

The copyright and intellectual property in all drawings, reports, specifications, bills of quantities, calculations and other information set 

out in this report remain vested in SLR unless the terms of appointment state otherwise.   

This document may contain information of a specialised and/or highly technical nature and the Client is advised to seek clarification on 

any elements which may be unclear to it.  

Information, advice, recommendations and opinions in this document should only be relied upon in the context of the whole document 

and any documents referenced explicitly herein and should then only be used within the context of the appointment.  
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 Introduction 

SLR Consulting Ltd (SLR) has been appointed by Suez Recycling and Recovery UK Ltd. (SUEZ) to 

complete a Hydrogeological Risk Assessment Review for Whinney Hill Landfill site. The site is located 

at NGR SP 757 304, approximately 1km north of Accrington, Lancashire, and operated under Permit 

EPR/BL9500IJ. 

Variation 6 of the Permit (dated 18th May 2015) states in section 3.1.5 as follows: 

‘The operator shall submit to the Environment Agency a review of the Hydrogeological Risk Assessment 

… between nine and six months prior to every subsequent six years after the fourth anniversary of the 

granting of the permit’.   

Previous Hydrogeological Risk Assessments (HRAs) for the site have been as follows:  

• August 2004 permit application HRA (CL Associates); 

• August 2007 IC3 HRA Review (SUEZ); 

• June 2009 4-yearly HRA Review (SUEZ); and 

• July 2015 6-yearly HRA Review (SUEZ). 

Other relevant documents are: 

• March 2018 Review of Groundwater Quality Limits (SUEZ); and  

• March 2019 Review of Groundwater Quality Limits (SUEZ).  

The objectives of this assessment are: 

• to review whether the landfill continues to comply with the requirements of Schedule 22 

(Groundwater Activities) of the Environmental Permitting Regulations 2016;  

• to inform SUEZ’s leachate management strategy at the site; 

• to ensure that infrastructure and procedures are in place for monitoring of leachate and 

groundwater and for reporting any significant environmental effects; and 

• to review whether it is appropriate to amend the technical precautions and/or the programme 

of requisite surveillance that are currently used at the site. 
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 Review of Conceptual Hydrogeological Site Model 

This section presents a summary and update of the Conceptual Site Model that has been developed 

from the previous HRAs for the site.  It is structured in a conventional “Source-Pathway-Receptor” 

manner to aid understanding.   

 Source 

2.1.1 Landfill Development 

The Phase 2 landfill is a former sandstone and mudstone quarry covering an area of approximately 

23ha, comprising Areas 4 to 8, which are subdivided into cells as shown in Drawing HRA1. Areas 4, 5, 

7 and 8 are largely filled, and the current main waste deposition is in Cell 6-1, while Cell 6-2 is yet to 

be constructed.  

Immediately to the south of the Phase 2 landfill, separated by an engineered containment bund, is the 

9ha historic Phase 1 ‘dilute and attenuate’ landfill (as shown on Drawing HRA2) which is operated 

under a separate environmental permit, and ceased landfilling over 15 years ago.  

The Phase 2 site engineering can be summarised as follows: 

• basal lining system – minimum 0.5m clay liner with maximum permeability of 1 x 10-8m/s, 

overlain by GCL with maximum permeability of 1 x 10-11 m/s and HDPE flexible membrane 

liner;  

• sidewall liner - all external sidewalls have also been installed with low permeability lining 

systems: as detailed in the 2004 ESID Areas 4-8 generally have the same specification for the 

lower sidewall as the basal liner, however the southern sidewall lining system of Area 4 

consists of a 2m thick clay/mudstone core within the bund. The mid and upper sidewalls 

across the rest of Areas 4-8 have a minimum 0.5m clay liner only; 

• intercell bunds – up to 5m above cellbases as indicated in cross-section in Drawing HRA1; 

• the flanks of Area 7 have been capped with a 1mm LLDPE geomembrane covered by at least 

1m restoration soil, and the remainder of the site is planned to be restored by 2023, apart 

from Area 6 which could theoretically continue filling until 2035 when planning permission 

expires. 

2.1.2 Leachate Levels  

The 2020 Leachate Management Plan provides details of current and proposed leachate management. 

The previously modelled leachate levels were as follows:  

• diffusion modelling (2009 HRA) – 1m below groundwater level; 

• LandSim modelling (2015 HRA) – 3m above base of Areas 4-8. 

Recent leachate head data are summarised in Tables 2-1 and 2-2 below and graphs presented in 

Appendix 01, indicating that leachate levels at the site are routinely kept below the compliance level 

of 3m head above base, and that there is no general increasing trend in leachate heads across the site.  
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Table 2-1: Average Leachate Head per Area January 2018 to May 2020 

Area Minimum Average 

Head (m) 

Mean Average Head 

(m) 

Maximum Average 

Head (m) 

Phase 1 Area 1 Average 0.24 0.59 1.29 

Phase 1 Area 2 Average 0.30 0.61 1.07 

Phase 1 Area 3 Average 0.16 0.63 1.31 

Phase 2 Area 4 Average 0.13 0.81 1.62 

Phase 2 Area 5 Average 0.18 0.61 1.04 

Phase 2 Area 6 Average 0.27 1.96 2.75 

Phase 2 Area 7 Average 0.21 0.57 1.03 

Phase 2 Area 8 Average 0.28 0.63 0.98 

 

Table 2-2: Leachate Elevations at Phase 2 Compliance Locations January 2018 to May 2020 

Cell 
Monitoring 

Location 

Cellbase 

(mAOD) 

Minimum Elevation 

(mAOD) 

Mean 

Elevation 

(mAOD 

Maximum 

Elevation 

(mAOD) 

4-1 LM4/3R 138.25 138.31 139.22 141.01 

4-2 LM4/4R 138.13 138.15 138.93 140.34 

5-1 
LM5/1 144.81 144.81 145.52 147.63 

LM5/2 143.64 143.64 143.95 144.88 

5-2 
LM5/3 141.26 141.27 141.80 142.40 

LM5/4 141.26 141.26 141.79 142.42 

6-1 
LMP6A 140.60 140.96 141.76 142.44 

LM6/1 141.88 141.94 144.63 145.80a 

7-1 
LM7/1 137.05 137.18 137.63 139.02 

LM7/2 137.34 137.41 137.91 138.63 

7-2 
LM7/3 137.76 137.86 138.23 138.86 

LM7/4 137.87 137.95 138.62 139.84 

7-3 
LM7/5 138.34 138.38 138.94 139.32 

LM7/6 138.74 138.79 139.27 139.73 

8-1 
LM8/1 135.40 135.42 136.04 137.25 

LM8/2 135.87 136.06 136.51 138.17 

8-2 
LM8/3 134.02 134.12 134.59 135.35 

LM8/4 134.47 134.55 135.14 135.99 

a – in excess of 3m above base in exceptionally wet winter Jan-Mar 2020  

 

The 2020 Leachate Management Plan has proposed revised compliance limits to provide additional 

leachate storage capacity, as discussed in section 3.1 below.  
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2.1.3 Leachate Quality and Priority Contaminants 

Previously Modelled Contaminants 

The 2009 and 2015 HRAs identified the following determinands as priority contaminants: 

• ammoniacal nitrogen, cadmium, chloride, mecoprop, nickel and toluene. 

Leachate monitoring data for the monitoring period February 2008 to February 2020 for the previously 

modelled substances are presented graphically in Appendix 02 and summarised in Table 2-3. 

Table 2-3 includes a Table 2-3comparison with previous source terms (which were based on 2008-

2015 data) and significant increases are highlighted in bold italics. For the 2009 HRAR diffusion 

modelling was completed for ammoniacal nitrogen, chloride and mecoprop only using single value 

source terms.   

Table 2-3  

Comparison of Previous HRA Source Terms and 2008-2020 Leachate Data 

Determinand 

(mg/l) 

Previous Source Terms  Updated Data (Feb 2008 - Feb 2020) 

2015 HRA 

LandSim 

2009 HRA 

Diffusion 

Phase 2 

Areas 4-6 

Phase 2 

Areas 7-8 

Phase 1  

Areas 1-3 

Amm N  

Min: 335  

Likely: 1056 

Max: 2890 

Single Value: 

1200 

Min: 33 

Mean: 1051 

Max: 3670 

Min: 59 

Mean: 1400 

Max: 3860 

Min: 48 

Mean: 794 

Max: 1450 

Cadmium 

Min: .00005 

Likely: .0011 

Max: .0043 

Not 

modelled 

Min:     <0.0001 

Mean: <0.001 

Max:      0.0042 

Min:     <0.0001 

Mean: <0.001 

Max:   0.00468 

Min: <0.0001 

Mean: <0.001 

Max: 0.003 

Chloride 

Min: 70 

Likely: 1221 

Max: 3090 

Single Value: 

4000 

Min: 170 

Mean: 1183 

Max: 3100 

Min: 70 

Mean: 1537 

Max: 4920 

Min: 242 

Mean: 1407 

Max: 3280 

Mecoprop 

Min: 0.0002  

Likely: 0.0243 

Max: 0.0838 

Single Value: 

0.028 

Min: 0.010 

Mean: 0.044 

Max: 0.112 

Min: 0.004 

Mean: 0.057 

Max: 0.13 

Min: <0.004 

Mean: 0.018 

Max: 0.038 

Nickel 

Min: 0.022 

Likely: 0.171 

Max: 0.509 Not 

modelled 

Min: 0.022 

Mean: 0.150 

Max: 0.458 

Min: 0.029 

Mean: 0.232 

Max: 0.515 

Min: 0.007 

Mean: 0.086 

Max: 0.206 

Toluene 

Min: 0.0025 

Likely: 0.0297 

Max: 0.137 

Min: 0.002 

Mean: 0.020 

Max: 0.077 

Min: 0.002 

Mean: 0.065 

Max: 0.292 

Min: <0.001 

Mean: 0.011 

Max: 0.020 

Review of Table 2-2 indicates that updated leachate concentrations have exceeded previously 

modelled maximum concentrations for ammoniacal nitrogen, chloride, mecoprop and toluene in the 

Phase 2 site.  The average leachate concentration for nickel has also been exceeded in Phase 2 Areas 

7-8.  Leachate concentrations in Phase 1 are all relatively low and less than those previously modelled.  

Cadmium concentrations are comparable to the previously modelled range, however this no longer 

needs modelling as it is now classified as a Non-Hazardous Pollutant and the maximum concentrations 

are below the Drinking Water Standard (DWS) of 0.005 mg/l.  
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2.1.4 Additional Substances 

In addition to the contaminants modelled in Phase 2 in the 2009 and 2015 HRAs, Table 2-4 below 

presents other Hazardous Substances that have been detected in leachate above their Lower 

Reporting Limit (LRL), and other Non-Hazardous Pollutants that have been detected above Drinking 

Water Standard (DWS).  

Risk factors have been derived in Table 2-4 by dividing the maximum leachate concentration by 

Minimum Reporting Value (for Hazardous Substances) or by DWS (for Non-Hazardous Pollutants).  

Table 2-4 

All Substances recorded in Leachate (2008-2020) above Relevant Standards 

Determinand 

Monitoring Data (by Phase) 2008-2020 

UK DWS/MRV 
Risk Factor 

No. of Detects Max Recorded 

Phase 2 Phase 1 Phase 2 Phase 1 Phase 2 Phase 1 

2,4-Dichlorophenoxy 

butyric acid (µg/l) 
1/69 N/A 13.3 N/A 10 (LRL) 1.33 N/A 

2,4,5-

Trichlorophenoxyacetic 

acid (µg/l) 

1/69 N/A 69.9 N/A 51 (LRL) 6.99 N/A 

2-Chloroisopropylether 

(µg/l) 
5/45 N/A 23.8 N/A 10 (LRL) 2.38 N/A 

4-Chloro-3-

methylphenol (mg/l) 
0/8 1/15 <0.005 0.069 0.0001 (MRV) N/A 690 

Ammoniacal N (mg/l) 441/441 18/18 3860 1450 0.39 (DWS) 9,897 3,718 

Benazolin (µg/l) 1/69 0/15 29.4 <4 10 (LRL) 2.94 N/A 

Benzene (µg/l) 47/69 12/15 11 17 1 (DWS/MRV) 11 17 

Cadmium (mg/l) 101/227 2/21 0.0047 0.0003 0.005 (DWS) 0.94 0.06 

Chloride (mg/l) 441/441 18/18 4920 3280 250 (DWS) 19.68 13.12 

Chromium (mg/l) 198/198 N/A 3.00 N/A 0.05 (DWS) 60 N/A 

Clopyralid (µg/l) 5/69 0/15 31.8 <4 10 (LRL) 3.18 N/A 

Copper (mg/l) 8/124 N/A 0.134 N/A 2 (DWS) 0.067 N/A 

Dichlorprop (µg/l) 18/69 0/12 45.9 <4 10 (LRL) 4.59 N/A 

Ethylbenzene (µg/l) 57/69 10/15 53 41 10 (LRL) 5.3 4.1 

Ioxynil (µg/l) 1/69 0/15 38.8 <4 10 (LRL) 3.88 N/A 

Iron (mg/l) 201/201 N/A 60.9 N/A 0.2 (DWS) 304.5 N/A 

Lead (mg/l) 0/124 N/A <0.01 N/A 0.0002 (LOQ)6  0 N/A 

m,p-Xylene (µg/l) 63/69 13/15 88 65 3 (MRV) 29.3 21.7 

Manganese (mg/l) 201/201 N/A 8.86 N/A 0.05 (DWS) 177.2 N/A 

Mecoprop (µg/l) 49/69 8/12 130 38.1 0.1 (DWS) 1,300 381 
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Determinand 

Monitoring Data (by Phase) 2008-2020 

UK DWS/MRV 
Risk Factor 

No. of Detects Max Recorded 

Phase 2 Phase 1 Phase 2 Phase 1 Phase 2 Phase 1 

Mercury (mg/l) 4/144 0/15 0.0149 <0.001 
0.00001 

(MRV) 
1490 N/A 

Nickel (mg/l) 197/197 18/18 0.515 0.206 0.02 (DWS) 25.75 10.3 

o-Xylene (µg/l) 61/69 13/15 35 24 3 (MRV) 11.7 8 

Sodium (mg/l) 200/201 N/A 3460 N/A 200 (DWS) 17.3 N/A 

Styrene (µg/l) 11/69 0/15 37 <1 10 (LRL) 1.85 N/A 

Sulphate (mg/l) 198/201 N/A 584 N/A 250 (DWS) N/A 2.34 

Toluene (µg/l) 85/99 13/23 292 20 4 (MRV) 73 5 

TPH C8-C40 (mg/l) 36/36 12/12 9.34 2.27 0.01 (LRL) 934 227 

Trimethylbenzene 

(µg/l) 
59/69 11/15 31 23 10 (LRL) 3.1 2.3 

Vinyl Chloride (µg/l) N/A 2/15 N/A 28 0.5 (DWS) N/A 56 

 

Any Non-Hazardous Pollutants with risk factors higher than the risk factor for conservative substance 

chloride should be considered for inclusion in modelling of the Phase 2 site. Apart from ammoniacal 

nitrogen, mecoprop and nickel (which are already included in modelling) the other potentially higher 

risk Non-Hazardous Pollutants (in order of risk factor) are: 

• iron – not normally modelled as concentrations vary with redox changes and can be 

misleading if used as an example of a typical landfill metal; 

• manganese – not appropriate to model as can be sporadically elevated due to naturally 

occurring manganese oxide nodules present in clays; and 

• chromium – not appropriate to model as can be sporadically elevated due to sorption onto 

naturally occurring manganese oxide nodules present in clays followed by release caused by 

redox variations. 

For Hazardous Substances, the only substances with higher risk factors in Phase 2 than previously 

modelled substance toluene are listed below, but it is not considered necessary to model them: 

• mercury – this has, however, only been detected on four occasions (less than 3% of samples); 

• TPH – mostly present as the heavier less mobile fractions.  

 Pathway 

2.2.1 Geology 

The geology of the site and the surrounding area has been interpreted based on British Geological 

Survey (BGS) 1:50,000 scale map Sheet 76 ‘Rochdale’, site boreholes and excavations and the BGS 

Online GeoIndex. The published geology of the site was summarised in the SUEZ 2009 and 2015 HRAs 

as follows, the bedrock horizons of Lower Coal Measures generally dipping c. 6-7° to the north: 

• Glacial Diamicton – variable; 
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• Old Lawrence Rock (OLR) – fine to medium sandstone 10-20m thick (before quarrying); 

• Upper Accrington Mudstone (AM) – grey silty mudstone/siltstone approximately 35 - 45m 

thick (before quarrying); 

• Lower Accrington Mudstone (AM): black carbonaceous mudstone/shale typically 4-6m thick 

at the site; and 

• Dyneley Knoll Flags (DKF)) – fine to medium sandstone (with silt horizons) up to c. 19m thick, 

outcropping approx 200m south of the Phases 1-3. 

Logs for site groundwater monitoring boreholes are presented in Appendices 03 to 05. 

The OLR Sandstone has been excavated along the previous southern boundary of  its outcrop through 

the centre of the quarry and (as shown in Drawings HRA1 and HRA4) is now only present along the 

north-western boundary, where its basal elevation is detailed in Table 2-5 below, based on borehole 

logs presented from south-west to north-east.   

Table 2-5 

Approximate Base of OLR Sandstone along Northern Boundary 

Borehole 
Nearby 

Cell  

Base of OLR  

 (mAOD) 
Borehole 

Nearby 

Cell  

Base of OLR  

 (mAOD) 

WHBH0203OLR 6-1 153.13 WHBH88OLR 7-2 133.12 

WHBH66 6-1 152.10 WHBH70 7-2 132.85 

WHBH67 6-1 148.83 WHBH71 7-2 131.00 

WHBH68A 7-3 138.47  WHBH72 7-1 130.28 

WHBH69 7-3 135.42 WHBH89OLR 8-1  123.07 

WHBH88DKF 7-2 134.62a   WHBH89AM 8-1 122.56 

WHBH88AM 7-2 134.20 WHBH89DKF 8-1 120.43 

 

The elevations of the base of the OLR can be compared with landfill cell basal elevations as follows:   

• Cell 6-1: 140.6-141.9 mAOD – at least 6m below the base of the OLR; 

• Area 7: ranges from 138-139 mAOD in Cells 7-3 and 7-2 to 137mAOD in Cell 7-1 – hence for 

Area 7 the base of the OLR is at or below cell bases;   

• Area 8:  134-135 mAOD – at least 10m above the base of the OLR; 

• as shown in Drawing HRA4, the OLR is not present beneath other parts of the site.  

2.2.2 Infiltration  

The mean average rainfall in the area of the site is reported1 as 1460 mm/year, with a mean excess 

winter rainfall of 1170 mm/year. These values were used as a conservative worst case in previous 

______________________ 

1 Met Office data for Holden Wood Reservoir cited in 2004 HRA 
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HRAs and this 2020 HRA Review, for the open waste and long-term post-restoration infiltration 

respectively.  

However, the 2020 LMP cites mean 2012-2015 rainfall for Accrington as 1221 mm/year, with effective 

rainfall as 977 mm/year. The outcrop of OLR Sandstone between Cell 6-1 and the M65 motorway, 

potentially providing recharge direct to this aquifer along the northern boundary, covers an area of 

approximately 1ha. Assuming that approximately 50% of effective rainfall infiltrates i.e. approximately 

488 mm/yr, this would provide a mean groundwater throughflow of approximately 0.00015 m3/sec.   

2.2.3 Hydrogeology 

The superficial deposits surrounding the Site (glacial Diamicton) are classified as Unproductive Strata2 

as they have a low permeability and are likely to have negligible importance for water supply. The 

bedrock strata are classified as follows: 

• Old Lawrence Rock (OLR) Sandstone – a Secondary A Aquifer comprising fine to medium 

grained sandstone; 

• Accrington Mudstone (AM) – although classified as a Secondary A Aquifer, most of the 

thickness of the AM comprises predominantly mudstone and siltstone and any groundwater 

is likely to be discontinuous, only present in fractures/fissures and unlikely to support water 

supplies or significant baseflow to rivers. However, the shale in the basal 4-6m of the AM 

appears to be a slightly less impermeable horizon which could theoretically in places be in 

hydraulic continuity with the underlying DKF;  

• Dyneley Knoll Flags (DKF) – a Secondary A Aquifer, comprising fine to medium grained 

sandstone with interbedded siltstone. 

Permeability testing carried out3 at the site in 2006-2007 found the following permeabilities: 

• Upper AM Mudstone – mean permeability 0.8 -5.0 x 10-8 m/sec (at boreholes 504 and 506 at 

an elevation of 110 mAOD, approximately 20m above the base of the AM at those locations); 

• Lower AM Mudstone (LAM) – permeability range 1.0–2.8 x 10-6 m/sec (the maximum being 

recorded in the LAM in 401 DKF [drilled as 0501] at an elevation of 119-120 mAOD, 

approximately 3m above the base of the AM); 

• DKF Sandstone – permeability range 1.6 x 10-7 to 1.6 x 10-5 m/sec. 

No permeability testing has been carried out on the OLR Sandstone, however the BGS Minor Aquifers 

report4 cites a mean permeability for sandstones in the West Pennines Lower Coal Measures of 4.9 x 

10-6 m/sec with a maximum of 4.3 x 10-5 m/sec. As the OLR Sandstone is stated to be one of the two 

most important water-bearing sandstones west of the Pennines, the OLR permeability is likely to be 

at the upper end of the range cited.      

The Site is not located within a groundwater Source Protection Zone (SPZ)5 and the 2015 HRA reported 

no licensed groundwater abstractions within 1km.  

______________________ 

2 MAGIC website accessed 28th September 2020 
3 Results presented in Table 2 of the 2009 HRA 
4 Physical Properties of Minor Aquifers, BGS WD/00/04 (EA R&D 68), 2000  
5 Natural England MAGIC website accessed 28th September 2020 
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2.2.4 Groundwater Levels and Flow 

Old Lawrence Rock (OLR) Sandstone 

Suez routinely undertakes monitoring of groundwater levels within the OLR Sandstone on a quarterly 

basis, from four boreholes installed along the north-western site perimeter, for which locations are 

provided within Drawing HRA1. A summary of groundwater elevation data from January 2015 to 

August 2020 is presented in Table 2-6 below and as a time-series plot since 2010 is presented in 

Appendix 06. Mean groundwater level contours are presented on Drawing HRA1.   

Table 2-6 

Summary of OLR Sandstone Groundwater Levels (2015-2020)  

Borehole (SW 

to NE) 

OLR 

Base 

(mAOD) 

Slotted (mAOD) 

Groundwater Elevation (mAOD) 

Range (m) 
Count Min. Mean Max. 

WHBH0203OLR 153.13 153.13 – 156.43 27 153.68 154.69 156.2 2.52 

WHBH87OLR 144.37 144.37 – 145.67 26 144.44 146.40 148.59 4.15 

WHBH88OLR 133.12 133.12 – 136.82 25 138.77 141.86 145.88 7.11 

WHBH89OLR 123.07 123.07 – 127.57 27 124.8 126.74 128.84 4.04 

Review of available monitoring data indicates the following: 

• groundwater levels range from a maximum of 156.2 mAOD in borehole WHBH0203OLR at the 

south-western end of the north-western site perimeter to a minimum of 124.8 mAOD in 

borehole WHBH89OLR at the north-eastern corner;  

• apart from seasonal fluctuations, groundwater levels are generally stable with no long-term 

trends and typical annual variations 2 - 3m except at WHBH88OLR where annual variations 

are sometimes over 6m, which may be related to the nearby motorway drain; 

• as shown in Drawing HRA1, groundwater can be inferred to flow from the recharge area near 

borehole WHBH0203OLR in the south-west, along the north-western site perimeter towards 

the east-north-east; however 

• before the quarry was excavated, groundwater flow locally is likely to have been in a slightly 

different direction (north-north-east) due to recharge at the original outcrop of the OLR 

sandstone at Whinney Hill Quarry itself; and 

• the OLR Sandstone is likely to drain into a pond feeding the Clough Brook at the north-eastern 

edge of its outcrop c. 1km north-east of the site at an elevation of approximately 115mAOD.     

Accrington (AM) Mudstone 

Suez routinely undertakes monitoring of groundwater levels within the AM Mudstone on a quarterly 

basis, from thirteen boreholes for which locations are provided within Drawing HRA2. A summary of 

groundwater elevation data from January 2015 to August 2020 is presented in Table 2-6 below 

(excluding extreme outliers) and as a time-series plot since 2010 is presented in Appendix 06. The 

boreholes in Table 2-6 are arranged from south to north i.e. progressing down dip, to facilitate 

comparisons of borehole geology. 

 

Table 2-7 includes comments from borehole logs regarding the elevation of the base of the Upper AM, 

and indication as to whether the installation was in the Upper AM (UAM) or Lower AM (LAM), however 
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the identification of WHBH0203AMR as monitoring the LAM has been italicised as suggesting LAM 

over 20m thick at that location whereas the LAM thickness is generally less than 10m. Groundwater 

contours for January 2020 are presented in Drawing HRA2.    

Table 2-7 

Summary of Accrington Mudstone Groundwater Levels (2015-2020)  

Borehole  

(S to N) 

UAM Base 

(mAOD) 
Slotted (mAOD) 

Groundwater Elevation (mAOD) 
Range 

(m) 
Count Min. Mean Max. 

WHBH15AM 
UAM 

absent? 
Log missing – LAM? 

23 159.75 160.13 161.6 1.85 

EQBHC2R 144.9 EQC2AM 142-145 (LAM) 27 144.71 145.34 146.29 1.58 

WHBH11a 160 11DKF 
11DKF Sst 147-50 

(DKF/LAM?) 
18 146.81 149.19a 154.47b 7.66a 

WH402AM 122 401DKF Grey UAM mudst 149 - 52 13 149.47 150.31 151.03 1.56 

WH419AM 132 420DKF 
7/19 Grey mudst/ siltst 

bands 131–33 (UAM/LAM?) 
24 132.15 135.53 141.08 8.93 

EQBHA2R 115.1 Grey UAM/LAM mdst 114-7 26 134.26 135.71 138.77 4.51 

WH421AM  131 420DKF 
7/21 Black mdst 130-33 

(UAM/LAM?) 27 135.39 139.39 144.85 9.46 

WHBH203AMR 125 203DKF Grey LAM mdst 118-21 27 135.86 138.02 141.11 5.25 

WHBH202AMR 127 Grey UAM siltst 130-34 28 136.87 138.57 141.06 4.19 

WHBH206AM 133 206DKF Grey siltst 133-40 (UAM) 21 124.91 132.18 142.13 17.22 

WHBH87AMA <110c Grey UAM mudst 110-4 27 141.17 145.75 148.48 7.31 

WHBH87AMB <120c Grey UAM mudst 120-24 27 137.27 138.85 141.36 4.09 

WHBH88AM 91 (88DKF) Grey UAM siltstone 120-123 27 138.33 140.83 145.98 7.65 

WHBH89AM 84 (89DKF) Black siltst. LAM 80-83 27 124.43 125.23 126.27 1.84 

a - monitors LAM base and top of DKF; b - excl. recent winter outliers 159-175 mAOD; c – UAM not fully penetrated 

Review of available monitoring data indicates the following: 

• groundwater levels range from a maximum of 161.6 mAOD in borehole WHBH15AM to the 

south of Area 3 to a minimum of 124.43 mAOD in borehole WHBH89AM at the north-eastern 

corner of the site;  

• groundwater levels recorded at boreholes exclusively monitoring the Lower AM (e.g.               

WHBH89AM and BH203AMR) are generally lower than at boreholes exclusively monitoring 

the Upper AM (e.g. WHBH87AMA and AMB, BH88AM) which are more likely to be perched in 

fractures/fissures on low permeability horizons;  

• apart from seasonal fluctuations, groundwater levels are generally stable with no long-term 

trends and typical annual variations of 2 - 5m except for several boreholes along the southern 

boundaries of Areas 4 and 5 where groundwater levels were significantly lower in 2015-2017 
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than more recently e.g. WH419AM, WH421AM and especially WHBH206AM (possibly due to 

changes in dewatering at or near the site); and 

• as shown in Drawing HRA2, based on the above boreholes groundwater can be inferred to 

flow generally towards the north-east, in approximately the same direction as the geological 

dip on the base of the Accrington Mudstone, however there are significant localised variations 

as would be expected in low permeability strata. 

 

Dyneley Knoll Flags (DKF) Sandstone 

 

Suez routinely undertakes monitoring of groundwater levels within the DKF Sandstone on a quarterly 

basis, from fourteen boreholes for which locations are provided within Drawing HRA3. A summary of 

groundwater elevation data from January 2015 to August 2020 is presented in Table 2-8 below 

(excluding extreme outliers) and as a time-series plot since 2010 is presented in Appendix 06. 

Groundwater contours for January 2020 are presented in Drawing HRA3.    

Table 2-8 

Summary of DKF Sandstone Groundwater Levels (2015-2020)  

Borehole  
Top of DKF 

(mAOD) 
Slotted (mAOD) 

Groundwater Elevation (mAOD) 
Range 

(m) 
Count Min. Mean Max. 

WHBH15DKF - Log missing  23 159.9 160.45 162.26 2.36 

WHBH11DKFR 149.7 11DKF 11DKF Grey sst 147-50 14 148.53 149.26b 151.71b 3.18b 

WHBH11a 149.7 11DKF 11DKF Grey sst 147-50 18 146.81 149.19b 154.47b 7.66b 

WHBH09 151 (9DKF) 9DKF Siltstone 132-35 22 152.83 154.01 156.42 3.59 

WHBH209DKFR Unclear Siltstone 130-38 22 133.96 135.62 136.7 2.74 

WHBH34 c. 150 
Brown sandst 143-150 

Grey siltst 135-143 
23 144.59 148.55 150.1 5.51 

WHBH35 - Sandst & Siltst 140 – 7 23 149.03 149.67 152.35 3.32 

EQBHC1R 
134.8 

(EQC1DKF) 
Grey mudst 130-33 27 135.96 139.26 148.01 12.05 

WH401DKF 116.5 Grey silty sst 107-11 27 125.68 127.35 129.58 3.9 

WH420DKF 125.78 7/20 Grey sst 117-20 27 121.47 127.20 131.47 10 

EQBHA1R 108.04 Grey silty sandst 103-6 27 130.72 135.21 140.16 9.44 

WH422DKFc 125.5 7/22 Grey sndst 116-9 27 133.19 137.03 141.2 8.01 

WHBH0203DKF 104.9 Grey silty sst 97-101 24 135.91 137.75 141.64 5.73 

WHBH0202DKF  122.8 Grey sandstone 115-9 22 115.34 118.66 121.51 6.17 

WHBH0206DKF c. 133 Grey silty sst 125-33 23 128.16 136.00 140.03 11.87 

WHBH87DKF 97.67 Grey sandstone 89-93 27 135.32 137.86 141.05 5.73 
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Borehole  
Top of DKF 

(mAOD) 
Slotted (mAOD) 

Groundwater Elevation (mAOD) 
Range 

(m) 
Count Min. Mean Max. 

WHBH88DKF 86.82 Grey sandstone 79-83 21 130.67 136.37 145.61 14.94 

WHBH89DKF 77.53 Grey sandstone 69-73 27 111.77 116.39 123.81 12.04 

a - monitors LAM base and top of DKF; b – excl. recent winter outliers between 159-175; c - gw levels are consistent 

with water strike recorded in AM;   

Review of available monitoring data indicates the following: 

• groundwater levels in the DKF Sandstone beneath the engineered landfill are well above the 

top of the DKF and are effectively confined by the overlying low permeability AM Mudstone 

as shown in cross-section in Drawing HRA4;   

• groundwater levels range from a maximum non-outlier of 162.26mAOD in borehole 

WHBH15DKF to the south of Area 3 to a minimum of 111.77 mAOD in 2015 at borehole 

WHBH89DKF at the north-eastern corner of the site, although groundwater levels at 

WHBH89DKF rose significantly after the wet autumn/winter of 2019 and now fluctuate around 

120 mAOD;  

• there was also a significant 2019 rise in groundwater levels at EQBHC1R to the south of Area 

6 from approximately 137 to 147 mAOD and several other boreholes across the site recorded 

significantly lower groundwater levels in 2015-16 (420DKF, EQBHA1R and WHBH88DKF) 

possibly due to changes in dewatering at or near the site;  

• apart from the abovementioned temporal trends, seasonal fluctuations are generally 2 - 3m 

except at WHBH206DKF where annual variations are sometimes over 10m; 

• as shown in Drawing HRA3, groundwater can be inferred to flow from the recharge area to 

the south of the site down geological dip to the north and north-east; 

• the two most significant exceptions to the general groundwater flow direction are boreholes 

WH422DKF and WHBH88DKF, which both give indications of potentially being influenced by 

groundwater levels in the overlying AM mudstone, possibly due to faulty borehole 

construction.  

2.2.5 Background Groundwater Quality 

2.2.6 Background Groundwater Quality in OLR Sandstone 

Groundwater quality in the OLR Sandstone is monitored at four monitoring locations along the north-

western site perimeter. Groundwater contours on Drawing HRA1 indicate that borehole WH0203OLR 

is up-gradient, boreholes WHBH87OLR and WHBH88OLR are cross-gradient and WHBH89OLR is down-

gradient. 

Background groundwater quality data for key contaminants at up-gradient borehole WHBH0203OLR 

are summarised in Table 2-9 below. Time-series plots for groundwater monitoring boreholes are 

presented in Appendix 07, and concentrations above DWS are highlighted in bold italics. 
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Table 2-9 

OLR Background Groundwater Quality at WHBH0203OLR (2010 – 2020) 

Substance (mg/l) UK DWS Minimum  
Most Likely 

(50%ile)   
95%ile Maximum  

Amm N  0.39 <0.01 0.03  0.3 0.74 

Diss Cadmium 0.005 <0.00002 - - 0.00003 

Chloride 250 5 11 17 25 

Mecoprop - <0.00002 - - <0.00004 

Diss Nickel 0.02 <0.001 0.0005 0.004 0.005 

Toluene - <0.0001 <0.001 <0.005 <0.005 

Note: The only 2010-2020 up-gradient detection of dissolved cadmium was 0.00003 mg/l on 17/08/2020  

 

Review of the background groundwater quality data for key substances for the monitoring period 

shows the following:  

• ammoniacal nitrogen has been slightly elevated above DWS on four occasions at borehole 

WHBH0203OLR – as these were all in winter, it is possible that this relates to the use of urea 

in de-icing on the nearby motorway;  

• chloride and nickel concentrations are well below DWS; and 

• cadmium, mecoprop and toluene have generally not been detected.   

2.2.7 Background Groundwater Quality in Accrington Mudstone 

Groundwater levels on Drawing HRA2 indicate that groundwater flows generally towards the north-

east, however there are significant localised variations as would be expected in low permeability strata 

where groundwater is held in discontinuous fractures/fissures. Groundwater quality in the Accrington 

Mudstone is monitored at thirteen monitoring locations as follows: 

• boreholes BHC2R and WHBH15AM (both likely to be monitoring the Lower AM): up-gradient 

(south-west) of the whole site; 

• boreholes WH402AM (Upper AM) and BHA2R (UAM/LAM): cross-gradient of the not yet 

constructed Cell 6-2 and therefore currently reflective of background groundwater; 

• boreholes WH421AM, WH419AM, WHBH202AMR and WHBH206AM: down-gradient of 

unlined Areas 1-3 (the latter two potentially monitoring the Upper AM only);  

• Upper AM boreholes  WHBH87AMA, WHBH87AMB and WHBH88AM  Lower AM boreholes 

WHBH89AM and WHBH203AMR: down-gradient of Areas 4-8.   

In the summary of up-gradient groundwater quality for the Accrington Mudstone in the 2015 HRA, 

boreholes 419AM, 421AM and 202AMR were included as they are up-gradient of Areas 4 and 5. 

However, those three boreholes appear to have been significantly impacted by the unlined Areas 1-3 

as detailed in comparisons of upgradient and downgradient groundwater quality in section 3.  Hence 

as a conservative worst case for modelling purposes, the only AM up-gradient borehole considered in 

the 2015 HRA that has also been included in Table 2-10 below as representative of background 

groundwater quality is BHC2R. 

Background groundwater quality data for key contaminants at background boreholes WHBH15AM, 

BHC2R, WH402AM and BHA2R are summarised in Table 2-10 below. Time-series plots for groundwater 
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monitoring boreholes are presented in Appendix 08, and concentrations above DWS are highlighted 

in bold italics. 

Table 2-10 

Accrington Mudstone Background Groundwater Quality (2008 – 2020) 

(mg/l) 
 

Amm N  
Dissolved 

Cadmium 
Chloride  Mecoprop  

Dissolved 

 Nickel  
Toluene 

UK DWS 0.39 0.005 250 - 0.02 - 

WHBH15AM 

(Lower AM?) 

Min <0.01 <0.00002 9 <0.00002 <0.001 <0.0001 

50%ile 0.03 <0.0001 23 <0.00004 0.001 <0.0002 

95%ile 0.7 <0.0005 36 - 0.0019 - 

Max 1.3b 0.0005a 43 <0.0001 0.002 <0.005 

WHBHC2R 

(Lower AM) 

Min <0.01 <0.00002 18 <0.00002 <0.001 <0.0001 

50%ile 0.08 <0.0001 27 <0.00004 0.001 <0.001 

95%ile 0.19 0.0003 36 - 0.0035 - 

Max 0.7 0.0004 73 <0.0001 0.012 <0.005 

WHBH402AM 

(Upper AM) 

Min <0.01 <0.0001 <1 <0.00002 <0.001 <0.001 

50%ile 0.02 0.0001 8 <0.00002 0.003 <0.005 

95%ile 0.29 0.0004 14 - 0.005 - 

Max 0.5 0.0009 18 <0.00004 0.009 <0.005 

WHBHA2R 

(UAM/LAM) 

Min <0.01 <0.00002 8 <0.00002 <0.001 <0.0001 

50%ile 0.16 <0.0001 52 <0.00002 0.002 <0.001 

95%ile 0.49 0.0004 100 0.00007 0.0055 - 

Max 1.0 0.0005 243 0.00008 0.011 0.002a 

a- only one detection; b – excluding outlier of 2.7 mg/l in Nov 2014  

Review of the background groundwater monitoring data indicates that most determinands are 

recorded at relatively low concentrations and within typical ranges expected for groundwater within 

mudstone strata, occasional slightly elevated concentrations of ammoniacal nitrogen, chloride and 

mecoprop have however been recorded, these can be attributed to the following:   

• WHBHA2R – occasional slightly elevated concentrations could derive from activities 

associated with the nearby motorway which is cut into the mudstone: 

o chloride concentrations approaching the DWS of 250 mg/l could derive from deicing; 

o slightly elevated concentrations of ammoniacal nitrogen could also derive from 

deicing as urea is sometimes used in de-icing; 

o mecoprop (used as a herbicide) approaching the DWS of 0.0001 mg/l; 

• WHBH15AM – occasionally elevated concentrations of ammoniacal nitrogen could derive 

from nearby housing/drainage;  
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• dissolved cadmium and nickel – sporadically elevated concentrations could derive from redox 

variations causing release of these metals from manganese oxide nodules within the 

mudstone;  

• mecoprop and toluene – not detected apart from at BHA2R near the motorway cutting; and 

• elevated concentrations in background groundwater quality at boreholes WHBH402AM and 

BHA2R should be excluded when considering EALs for the Accrington Mudstone as a 

conservative worst case as these boreholes are not up-gradient of the landfill. 

2.2.8 Background Groundwater Quality in DKF Sandstone 

Based on groundwater levels as shown on Drawing HRA3, groundwater can be inferred to flow from 

the recharge area to the south of the site down geological dip to the north and north-east. 

Groundwater quality in the DKF Sandstone is monitored at seventeen monitoring locations as follows: 

• boreholes BHC1R, WHBH15DKF, WHBH211DKFR, WHBH209DKFR, WHBH09, WHBH11, 

WHBH34 and WHBH35: up-gradient (south) of the whole site; 

• boreholes WH401DKF and BHA1R: cross-gradient of the not yet constructed Cell 6-2 and 

therefore also reflective of background groundwater; 

• boreholes WH420DKF, WH422DKF, WHBH0202DKFR and WHBH)206DKF: down-gradient of 

unlined Areas 1-3;  

• boreholes WHBH0203DKF, WHBH87DKF, WHBH88DKF and WHBH89DKF: down-gradient of 

Cells 4-8.   

In the summary of up-gradient groundwater quality for the DKF Sandstone in the 2015 HRA, boreholes 

WH420DKF, WH422DKF and WHBH0202DKFR were included as they are up-gradient of Areas 4 and 5. 

However, those three boreholes appear to have been significantly impacted by the unlined Areas 1-3 

as detailed in comparisons of upgradient and downgradient groundwater quality in section 3.  Hence 

as a conservative worst case for modelling purposes,  the only DKF up-gradient borehole considered 

in the 2015 HRA that has been included in Table 2-10 below as reflective of background groundwater 

quality is BHC1R. 

Background groundwater quality data for key contaminants at boreholes BHC1R, WHBH15DKF, 

WHBH211DKFR, WHBH209DKFR, WHBH09, WHBH11, WHBH34, WHBH35, WH401DKF and BHA1R are 

summarised in Table 2-11 below. Time-series plots for groundwater monitoring boreholes are 

presented in Appendix 09, and concentrations above DWS are highlighted in bold italics. 

Table 2-11 

DKF Sandstone Background Groundwater Quality (2010 – 2020) 

(mg/l) 
 

Amm N  
Dissolved 

Cadmium 
Chloride  Mecoprop  

Dissolved 

 Nickel  
Toluene 

UK DWS 0.39 0.005 250 - 0.02 - 

WHBHC1R  

Min <0.01 <0.00002 6.0 <0.00002 <0.001 <0.0001 

50%ile 0.05 <0.0001 44.5 <0.00002 0.002 <0.001 

95%ile 0.4 <0.0006 49.0 <0.00004 0.003 <0.005 

Max 0.9 <0.0006 52.8 <0.0001 0.013 <0.005 

WHBH15DKF Min <0.01 0.00003 3.0 <0.00002 <0.001 <0.0001 
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(mg/l) 
 

Amm N  
Dissolved 

Cadmium 
Chloride  Mecoprop  

Dissolved 

 Nickel  
Toluene 

50%ile 0.02 <0.0001 17.4 <0.00004 0.002 <0.001 

95%ile <0.3 0.0009 30.5 <0.00004 0.003 <0.005 

Max 0.3g 0.0019 39.0 0.00011 0.003 <0.005 

WHBH211DKFR 

Min <0.01 <0.00002 15.0 <0.00002 <0.001 <0.0001 

50%ile 0.8 <0.0001 78.7 <0.00004 0.001 <0.0005 

95%ile 2.3 0.0006 204.9 <0.00004 0.006 <0.005 

Max 3.4e 0.0018 256.0 0.00004 0.002 <0.005 

WHBH11 

Min 0.02 <0.00002 20.0 <0.00002 0.002 <0.0001 

50%ile 0.7 <0.0003 138.0 0.00006 0.002 <0.001 

95%ile 1.6 <0.0006 256.6 0.00019 0.013 <0.005 

Max 2.3f 0.0015 337.0a 0.00028 0.013 <0.005 

WHBH209DKFR 

Min <0.01 <0.00002 5.0 <0.00002 0.004 <0.0001 

50%ile <0.19 <0.0001 21.0 0.00002 0.006 <0.001 

95%ile 0.5 <0.0006 50.9 0.00005 0.014 <0.005 

Max 0.7h 0.0006 52.0 <0.0001 0.014 <0.005 

WHBH09 

Min <0.01 <0.00002 30.0 <0.00002 0.003 <0.0001 

50%ile 0.02 0.0001 219.0 0.00002 0.005 <0.001 

95%ile <0.27 0.0007 546.0 0.00005 0.018 <0.005 

Max 0.7h 0.0016 612.0 <0.0001 0.018b <0.005 

BH34 

Min 0.01 <0.0001 8.0 <0.00002 <0.001 <0.0001 

50%ile 0.17 0.0002 28.0 <0.00002 0.011 <0.001 

95%ile 0.3 0.0003 33.5 <0.00004 0.018 <0.005 

Max 0.4i <0.0006 39.0 <0.00004 0.018 <0.005 

BH35 

Min <0.01 0.00006 3.0 <0.00002 <0.001 <0.0001 

50%ile 0.04 <0.0001 12.3 <0.00002 <0.001 <0.001 

95%ile 0.4 0.0003 18.0 <0.00004 0.012 <0.005 

Max 1.3 <0.0006 32.0 <0.00004 0.012 <0.005 

WH401DKF 

Min <0.01 <0.00002 6.0 <0.00002 <0.001 <0.0001 

50%ile 0.11 <0.0001 24.5 <0.00002 <0.001 <0.001 

95%ile <0.3 <0.0001 57.0 <0.00004 0.002 <0.005 

Max 0.9 <0.0001 71.0 <0.00004 0.007 <0.005 
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(mg/l) 
 

Amm N  
Dissolved 

Cadmium 
Chloride  Mecoprop  

Dissolved 

 Nickel  
Toluene 

BHA1R 

Min <0.01 <0.00002 2.0 <0.00002 <0.001 <0.0001 

50%ile 0.07 <0.0001 28.0 <0.00002 0.001 <0.001 

95%ile 0.3 <0.0001 89.4 <0.00004 0.003 <0.005 

Max 0.7c <0.0001 132.0d 0.0001 0.009 <0.005 

a - excluding max outlier of 392mg/l in Aug 2009; b - excluding max outlier of 0.036mg/l;  c - excluding 

outliers of 3.1 in Aug 2010  and 30.4mg/l in Jul 2014; d - excluding max outlier of 763mg/l in Jul 2014; 
e – excluding two one-off outliers of 7.8 in Nov 2016 and 8.2 mg/l in Nov 2014;    f – excluding one-off 

outlier of 5.3 mg/l in Sep 2014; g  - excl one-off outlier of 1.9 in Nov 2014;  h  - excl one-off outlier of 

3.2 in Nov 2014 (BH209DKFR) and Sep 2014 (BH09);     i – excl one-off outlier of 3.3 mg/l in Nov 2014; 

Review of the background groundwater monitoring data indicates the following above DWS:   

• ammoniacal nitrogen – generally slightly elevated concentrations at boreholes 

WHBH211DKFR and BH11, where there is a pathway from Area 1 into the DKF sandstone 

aquifer as indicated in Drawing HRA4. Although these boreholes are slightly up-gradient of the 

Area 1 base, dispersion could cause a slight plume towards the boreholes. Occasionally slightly 

elevated concentrations at other up-gradient and lateral boreholes are more likely to relate 

to offsite factors such as housing / drainage on the adjacent outcrop;  

• chloride – generally elevated concentrations at borehole BH09 which is immediately down-

gradient of where the DKF outcrop crosses Whinney Hill Road, hence this is likely to be due to 

deicing. Occasionally elevated concentrations at boreholes BH211DKFR and BH11 could also 

relate to dispersed impacts from the unlined cells as discussed for ammoniacal nitrogen 

above;  

• mecoprop – as for ammoniacal nitrogen, slightly elevated concentrations at boreholes 

BH211DKFR and BH11 may derive from dispersed impacts from the unlined cells. 

Based on the above it is considered that when setting Environment Assessment Limits, boreholes 

BH211DKFR and BH11 should be excluded, as should the chloride data in borehole BH09.   

 Receptors 

Based on the above information, an updated assessment of potential receptors indicates the 

following: 

• OLR Sandstone – although no previous quantitative risk assessment was carried out for this 

receptor, given the proposed increased leachate level compliance limits in the newer Areas 7-

8 along the north-western boundary, for this HRA Review it is also considered appropriate to 

model potential impacts to the OLR Sandstone; 

• Upper AM Mudstone – the mean permeability test results of 0.8 -5.0 x 10-8 m/sec confirm that 

this is effectively a non-aquifer and no further quantitative risk assessment should be 

necessary, and this was the approach taken in early HRAs for the site up to 2007. However, 

for the 2009 HRA the EA requested that a quantitative risk assessment also be carried out for 

the AM Mudstone; 

• Lower AM Mudstone - the maximum permeability test result of 2.8 x 10-6 confirms that it is 

only the basal few metres of the AM Mudstone in which groundwater flows are not negligible. 

As the moderately permeable Lower AM Mudstone is hydraulically separated from the base 
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of the engineered landfill cells by at least6 c. 10m of low permeability Upper Accrington 

Mudstone and immediately overlies the DKF Sandstone aquifer, in effect impacts on the 

Lower AM are assessed by the  quantitative risk assessment for the DKF Sandstone; 

• DKF Sandstone – the main quantitative risk assessment in previous HRAs was to this aquifer, 

and it remains the principal receptor for seepage from Areas 4-6. 

In order to comply with the Environmental Permitting Regulations 2016, the following receptors as 

assessed in the 2015 HRA Review are considered to remain appropriate: 

• Hazardous Substances Receptor - groundwater within the above aquifers immediately down-

gradient of the site, after immediate dilution directly adjacent to the site, but prior to any 

attenuation or dispersion. 

• Non-Hazardous Pollutants Receptor - groundwater within the above aquifers at the down-

gradient boundary of the site, after dilution, dispersion and attenuation. 

For the purposes of defining receptors, the compliance points are taken to be at the down-gradient 

site boundary.  It is noted that there may be other, physical receptors further away from the down-

gradient site boundaries, such as the spring and pond in the OLR Sandstone 1km to the north-east, 

and the licensed abstraction 3km to the north-east identified in the 2009 HRA. Compliance with the 

Regulations at the points defined will ensure that other more distant receptors are protected. 

 Environmental Assessment Limits 

Environmental Assessment Limits (EALs) for groundwater are set to assess model compliance for key 

substances, based on published environmental standards and background concentrations (excluding 

outliers) or current compliance limits if higher. Although groundwater quality in the AM Mudstone 

and the DKF Sandstone immediately upgradient of Areas 4-8 is impacted by dilute and disperse Areas 

1-3 (as detailed in section 3.4 below), as a conservative worst case the EAL has been derived based on 

background groundwater at boreholes not likely to be impacted by either the landfill or nearby roads.  

Proposed EALs are summarised in Table 2-12.      

Table 2-12 

Environment Assessment Limits (EALs) for Site Aquifers   

Substance 

(mg/l) 

UK 

DWS / 

MRV 

OLR Sandstone AM Mudstone DKF Sandstone 

Max 

Background  
EAL 

Max 

Background  
EAL 

Max 

Background  
EAL 

Amm-N 0.39 0.74 0.74 
1.3 

(BH15AM) 

1.62 (Current 

Limit) 
1.3 (BH35) 

3.57 (Current 

Limit) 

Chloride 250 25 250 73 (BHC2R) 
316.75 

(Current Limit) 
53 (BHC1R) 250 

Mecoprop 0.0001 <0.00004 0.0001 

<0.0001 

(BH15AM, 

BHC2R) 

0.00167 

(Current Limit) 

0.00011 

(BH15DKF) 

0.00218 

(Current Limit)  

______________________ 

6 The closest the top of the moderately permeable LAM comes to the engineered cell base is at the 

southern end of Cell 4/1, where the cell base is 140 mAOD and the top of the LAM is at c. 131 mAOD 
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Substance 

(mg/l) 

UK 

DWS / 

MRV 

OLR Sandstone AM Mudstone DKF Sandstone 

Max 

Background  
EAL 

Max 

Background  
EAL 

Max 

Background  
EAL 

Nickel 0.02 0.005 0.02 

0.012 

(BHC2R) 0.02 

0.018 

(BH09, 

BH34) 

0.02 

Toluene 0.004 <0.005 0.004 
<0.005 (All 

BHs) 
0.004 

<0.005 (All 

BHs) 
0.004 

a - max detected 0.00003 

 Summary of Conceptual Model Review 

The review of the available monitoring data and comparison with the assessment undertaken for 

previous HRAs can be summarised as follows: 

• receptors – this HRA has identified that the main receptor for Areas 7 – 8 is the OLR Sandstone, 

which was not previously modelled, hence a new risk assessment is required as detailed in 

section 3 below. The other receptors remain as previously modelled, i.e. the modelling 

requested by the EA of diffusion from Areas 4-6 into the AM Mudstone (although in reality 

most of the AM Mudstone is effectively a non-aquifer apart from the basal 4-6m), and 

advection from Areas 4-8 into the DKF Sandstone;    

• leachate levels – leachate heads have remained below the previously modelled 3m above 

base, however the 2020 Leachate Management Plan has proposed revised compliance limits 

for which the potential modelling requirements are discussed in section 3.1 below; 

• leachate quality – mean concentrations in Areas 4-6 of previously modelled substances are 

within those previously assumed for the diffusion modelling (which assessed potential 

impacts to the AM Mudstone), however concentration ranges of most previously modelled 

substances have exceeded the ranges previously assumed for the LandSim modelling (which 

assessed potential impacts to the DKF Sandstone). As cadmium is no longer classified as a 

Hazardous Substance and maximum recorded concentrations in leachate are below Drinking 

Water Standard, modelling of cadmium is no longer needed; 

• groundwater levels and flows – groundwater flow directions are similar to those assessed in 

previous HRAs i.e. generally towards the north-east; 

• EALs - in response to updated background groundwater quality, new EALs for the groundwater 

receptor have been determined. 
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 Hydrogeological Risk Assessment 

Following the review of the hydrogeological conceptual site model, Whinney Hill Landfill is considered 

to continue to represent a potential hazard to groundwater resources and must therefore comply with 

the Environmental permitting Regulation, 2016, Schedule 22 (Groundwater Activities). 

The online table ‘Indicative risk assessment levels for a range of scenarios’7 indicates that for a non-

hazardous landfill situated on a Secondary Aquifer above the water table a “generic quantitative risk 

assessment” is required, whereas below the water table a “detailed quantitative assessment” is 

required. As all three aquifers at the site are classified as Secondary A Aquifers these requirements 

apply. 

Online guidance8 describes generic quantitative risk assessments as follows: 

Generic quantitative risk assessments use hydrogeological calculations which are typically analytical 

solutions solved in a deterministic fashion. You must use conservative (worst case) assumptions in your 

generic assessment. There must be sufficient attenuation between the source of contamination and 

any potential groundwater receptor to demonstrate that the environmental protection afforded by 

any attenuating layer is sufficient, or if it will need to be artificially enhanced, for example by 

engineered solutions. The assessment will need to demonstrate that the proposal poses little likelihood 

of unacceptable inputs to groundwater. A detailed quantitative risk assessment should be carried out 

where a well-informed decision cannot be made using conservative inputs, methods and assumptions. 

Given the conceptual site model of Whinney Hill Landfill as detailed in section 2 above, it is considered 

appropriate to start with a generic quantitative risk assessment for each of the engineered cells 

including the proposed new leachate level compliance limit, to ascertain whether a detailed 

quantitative risk assessment is required. 

 

 Generic Quantitative Risk Assessment 

This generic risk assessment divides the landfill into two parts: 

• Areas 7-8 rest on the OLR Sandstone; and 

• Areas 4-6 rest on the AM Mudstone which overlies the DKF Sandstone.  

3.1.1 Areas 7-8 

The relationship between proposed leachate level compliance limits at each monitoring well and the 

adjacent/underlying OLR Sandstone receptor (groundwater levels estimated by extrapolating from 

groundwater contours in Drawing HRA1) is summarised in Table 3-1 below.  

______________________ 

7https://www.gov.uk/guidance/landfill-developments-groundwater-risk-assessment-for-

leachate#risk-assessment-level-guide 
8https://www.gov.uk/guidance/groundwater-risk-assessment-for-your-environmental-

permit#generic-quantitative-risk-assessment 
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Table 3-1 

Potential Impacts from Leachate in Areas 7-8 

Cell Well 

Leachate Limit (mAOD) 
Cellbase 

(mAOD) 

Base of OLR 

(mAOD) 

Estimated Nearby 

Mean OLR GW Level 

(mAOD) 

Potential 

Impact 
Current  Proposed 

7-3 
LM7/6 141.85  143  138.7 c. 138 c. 144 Diffusive 

LM7/5 141.34 143  138.3 c.135 c. 143 Diffusive 

7-2 
LM7/4 140.87 141  137.9 c.134 c. 141 Diffusive 

LM7/3 140.76 141  137.8 c.134 c. 140 Advective 

7-1 
LM7/2 140.34 141  137.3 c.130 c.137 Advective 

LM7/1 140.05 141  137.1 c.130 c.135 Advective 

8-1 
LM8/1 138.4 143 135.4 c.125 c.131 Advective 

LM8/2 138.87 143  135.9 c.125 c.131 Advective 

8-2 
LM8/3 137.02 137  134.0 c.125 c.126 Advective 

LM8/4 137.47 137  134.5 c.125 c.126 Advective 

 

Table 3-1 indicates the following:  

• as all these cells can potentially impact groundwater in the OLR Sandstone, they are not likely 

to have any significant impact on the underlying AM Mudstone, which has a much lower 

permeability than the OLR Sandstone;    

• Cell 7-3: the proposed leachate level compliance limit is within nearby mean groundwater 

levels, hence the only potential impact to groundwater is diffusive rather than advective;  

• Cells 7-2 and 7-1: the proposed leachate level compliance limits are above mean nearby 

groundwater level, hence there is potential advective impact on groundwater; and 

• Area 8: the proposed leachate level compliance limits are significantly above mean nearby 

groundwater level, hence there is potential advective impact on groundwater, attenuated by 

a significant thickness of unsaturated zone as groundwater levels are well below the cell base. 

3.1.2 Areas 4-6 

The relationship between proposed leachate level compliance limits and potential receptors is 

summarised in Table 3-2 below. As discussed in section 2.3 above, testing of the Upper Accrington 

Mudstone has found it to have a low mean permeability of only up to 5.0 x 10-8 m/sec, with significant 

variations in groundwater levels between boreholes confirming that it is effectively a non-aquifer, 

however for the 2009 HRA the EA requested that a quantitative risk assessment be carried out for the 

AM Mudstone. The nearest aquifer receptors are the moderately permeable Lower AM Mudstone 

which immediately overlies the more permeable DKF Sandstone – these are protected from the landfill 

by a significant9 thickness of low permeability Upper AM.  

______________________ 

9 The closest the top of the moderately permeable LAM comes to the engineered cell base is at the 

southern end of Cell 4/1, where the cell base is 140 mAOD and the top of the LAM is at c. 131 mAOD 
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Table 3-2 

Potential Impacts from Leachate in Areas 4-6 

Cell Well 

Leachate Limit (mAOD) 
Cellbase 

(mAOD) 

Recent 

GWL in 

Upper 

AM  

Potential 

Impact 

on Upper 

AM 

Top of 

Lower AM 

Mudstone 

(mAOD) 

Top of DKF 

Sandstone 

(mAOD) Current Proposed 

4-1 LM4/3R 141.25  142a 138.25 147.58 Diffusive c.120 c.115 

4-2 LM4/4R 141.13  147 138.13 147.58 Diffusive c.106 c.102 

5-1 
LM5/1 147.81  147.5 144.81 147.58 Diffusive c.119 c.115 

LM5/2 146.64  147.5 143.64 147.58 Diffusive c.119 c.115 

5-2 
LM5/3 144.26  145 141.26 147.58 Diffusive c.116 c.112 

LM5/4 144.26 145 141.26 147.58 Diffusive c.111 c.107 

6-1 
LMP6A 143.6  143.6a 140.60 147.58 Diffusive c.109 c.105 

LM6/1 144.88  144.88a 141.88 147.58 Diffusive c.114 c.110 

a - to be revised to 145 mAOD after Construction of Cell 6-2  

Table 3-2 indicates the following:  

• diffusive flow could occur into perched localised groundwater levels in the low permeability 

Upper Accrington Mudstone; and 

• advective flow could occur down through the low permeability Upper Accrington Mudstone 

to confined groundwater in the underlying DKF Sandstone aquifer. 

3.1.3 Requirements for Detailed Quantitative Risk Assessment 

Based on the above generic quantitative risk assessment, the following detailed quantitative risk 

assessment is required: 

• LandSim modelling for advective flow from Cells 7-1, 7-2 and Area 8 into the OLR Sandstone;  

• diffusion modelling for diffusive flow from Cell 7-3 into the OLR Sandstone and from Areas 4, 

5 and 6 into the Upper AM Mudstone; and   

• LandSim modelling for advective flow from Areas 4, 5 and 6 into the DKF Sandstone.  

 Applicability of Previous Modelling of Diffusive Migration 

Modelling of diffusive migration into the AM Mudstone using the EA spreadsheet was carried out as 

part of the 2009 HRA. As presented in Table 2-2 above, the updated source terms for Areas 4-6 are 

generally within the previously modelled concentrations apart from mecoprop for which the most 

likely concentration is approximately 50% higher. However, as the resultant concentration predicted 

by the 2009 model was only 0.000028 mg/l (i.e. less than 30% of the EAL), the model rerun with a 50% 

higher mecoprop source term is unlikely to breach the EAL. 

Table 3-1 above indicates that Cell 7-3 and part of Cell 7-2 pose a risk of diffusive migration of 

contaminants into the OLR Sandstone. As a conservative worst-case Cell 7-2 has been modelled with 

advective migration as detailed in section 3.3.2 and Appendix 10 below. The potential risk of diffusive 

migration from Cell 7-3 into the OLR Sandstone is considered to have already been covered using 

conservative worst-case parameters in the 2009 diffusive modelling as follows: 
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• dilution flow was modelled in the 2009 AM Mudstone diffusion model as 1.95 x 10-5 m3/sec, 

whereas the most likely dilution flow in the OLR Sandstone aquifer as modelled in the 2020 

LandSim model is 3.0 x 10-4 m3/sec i.e. 20 times as much; and 

• although the mecoprop and ammoniacal nitrogen mean source terms in Cell 7-3 (0.053 mg/l 

and 1392 mg/l respectively) are 90% and 16% higher respectively than the 2009 diffusion 

model source terms, these slight increases are more than offset by the 20 times greater 

dilution available.     

The results of the 2009 diffusion modelling are reproduced in Table 3-3 below.  

Table 3-3 

2009 Diffusion Modelling 95%ile Resultant Concentrations  

Determinand (mg/l) 
Resultant Concentration 

in 2009 Modelling  
2020 AM Mudstone EAL  

Ammoniacal Nitrogen 1.6 1.62 

Chloride  10 316.75 

Mecoprop 2.8 x 10-5 0.00167 

 

As discussed above, although the most likely mecoprop concentrations are approximately 50% higher 

than modelled in 2009, it is not considered necessary to rerun the 2009 model with a 50% higher 

mecoprop source term as the resultant concentration would still be significantly less than the EAL. 

 

 Modelling of Advective Migration 

3.3.1 Justification of LandSim Modelling Software 

LandSim 2.5.17 software can be used to provide an estimate of the potential risks associated with 

advective migration from Cells 7-1, 7-2 and Area 8 into the OLR Sandstone, and from Areas 4, 5 and 6 

through the low permeability AM Mudstone into the DKF Sandstone. This software was used for the 

following reasons: 

• it is the EA recommended software for quantitative hydrogeological risk assessment 

modelling and allows consideration of the entire life of the site; 

• it uses Monte Carlo (stochastic) techniques and so allows a probabilistic appreciation of the 

landfill’s performance; 

• it provides a consistent approach to the estimation of hydrogeological risks in respect to 

landfills and groundwater; 

• it provides an audited and verified code that is widely accessible; 

• it aids comprehensive reporting of input values, assumptions and results; 

• the model provides a good indication of the potential leakage rates through the lining system; 

• it allows the estimation of the potential attenuation of contaminants through the lining 

system, unsaturated zone and vertical pathway where present;  
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• it allows the dilution of Hazardous Substances and Non-Hazardous Pollutants in the aquifer, 

also attenuation of Non-Hazardous Pollutants within the aquifer. 

3.3.2 LandSim Model Parameterisation 

The parameters for the LandSim model to assess advective flow from migration from Cells 7-1, 7-2 

and Area 8 into the OLR Sandstone, and from Areas 4, 5 and 6 into the DKF Sandstone) are listed in 

Appendix 10. Key aspects of the parameterisation which have been updated for this HRA Review 

include the following: 

• years of filling – revised to reflect updated site history and proposals; 

• leachate heads – revised to reflect the proposed leachate level compliance limits;  

• leachate source term concentrations – revised to reflect updated site data; 

• unsaturated zone thickness – revised for Areas 7-8 to reflect relative positions of cellbases and 

OLR Sandstone aquifer mean groundwater level; 

• aquifer pathway – relevant hydraulic characteristics added for OLR Sandstone as not 

previously modelled; and 

• background groundwater quality - revised to reflect updated site data. 

3.3.3 Emissions to Groundwater  

The predicted discharge from the development has been assessed against the EALs presented in Table 

2-11 in order to determine whether the site complies with the requirements of the Environmental 

Permitting Regulations, 2016, Schedule 22 (Groundwater Activities). The models and results are 

presented in Appendices 11 (OLR Sandstone) and 12 (DKF Sandstone). 

Hazardous Substances 

Hazardous Substances have been assessed against their respective EALs at the LandSim monitor well 

directly down-gradient of each phase.  It is noted that current Guidance10 allows dilution of Hazardous 

Substances in the aquifer to be considered as follows: 

‘You should measure discernibility at a point just below the water table, next to the edge of the 

discharge area. For example, the furthest point of a drainage field or the boundary of a landfill site. 

The discharge must not be discernible after immediate dilution after the discharge enters 

groundwater’. 

Results are presented in Table 3-4 below and demonstrate that predicted resultant concentrations are 

lower than the concentrations that have been determined to be discernible. It is therefore considered 

that the modelling has shown that there would be no unacceptable discharges of Hazardous 

Substances from the landfill to the OLR Sandstone or DKF Sandstone under the scenarios modelled. 

______________________ 

10Section 2.2 ‘Assessing Discernibility’ from 

https://www.gov.uk/government/publications/groundwater-protection-technical-

guidance/groundwater-protection-technical-guidance#discernibility 
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Table 3-4 

Hazardous Substances: Max 95%ile Predictions Downgradient of each Phase 

Determinand Area 4 Area 5 Area 6 Area 7  Area 8  

Discernible 

Concentration 

(EAL) 

Toluene 

(mg/l) 
<1 x 10-10 <1 x 10-10 <1 x 10-10 <1 x 10-10 <1 x 10-10 0.004 

Non-Hazardous Pollutants 

Non-Hazardous Pollutants have been assessed at the compliance point (at the down gradient site 

boundary). Results are presented in Table 3-5, which demonstrates that the predicted resultant 

concentrations are lower than the appropriate EALs. It is therefore considered that the modelling has 

shown that the discharge of Non-Hazardous Pollutants continues to be sufficiently limited so as to 

avoid pollution. 

Table 3-5 

Non-Hazardous Pollutants: Max 95%ile Downgradient Predictions  

Determinand 

(mg/l) 
Areas 7-8 

Time (yrs) 

to Peak 

EAL for 

OLR 

Sandstone 

Areas 4-6 
Time (yrs) to 

Peak 

 EAL for DKF 

Sandstone 

Amm-N  0.38 600 0.74 0.4 - 3.57 

Chloride  35 300 250 37 - 250 

Mecoprop  <1 x 10-10 - 0.0001 0.00010 - 0.00218 

Nickel  0.003 - 0.02 0.011 - 0.02 

 Comparison of Upgradient and Downgradient Groundwater Quality 

3.4.1 OLR Sandstone 

Up-gradient and down-gradient groundwater quality data for key contaminants are compared in Table 

3-6 below, and time-series plots for groundwater monitoring boreholes presented in Appendix 07. 

Table 3-6 

Comparison of OLR Up and Down-gradient Groundwater Quality (2010–20) 

(mg/l) Amm N  Chloride  Diss. Cadmium Mecoprop Diss. Nickel 

WH0203OLR 

(Up-

Gradient) 

Min:   <0.01 

50%ile:  0.03 

95%ile:  0.3 

Max:     0.74 

Min:    5 

50%ile:   11 

95%ile:   17 

Max:  25 

Min:  <0.00002 

50%ile:   - 

95%ile:   - 

Max:   <0.0006 

Min:  <0.00002 

50%ile:   - 

95%ile:  - 

Max: <0.00004 

Min:    <0.001 

50%ile: 0.0005 

95%ile: 0.004 

Max: 0.005 

Current 

Compliance 

Limit 

0.39 250 0.001 0.0001 0.02 

WHBH87OLR 

(Cross-

Gradient) 

Min:   <0.01 

50%ile:  0.02 

95%ile:  1.25 

Min:    9 

50%ile:   25 

95%ile:   84 

Min:  <0.00002 

50%ile:   <0.0001 

95%ile:   0.0005 

Min:  <0.00002 

50%ile:   <0.00002 

95%ile:   0.00016 

Min:   <0.001 

50%ile: 0.001 

95%ile: 0.004 
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(mg/l) Amm N  Chloride  Diss. Cadmium Mecoprop Diss. Nickel 

Max:      4 Max:  98 Max:   <0.0006 Max:   0.00028 Max: 0.009 

WHBH88OLR 

(Cross-

Gradient) 

Min:   <0.01 

50%ile:  0.02 

95%ile:   <0.3 

Max:   0.8 

Min:        12 

50%ile:   33 

95%ile:   78 

Max: 167 

Min:  <0.00002 

50%ile:   <0.0001 

95%ile:   <0.0006 

Max:   0.0006 

Min:   <0.00002 

50%ile:   <0.00004 

95%ile:    0.00004 

Max:    0.00004 

Min:   <0.001 

50%ile: 0.001 

95%ile: 0.003 

Max: 0.004 

WHBH89OLR 

(Down-

Gradient) 

Min:     <0.01 

Mean:  <0.19 

95%ile:    2.1 

Max:   3.8 

Min:  14 

50%ile:   46 

95%ile:  119 

Max:       142 

Min:  <0.00002 

50%ile:   <0.0001 

95%ile:   0.0006 

Max:   0.0012 

Min:   <0.00002 

50%ile:     0.00015 

95%ile:     0.00027 

Max:     0.0006 

Min:      0.001 

50%ile: 0.008 

95%ile: 0.013 

Max: 0.014 

Note: Toluene not detected in up-gradient or down-gradient groundwater  

 

Review of Table 3-6 indicates the following:   

• chloride – concentrations remain below DWS and below the compliance limit, however down-

gradient concentrations have been slightly elevated above up-gradient concentrations as 

follows: 

o boreholes WHBH87OLR and WHBH88OLR - indicated concentrations above 80 mg/l in 

2010-2011, which was before the nearby landfill cells started filling in 2012. The likely 

source of these elevated concentrations is likely to be deicing on the adjacent 

motorway, especially as the WHBH87OLR peak was in the spring of 2010; and 

o borehole WHBH89OLR - indicated concentrations above 80 mg/l in 2010, and also a 

slightly rising trend since 2014. As the quickest possible unretarded breakthrough of 

any slightly elevated concentrations would not be expected for decades after the start 

of landfilling in 2012 (as detailed in the OLR Sandstone LandSim model results), this 

rising trend must be related to an alternative source e.g. more intense deicing near 

borehole WHBH89OLR;  

• ammoniacal nitrogen – concentrations have generally remained within up-gradient 

concentrations (and always so at WHBH88OLR) except for: 

o borehole WHBH87OLR – brief seasonal peaks in May 2011, May 2014 and March-May 

2018 up to approximately 4 mg/l; and 

o borehole WHBH89OLR – slightly more extended seasonal peaks around May 2018 and 

May 2019 up to approximately 4 mg/l; 

o as potential travel times indicate that these peaks are not likely to have been caused 

by the landfill, and these peaks are mainly in the spring (similar to the chloride peak 

at 87OLR) the source of these peaks could also be winter de-icing, which also 

sometimes uses urea. 

• cadmium – concentrations have remained within up-gradient concentrations except for a one-

off value (still below DWS) of 0.00124 mg/l in November 2019, which may have been due to 

laboratory error, or potentially due to redox variations triggering release of cadmium from 

manganese oxide nodules within mudstone horizons adjacent to the OLR sandstone; and  

• mecoprop - concentrations have generally remained within up-gradient concentrations (and 

always so at WHBH88OLR) except for: 

o borehole WHBH87OLR – a brief summer peak in May-September 2018 up to 0.00028 

mg/l; and 
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o borehole WHBH89OLR – concentrations elevated most of the time from 2016-2020 

with a peak of 0.0006 mg/l in June 2018; 

o as potential travel times indicate that these peaks are not likely to have been caused 

by the landfill, and that maximum concentrations are in summer months, the source 

of these peaks could be herbicide use on the adjacent motorway. 

 

3.4.2 AM Mudstone 

Up-gradient and down-gradient groundwater quality data for key contaminants are compared in 

Tables 3-7 and 3-8 below, and time-series plots for groundwater monitoring boreholes are presented 

in Appendix 08.  

Table 3-7 presents assesses groundwater quality down-gradient of Areas 1-3 (Phase 1), the dilute and 

disperse cell (including internal control levels where assigned), while Table 3-8 compares the 

concentrations down-gradient of Areas 4-8 (Phase 2) against compliance limits and against 

concentrations between the two sites (i.e. those down-gradient of Areas 1-3). Bold italics indicate 

exceedances of compliance limit or internal control levels as applicable. 

Table 3-7 

AM Groundwater Background / Down-gradient of Areas 1-3 (2010–20) 

(mg/l) 
 

Amm N  
Dissolved 

Cadmium 
Chloride  Mecoprop  

Dissolved 

 Nickel  
Toluene 

Combined 

Background 

(WHBH15AM 

& BHC2R – 

Lower AM 

Min <0.01 <0.00002 9 <0.00002 <0.001 <0.0001 

50%ile 0.07 <0.0001 26 <0.00002 0.001 <0.001 

95%ile 0.3 <0.0006 36 <0.0001 0.003 <0.005 

Max 1.3c 0.0005 73 <0.0002 0.012 <0.005 

WH419AM 

(UAM/LAM) 

Control 11.8 0.0016 504 0.00246 0.0563 0.004 

Min <0.01 <0.00002 6 <0.00002 <0.001 <0.0001 

50%ile 0.64 <0.0001 77 <0.0004 0.004 <0.001 

95%ile 8.1 0.0006 418 0.00174 0.011 <0.005 

Max 9.43a 0.0007 426 0.00197 0.016 <0.005 

WH421AM 

(UAM/LAM) 

Control 210 0.0016 959 0.0112 0.111 0.004 

Min 27.6 <0.00002 56 <0.00002 0.003 <0.0001 

50%ile 58.7 <0.0001 360 0.00227 0.015 <0.001 

95%ile 124 <0.0006 695 0.00644 0.02 <0.005 

Max 168 0.0007 767 0.00893 0.026 <0.005 

WHBH202AMR 

(UAM) 

Control 157.5 0.001 1788 0.0538 0.129 0.004 

Min 6.1 <0.00002 44 <0.00002 <0.001 <0.0001 

50%ile 33.7 <0.0001 282 0.00514 0.011 <0.001 

95%ile 121 0.0001 1176 0.03 0.033 <0.005 

Max 161 <0.0006 1430 0.043 0.046 <0.005 
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(mg/l) 
 

Amm N  
Dissolved 

Cadmium 
Chloride  Mecoprop  

Dissolved 

 Nickel  
Toluene 

WHBH206AM 

(UAM) 

Control 40.6 0.0034 1950 0.0049 0.1188 0.004 

Min 0.29 <0.00002 21 <0.00002 0.013 <0.0001 

50%ile 2.9 <0.0003 1250 0.00128 0.019 <0.0001 

95%ile 23.7 0.0015 1640 0.00528 0.045 <0.005 

Max 32.5 0.0027 1830 0.00606 0.045 <0.005b 

a: excl max outlier of 22.1mg/l in May 2019; b: excl outliers of 0.040mg/l in Aug 2012 and 0.138mg/l in 

Feb 2015; c - excl outlier of 2.7 mg/l in Nov 2014 

Review of Table 3-7 indicates the following: 

• ammoniacal nitrogen, chloride, mecoprop and nickel – concentrations are higher in boreholes 

down-gradient of Areas 1-3 compared with background and appear to have been impacted by 

Areas 1-3, the impacts generally declining as the strength of leachate in Areas 1-3 declines, 

although the mecoprop plume still appears to be increasing at borehole WH421AM 

(potentially due to the mecoprop plume being more retarded than other substances showing 

impacts); 

• cadmium and toluene – concentrations are generally similar or lower in boreholes down-

gradient of Areas 1-3 compared with background (except for slightly elevated cadmium at 

WHBH206AM which may be due to redox variations triggering release of cadmium from 

manganese oxide nodules within mudstone horizons) and therefore do not appear to have 

been impacted in the same way by Areas 1-3; and 

• internal control levels – as these have taken into account historic impacts from Areas 1-3, 

there have been only two slight exceedances of control level (ammoniacal nitrogen at 

WHBH202AMR and mecoprop at 206AM, both in 2014) which are likely to reflect plumes from 

Areas 1-3 and indicate a potential requirement for control level updating.    

Table 3-8 

AM Groundwater Background and Down-gradient of Areas 4-8 (2010–20) 

(mg/l) 
 

Amm N  
Dissolved 

Cadmium 
Chloride  Mecoprop  

Dissolved 

 Nickel  
Toluene 

Background 

(WBH419AM, 

WBH421AM, 

WHBH202AMR, 

WHBH206AM – 

UAM/LAM) 

Min <0.01 <0.00002 6 <0.00002 <0.001 <0.0001 

50%ile 27.1 <0.0001 358 0.00176 0.013 <0.001 

95%ile 105 <0.0006 1520 0.0211 0.033 <0.005 

Max 168 0.0027 1830 0.043 0.046 <0.005a 

Current Compliance 

Limit 
1.62 0.001 250 0.0001 0.02 0.004 

WHBH203AMR 

(Lower AM) 

Min <0.01 <0.00002 5.5 <0.00002 <0.001 <0.0001 

50%ile 0.05 <0.0001 10.9 <0.00002 <0.001 <0.001 

95%ile 0.44 <0.0006 14.2 <0.00004 0.001 <0.005 

Max 0.71b <0.0006 25c <0.0004 0.014 <0.005 

Min <0.01 <0.00002 7 <0.00002 <0.001 <0.0001 
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(mg/l) 
 

Amm N  
Dissolved 

Cadmium 
Chloride  Mecoprop  

Dissolved 

 Nickel  
Toluene 

WHBH87AMA 

(Upper AM) 

50%ile 0.03 <0.0001 17.5 <0.00002 0.001 <0.001 

95%ile 0.52 <0.0001 80.3 <0.0001 0.004 <0.005 

Max 1.5d <0.0006 85 0.00012 0.019 <0.005 

WHBH87AMB 

(Upper AM) 

Min <0.01 <0.00002 10 <0.00002 <0.001 0.00014 

50%ile 0.27 <0.0001 47 <0.00002 <0.001 <0.001 

95%ile 0.71 <0.0001 70.9 <0.00004 0.002 <0.005 

Max 2.7 <0.0006 83 <0.00004 0.003 <0.005 

WHBH88AM 

(Upper AM) 

Min <0.01 <0.00002 11 <0.00002 <0.001 <0.0001 

50%ile 0.02 <0.0001 22.4 <0.00004 <0.001 <0.001 

95%ile 0.3 <0.0006 42.7 <0.0001 0.003 <0.005 

Max 0.6 <0.0006 56.2 <0.0001 0.003 <0.005 

WHBH89AM 

(Lower AM) 

Min <0.01 <0.00002 14 <0.00002 <0.001 <0.0001 

50%ile 0.04 <0.0001 43.8 <0.00004 0.003 <0.001 

95%ile 0.4 <0.0006 93.5 0.00022 0.008 <0.005 

Max 1.1 <0.0006 120 0.00031 0.012 <0.005 

a - excl outliers of 0.040mg/l in Aug 2012 and 0.138mg/l in Feb 2015; b: excluding max outlier of 6.9mg/l 

in 2012; c: excluding max outlier of 336mg/l in 2012; d: excluding max outlier of 5.1mg/l in 2014. 

Review of Table 3-8 indicates the following:  

• concentrations of all substances down-gradient of Areas 4-8 are significantly lower than the 

intermediate boreholes between Areas 1-3 and Areas 4-8, confirming there is not likely to 

have been any impact from the engineered areas on the AM Mudstone; 

• concentrations in down-gradient boreholes are mostly comparable to those at boreholes up-

gradient of the whole site, indicating that impacts due to the unlined Areas 1-3 have generally 

been attenuated by the time impacted groundwater reaches the down-gradient site 

boundary; and 

• the only breaches of current compliance limits are: 

o mecoprop at WHBH87AMA on one occasion (0.00012 mg/l in 2018) and at 

WHBH89AM on seven occasions in 2017-2019 with a maximum of 0.00031 mg/l – as 

these concentrations are significantly lower than at intermediate boreholes 

WH419AM (upgradient of WHBH87AMA) and WH421AM (upgradient of WHBH89AM) 

it is considered appropriate to increase these compliance limits to reflect ongoing 

plumes due to impacts on the AM Mudstone from Areas 1-3; 

o ammoniacal nitrogen – one-off outliers of 6.9 mg/l in 2012 at borehole WHBH203AMR 

and 5.1 mg/l in 2014 at WHBH87AMA; and 

o chloride – one-off outlier of 336 mg/l at WHBH203AMR in 2012. 
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3.4.3 DKF Sandstone 

Up-gradient and down-gradient groundwater quality data for key contaminants are compared in 

Tables 3-9 and 3-10 below (including internal control levels where assigned), and time-series plots for 

groundwater monitoring boreholes presented in Appendix 09. Bold italics indicate exceedances of 

internal control levels. 

Table 3-9 

DKF Groundwater Background and Down-gradient of Areas 1-3 (2010–20) 

(mg/l) 
 

Amm N  
Dissolved 

Cadmium 
Chloride  Mecoprop  

Dissolved 

 Nickel  
Toluene 

Background 

(BHC1R, 

WHBH15DKF, 

WHBH209DKFR, 

WHBH09 (excl Cl), 

WHBH34 & 35) 

Min <0.01 <0.00002 3 <0.00002 <0.001 <0.0001 

50%ile 0.07 <0.0001 26.2 <0.00002 0.003 <0.001 

95%ile 0.3 <0.0006 48.6 <0.00004 0.014 <0.005 

Max 1.3d 0.0019 52.8 0.00011 0.018 <0.005 

WH420DKF 

Control 359 0.002 1014 0.0184 0.0863 0.004 

Min 0.04 <0.00002 9 <0.0002 <0.001 <0.0001 

50%ile 8.5 <0.0001 162 0.00014 0.005 <0.001 

95%ile 100 <0.0006 543 0.00307 0.032 <0.005 

Max 287 0.0007 699a 0.00679b 0.056 <0.005 

WH422DKF 

Control 477.5 0.0015 1099 0.0254 0.098 0.004 

Min 29.3 <0.00002 45 <0.00002 0.004 <0.0001 

50%ile 151 <0.0001 620 0.00608 0.023 <0.001 

95%ile 292 <0.0006 824 0.0137 0.0325 <0.005 

Max 382 0.0009 879 0.0203 0.033 <0.005 

WHBH202DKFR 

Control 47.5 0.001 1125 0.0156 0.034 0.004 

Min <0.01 <0.00002 31 <0.00002 0.003 0.00048 

50%ile 11.9 <0.0001 743 0.00073 0.014 <0.001 

95%ile 43 <0.0001 893 0.0114 0.0311 <0.005 

Max 47c <0.0001 980 0.0214 0.032 <0.005 

WHBH206DKF 

Control 56.1 0.0014 1750 0.00285 0.09 0.004 

Min <0.19 <0.00002 79 <0.00002 0.015 <0.0001 

50%ile 3.8 0.0002 810 0.00048 0.027 <0.001 

95%ile 44.6 0.001 1822 0.00228 0.052 <0.005 

Max 91.1 0.0011 1870 0.00274 0.054 <0.005 

a: excluding max outlier of 811mg/l in 2008; b: excluding max outlier of 0.0147mg/l in 2009; c: excluding 

extreme outlier of 220mg/l in Nov 2013; d – excluding one-off outliers of 1.9 – 3.4 mg/l in Nov 2014 at 

each of BH209DKFR, BH09, BH15DKF, BH34 

Review of Table 3-9 indicates the following: 
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• concentrations of most substances are much higher in boreholes down-gradient of Areas 1-3 

compared with background, indicating that the down-gradient boreholes appear to have been 

impacted by Areas 1-3, the impacts generally declining as the strength of leachate in Areas 1-

3 declines, although mecoprop plumes still appear to be increasing at boreholes WH420DKF 

and WH206DKF (potentially due to the mecoprop plume being more retarded than other 

substances showing impacts); 

• toluene is an exception with similar concentrations both up-gradient and down-gradient of 

Areas 1-3, indicating that there have been no toluene impacts from Areas 1-3, likely to be due 

to the relatively quick degradation of toluene; and 

• internal control levels – as these have taken into account historic impacts from Areas 1-3, the 

only control level exceedances have been as follows, indicating a potential requirement for 

control level updating as the exceedances are all likely to reflect plumes from Areas 1-3: 

o mecoprop at WHBH202DKFR of 0.0214 mg/l in 2014; 

o ammoniacal-N at WHBH206DKF (two potential outliers up to 91.1 mg/l in 2014); and  

o six slight chloride exceedances at WHBH206DKF up to 1870 mg/l in 2016-2018. 

Table 3-10 

 DKF Groundwater Background and Down-gradient of Areas 4-8 (2010–20) 

(mg/l) 
 

Amm N  
Dissolved 

Cadmium 
Chloride  Mecoprop  

Dissolved 

 Nickel  
Toluene 

Background 

(WH420DKF, 

WH422DKF, 

WHBH202DKFR, 

WHBH206DKF) 

Min <0.01 <0.00002 9 <0.00002 <0.001 <0.0001 

50%ile 28.8 <0.0001 469 0.00089 0.016 <0.001 

95%ile 244 <0.0006 1508 0.0114 0.038 <0.005 

Max 382 0.0011 1870 0.0214 0.056 <0.005 

Current Compliance Limit 3.57 0.001 250 0.0218 0.02 0.004 

WHBH203DKF 

Min <0.01 <0.00002 2.5 <0.00002 <0.001 <0.0001 

50%ile <0.19 <0.0001 10 <0.00002 <0.001 <0.001 

95%ile <0.3 <0.0006 18 <0.00004 0.011 <0.005 

Max 3.4a <0.0006 98b <0.00004c 0.026 <0.005 

WHBH87DKF 

Min <0.01 <0.00002 3 <0.00002 <0.001 <0.0001 

50%ile 0.11 <0.0001 39 <0.00002 <0.001 <0.001 

95%ile 0.7 <0.0001 61.3 <0.00004 0.002 <0.005 

Max 2.6 <0.0006 79.4 <0.0001 0.004d <0.005 

WHBH88DKF 

Min <0.01 <0.00002 14 <0.00002 <0.001 <0.0001 

50%ile 0.02 <0.0001 62.2 <0.00002 <0.001 <0.001 

95%ile 0.6 <0.0006 174 0.00009 0.004 <0.005 

Max 1 <0.0006 300 <0.0001e 0.004 <0.005 

WHBH89DKF 

Min <0.01 <0.0001 9 <0.00002 <0.001 <0.0001 

50%ile 0.05 0.0001 44.8 0.00008 0.005 <0.001 

95%ile 1.6 0.0013 139 0.00048 0.014 <0.005 
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(mg/l) 
 

Amm N  
Dissolved 

Cadmium 
Chloride  Mecoprop  

Dissolved 

 Nickel  
Toluene 

Max 1.9 0.00134 188 0.0005 0.017 <0.005 

a: excluding August 2012 extreme outlier of 77.3mg/l; b: excluding August 2012 extreme outlier of 

527mg/l; c: excluding extreme outlier of 0.00047mg/l in 2016; d: excluding extreme outlier of 

0.169mg/l in 2017; e: excluding extreme outlier of 0.00067mg/l in 2013; f – excluding 2014 outlier of 

5.7 mg/l. 

Review of Table 3-10 indicates the following: 

• concentrations of most substances in the boreholes down-gradient of Areas 4-8 are 

significantly lower than in the intermediate boreholes up-gradient of Areas 4-8, confirming 

there is not likely to have been any impact from the engineered Areas 4-8 on the DKF 

sandstone aquifer; 

• however, in 2018-20 there were three occasions when dissolved cadmium concentrations at 

down-gradient borehole WHBH89DKF (up to 0.00134 mg/l) exceeded concentrations at the 

intermediate boreholes (maximum 0.0011 mg/l), although it is noted that maximum 

concentrations up-gradient of the whole site were higher (0.0019 mg/l at WHBH15DKF) – 

these variations (while remaining below the DWS of 0.005 mg/l) were potentially  caused by 

redox changes triggering release of cadmium from manganese oxide nodules within mudstone 

horizons adjacent to the DKF sandstone. It is further noted that cadmium has only been 

recorded in leachate up to 0.0047 mg/l, i.e. below DWS and not significantly higher than the 

maximum DKF background concentration; 

• concentrations in down-gradient boreholes are mostly comparable to those at boreholes up-

gradient of the whole site, indicating that impacts due to the unlined Areas 1-3 have generally 

been attenuated by the time impacted groundwater reaches the down-gradient site boundary 

(apart from chloride whose impacts from Areas 1-3 are not attenuated as much as those of 

other substances); however 

• mecoprop concentrations at down-gradient borehole WHBH89DKF have, since 2017, shown 

an upward trend exceeding concentrations at boreholes up-gradient of the whole site – this 

is likely to be a plume due to impacts from Areas 1-3, as the concentrations remain well below 

those at boreholes WHBH202DKF and WHBH422DKF which are directly up-gradient of 

WHBH89DKF; 

• the only breaches of compliance limits excluding extreme outliers are: 

o dissolved cadmium at borehole WHBH89DKF on three occasions 2018-20 which are 

likely to be due to natural redox variations – however, as cadmium has been 

reclassified as a Non-Hazardous Pollutant and it was not included in the modelling for 

this HRA as the maximum concentration in leachate was below Drinking Water 

Standard, it is considered appropriate to remove cadmium as a compliance substance; 

o dissolved nickel at borehole WHBH203DKF on one occasion (0.026 mg/l in 2016) – as 

this is also likely to be due to natural redox variations, it is considered appropriate to 

increase this compliance limit; and 

o chloride at borehole WHBH88DKF – as the maximum concentration of 300mg/l (in 

2010) has frequently been exceeded  at WH420DKF (which is directly up-gradient of 

WHBH88DKF) this could be a plume due to impacts from Areas 1-3, and it is 

considered appropriate to increase this compliance limit. 
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 Review of Technical Precautions 

This review of the hydrogeological risk assessment has demonstrated that the development continues 

to comply with the requirements of the Environmental Permitting Regulations, 2016, Schedule 22 

(Groundwater Activities). The relevant technical precautions are considered to be: 

• construction of Cell 6-2 with an engineered liner as specified above;  

• ongoing capping as described in section 2.1.1 above; 

• ongoing leachate management as detailed in the Leachate Management Plan with compliance 

limits as modelled in section 3.1.1 above and confirmed in section 4.2 below; and 

• ongoing leachate and groundwater monitoring, as detailed in section 4.0. 
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 Requisite Surveillance 

 The Risk Based Monitoring Scheme 

The amount and design of monitoring required at sites should be based on an assessment of risk the 

site poses to the local environment.  Control levels and compliance limits form the basis for assessing 

groundwater monitoring data at landfill sites. 

Control levels are for internal use by the operator, while compliance limits are regulatory criteria at 

which significant adverse environmental effects and/or breaches of legislation have occurred. 

The monitoring scheme laid out below is based on that presented in Permit Variation 

EPR/BL9500IJ/V006 (dated 18th May 2015) with updated surface water quality compliance limits in 

Permit Variation EPR/BL9500IJ/V007 (dated 11th May 2016). 

 Leachate Monitoring Schedule and Compliance Limits  

The 2015 permit variation requires leachate level monitoring on a monthly basis in operational cells 

and on a quarterly basis in non-operational cells. It is noted that most of the landfill apart from Area 

6 is likely to be fully capped in the next year or so. The monitoring schedule in the permit, presented 

in Table 4-1 below, is considered to remain applicable.   

Table 4-1 

Proposed Leachate Monitoring Schedule 

Monitoring Points Frequency Measurement 

Operational Cells 

Monthly Leachate Level  

Quarterly 

pH, Electrical Conductivity, Ammoniacal Nitrogen, Chloride, 

Alkalinity, Chemical Oxygen Demand, BOD, Cd, Cr, Cu, Pb, Ni, 

Fe, As, Mg, K, Sulphate, Ca, Na, Zn, Mn 

Annually Depth to Base, Hazardous Substances 

Non-operational 

Cells 

Quarterly Leachate Level  

Annually 

pH, Electrical Conductivity, Ammoniacal Nitrogen, Chloride, 

Alkalinity, Chemical Oxygen Demand, BOD, Cd, Cr, Cu, Pb, Ni, 

Fe, As, Mg, K, Sulphate, Ca, Na, Zn, Mn, Depth to Base 

Every 4 

Years 
Hazardous Substances 

 

The proposed leachate level compliance limits, as justified by modelling in section 3 above and 

outlined in the Leachate Management Plan, are presented in Table 4-2 below. 
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Table 4-2 

Proposed Leachate Level Compliance Limits 

Cell 
Proposed Limit 

(mAOD) 

Cellbase 

(mAOD) 
Cell 

Proposed Limit 

(mAOD) 
Cellbase (mAOD) 

4-1 142 (LM 4/3R) 138.25 
7-1 

141 (LM 7/2) 137.3 

4-2 147 (LM4/4R) 138.13 141 (LM 7/1) 137.1 

5-1 
147.5 (LM5/1) 144.81 

7-2 
141 (LM 7/4) 137.9 

147.5 (LM5/2) 143.64 141 (LM7/3) 137.8 

5-2 
145 (LM5/3) 141.26 

7-3 
143 (LM 7/6) 138.7 

145 (LM5/4) 141.26 143 (LM7/5) 138.3 

6-1 
143.6 (LMP6A) 140.60 

8-1 
143(LM 8/1) 135.4 

144.88 (LM6/1) 141.88 143 (LM 8/2) 135.9 

6-2 
To be constructed and 

limits determined 
8-2 

137 (LM 8/3) 134.0 

137 (LM 8/4) 134.5 

 

Leachate level limits for Cell 6-2 will be confirmed when the cell is constructed.      

Table 4-3 below presents the proposed ‘hydraulic cells’ across which leachate level limits are linked, 

confirming the number of leachate level and quality monitoring points required in line with the EA 

Landfill Monitoring Guidance. 

Table 4-3 

Proposed Linked Hydraulic Cells 

Current 

Cells 

Hydraulic 

Unit 
Sumps 

Leachate Level Compliance Points Leachate Quality Sampling Points 

ID Number ID Number 

4-1 

A 

LMP4.1 

 

LMP6B 

LM4/3R 

LM4/4R 

LM6/2 

3 

LMP4.1 

 

LMP6B 

2 retained (as Phase 6 is 

still operational) 
4-2 

6-1 

5-1  

B* LMP5A 

LMP5B  

LM5/1, 

LM5/2 

LM5/3, 

LM5/4 

4 LMP5B 1 
5-2 

7-1  

C 

LMP7A 

LMP7B 

LMP7C 

LMP8A  

LM7/1, 

LM7/2 

LM7/3, 

LM7/4, 

LM7/5, 

LM7/6, 

LM8/1, 

LM8/2  

8 

LMP7B 

 

LMP8A 

2 retained  

(due to layout of sub-

cells) 

7-2 

7-3 

8-1 

8-2 D LMP8B 
LM8/3, 

LM8/4 
2 LMP8B 1 

*in the event of loss of a monitoring well, provided two monitoring wells remain functional in the 

hydraulic unit then the lost/failed monitoring well would not be replaced 
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 Groundwater Monitoring Schedule 

Groundwater level and quality monitoring are required by the 2015 permit variation as presented in 

Table 4-4 below. The groundwater monitoring suite in Table S3.8 of the 2015 permit variation is 

considered to remain applicable except for: 

• the 2-yearly suite of Hazardous Substances in up-gradient boreholes should be revised to 

match the down-gradient requirement i.e. only Hazardous Substances detected in leachate; 

• as compliance substance toluene has not been detected in groundwater at all (apart from two 

one-off outliers at borehole 206AM in 2012 and 2015) it is considered that monitoring of 

toluene is not required more frequently than the 2-yearly requirement for other Hazardous 

Substances detected in leachate; and 

• compliance substance mecoprop (which was declassified as Hazardous some years ago) 

should be included in annual up-gradient monitoring to compare with concentrations at 

compliance boreholes.  

Based on the updated groundwater conceptual site model presented in section 2 above, the relevant 

up-gradient monitoring boreholes in each horizon are considered to be those listed below. As 

discussed above, the only significant groundwater flow in the Accrington Mudstone Secondary A 

Aquifer appears to be in the Lower AM, hence it is not considered meaningful to include in the 

monitoring schedule any boreholes which exclusively monitor the Upper AM: 

• OLR Sandstone aquifer - WHBH203OLR is up-gradient of Areas 7-8; 

• AM Mudstone: 

o up-gradient (south-west) of the whole site - borehole BHC2R and WHBH15AM; and 

o down-gradient of unlined Areas 1-3 but up-gradient of Areas 4-6: boreholes 

WH419AM and WH421AM; and   

• DKF Sandstone aquifer: 

o up-gradient (south) of the whole site - boreholes BHC1R, WHBH15DKF, 

WHBH209DKFR and WHBH35; and 

o down-gradient of unlined Areas 1-3 but up-gradient of Areas 4-6: boreholes 

WH420DKF, WH422DKF, WHBH202DKFR and WHBH206DKF. 

The relevant down-gradient monitoring boreholes are in general the previously defined compliance 

boreholes for each horizon, however the updated groundwater conceptual site model presented in 

section 2 indicates that that some of these boreholes should be redesignated as they are not in fact 

down-gradient of the engineered landfill. This is discussed in more detail in section 4.4 below. 

Table 4-4 

Proposed Groundwater Monitoring Schedule  

Monitoring Points Frequency Measurement 

Up-Gradient 

Boreholes 

 

Quarterly Level, pH, EC, Ammoniacal Nitrogen, Chloride  

Annually 
As above plus depth to base, alkalinity, sulphate, Mg, 

K, Ca, Na, Cr, Cu, Fe, Pb, Ni, Zn, Mn, Cd, Mecoprop 

Every 2 years Hazardous Substances detected in leachate 
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Monitoring Points Frequency Measurement 

Down-Gradient 

Boreholes 

 

Quarterly 
Level, pH, EC, Ammoniacal Nitrogen, Chloride, 

Cadmium, Mecoprop, Nickel 

Annually 
As above plus depth to base, alkalinity, sulphate, Mg, 

K, Ca, Na, Cr, Cu, Fe, Pb, Zn, Mn  

Every 2 years Hazardous Substances detected in leachate 

 

 Groundwater Compliance Limits 

The 2015 permit variation refers in Table S3.4 to groundwater compliance limits being listed in 

Appendix B of the Monitoring Management Plan, and SLR understands from SUEZ that the current 

compliance limits are as proposed in the 2015 HRA Review and presented in Table 4-5 below.  

 

Table 4-5 

Current Groundwater Quality Compliance Limits in mg/l 

Horizon 
Monitoring 

Point 
Amm-N Chloride Mecoprop Nickel Toluene 

OLR 

WHBH87OLR 

WHBH88OLR 

WHBH89OLR 

WHBH0203OLR 

0.39 250 0.0001 0.02 0.004 

AM 

WHBH87AMA 

WHBH87AMB 

WHBH88AM 

WH/H89AM 

EQBHA2R 

WHBH0203AMR 

WH0402AM 

1.62  316.75 0.00167 0.02 0.004 

DKF 

WHBH87DKF 

WHBH88DKF 

WHBH89DKF 

EQBHA1R 

WHBH0203DKFR 

WH0401DKF 

3.57 250 0.00218 0.02 0.004 

 

As discussed above, the only significant groundwater flow in the Accrington Mudstone Secondary A 

Aquifer appears to be in the Lower AM, hence it is not considered meaningful to include as compliance 

boreholes any boreholes which exclusively monitor the Upper AM i.e. BH87AMA, BH87AMB, BH88AM 

and WH0402AM. Proposed updated compliance limits are presented in Table 4-6 below. 

 

As cadmium has been reclassified as a Non-Hazardous Pollutant and it was not included in the 

modelling for this HRA as the maximum concentration in leachate was below Drinking Water Standard, 

it is considered appropriate to remove cadmium as a compliance substance. 

  

It is further considered that the following groundwater compliance limits should be updated for the 

OLR sandstone aquifer: 
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• WHBH0203OLR – based on its up-gradient location as detailed in section 2.2.4 and Drawing 

HRA1, it is not considered appropriate to retain compliance limits for WHBH0203OLR, 

however the EALs based on maximum concentrations at this up-gradient borehole should be 

borne in mind when setting compliance limits; 

• ammoniacal nitrogen – 2015-2020 concentrations in OLR down-gradient boreholes have 

generally remained within the current compliance limit except for: 

o WHBH87OLR – six exceedances in mid to late 2018 with a peak of 4 mg/l; 

o WHBH89OLR – a one-off exceedance of 1.2 mg/l in early 2017 and consistent 

exceedances since February 2018 with a peak of 3.8 mg/l in July 2019; 

o as discussed in section 3.4.1 above, these exceedances are not likely to have been 

caused by the landfill as potential travel times are of the order of hundreds of years 

due to the low permeability engineered lining system; 

o hence as these exceedances are likely to have an alternative source, a compliance 

limit should be set using the down-gradient baseline maximum (in 2018);       

• mecoprop - concentrations have generally remained within the current compliance limit 

except for: 

o WHBH87OLR – a brief summer peak in May-September 2018 up to 0.00028 mg/l; and 

o WHBH89OLR – concentrations elevated most of the time from 2016-2020 with a peak 

of 0.0006 mg/l in June 2018; 

o as potential travel times indicate that these peaks are not likely to have been caused 

by the landfill, and that maximum concentrations are in summer months, the source 

of these peaks could be herbicide use on the adjacent motorway; 

o hence as these exceedances are likely to have an alternative source, borehole-specific 

compliance limits should be set using the down-gradient baseline maximum (in 2018). 

Although there was a one-off exceedance of the 0.02 mg/l groundwater compliance limit for nickel at 

WHBH203DKFR of 0.026 mg/l (Nov 2016) respectively, it is considered appropriate to retain the 

current compliance limit. Occasionally sporadic nickel concentrations are likely to be due to release of 

nickel from manganese oxide nodules within mudstone horizons, and should a similar one-off 

exceedance occur in the future this should not be scored as a breach, as discussed in the groundwater 

contingency action plan in Appendix 14. 

 

The current (where retained) and proposed compliance limits have also been assigned rounded values 

for convenience, e.g. the current AM chloride compliance limit of 316.75 mg/l has been rounded to 

320 mg/l etc. Action limits have been set at concentrations indicative of increases above typical 

current concentrations. 
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Table 4-6 

Proposed Updated Groundwater Quality Compliance Limits in mg/l  

Horizon 
Monitoring 

Point 
Parameter (mg/l) Action Limit 

Compliance 

Limit  

Monitoring 

Frequency 

OLR 

WHBH87OLR 

WHBH88OLR 

WHBH89OLR 

Ammoniacal Nitrogen 2 4 

Quarterly 

Chloride 150 250 

Mecoprop 0.0003 0.0006 

Nickel  0.01 0.02 

Toluene None as Haz 0.004 

AM 

WHBH89AM 

EQBHA2R 

WHBH0203AMR 

Ammoniacal Nitrogen 0.5 1.62 

Quarterly 

Chloride 150 320 

Mecoprop 0.0003 0.0017 

Nickel  0.01 0.02 

Toluene None as Haz 0.004 

DKF 

WHBH87DKF 

WHBH88DKF 

WHBH89DKF 

EQBHA1R 

WH0401DKF 

WHBH0203DKFR 

Ammoniacal Nitrogen 2 3.57 

Quarterly 

Chloride 150 250 

Mecoprop 0.0003 0.0022 

Nickel  0.01 0.02 

Toluene None as Haz 0.004 

A groundwater contingency action plan is included as Appendix 14 in the event of an exceedance of a 

compliance limit. 

 Surface Water Monitoring Schedule 

Surface water quality is currently monitored at three locations (SW3, SW and SW5 as shown on 

Drawing HRA2).  The current monthly monitoring schedule as prescribed in Table S3.11 of the 2015 

Permit Variation comprises electrical conductivity, visual oil and grease and the substances in Table 4-

6 below and is considered to remain applicable. The current compliance limits as prescribed in Table 

S3.3 of the 2016 Permit Variation are also presented in Table 4-7 – it is considered more appropriate 

to treat the limits for mecoprop, cadmium and nickel as action limits rather than compliance limits, as 

surface water compliance limits are not commonly set for those substances. Key surface water 

chemographs are presented in Appendix 13. 

Table 4-7 

Current Surface Water Quality Compliance Limits in mg/l 

Location 

Suspended 

Solids 

(mg/l) 

pH 
Amm-N 

(mg/l) 

Chloride 

(mg/l) 

Mecoprop 

(mg/l) 

Cadmium 

(mg/l) 

Nickel 

(mg/l) 

Flow 

(l/s) 

SW3 30 - 0.5 250 0.018 0.001 0.02 10 

SW3a 30  >5 - <9 1.0 - - - - 10 

SW4 59.4 - 1.0 250 0.018 0.001 0.02 10 

SW5 30 - 1.0 250 - - - 30 

  



Suez Recycling and Recovery UK Ltd. 

Whinney Hill Hydrogeological Risk Assessment Review 

Filename: 210309_401-79-10012_Whinney_Hill_HRA_FINAL_TO CLIENT 

SLR Ref No: 401-00079-10012                           

 March 2021 

 

40 

 

 Conclusions 

Suez Recycling and Recovery UK Ltd has appointed SLR Consulting Limited (SLR) to undertake a 

Hydrogeological Risk Assessment Review for Whinney Hill Landfill Site.  

After over 20 years of development and monitoring of the site, a full review of the site conceptual site 

model has been undertaken, including a detailed review of the geology and review of leachate and 

groundwater monitoring data collected since completion of the last HRA Review in 2015. 

Comparison of proposed leachate level compliance limits, geology and groundwater levels found the 

following relationships: 

• diffusive flow could occur from Areas 4-6 into perched localised groundwater levels in the low 

permeability Upper Accrington Mudstone; 

• diffusive or advective flow could occur from Areas 7-8 into the groundwater in the OLR 

sandstone;  

• advective flow could occur from Areas 4-6 down through the low permeability Accrington 

Mudstone to the underlying DKF Sandstone aquifer 

• as Areas 7-8 can potentially impact groundwater in the OLR Sandstone, they are not likely to 

have any significant impact on the underlying AM Mudstone, which has a much lower 

permeability than the OLR Sandstone;    

• Cell 7-3: the proposed leachate level compliance limit is within nearby mean groundwater 

levels, hence the only potential impact to groundwater is diffusive rather than advective; and  

• Cells 7-1, 7-2 and Area 8: the proposed leachate level compliance limits are above mean 

nearby groundwater level, hence there is potential advective impact on groundwater.  

A new LandSim model was developed to assess advective risk to the OLR Sandstone, and the existing 

LandSim model assessing advective risk to the DKF Sandstone was revised using updated site data. 

The diffusion modelling from previous HRAs was found to remain applicable for Areas 4-6 and Cell 7-

3, as it is considered to be representative of a worst-case scenario. 

 Compliance with Schedule 10 of the Environmental Permitting 

Regulations, 2016 

The results of this risk assessment have established the following: 

• the site continues to pose a potential hazard to groundwater and surface water quality.  

Consequently, arrangements must be made to collect basal leachate that is generated by the 

site; 

• there is no evidence of any adverse impact of leachate from the engineered landfill on 

groundwater in downgradient boreholes, which is consistent with the conceptual site model 

and confirms the predictions of the LandSim and diffusive modelling; 

• leachate level compliance limits and groundwater control levels and compliance limits can be 

used to ensure the adequate protection of groundwater and surface water resources; and 

• the site continues to comply with the relevant requirements of the Schedule 10 of the 

Environmental Permit Regulations, 2016. 
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 Compliance with Schedule 22 (Groundwater Activities) of the EPR 2016 

The results of this risk assessment have established the following: 

• the development continues to pose a potential hazard to ground and surface water quality. 

Consequently, it continues to fall within the scope of Schedule 22 (Groundwater Activities) of 

the Environmental Permitting Regulations 2016; 

• this assessment forms a review of the conceptual site model that must be carried out for 

landfills; 

• the proposed technical precautions continue to limit the introduction of Non-Hazardous 

Pollutants into groundwater so as to avoid pollution throughout the site’s lifecycle; and 

• the proposed and installed technical precautions should continue to prevent the discernible 

discharge of Hazardous Substances to groundwater throughout the site’s lifecycle; 

• the following essential and technical precautions have been identified as part of the 

hydrogeological risk assessment review: 

o construction of Cell 6-2 with an engineered liner as specified above;  

o ongoing capping as described in section 2.1.1 above; 

o ongoing leachate management as detailed in the Leachate Management Plan with 

maintenance of leachate elevations within all cells to those assumed for this 

assessment and below the specified compliance limits; 

o a risk-based programme of leachate and groundwater monitoring and the 

implementation of control levels and compliance limits. 

The site therefore continues to comply with requirements of the Schedule 22 (Groundwater Activities) 

of the Environmental Permitting Regulations 2016. 
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APPENDIX 01 

Leachate Hydrographs 

  



SUEZ Recycling and Recovery UK 
Whinney Hill LMP 
Filename: 200929_401.00079.10010_WhnyH_LMP_v3 

 
SLR Ref No: 401.00079.10010  

September 2010 

 

 
 

 

 

 

 

 



SUEZ Recycling and Recovery UK 
Whinney Hill LMP 
Filename: 200929_401.00079.10010_WhnyH_LMP_v3 

 
SLR Ref No: 401.00079.10010  

September 2010 

 

 
 

 

 

 

 

 



SUEZ Recycling and Recovery UK 
Whinney Hill LMP 
Filename: 200929_401.00079.10010_WhnyH_LMP_v3 

 
SLR Ref No: 401.00079.10010  

September 2010 

 

 
 

 

 

 

 

 



SUEZ Recycling and Recovery UK 
Whinney Hill LMP 
Filename: 200929_401.00079.10010_WhnyH_LMP_v3 

 
SLR Ref No: 401.00079.10010  

September 2010 

 

 
 

 

 

 

 

 



SUEZ Recycling and Recovery UK 
Whinney Hill LMP 
Filename: 200929_401.00079.10010_WhnyH_LMP_v3 

 
SLR Ref No: 401.00079.10010  

September 2010 

 

 
 

 

 

 



Suez Recycling and Recovery UK Ltd. 

Whinney Hill Hydrogeological Risk Assessment Review 

Filename: 210309_401-79-10012_Whinney_Hill_HRA_FINAL_TO CLIENT 

SLR Ref No: 401-00079-10012                           

 March 2021 

 

43 

 

APPENDIX 02 

Leachate Chemographs 
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Whinney Hill - Whinney Hill P2 Leachate Analysis Points  01/01/2008 to 16/09/2020
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Whinney Hill - Whinney Hill P2 Leachate Analysis Points  01/01/2008 to 16/09/2020
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APPENDIX 03 

OLR Sandstone Monitoring Borehole Logs 
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Co-ords:Project No.

Borehole No.

ScaleLogged:

Remarks:

Hole Type

TerraConsult Ltd
Tel:  01925 291111
Fax: 01925 291191
www.terraconsult.co.uk
mailbox@terraconsult.co.uk

Checked:

End:

Depth
(m)

Drilled:Final depth (m)
Whinney Hill Landfill Site

Drilled using Beretta T44 tracked rotary rig with air flush and 150 mm duplex casing. Groundwater
monitoring point installed with 90 mm ID HDPE slotted pipe and filter sock with gravel annulus. Hole
completed with hydrated bentonite seal and concreted steel lockable cover.

Type,No

Accrington, Lancs
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Results
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Rough grass and brambles over soft brown slightly sandy CLAY with
rare gravel. Gravel is fine sub-angular to rounded of mudstone and
sandstone. Frequent wooded plant fragments and pockets of grey
organic material (< 20 mm).

Brownish yellow SANDSTONE. Recovered as slightly silty fine sand
with occasional gravel. (OLD LAWRENCE ROCK)

Light grey MUDSTONE. Recovered as slightly clayey gravel.
(ACCRINGTON MUDSTONE)

End of Borehole at 13.00 m
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TerraConsult Ltd
Tel:  01925 291111
Fax: 01925 291191
www.terraconsult.co.uk
mailbox@terraconsult.co.uk

Checked:

End:
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(m)

Drilled:Final depth (m)
Whinney Hill Landfill Site

Drilled with tracked rotary rig with air/water flush and 150mm casing. Casing installed to 1.60m. No
obvious groundwater strike encountered. Water  added down borehole to aid drilling. Borehole
installed with 90mm OD HDPE monitoring standpipe.
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Brown fine grained SANDSTONE. Recovered as angular fine to coarse
gravel of sandstone. (OLD LAWRENCE ROCK).

Grey MUDSTONE. Recovered as grey clayey fine to coarse gravel of
mudstone. (UPPER ACCRINGTON MUDSTONE)

End of Borehole at 6.20 m
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(m)

Drilled:Final depth (m)
Whinney Hill Landfill Site

Drilled using Beretta T51 tracked rotary rig with air flush and 150 mm duplex casing. Groundwater
monitoring point installed with 90 mm ID HDPE slotted pipe and filter sock with gravel annulus. Hole
completed with hydrated bentonite seal and concreted steel lockable cover.
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Depth
(m)

Drilled:Final depth (m)
Whinney Hill Landfill Site

Drilled using Beretta T51 tracked rotary rig with air flush and 150 mm duplex casing. Groundwater
monitoring point installed with 90 mm ID HDPE slotted pipe and filter sock with gravel annulus. Hole
completed with hydrated bentonite seal and concreted steel lockable cover.

Type,No

Accrington, Lancs

Type

Samples & In Situ Testing
Results

Results

32.00

1187

22/01/2010

SITA (UK)

AM

375943E - 430934N
154.57 m AOD

25/01/2010
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3.60

5.50

15.00

<3.60>

150.97

<1.90>

149.07

<9.50>

139.57

Clay and gravel. (MADE GROUND)

Grey MUDSTONE.

Yellow and grey SANDSTONE. (OLD LAWRENCE ROCK)

Grey SANDSTONE. (OLD LAWRENCE ROCK)
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WellWater
StrikesDepth (m)

Depth Level
Legend

<Thickness>
(m AOD) Stratum Description

Project Name:

Location:

Client:

Start:

Ground Level:
Co-ords:Project No.

Borehole No.

ScaleLogged:

Remarks:

Hole Type

TerraConsult Ltd
Tel:  01925 291111
Fax: 01925 291191
www.terraconsult.co.uk
mailbox@terraconsult.co.uk

Checked:

End:

Depth
(m)

Drilled:Final depth (m)
Whinney Hill Landfill Site

Drilled using Beretta T51 tracked rotary rig with air flush and 150 mm duplex casing. Groundwater
monitoring point installed with 90 mm ID HDPE slotted pipe and filter sock with gravel annulus. Hole
completed with hydrated bentonite seal and concreted steel lockable cover.

Type,No

Accrington, Lancs

Type

Samples & In Situ Testing
Results

Results

32.00

1187

22/01/2010

SITA (UK)

AM

375943E - 430934N
154.57 m AOD

25/01/2010

DJ BH

WH/BH89OLR
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31.50

32.00

<16.50>

123.07
<0.50>
122.57

Grey SANDSTONE. (OLD LAWRENCE ROCK)

Grey MUDSTONE. (ACCRINGTON MUDSTONE)

End of Borehole at 32.00 m
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Well Water
Strikes Depth (m)

Depth Level Legend(m) (m AOD) Stratum Description

Project Name

Location:

Client: Dates:

Level:

Co-ords:
Project No.

Borehole No

Scale

Logged By

Remarks:

Hole Type
WHINNEY HILL BOREHOLES

Drilled using truck mounted rotary rig. Groundwater encountered at 6.00 m bgl. Installed
with 90 mm ID groundwater monitoring installation to 9.00 m bgl.

ACCRINGTON

SITA

Type

Type

Samples & In Situ Testing
Results

Results

0967

Terraconsult
Tel: 01925 291111
Fax: 01925 291191
email: mailbox@terraconsult.co.uk

1290E - 1772N

150.90 m AOD

28/05/2008 KAS

BHEQC11-AM
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2.20

6.00

150.30

148.70

144.90

Cobbles and boulders of sandstone (MADE GROUND)

Grey slightly silty sandy (fine to medium) CLAY. (GLACIAL TILL)

Grey micaceous SILTSTONE. (UPPER ACCRINGTON MUDSTONE)

Black carbonaceous silty shaley MUDSTONE. (LOWER ACCRINGTON
MUDSTONE)
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Well Water
Strikes Depth (m)

Depth Level Legend(m) (m AOD) Stratum Description

Project Name

Location:

Client: Dates:

Level:

Co-ords:
Project No.

Borehole No

Scale

Logged By

Remarks:

Hole Type
WHINNEY HILL BOREHOLES

Drilled using truck mounted rotary rig. Groundwater encountered at 6.00 m bgl. Installed
with 90 mm ID groundwater monitoring installation to 9.00 m bgl.

ACCRINGTON

SITA

Type

Type

Samples & In Situ Testing
Results

Results

0967

Terraconsult
Tel: 01925 291111
Fax: 01925 291191
email: mailbox@terraconsult.co.uk

1290E - 1772N

150.90 m AOD

28/05/2008 KAS

BHEQC11-AM
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10.00

10.60

15.20

140.90

140.30

135.70

Light brown fine to medium grained SANDSTONE.

Light grey slightly sandy (fine) SILTSTONE. (DYNELY KNOLL FLAGS)

End of Borehole at 15.20 m
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Well Water
Strikes Depth (m)

Depth Level Legend(m) (m AOD) Stratum Description

Project Name

Location:

Client: Dates:

Level:

Co-ords:
Project No.

Borehole No

Scale

Logged By

Remarks:

Hole Type
Whinney Hill Landfill Site

Hole drilled at P-size.

Accrington

Sita (Lancashire) Ltd

Type

Type

Samples & In Situ Testing
Results

Results

0696

Terraconsult
Tel: 01925 291111
Fax: 01925 291191
email: mailbox@terraconsult.co.uk

-

170.59 m AOD

12/01/2007-15/01/2007 Driller

07/19
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169.99

168.69

165.29

Brown gravelly CLAY with frequent angular fine to coarse gravel
of mudstone and siltstone (ENGINEERED BUND).

Brown CLAY (ENGINEERED BUND).

Greyish brown MUDSTONE with clay pockets (ENGINEERED BUND).

Moderately strong greyish brown MUDSTONE (ACCRINGTON
MUDSTONE).
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Well Water
Strikes Depth (m)

Depth Level Legend(m) (m AOD) Stratum Description

Project Name

Location:

Client: Dates:

Level:

Co-ords:
Project No.

Borehole No

Scale

Logged By

Remarks:

Hole Type
Whinney Hill Landfill Site

Hole drilled at P-size.

Accrington

Sita (Lancashire) Ltd

Type

Type

Samples & In Situ Testing
Results

Results

0696

Terraconsult
Tel: 01925 291111
Fax: 01925 291191
email: mailbox@terraconsult.co.uk

-

170.59 m AOD

12/01/2007-15/01/2007 Driller

07/19
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15.10 155.49

Moderately strong greyish brown MUDSTONE (ACCRINGTON
MUDSTONE).

Moderately strong grey sandy MUDSTONE with siltstone bands
(ACCRINGTON MUDSTONE).
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Well Water
Strikes Depth (m)

Depth Level Legend(m) (m AOD) Stratum Description

Project Name

Location:

Client: Dates:

Level:

Co-ords:
Project No.

Borehole No

Scale

Logged By

Remarks:

Hole Type
Whinney Hill Landfill Site

Hole drilled at P-size.

Accrington

Sita (Lancashire) Ltd

Type

Type

Samples & In Situ Testing
Results

Results

0696

Terraconsult
Tel: 01925 291111
Fax: 01925 291191
email: mailbox@terraconsult.co.uk

-

170.59 m AOD

12/01/2007-15/01/2007 Driller

07/19
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Moderately strong grey sandy MUDSTONE with siltstone bands
(ACCRINGTON MUDSTONE).
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Well Water
Strikes Depth (m)

Depth Level Legend(m) (m AOD) Stratum Description

Project Name

Location:

Client: Dates:

Level:

Co-ords:
Project No.

Borehole No

Scale

Logged By

Remarks:

Hole Type
Whinney Hill Landfill Site

Hole drilled at P-size.

Accrington

Sita (Lancashire) Ltd

Type

Type

Samples & In Situ Testing
Results

Results

0696

Terraconsult
Tel: 01925 291111
Fax: 01925 291191
email: mailbox@terraconsult.co.uk

-

170.59 m AOD

12/01/2007-15/01/2007 Driller

07/19
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39.80 130.79

Moderately strong grey sandy MUDSTONE with siltstone bands
(ACCRINGTON MUDSTONE).
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Well Water
Strikes Depth (m)

Depth Level Legend(m) (m AOD) Stratum Description

Project Name

Location:

Client: Dates:

Level:

Co-ords:
Project No.

Borehole No

Scale

Logged By

Remarks:

Hole Type
WHINNEY HILL BOREHOLES

Drilled using truck mounted rotary rig. Groundwater encountered at 20.00 m bgl. Installed
with 90 mm ID groundwater monitoring installation to  41.50 m bgl.

ACCRINGTON

SITA

Type

Type

Samples & In Situ Testing
Results

Results

0967

Terraconsult
Tel: 01925 291111
Fax: 01925 291191
email: mailbox@terraconsult.co.uk

1122E - 1994N

155.11 m AOD

09/06/2008 KAS

BHA2-AM
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4.00 151.11

Grey CLAY with cobbles and boulders of mudstone and sandstone.
(MADE GROUND)

Light grey SILTSTONE (UPPER ACCRINGTON MUDSTONE)
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Well Water
Strikes Depth (m)

Depth Level Legend(m) (m AOD) Stratum Description

Project Name

Location:

Client: Dates:

Level:

Co-ords:
Project No.

Borehole No

Scale

Logged By

Remarks:

Hole Type
WHINNEY HILL BOREHOLES

Drilled using truck mounted rotary rig. Groundwater encountered at 20.00 m bgl. Installed
with 90 mm ID groundwater monitoring installation to  41.50 m bgl.

ACCRINGTON

SITA

Type

Type

Samples & In Situ Testing
Results

Results

0967

Terraconsult
Tel: 01925 291111
Fax: 01925 291191
email: mailbox@terraconsult.co.uk

1122E - 1994N

155.11 m AOD

09/06/2008 KAS

BHA2-AM
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Light grey SILTSTONE (UPPER ACCRINGTON MUDSTONE)
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Well Water
Strikes Depth (m)

Depth Level Legend(m) (m AOD) Stratum Description

Project Name

Location:

Client: Dates:

Level:

Co-ords:
Project No.

Borehole No

Scale

Logged By

Remarks:

Hole Type
WHINNEY HILL BOREHOLES

Drilled using truck mounted rotary rig. Groundwater encountered at 20.00 m bgl. Installed
with 90 mm ID groundwater monitoring installation to  41.50 m bgl.

ACCRINGTON

SITA

Type

Type

Samples & In Situ Testing
Results

Results

0967

Terraconsult
Tel: 01925 291111
Fax: 01925 291191
email: mailbox@terraconsult.co.uk

1122E - 1994N

155.11 m AOD

09/06/2008 KAS

BHA2-AM
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24.00 131.11

Light grey SILTSTONE (UPPER ACCRINGTON MUDSTONE)

Dark grey MUDSTONE (UPPER ACCRINGTON MUDSTONE)
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Well Water
Strikes Depth (m)

Depth Level Legend(m) (m AOD) Stratum Description

Project Name

Location:

Client: Dates:

Level:

Co-ords:
Project No.

Borehole No

Scale

Logged By

Remarks:

Hole Type
WHINNEY HILL BOREHOLES

Drilled using truck mounted rotary rig. Groundwater encountered at 20.00 m bgl. Installed
with 90 mm ID groundwater monitoring installation to  41.50 m bgl.

ACCRINGTON

SITA

Type

Type

Samples & In Situ Testing
Results

Results

0967

Terraconsult
Tel: 01925 291111
Fax: 01925 291191
email: mailbox@terraconsult.co.uk

1122E - 1994N

155.11 m AOD

09/06/2008 KAS

BHA2-AM
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Dark grey MUDSTONE (UPPER ACCRINGTON MUDSTONE)
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Well Water
Strikes Depth (m)

Depth Level Legend(m) (m AOD) Stratum Description

Project Name

Location:

Client: Dates:

Level:

Co-ords:
Project No.

Borehole No

Scale

Logged By

Remarks:

Hole Type
WHINNEY HILL BOREHOLES

Drilled using truck mounted rotary rig. Groundwater encountered at 20.00 m bgl. Installed
with 90 mm ID groundwater monitoring installation to  41.50 m bgl.

ACCRINGTON

SITA

Type

Type

Samples & In Situ Testing
Results

Results

0967

Terraconsult
Tel: 01925 291111
Fax: 01925 291191
email: mailbox@terraconsult.co.uk

1122E - 1994N

155.11 m AOD

09/06/2008 KAS

BHA2-AM

RO
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40.00

41.50

115.11

113.61

Very dark grey MUDSTONE (LOWER ACCRINGTON MUDSTONE)

End of Borehole at 41.50 m
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Well Water
Strikes Depth (m)

Depth Level Legend(m) (m AOD) Stratum Description

Project Name

Location:

Client: Dates:

Level:

Co-ords:
Project No.

Borehole No

Scale

Logged By

Remarks:

Hole Type
Whinney Hill Landfill Site

Hole drilled at P-size.

Accrington

Sita (Lancashire) Ltd

Type

Type

Samples & In Situ Testing
Results

Results

0696

Terraconsult
Tel: 01925 291111
Fax: 01925 291191
email: mailbox@terraconsult.co.uk

-

170.23 m AOD

19/01/2007-22/01/2007 Driller

07/21
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5.50 164.73

Yellowish brown MUDSTONE (ENGINEERED BUND).

Greyish brown MUDSTONE (ENGINEERED BUND).
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Well Water
Strikes Depth (m)

Depth Level Legend(m) (m AOD) Stratum Description

Project Name

Location:

Client: Dates:

Level:

Co-ords:
Project No.

Borehole No

Scale

Logged By

Remarks:

Hole Type
Whinney Hill Landfill Site

Hole drilled at P-size.

Accrington

Sita (Lancashire) Ltd

Type

Type

Samples & In Situ Testing
Results

Results

0696

Terraconsult
Tel: 01925 291111
Fax: 01925 291191
email: mailbox@terraconsult.co.uk

-

170.23 m AOD

19/01/2007-22/01/2007 Driller

07/21
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15.00 155.23

Greyish brown MUDSTONE (ENGINEERED BUND).

Grey MUDSTONE with sandstone bands (ENGINEERED BUND).

Continued next sheet

11

12

13

14

15

16

17

18

19

1:50

Sheet 2 of 4



Well Water
Strikes Depth (m)

Depth Level Legend(m) (m AOD) Stratum Description

Project Name

Location:

Client: Dates:

Level:

Co-ords:
Project No.

Borehole No

Scale

Logged By

Remarks:

Hole Type
Whinney Hill Landfill Site

Hole drilled at P-size.

Accrington

Sita (Lancashire) Ltd

Type

Type

Samples & In Situ Testing
Results

Results

0696

Terraconsult
Tel: 01925 291111
Fax: 01925 291191
email: mailbox@terraconsult.co.uk

-

170.23 m AOD

19/01/2007-22/01/2007 Driller

07/21
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26.30 143.93

Grey MUDSTONE with sandstone bands (ENGINEERED BUND).

Grey MUDSTONE (ACCRINGTON MUDSTONE).
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Well Water
Strikes Depth (m)

Depth Level Legend(m) (m AOD) Stratum Description

Project Name

Location:

Client: Dates:

Level:

Co-ords:
Project No.

Borehole No

Scale

Logged By

Remarks:

Hole Type
Whinney Hill Landfill Site

Hole drilled at P-size.

Accrington

Sita (Lancashire) Ltd

Type

Type

Samples & In Situ Testing
Results

Results

0696

Terraconsult
Tel: 01925 291111
Fax: 01925 291191
email: mailbox@terraconsult.co.uk

-

170.23 m AOD

19/01/2007-22/01/2007 Driller

07/21
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38.70 131.53

Grey MUDSTONE (ACCRINGTON MUDSTONE).

Black MUDSTONE (ACCRINGTON MUDSTONE).

End of Borehole at 40.00 m
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Well Water
Strikes Depth (m)

Depth Level Legend(m) (m AOD) Stratum Description

Project Name

Location:

Client: Dates:

Level:

Co-ords:
Project No.

Borehole No

Scale

Logged By

Remarks:

Hole Type
WHINNEY HILL BOREHOLES

Drilled using mobile truck mounted rotary rig. Groundwater encountered at 31.50 m bgl.
Installed with 90 mm ID groundwater monitoring installation to 48.00 m bgl.

ACCRINGTON

SITA

Type

Type

Samples & In Situ Testing
Results

Results

0967

Terraconsult
Tel: 01925 291111
Fax: 01925 291191
email: mailbox@terraconsult.co.uk

1247E - 2096N

165.55 m AOD

13/06/2008-16/06/2008 KAS

BH0203-AM
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0.90 164.65

Rough grass and brambles over brown slightly sandy (fine to
coarse) slightly gravelly CLAY. Gravel is fine to coarse
sub-angular of sandstone and mudstone. (TOPSOIL)

Light brown fine to medium grained SANDSTONE. (OLD LAWRENCE
ROCK)
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Well Water
Strikes Depth (m)

Depth Level Legend(m) (m AOD) Stratum Description

Project Name

Location:

Client: Dates:

Level:

Co-ords:
Project No.

Borehole No

Scale

Logged By

Remarks:

Hole Type
WHINNEY HILL BOREHOLES

Drilled using mobile truck mounted rotary rig. Groundwater encountered at 31.50 m bgl.
Installed with 90 mm ID groundwater monitoring installation to 48.00 m bgl.

ACCRINGTON

SITA

Type

Type

Samples & In Situ Testing
Results

Results

0967
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Light brown fine to medium grained SANDSTONE. (OLD LAWRENCE
ROCK)

Grey MUDSTONE (UPPER ACCRINGTON MUDSTONE)
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Depth Level Legend(m) (m AOD) Stratum Description
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Level:
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Logged By

Remarks:

Hole Type
WHINNEY HILL BOREHOLES

Drilled using mobile truck mounted rotary rig. Groundwater encountered at 31.50 m bgl.
Installed with 90 mm ID groundwater monitoring installation to 48.00 m bgl.
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Results
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Dark grey MUDSTONE. (LOWER ACCRINGTON MUDSTONE)
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Hole Type
WHINNEY HILL BOREHOLES

Drilled using mobile truck mounted rotary rig. Groundwater encountered at 31.50 m bgl.
Installed with 90 mm ID groundwater monitoring installation to 48.00 m bgl.
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Results
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Terraconsult
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Depth Level Legend(m) (m AOD) Stratum Description

Project Name

Location:

Client: Dates:

Level:

Co-ords:
Project No.

Borehole No

Scale

Logged By

Remarks:

Hole Type
WHINNEY HILL BOREHOLES

Drilled using mobile truck mounted rotary rig. Groundwater encountered at 31.50 m bgl.
Installed with 90 mm ID groundwater monitoring installation to 48.00 m bgl.

ACCRINGTON

SITA

Type

Type

Samples & In Situ Testing
Results

Results

0967

Terraconsult
Tel: 01925 291111
Fax: 01925 291191
email: mailbox@terraconsult.co.uk
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Dark grey MUDSTONE. (LOWER ACCRINGTON MUDSTONE)

End of Borehole at 48.00 m
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Project Name:

Location:

Client:

Start:

Ground Level:
Co-ords:Project No.

Borehole No.

ScaleLogged:

Remarks:

Hole Type

TerraConsult Ltd
Tel:  01925 291111
Fax: 01925 291191
www.terraconsult.co.uk
mailbox@terraconsult.co.uk

Checked:

End:

Depth
(m)

Drilled:Final depth (m)
Whinney Hill Landfill Site

Drilled using Beretta T51 tracked rotary rig with air flush and 150 mm duplex casing. Groundwater
monitoring point installed with 90 mm ID HDPE slotted pipe and filter sock with gravel annulus. Hole
completed with hydrated bentonite seal and concreted steel lockable cover. Groundwater strike at
42.80 m bgl.
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Accrington, Lancs
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Compacted mudstone fill. (MADE GROUND)

Grey SILTSTONE. (UPPER ACCRINGTON MUDSTONE)
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Project Name:

Location:

Client:

Start:

Ground Level:
Co-ords:Project No.

Borehole No.

ScaleLogged:

Remarks:

Hole Type

TerraConsult Ltd
Tel:  01925 291111
Fax: 01925 291191
www.terraconsult.co.uk
mailbox@terraconsult.co.uk

Checked:

End:

Depth
(m)

Drilled:Final depth (m)
Whinney Hill Landfill Site

Drilled using Beretta T51 tracked rotary rig with air flush and 150 mm duplex casing. Groundwater
monitoring point installed with 90 mm ID HDPE slotted pipe and filter sock with gravel annulus. Hole
completed with hydrated bentonite seal and concreted steel lockable cover. Groundwater strike at
42.80 m bgl.
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Grey SILTSTONE. (UPPER ACCRINGTON MUDSTONE)
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Project Name:

Location:

Client:

Start:

Ground Level:
Co-ords:Project No.

Borehole No.

ScaleLogged:

Remarks:

Hole Type

TerraConsult Ltd
Tel:  01925 291111
Fax: 01925 291191
www.terraconsult.co.uk
mailbox@terraconsult.co.uk

Checked:

End:

Depth
(m)

Drilled:Final depth (m)
Whinney Hill Landfill Site

Drilled using Beretta T51 tracked rotary rig with air flush and 150 mm duplex casing. Groundwater
monitoring point installed with 90 mm ID HDPE slotted pipe and filter sock with gravel annulus. Hole
completed with hydrated bentonite seal and concreted steel lockable cover. Groundwater strike at
42.80 m bgl.
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End of Borehole at 46.00 m
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(m AOD) Stratum Description

Project Name:

Location:

Client:

Start:

Ground Level:
Co-ords:Project No.

Borehole No.

ScaleLogged:

Remarks:

Hole Type

TerraConsult Ltd
Tel:  01925 291111
Fax: 01925 291191
www.terraconsult.co.uk
mailbox@terraconsult.co.uk

Checked:

End:

Depth
(m)

Drilled:Final depth (m)
Whinney Hill Landfill Site

Drilled using truck mounted rotary rig with air/water flush and 150mm casing. Casing installed to
2.70m. Groundwater strike at approx 2.80m rising to 1.42m after 20 mins. Water added down borehole to
aid drilling. Borehole installed with 90mm OD HDPE monitoring standpipe.

Type,No

Accrington

Type

Samples & In Situ Testing
Results

Results
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Grey CLAY with boulders and cobbles of sandstone, mudstone and
bricks. (MADE GROUND)

Brownish grey fine to coarse grained SANDSTONE. Recovered as
angular fine to coarse gravel of sandstone. (OLD LAWRENCE ROCK)

Grey MUDSTONE. Recovered as grey clayey fine to coarse gravel of
mudstone. (UPPER ACCRINGTON MUDSTONE)
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Project Name:

Location:

Client:

Start:

Ground Level:
Co-ords:Project No.

Borehole No.

ScaleLogged:

Remarks:

Hole Type

TerraConsult Ltd
Tel:  01925 291111
Fax: 01925 291191
www.terraconsult.co.uk
mailbox@terraconsult.co.uk

Checked:

End:

Depth
(m)

Drilled:Final depth (m)
Whinney Hill Landfill Site

Drilled using truck mounted rotary rig with air/water flush and 150mm casing. Casing installed to
2.70m. Groundwater strike at approx 2.80m rising to 1.42m after 20 mins. Water added down borehole to
aid drilling. Borehole installed with 90mm OD HDPE monitoring standpipe.
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Grey MUDSTONE. Recovered as grey clayey fine to coarse gravel of
mudstone. (UPPER ACCRINGTON MUDSTONE)
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(m AOD) Stratum Description

Project Name:

Location:

Client:

Start:

Ground Level:
Co-ords:Project No.

Borehole No.

ScaleLogged:

Remarks:

Hole Type

TerraConsult Ltd
Tel:  01925 291111
Fax: 01925 291191
www.terraconsult.co.uk
mailbox@terraconsult.co.uk

Checked:

End:

Depth
(m)

Drilled:Final depth (m)
Whinney Hill Landfill Site

Drilled using truck mounted rotary rig with air/water flush and 150mm casing. Casing installed to
2.70m. Groundwater strike at approx 2.80m rising to 1.42m after 20 mins. Water added down borehole to
aid drilling. Borehole installed with 90mm OD HDPE monitoring standpipe.
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Grey MUDSTONE. Recovered as grey clayey fine to coarse gravel of
mudstone. (UPPER ACCRINGTON MUDSTONE)
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Project Name:

Location:

Client:

Start:

Ground Level:
Co-ords:Project No.

Borehole No.

ScaleLogged:

Remarks:

Hole Type

TerraConsult Ltd
Tel:  01925 291111
Fax: 01925 291191
www.terraconsult.co.uk
mailbox@terraconsult.co.uk

Checked:

End:

Depth
(m)

Drilled:Final depth (m)
Whinney Hill Landfill Site

Drilled using truck mounted rotary rig with air/water flush and 150mm casing. Casing installed to
2.70m. Groundwater strike at approx 2.80m rising to 1.42m after 20 mins. Water added down borehole to
aid drilling. Borehole installed with 90mm OD HDPE monitoring standpipe.
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Grey MUDSTONE. Recovered as grey clayey fine to coarse gravel of
mudstone. (UPPER ACCRINGTON MUDSTONE)

End of Borehole at 40.00 m
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(m AOD) Stratum Description

Project Name:

Location:

Client:

Start:

Ground Level:
Co-ords:Project No.

Borehole No.

ScaleLogged:

Remarks:

Hole Type

TerraConsult Ltd
Tel:  01925 291111
Fax: 01925 291191
www.terraconsult.co.uk
mailbox@terraconsult.co.uk

Checked:

End:

Depth
(m)

Drilled:Final depth (m)
Whinney Hill Landfill Site

Drilled with tracked rotary rig with air/water flush and 150mm casing. Casing installed to 4.50m. No
obvious groundwater strike encountered. Water was added  down borehole to aid drilling. Borehole
installed with 63mm OD HDPE monitoring standpipe.

Type,No
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Grey CLAY with cobbles and boulders of sandstone and mudstone.
(MADE GROUND)

Brown fine grained SANDSTONE. Recovered as angular fine to coarse
gravel of sandstone. (OLD LAWRENCE ROCK).

Grey MUDSTONE. Recovered as grey clayey fine to coarse gravel of
mudstone. (UPPER ACCRINGTON MUDSTONE)
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Location:
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Start:

Ground Level:
Co-ords:Project No.

Borehole No.

ScaleLogged:

Remarks:

Hole Type

TerraConsult Ltd
Tel:  01925 291111
Fax: 01925 291191
www.terraconsult.co.uk
mailbox@terraconsult.co.uk

Checked:

End:

Depth
(m)

Drilled:Final depth (m)
Whinney Hill Landfill Site

Drilled with tracked rotary rig with air/water flush and 150mm casing. Casing installed to 4.50m. No
obvious groundwater strike encountered. Water was added  down borehole to aid drilling. Borehole
installed with 63mm OD HDPE monitoring standpipe.
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Grey MUDSTONE. Recovered as grey clayey fine to coarse gravel of
mudstone. (UPPER ACCRINGTON MUDSTONE)
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Project Name:

Location:

Client:

Start:

Ground Level:
Co-ords:Project No.

Borehole No.

ScaleLogged:

Remarks:

Hole Type

TerraConsult Ltd
Tel:  01925 291111
Fax: 01925 291191
www.terraconsult.co.uk
mailbox@terraconsult.co.uk

Checked:

End:

Depth
(m)

Drilled:Final depth (m)
Whinney Hill Landfill Site

Drilled with tracked rotary rig with air/water flush and 150mm casing. Casing installed to 4.50m. No
obvious groundwater strike encountered. Water was added  down borehole to aid drilling. Borehole
installed with 63mm OD HDPE monitoring standpipe.
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Grey MUDSTONE. Recovered as grey clayey fine to coarse gravel of
mudstone. (UPPER ACCRINGTON MUDSTONE)
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Project Name:

Location:

Client:

Start:
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Co-ords:Project No.

Borehole No.
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Remarks:

Hole Type

TerraConsult Ltd
Tel:  01925 291111
Fax: 01925 291191
www.terraconsult.co.uk
mailbox@terraconsult.co.uk

Checked:

End:

Depth
(m)

Drilled:Final depth (m)
Whinney Hill Landfill Site

Drilled with tracked rotary rig with air/water flush and 150mm casing. Casing installed to 4.50m. No
obvious groundwater strike encountered. Water was added  down borehole to aid drilling. Borehole
installed with 63mm OD HDPE monitoring standpipe.

Type,No

Accrington

Type

Samples & In Situ Testing
Results

Results

30.20

1333

12/10/2010

Sita

MO

-
150.23 m OD

13/10/2010

DJ JB

BH87AM(B)

RO

St
an

da
rd

 T
er

ra
C

on
su

lt 
Bo

re
ho

le
 L

og
 0

4/
09

/0
8

30.00 120.23
End of Borehole at 30.20 m
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Project Name:

Location:

Client:

Start:

Ground Level:
Co-ords:Project No.

Borehole No.
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Remarks:

Hole Type

TerraConsult Ltd
Tel:  01925 291111
Fax: 01925 291191
www.terraconsult.co.uk
mailbox@terraconsult.co.uk

Checked:

End:

Depth
(m)

Drilled:Final depth (m)
Whinney Hill Landfill Site

Drilled using Beretta T51 tracked rotary rig with air flush and 150 mm duplex casing. Groundwater
monitoring point installed with 90 mm ID HDPE slotted pipe and filter sock with gravel annulus. Hole
completed with hydrated bentonite seal and concreted steel lockable cover. Groundwater strike at
24.00 m bgl.
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Brown CLAY.

Brown/grey SANDSTONE. (OLD LAWRENCE ROCK)

Grey MUDSTONE. (ACCRINGTON MUDSTONE)
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Borehole No.
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Hole Type

TerraConsult Ltd
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Fax: 01925 291191
www.terraconsult.co.uk
mailbox@terraconsult.co.uk

Checked:

End:

Depth
(m)

Drilled:Final depth (m)
Whinney Hill Landfill Site

Drilled using Beretta T51 tracked rotary rig with air flush and 150 mm duplex casing. Groundwater
monitoring point installed with 90 mm ID HDPE slotted pipe and filter sock with gravel annulus. Hole
completed with hydrated bentonite seal and concreted steel lockable cover. Groundwater strike at
24.00 m bgl.
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Dark grey/black SILTSTONE. (ACCRINGTON MUDSTONE)
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(m AOD) Stratum Description

Project Name:

Location:

Client:

Start:

Ground Level:
Co-ords:Project No.

Borehole No.

ScaleLogged:

Remarks:

Hole Type

TerraConsult Ltd
Tel:  01925 291111
Fax: 01925 291191
www.terraconsult.co.uk
mailbox@terraconsult.co.uk

Checked:

End:

Depth
(m)

Drilled:Final depth (m)
Whinney Hill Landfill Site

Drilled using Beretta T51 tracked rotary rig with air flush and 150 mm duplex casing. Groundwater
monitoring point installed with 90 mm ID HDPE slotted pipe and filter sock with gravel annulus. Hole
completed with hydrated bentonite seal and concreted steel lockable cover. Groundwater strike at
24.00 m bgl.

Type,No

Accrington, Lancs

Type

Samples & In Situ Testing
Results
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End of Borehole at 50.00 m
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(m AOD) Stratum Description

Project Name:

Location:

Client:

Start:

Ground Level:
Co-ords:Project No.

Borehole No.

ScaleLogged:

Remarks:

Hole Type

TerraConsult Ltd
Tel:  01925 291111
Fax: 01925 291191
www.terraconsult.co.uk
mailbox@terraconsult.co.uk

Checked:

End:

Depth
(m)

Drilled:Final depth (m)
Whinney Hill Landfill Site

Drilled using Beretta T51 tracked rotary rig with air flush and 150 mm duplex casing. Groundwater
monitoring point installed with 90 mm ID HDPE slotted pipe and filter sock with gravel annulus. Hole
completed with hydrated bentonite seal and concreted steel lockable cover. Groundwater strike at
29.00 m bgl.

Type,No

Accrington, Lancs
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Samples & In Situ Testing
Results

Results
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Grey MUDSTONE.

Yellow and grey SANDSTONE. (OLD LAWRENCE ROCK)
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Project Name:

Location:

Client:

Start:

Ground Level:
Co-ords:Project No.

Borehole No.

ScaleLogged:

Remarks:

Hole Type

TerraConsult Ltd
Tel:  01925 291111
Fax: 01925 291191
www.terraconsult.co.uk
mailbox@terraconsult.co.uk

Checked:

End:

Depth
(m)

Drilled:Final depth (m)
Whinney Hill Landfill Site

Drilled using Beretta T51 tracked rotary rig with air flush and 150 mm duplex casing. Groundwater
monitoring point installed with 90 mm ID HDPE slotted pipe and filter sock with gravel annulus. Hole
completed with hydrated bentonite seal and concreted steel lockable cover. Groundwater strike at
29.00 m bgl.

Type,No

Accrington, Lancs

Type

Samples & In Situ Testing
Results

Results

74.50

1187
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SITA (UK)
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29.00

Yellow and grey SANDSTONE. (OLD LAWRENCE ROCK)

Grey SILTSTONE. (UPPER ACCRINGTON MUDSTONE)
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Project Name:

Location:

Client:

Start:

Ground Level:
Co-ords:Project No.

Borehole No.

ScaleLogged:

Remarks:

Hole Type

TerraConsult Ltd
Tel:  01925 291111
Fax: 01925 291191
www.terraconsult.co.uk
mailbox@terraconsult.co.uk

Checked:

End:

Depth
(m)

Drilled:Final depth (m)
Whinney Hill Landfill Site

Drilled using Beretta T51 tracked rotary rig with air flush and 150 mm duplex casing. Groundwater
monitoring point installed with 90 mm ID HDPE slotted pipe and filter sock with gravel annulus. Hole
completed with hydrated bentonite seal and concreted steel lockable cover. Groundwater strike at
29.00 m bgl.

Type,No

Accrington, Lancs

Type

Samples & In Situ Testing
Results

Results

74.50

1187

21/01/2010

SITA (UK)
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154.66 m AOD

22/01/2010

DJ BH

WH/BH89AM

RO

St
an

da
rd

 T
er

ra
C

on
su

lt 
Bo

re
ho

le
 L

og
 0

4/
09

/0
8

56.50

<24.40>

98.16

Grey SILTSTONE. (UPPER ACCRINGTON MUDSTONE)

Grey SILTSTONE. (UPPER ACCRINGTON MUDSTONE)

Continued next sheet

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

1:100

Sheet 3 of 4



WellWater
StrikesDepth (m)

Depth Level
Legend

<Thickness>
(m AOD) Stratum Description

Project Name:

Location:

Client:

Start:

Ground Level:
Co-ords:Project No.

Borehole No.

ScaleLogged:

Remarks:

Hole Type

TerraConsult Ltd
Tel:  01925 291111
Fax: 01925 291191
www.terraconsult.co.uk
mailbox@terraconsult.co.uk

Checked:

End:

Depth
(m)

Drilled:Final depth (m)
Whinney Hill Landfill Site

Drilled using Beretta T51 tracked rotary rig with air flush and 150 mm duplex casing. Groundwater
monitoring point installed with 90 mm ID HDPE slotted pipe and filter sock with gravel annulus. Hole
completed with hydrated bentonite seal and concreted steel lockable cover. Groundwater strike at
29.00 m bgl.

Type,No

Accrington, Lancs

Type

Samples & In Situ Testing
Results

Results
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Grey SILTSTONE. (UPPER ACCRINGTON MUDSTONE)

Black SILTSTONE. (LOWER ACCRINGTON MUDSTONE)

End of Borehole at 74.50 m
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DKF Sandstone Monitoring Borehole Logs 

 

 

 

 

 







Well Water
Strikes Depth (m)

Depth Level Legend(m) (m AOD) Stratum Description

Project Name

Location:

Client: Dates:

Level:

Co-ords:
Project No.

Borehole No

Scale

Logged By

Remarks:

Hole Type
WHINNEY HILL BOREHOLES

Drilled using mobile truck mounted rotary rig. Groundwater encountered at 35.00 m bgl.
Installed with 90 mm ID groundwater monitoring installation to 41.00 m bgl.

ACCRINGTON

SITA

Type

Type

Samples & In Situ Testing
Results

Results

0967

Terraconsult
Tel: 01925 291111
Fax: 01925 291191
email: mailbox@terraconsult.co.uk
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186.15 m AOD
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185.15

182.95

182.65
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178.15

Grass and shrubs over CLAY with cobbles of brick (MADE GROUND)

Brown yellow MUDSTONE. (UPPER ACCRINGTON MUDSTONE)

Light grey MUDSTONE (UPPER ACCRINGTON MUDSTONE)

MUDSTONE

Grey brown MUDSTONE/SILTSTONE (UPPER ACCRINGTON
MUDSTONE)

Grey SILTSTONE with occasional mudstone bands. (UPPER
ACCRINGTON  MUDSTONE)
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Strikes Depth (m)

Depth Level Legend(m) (m AOD) Stratum Description

Project Name

Location:

Client: Dates:

Level:

Co-ords:
Project No.

Borehole No

Scale

Logged By

Remarks:

Hole Type
WHINNEY HILL BOREHOLES

Drilled using mobile truck mounted rotary rig. Groundwater encountered at 35.00 m bgl.
Installed with 90 mm ID groundwater monitoring installation to 41.00 m bgl.

ACCRINGTON

SITA

Type

Type

Samples & In Situ Testing
Results

Results

0967

Terraconsult
Tel: 01925 291111
Fax: 01925 291191
email: mailbox@terraconsult.co.uk

1679E - 1868N
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Grey SILTSTONE with occasional mudstone bands. (UPPER
ACCRINGTON  MUDSTONE)
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Strikes Depth (m)

Depth Level Legend(m) (m AOD) Stratum Description

Project Name

Location:

Client: Dates:

Level:

Co-ords:
Project No.

Borehole No

Scale

Logged By

Remarks:

Hole Type
WHINNEY HILL BOREHOLES

Drilled using mobile truck mounted rotary rig. Groundwater encountered at 35.00 m bgl.
Installed with 90 mm ID groundwater monitoring installation to 41.00 m bgl.

ACCRINGTON

SITA

Type

Type

Samples & In Situ Testing
Results

Results

0967

Terraconsult
Tel: 01925 291111
Fax: 01925 291191
email: mailbox@terraconsult.co.uk

1679E - 1868N

186.15 m AOD
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21.00

25.50

27.00

165.15

160.65

159.15

Grey SILTSTONE with occasional mudstone bands. (UPPER
ACCRINGTON  MUDSTONE)

Dark grey MUDSTONE (LOWER ACCRINGTON MUDSTONE)

Black Shaley MUDSTONE (LOWER ACCRINGTON MUDSTONE)

Black shaley MUDSTONE (LOWER ACCRINGTON MUDSTONE)
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Well Water
Strikes Depth (m)

Depth Level Legend(m) (m AOD) Stratum Description

Project Name

Location:

Client: Dates:

Level:

Co-ords:
Project No.

Borehole No

Scale

Logged By

Remarks:

Hole Type
WHINNEY HILL BOREHOLES

Drilled using mobile truck mounted rotary rig. Groundwater encountered at 35.00 m bgl.
Installed with 90 mm ID groundwater monitoring installation to 41.00 m bgl.

ACCRINGTON

SITA

Type

Type

Samples & In Situ Testing
Results

Results

0967

Terraconsult
Tel: 01925 291111
Fax: 01925 291191
email: mailbox@terraconsult.co.uk

1679E - 1868N

186.15 m AOD
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149.65

146.65

Black shaley MUDSTONE (LOWER ACCRINGTON MUDSTONE)

Grey silty SANDSTONE (DYNELY KNOLL FLAGS)

Black MUDSTONE
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Strikes Depth (m)

Depth Level Legend(m) (m AOD) Stratum Description

Project Name

Location:

Client: Dates:

Level:

Co-ords:
Project No.

Borehole No

Scale

Logged By

Remarks:

Hole Type
WHINNEY HILL BOREHOLES

Drilled using mobile truck mounted rotary rig. Groundwater encountered at 35.00 m bgl.
Installed with 90 mm ID groundwater monitoring installation to 41.00 m bgl.

ACCRINGTON

SITA

Type

Type

Samples & In Situ Testing
Results

Results

0967

Terraconsult
Tel: 01925 291111
Fax: 01925 291191
email: mailbox@terraconsult.co.uk

1679E - 1868N

186.15 m AOD
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Black MUDSTONE

End of Borehole at 41.00 m
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Strikes Depth (m)

Depth Level Legend(m) (m AOD) Stratum Description

Project Name

Location:

Client: Dates:

Level:

Co-ords:
Project No.

Borehole No

Scale

Logged By

Remarks:

Hole Type
WHINNEY HILL BOREHOLES

Drilled using truck mounted rotary rig. Groundwater encountered at 33.00 m bgl. Installed
with 90 mm ID groundwater monitoring installation to 36.20 m bgl.

ACCRINGTON

SITA

Type

Type

Samples & In Situ Testing
Results

Results

0967

Terraconsult
Tel: 01925 291111
Fax: 01925 291191
email: mailbox@terraconsult.co.uk
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167.06 m AOD
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Rough grass and shrubs over dark brown slightly sandy (fine to
coarse) CLAY. (TOPSOIL)

Brown CLAY (GLACIAL TILL)

Grey mottled brown CLAY (GLACIAL TILL)

Grey brown shaley SILTSTONE (UPPER ACCRINGTON MUDSTONE)

Light grey SILTSTONE (UPPER ACCRINGTON MUDSTONE)
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Well Water
Strikes Depth (m)

Depth Level Legend(m) (m AOD) Stratum Description

Project Name

Location:

Client: Dates:

Level:

Co-ords:
Project No.

Borehole No

Scale

Logged By

Remarks:

Hole Type
WHINNEY HILL BOREHOLES

Drilled using truck mounted rotary rig. Groundwater encountered at 33.00 m bgl. Installed
with 90 mm ID groundwater monitoring installation to 36.20 m bgl.

ACCRINGTON

SITA

Type

Type

Samples & In Situ Testing
Results

Results

0967

Terraconsult
Tel: 01925 291111
Fax: 01925 291191
email: mailbox@terraconsult.co.uk

1955E - 1908N

167.06 m AOD
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Light grey SILTSTONE (UPPER ACCRINGTON MUDSTONE)

Grey SILTSTONE interbedded with light brown SANDSTONE (LOWER
ACCRINGTON MUDSTONE)

Black grey SILTSTONE (DYNELY KNOLL FLAGS)
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Strikes Depth (m)

Depth Level Legend(m) (m AOD) Stratum Description

Project Name

Location:

Client: Dates:

Level:

Co-ords:
Project No.

Borehole No

Scale

Logged By

Remarks:

Hole Type
WHINNEY HILL BOREHOLES

Drilled using truck mounted rotary rig. Groundwater encountered at 33.00 m bgl. Installed
with 90 mm ID groundwater monitoring installation to 36.20 m bgl.

ACCRINGTON

SITA

Type

Type

Samples & In Situ Testing
Results

Results

0967

Terraconsult
Tel: 01925 291111
Fax: 01925 291191
email: mailbox@terraconsult.co.uk

1955E - 1908N

167.06 m AOD
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Black grey SILTSTONE (DYNELY KNOLL FLAGS)
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Strikes Depth (m)

Depth Level Legend(m) (m AOD) Stratum Description

Project Name

Location:

Client: Dates:

Level:

Co-ords:
Project No.

Borehole No

Scale

Logged By

Remarks:

Hole Type
WHINNEY HILL BOREHOLES

Drilled using truck mounted rotary rig. Groundwater encountered at 33.00 m bgl. Installed
with 90 mm ID groundwater monitoring installation to 36.20 m bgl.

ACCRINGTON

SITA

Type

Type

Samples & In Situ Testing
Results

Results

0967

Terraconsult
Tel: 01925 291111
Fax: 01925 291191
email: mailbox@terraconsult.co.uk

1955E - 1908N

167.06 m AOD
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Black grey SILTSTONE (DYNELY KNOLL FLAGS)

Dark grey SILTSTONE

End of Borehole at 36.20 m
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Well Water
Strikes Depth (m)

Depth Level Legend(m) (m AOD) Stratum Description

Project Name

Location:

Client: Dates:

Level:

Co-ords:
Project No.

Borehole No

Scale

Logged By

Remarks:

Hole Type
WHINNEY HILL BOREHOLES

Drilled using truck mounted rotary rig. Groundwater encountered at 24.20 m bgl. Installed
with 90 mm ID groundwater monitoring installation to 20.50 m bgl.

ACCRINGTON

SITA

Type

Type

Samples & In Situ Testing
Results

Results

0967

Terraconsult
Tel: 01925 291111
Fax: 01925 291191
email: mailbox@terraconsult.co.uk
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21/05/2008-28/05/2008 DRILLER

BHEQC1-DKF

RO

H
ol

eB
A

S
E

 II
I (

B
ld

 4
14

.8
) S

ta
nd

ar
d 

B
or

eh
ol

e 
Lo

g 
v1

 d
at

ed
 2

6t
h 

M
ar

 0
3

1.60 148.94

Grey slightly silty sandy (fine to medium) CLAY. (MADE GROUND -
REWORKED GLACIAL TILL)
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Continued next sheet

1

2

3

4

5

6

7

8

9

1:50

Sheet 1 of 5



Well Water
Strikes Depth (m)

Depth Level Legend(m) (m AOD) Stratum Description

Project Name

Location:

Client: Dates:

Level:

Co-ords:
Project No.

Borehole No

Scale

Logged By

Remarks:

Hole Type
WHINNEY HILL BOREHOLES

Drilled using truck mounted rotary rig. Groundwater encountered at 24.20 m bgl. Installed
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Dark grey black shaley MUDSTONE.

End of Borehole at 44.00 m
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siltstone (ENGINEERED BUND).

Brown CLAY (ENGINEERED BUND).

Greyish Brown MUDSTONE (ACCRINGTON MUDSTONE).

Greyish brown sandy (fine to coarse) MUDSTONE (ACCRINGTON
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Continued next sheet

11

12

13

14

15

16

17

18

19

1:50

Sheet 2 of 6



Well Water
Strikes Depth (m)

Depth Level Legend(m) (m AOD) Stratum Description

Project Name

Location:

Client: Dates:

Level:

Co-ords:
Project No.

Borehole No

Scale

Logged By

Remarks:

Hole Type
Whinney Hill Landfill Site

Hole drilled at P-size.

Accrington

Sita (Lancashire) Ltd

Type

Type

Samples & In Situ Testing
Results

Results

0696

Terraconsult
Tel: 01925 291111
Fax: 01925 291191
email: mailbox@terraconsult.co.uk

-

170.58 m AOD

11/01/2007-12/01/2007 Driller

07/20

RO

H
ol

eB
A

S
E

 II
I (

B
ld

 4
08

) S
ta

nd
ar

d 
B

or
eh

ol
e 

Lo
g 

v1
 d

at
ed

 2
6t

h 
M

ar
 0

3

Grey sandy MUDSTONE with siltstone bands (ACCRINGTON
MUDSTONE).
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Grey sandy MUDSTONE with siltstone bands (ACCRINGTON
MUDSTONE).

Black MUDSTONE (ACCRINGTON MUDSTONE).
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Black MUDSTONE (ACCRINGTON MUDSTONE).
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Moderately strong dark grey SANDSTONE (DYNELEY KNOLL FLAGS).

End of Borehole at 54.00 m
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Hole Type
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Drilled using truck mounted rotary rig. Groundwater encountered at 19.50 m bgl. Installed
with 90 mm ID groundwater monitoring installation to 51.50 m bgl. Hole silted from 51.50 m
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Grey CLAY with boulders of mudstone and sandstone (MADE GROUND)

Light grey silty MUDSTONE (UPPER ACCRINGTON MUDSTONE)
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Light grey silty MUDSTONE (UPPER ACCRINGTON MUDSTONE)
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Hole Type
WHINNEY HILL BOREHOLES

Drilled using truck mounted rotary rig. Groundwater encountered at 19.50 m bgl. Installed
with 90 mm ID groundwater monitoring installation to 51.50 m bgl. Hole silted from 51.50 m
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Light grey silty MUDSTONE (UPPER ACCRINGTON MUDSTONE)

Grey silty MUDSTONE (UPPER ACCRINGTON MUDSTONE)
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Hole Type
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Grey silty MUDSTONE (UPPER ACCRINGTON MUDSTONE)
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Hole Type
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Drilled using truck mounted rotary rig. Groundwater encountered at 19.50 m bgl. Installed
with 90 mm ID groundwater monitoring installation to 51.50 m bgl. Hole silted from 51.50 m
bgl to 51.70 m bgl.
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Grey silty MUDSTONE (UPPER ACCRINGTON MUDSTONE)
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Grey silty SANDSTONE (DYNELY KNOLL FLAGS)
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Hole Type
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Drilled using truck mounted rotary rig. Groundwater encountered at 19.50 m bgl. Installed
with 90 mm ID groundwater monitoring installation to 51.50 m bgl. Hole silted from 51.50 m
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Grey silty SANDSTONE (DYNELY KNOLL FLAGS)

End of Borehole at 51.70 m
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Yellow brown MUDSTONE (ENGINEERED BUND).

Greyish brown MUDSTONE (ENGINEERED BUND).
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Greyish brown MUDSTONE (ENGINEERED BUND).

Grey MUDSTONE (POSSIBLE ENGINEERED BUND).
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Samples & In Situ Testing
Results

Results

0696

Terraconsult
Tel: 01925 291111
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email: mailbox@terraconsult.co.uk
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26.10 144.10

Grey MUDSTONE (POSSIBLE ENGINEERED BUND).

Grey MUDSTONE with sandstone bands (ACCRINGTON MUDSTONE).
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Depth Level Legend(m) (m AOD) Stratum Description

Project Name

Location:

Client: Dates:

Level:

Co-ords:
Project No.

Borehole No

Scale

Logged By

Remarks:

Hole Type
Whinney Hill Landfill Site

Hole drilled at P-size.

Accrington

Sita (Lancashire) Ltd

Type

Type

Samples & In Situ Testing
Results

Results

0696

Terraconsult
Tel: 01925 291111
Fax: 01925 291191
email: mailbox@terraconsult.co.uk
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338.80 131.40

Grey MUDSTONE with sandstone bands (ACCRINGTON MUDSTONE).

Black MUDSTONE with siltstone bands (ACCRINGTON MUDSTONE).
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Project Name

Location:

Client: Dates:

Level:

Co-ords:
Project No.

Borehole No

Scale

Logged By

Remarks:

Hole Type
Whinney Hill Landfill Site

Hole drilled at P-size.

Accrington

Sita (Lancashire) Ltd

Type

Type

Samples & In Situ Testing
Results

Results

0696

Terraconsult
Tel: 01925 291111
Fax: 01925 291191
email: mailbox@terraconsult.co.uk
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Black MUDSTONE with siltstone bands (ACCRINGTON MUDSTONE).

Dark grey SANDSTONE (DYNELEY KNOLL FLAGS).
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Depth Level Legend(m) (m AOD) Stratum Description

Project Name

Location:

Client: Dates:

Level:

Co-ords:
Project No.

Borehole No

Scale

Logged By

Remarks:

Hole Type
Whinney Hill Landfill Site

Hole drilled at P-size.

Accrington

Sita (Lancashire) Ltd

Type

Type

Samples & In Situ Testing
Results

Results

0696

Terraconsult
Tel: 01925 291111
Fax: 01925 291191
email: mailbox@terraconsult.co.uk
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170.20 m AOD

18/01/2007-19/01/2007 Driller
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54.00 116.20

Dark grey SANDSTONE (DYNELEY KNOLL FLAGS).

End of Borehole at 54.00 m
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Depth Level Legend(m) (m AOD) Stratum Description

Project Name

Location:

Client: Dates:

Level:

Co-ords:
Project No.

Borehole No

Scale

Logged By

Remarks:

Hole Type
WHINNEY HILL BOREHOLES

Drilled using mobile truck mounted rotary rig. Groundwater encountered at 31.50 m bgl.
Installed with 90 mm ID groundwater monitoring installation to 68.00 m bgl.

ACCRINGTON

SITA

Type

Type

Samples & In Situ Testing
Results

Results

0967

Terraconsult
Tel: 01925 291111
Fax: 01925 291191
email: mailbox@terraconsult.co.uk
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164.92 m AOD
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Rough grass and brambles over brown slightly sandy (fine to
coarse) slightly gravelly CLAY. Gravel is fine to medium
sub-angular of sandstone and mudstone. (TOPSOIL)

Light brown fine to medium grained SANDSTONE. (OLD LAWRENCE
ROCK)
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Depth Level Legend(m) (m AOD) Stratum Description

Project Name

Location:

Client: Dates:

Level:

Co-ords:
Project No.

Borehole No

Scale

Logged By

Remarks:

Hole Type
WHINNEY HILL BOREHOLES

Drilled using mobile truck mounted rotary rig. Groundwater encountered at 31.50 m bgl.
Installed with 90 mm ID groundwater monitoring installation to 68.00 m bgl.

ACCRINGTON

SITA

Type

Type

Samples & In Situ Testing
Results

Results

0967

Terraconsult
Tel: 01925 291111
Fax: 01925 291191
email: mailbox@terraconsult.co.uk

1253E - 2106N

164.92 m AOD
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BH0203-DKF
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13.50 151.42

Light brown fine to medium grained SANDSTONE. (OLD LAWRENCE
ROCK)

Light grey silty MUDSTONE (UPPER ACCRINGTON MUDSTONE)
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Depth Level Legend(m) (m AOD) Stratum Description

Project Name

Location:

Client: Dates:

Level:

Co-ords:
Project No.

Borehole No

Scale

Logged By

Remarks:

Hole Type
WHINNEY HILL BOREHOLES

Drilled using mobile truck mounted rotary rig. Groundwater encountered at 31.50 m bgl.
Installed with 90 mm ID groundwater monitoring installation to 68.00 m bgl.

ACCRINGTON

SITA

Type

Type

Samples & In Situ Testing
Results

Results

0967

Terraconsult
Tel: 01925 291111
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email: mailbox@terraconsult.co.uk
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Light grey silty MUDSTONE (UPPER ACCRINGTON MUDSTONE)
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Depth Level Legend(m) (m AOD) Stratum Description

Project Name

Location:

Client: Dates:

Level:

Co-ords:
Project No.

Borehole No

Scale

Logged By

Remarks:

Hole Type
WHINNEY HILL BOREHOLES

Drilled using mobile truck mounted rotary rig. Groundwater encountered at 31.50 m bgl.
Installed with 90 mm ID groundwater monitoring installation to 68.00 m bgl.

ACCRINGTON

SITA

Type

Type

Samples & In Situ Testing
Results

Results

0967

Terraconsult
Tel: 01925 291111
Fax: 01925 291191
email: mailbox@terraconsult.co.uk
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33.00 131.92

Light grey silty MUDSTONE (UPPER ACCRINGTON MUDSTONE)

Grey MUDSTONE (UPPER ACCRINGTON MUDSTONE)
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Depth Level Legend(m) (m AOD) Stratum Description

Project Name

Location:

Client: Dates:

Level:

Co-ords:
Project No.

Borehole No

Scale

Logged By

Remarks:

Hole Type
WHINNEY HILL BOREHOLES

Drilled using mobile truck mounted rotary rig. Groundwater encountered at 31.50 m bgl.
Installed with 90 mm ID groundwater monitoring installation to 68.00 m bgl.

ACCRINGTON

SITA

Type

Type

Samples & In Situ Testing
Results

Results

0967

Terraconsult
Tel: 01925 291111
Fax: 01925 291191
email: mailbox@terraconsult.co.uk
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40.00 124.92 Dark grey MUDSTONE (LOWER ACCRINGTON MUDSTONE)
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Depth Level Legend(m) (m AOD) Stratum Description

Project Name

Location:

Client: Dates:

Level:

Co-ords:
Project No.

Borehole No

Scale

Logged By

Remarks:

Hole Type
WHINNEY HILL BOREHOLES

Drilled using mobile truck mounted rotary rig. Groundwater encountered at 31.50 m bgl.
Installed with 90 mm ID groundwater monitoring installation to 68.00 m bgl.

ACCRINGTON

SITA

Type

Type

Samples & In Situ Testing
Results

Results

0967

Terraconsult
Tel: 01925 291111
Fax: 01925 291191
email: mailbox@terraconsult.co.uk
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Dark grey MUDSTONE (LOWER ACCRINGTON MUDSTONE)
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Strikes Depth (m)

Depth Level Legend(m) (m AOD) Stratum Description

Project Name

Location:

Client: Dates:

Level:

Co-ords:
Project No.

Borehole No

Scale

Logged By

Remarks:

Hole Type
WHINNEY HILL BOREHOLES

Drilled using mobile truck mounted rotary rig. Groundwater encountered at 31.50 m bgl.
Installed with 90 mm ID groundwater monitoring installation to 68.00 m bgl.

ACCRINGTON

SITA

Type

Type

Samples & In Situ Testing
Results

Results

0967

Terraconsult
Tel: 01925 291111
Fax: 01925 291191
email: mailbox@terraconsult.co.uk

1253E - 2106N

164.92 m AOD
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60.00

68.00

104.92

96.92

Light grey silty SANDSTONE (DYNELY KNOLL FLAGS)

End of Borehole at 68.00 m
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WellWater
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Depth Level
Legend

<Thickness>
(m AOD) Stratum Description

Project Name:

Location:

Client:

Start:

Ground Level:
Co-ords:Project No.

Borehole No.

ScaleLogged:

Remarks:

Hole Type

TerraConsult Ltd
Tel:  01925 291111
Fax: 01925 291191
www.terraconsult.co.uk
mailbox@terraconsult.co.uk

Checked:

End:

Depth
(m)

Drilled:Final depth (m)
Whinney Hill Landfill Site

Drilled using Beretta T51 tracked rotary rig with air flush and 150 mm duplex casing. Groundwater
monitoring point installed with 90 mm ID HDPE slotted pipe and filter sock with gravel annulus. Hole
completed with hydrated bentonite seal and concreted steel lockable cover.

Type,No

Accrington, Lancs

Type

Samples & In Situ Testing
Results

Results

55.00

1187

26/01/2010

SITA (UK)

AM

-
170.00 m AOD

26/01/2010

DJ BH
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162.70

Compacted mudstone fill. (MADE GROUND)

Grey SILTSTONE. (UPPER ACCRINGTON MUDSTONE)
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Depth Level
Legend

<Thickness>
(m AOD) Stratum Description

Project Name:

Location:

Client:

Start:

Ground Level:
Co-ords:Project No.

Borehole No.

ScaleLogged:

Remarks:

Hole Type

TerraConsult Ltd
Tel:  01925 291111
Fax: 01925 291191
www.terraconsult.co.uk
mailbox@terraconsult.co.uk

Checked:

End:

Depth
(m)

Drilled:Final depth (m)
Whinney Hill Landfill Site

Drilled using Beretta T51 tracked rotary rig with air flush and 150 mm duplex casing. Groundwater
monitoring point installed with 90 mm ID HDPE slotted pipe and filter sock with gravel annulus. Hole
completed with hydrated bentonite seal and concreted steel lockable cover.

Type,No

Accrington, Lancs

Type

Samples & In Situ Testing
Results

Results

55.00

1187

26/01/2010

SITA (UK)

AM
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DJ BH
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<36.50>

Grey SILTSTONE. (UPPER ACCRINGTON MUDSTONE)
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WellWater
StrikesDepth (m)

Depth Level
Legend

<Thickness>
(m AOD) Stratum Description

Project Name:

Location:

Client:

Start:

Ground Level:
Co-ords:Project No.

Borehole No.

ScaleLogged:

Remarks:

Hole Type

TerraConsult Ltd
Tel:  01925 291111
Fax: 01925 291191
www.terraconsult.co.uk
mailbox@terraconsult.co.uk

Checked:

End:

Depth
(m)

Drilled:Final depth (m)
Whinney Hill Landfill Site

Drilled using Beretta T51 tracked rotary rig with air flush and 150 mm duplex casing. Groundwater
monitoring point installed with 90 mm ID HDPE slotted pipe and filter sock with gravel annulus. Hole
completed with hydrated bentonite seal and concreted steel lockable cover.

Type,No

Accrington, Lancs

Type

Samples & In Situ Testing
Results

Results

55.00

1187

26/01/2010

SITA (UK)

AM

-
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DJ BH
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55.00

126.20

<3.40>

122.80

<7.80>

115.00

Grey SILTSTONE. (UPPER ACCRINGTON MUDSTONE)

Black SILTSTONE. (LOWER ACCRINGTON MUDSTONE)

Dark grey SANDSTONE. (DYNELEY KNOLL FLAGS)

End of Borehole at 55.00 m
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WellWater
StrikesDepth (m)

Depth Level
Legend

<Thickness>
(m AOD) Stratum Description

Project Name:

Location:

Client:

Start:

Ground Level:
Co-ords:Project No.

Borehole No.

ScaleLogged:

Remarks:

Hole Type

TerraConsult Ltd
Tel:  01925 291111
Fax: 01925 291191
www.terraconsult.co.uk
mailbox@terraconsult.co.uk

Checked:

End:

Depth
(m)

Drilled:Final depth (m)
Whinney Hill Landfill Site

Drilled using truck mounted rotary rig with air/water flush and 150mm casing. Casing installed to
4.50m. Groundwater strike at 15.30m bgl (unable to monitor rise). Further measurement made with
borehole base at 25.00m bgl. (groundwater measured at 18.35m bgl rising to 11.20m bgl after 20mins).
Borehole installed with 90mm OD HDPE monitoring standpipe.

Type,No

Accrington

Type

Samples & In Situ Testing
Results

Results

61.00

1333

29/09/2010

Sita

MO
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150.17 m OD
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<3.30>

146.87
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Grey CLAY with cobbles and boulders of sandstone and mudstone.
(MADE GROUND)

Brownish grey fine to coarse grained SANDSTONE. Recovered as
angular fine to coarse gravel of sandstone. (OLD LAWRENCE ROCK)

Grey MUDSTONE. Recovered as grey clayey fine to coarse gravel of
mudstone. (UPPER ACCRINGTON MUDSTONE)
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WellWater
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Legend

<Thickness>
(m AOD) Stratum Description

Project Name:

Location:

Client:

Start:

Ground Level:
Co-ords:Project No.

Borehole No.

ScaleLogged:

Remarks:

Hole Type

TerraConsult Ltd
Tel:  01925 291111
Fax: 01925 291191
www.terraconsult.co.uk
mailbox@terraconsult.co.uk

Checked:

End:

Depth
(m)

Drilled:Final depth (m)
Whinney Hill Landfill Site

Drilled using truck mounted rotary rig with air/water flush and 150mm casing. Casing installed to
4.50m. Groundwater strike at 15.30m bgl (unable to monitor rise). Further measurement made with
borehole base at 25.00m bgl. (groundwater measured at 18.35m bgl rising to 11.20m bgl after 20mins).
Borehole installed with 90mm OD HDPE monitoring standpipe.

Type,No

Accrington

Type

Samples & In Situ Testing
Results

Results

61.00

1333
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Sita

MO
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15.30

Grey MUDSTONE. Recovered as grey clayey fine to coarse gravel of
mudstone. (UPPER ACCRINGTON MUDSTONE)
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WellWater
StrikesDepth (m)

Depth Level
Legend

<Thickness>
(m AOD) Stratum Description

Project Name:

Location:

Client:

Start:

Ground Level:
Co-ords:Project No.

Borehole No.

ScaleLogged:

Remarks:

Hole Type

TerraConsult Ltd
Tel:  01925 291111
Fax: 01925 291191
www.terraconsult.co.uk
mailbox@terraconsult.co.uk

Checked:

End:

Depth
(m)

Drilled:Final depth (m)
Whinney Hill Landfill Site

Drilled using truck mounted rotary rig with air/water flush and 150mm casing. Casing installed to
4.50m. Groundwater strike at 15.30m bgl (unable to monitor rise). Further measurement made with
borehole base at 25.00m bgl. (groundwater measured at 18.35m bgl rising to 11.20m bgl after 20mins).
Borehole installed with 90mm OD HDPE monitoring standpipe.

Type,No

Accrington

Type

Samples & In Situ Testing
Results

Results

61.00

1333

29/09/2010

Sita

MO

-
150.17 m OD

30/09/2010

DJ JB

BH87DKF

RO

St
an

da
rd

 T
er

ra
C

on
su

lt 
Bo

re
ho

le
 L

og
 0

4/
09

/0
8

28.30

29.00

121.87

<0.70>

121.17

Grey MUDSTONE. Recovered as grey clayey fine to coarse gravel of
mudstone. (UPPER ACCRINGTON MUDSTONE)

Brownish grey fine to coarse grained SANDSTONE. Recovered as
angular fine to coarse gravel of sandstone.

Grey MUDSTONE. Recovered as grey clayey fine to coarse gravel of
mudstone. (UPPER ACCRINGTON MUDSTONE)
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WellWater
StrikesDepth (m)

Depth Level
Legend

<Thickness>
(m AOD) Stratum Description

Project Name:

Location:

Client:

Start:

Ground Level:
Co-ords:Project No.

Borehole No.

ScaleLogged:

Remarks:

Hole Type

TerraConsult Ltd
Tel:  01925 291111
Fax: 01925 291191
www.terraconsult.co.uk
mailbox@terraconsult.co.uk
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Groundwater Hydrographs 

  



Whinney Hill - Whinney Hill P1 Groundwater Monitoring Points  01/01/2008 to 06/10/2020
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Whinney Hill - Whinney Hill P1 Groundwater Monitoring Points  01/01/2008 to 06/10/2020

Groundwater Level (mAOD)
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Whinney Hill - Whinney Hill P1 Groundwater Monitoring Points  01/01/2008 to 06/10/2020
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Whinney Hill - Whinney Hill P1 Groundwater Monitoring Points  01/01/2008 to 06/10/2020
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Whinney Hill - Whinney Hill P2 Groundwater Points  01/01/2008 to 06/10/2020

Groundwater Level (mAOD)
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Whinney Hill - Whinney Hill P2 Groundwater Points  01/01/2008 to 06/10/2020

Groundwater Level (mAOD)
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Whinney Hill - Whinney Hill P2 Groundwater Points  01/01/2008 to 06/10/2020

Groundwater Level (mAOD)
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Whinney Hill - Whinney Hill P2 Groundwater Points  01/01/2008 to 06/10/2020

Groundwater Level (mAOD)
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Whinney Hill - Whinney Hill P2 Groundwater Points  01/01/2008 to 06/10/2020

Groundwater Level (mAOD)
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Whinney Hill - Whinney Hill P2 Groundwater Points  01/01/2008 to 06/10/2020

Groundwater Level (mAOD)
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Whinney Hill - Whinney Hill P2 Groundwater Points  01/01/2008 to 06/10/2020
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Whinney Hill - Whinney Hill P2 Groundwater Points  01/01/2010 to 16/09/2020

Ammoniacal Nitrogen (NH4-N) (mg/l) Compliance Limit
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Whinney Hill - Whinney Hill P2 Groundwater Points  01/01/2010 to 16/09/2020

Cadmium, filtered (mg/l) Compliance Limit
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Whinney Hill - Whinney Hill P2 Groundwater Points  01/01/2010 to 16/09/2020

Chloride as Cl (mg/l) Compliance Limit
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Whinney Hill - Whinney Hill P2 Groundwater Points  01/01/2010 to 16/09/2020

Mecoprop (µg/l) Compliance Limit
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Whinney Hill - Whinney Hill P2 Groundwater Points  01/01/2010 to 16/09/2020

Nickel, filtered (mg/l) Compliance Limit
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Whinney Hill - Whinney Hill P2 Groundwater Points  01/01/2010 to 16/09/2020

Toluene (BTEX) (µg/l) Compliance Limit
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Whinney Hill - Whinney Hill P2 Groundwater Points  01/01/2010 to 16/09/2020
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Whinney Hill - Whinney Hill P1 Groundwater Monitoring Points  01/01/2007 to 16/12/2020
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Whinney Hill - Whinney Hill P1 Groundwater Monitoring Points  01/01/2007 to 16/12/2020
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Whinney Hill - Whinney Hill P1 Groundwater Monitoring Points  01/01/2007 to 16/12/2020
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Whinney Hill - Whinney Hill P1 Groundwater Monitoring Points  01/01/2007 to 16/12/2020
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Whinney Hill - Whinney Hill P1 Groundwater Monitoring Points  01/01/2007 to 16/12/2020
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Whinney Hill - Whinney Hill P1 Groundwater Monitoring Points  01/01/2007 to 16/12/2020
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Whinney Hill - Whinney Hill P1 Groundwater Monitoring Points  01/01/2007 to 16/12/2020
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Whinney Hill - Whinney Hill P1 Groundwater Monitoring Points  01/01/2007 to 16/12/2020
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Whinney Hill - Whinney Hill P1 Groundwater Monitoring Points  01/01/2007 to 16/12/2020
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Whinney Hill - Whinney Hill P1 Groundwater Monitoring Points  01/01/2007 to 16/12/2020

Toluene (BTEX) (µg/l)

WH/BH15AM

0.00

1.00

2.00

3.00

4.00

5.00

D
ec

-0
6

D
ec

-0
9

D
ec

-1
2

D
ec

-1
5

D
ec

-1
8

No Limit Applies

Page 12 of 35



Whinney Hill - Whinney Hill P1 Groundwater Monitoring Points  01/01/2007 to 16/12/2020
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Whinney Hill - Whinney Hill P1 Groundwater Monitoring Points  01/01/2007 to 16/12/2020

Toluene (VOC) (µg/l)

WH/BH15AM

0.00

0.20

0.40

0.60

0.80

1.00

D
ec

-0
6

D
ec

-0
9

D
ec

-1
2

D
ec

-1
5

D
ec

-1
8

No Limit Applies

Page 14 of 35



Whinney Hill - Whinney Hill P2 Groundwater Points  01/01/2007 to 16/12/2020
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Whinney Hill - Whinney Hill P2 Groundwater Points  01/01/2007 to 16/12/2020
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Whinney Hill - Whinney Hill P2 Groundwater Points  01/01/2007 to 16/12/2020

Mecoprop (µg/l)

WH/0203AM(R)

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

D
ec

-0
6

D
ec

-0
9

D
ec

-1
2

D
ec

-1
5

D
ec

-1
8

No Limit Applies

Mecoprop (µg/l)

WH/0402AM

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

D
ec

-0
6

D
ec

-0
9

D
ec

-1
2

D
ec

-1
5

D
ec

-1
8

No Limit Applies

Mecoprop (µg/l)

WH/BH87AM(A)

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

D
ec

-0
6

D
ec

-0
9

D
ec

-1
2

D
ec

-1
5

D
ec

-1
8

No Limit Applies

Mecoprop (µg/l)

WH/BH87AM(B)

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

D
ec

-0
6

D
ec

-0
9

D
ec

-1
2

D
ec

-1
5

D
ec

-1
8

No Limit Applies

Page 25 of 35



Whinney Hill - Whinney Hill P2 Groundwater Points  01/01/2007 to 16/12/2020

Mecoprop (µg/l)

WH/BH88AM

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

D
ec

-0
6

D
ec

-0
9

D
ec

-1
2

D
ec

-1
5

D
ec

-1
8

No Limit Applies

Mecoprop (µg/l)

WH/BH89AM

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

D
ec

-0
6

D
ec

-0
9

D
ec

-1
2

D
ec

-1
5

D
ec

-1
8

No Limit Applies

Page 26 of 35



Whinney Hill - Whinney Hill P2 Groundwater Points  01/01/2007 to 16/12/2020
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Whinney Hill - Whinney Hill P2 Groundwater Points  01/01/2007 to 16/12/2020
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Whinney Hill - Whinney Hill P1 Groundwater Monitoring Points  01/01/2007 to 16/12/2020

Ammoniacal Nitrogen (NH4-N) (mg/l)

WH/0202DKF(R)

0.00

2.00

4.00

6.00

8.00

10.00

12.00

D
ec

-0
6

D
ec

-0
9

D
ec

-1
2

D
ec

-1
5

D
ec

-1
8

No Limit Applies

Ammoniacal Nitrogen (NH4-N) (mg/l)

WH/0206DKF

0.00

20.00

40.00

60.00

80.00

100.00

D
ec

-0
6

D
ec

-0
9

D
ec

-1
2

D
ec

-1
5

D
ec

-1
8

No Limit Applies

Ammoniacal Nitrogen (NH4-N) (mg/l)

WH/0209DKFR

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

D
ec

-0
6

D
ec

-0
9

D
ec

-1
2

D
ec

-1
5

D
ec

-1
8

No Limit Applies

Ammoniacal Nitrogen (NH4-N) (mg/l)

WH/0211DKFR

0.00

2.00

4.00

6.00

8.00

10.00

D
ec

-0
6

D
ec

-0
9

D
ec

-1
2

D
ec

-1
5

D
ec

-1
8

No Limit Applies

Page 1 of 28



Whinney Hill - Whinney Hill P1 Groundwater Monitoring Points  01/01/2007 to 16/12/2020
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Whinney Hill - Whinney Hill P1 Groundwater Monitoring Points  01/01/2007 to 16/12/2020
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APPENDIX 10 

LandSim Parameterisation for Outward Gradient Engineered Cells  

Table 1 

Leachate Source Term  

Item Value / Description Source of Data Current Applicability 

Infiltration [mm/year] 

Operational: 1460 

(to open waste) Single 

Rainfall, mean annual rainfall, Holden Wood 

Reservoir Meteorological Office (2004 HRA) 

Remains applicable as a conservative worst case 

for risk assessment purposes, even though 2020 

LMP assumes likely infiltration to open waste to 

be 977 mm/year after >20% evaporation, with 

lower infiltration to temporarily capped Area 4 

Post closure:  50 ± 5 

(cap design) Triangular 
Environment Agency Capping design criteria (CL 

Associates 2004 HRA) 

Grassland: 1170 Single Total rainfall minus evaporation, Holden Wood  Remains Applicable 

End of Filling [years] 6              Single Filling time for each Area of Site 

Area 4 (1999 – 2024): Offset 0, End 25 

Area 5 (2007 – 2024): Offset 8, End 17 

Area 6 (2020-2035):     Offset 21, End 15 

Cell 7-1 (2011-2024): Offset 0, End 13  

Cell 7-2 (2011-2024): Offset 0, End 13 

Area 8 (2015-2024):  Offset 4, End 9  

Management Duration 

[years] 
20,000    Single 

Notional period until leachate source has 

declined to no longer pose a risk 
Remains Applicable 

Final Waste Thickness [m] 

Min: 5 

Mean:  35 

Max: 45 

Triangular 

Calculated from basal levels and pre-settlement 

restoration plan 
Remains Applicable 

Waste Field Capacity [%] 
Min: 0.3 

Mean:  0.35 
LandSim default range Remains Applicable 
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Item Value / Description Source of Data Current Applicability 

Max: 0.4 

Triangular 

Waste Porosity [fraction] 

Min: 0.48 

Max: 0.62 

Uniform 

www.msw.cecs.ucf.edu and 

www.tudarmstadt.de (2004 HRA) 
Remains Applicable 

Waste Density [kg/l] 

Min: 0.4 

Mean:  0.85 

Max: 1.23 

Triangular 

Waste Management Paper 26B (2004 HRA) Remains Applicable 

Leachate Outbreak [m] 

Min: 15 

Mean:  35 

Max: 45 

Triangular 

Calculated from basal levels and sidewall heights 
Areas 4-7: Remains Applicable 

Area 8: Minimum reduced to 6 

Landfill Basal Area [Ha] 

Area 4: 4.68 

Area 5: 4.68 

Area 6: 12.31 

Areas 7 & 8: 3.64 

Site development drawings 

Areas 4-6: Remains Applicable 

Cell 7-1: 0.595 (70m x 85m) 

Cell 7-2: 0.48 (80m x 60m) 

Area 8: 1.02 (2 x 60m x 85m) 

Landfill Cap Area [Ha] 

Area 4: 5.5 

Area 5: 5 

Area 6: 18.26 

Areas 7 & 8: 5.6 

Site development drawings 

Areas 4-6: Remains Applicable 

Cell 7-1: 1.27 

Cell 7-2: 0.96 

Area 8: 2.66 

Leachate Head above top 

of Basal Layer [m] 

3.0 

Single 

Single value of 3m chosen in 2010 HRA to reflect 

the maximum head modelled previously, more 

conservative than previously modelled range 

which included lower leachate heads. 

Area 4: 3.8-8.9 

Area 5: 2.7-6.3 

Area 6: 3.0-4.4 

Cell 7-1: 3.9 

Cell 7-2 net outward gradient: 0 – 3.24 

Area 8 head on base: 2.5 - 8 
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Table 2 

Leachate Quality  

Item Value / Description Source of Data Current Applicability (2008 – 2020 Data) 

Ammoniacal Nitrogen [mg/l] 

Min:  33 

Likely:  1056 

Max:  2890 

Log Triangular 

Based on 2008-2015 site specific monitoring data 

 

 

Areas 4-6: 

Min: 33 

Likely: 1051 

Max: 3670 

Areas 7-8: 

Min: 59 

Likely: 1400 

Max: 3860 

Cadmium [mg/l] 

Min:  0.00005 

Likely:  0.0011 

Max:  0.0043 

Log Triangular 

Not modelled as Cadmium now reclassified as a 

Non-Hazardous Pollutant and maximum source 

term  below Drinking Water Standard  

Chloride [mg/l] 

Min:  70 

Mean:  1221 

Max:  3090 

Log Triangular 

Areas 4-6: 

Min: 170 

Likely: 1183 

Max: 3100 

Areas 7-8: 

Min: 70 

Likely: 1537 

Max: 4920 

Mecoprop [mg/l] 

Min:  0.0002 

Mean:  0.0243 

Max:  0.0838 

Triangular 

Areas 4-6: 

Min: 0.010 

Likely: 0.044 

Max: 0.112 

Areas 7-8: 

Min: 0.004 

Likely: 0.057 

Max: 0.13 

Nickel [mg/l] 

Min:  0.0022 

Mean:  0.171 

Max:  0.509 

Log Triangular 

Areas 4-6: 

Min: 0.022 

Likely: 0.150 

Max: 0.458 

Areas 7-8: 

Min: 0.029 

Likely: 0.232 

Max: 0.515 

Toluene [mg/l] 

Min:  0.0025 

Mean:  0.0297 

Max:  0.137 

Triangular 

Areas 4-6: 

Min: 0.002 

Likely: 0.020 

Max: 0.077 

Areas 7-8: 

Min: 0.002 

Likely: 0.065 

Max: 0.292 
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Table 3 

Leachate Source m and c used to calculate Kappa Values  

Item Value / Description Source of Data Current Applicability 

Ammoniacal Nitrogen [kg/l] 
m = 0 

c = 0.59 

LandSim Defaults. 

 

Negligible decline assumed for mecoprop as 

conservative worst case 

Remains Applicable 

Cadmium [kg/l] 
m = 0.0823 

c = 0.1589 

Chloride [kg/l] 
m = 0.0298 

c = 0.2919 

Mecoprop [kg/l] 
m = 0 

c = 0.01 

Nickel [kg/l] 
m = 0.0987 

c = -0.1479 

 

Table 4 

Geological Barrier  

Item Value / Description Source of Data Current Applicability 

Areas 4 - 8: 0.5m CQA Engineered Composite Barrier with 2mm HDPE 

Liner Hydraulic Conductivity [m/s] 

Min:  1 x 10-11 

Likely: 1 x 10-10 

Max:  1 x 10-9 

Log Triangular 

Based on combination of hydraulic 

conductivities from CQA for clay liner and 

overlying GCL  

Remains Applicable 

Moisture Content [fraction] 

Min: 0.21 

Mean:  0.24 

Max: 0.28 

Triangular 

Based on CQA Remains Applicable 
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Item Value / Description Source of Data Current Applicability 

Basal Layer Density [kg/l] 

Min:  1.94 

Max: 2 

Uniform 

Based on CQA Remains Applicable 

Fraction of Organic Carbon (FOC) 

(fraction) 

Min:  0.01 

Max:  0.1 

Uniform 

Typical range for clay Remains Applicable 

Basal Layer Dispersivity 0.05        Single 10% of liner thickness Remains Applicable 

Retardation in Engineered Lining Systems 

Ammoniacal Nitrogen [Kd] [l/kg] 

Min: 6.09 

Max: 7.03 

Uniform 

EA ‘Review of Ammonium Attenuation in 

Groundwater’ NC/02/49, range for clay 
Remains Applicable 

Cadmium [Kd] [l/kg] 240         Single ConSim database  Remains Applicable 

Chloride [Kd] [l/kg] 0             Single ConSim database Remains Applicable 

Nickel [Kd] [l/kg] 

Min: 0.9 

Mean:  66 

Max: 144 

Log Triangular 

ConSim database Remains Applicable 

Mecoprop [KoC] [l/kg] 

Min: 5.3 

Mean:  25 

Max: 60 

Triangular 

EA 'Attenuation of mecoprop in the 

subsurface' EA Science Group Report 

NC/03/12 

Remains Applicable 

Toluene [KoC] [l/kg] 

Min: 131 

Max: 242 

Uniform 

ConSim database Remains Applicable 
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Table 5 

Unsaturated Pathway  

Item Value / Description Source of Data Current Applicability 

Thickness [m] 

Area 4: 

0.3          Single 

 

Areas 5-8: 

0.1          Single 

Negligible thickness as a conservative worst 

case, but slightly above zero for model 

stability. 

Areas 4-7: Remains Applicable 

Area 8: 2 – 9 (OLR Sandstone) 

Hydraulic Conductivity [m/sec] 

Min:  1.6 x 10-9 

Max:  1.0 x 10-6 

Log Uniform 

Accrington Mudstone permeability reflects 

site tests (SLR, 2006 and Terraconsult, 2007). 

Areas 4-6: Remains Applicable 

Areas 7-8: OLR SST 3.6 x 10-5 (BGS) 

Moisture Content [fraction] 

Areas 4-6: 

Min: 0.1 

Max: 0.2 

Uniform 

 

Areas 7-8: 

Min: 0.21 

Mean:  0.24 

Max: 0.28 

Triangular 

Areas 4-6 Entec 2002 Whinney Hill 

Groundwater Risk Assessment rr20080i2 

 

Areas 7-8: Site values for bedrock at A7-8  

Remains Applicable 

Density [kg/l] 

Min: 1.8 

Max: 2.4 

Uniform 

Bulk density of weathered and unweathered 

Mercia Mudstone (used as equivalent to 

AM), Consim Help 

Areas 4-6: Remains Applicable 

Areas 7-8: Similar range applies for 

sandstone  

Dispersivity 

Area 4: 

Min: 0 

Max: 0.1 

Uniform 

Area 4: Fraction of pathway length 

 

Areas 5-8: Dispersion set to zero to reflect 

absent USZ. 

Areas 4-7: Remains Applicable 

Area 8: 0.2 - 0.9 
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Item Value / Description Source of Data Current Applicability 

Degradation halflife not modelled in the USZ as negligible mudstone thickness above AM vertical pathway  

Areas 4-6: Remains Applicable 

Areas 7-8: Amm-N: 5-10 years 

Mcpp: 0.04 – 0.15 – 0.5 yrs 

Toluene: 0.07 – 0.36 years 

Retardation: Ammoniacal Nitrogen 

[Kd] [l/kg] 

Area 4: 

Min: 5.7 

Max: 6.7 

Uniform 

Area 4: Site Specific - Accrington Mudstone 

 

Areas 5-8: No retardation assumed as worst 

case due to negligible USZ thickness 

Areas 4-6: Remains Applicable 

 

Areas 7-8: 3.2 – 4.2 based on DKF SST 

Retardation: Cadmium [Kd] [l/kg] 

Area 4: 

240            Single 

Areas 5-8:  0             

Area 4: ConSim Technical Database 

 

Areas 5-8: No retardation assumed as worst 

case due to negligible USZ thickness 

Not modelled as Cadmium now reclassified 

as a Non-Hazardous Pollutant and maximum 

source term  below Drinking Water Standard 

Retardation: Mecoprop [KoC] [l/kg] 

Area 4: 

Min: 5.3 

Mean:  25 

Max: 60 

Triangular 

 Area 4: EA 'Attenuation of mecoprop in the 

subsurface' EA Report NC/03/12 

 

Areas 5-8: No retardation assumed as worst 

case due to negligible USZ thickness 

Areas 4-6: Remains Applicable 

 

Areas 7-8: As Area 4 

Fraction of Organic Carbon 

Area 4: 

Min: 0.0039 

Mean:  0.0413 

Max: 0.0735 

Triangular 

Area 4: foc range for Lower Coal Measures 

from 'Attenuation of mecoprop in the 

subsurface' EA Report NC/03/12 

Areas 5-8: No retardation assumed as worst 

case due to negligible USZ thickness 

Areas 4-6: Remains Applicable 

 

Areas 7-8: 0.012 – 0.014 – 0.016 as DKF SST 

Retardation: Nickel [Kd] [l/kg] 

Area 4: 

Min: 110 

Max: 290 

Uniform 

Area 4: Site Specific Data - Accrington 

Mudstone 

Areas 5-8: No retardation assumed as worst 

case due to negligible USZ thickness 

Areas 4-6: Remains Applicable 

 

Areas 7-8: 13000-26000 based on DKF SST 

Retardation: Toluene [KoC] [l/kg] 
Area 4: 

Min: 131 
Area 4: ConSim database 

Areas 4-6: Remains Applicable 
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Item Value / Description Source of Data Current Applicability 

Max: 242 Areas 5-8: No retardation assumed as worst 

case due to negligible USZ thickness 

Areas 7-8: As Area 4 

 

Table 6 

Vertical Pathway – Accrington Mudstone [not applicable to 2020 LandSim Model for Areas 7-8] 

Item Value / Description Source of Data Current Applicability 

Thickness [m] 

Min: 5 

Mean:  20 

Max: 45 

Triangular 

Based on depth of saturated mudstone 

between base of cells and base of mudstone. 
Remains Applicable for Areas 4-6 

Pathway Porosity [fraction] 

Min: 0.01 

Mean:  0.18 

Max: 0.5 

Triangular 

Minimum and most likely, Mcworter and 

Sunada, 1976, effective porosity for clay. 

Maximum value to allow consideration of 

fissure flow 

Remains Applicable for Areas 4-6 

Density [kg/l] 

Min: 1.8 

Max: 2.4 

Uniform 

Bulk density of weathered and unweathered 

Mercia Mudstone, Consim Help 
Remains Applicable for Areas 4-6 

Fraction of Organic Carbon (FOC) 

(fraction) 

Min:  0.0039 

Most Likely:  0.0413 

Max:  0.0735 

Triangular 

foc range for Lower Coal Measures from 

'Attenuation of mecoprop in the subsurface' 

EA Report NC/03/12 

Remains Applicable for Areas 4-6 

Dispersivity 

Min: 0.5 

Mean:  2 

Max: 4.5 

Triangular 

10% of pathway length Remains Applicable for Areas 4-6 

Retardation 
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Item Value / Description Source of Data Current Applicability 

Ammoniacal Nitrogen [Kd] [l/kg] 

Min: 5.7 

Max: 6.7 

Uniform 

Site Specific Data - Accrington Mudstone Remains Applicable for Areas 4-6 

Cadmium [Kd] [l/kg] 240         Single ConSim Technical Database Remains Applicable for Areas 4-6 

Chloride [Kd] [l/kg] 0              Single ConSim Technical Database Remains Applicable for Areas 4-6 

Nickel [Kd] [l/kg] 

Min: 110 

Max: 290 

Uniform 

Site Specific Data - Accrington Mudstone Remains Applicable for Areas 4-6 

Mecoprop [KoC] [l/kg] 

Min: 5.3 

Mean:  25 

Max: 60 

Triangular 

From 'Attenuation of mecoprop in the 

subsurface' EA Report NC/03/12 
Remains Applicable for Areas 4-6 

Toluene [KoC] [l/kg] 

Min: 131 

Max: 242 

Uniform 

Consim KOC value for toluene and calculated 

by LandSim 
Remains Applicable for Areas 4-6 

Aerobic Degradation Half Life [years] 

Ammoniacal Nitrogen 

Min: 5 

Max: 10 

Uniform 

EA ‘Review of Ammonium Attenuation in 

Groundwater’ NC/02/49 
Remains Applicable for Areas 4-6 

Mecoprop 

Min: 0.04 

Mean:  0.15 

Max: 0.5 

Triangular 

Biodegradation half-life was taken from 

'Attenuation of mecoprop in the subsurface' 

EA Science Group Report NC/03/12 

Remains Applicable for Areas 4-6 

Toluene 

Min: 0.07 

Max: 0.364 

Uniform 

Consim biodegradation half-life for toluene Remains Applicable for Areas 4-6 
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Table 7 

Aquifer Flow  

Item Value / Description Source of Data Current Applicability 

Hydraulic Conductivity [m/sec] 

Min:   1.6 x 10-7 

Max:   1.6 x 10-5 

Log Uniform 

Site specific testing for Dyneley Knoll Flags (SLR 

2006 and Terraconsult 2007) 

Areas 4-6: Remains Applicable 

Areas 7-8: OLR SST 3.6 x 10-5 (BGS, consistent 

with likely flows from OLR recharge area) 

Pathway Length [m] 

Area 4: 

Min: 260 

Max: 480 

Area 5: 

Min: 268 

Max: 512 

Area 6: 

Min: 118 

Max: 442 

Areas 7-8: 

Min: 50 

Max: 260 

Uniform 

Approximate distance to site boundary 

Areas 4-6: Remains Applicable 

Cell 7-1: 180-250 

Cell 7-2: 260 -340 

Area 8:  50-170 

Pathway Width [m] 

Areas 4-5:  260 

Area 6:       344  

Areas 7-8:  510 

Single 

Approximate site width 

Areas 4-6: Remains Applicable 

Cell 7-1: 70 as flow W-E 

Cell 7-2: 70 as flow W-E 

Area 8: 70 as flow W-E 

Mixing Zone Thickness [m] 

Min: 6 

Mean:  9 

Max: 19 

Triangular 

Estimated from geology, thickness of aquifer 
Areas 4-6: Remains Applicable 

Areas 7-8: 1.5 as worst case 

Gradient [fraction] 
Min: 0.02 

Max: 0.04 
Site water levels 

Areas 4-6: Remains Applicable 

Areas 7-8: OLR SST groundwater gradient 0.04  
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Item Value / Description Source of Data Current Applicability 

Uniform 

Porosity [fraction] 

Min: 0.12 

Max: 0.41 

Uniform 

Values for Sandstone in Mcworter and Sunada, 

1976 
Remains Applicable 

Density [kg/l] 
Min: 1.6 

Max: 2.68 

Uniform range of Sandstone Properties in 

ConSim Help 
Remains Applicable 

Fraction of Organic Carbon (FOC) 

(fraction) 

Min:  0.0121 

Most Likely:  0.0141 

Max:  0.0161 

Triangular 

Typical values for Lower Coal Measures 

Sandstone 
Remains Applicable 

Longitudinal Dispersivity [m] 

Min: 0.6 

Mean:  0.9 

Max: 1.9 

Triangular 

10% of approximate groundwater flow pathway 

to site boundary 

Areas 4-6: Remains Applicable 

 

Areas 7-8:  5 - 34 

 

Transverse Dispersivity [m] 

Min: 0.18 

Mean:  0.27 

Max: 0.57 

Triangular 

1% of approximate groundwater flow pathway 

to site boundary 

Areas 4-6: Remains Applicable 

 

Areas 7-8: 0.5 – 3.4  

 

Ammoniacal Nitrogen [Kd] [l/kg] 
Min: 3.2 

Max: 4.2 
Site specific Kd value for Dyneley Knoll Flags 

Areas 4-6: Remains Applicable 

Areas 7-8: Similar range for OLR Sandstone 

Cadmium [Kd] [l/kg] 240          Single ConSim Technical Database- unspecified strata Remains Applicable 

Nickel [Kd] [l/kg] 

Min: 13000 

Max: 26000 

Uniform 

Site Specific Data for Dyneley Knoll Flags 
Areas 4-6: Remains Applicable 

Areas 7-8: Similar range for OLR Sandstone 

Mecoprop [KoC] [l/kg] 
Min: 5.3 

Mean:  25 

From 'Attenuation of mecoprop in the 

subsurface' EA Report NC/03/12 
Remains Applicable 
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Item Value / Description Source of Data Current Applicability 

Max: 60 

Triangular 

Toluene [KoC] [l/kg] 

Min: 131 

Max: 242 

Uniform 

Consim KOC value for toluene 

Attenuation of Hazardous Substances not 

modelled in Aquifer Pathway, KoC changed to 

0. 

Amm-N Degradation Halflife (years)  

Min: 5 

Max: 10 

Uniform 

EA ‘Review of Ammonium Attenuation in 

Groundwater’ NC/02/49 
Remains Applicable 

Mecoprop Degradation Halflife (yrs)  

Min: 0.04 

Mean:  0.15 

Max: 0.5 

Triangular 

Biodegradation half-life was taken from 

'Attenuation of mecoprop in the subsurface' EA 

Science Group Report NC/03/12 

Remains Applicable 

Toluene Degradation Halflife (years)  

Min: 0.07 

Max: 0.364 

Uniform 

Consim biodegradation half-life for toluene 

Attenuation of Hazardous Substances not 

modelled in Aquifer Pathway, half-life 

modelled as 1x109, i.e. no degradation. 
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Table 8 

Background Groundwater Quality [not previously modelled] 

Item Areas 4-6 (Dyneley Knoll Flags) Areas 7-8 (OLR Sandstone WH0203OLR) 

Ammoniacal Nitrogen [mg/l] 

Min: 0.005 

Likely: 0.066 

Max: 1.3 

Log Triangular 

Min:  0.005 

Likely:  0.03 

Max:  0.74 

Log Triangular 

Cadmium [mg/l] 

Min: 0.00001 

Likely: 0.00008 

Max: 0.002 

Log Triangular 

Not modelled as Cadmium now reclassified 

as a Non-Hazardous Pollutant and maximum 

source term  below Drinking Water 

Standard 

Chloride [mg/l] 

Min: 3 

Likely: 24.6 

Max: 53 

Log Triangular 

Min:   5 

Mean:  11 

Max:  25 

Triangular 

Mecoprop [mg/l] 

Min: 0.00001 

Max: 0.00011 

Log Uniform 

Not detected 

Nickel [mg/l] 

Min: 0.0005 

Likely: 0.0044 

Max: 0.018 

Log Triangular 

Min:  0.0005 

Mean:  0.0005 

Max:  0.005 

Log Triangular 

Toluene [mg/l] Not detected Not detected 
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APPENDIX 11 

LandSim Model Results: DKF Sandstone 
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Results: Mecoprop Concentration at Compliance Point [mg/l]

Time History
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Results: Area 4, Toluene Concentration at Monitor [mg/l]
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Results: Area 6, Toluene Concentration at Monitor [mg/l]

Time History
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APPENDIX 12 

LandSim Model Results: OLR Sandstone 

 
 

 

 

 

 

Results: Ammoniacal_N Concentration at Compliance Point [mg/l]
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Results: Mecoprop Concentration at Compliance Point [mg/l]

Time History
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Results: Cell 7-1, Toluene Concentration at Monitor [mg/l]

Time History
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Results: Cell 7-2, Toluene Concentration at Monitor [mg/l]
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Results: Cell 8, Toluene Concentration at Monitor [mg/l]
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APPENDIX 13 

Surface Water Quality Chemographs 
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Whinney Hill - Whinney Hill P2 Surface Water Analysis Points  01/06/2015 to 16/12/2020
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Whinney Hill - Whinney Hill P2 Surface Water Analysis Points  01/06/2015 to 16/12/2020
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Whinney Hill - Whinney Hill P2 Surface Water Analysis Points  01/06/2015 to 16/12/2020
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Whinney Hill - Whinney Hill P2 Surface Water Analysis Points  01/06/2015 to 16/12/2020
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APPENDIX 14 

Groundwater Contingency Action Plan  

When a Compliance Limit is exceeded, the following Contingency Actions are proposed.  

 
It is noted that while Compliance Limits are set for a number of substances routinely monitored in 

groundwater, the expectation of any impact of leachate from the engineered site into groundwater is 

that breakthrough times for any un-retarded contaminants would not occur for many years/decades, 

whilst, for retarded contaminants this would take even longer. Therefore, changes in groundwater 

quality patterns that differ from the above understanding may reflect inputs into the water 

environment from non-landfill sources, an ongoing natural change/variation in the quality of 

groundwater at the site and/or the adjacent ‘dilute and attenuate’ areas. 

 

Considering the above, in the case that a result of analysis of a sample exceeds the limit for a single 

parameter, determination of a breach of a Compliance Limit should only follow if the exceedance is 

confirmed by the analysis of a second sample. SUEZ will deliver the results of the second sample within 

the same monitoring quarter (within 3 weeks of detection of the first exceedance) unless otherwise 

agreed with the Environment Agency. In the event that a contingency sample taken in the period 

identifies that the groundwater quality has returned to be within the normal range, the matter will be 

considered to be closed without the attraction of any adverse CCS score. 
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DRAWING 01 

Groundwater Contours for Old Lawrence Rock Sandstone 
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Updated Groundwater Contours for Accrington Mudstone 
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DRAWING 04 

Hydrogeological Cross-section Focussing on DLF Sandstone
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