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1.  INTRODUCTION 
  

1.1 In early 2004 Wardell Armstrong (WA) and Viridor Waste Management (VWM) 

were approached by Geofabrics with a view to becoming involved in a trial 

installation of an innovative combined leachate drainage and geomembrane 

protector geocomposite in Cell 12Ci at Pilsworth North landfill site.  The 

geocomposite product consists of an extruded high density polyethylene three 

layer geonet core with a woven filter geotextile bonded on both sides and a 

needle punched, non-woven protector geotextile on the lower side beneath the 

woven filter.  The four individual layers are heat bonded together to form the 

geocomposite.   

 

1.2 As the first part of the trial, WA approached the Environment Agency (EA) with a 

proposed design for the basal leachate drainage system in Cell 12Ci.  This 

comprised the geocomposite directly overlying the geomembrane and in turn 

being overlain by a 150mm thickness of 10-20mm sized drainage stone with a 

system of 300mm diameter drainage pipework installed within the stone. 

 

1.3 Further proposals were submitted to the EA by WA in a CQA Method Statement 

for the installation of the geocomposite, dated August 2004, to provide details of 

the methodology for undertaking the installation and in service performance 

monitoring of the geocomposite.  This included a field trial installation of the 

geocomposite to ensure that it could be properly and safely installed as part of 

the overall basal containment system for Cell12Ci.  Detailed discussions with the 

EA on the proposed performance monitoring methodology were ongoing until, in 

April 2005, agreement was reached with the EA on a methodology and this was 

set out in correspondence to the EA (ref KRJM/LKA/LE02989/108 and 

NDR/LE02989/109).  The performance monitoring arrangements are summarised 

below: 

 

• long-term leachate immersion test undertaken by Geofabrics under laboratory 

conditions; 

• measurement of leachate levels weekly prior to capping of the landfill cells; 

• measurement of leachate levels monthly following the capping of the landfill 

cells;  

• monthly reading of flow meters fitted to pumping equipment at leachate 

extraction chambers;  

• falling head and rising head test undertaken on each leachate extraction 

chamber and each remote leachate access chamber on a 6 monthly basis;  
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• pumping trials on a 6 monthly basis to determine the transmisivity (T) value for 

each of the systems.  

 

1.4 As part of these arrangements, it was agreed that the basis of the performance 

measurement of the geocomposite leachate drainage system would be to 

benchmark it against the performance of the more traditional stone leachate 

drainage system installed the neighbouring landfill Cell 12Cii.  Consequently, Cell 

12Cii would be subjected to the same monitoring regime and the results of the 

two cells compared. 

 

1.5 The construction of Cell 12Cii was followed by the construction of Cell12Ci. The 

works were started during 2004 and finally completed in April 2005.  Waste 

deposition commenced in the two cells during 2005 and was in effect completed 

in 2007 when the Cell 12C area was capped. 

 

1.6 The monitoring of the leachate drainage systems in Cells 12Ci and 12Cii has 

been ongoing since October 2005 and interim reports on the performance of the 

geocomposite were prepared and submitted to the EA in October 2006 and 

October 2007. 

 

1.7 With the geocomposite now into its 4th year of operation, this report details the 

results of the performance monitoring works carried out to date. Interpretation is 

made of the monitoring results and this confirms that with half the thickness of a 

standard drainage aggregate the leachate drainage system in Cell 12Ci is 

working effectively and is offering an alternative construction configuration.  

 

1.8 Significant events in the development of the geocomposite trial are identified in a 

chronology given at Appendix A. 
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2. PERFORMANCE MONITORING RESULTS 
 

2.1 The locations of the piezometer installations and the monitoring chambers within 

Cell 12Ci are identified on Drawing Number LE02989/069 Revision A. The results 

of the weekly leachate level monitoring by the installed piezometers and leachate 

level monitoring of the leachate level in the cell’s monitoring chamber are included 

in Appendix B. The calibration information for each of the piezometer installations 

is included in Appendix C.  

 

2.2 Due to elevated levels of gas emissions recorded at the leachate extraction and 

remote leachate access chambers, only limited access to the chambers has been 

possible since the commencement of the trial which prevented leachate level 

monitoring by dipping the chambers. Therefore, the most reliable long term 

monitoring of the cell’s leachate drainage system performance has been the 

weekly leachate level monitoring within Cell 12Ci by use of the 3 piezometer 

installations. 

 

2.3 Graphical analyses of the results have been produced as follows:  

• Graph 1 shows how the piezometers recorded leachate levels have 

fluctuated in unison to December 2007. This relationship can be seen to 

break down with Piezometer 306427 following 6th July 2007, for reasons 

explained below. 

 

• Graph 2 shows the reduction in the cell’s leachate depth during 2007 as 

measured at the cell’s sump monitoring chamber. However, by early 2008 

the leachate level had risen significantly for reasons explained below. 

 

• Graph 3 presents monthly ‘snap shots’ of leachate levels across the floor 

of the cell during the first half of 2007. This shows that the leachate level 

across the base of the cell was consistently maintained at or less than 0.4 

metres above the level of the cell’s basal liner. This relationship can be 

seen to break down at the Cell 12Ci Chamber between the 29th June 2007 

and 29th August 2007, for reasons explained below. 

 

• Dealing with the anomalies identified above.  

o Graph 1 - the rise in the leachate level detected by Piezometer 

306427 corresponds with the temporary removal of the leachate 

pump within the Cell 12Ci monitoring chamber due to Health and 

Safety issues and the cells capping works.  
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o Graph 2 – Ongoing pumping of the cell was disrupted by Health 

and Safety issues and the cell’s capping works during which time 

the cell’s Leachate level rose by approximately 3 metres. 

 

o Graph 3 – the rise in the Leachate levels towards the cell’s sump 

are a consequence of restricted access to the sump and Leachate 

pumping from the cell being suspended due to the capping works.  

 

 

2.4 Significant events on the graphs above are identified by numbered arrows and 

 these correspond with the numbered descriptions given in the chronology of the 

 geocomposite trial given in Appendix A. 

 

2.5 The suitability of the geocomposite that has been deployed to the Pilsworth field 

trial and its chemical stability in leachate has been established by Geofabrics who 

have been carrying out leachate immersion testing of its needle-punched 

geotextile products for 13 years.  

 

A sample of the drainage geocomposite WNWF, as used in the Pilsworth field 

trial, has now been immersed in a Pilsworth leachate with a chemical analysis 

similar to the results given at Appendix D. The sample was removed for testing 

was found no visible sign of damage to any component and little sign of 

significant bio-fouling. A report detailing the overall performance of the WNWF 

geocomposite has been prepared by Geofabrics and is included at Appendix E.  

 

2.6 A photographic record of the installation of the geocomposite is given at Appendix 

F. 
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3. INTERPRETATION AND CONCLUSIONS 

 

3.1 From the results of the piezometer readings taken since October 2005 from 

within Cell 12Ci it can be interpreted that the geocomposite leachate extraction 

system is working effectively.  When the cells leachate pump has been 

operational, the leachate level within the cell has been controlled demonstrating 

that the system is able to extract leachate efficiently and consequently 

functioning effectively. 

 

3.2 Although we were unable to carry out the flow meter readings from the 

extraction chambers, the falling head and rising head testing of the extraction 

and access chambers and the pumping trials, we are satisfied that, from the 

results of the 4 years of weekly piezometer monitoring, carried out across Cell 

12Ci, as detailed in this report and in Wardell Armstrong report entitled: ‘Report 

on the Performance Assessment of the Drainage Geocomposite Within Cell 

12Ci’ dated October 2006, the leachate drainage system within Cell 12Ci is 

functioning efficiently.  

 

3.3 Our initial monitoring proposal stated that leachate level monitoring shall be 

carried out weekly until capping and then monthly thereafter and that the 

performance assessment of the leachate drainage system would use direct 

comparisons with that of the Cell 12Cii leachate drainage system. The current 

leachate levels within Cell 12Ci are currently above that of the Cell 12Ci/Cell 

12Cii intermediate bund and, as such, the leachate levels in Cell 12Cii can no 

longer be used as a comparison.  Following completion of the capping of the 

Cell 12Ci area and confirmation that the waste fire in the area has been 

successfully extinguished, it is considered feasible for the leachate level in the 

area to be brought below the level of the Cell 12Ci/Cell 12Cii intermediate bund. 

 

3.4 It is recommended that periodic monitoring  of the two remaining piezometers in 

Cell 12Ci is restarted in association with the monitoring of leachate levels in the 

sumps of Cell 12Ci and Cell 12Cii.   
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Graph 1 - Cell 12Ci Leachate Levels Measured by Piezometers
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Graph 2 -  Leachate depth measured at sump of Cell 12Ci during 2007
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 Graph 3 - Cell 12Ci Leachate Levels Measured by Pi ezometer and by Dipping of cell's sump 
Chamber
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Appendix A 

 

Chronology of Geocomposite Trial in Cell 12ci 
 

 



 

Appendix A Chronology of significant events associated with the Geocomposite 
Trial in Cell 12Ci at Pilsworth North LE02989 & LE03491 

 

1) The original proposal for the installation of a goecomposite drainages system was submitted 
in July 2004.  

2) The validation report for the construction of Cell 12Cii was issued 8th December 2004.  

3) Waste filling by Viridor in Cell 12Cii commenced tipping at around the end of January early 
February 2005. 

4) A letter report submitted to the Environment Agency (EA) dated 19th April 2005 on behalf of 
Viridor Waste Management (VWM) detailing the proposal to monitor the performance of the 
installed basal leachate drainage geocomposite system in Cell 12Ci.  

5) A response to the EA’s comments was made by WA on behalf of VWM in a letter dated 13th 
May 2005. 

6) A Letter Informing the EA of WA’s intention to install piezometers dated 13th May 2005. 

7) Installation of the Piezometers was carried out between the 14th and 17th May 2005. 

8) The validation Report for the construction of Cell 12Ci was issued on 16th May 2005 and 
subsequently received EA approval on 26th April 2006.  

9) The first piezometer reading was undertaken by WA on the 17th May 2005. 

10) VWM commenced tipping in Cell 12Ci around the end of July 2005. 

11) The first report on the performance of the geocomposite system was issued to the EA in 
October 2006. 

12) The second report on the performance of the geocomposite system was issued to the EA in 
October 2007. 

13) VWM commenced taking leachate level readings on 29th November 2007.  

14) A third report on the performance of the geocomposite system was  issued in July 2008. 

Summary of the Chronology of Leachate Monitoring 

15) Leachate monitoring from Piezometer 306426 was undertaken from the 18th October 2005 
until 17th December 2007.  

16) Leachate monitoring from Piezometer 306428 was undertaken from18th October 2008 until 
the 17th December 2007.  

17). Leachate monitoring from Piezometer 306427 was undertaken from the 11th November 
2005 until the 17th December 2007. 

18) Cell 12Ci Chamber Leachate Levels are derived from Viridor Waste Management 
monitoring location PW/543LM at the cell’s sump. This was monitored from the 27th February 
2007 until the 17th December 2007. However, there was a gap in the monitoring from 29th June 
2007 until the 26th October 2007 due to access being prevented to the location for health and 
safety reasons.  
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Piezometer and Chamber Monitoring Results 
 

 
 
 

 
 

 

 
 

 

 

 
 

 

 
 

 
 

 

 
 

 
 
 

 
 

 

 



CELL12Ci Leachate Monitoring Results 
Piezometer 306427 Sheet 1 of 8
Date Reading Digits Pressure (kN m-2) Head of Leachate Level of Leachate

11-Nov-05 0.03223 9626.7 0.00 Base Reading 114.25
18-Nov-05 0.03228 9596.9 3.40 0.34 114.59
25-Nov-05 0.03226 9608.8 2.00 0.21 114.46
02-Dec-05 0.03226 9608.8 2.00 0.21 114.46
09-Dec-05 0.03234 9561.4 7.40 0.75 115.00
16-Dec-05 0.03234 9561.4 7.40 0.75 115.00
23-Dec-05 0.03235 9555.5 8.00 0.82 115.07
06-Jan-06 0.03238 9537.8 10.00 1.02 115.27
13-Jan-06 0.03234 9561.4 7.40 0.75 115.00
20-Jan-06 0.03235 9555.5 8.00 0.82 115.07
27-Jan-06 0.03239 9531.9 10.70 1.09 115.34
03-Feb-06 0.03237 9543.7 9.30 0.95 115.20
10-Feb-06 0.03238 9537.8 10.00 1.02 115.27
17-Feb-06 0.03237 9543.7 9.30 0.95 115.20
23-Feb-06 0.03237 9543.7 9.30 0.95 115.20
03-Mar-06 0.03236 9549.6 8.70 0.89 115.14
10-Mar-06 0.03238 9537.8 10.00 1.02 115.27
17-Mar-06 0.03246 9490.8 15.30 1.56 115.81
24-Mar-06 0.03241 9520.1 12.00 1.22 115.47
31-Mar-06 0.0325 9467.5 17.90 1.83 116.08
07-Apr-06 0.03254 9444.2 20.50 2.09 116.34
13-Apr-06 0.03256 9432.6 21.80 2.23 116.48
20-Apr-06 0.03254 9444.2 20.50 2.09 116.34
28-Apr-06 0.03251 9461.6 18.60 1.89 116.14

04-May-06 0.0325 9467.5 17.90 1.83 116.08
12-May-06 0.03248 9479.1 16.60 1.69 115.94
19-May-06 0.03248 9479.1 16.60 1.69 115.94
25-May-06 0.0325 9467.5 17.90 1.83 116.08
02-Jun-06 0.03248 9479.1 16.60 1.69 115.94
09-Jun-06 0.03246 9490.8 15.30 1.56 115.81
16-Jun-06 0.0324 9526 11.30 1.16 115.41
23-Jun-06 0.03232 9573.2 6.00 0.61 114.86
30-Jun-06 0.03232 9573.2 6.00 0.61 114.86
06-Jul-06 0.03229 9591 4.00 0.41 114.66
13-Jul-06 0.03227 9602.9 2.70 0.27 114.52
20-Jul-06 0.03228 9596.9 3.40 0.34 114.59
27-Jul-06 0.03226 9608.8 2.00 0.21 114.46

02-Aug-06 0.03227 9602.9 2.70 0.27 114.52
11-Aug-06 0.03225 9614.8 1.30 0.14 114.39
16-Aug-06 0.03225 9614.8 1.30 0.14 114.39
23-Aug-06 0.03225 9614.8 1.30 0.14 114.39
04-Sep-06 0.03226 9608.8 2.00 0.21 114.46
08-Sep-06 0.0323 9585.1 4.70 0.48 114.73
15-Sep-06 0.03233 9567.3 6.70 0.68 114.93
22-Sep-06 0.03235 9555.5 8.00 0.82 115.07
29-Sep-06 0.03233 9567.3 6.70 0.68 114.93
06-Oct-06 0.03234 9561.4 7.40 0.75 115.00
13-Oct-06 0.03242 9514.2 12.70 1.29 115.54
17-Oct-06 0.0324 9526 11.30 1.16 115.41
03-Nov-06 0.03254 9444.2 20.50 2.09 116.34
10-Nov-06 0.03251 9461.6 18.60 1.89 116.14
16-Nov-06 0.03252 9455.8 19.20 1.96 116.21
24-Nov-06 0.03254 9444.2 20.50 2.09 116.34
01-Dec-06 0.03257 9426.8 22.50 2.29 116.54
08-Dec-06 0.03258 9421 23.10 2.36 116.61
15-Dec-06 0.03264 9386.4 27.00 2.76 117.01
22-Dec-06 0.0327 9352 30.90 3.15 117.40
05-Jan-07 0.03267 9369.2 29.00 2.96 117.21
12-Jan-07 0.03268 9363.5 29.60 3.02 117.27
19-Jan-07 0.03272 9340.6 32.20 3.28 117.53
26-Jan-07 0.03275 9323.5 34.10 3.48 117.73
01-Feb-07 0.03275 9323.5 34.10 3.48 117.73
07-Feb-07 0.0326 9409.5 24.40 2.49 116.74
16-Feb-07 0.03248 9479.1 16.60 1.69 115.94

23-Feb-07 0.03235 9555.5 8.00 0.82 115.07
02-Mar-07 0.03226 9608.8 2.00 0.21 114.46
09-Mar-07 0.03226 9608.8 2.00 0.21 114.46
16-Mar-07 0.03227 9602.9 2.70 0.27 114.52
23-Mar-07 0.03225 9614.8 1.30 0.14 114.39
30-Mar-07 0.03225 9614.8 1.30 0.14 114.39
05-Apr-07 0.03225 9614.8 1.30 0.14 114.39
13-Apr-07 0.03225 9614.8 1.30 0.14 114.39



CELL12Ci Leachate Monitoring Results 
Piezometer 306427 Sheet 2 of 8
Date Reading Digits Pressure (kN m-2) Head of Leachate Level of Leachate

20-Apr-07 0.03224 9620.8 0.70 0.07 114.32
27-Apr-07 0.03223 9626.7 0.00 0.00 114.25

04-May-07 0.03222 9632.7 -0.70 -0.07 114.18
11-May-07 0.03222 9632.7 -0.70 -0.07 114.18
18-May-07 0.03225 9614.8 1.30 0.14 114.39
25-May-07 0.03226 9608.8 2.00 0.21 114.46
01-Jun-07 0.03224 9620.8 0.70 0.07 114.32
08-Jun-07 0.03228 9596.9 3.40 0.34 114.59
14-Jun-07 0.03227 9602.9 2.70 0.27 114.52
21-Jun-07 0.03224 9620.8 0.70 0.07 114.32
29-Jun-07 0.03227 9602.9 2.70 0.27 114.52
06-Jul-07 0.03227 9602.9 2.70 0.27 114.52
13-Jul-07 0.03228 9596.9 3.40 0.34 114.59
20-Jul-07 0.0323 9585.1 4.70 0.48 114.73
24-Jul-07 0.0323 9585.1 4.70 0.48 114.73

02-Aug-07 0.03231 9579.1 5.40 0.55 114.80
10-Aug-07 0.03234 9561.4 7.40 0.75 115.00
17-Aug-07 0.03236 9549.6 8.70 0.89 115.14
23-Aug-07 0.03241 9520.1 12.00 1.22 115.47
29-Aug-07 0.03242 9514.2 12.70 1.29 115.54
05-Sep-07 0.03243 9508.4 13.30 1.36 115.61
12-Sep-07 0.03248 9479.1 16.60 1.69 115.94
21-Sep-07 0.03248 9479.1 16.60 1.69 115.94
29-Sep-07 0.03254 9444.2 20.50 2.09 116.34
05-Oct-07 0.03258 9421 23.10 2.36 116.61
12-Oct-07 0.03262 9397.93 25.73 2.63 116.88
19-Oct-07 0.03266 9374.92 28.32 2.89 117.14
26-Oct-07 0.03266 9374.92 28.32 2.89 117.14
01-Nov-07 0.03266 9374.92 28.32 2.89 117.14
09-Nov-07 0.03266 9374.92 28.32 2.89 117.14
16-Nov-07 0.03266 9374.92 28.32 2.89 117.14
22-Nov-07 0.03262 9397.93 25.73 2.63 116.88
29-Nov-07 0.03262 9397.93 25.73 2.63 116.88
17-Dec-07 0.03262 9397.93 25.73 2.63 116.88



CELL12Ci Leachate Monitoring Results 
Piezometer 306426 Sheet 3 of 8
Date Reading Digits Pressure (kN m-2) Head of Leachate Level of Leachate

18-Oct-05 0.03223 9626.7 0.00 Base Reading 115.00
28-Oct-05 0.03221 9638.7 -1.20 -0.13 114.87
04-Nov-05 0.03221 9638.7 -1.20 -0.13 114.87
11-Nov-05 0.03222 9632.7 -0.60 -0.06 114.94
18-Nov-05 0.03226 9608.8 1.80 0.19 115.19
25-Nov-05 0.0322 9644.7 -1.80 -0.19 114.81
02-Dec-05 0.03217 9662.7 -3.70 -0.38 114.62
09-Dec-05 0.03226 9608.8 1.80 0.19 115.19
16-Dec-05 0.03223 9626.7 0.00 0.00 115.00
23-Dec-05 0.03225 9614.8 1.20 0.13 115.13
06-Jan-06 0.03225 9614.8 1.20 0.13 115.13
13-Jan-06 0.03223 9626.7 0.00 0.00 115.00
20-Jan-06 0.03223 9626.7 0.00 0.00 115.00
27-Jan-06 0.03226 9608.8 1.80 0.19 115.19
03-Feb-06 0.03226 9608.8 1.80 0.19 115.19
10-Feb-06 0.03227 9602.9 2.50 0.25 115.25
17-Feb-06 0.03228 9596.9 3.10 0.31 115.31
23-Feb-06 0.03226 9608.8 1.80 0.19 115.19
03-Mar-06 0.03221 9638.7 -1.20 -0.13 114.87
10-Mar-06 0.03226 9608.8 1.80 0.19 115.19
17-Mar-06 0.03232 9573.2 5.50 0.56 115.56
24-Mar-06 0.03227 9602.9 2.50 0.25 115.25
31-Mar-06 0.03235 9555.5 7.30 0.75 115.75
07-Apr-06 0.0324 9526 10.40 1.06 116.06
13-Apr-06 0.03242 9514.2 11.60 1.18 116.18
20-Apr-06 0.0324 9526 10.40 1.06 116.06
28-Apr-06 0.03236 9549.6 7.90 0.81 115.81

04-May-06 0.03233 9567.3 6.10 0.62 115.62
12-May-06 0.03231 9579.1 4.90 0.50 115.50
19-May-06 0.03232 9573.2 5.50 0.56 115.56
25-May-06 0.03232 9573.2 5.50 0.56 115.56
02-Jun-06 0.03232 9573.2 5.50 0.56 115.56
09-Jun-06 0.03229 9591 3.70 0.38 115.38
16-Jun-06 0.03228 9596.9 3.10 0.31 115.31
23-Jun-06 0.03225 9614.8 1.20 0.13 115.13
30-Jun-06 0.03226 9608.8 1.80 0.19 115.19
06-Jul-06 0.03227 9602.9 2.50 0.25 115.25
13-Jul-06 0.03227 9602.9 2.50 0.25 115.25
20-Jul-06 0.03226 9608.8 1.80 0.19 115.19
27-Jul-06 0.03227 9602.9 2.50 0.25 115.25

02-Aug-06 0.03228 9596.9 3.10 0.31 115.31
11-Aug-06 0.03229 9591 3.70 0.38 115.38
16-Aug-06 0.03226 9608.8 1.80 0.19 115.19
23-Aug-06 0.03228 9596.9 3.10 0.31 115.31
04-Sep-06 0.03227 9602.9 2.50 0.25 115.25
08-Sep-06 0.03227 9602.9 2.50 0.25 115.25
15-Sep-06 0.03226 9608.8 1.80 0.19 115.19
22-Sep-06 0.03225 9614.8 1.20 0.13 115.13
29-Sep-06 0.03228 9596.9 3.10 0.31 115.31
06-Oct-06 0.03224 9620.8 0.60 0.06 115.06
13-Oct-06 0.03231 9579.1 4.90 0.50 115.50
17-Oct-06 0.0323 9585.1 4.30 0.44 115.44
03-Nov-06 0.03244 9502.5 12.80 1.30 116.30
10-Nov-06 0.03242 9514.2 11.60 1.18 116.18
16-Nov-06 0.03244 9502.5 12.80 1.30 116.30
24-Nov-06 0.03246 9490.8 14.00 1.43 116.43
01-Dec-06 0.03248 9479.1 15.20 1.55 116.55
08-Dec-06 0.0325 9467.5 16.40 1.67 116.67
15-Dec-06 0.03256 9432.6 20.00 2.04 117.04
22-Dec-06 0.03261 9403.7 23.00 2.34 117.34
05-Jan-07 0.03258 9421 21.20 2.16 117.16
12-Jan-07 0.0326 9409.5 22.40 2.28 117.28
19-Jan-07 0.03263 9392.2 24.10 2.46 117.46
26-Jan-07 0.03266 9374.9 25.90 2.64 117.64

01-Feb-07 0.03266 9374.9 25.90 2.64 117.64
07-Feb-07 0.03251 9461.6 17.00 1.73 116.73
16-Feb-07 0.03232 9573.2 5.50 0.56 115.56
23-Feb-07 0.0323 9585.1 4.30 0.44 115.44
02-Mar-07 0.03229 9591 3.70 0.38 115.38
09-Mar-07 0.03228 9596.9 3.10 0.31 115.31
16-Mar-07 0.03227 9602.9 2.50 0.25 115.25
23-Mar-07 0.03228 9596.9 3.10 0.31 115.31



CELL12Ci Leachate Monitoring Results 
Piezometer 306426 Sheet 4 of 8
Date Reading Digits Pressure (kN m-2) Head of Leachate Level of Leachate

30-Mar-07 0.03228 9596.9 3.10 0.31 115.31

05-Apr-07 0.03229 9591 3.70 0.38 115.38
13-Apr-07 0.03229 9591 3.70 0.38 115.38
20-Apr-07 0.03227 9602.9 2.50 0.25 115.25
27-Apr-07 0.03228 9596.9 3.10 0.31 115.31

04-May-07 0.03229 9591 3.70 0.38 115.38
11-May-07 0.03225 9614.8 1.20 0.13 115.13
18-May-07 0.03226 9608.8 1.80 0.19 115.19
25-May-07 0.03226 9608.8 1.80 0.19 115.19
01-Jun-07 0.03227 9602.9 2.50 0.25 115.25
08-Jun-07 0.03228 9596.9 3.10 0.31 115.31
14-Jun-07 0.03227 9602.9 2.50 0.25 115.25
21-Jun-07 0.03224 9620.8 0.60 0.06 115.06
29-Jun-07 0.03227 9602.9 2.50 0.25 115.25
06-Jul-07 0.03228 9596.9 3.10 0.31 115.31
13-Jul-07 0.03228 9596.9 3.10 0.31 115.31
20-Jul-07 0.03229 9591 3.70 0.38 115.38
24-Jul-07 0.03227 9602.9 2.50 0.25 115.25

02-Aug-07 0.03228 9596.9 3.10 0.31 115.31
10-Aug-07 0.0323 9585.1 4.30 0.44 115.44
17-Aug-07 0.03229 9591 3.70 0.38 115.38
23-Aug-07 0.03229 9591 3.70 0.38 115.38
29-Aug-07 0.0323 9585.1 4.30 0.44 115.44
05-Sep-07 0.0323 9585.1 4.30 0.44 115.44
12-Sep-07 0.0323 9585.1 4.30 0.44 115.44
21-Sep-07 0.03228 9596.9 3.10 0.31 115.31
29-Sep-07 0.0323 9585.1 4.30 0.44 115.44
05-Oct-07 0.03232 9573.2 5.50 0.56 115.56
12-Oct-07 0.03237 9543.7 8.55 0.87 115.87
19-Oct-07 0.03241 9520.1 10.97 1.12 116.12
26-Oct-07 0.03240 9526.0 10.37 1.06 116.06
01-Nov-07 0.03241 9520.1 10.97 1.12 116.12
09-Nov-07 0.03240 9526.0 10.37 1.06 116.06
16-Nov-07 0.03241 9520.1 10.97 1.12 116.12
22-Nov-07 0.03240 9526.0 10.37 1.06 116.06
29-Nov-07 0.03241 9520.1 10.97 1.12 116.12
17-Dec-07 0.03241 9520.1 10.97 1.12 116.12



CELL12Ci Leachate Monitoring Results 
Piezometer 306428 Sheet 5 of 8
Date Reading Digits Pressure (kN m-2) Head of Leachate Level of Leachate

18-Oct-05 0.0325 9467.5 0.00 Base Reading 115.50
28-Oct-05 0.03248 9479.1 -1.30 -0.13 115.37
04-Nov-05 0.03249 9473.3 -0.60 -0.06 115.44
11-Nov-05 0.03248 9479.1 -1.30 -0.13 115.37
18-Nov-05 0.03251 9461.6 0.60 0.06 115.56
25-Nov-05 0.03247 9485 -1.90 -0.19 115.31
02-Dec-05 0.03244 9502.5 -3.80 -0.38 115.12
09-Dec-05 0.03253 9450 1.90 0.19 115.69
16-Dec-05 0.0325 9467.5 0.00 0.00 115.50
23-Dec-05 0.03252 9455.8 1.30 0.13 115.63
06-Jan-06 0.03251 9461.6 0.60 0.06 115.56
13-Jan-06 -   -   No reading due to faulty wire
20-Jan-06 0.0325 9467.5 0.00 0.00 115.50
27-Jan-06 0.03252 9455.8 1.30 0.13 115.63
03-Feb-06 0.03251 9461.6 0.60 0.06 115.56
10-Feb-06 0.0325 9467.5 0.00 0.00 115.50
17-Feb-06 0.03251 9461.6 0.60 0.06 115.56
23-Feb-06 0.03253 9450 1.90 0.19 115.69
03-Mar-06 0.03251 9461.6 0.60 0.06 115.56
10-Mar-06 0.03253 9450 1.90 0.19 115.69
17-Mar-06 0.0326 9409.5 6.20 0.64 116.14
24-Mar-06 0.03255 9438.4 3.10 0.32 115.82
31-Mar-06 0.03263 9392.2 8.10 0.83 116.33
07-Apr-06 0.03267 9369.2 10.60 1.08 116.58
13-Apr-06 0.0327 9352 12.40 1.27 116.77
20-Apr-06 0.03268 9363.5 11.20 1.14 116.64
28-Apr-06 0.03265 9380.7 9.30 0.95 116.45

04-May-06 0.03261 9403.7 6.90 0.70 116.20
12-May-06 0.0326 9409.5 6.20 0.64 116.14
19-May-06 0.0326 9409.5 6.20 0.64 116.14
25-May-06 0.0326 9409.5 6.20 0.64 116.14
02-Jun-06 0.03261 9403.7 6.90 0.70 116.20
09-Jun-06 0.03256 9432.6 3.80 0.38 115.88
16-Jun-06 0.03258 9421 5.00 0.51 116.01
23-Jun-06 0.03254 9444.2 2.50 0.26 115.76
30-Jun-06 0.03254 9444.2 2.50 0.26 115.76
06-Jul-06 0.03253 9450 1.90 0.19 115.69
13-Jul-06 0.03253 9450 1.90 0.19 115.69
20-Jul-06 0.03253 9450 1.90 0.19 115.69
27-Jul-06 0.03253 9450 1.90 0.19 115.69

02-Aug-06 0.03253 9450 1.90 0.19 115.69
11-Aug-06 0.03254 9444.2 2.50 0.26 115.76
16-Aug-06 0.03253 9450 1.90 0.19 115.69
23-Aug-06 0.03252 9455.8 1.30 0.13 115.63
04-Sep-06 0.03254 9444.2 2.50 0.26 115.76
08-Sep-06 0.03254 9444.2 2.50 0.26 115.76
15-Sep-06 0.03253 9450 1.90 0.19 115.69
22-Sep-06 0.03252 9455.8 1.30 0.13 115.63
29-Sep-06 0.03251 9461.6 0.60 0.06 115.56
06-Oct-06 0.03253 9450 1.90 0.19 115.69
13-Oct-06 0.0326 9409.5 6.20 0.64 116.14
17-Oct-06 0.03257 9426.8 4.40 0.45 115.95
03-Nov-06 0.03273 9334.9 14.30 1.46 116.96
10-Nov-06 0.03272 9340.6 13.70 1.39 116.89
16-Nov-06 0.03272 9340.6 13.70 1.39 116.89
24-Nov-06 0.03275 9323.5 15.50 1.58 117.08
01-Dec-06 0.03277 9312.1 16.70 1.71 117.21
08-Dec-06 0.03279 9300.7 17.90 1.83 117.33
15-Dec-06 0.03284 9272.4 21.00 2.14 117.64
22-Dec-06 0.0329 9238.6 24.60 2.51 118.01
05-Jan-07 0.03288 9249.9 23.40 2.39 117.89

12-Jan-07 0.0329 9238.6 24.60 2.51 118.01
19-Jan-07 0.03292 9227.4 25.80 2.64 118.14
26-Jan-07 0.03295 9210.6 27.60 2.82 118.32
01-Feb-07 0.03296 9205 28.20 2.88 118.38
07-Feb-07 0.0328 9295.1 18.60 1.89 117.39
16-Feb-07 0.03264 9386.4 8.70 0.89 116.39
23-Feb-07 0.03261 9403.7 6.90 0.70 116.20
02-Mar-07 0.03251 9461.6 0.60 0.06 115.56
09-Mar-07 0.03255 9438.4 3.10 0.32 115.82
16-Mar-07 0.03255 9438.4 3.10 0.32 115.82

23-Mar-07 0.03256 9432.6 3.80 0.38 115.88



CELL12Ci Leachate Monitoring Results 
Piezometer 306428 Sheet 6 of 8
Date Reading Digits Pressure (kN m-2) Head of Leachate Level of Leachate

30-Mar-07 0.03255 9438.4 3.10 0.32 115.82
05-Apr-07 0.03257 9426.8 4.40 0.45 115.95
13-Apr-07 0.03256 9432.6 3.80 0.38 115.88
20-Apr-07 0.03256 9432.6 3.80 0.38 115.88
27-Apr-07 0.03256 9432.6 3.80 0.38 115.88

04-May-07 0.03256 9432.6 3.80 0.38 115.88
11-May-07 0.03254 9444.2 2.50 0.26 115.76
18-May-07 0.03256 9432.6 3.80 0.38 115.88
25-May-07 0.03256 9432.6 3.80 0.38 115.88
01-Jun-07 0.03257 9426.8 4.40 0.45 115.95
08-Jun-07 0.03257 9426.8 4.40 0.45 115.95
14-Jun-07 0.03255 9438.4 3.10 0.32 115.82
21-Jun-07 0.03254 9444.2 2.50 0.26 115.76
29-Jun-07 0.03252 9455.8 1.30 0.13 115.63
06-Jul-07 0.03252 9455.8 1.30 0.13 115.63
13-Jul-07 0.03252 9455.8 1.30 0.13 115.63
20-Jul-07 0.03252 9455.8 1.30 0.13 115.63
24-Jul-07 0.0325 9467.5 0.00 0.00 115.50

02-Aug-07 0.03251 9461.6 0.60 0.06 115.56
10-Aug-07 0.03254 9444.2 2.50 0.26 115.76
17-Aug-07 0.03257 9426.8 4.40 0.45 115.95
23-Aug-07 0.03259 9415.2 5.60 0.57 116.07
29-Aug-07 - 306428  -  Damaged by Excavation Works
05-Sep-07 - 306428  -  Damaged by Excavation Works
12-Sep-07 - 306428  -  Damaged by Excavation Works
21-Sep-07 - 306428  -  Damaged by Excavation Works
29-Sep-07 - 306428  -  Damaged by Excavation Works
05-Oct-07 - 306428  -  Damaged by Excavation Works
12-Oct-07 306428  -  Damaged by Excavation Works

19-Oct-07 306428  -  Damaged by Excavation Works
26-Oct-07 306428  -  Damaged by Excavation Works
01-Nov-07 306428  -  Damaged by Excavation Works
09-Nov-07 306428  -  Damaged by Excavation Works
16-Nov-07 306428  -  Damaged by Excavation Works
22-Nov-07 306428  -  Damaged by Excavation Works

29-Nov-07 306428  -  Damaged by Excavation Works
17-Dec-07 306428  -  Damaged by Excavation Works



CELL12Ci Leachate Monitoring Results 
Cell 12 Ci Chamber Leachate Levels from Viridore Waste Management station PW/543LM Sheet 7 of 8

PW/543LM Nearest WA Measured Leachate Head VWM Measured 
Monitoring Date Monitoring Date  Above Chamber Base of 113.10 Level of Leachate

27/02/2007 02-Mar-07 1.10 114.20
28/03/2007 30-Mar-07 0.20 113.30
28/04/2007 27-Apr-07 0.58 113.68
22/05/2007 25-May-07 0.36 113.46
29/06/2007 29-Jun-07 0.44 113.54
24/07/2007
29/08/2007
29/09/2007
26/10/2007
29/11/2007 3.40 116.50
17/12/2007 3.42 116.52



SUMMARY OF ABOVE PIEZOMETER AND CHAMBER DIPPING RESULTS Sheet 8 of 8

Date Location Chainage Level
17/12/2007 Cell 12 Ci Sump 0 116.52

Series 1 306427 32 116.88

306426 51 116.12

306428 73.5 - Piezo destroyed
29/11/2007 Cell 12 Ci Sump 0 116.50

Series 2 306427 32 116.88

306426 51 116.12

306428 - Piezo destroyed
26/10/2007 Cell 12 Ci Sump 0

Series 3 306427 32 117.14

306426 51 116.06

306428 - Piezo destroyed
29/09/2007 Cell 12 Ci Sump 0 -

Series 4 306427 32 116.34

306426 51 115.44

306428 73.5 - Piezo destroyed
29/08/2007 Cell 12 Ci Sump 0 -

Series 5 306427 32 115.54

306426 51 115.44

23/08/2007 306428 73.5 116.07
24/07/2007 Cell 12 Ci Sump 0 -

Series 6 (1) 306427 32 114.73

306426 51 115.25

306428 73.5 115.63
29/06/2007 Cell 12 Ci Sump 0 0.44

Series 7 (2) 306427 32 114.52

306426 51 115.25

306428 73.5 115.50
25/05/2007 Cell 12 Ci Sump 0 0.36

Series 8 (3) 306427 32 114.46

306426 51 115.19

306428 73.5 115.88
27/04/2007 Cell 12 Ci Sump 0 0.58

Series 9 (4) 306427 32 114.25

306426 51 115.31

306428 73.5 115.88
30/03/2007 Cell 12 Ci Sump 0 0.2

Series 10 (5) 306427 32 114.39

306426 51 115.31

306428 73.5 115.82
02/03/2007 Cell 12 Ci Sump 0 1.1

Series 11 (6) 306427 32 114.46

306426 51 115.38

306428 73.5 115.56
Liner Level Cell Floor -11.5 114
Series Cell Floor -4.5 113.5

Cell 12 Ci Sump 0 113.1

306427 32 114.25

306426 51 115

306428 73.5 115.5



Appendix C 

 

Piezometer Calibration Information 
 

 
 
 

 
 

 

 
 

 

 

 
 

 

 
 

 
 

 

 
 

 
 
 

 
 

 

 



VIBRATING WIRE TRANSDUCER CALIBRATION 
Model Cal date
Serial DPI No
Works ID Baro

Temp oC

Applied pressure
psi kPa 1 up 1 down avg.[digit] lin.[kPa] polyn.[kPa] linear polynomial
0.000 0.000 9693 9693 9693.0 0.62 -0.02 0.18% -0.01%

10.007 69.000 9029 9029 9029.0 68.96 69.08 -0.01% 0.02%
20.015 138.000 8364 8364 8364.0 137.40 137.91 -0.17% -0.02%
30.022 207.000 7693 7693 7693.0 206.46 206.98 -0.16% -0.01%
40.029 276.000 7018 7018 7018.0 275.93 276.07 -0.02% 0.02%
50.036 345.000 6341 6341 6341.0 345.61 344.97 0.18% -0.01%

               Calibration of master DPI valid from 02 December 2002. DPI calibrated against calibration instrument T2700/1,
traceable to relevant international standards (including NIST)

CALIBRATION FACTORS
Linear factor (k)

kPa per digit psi per digit
-0.014927

Polynomial factors
kPa
A
B -0.013929
C

Note: Digits are Hz2 x 10-3 units.
(please consult the relevent User Manuals for conversion of other  reading units)

Polynomial calculation  [kPa] = A * (digit) 2  + B * (digit) + C

THIS CERTIFICATE IS VALID ONLY WHEN CARRYING THE
 OFFICIAL ORIGINAL STAMP OF MGS-GEOSENSE BELOW

19

VWT-3001
306426

39 9 152

16-Dec-04
52001702

1025

Error % fsoCalculated PressureReadings [digit]

971.2088673
-0.096037446
-4.29365E-07

-0.102921885

psi
-6.22719E-08

140.8569786



VIBRATING WIRE TRANSDUCER CALIBRATION 
Model Cal date
Serial DPI No
Works ID Baro

Temp oC

Applied pressure
psi kPa 1 up 1 down avg.[digit] lin.[kPa] polyn.[kPa] linear polynomial
0.000 0.000 9660 9660 9660.0 0.26 -0.01 0.08% 0.00%

10.007 69.000 9049 9049 9049.0 68.97 69.02 -0.01% 0.01%
20.015 138.000 8437 8437 8437.0 137.79 138.01 -0.06% 0.00%
30.022 207.000 7824 7824 7824.0 206.72 206.94 -0.08% -0.02%
40.029 276.000 7208 7208 7208.0 275.99 276.05 0.00% 0.01%
50.036 345.000 6592 6592 6592.0 345.26 344.99 0.08% 0.00%

               Calibration of master DPI valid from 02 December 2002. DPI calibrated against calibration instrument T2700/1,
traceable to relevant international standards (including NIST)

CALIBRATION FACTORS
Linear factor (k)

kPa per digit psi per digit
-0.016309

Polynomial factors
kPa
A
B -0.015794
C

Note: Digits are Hz2 x 10-3 units.
(please consult the relevent User Manuals for conversion of other  reading units)

Polynomial calculation  [kPa] = A * (digit) 2  + B * (digit) + C

THIS CERTIFICATE IS VALID ONLY WHEN CARRYING THE
 OFFICIAL ORIGINAL STAMP OF MGS-GEOSENSE BELOW

19

VWT-3001
306427

39 9 127

16-Dec-04
52001702

1025

Error % fsoCalculated PressureReadings [digit]

1072.337732
-0.108896815
-2.18677E-07

-0.112450758

psi
-3.17154E-08

155.523964



VIBRATING WIRE TRANSDUCER CALIBRATION 
Model Cal date
Serial DPI No
Works ID Baro

Temp oC

Applied pressure
psi kPa 1 up 1 down avg.[digit] lin.[kPa] polyn.[kPa] linear polynomial
0.000 0.000 9528 9528 9528.0 0.54 -0.08 0.16% -0.02%

10.007 69.000 8892 8892 8892.0 68.99 69.12 0.00% 0.03%
20.015 138.000 8255 8255 8255.0 137.55 138.06 -0.13% 0.02%
30.022 207.000 7615 7615 7615.0 206.44 206.94 -0.16% -0.02%
40.029 276.000 6971 6971 6971.0 275.75 275.88 -0.07% -0.03%
50.036 345.000 6321 6321 6321.0 345.71 345.08 0.20% 0.02%

               Calibration of master DPI valid from 02 December 2002. DPI calibrated against calibration instrument T2700/1,
traceable to relevant international standards (including NIST)

CALIBRATION FACTORS
Linear factor (k)

kPa per digit psi per digit
-0.015610

Polynomial factors
kPa
A
B -0.014556
C

Note: Digits are Hz2 x 10-3 units.
(please consult the relevent User Manuals for conversion of other  reading units)

Polynomial calculation  [kPa] = A * (digit) 2  + B * (digit) + C

THIS CERTIFICATE IS VALID ONLY WHEN CARRYING THE
 OFFICIAL ORIGINAL STAMP OF MGS-GEOSENSE BELOW

19

VWT-3001
306428

39 9 242

16-Dec-04
52001702

1025

Error % fsoCalculated PressureReadings [digit]

997.7961997
-0.100364751
-4.58274E-07

-0.107628137

psi
-6.64646E-08

144.7130094



Appendix D 

 

Chemical Analysis of Leachate 
 

 
 
 

 
 

 

 
 

 

 

 
 

 

 
 

 
 

 

 
 

 
 
 

 
 

 

 



Pilsworth North LE03491 Cell 12Ci

Leachate Quality Chemial Testing Results

SamplePoint Source Date COD (mg/l) K (mg/l)
Na 

(mg/l) Copper (ug/l) Mg (mg/l) Mn (mg/l) Ni (ug/l) NO3 mg/l N

PW/524LM ALcontrol 31/05/2007 615 177 597 20.6 145 3.3 103 < 0.4

NO2 mg/l N pH

Phenol (total 
Monohydric) 

mg/l
Calcium 

(mg/l) Iron (mg/l)
Lead 
(ug/l)

Conductivity 
(uS/cm)

Alkalinity 
(mg/l) 

CaCO3

Ammoniacal 
Nitrogen 

(mg/l)
Chloride 

(mg/l)
Chromium 

(ug/l)

<0.08 7.86 <0.15 311 36.2 61 5830 860 170 1100 35.3

Sulphide 
(mg/l) Zn (ug/l) Toluene (ug/l)

Ethyl 
benzene ug/l

Naphthalene 
(HS) ug/l

SO4 
(mg/l)

o-Xylene 
(ug/l)

Benzene 
(ug/l)

0.317 13800 <1 <1 <1 1300 <1 <1



Ref: 290784031108NRT115
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CONFIDENTIAL TEST REPORT

Client: Geofabrics Limited, Skelton Grange Road, Stourton, Leeds, LS10 1RZ.

Test Type: Geotextiles and geotextile related products – Determination of water permeability characteristics
normal to the plane, without load.

Sample Ref: NRT115 Sample Received: 25th September 2008

Date Tested: 25th September 2008

Description of Samples: 1 x sample of woven polypropylene geotextile.

Number of samples tested: 1 Size of sample: 200 x 200mm

Break through head:

1) 50mm

Description of apparatus: Water permeability apparatus, which is capable of applying various heads in the range of
50mm to 300mm across the specimen.  Water at a temperature of between 10°c and 25°c.  A stopwatch having an
accuracy of 0.1s.  A thermometer having an accuracy of 0.1°c.  A measuring vessel for determine water to an
accuracy of 1mL.  A balance capable of determine mass to an accuracy of 1mg.  A test area exposed to testing
shall be circular with a minimum diameter of 40mm.

Temperature of water:  21.3°c

Results: Using 50mm head.

Sample 1:
1) 17.1
2) 18.9
3) 18.0
Coefficient of variation:  5%

Deviation from test method: Only one test sample was tested.  The sample was not conditioned due to the fact that
the sample was in a leachate tank for 2 years.

Note: The test results relate only to the behaviour of the specimens tested.  They do not guarantee to represent the
performance of other material even from the same source.
We can hold no responsibility for sampling as it was beyond the control of Geofabrics.

For and on behalf of Geofabrics

Clare Hepworth
Technical Manager



Long-term performance on the drainage geocomposite as used in the trial
conducted at the Pilsworth Landfill Cell C12i.

Long-term performance tests were conducted in the GEOfabrics Ltd laboratory. The company has been
conducting leachate immersion testing of its needle-punched geotextile products for 13 years. There has
been no sign of any inherent degradation to these products after 10 years and the next sample will be
tested after 15 years.

All HPS products, i.e. the protection component of the basal drainage geocomposite, have been
subjected to durability testing in line with the guidelines published by CE in EN 13257; Geotextiles for
solid waste. From these tests we can predict the all the HPS products will be durable for more than 100
years in soils with a pH<4or >9. GeoTRAC Rapide at the University of Leeds has conducted a number of
tests on the HPS range of geotextile. BS EN 12225; Method for determining the microbiological
resistance by burial tests in microbial active soils for a period of 28,56 and 112 days resulted in a tensile
strength loss of 4% at the end of the test. BS EN 12960, Screening test for determining the resistance to
liquids where specimens were immersed in both alkalis and acids at 60˚C for 72 hours, resulted in a
tensile strength loss of 2½%.

BTTG testing and certification Ltd conducted tests to EN 13438, method for determining the resistance to
oxidation where specimens were kept at 110˚C for 28 and 56 days. This resulted in a machine direction
strength loss of <5%.

The tBU institute in Munster, Germany has tested the geonet used as the core of the geocomposite. Both
the accelerated weathering test to EN 12224 and the microbiological test to EN 12225 gave retained
strengths greater than 90%. The test for the resistance to acid and alkaline liquids to EN 14030 has a
retained strength of 100%.

A sample of the drainage geocomposite, as used in the Pilsworth trial, was immersed in a leachate tank
at 60˚C for two years. When the sample was removed for testing there was no visible sign of damage to
component and little sign of significant bio-fowling. Tensile testing showed no loss in strength in either the
woven filter or the nonwoven protector geotextiles. The permeability of the woven geotextile was
measured at 18 l/m2/s, which compares with the initial flow rate of 20 l/m2/s.

For and on behalf of GEOfabrics Limited,

Andrew Leech
Quality and Development Manager



Appendix F 

 

Photographs of Cell and Geocomposite Systems 
 

 



Appendix F Photographs of Pilsworth North Cell 12ci Construction 

 

Fig 1. Photograph showing the tracking of the excavator over the trial area to demonstrate liner 
protection qualities. 

 

 

Fig 2. Photograph showing the installation of the Geofabric basal drainage system during the 
construction of cell 12ci. 

 




