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FOREWORD 

The Brogborough test cell project began in 1986 with the intention of determining how landfill 
gas production could be influenced by waste composition as well as landfill practices. The 
study has therefore involved the monitoring of leachate and gas production and quality, and of 
the conditions inside the cells. Over the years the project has received support from the 
Department of Trade and Industry (through ETSU), Department of the Environment and 
latterly the Environment Agency. 

The main project has been managed by AEA Technology plc (the National Environmental 
Technology Centre, formerly the Environmental Safety Centre) and WRc has had an 
involvement throughout the project, both at Steering Group level and with leachate quality 
monitoring. This report describes the leachate monitoring programme carried out by WRc, 
between October 1994 and December 1997, under contract to the Wastes Technical Division 
of the Department of the Environment, now part of the Environment Agency (EA). 

The authors acknowledge the support and assistance of Dr Martin Meadows, and latterly 
Dr Louise de Rome, for discussion and advice in their role as Project Manager for this 
contract. The opinions expressed in this report are those of the authors and do not necessarily 
represent those of the Environment Agency. 
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EXECUTIVE SUMMARY 

PROJECT OBJECTIVES 

This project was commissioned by the Department of the Environment, now the Environment 
Agency, in order to: 

• support the Brogborough test cells project by carrying out regular sampling and 
analysis of the leachate pumped from the experimental cells and to provide 
technical advice and interpretation of the leachate chemistry to the Steering Group; 

• provide the Waste Technical Division of the Department of the Environment, now 
part of the Environment Agency (EA), with feedback on the use of leachate 
monitoring protocols provided in a previous study and to suggest improvements or 
amendments as they were identified. 

TECHNICAL BACKGROUND TO THE PROJECT 

Six experimental test cells, at Shanks and McEwan's Brogborough landfill site, near Bedford, 
have been used to study landfill gas production and its enhancement under different operational 
and waste management procedures over the past ten years. The project has been managed by 
AEA Technology plc (the National Environmental Technology Centre, formerly the 
Environmental Safety Centre) and WRc has had an involvement throughout the project, both at 
Steering Group level and with leachate quality monitoring. 

As the trials have progressed, leachate monitoring data have been interpreted and presented to 
the Steering Group at regular intervals, in order to provide additional supporting information 
to the project as a whole. 

The report which follows describes the leachate monitoring programme carried out between 
October 1994 and December 1997 under contract to the Wastes Technical Division of the 
Department of the Environment, now part of the Environment Agency (EA). 

OVERVIEW OF THE WORKING PROGRAMME 

Leachate monitoring exercises were conducted more or less quarterly during the course of the 
contract. Prior to each planned exercise, leachate access wells were purged using on-site 
submersible pumps. The monitoring exercises were undertaken on the following day, entailing 
the collection of leachate samples and the conduct of on-site determinations. A sampling plan, 
with associated record sheets, was devised and utilised by monitoring staff. On-site 
determinations included leachate pH, temperature and electrical conductivity. Laboratory 
analyses included chloride, sulphate, ammoniacal nitrogen, total alkalinity (as CaC03), nitrite­
nitrogen, nitrate-nitrogen, phosphate, sodium, potassium, calcium, magnesium, iron, 
manganese, cadmium, copper, nickel, zinc, BOD, COD, TOC, and volatile fatty acids. 
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A variety of sample handling options have been tested during the contract period, including the 
use of in-line filters as opposed to separate filtration apparatus. Other laboratory pre-treatment 
options prior to analysis have also been investigated. 

SUMMARY OF THE MAIN FINDINGS 

Field protocols and sample handling 

Results presented in the report reinforce the conclusion that it is more important to use 
appropriate filtration techniques on-site than to put undue emphasis on sample pre-treatment in 
the laboratory. Significant improvements in sample integrity, and the resulting quality of the 
data (particularly for heavy metal determinations), can be achieved by employing on-site 
filtration during landfill monitoring exercises. 

In-line disposable filters were much easier to use in the field compared with the alternative 
separate filtration apparatus. Although the cost of a disposable filter is in the region of £12 per 
sample (1997), we argue that this is adequately compensated for by efficiency of use when 
compared with the alternative cheaper, but more time consuming, approaches. In addition, the 
consistency and quality of the data generated and the level of confidence in its use can be much 
improved. The use of ion balance calculations in the quality assurance/quality control aspects 
of the exercise can assist in achieving these improvements. 

We recommend using 0.45 µm filters to prepare leachate samples for dissolved metal 
determinations (both major cations and heavy metals) rather than 1.2 µm. Large capacity 
0.45 µmare as easy to use in the field as 1.2 µm filters, consistency with groundwater filtration 
is achieved and there are additional cost advantages. 

Alkalinity determinations to an endpoint of pH 4.5, as opposed to pH 3, generally returned 
better ion balances for landfill leachates. The complex chemical characteristics of leachate, and 
in particular the influence of volatile fatty acids and ammoniacal nitrogen on alkalinity 
determinations, adversely affect ion balances. 

Trends in leachate depth and chemistry 

Leachate levels in all the cells are unique although the underlying trends in Cells 1, 2, 4 and 6 
have been similar. Since January 1994, these levels have continued to rise approximately 
1-2 m yr·1

• Although the leachate level in Cell 5 (containing sewage sludge) was much higher 
than in the other cells at the start of the reported monitoring programme, the rise of 0.5 m in 
1994 has declined further. Leachate level behaviour in Cell 3 is less easily explained. 
Preferential flow paths around the well casing, exacerbated by localised ponding of rain water, 
and the effects of liquid injection to the cell in February 1994, complicate the picture. 

The organic strength of the leachate in Cell 1 has continued to decline along with the 
establishment of more neutral pH conditions. Generally, a shift from acetogenic conditions to a 
more optimised methanogenic state within the saturated regions of Cells 1 to 4 is assumed. 
General trends for other determinands have tended to become more consistent between cells 
since the initiation of the well purging strategy back in January 1994, although heavy metal 
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leaching has been found to be influenced by pH conditions as well as by the presence of organic 
ligands. 

Leachate temperature, although influenced by the underlying seasonal trend, has continued to 
rise during the monitoring period and currently lies between 30 and 35 °C in all the cells. 

Chloride and amm.oniacal nitrogen concentrations are lower in Cell 6 compared with the 
average value found in Cells 1 and 2. This is believed to be due to the diluting influence of the 
inert trade waste contained in this cell. In general, there has been a much more rapid 
assimilation of readily degradable organics in Cells 5 and 6, in comparison with the collective 
control data. 

Our general conclusion is that the addition of digested sewage sludge has assisted in 
'switching' on the waste stabilisation processes within the waste mass at an early stage 
following waste emplacement. There appears to be few disincentives from a waste stabilisation 
point of view and, although the total nitrogen and heavy metal content of the cell was higher 
than in the control cells at emplacement, this has not given rise to exceptional concentrations in 
the leachate over time. 

Like the sludge co-disposal trial, there is some evidence that the addition of commercial and 
non-hazardous (more inert) waste to Cell 6 had a beneficial effect in accelerating the onset of 
methanogenic conditions. 

RECOMMENDATIONS 

Field protocols and sample handling 

The use of in-line disposable filters are recommended in preference to either on-site filtration 
apparatus or filtration on return to the laboratory. Filtration is most important for heavy metal 
determinations whereas other general determinands, and in particular BOD, COD, TOC and 
other organic parameters such as pesticides and hydrocarbons, should still be carried out on 
unfiltered samples containing appropriate preservative where deemed necessary. 

WRc recommend that 0.45 µm large capacity, pleated, in-line filters should be used for field 
based filtration of landfill leachates. 

Alkalinity determinations should be carried out using the pH 4.5, rather than the pH 3, 
endpoint since the latter returns ion balances with unacceptable cation deficiencies. In general 
balances in error by more than 15% should be investigated further, in discussion with the 
analyst. 

Routine ion balance checks should be incorporated into the sampling plan of a monitoring 
exercise. The results of these check samples should be reviewed by the responsible officer and 
then discussed with the field monitoring staff. 

Design considerations for efficient bio-reactive landfills 

The distribution and development of saturated moisture conditions within wastes is regarded as 
essential for the optimisation of conditions conducive to rapid anaerobic digestion under 
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landfill conditions. The Brogborough test cells have provided further evidence to back up these 
claims and have provided some important indicators as to how a more optimised, bioreactor 
approach could be developed through further research and development work. Valuable data, 
which could be used in the study of the mixing and hydrodynamics of water flow in landfills, 
has been generated by the study, although this could be improved by surveying each of the 
leachate monitoring wells to a common datum. 

Leachate monitoring at the cells has indicated that acetogenic and methanogenic conditions 
co-exist without detriment to gas production. However, methanogenic conditions were 
generally found to be associated with the saturated basal layers of waste in each cell. This 
contrasts with acetogenic conditions, which tend to be associated with the drier, unsaturated 
upper layers of waste. 

It follows that controlled irrigation or recirculation of methanogenic leachate to capped waste 
should be one way of bringing about a more rapid stabilisation of landfilled waste in a 
sustainable landfill development. In recognition that the saturated basal layers of landfills could 
be encouraged to become more efficient in methane production, and irrigation or recirculation 
of leachate is one way that this could be brought about, studies should concentrate on the 
engineering requirements that would enable this to be achieved in a controlled and predictable 
way. In addition, process control 'tools' need to be developed which will allow a degree of 
feedback control on the process. The use of in situ hydrogen measurements within the 
unsaturated and saturated zones of waste may provide some means of achieving this objective. 

Field sampling strategies designed to monitor the development and progress of bio-reactive 
conditions within a modern landfill should incorporate a leachate purging requirement prior to 
any sampling activity. Over-reliance on baling techniques during earlier phases of the 
Brogborough trials emphasised the ease with which erroneous conclusions were reached 
concerning the status of conditions within the wastes. If this is not appreciated, use of data of 
this kind can mislead site management, or those with regulatory responsibilities, and incur 
significant wastage of time and resources. The study has also indicated that an important 
release controlling parameter for metals is pH. Examination of this data set alongside that from 
other landfills, in ways that expose these controls, could demonstrate consistency in the way 
materials leach in the long term in landfills. Such information could be used to develop 
acceptance criteria and waste pre-treatment requirements for landfill disposal. 

KEYWORDS 

Landfill monitoring, landfill leachate, sample pre-treatment, sampling protocols, bioreactor 
landfill, waste stabilisation. 
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1. INTRODUCTION 

1.1 Study Background 

Over the past ten years, six experimental test cells at Shanks and McEwan' s Brogborough 
landfill site, near Bedford, have been used to study landfill gas production and its 
enhancement using different waste mixes and emplacement techniques. The project has 
been managed by AEA Technology plc (the National Environmental Technology Centre, 
formerly the Environmental Safety Centre) and WRc has been involved throughout the 
project, both at Steering Group level and carrying out leachate quality monitoring. As the 
trials have progressed, leachate monitoring data have been interpreted and presented to 
the Steering Group at regular intervals, in order to provide additional supporting 
information to the project as a whole. 

Following recommendations by WRc that the leachate sampling protocol should be 
adjusted to allow the purging of the access wells and the removal of more representative 
liquors, in situ inertial pumps were installed in 1992. These allowed the removal of 
stagnant leachate, ensuring that more mobile leachate could be sampled and analysed, thus 
improving the data which was being used to assess the progression of waste stabilisation. 

Experience from this modified monitoring programme led to adjustments of the 
recommended sampling technique for landfill leachate, especially where sampling is 
carried out to monitor the progression of waste stabilisation. At the same time it became 
clear that a short study was appropriate to: 

• investigate different aspects of a revised approach to landfill leachate monitoring 
so that recommendations could be made to the Environment Agency on the most 
appropriate approach for monitoring waste stabilisation in landfills; and 

• to provide further advice and interpretation of the leachate chemistry for the 
benefit of the Steering Group. 

This report describes the work programme, conducted between early 1994 and December 
1997, which was designed to address the above issues. 

1.2 Study aims and objectives 

This project was originally commissioned by the Department of the Environment, 
although in its latter stages has been managed by the Environment Agency, with the 
following objectives: 

• to support the Brogborough test cells project by carrying out regular sampling and 
analysis of the leachate pumped from the experimental cells and to provide technical 
advice and interpretation of the leachate chemistry to the Steering Group; 
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• to provide the Environment Agency, with technical feedback on the use of leachate 
monitoring protocols provided in a previous study1 and to suggest improvements or 
amendments as they are identified. 

1.3 Report structure and outline content 

Our report begins with a brief overview of the field working programme, including the 
sampling plan adopted (Section 2). Precise details of the plan are provided in Appendix A. 

Section 3 presents the results of the leachate sample handling investigations, designed to 
provide feedback on the application of leachate sampling techniques, whilst Section 4 
presents the leachate chemistry of the trial. Discussion on the trends in leachate chemistry, 
and how this has provided insight into the status of waste stabilisation within the cells, can 
be found in Section 5. 

Section 6 draws together the main issues raised in the report, and makes suggestions and 
recommendations relating to future studies on the stabilisation of refuse in landfill sites 
and the implementation of monitoring programmes. 

Our comments on waste stabilisation are made in isolation of the information derived by 
the main contractors of the overall study (NETCEN) and therefore do not represent an 
in-depth assessment of all available information. This report, therefore, provides a specific 
contribution to the understanding of the landfill gas enhancement study as a whole. 

1 See Blakey et al (1997) Guidelines for monitoring leachate and groundwater at landfill sites. 
Environment Agency report CWM 062/97C. 
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2. WORK PROGRAMME 

2.1 Background 

Prior to the summer of 1992, all leachate analyses were carried out on samples of free 
standing liquor collected from the base of each of the six Brogborough test cells. These 
analyses appeared to indicate that all the test cells had moved rapidly from acetogenic to 
methanogenic conditions, typified by low organic content and near neutral pH conditions. 
Beyond the summer of 1992, samples extracted under a revised sampling plan showed 
that this was not the case. Here, organic substrates, in the form of volatile acids, low pH 
conditions and increased concentrations of other inorganic constituents indicated that 
significant acetogenic conditions were still in existence within the waste mass. 

Monitoring, under the revised sampling plan, ceased in December 1992, before trends in 
the data could be established. A short interim contract was agreed with ETSU, on behalf 
of the Department of Trade and Industry, in January 1994 which allowed the completion 
of five additional monitoring exercises up to May 1994. This additional monitoring was 
carried out using the revised sampling plan. 

Although the study reported here primarily relates to sampling carried out between 
October 1994 and December 1997, the ETSU study results are reported for 
completeness. 

2.2 Sampling visits 

Samples were collected from the six cells approximately quarterly between October 1994 
and December 1997. One of the planned sampling trips (January 1995) had to be 
cancelled because of localised flooding in the area of the experimental landfill cells. 

2.3 Outline sampling plan 

The aim of the sampling programme was to monitor the trends in leachate chemistry, at 
the Brogborough test cells, in a way that provided insight into the progress of waste 
stabilisation within each of the six cells. 

Immediately prior to the planned monitoring trips, Shanks and McEwan personnel 
assisted in purging the leachate monitoring boreholes, using on-site submersible pumps. 
Several well volumes of leachate were removed in order to purge the wells of 'stagnant' 
leachate. WRc staff visited the following day to collect samples for analysis and conduct 
on-site determinations. 

A sampling plan, with associated record sheets, was devised and utilised by both WRc and 
Shanks and McEwan personnel. This plan was based on the previous work undertaken by 
WRc on behalf of ETSU (Blakey and Bradshaw 1994). An amended version of the 
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generic plan is provided at Appendix A, for reference. While the general detail of the 
sampling plan remained consistent throughout this reported phase of the project, specific 
details of sample handling were adjusted from trip to trip. This was necessary to allow 
investigations on filtration strategy. 

Parameters measured at the time of on-site sampling included leachate pH, temperature 
and electrical conductivity. 

The recovered leachate samples were submitted for laboratory analyses at WRc 
Medmenham for a range of determinands, namely: chloride, sulphate, total alkalinity as 
CaC03, ammoniacal nitrogen, nitrite-nitrogen, nitrate-nitrogen, phosphate, sodium, 
potassium, calcium, magnesium, iron, manganese, cadmium, copper, nickel, zinc, BOD, 
COD, TOC, and volatile fatty acids. 

Samples collected for nitrogen, phosphorus, volatile fatty acids and heavy metal 
determinations were collected in separate bottles containing appropriate preservatives. 
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3. LEACHATE SAMPLE HANDLING 
INVESTIGATIONS 

3.1 Preamble 

Leachates are highly complex, chemically unstable solutions which change on contact 
with air. To minimise the effect of storage on the quality of leachate from the 
Brogborough test cells, WRc have traditionally carried out the determination of the 
unstable parameters pH, electrical conductivity (and latterly temperature) as soon as 
possible after sampling, usually at the well head. Samples collected between 1989 and 
1992 were always filtered through 1.2 µm pore size filters in order to calculate suspended 
solids content; the filtrate was then sub-sampled and preserved as appropriate, prior to 
submission to the analytical laboratory for analysis. Landfill leachates are difficult matrices 
to filter due to their high organic content and suspended solids load. Consequently, the 
filtration of sufficient sample is a time consuming process. The filtering was therefore 
conducted in the laboratory, not in the field. 

Traditionally the dividing line between the dissolved and suspended fraction of a 
groundwater sample has been taken to be 0.45 µm. This is an arbitrary value but the use 
of 0.45 µm pore size filters to collect groundwater samples for dissolved metal 
determinations is standard. The addition of an acid preservative is usually carried out prior 
to analysis, preferably immediately after filtration in the field, to prevent the precipitation 
of heavy metals from solution. By removing the suspended fraction the impact of material 
that may have fallen into the borehole during sampling or generated by reaction with the 
borehole lining material is eliminated. 

For leachates, sample handling practices have been variable and clear-cut guidance 
unavailable. For example, whether determinations of the total or just the dissolved metal 
contaminants are required is often not questioned. WRc, in common with other 
laboratories that analyse waste waters, conducts an acid digestion on landfill leachate 
samples prior to analysis. This process ensures that any materials which may have 
precipitated out of solution are re-dissolved prior to analysis. Where unfiltered samples 
are digested and analysed for heavy metals, 'total' rather than 'dissolved' metals will be 
determined. 

As disposable filter capsules with large surface areas have become available, it has now 
become feasible to undertake the filtration of leachate samples in the field, in much the 
same way as for groundwaters. But, for those with the responsibility for developing a 
sampling plan before the start of a leachate sampling exercise, a decision needs to be made 
on: 

• whether the samples should be filtered; 
• if filtering is considered necessary, which portion(s) of the sample submitted for 

different determinands would benefit from this sample pre-treatment. 
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In order to provide an element of quality assurance in a sampling programme, responsible 
parties are encouraged to include comprehensive analytical suites which allow ion 
balances to be calculated. These provide the means of checking the validity of the 
laboratory analyses. Varying the sample handling techniques could cause ionic imbalances 
that would go unnoticed if not investigated. 

In summary therefore, the long-term monitoring programme at the Brogborough test cells 
has been used as a vehicle for testing the ease of use of field filtration techniques, the 
effect of a range of sample handling and pre-treatment methods on the analytical data and 
to determine which combination of pre-treatments would least disrupt the ion balance of 
the analyses. 

3.2 Objectives 

The objectives of the programme were to determine whether the filtration and digestion of 
samples prior to analysis would significantly affect the ion balance calculation and to 
modify the leachate monitoring protocols to ensure that variations in analytical results, 
and therefore the ion balance calculations, were not due to errors introduced by sampling 
handling techniques. 

3.3 Sample handling and treatment options investigated 

3.3.l Filtration 

Three filtration options are available to field technicians undertaking landfill monitoring: 

1. No filtration: Samples are collected in one or two bottles and passed to the 
analytical laboratory for sub-sampling and analysis, with no further pre­
treatment. 

2. Laboratory filtration: Samples are filtered and transferred to pre-preserved 
bottles as appropriate on return to the laboratory (i.e. within 4 to 8 hours of 
sample collection). This had been our approach for the Brogborough 
leachates up until the start of the reported working programme. Samples were 
processed on return to the laboratory by vacuum filtration, using 150 rrm 
diameter GF/C filter papers. This procedure may also reflect the practice of 
field technicians who deliver leachate samples untreated, but where the 
analytical laboratory sub-divides and filters/preserves the sample on receipt. 

3. On-site filtration: the samples can be filtered at the well-head using: 

• vacuum filtration or pressure filtration using portable filtration apparatus; 
or 

• a small diameter 0.45 µm filter paper in an on-line reusable filter holder; or 
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• on-line single-use 1.2 or 0.45 µm filter capsules with pleated membranes 
which offer a large surf ace area for filtration. 

All three main filtration options have been compared using the Brogborough leachates. 

3.3.2 Digestion of sample prior to analysis 

Landfill leachates are commonly digested prior to analysis. The samples have 5 ml of 5M 
nitric acid per 50 ml of sample added to them. The 55 ml of acidified sample is then boiled 
down to about 5 ml and then made up to 50 ml with deionised water. This is carried out 
particularly when samples collected for heavy metals have not been preserved. This 
procedure ensures that heavy metal precipitates are taken back into solution prior to 
analysis. 

For certain sampling trips, duplicate samples were collected for each type of filtration 
option, with one sample digested prior to analysis and the other treated as received. 
Where unfiltered samples have been collected, these have generally been digested prior to 
analysis. The necessity of digesting samples when they have been appropriately prepared 
in the field has been assessed. 

3.3.3 Selection of end-point pH for alkalinity titration 

The standard protocol for the distribution of alkalinity in relatively clean water samples 
dictated that the end-point for the titration is taken to be pH 4.5. However, a lower end­
point is suggested for leachates due to additional contribution to alkalinity from 
ammoniacal nitrogen and volatile fatty acids. Both these constituents can be present in 
significant concentrations in landfill leachates. An experiment was therefore devised 
whereby duplicate samples for alkalinity determinations at pH 4.5 and pH 3 were taken. 
The ion balance calculations, using both sets of results, were compared to allow a 
recommendation on the best approach. 

3.4 Field protocols used for each sampling event (October 1994 -
December 1997) 

3.4.1 Methodology 

Shanks and McEwan personnel purged the leachate monitoring boreholes before each 
sampling event - usually the day before. Boreholes were pumped until three well volumes 
of the leachate column had been removed or until the borehole ran dry, whichever 
occurred first. The sampling plan record sheets detailing the borehole purging for each 
visit are included in Appendix B. Boreholes were then left overnight to recharge before 
being sampled by WRc personnel the following day. 

Unstable parameters (EC, pH and temperature) were measured on the pumped leachate at 
the time of sampling. 
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The various sample handling procedures adopted on each visit are summarised below: 

(a) 4 October 1994 - Several methods of filtration were tried to assess their ease of use: 

• 0.45 µm filter papers in a re-usable portable pressure filtration unit; 

• single-use small volume in-line units containing flat 0.45 µm membrane filters; 

• single-use large-volume pleated filter capsules containing 1.2 µm pore size 
filters. 

Duplicate samples were collected to examine quality assurance aspects connected 
with sample pre-treatment prior to laboratory submission. 

(b) 2 March 1995 - This planned winter trip was delayed by poor ground conditions on 
site. Sample handling techniques on this occasion included the use of both 1.2 and 
0.45 µm disposable in-line filter capsules. These were attached directly to the end of 
the discharge tubing from the in situ pumps. 

Samples were analysed for the full analytical suite (including volatile fatty acids) so 
that the ion balance could be calculated for the analytical data. This was to provide 
an additional check on the overall integrity of the sample handling and analytical 
work associated with landfill leachate monitoring. 

(c) 6 July 1995 - Samples collected for BOD, COD and TOC determinations were not 
filtered. Leachates collected for heavy metal determinations were filtered using 
0.45 µm disposable filter capsules attached to the pump discharge line. Remaining 
samples (major anions) were filtered through 1.2 µm filters. 

(d) 8 November 1995 - Samples collected for BOD, COD and TOC determinations 
were not filtered. All other samples were passed through in-line 1.2 µm pore size 
filters. 

(e) 29 February 1996 - The effects of various filter pore size - 1.2 and 0.45 µm, were 
investigated further to confirm the trends in ion balance and sample integrity which 
were observed in earlier results. Samples collected for BOD and TOC 
determinations were not filtered. Samples collected for other parameters, including 
COD, were filtered through both 1.2 and 0.45 µm filter capsules. An ion balance of 
both sets of analyses was calculated. 

(f) 25 April 1996 - Samples were collected according to the sampling plan with in-line 
filtration being carried out with 1.2 µm filters, where appropriate. 

(g) 20 June 1996 - Field filtration of appropriate samples was carried out at both 
1.2 µm and 0.45 µm pore size. A duplicate 1.2 µm filtered sample was also 
collected from one of the cells for comparison. Samples for determinations of BOD, 
COD and TOC samples were collected directly from the discharge tubing without 
filtration. 
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(h) 11 December 1996 - Field filtration of appropriate samples was carried out using 
0.45 µm pore size. At one cell, duplicate filtered samples and a range of unfiltered 
samples were collected to study the effects of not filtering in the field and the 
difference in results obtained due to various sample handling by the lab, for example 
immediate analysis, analysis following storing for two days and the effects of 
digestion. 

(i) 6 February 1997 - Field filtration of appropriate samples was carried out using 
0.45 µm pore size. Further studies on digestion of samples and the effect on ion 
balance were assessed. 

G) 10July1997 - Field filtration of appropriate samples was carried out using 0.45 µm 
pore size. Unfortunately a number of cells were now difficult to purge due to 
collapse or distortion of the boreholes. Only Borehole 3 could be purged for three 
well volumes. Borehole 6 was blocked at about 9 metres and neither purging nor 
sampling were possible. Borehole 2 had been infilled. 

(k) 23 September 1997 - Field filtration of appropriate samples was carried out using 
0.45 µm pore size. Duplicate metals and volatile fatty acid samples were collected 
from Cell 5. Cells 1, 3, 4 and 5 sampled. 

(1) 7 November 1997 - Field filtration of appropriate samples was carried out using 
0.45 µm pore size. Cells 1, 3, 4 and 5 sampled. 

3.4.2 Comment 

The use of the low-volume portable filtration system used in October 1994 proved 
difficult to use for two reasons: 

• the small diameter (approximately 4 cm) membrane filter papers, having a low 
cross sectional area, did not perform well due to clogging. The filters had to be 
replaced numerous times to prepare sufficient leachate from each borehole for 
analysis, and; 

• nnsmg equipment between samples was time consuming and introduced 
opportunities for contamination of the samples. 

From March 1995 filter capsules of 1.2 and 0.45 µm were used as appropriate. Both types 
performed well, enabling sufficient volumes of samples to be filtered directly into sample 
bottles. A considerable amount of field technician time was saved by using this equipment. 
Although only one unit could be used per sample, single use ensured that cross­
contamination between boreholes was avoided. These advantages more than compensated 
for the additional consumable cost of the filter capsules, in comparison with more 
conventional equipment. 
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3.5 Results (October 1994 - December 1997) 

3.5.1 Presentation of data 

The full results of the Brogborough monitoring programme are presented in Appendix C. 

To summarise the various handling techniques adopted, a coding system has been applied 
to the tabulated data. This is explained as follows: 

• UF = unfiltered sample; 
• 1.2 µm = pore size of filter through which sample was passed; 
• 0.45µm = pore size of filter through which sample was passed; 
• G and W = refer to different makes of filter; 
• D = metals sample was digested in the laboratory prior to analysis; 
• a & b = duplicate samples with the same sample handling procedures; 

The most detailed investigation into the effect of sample handling on major and trace 
metal determinations was carried out in March 1995: duplicate samples, filtered through 
1.2 and 0.45 µm capsules, were submitted for analysis together with an unfiltered sample. 
Each filtered sample was subdivided in the laboratory, with one part digested and the 
other not digested prior to analysis by ICP. These results are presented in Table 3.1, and 
graphically in Figures 3.1 and 3.2, and provide the basis of the following narrative. 

Table 3.1 Data for March 1995 showing the effects of on-site filtration and 
laboratory pre-treatment options on landfill leachate analyses 

Test cells leachate analysis : Cell No. 1 - metal results (mg 1"1) 

Date I Filter Na M K Ca Cr Mn Fe Ni Cu Zn Cd 

01/03/95 UF 1360 123 1170 114 O.o7 0.28 25.4 0.30 <=0.02 2.69 <=0.02 
01/03/95 D l.2µm 1490 132 1260 115 0.06 0.20 15.9 0.28 <=0.02 2.09 <=0.02 
01/03/95 l.2µm 1490 132 1260 114 <=0.05 0.20 15.5 0.21 <=0.02 2.05 <=0.02 
01/03/95 D 0.45µm 1470 133 1260 114 0.06 0.20 11.4 0.27 <=0.02 0.07 <=0.02 
01/03/95 0.45µm 1500 136 1290 116 0.06 0.20 11.4 0.29 <=0.02 0.04 <=0.02 

Test cells leachate analysis: Cell No. 2 - metal results (mg 1"1) 

Date Filter Na Mg K Ca Cr Mn Fe Ni Cu Zn Cd 

01/03/95 UF 1660 162 1270 99.5 <=0.05 0.10 9.80 0.19 <=0.02 1.27 <=0.02 
01/03/95 D l.2µm 1580 155 1210 91.0 <=0.05 0.08 8.30 0.17 <=0.02 0.64 <=0.02 
01/03/95 l.2µm 1660 164 1270 95.3 <=0.05 0.07 8.20 0.12 <=0.02 0.62 <=0.02 
01/03/95 D 0.45µm 1630 161 1250 94.4 <=0.05 0.08 5.24 0.15 <=0.02 0.09 <=0.02 
01/03/95 0.45µm 1680 164 1290 97.1 <=0.05 0.07 4.69 0.14 <=0.02 0.08 <=0.02 
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Test cells leachate analysis : Cell No. 3 (Recirculation) - metal results (mg rt) 

Date 

01/03/95 
01/03/95 
01/03/95 
01/03/95 
01/03/95 

Filter 

UF 
D 1.2µm 

l.2µm 
D 0.45µm 
0.45µm 

Na 

738 
647 

685 
645 

689 

Mg 

122 
118 
123 
ll8 

125 

K 

557 
463 
490 
462 
494 

Ca Cr Mn 

269 <=0.05 
268 <=0.05 
282 <=0.05 
269 <=0.05 
287 <=0.05 

1.26 
0.81 
0.84 
0.82 
0.87 

Fe Ni Cu 

58.1 0.21 <=0.02 
2.26 0.11 <=0.02 
2.13 <=0.05 <=0.02 
1.54 0.10 <=0.02 
1.55 0.08 <=0.02 

Test cells leachate analysis : Cell No. 4 (Gas Collection) - metals results (mg rt) 

Date I Filter Na M K 

UF 

Ca Cr Mn 
70.1 0.13 
49.3 0.12 
50.2 <=0.05 
51.6 0.14 

Fe Ni Cu 

45.3 0.24 <=0.02 
2.52 0.18 <=0.02 
2.39 <=0.05 <=0.02 
2.80 0.16 <=0.02 

Zn Cd 

3.16 <=0.02 
0.19 <=0.02 
0.15 <=0.02 
0.10 <=0.02 
0.08 <=0.02 

Zn Cd 

2.61 <=0.02 
0.16 <=0.02 
0.14 <=0.02 
0.08 <=0.02 

01/03/95 
01/03/95 
01/03/95 
01/03/95 
01/03/95 
01/03/95 
01/03/95 

D 1.2µm a 
l.2µm 

D0.45µmG 
D0.45µm W 

0.45µmG 
0.45µm w 

1830 
1790 
1860 
1880 
1810 
1870 
1870 

154 
148 
152 
156 
149 
153 
154 

1560 
1520 
1570 
1590 
1530 
1580 
1580 

50.2 0.08 

0.43 
0.10 
0.08 
0.10 
0.ll 
0.09 
0.09 

4.37 0.11 <=0.02 0.09 <=0.02 
50.7 0.08 2.55 0.11 <=0.02 0.05 <=0.02 
51.3 <=0.05 1.95 0.09 <=0.02 <=0.02 <=0.02 

Test Cells Leachate Analysis: Cell No. 5 (Sewage Sludge) - metal results (mg rt) 

Date / Filter 

UF 
D l.2µm 

l.2µm 

Na Mg K Ca Cr Mn 

57.6 0.13 
54.8 0.09 
57.0 0.08 
58.0 0.10 
56.0 0.14 
58.0 0.08 

Fe Ni Cu 

0.25 <=0.02 
0.20 <=0.02 
0.17 <=0.02 
0.24 <=0.02 
0.26 <=0.02 
0.19 <=0.02 

Zn Cd 

0.31 <=0.02 
0.16 <=0.02 
0.14 <=0.02 
0.09 <=0.02 
0.04 <=0.02 
0.04 <=0.02 

01/03/95 
01/03/95 
01/03/95 
01/03/95 
01/03/95 
01/03/95 
01/03/95 

D 0.45µmG 
D0.45µm W 

0.45µm G 
0.45µm w 

1160 
1180 
1240 
1230 
1190 
1240 
1260 

80.4 
80.7 
84.4 
84.8 
83.0 
84.3 
85.l 

869 
881 
925 
920 
891 
923 
936 58.1 <=0.05 

0.06 
0.03 
0.03 
0.04 
0.04 
0.03 
0.03 

6.53 
4.08 
4.14 
4.49 
3.73 
4.24 
3.43 0.15 <=0.02 <=0.02 <=0.02 

Test cells leachate analysis: Cell No. 6 (Industrial Waste) - metal results (mg rt) 

Date Filter Na M K Ca Cr Mn Fe 

UF 0.18 0.10 7.09 
0.14 0.08 4.46 
0.15 0.08 4.32 
0.15 0.08 3.55 

Ni Cu 

0.12 <=0.02 
0.09 <=0.02 
0.10 <=0.02 
0.10 <=0.02 

Zn Cd 

0.41 <=0.02 
0.17 <=0.02 
0.16 <=0.02 
0.04 <=0.02 

01/03/95 
01/03/95 
01/03/95 
01/03/95 
01/03/95 

D l.2µm 
l.2µm 

D 0.45µm 
0.45µm 

1200 
1170 
1220 
1160 
1250 

87.3 
84.6 
88.9 
84.2 
89.5 

847 
821 
863 
818 
881 

52.2 
50.0 
52.2 
50.6 
54.0 0.12 0.08 3.17 0.07 <=0.02 <=0.02 <=0.02 

KEY UF Unfiltered sample 
D 1.2µm Sample filtered through 1.2µm filter and digested prior to analysis 

l.2µm Sample filtered through l.2µm filter, but NOT digested prior to 
analysis 

D 0.45µm Sample filtered through 0.45µm filter and digested prior to analysis 
0.45µm Sample filtered through 0.45µm filter but NOT digested prior to analysis 
G & Different makes of filter 

NOTE: Nickel detection limit 0.05 mg r1 compared to 0.1 mg r1 on other occasions 
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Cell 1 March 1995 Cell 4 March 1995 
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Figure 3.1 The effects of on-site filtration and laboratory pre-treatment options on 
the analysis of manganese, nickel and zinc in landfill leachate (for code 
interpretation, see Table 3.1) 
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Cell 1 March 1995 Cell 4 March 1995 
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Figure 3.2 The effects of on-site filtration and laboratory pre-treatment options on 
the analysis of iron in landfill leachate (for code interpretation, see 
Table 3.1) 
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To check on the validity of the various laboratory analyses, following the different sample 
handling techniques investigated, ion balance calculations were carried out. The method 
for the calculations are presented in Appendix D, with selected summary data presented in 
Table 3.2, Table 3.3, and Table 3.4, below. Again, these summary data are used in the 
following narrative (see Section 3.6.5). 

Table 3.2 Ion balance summary data for the March 1995 unfiltered samples 
showing the effect of alkalinity determinations carried out at pH 3 and 
pH 4.5 

Cell No. Percentage cation deficiency for end point titrations at 

pH3 pH 4.5 

1 54.5 33.6 

2 48.4 30.5 

3 53.2 23.9 

4 38.8 16.6 

5 54.8 27.5 

6 51.4 28.9 

Table 3.3 Ion balance summary data for the February 1996 samples showing the 
effect of 1.2 and 0.45 µm filters 

Cell No. Percentage cation deficiency after filtering samples at 

0.45 µm 1.2 µm 

1 20.7 21.0 

2 n/a 15.4 

3 16.7 16.3 

4 17.8 15.9 

5 18.6 22.2 

6 8.6 20.1 

Notes: 
n/a - data not available 
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Table 3.4 Ion balance summary data for the February 1997 samples, prepared 
using 0.45 µm filters and then either analysed undigested or analysed 
after settlement and digestion or after direct digestion without 
settlement 

Cell No. Percentage cation deficiency after the following preparations 

Undigested Settled & Digested Digested 

1 19.9 12.7 11.8 

2 15.4 10.1 10.2 

3 16.2 12.5 12.4 

4 11.8 8.5 8.0 

5 33.3 28.1 25.7 

3.6 Discussion 

3.6.l Trace metals 

Filtration is likely to have the greatest effect on trace metal determinations. Despite the 
fact that chromium, copper, cadmium and lead were found to be at concentrations less 
than the detection limits of the analytical method used, good data was obtained for the 
determinations of nickel, zinc, iron and manganese. Table 3.1, including Figure 3.1 and 
Figure 3.2, presents the results obtained from the March 1995 exercise, where duplicate 
filtered samples (either digested or undigested) were submitted for analysis together with 
unfiltered samples. The following points emerge. 

a) Unfiltered samples 

All samples were acidified in the field. As expected, there was a large increase in the 
concentration of metals in the unfiltered samples in comparison with the filtered 
samples, not least because any particulate metals in the unfiltered sample would have 
been solubilised during sample preservation. 

• nickel was the least affected; 

• manganese was generally higher in the unfiltered samples from four of the six 
cells, but higher by factors of 2 and 4-5 in Cells 5 and 4 respectively; 
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• iron concentrations were higher in unfiltered samples compared with 1.2 µm 
samples in four cells (up to two times higher than the 0.45 µm samples from the 
same cells). For Cells 3 and 4, iron levels were over twenty times higher in the 
unfiltered samples in comparison with the filtered samples; 

• zinc, the element most likely to adsorb to suspended material in the sample, was 
between 20 and 50 times higher in the unfiltered samples in comparison with the 
1.2 and 0.45 µm samples respectively. 

b) Comparison of 1.2 and 0.45 µm filters on heavy metal determinations 

• for chromium (when detectable) and nickel, the difference was negligible; 

• manganese and iron were higher in 1.2 than 0.45 µm samples; 

• zinc concentrations were 2-5 times higher in 1.2 µm samples from Cells 3-6, and 
factors of 7 and 37 times higher from Cells 2 and 1. (The same trends were 
exhibited by further testing in February and June 1996); 

• copper was expected to follow the trend observed for zinc, however, in 
Brogborough leachates, copper levels are <20 µg r1

, below the detection limit of 
analysis; 

• two different brands of 0.45 µm filter had no consistent effect on leachate 
quality, with the exception of dissolved iron levels in leachate from Cell 5. The 
two samples passed through the G filter ranged from 4.2-4.5 mg f 1 Fe and those 
passed through the W filter ranged from 3.4-3.7 mg r1 Fe. 

c) Effect of sample digestion prior to analysis 

Table 3.1 presents the results of duplicate filtered samples either digested prior to 
analysis or analysed direct. 

• Samples filtered through 1.2 µm filters: in most cells, digestion of the samples 
slightly raised iron, nickel and zinc concentrations, probably largely attributable 
to analytical precision. However, nickel was significantly higher in digested 
samples from Cells 1 and 2 and two to four times higher in Cells 3 and 4. The 
leachate from Cells 5 and 6 seemed to be less affected by this sampling handling 
procedure than that from other cells. 

• Samples filtered through 0.45 µm filters: iron, nickel and zinc sometimes 
showed a slightly raised concentration in the digested sample relative to the 
undigested sample. However, this cannot really be distinguished from sample 
variability. The result from Cells 4 and 5 demonstrate that the impact of different 
filtration products was more significant than the effect of digestion (see last 
bullet point of (b) above). Again the leachate from Cells 5 and 6 seemed to be 
less affected than other cells. 
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For those metals detected at levels significantly above detection limit, we draw the 
following conclusions about their determination in landfill leachate: 

• filtration removed a significant quantity of the suspended iron and zinc particles 
which were taken up into solution during the sample digestion phase. Filtration 
had little or no effect on nickel and manganese levels; 

• the digestion of samples that were filtered through 1.2 µm filters resulted in the 
dissolution of fine grained nickel and iron particles, resulting in up to 40% 
increases in comparison with the undigested samples. However, the minor 
differences between most of the analyses was probably less than sample 
variability. 

• the digestion of samples that were filtered through 0.45 µm filters made no 
consistent impact on the metal analyses, the choice of filter brand had more 
impact. The additional step of sample digestion on 0.45 µm samples is therefore 
not required. 

• the leachates from Cells 5 and 6 were less affected by sample treatment methods 
than leachate from other cells. 

For additional comment on the preferred field/laboratory sample pre-treatment approach 
see Section 3.6.5, where ion balance is discussed. 

3.6.2 Major cations 

Table 3.1 illustrates the effect of sample handling on sodium, magnesium, potassium and 
calcium determinations. The leachate from each cell responds slightly differently to the 
use of different filters and to digestion. 

In general, the use of 0.45 and 1.2 µm filters and sample digestion made no difference to 
the analytical results. In addition, no significant effects were observed between the 
different brands of filter used. The precision of the four (or six) filtered samples (whether 
digested or analysed direct) ranged from 0.8 to 1.4% RSD (relative standard deviation) 
for the four determinands in Cell 1, to 3.2 to 3.7% RSD in Cell 6. In most instances this is 
the same reproducibility that would be achieved from repeatedly analysing one leachate 
sample for major cations. 

For most samples, including the results of the unfiltered sample, filtration only increased 
the RSD by 1 % (i.e. on average to 2-4% RSD). We consider this to be an insignificant 
effect. However, a single unfiltered sample from Cell 4 returned an analysis of 70 mg rt 
Ca as opposed to the 49-51 mg rt reported for the six filtered samples, increasing the 
RSD to 13.9%. In comparison the reproducibility of calcium in Cell 1 was excellent, being 
0.8% RSD, whether the unfiltered sample was included or not. 

To sum up, the investigation of the impact of different sample pre-treatment approaches 
on the major cations showed that: 

R&D Technical Report CWM 169/98 21 



• the type of filter used makes no discernible difference to the results (whether 
pore size or product); 

• direct analysis of the sample produces as reproducible a result as analysis of a 
digested sample. 

3.6.3 Major anions 

Usually samples collected for major anions would not be filtered but would be transferred 
into bottles direct from the pump discharge tubing. However, in order to determine 
whether filtration had a significant effect on anion concentrations and to establish whether 
it would impact on the ion balance calculation, samples were collected following 1.2 
and/or 0.45 µm filtration to compare with the unfiltered samples. Otherwise the samples 
were treated in the normal way with transfer at the well-head to bottles containing 
preservative as appropriate (sulphuric acid for nitrate and nitrite-nitrogen samples) and 
mercuric chloride (ammoniacal nitrogen), phosphoric acid (volatile fatty acids) and no 
preservative (remaining anions). The samples were not digested on return to the 
laboratory. 

The results are presented in Appendix C and are summarised as follows: 

• Chloride and sulphate - determinations were generally unaffected by 
filtration. Samples from Cell 2 (February 96) and Cell 3 (March 95) provide 
the exception. 

• Ammoniacal nitrogen - determinations were generally unaffected by the 
different filtration procedures. Good reproducibility was obtained ( <1.5% 
RSD) regardless of whether the samples were unfiltered or passed through 
0.45 µm or 1.2 µm filters. This may in part be due to the addition of 
preservative immediately after sampling to prevent bacterial oxidation of 
determinand. 

• Nitrate and nitrite-nitrogen - levels were generally too low to determine any 
consistent trends. For example samples filtered through 1.2 µm tended to 
contain higher concentrations of nitrate and nitrite than samples filtered 
through 0.45 µm (notably Cell 5, June 1996 and Cell 6, February and June 
1996). However, on some occasions, levels of both determinands were higher 
in 1.2 µm samples than in unfiltered samples (Cells 2, 4 and 5, October 1996). 

• Soluble reactive phosphorus (SRP) - results generally show no discernible 
effects from the use of different filters. Cell 2 shows some variation between 
the 1.2 µm and 0.45 µm samples, although no consistent trend is present. 
Because of the inherent analytical difficulties associated with the 
determination of SRP in leachates, these variations are considered to be 
insignificant. 
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• Alkalinity - was measured in unfiltered samples and 1.2 µm-filtered samples 
and found to be higher in the latter by 2 to 24% in five of the six samples 
compared. The difference between samples filtered at 1.2 µm and 0.45 µm 
was similar to that found between duplicates. Therefore, for alkalinity 
determinations we can make no distinction between the use of either 1.2 or 
0.45 µm filters. Further comment on the ion balance implications is made in 
Section 3.6.5, below. 

3.6.4 BOD, COD, TOC and volatile fatty acids 

BOD and TOC were only analysed on unfiltered samples. COD was analysed on filtered 
1.2 µm and unfiltered samples. Although differences in concentrations were identified, 
these were generally no more significant than the variations reported between duplicate 
samples (cf. March 1995 data with October 1994 data). 

In February 1996, COD was analysed on filtered 1.2 µm and 0.45 µm samples. The 
results are similar with perhaps a slight trend of decreasing concentration with 0.45 µm 
filter, compared to the 1.2 µm filter. For volatile fatty acids analysis, neither filter was 
found to perform better than the other. 

To summarise, the use of either 0.45 µm or 1.2 µm filters had no discernible effect on the 
analysis of COD and volatile fatty acids. 

3.6.5 Ion balances 

An ion balance provides an indication of the collective quality of the analyses, assuming 
that a sufficiently comprehensive suite of determinands has been analysed. 

The ionic balance compares the sum of the major cations (sodium, potassium, calcium and 
magnesium) with the sum of the major anions (chloride, sulphate, carbonate, phosphate, 
ammoniacal-nitrogen, nitrate and nitrite-nitrogen), both being expressed in such a way 
that the respective numbers of ions in solution are compared (as meq r1

). 

If the liquid being analysed is unstable and undergoing reactions that change individual 
determinands (for example suspended matter becomes dissolved, precipitation of 
previously dissolved solids occurs or biological activity changes the organic content etc.) 
the ionic balance will be poor. For leachates, the contribution of carboxylic acids (volatile 
fatty acids) and ammoniacal nitrogen to the alkalinity determination should be taken into 
account. In addition, appropriate sample handling techniques can reduce imbalances 
which can occur during transport and storage. 

Summary ion balance data is presented in Table 3.2, Table 3.3, and Table 3.4. These data 
illustrate various effects, of different sample pre-treatment or analytical approaches, on 
ion balances for landfill leachates. These include: 

1. different end points for alkalinity titrations (pH 3 or pH 4.5); 
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2. use of different filtration apparatus (0.45 or 1.2 µm pore size); 

3. the adoption of a digestion pre-treatment step prior to metals analysis. 

Alkalinity end point 

Alkalinity is a measure of the volume of acid of known strength, required to neutralise the 
alkaline ions in solution (carbonate, hydrogen carbonate and hydroxide ions) at a specified 
end point pH. This can be affected by: 

• dissolved gases (for example C02, H2S and NH3) which contribute towards 
the total alkalinity of the sample, and may be lost (or gained) during sampling, 
storage or filtration; 

• carboxylic acids which dissociate as pH is reduced during the alkalinity 
titration. The effect shifts the end-point and compensation should be made, 
particularly for leachates; 

• oils, fats and soaps, as well as suspended material, may cause the alkalinity 
electrode to respond slowly, if used in preference to indicator solutions. 
Sufficient time must be allowed for the measurement to stabilise; 

• drifting endpoints may also occur as the result of the presence of oxidisable or 
hydolysable ions (e.g. ferrous/ferric iron, manganese and aluminium). 

Table 3.2 shows the results of an experiment carried out on duplicate unfiltered samples 
of leachate taken in March 1995, where alkalinity determinations were carried out at pH 3 
and pH 4.5, respectively. As a general guide, investigations into the sources of ionic 
imbalance should be made where this exceeds± 15%. 

The results show that titration to pH 4.5, rather than pH 3, for the determination of 
alkalinity returned the better ion balances. Nevertheless, there was considerable 
discrepancy from the 15% yardstick, and this needed to be investigated further. One of 
the obvious sources of error was thought to be the determination of major cations, and in 
particular the alkali earth metals. The solubility of these determinands can be affected 
significantly by aeration. For example, a highly anoxic leachate sample can become 
aerated during the process of sampling. If the sample remains unfiltered at the well head, 
and no account is taken of material which might precipitate in the bottle during sample 
transfer to the laboratory, then what is analysed as dissolved material will not have taken 
into account the precipitated material which was in solution at the time of sampling. 

An experiment was therefore carried out to examine the effect of on-site filtration and 
acidification of leachate samples destined for Na, Mg, K, Ca and heavy metals analysis. 
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Sample pre-treatment (filtration and acidification) 

In this experiment, a field filtration exercise was carried out using 0.45 and 1.2 µm 
filtration apparatus. Duplicate samples, requiring the determination of dissolved alkali 
earth metals and other heavy metals, were filtered using either option and then acidified 
prior to submission for analysis. The results are shown in Table 3.3. 

The main conclusion we draw from the limited test data is that the ion balances were 
much improved (cf. unfiltered samples) by incorporating a filtration and acidification stage 
into the field sample pre-treatment procedure, particularly in relation to the subsequent 
analysis of the major cations. No advantage was gained in using any one particular 
filtration device. Because 0.45µm is generally accepted as being the 'cut-off' between 
dissolved and suspended material, we suggest that these filters are used in preference to 
the 1.2 µm alternative. 

Further tests were then devised to explore the possibility for additional improvements in 
ion balance by carrying out a sample digestion pre-treatment step prior to analysis. 

Sample pre-treatment (digestion) 

These tests were carried out on samples taken from the test cells in February 1997. 
Triplicate samples were filtered in the field using the 0.45µm filter apparatus and then 
returned to the laboratory in separate bottles, containing acid preservative, for 
determination of dissolved alkali earth metals and other heavy metals. Three sample pre­
treatment steps were investigated: 

• no sample digestion; 

• sample settled and the supernatant liquor digested; 

• sample vigorously shaken to suspend settled solids and a sub-sample digested. 

The results of the subsequent laboratory analyses are shown in Table 3.4. 

Although marginal improvements in the ion balance were achieved by adding the digestion 
step to the analytical procedure, in general the undigested samples (cf. the February 1996 
data - Table 3.3) returned adequate ion balances. This suggests that, in the interests of 
cost saving for routine monitoring of landfill leachate samples, the only important 
pre-treatment step is well-head filtration on samples being submitted for alkali earth and 
heavy metal analyses. 
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4. LONG TERM LEACHATE MONITORING AT 
BROGBOROUGH 

4.1 General comment on the presentation of analytical data 

Two sets of data are used in the following discussion about leachate chemistry at the 
Brogborough test cell project: 

• monthly data gathered between January and May 1994; 

• quarterly (approximate) data gathered between June 1994 and November 1997. 

All these samples were collected following comparable and consistent field monitoring 
procedures (see Section 2). 

The experimental cell variables are listed in Table 4.1 below. 

Table 4.1 Experimental variables for the Brogborough test cells 

Cell number 

1 

2 

3 

4 

5 

6 

Description 

Domestic waste only control - thin layer 

'Onion-skin' method adopted, placing waste in thin layers with 
a minimum cover layer. 

Domestic waste only control - 'push over' 

Waste compacted in 2 metre lifts, resulting in lower waste 
compaction compared to Cell I. 

Domestic waste with leachate recirculation 

As Cell 1, but allowing for leachate recirculation to encourage 
more rapid stabilisation. 

Domestic waste with air injection 

As Cell 1, but allowing for air injection into the waste to 
encourage aerobic decomposition. 

Domestic waste with sewage sludge co-disposal 

As Cell 1, but with sewage sludge co-disposed at a ratio of 
10.3:1. 

Domestic waste/commercial and non-hazardous waste mix 

As Cell 1, but commercial and non-hazardous waste 
co-disposed at 53% by weight. 
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In past reports, WRc has used two basic data comparisons to illustrate discussion on 
progressive changes in leachate chemistry: 

• all 'control' trials (Cells 1 to 4); 

• average data for those trials thought to exhibit 'control' characteristics, 
compared with equivalent compositional data from the two co-disposal trials 
(Cells 5 and 6). 

With the exception of Cell 2, Cells 1, 3 and 4 were filled using the same site operational 
strategy designed to achieve relatively high compaction of waste. However, with the 
additional 10-metre lift of waste added to the cells in late 1988, Cell 2 was thought to be 
as equally compacted as the other cells and therefore data on leachate characteristics in 
Cell 2 has often been used with that derived from Cells 1 to 4 to illustrate the progressive 
stabilisation of waste in the trials. Significant perturbations in operational practice 
(injections of liquid and air to Cells 3 and 4 respectively) have now led to demonstrable 
changes in gas production profiles from these latter two cells. Because of these changes, 
baseline data for comparison with leachate composition in the two co-disposal cells has 
only been derived from Cells 1and2. 

The results of the leachate analyses are shown in Appendix Table Cl, with volatile fatty 
acids results shown in Appendix Table C2. A selection of results have been plotted to 
show the overall trends in leachate chemistry. Figures 4.1 to 4.8 show the pH, 
temperature, COD, TV A, chloride, ammoniacal nitrogen, zinc and nickel concentrations 
in Cells 1 to 4 since January 1994. In like manner Figures 4.9 to 4.16 show the same 
detenninands in the leachates from Cells 5 and 6 plotted against the notional baseline 
average data derived from Cells 1 and 2. Individual volatile fatty acid results are shown in 
Figure 4.17 and 4.18. 

The leachate levels are recorded by WRc on each visit, the day after purging by Shanks & 
McEwan staff, who also record the level prior to purging. The results of both are shown 
in Appendix Table C3 and Figure 4.19. 
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5. DISCUSSION 

5.1 Trends in leachate chemistry 

5.1.1 Leachate levels 

Before looking at the compositional data in detail, some comment is needed on the 
progressive increase in the depth of leachate within the cells. Figure 5.1 illustrates the 
levels prior to purging and forms the basis of the following discussion. Other data, 
showing the leachate levels both before and following borehole purging, is shown 
graphically in Figure 4.19 (see also Appendix C, Table C3). 

Although leachate levels in all the cells are unique, the underlying trends exhibited in Cells 
1, 2, 4 and 6 have been similar. At the point where the leachate purging strategy was 
initiated (January 1994), leachate levels generally lay within the range of 11 to 16 metres 
below the capping material. Since January 1994, these levels have continued to rise 
approximately 1-2 m yr·1 during 1994 and 1-1.5 m yr·1 during 1995. In the year July 1995 
to July 1996, Cell 6 has shown a rise in leachate level of about 3 m. Although the reasons 
for this are unclear, an obstruction in the well has prevented purging since November 
1995 and this might be a contributory factor. Cells 1, 2 and 4 (July 95 to July 96) 
continue to show similar trends with Cells 1 and 2 at about 1 m yr·1 rise and Cell 4 at 
about 2 m yr·1

• 

The leachate level in Cell 5, at the start of the revised monitoring strategy (January 1994), 
was higher than in the other cells, at about 8 m below the capping material. Over the first 
year the leachate level increased by about 0.5 m, but during 1995 and 1996 the rate of 
increase has declined. 

Leachate level behaviour in Cell 3 is less easily explained. Recovery following purging and 
the effects of liquid injection to the cell in February 1994 (231 m3

) complicate the picture. 

Although leachate levels have been recorded at frequent intervals during the study, the 
results are not as informative as they might be, principally because no survey data is 
available to compare one cell with another to common ordnance datum. Nevertheless, if 
this could be rectified, the data provide the means of carrying out a relative assessment of 
the effects of limited infiltration (say <100 mm through the clay capping) and waste 
settlement characteristics on the development of leachate levels in the test cells. 
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Using 'ball-park' estimates, a rise in leachate levels of approximately 1 to 2 m.yr-1 could 
be attributed to an infiltration of 100 mm.yr-1 if the active porosity2 of saturated wastes at 
the base of each cell lies somewhere between 5 and 10 % (v/v). Nevertheless, the effect of 
active settlement in each of the cells will progressively decrease porosity. What remains 
unknown is the relative effects of reducing porosity and the level of infiltration. 

We therefore recommend that each of the access wells, used in the monitoring 
programme, is surveyed to common ordnance datum and that the leachate level data, 
along with the settlement data, is made available to a suitable project team involved in the 
modelling of the mixing and hydrodynamics of water flow within landfills. 

5.1.2 'Control' trials 

Compositional analysis of leachate constituents for Cells 1 to 4 are presented in Figure 4.1 
to Figure 4.8. Of particular significance is the decline in organic strength (and 
establishment of more neutral conditions) of the leachate abstracted from Cell 1, relative 
to Cells 2 and 4. In this respect, a shift from acetogenic conditions to more optimised 
methanogenic conditions within the saturated regions of all four cells is assumed. 

Chloride concentrations in three of the cells (Cells 1, 2 and 4) have remained broadly 
similar, fluctuating about a mean of around 2700 mg r1

• The general fluctuations are 
believed to be influenced in the most part by solubility and dilution of salts controlled by 
changes in the month by month fluctuations of infiltration. Nevertheless, the underlying 
trend is relatively static. This is not wholly unexpected since no substantial removal of 
leachate occurs in any of the cells. Essentially, this large body of liquid, at the base of each 
cell, remains relatively unaffected by the comparatively small additional load of inactive 
dissolved salts, mediated by the rate of infiltration. 

Chloride concentrations in Cell 3 have always been atypical and thought to be influenced 
significantly by surface ponding of rainwater on the cap which may have encouraged 
short-circuiting down the well casing and into the saturated zone at the bottom of the cell. 
Although the chloride levels have been recovering since January 1994, a further influence 
on concentration has been the liquid injection trial in February 94. Since the occurrence of 
this event, chloride levels have remained remarkably stable at around 2 000 mg r1 

• 

Similar trends reported for chloride are apparent for ammoniacal nitrogen in all 4 cells, 
with concentrations remaining relatively persistent in comparison to the degradable 
components of the leachate. Since the initiation of the well purging strategy back in 
January 1994, ammoniacal nitrogen concentrations have to some extent become more 
comparable between cells, although Cell 1 levels are now significantly higher. This may 
reflect the general delay in stabilisation within this cell, evidenced by the presence of 
relatively high concentrations of organics in the leachate up until the end of 1994. 

2 Active porosity - the volume of liquid that may drain under gravity from unit volume of a porous 
media. 

R&D Technical Report CWM 169/98 43 



Although concentrations are declining slowly in the other cells, Cell 1 levels still remain 
relatively high. 

Heavy metal leaching is influenced by pH conditions as well as by the presence of organic 
ligands. The pH conditions in the leachate at the start of monitoring were varying, with 
Cell 1 having the lowest pH, at around 6, and the highest organic content (see Figure 4.7 
- zinc and Figure 4.8 - nickel). Cells 2, 3 and 4 were near neutral (pH 7 to 7.7) hence 
lower heavy metal concentrations than Cell 1. 

With no substantial removal of leachate from any of the four cells that is likely to 
influence the characteristics of leachate contained in the basal saturated layer of each cell, 
the only long-term influence must be driven by infiltration. In Cell 1, where metal 
solubility would have been higher between January and December 1994, in comparison 
with other cells (lower pH; more dissolved organic carbon), leachate concentrations 
would be expected to reflect this supposition. With the establishment of more neutral 
conditions beyond this point, metal concentrations are likely to remain relatively static, 
although at a higher level than in the other cells, where the combined effect of low pH and 
presence of dissolved organic carbon is not present. 

The steady reduction in metal concentrations in Cells 2,3 and 4 can only be influenced by 
dilution effects and therefore it must be assumed that the pH conditions measured in the 
leachate of these cells must be roughly the same as those in the unsaturated zones. If this 
was not the case, solubilised metal would be added to the basal saturated levels with 
infiltrating water, resulting in static or rising concentrations (cf. chloride data). Because 
concentrations are dropping, it must be assumed that neutral pH conditions and low 
dissolved organic carbon concentrations are generally manifest throughout the waste 
mass. 

Different effects can be seen in Cell 1. Here, zinc concentrations remain two orders of 
magnitude higher than in the other cells, and remain persistent. With infiltration bringing 
about dilution effects, it can only be assumed that the rate of release of zinc from the 
waste in this cell must be higher than in the other cells, with the principal control being pH 
and dissolved organic carbon. We surmise, therefore, that low pH conditions remain 
relatively persistent within the upper reaches of this cell. This can only mean that the level 
of organic stabilisation in this cell is not as advanced as in Cells 2, 3 and 4. 

The leachate temperature (Figure 4.2) at the start of monitoring was between 22 to 25°C, 
rising to between 27 and 30 °C in April 1994 in all but Cell 3. Here, the temperature was 
still recovering following the liquid injection event at the end of February 1994. Seasonal 
ambient air temperatures have influenced the development of the temperature profiles in 
all the cells, with declining temperatures being recorded over winter months and 
increasing temperatures over summer months. Since January 1994, the general trend in 
leachate temperature has been upward, with all control cells reaching the highest recorded 
levels of between 35 - 40 °C during the autumn of 1996. Since that date, the temperatures 
have declined slightly and at the time of writing this report are between 30 - 35 °C. With 
such an upward and persistent trend, it can only be assumed that this is the result of 
significant biological activity within each of the cells, that appears not to be declining. 
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5.1.3 'Control' versus sludge {Cell 5) and commercial, non-hazardous {Cell 6) 
co-disposal trials 

Data are plotted in Figures 4.9 to 4.16. The average from Cells 1 and 2 combined is 
compared with results from Cells 5 and 6. 

Of note is the lower chloride and ammoniacal nitrogen concentrations in Cell 6 leachate. 
This reflects the lower level of municipal solid waste in this cell, in comparison with the 
other trial cells, and the 'diluting' influence of the 'inert' trade waste materials added to 
this cell to encourage landfill gas production. 

Other influences are related to the much higher organic strength and lower pH of the 
leachate contained in Cell 1during1994, which has since declined and neutralised rapidly. 
This serves to illustrate the much more rapid assimilation of readily degradable organics in 
Cells 5 and 6, in comparison with the collective control cell data. 

The leachate temperatures in Cells 5 and 6 have consistently been higher than the average 
temperature for Cells 1 and 2. The general trend for the development of temperature in 
the co-disposal cells remains upward, with temperatures ranging between the cells from 
30-35 °C. 

In general, the addition of digested sewage sludge has assisted the waste stabilisation 
processes by 'switching on' the gas production at an early stage, following waste 
emplacement. Ammoniacal nitrogen concentrations in the leachate, which might have 
been expected to rise in direct response to the sludge addition, have remained remarkably 
similar to the levels observed in the control trials. One additional and notable feature of 
the sludge cell leachate composition is the low levels of mobile heavy metals; in particular 
nickel and zinc. Concentrations of these metals are lower in the sludge cell than in the 
collective control cells. Allowing for the assumption that the total metal content of Cell 5, 
at the outset of the trials, was higher than in the 'control' cells, this observation warrants 
further investigation. The long-term controlling influences over heavy metal mobility in 
landfills need to be examined and in particular what appears to be the strong solubility 
controls, influenced by pH and dissolved organic carbon. 

Like the sludge co-disposal trial, there is some evidence that the addition of commercial 
and non-hazardous (more inert) waste to Cell 6 had a beneficial effect in accelerating the 
onset of methanogenic conditions, with organic 'burn out' in the leachate being more 
rapid in this cell compared with the collective control trials. To assist the process, pH has 
generally been well buffered in the leachate, remaining neutral to alkaline since the spring 
of 1990 and very stable during this latter monitoring phase. It should however be noted 
that this cell contained proportionately less putrescible waste than the other cells, the 
balance being made up of less degradable components. This feature may have been 
responsible for the lower than average chloride and ammoniacal nitrogen concentrations 
observed in the leachate, and may have had some bearing on the 'lower than average' 
level of organics too. 

In conclusion, monitoring data of the kind described above should be put into perspective 
with the characterisation of leaching behaviour of wastes in a range of different landfills. 
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A new presentation of the metals data, as a function of the main release controlling 
parameter - pH, could lead to fresh insights, in which leachate characteristics can be 
classified in chemical, rather than biological, terms. Such an approach could help to 
demonstrate consistency in the way materials leach in the long term in landfills and thus 
provide a basis for acceptance criteria and waste pre-treatment prior to disposal. 
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6. CONCLUSIONS AND RECOMMENDATIONS 

6.1 Sample pre-treatment in the field 

The effects of various filtration techniques and filter pore size - 1.2 and 0.45 µm - have 
been investigated. 

The use of separate filtration apparatus, rather than in-line disposable filters, proved 
difficult because the apparatus is designed to work on a low cross sectional area. 
Although suited to relatively clean water filtration applications, this kind of apparatus is 
seldom appropriate for leachates because numerous filter paper changes are required to 
prepare sufficient leachate from each borehole for analysis. In addition the need to rinse 
equipment between samples is time-consuming and presents unacceptable opportunities 
for sample contamination. 

The use of disposable in-line filters, which have a pleated membrane with a large surface 
area proved a more attractive option. Filter pore sizes of 1.2 and 0.45 µm were used 
successfully in the field. This procedure enabled rapid sampling and filtration directly into 
sample bottles. The integrity of the samples was not compromised by cross-contamination 
between boreholes and the filters were discarded after use. One 1.2 µm filter per borehole 
proved sufficient for the volume of sample required for analysis (150 ml). A 0.45 µm filter 
was also able to filter the volume required. The ease of use, time saved on site, the lack of 
cross contamination and immediate preservation of samples more than compensates for 
the additional consumables cost of the filters. 

6.1.1 Recommendation 

From the fieldwork carried out during this project, the use of in-line disposable filters are 
recommended in preference to either on-site filtration apparatus or filtration on return to 
the laboratory. BOD, COD and TOC determinations, however, should still be carried out 
on unfiltered samples. 

The filter pore sizes assessed were 0.45 µm or 1.2 µm, both of these large capacity filters 
were capable of producing the volume of filtrate required for analysis. The approximate 
cost of the 0.45 µm filters are currently £12 each (1997), compared with £23 for the 
1.2 µm filters. 

On the basis of the results reported in Section 3, the over riding opinion was that there 
appeared to be little evidence to suggest that one filtration device was any better than 
another. Because the 0.45 µm filters are cheaper and of a pore size generally recognised 
as representing the boundary between dissolved or suspended matter, WRc recommend 
that a 0.45µm filter is used for field based filtration of landfill leachates. However, it is 
essential that the large capacity filters which are now available are used as these are the 
only ones which can cope with leachates. 
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On site measured parameters should include pH, conductivity and leachate temperature. 
These ideally need to be measured using a flow-through cell. If this is not possible, 
readings should be carried out on a bulk sample immediately following its recovery from 
the well. This will minimise any changes in characteristics, particularly the influence of the 
ambient air temperature on the leachate temperature. 

6.2 Sample handling in the field and laboratory 

• Metals 

For calcium, magnesium, sodium and potassium there is no difference between digested 
and undigested samples and the various filters used. For other metals if there is any major 
difference then the unfiltered digested sample gives the highest concentration, as would be 
expected. There appears to be no significant difference between digested and undigested 
samples, for the same filter pore size. However, the concentrations of iron and zinc, are 
significantly reduced when using 0.45 µm filter pore size. 

• Major anions, BOD, COD and TOC 

There are no significant differences between unfiltered samples and those filtered through 
1.2 µm or 0.45 µm filters. Some results, however, are too low for any assessment to be 
made, or were inconclusive. 

• Volatile fatty acids 

There are no significant differences between leachate samples filtered through 0.45 µm 
and 1.2 µm filters. 

6.2.1 Recommendations 

These results reinforce the conclusion that it is more important to use appropriate 
filtration techniques on-site than to put undue emphasis on sample pre-treatment in the 
laboratory. Significant improvements in sample integrity, and the resulting quality of data 
(particularly heavy metals), can be achieved by employing on-site filtration during landfill 
monitoring exercises. WRc recommend that in order to achieve these improvements, 
routine ion balance checks should be incorporated into the sampling plan of a monitoring 
exercise. The results of these check samples should be reviewed by the responsible officer 
and then discussed with the field monitoring staff. 

6.3 Sample pre-treatment (field and laboratory) effects on ion 
balance calculations 

Sample preparation methods can play an important part in obtaining a stable sample in 
which cations and anions are roughly balanced. Our research has indicated that the 
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following sample pre-treatment measures can have a significant bearing on ion balance. 
We make the following recommendations: 

• samples for major and minor cations (i.e. Na, K, Ca, Mg plus heavy metals and 
other trace metals) should be: 

filtered through 0.45 µm filters on site and preserved immediately. 
Filtration removes suspended material from the sample which may or may 
not be 'foreign'. If not removed this suspended material is liable to be 
dissolved following acidification; 

although our research has demonstrated that a digestion step prior to 
analysis improves ion balance, the effect is marginal and far outweighed by 
the in-field activity of filtration. The choice of digesting the sample, or 
otherwise, is therefore a matter of professional judgement at the time of 
developing the sampling plan. 

• Samples collected for major anions, BOD, COD, TOC and volatile acids do not 
require filtration. This is particularly relevant for the determination of alkalinity 
where filtration tends to increase the alkalinity of the sample. Although not 
specifically examined as part of this study, it is also recommended that samples 
collected for the determination of organic parameters such as pesticides and 
hydrocarbons, do not require field filtration. 

6.4 Summary recommendations 

The best approach to sample pre-treatment is: 

• for cations - filter on sampling, using a 0.45 µmin-line disposable filter. Bottle 
the sample using an acid preservative. Analyse the sample 'at leisure' (a digestion 
step is not generally required). 

• for anions (including BOD, COD, TOC, volatile acids and organic parameters 
such as pesticides and hydrocarbons) - no filtration required, but use 
preservatives for biologically sensitive determinands, particularly where the 
analysis may be delayed beyond a period of up to 12 hours. The use of a cold 
box, during sample transit between site and laboratory, is also recommended. 

An alternative, but less desirable, approach would be: 

• filter the sample in the field and bottle un-preserved. Return the sample to the 
laboratory in a cool box. The analytical laboratory must carry out the sample 
splitting and preservation as appropriate. NOTE: This alternative approach 
should only be adopted if the sample can be delivered to the analytical laboratory 
within a period of 4 hours. 
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6.5 Design considerations and indicators for efficient bio-reactive 
landfills 

A bio-reactive landfill is characterised by the following main features: 

• strongly methanogenic conditions, achieved relatively rapidly; 
• associated high landfill gas production rates; 
• generally high moisture content, often significant depths of saturated wastes; 
• alkaline leachate pH-values, generally greater than 7.5; 
• high temperatures, typically 30-50 °C, but can be lower. 

As pointed out by Robinson (1995), the development of efficient bioreactor landfills, 
under UK conditions has in general been - "a fortuitous process, assisted in most cases by 
the inadvertent, relatively uncontrolled ingress of large quantities of water into wastes at 
some stage during or following waste deposition". Such ingress of water can occur as 
infiltration through the surface capping material, or as rising water level within the landfill 
as a result of groundwater inflow at depth or perhaps by collapsing pore space and 
settlement of the wastes with age. 

Evidence presented by Robinson (1995) suggests that relatively high, persistent 
temperatures (often in excess of 40 °C) have been observed and maintained for periods as 
long as 13 years by rising water levels from the base of landfilled wastes. In contrast, 
waste saturation and bio-reactive conditions, solely brought about by surface infiltration, 
give rise to more modest temperatures in the range 30-35 °C. Cooling effects and the 
mobility of acetogenic leachates are thought to influence these conditions. 

It is clear therefore that the distribution and development of saturated moisture conditions 
within wastes is regarded as essential for the optimisation of conditions conducive to 
rapid anaerobic digestion under landfill conditions. The Brogborough test cells have 
provided further evidence to back up these claims and have provided some important 
indicators as to how a more optimised, bioreactor approach could be developed through 
further research and development work. 

Leachate monitoring at the cells has indicated that acetogenic and methanogenic 
conditions co-exist without detriment to gas production. However, methanogenic 
conditions were generally found to be associated with the saturated basal layers of waste 
in each cell. This contrasts with acetogenic conditions, which tend to be associated with 
the drier, unsaturated upper layers of waste. 

It follows that controlled irrigation or recirculation of methanogenic leachate to capped 
waste should be one way of bringing about a more rapid stabilisation of landfilled waste in 
a sustainable landfill development. In recognition that the saturated basal layers of landfills 
could be encouraged to become more efficient in methane production, and irrigation or 
recirculation of leachate is one way that this could be brought about, studies should 
concentrate on the engineering requirements that would enable this to be achieved in a 
controlled and predictable way. 

In order to understand the relative significance of infiltration and waste settlement 
characteristics, we suggest that each of the leachate monitoring wells are surveyed to 
common ordnance datum and that the leachate level data, along with the waste settlement 
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data, is made available to a suitable project team studying the mixing and hydrodynamics 
of water flow in landfills. 

In addition, process control 'tools' need to be developed which will allow a degree of 
feedback control on the process. Previous work carried out by WRc on the Landfill 2000 
controlled recirculation trials (Blakey et al 1996) indicated that the measurement of in situ 
hydrogen within the unsaturated and saturated zones of waste may provide some means 
of achieving this objective. Indications of organic overload are generally considered to 
occur when hydrogen concentrations exceed 200-300 ppm in the gas phase. These 
conditions were readily achieved in the non-recycle trial by withdrawing the saturated 
zone leachate and encouraging more rapid flow of fresh substrate into the basal layers of 
the waste mass. In contrast, in the recirculation cell, a similar activity did not induce the 
same effects. This led to the conclusion that the saturated zone in the recirculation trial 
was more optimised to a greater supply of substrate and hence was operating more 
efficiently. 

Field sampling strategies designed to monitor the development and progress of bio­
reactive conditions within a modern landfill should incorporate a leachate purging 
requirement prior to any sampling activity. Over-reliance on baling techniques during 
earlier phases of the Brogborough trials emphasised the ease with which erroneous 
conclusions were reached concerning the status of conditions within the wastes. If this is 
not appreciated, use of data of this kind can mislead site management, or those with 
regulatory responsibilities, and incur significant wastage of time and resources. Leachate 
data, of the kind generated in this study, should be used more widely in the 
characterisation of leaching behaviour of wastes in a range of landfill circumstances. A 
new presentation of the metals data, as a function of the main release controlling 
parameter - pH, could expose consistency in the way materials leach in the long term in 
landfills. Such information could be used to develop acceptance criteria and waste 
pre-treatment requirements for landfill disposal. 
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APPENDIX A 

WRc PROTOCOLS AND RECORD SHEETS 

R&D Technical Report CWM 169/98 55 



R&D Technical Report CWM 169/98 56 



PROTOCOL FOR SAMPLING FROM A LEACHATE 
MONITORING BOREHOLE BY PUMPING 

Equipment/apparatus 

The following list is not exhaustive but includes the main elements: 

• Site map and borehole diagram (background information on the monitoring array is 
highly desirable); 

• Tool kit (to serve the monitoring equipment as well as the closure cover of the 
borehole); 

• pH meter and probe; 
• Conductivity meter and probe; 
• Dissolved oxygen (DO) meter and probe (optional); 
• Eh meter and probe (optional); 
• Flow through cell for pH, conductivity, Eh and DO measurements (optional); 
• Sample bottles; 
• Plastic sheet; 
• Leachate level dipper; 
• Sample recovery equipment; 
• Totalising water meter (optional); 
• Deionised or distilled water for rinsing eauipment. 

Preparation for sampling 

The requirements of the sampling exercise will be documented in the Sampling Plan. Before 
developing the Sampling Plan, the objectives of the exercise must be defined. This protocol 
only covers the basic sampling methodology, but the following check list will assist the 
development of the Sampling Plan and hence the preparations for the sampling exercise. 

1. Read the Company/organisation health and safety policy statement and prepare a Site 
Operating Procedure (SOP) for inclusion in the Sampling Plan. (NOTE: The SOP should 
take account of the employer's responsibility with respect to the Control of Substances 
Hazardous to Health (COSHH) Regulations 1988. Each SOP should be assigned a specific 
hazard/risk code which can be used to identify appropriate Personal Protective Equipment 
(PRE) for the task.) 

2. Check the access route and ground conditions for the field vehicle and discuss with the site 
owner or other responsible person. Agree conditions of entry to the site in writing and add 
these to the Sampling Plan. 
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3. Discuss the sample analytical requirements with the analyst (e.g. determinands, sample type 
and condition, bottles, sample storage, reception arrangements) and collect the prepared 
bottles in good time for the sampling exercise. (NOTE: Other sample requirements such as 
filtration, preservation, bottle head space should be discussed at this stage). 

4. Obtain all information relating to borehole construction and leachate levels. 

5. Calculate the volume of leachate standing within the borehole (a single well volume). 
(NOTE: It is often helpful at this stage to create a quick look up table for later use in the 
field.) 

6. Decide on the depth at which the pump is to be set. (NOTE: the decision will be based on 
the borehole characteristics, the position of the screen, the type of pump and the objectives 
of the exercise. Always check the Sampling Plan and discuss with the supervisor.) 

7. Before packing the sample recovery equipment, check the cleaning procedure records and 
repeat to the appropriate standard, if not satisfied. 

8. Check the calibration of the pH, temperature, conductivity, Eh and DO probes. (NOTE: 
Ensure that calibration and standard solutions are taken on the sampling exercise.) 

Procedure for sampling a leachate monitoring borehole 

1. Open the observation borehole and check the depth to the leachate and the total depth of 
the borehole using a leachate level dipper. Record the results in the field log. (NOTE: It is 
often difficult to obtain an accurate measurement of leachate level in an actively gassing 
landfill borehole. Pressure transducers provide an alternative means of making this 
measurement.) 

2. Lay out all the sample recovery equipment on clean plastic sheet or on trays/boxes. 

3. Check the volume of leachate to be pumped (see Preparation for Sampling, item 5) and set 
up arrangements for disposing of the purged leachate (see the Sampling Plan). 

4. Assemble the sample recovery equipment and lower the assembly into the borehole. Tape 
all cables and rising main together to avoid tangling and damage to cables. At the required 
depth, secure in position (e.g. by locking the cable drum or by using a catch plate). 

5. Connect the discharge hose between the top of the rising main and a suitable discharge 
point. This might be: 

• a reception tank, sized to contain at least three well volumes of leachate; 
• a down-gradient leachate borehole; or 
• surface discharge, if agreed with the site operator/supervisor. 

(NOTE: It is inadvisable to freely discharge leachate in the vicinity of the borehole head 
works in a way that is likely to result in leachate returning to the borehole or other 
boreholes to be sampled.) 

(NOTE: In all cases the Sampling Plan will be explicit in the approach to be taken here. If 
not seek further guidance from your superior.) 
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A totalising water meter can be fitted onto the discharge hose to aid the measurement of 
discharge volume. 

6. Consult the Sampling Plan for the required purge volume, start the pump and run until 
three well volumes of leachate have been purged. (NOTE: see item 3 above.) If the 
borehole runs dry, note the pump time and calculate the volume of leachate which has 
been purged. If recharge is very slow, samples may have to be obtained by bailing. 

7. Check the calibration of all instrument probes for on-site determinations. Measurements of 
temperature, pH, conductivity, Eh, and DO should all be carried out in a flow-through cell 
connected to the reduced-flow discharge line, after removing air bubbles from the cell. 
Alternatively pH, temperature and conductivity can be measured in a clean beaker full of 
leachate, but on no account should Eh and DO be measured in this way. Record the results 
in the field log, with any comments on appearance and odour. 

8. Fill the sample bottles direct from the discharge tubing where possible, as follows: 

• rinse the bottles which do not contain preservative (e.g. TOC, COD, pesticides, 
hydrocarbons) with leachate and fill to the top. No field filtration required; 

• bottles containing preservatives (e.g. NH3-N) should not be rinsed and only filled to 
the 'fill-to-mark'. No field filtration required; 

• samples for dissolved metal determinations should be filtered through 0.45µm filters, 
and the first aliquot of filtered sample discarded, prior to filling the preservative­
containing bottle to the fill-to mark. Samples for total metal determinations are not 
filtered. Commit filtration details to the sampling plan; 

• before collecting samples for volatile determinands, reduce the pumping rate to 
<21 min-1

• Fill the glass vial to the rim and screw on the cap with PTFE-lined septum. 
There should be no headspace. Store the vials upside down in a coolbox to minimise 
loss of volatiles. 

9. Check that the sample bottles are labelled correctly, then pack them into a coolbox 
containing chilled freezer blocks for transport. 

10. When QNQC samples are needed, 'trip' blanks should remain unopened and 'field' blanks 
should be transferred from their bottles into fresh bottles containing the relevant 
preservative. 

11. Slowly withdraw the sample recovery equipment form the borehole so as to avoid damage 
to the rising main or any cables. Disassemble the equipment on the plastic sheet, rinse 
with deionised or distilled water and pack the equipment away. 

12. Secure the closure cover of the borehole. 

13. Deliver the sample bottles to the laboratory, completing sample custody forms. 

14. All field equipment should be thoroughly cleaned using a proprietary cleaning fluid on 
return to the laboratory (NOTE: It is prudent practice to set up a record of this activity 
and get a colleague to certify the completion of the cleaning before the equipment is 
returned to storage.) 
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ADDITIONAL INFORMATIVE NOTES 

• Pump sets used for sampling landfill leachate should be appropriately marked and must not 
be used for routine 'clean' groundwater monitoring. 

• The same protocol can be followed using a bailer or in situ inertial pump. However, it is 
advisable to carry out the well purging the day before sampling using a submersible pump. 
Additional personnel can assist in this preparatory work (e.g. site operator or owner), but it 
is important that their activities are agreed and included in the Sampling Plan. 

• It is not possible to purge leachate sumps and their use as monitoring structures is not 
recommended. 

• Conditions in the borehole (e.g. presence of silt or other heavy particulates) may affect the 
temporal variations in the data, or be responsible for systematic trends. Where changes in 
borehole conditions are encountered, the field technician must discuss his observations with 
his superior and any agreed changes in monitoring strategy logged in the Sampling Plan. 

• The principle of removing three well volumes of leachate to purge a borehole is a good 
general guide. However, detailed knowledge obtained during a monitoring programme 
might indicate that a change to this strategy is appropriate. 

REFERENCE 

Clark, L. (1992) Methodology for monitoring and sampling groundwater. NRA R&D Note 
126 
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APPENDIXB 

BOREHOLE PURGING RECORD SHEETS, 
AS COMPLETED BY SHANKS & McEWAN 
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Date: 
Completed by: 

Brogborough Leachate Sampling - Protocol I 
Well Purging prior to sampling 

'IRllSlllSfli•lf:B11tElifillB-~ara11 
Depth TO leachate/m 
below too of casin!! (B 

Depth of leachate/m: 
d =A - B) 

PURGING: Pump Flow rate (I/min) 
(C). If approx. 661/min consult look-up 
table. 
Purge volume required for 3 well 
volumes: (d x 200 = D litres). NU. No 

~ II need to calculate if using look-up table 
Pump time required: (DIC= E mins) (if 
pump at approx. 661/min refer to look-up 
table 

Purged Leachate discharged to 
Borehole no: 

Please Complete (at least the non-shaded sections) And Return To: 
Karen Bradshaw or Robert Oliver 
WRc 
Henley Road, Medmcnham, 
Marlow, 
BUCKS SL7 2HD Tel: 0491 571531 



~ 

Purge Volume Calculation; 
Volume of Liquid in Borehole (1 well volume) = v (m3) = ;rcr 2 x d, where d = depth of leachate (m) and r = radius of borehole (m) 
Borehole Diameter= 30cm = 0.30m, therefore borehole radius r = 0.15m 
Therefore v (m3) = n: (0.15)2 x d 

= 0.071 x d 
Therefore 3 well volumes = 0.212 x d m3 

1 m3 = 1000 litres 
Therefore 3 well volumes = 212 x d litres 
Approximate to purge 200 x d litres 

WELL PURGING LOOK-UP TABLE; 

Assuming 66 litres/min (pump on maximum) 
¢ Number of minutes to purge for 1,2, and 3 well volumes 

Depth of leachate/mo+ 2m 3m 4m Sm 6m 

Purge volumes ~ 

1 well volume 2 mins 3 mins 4 mins 5 mins 6 mins 

2 well volumes 4 mins 6 mins 8 ruins 10 mins 12 ruins 

3 well volumes 6 mins 9 mins 12 mins 15 mins 18 mins 

Depth of leachate/mo+ 8m 9m 10m llm 12m 

Purge volumes ~ 

1 well volume 8 mins 9mins 10 mins 11 mins 12 mins 

2 well volumes 16 ruins 18 ruins 20mins 22 ruins 24 ruins 

3 well volumes 24 ruins 21 mins 30 ruins 33 ruins 36 ruins 

7m 

7 mins 

14 mins 

21 mins 



Brogborough Leachate Sampling Protocol - Table 2 
Borehole sampling by inertial pump method 

t 
Date: 
Present: 

.·····························l~~~t~()~!••No·~···~····················· ······ ....... j.~.!~·••0········· 1••·······~·~·1· m••······· ········•D0~c•••0•······ ·············•·•·•·····.··· .~ .••••••••..••••••••. ce.ll•·.s········ ....... Celt·•6·••··· 
Date of well purging: 

Leachate level 
(m below top of casing) 

pH 

Temperature 
)c 
Conductivity 
ms 
Any additional comments: 
(or add to notebook) 

·.· •• ···: .••• 1 ••......• • ....................................... •·· ••••• .......... ...... • ... • ...... . . •· • . •• ••••••• •··•••· .• · ..•••••. 
/•. I\••·>> ... •.:..· ................ ••••••••••••• /........... •• •• • •.• . :: ••..•• •> .... .,.. • ••••• .,.. • • . . .•• •····. ••••.•• . •·• •·• • ·.·····•· .· ..• 

t'iihm~asurements:•····· ·····•··· < < > ... ········ .· >tf'UhiihlelodEft~fmine"'ililield .·.··· ··> · f/·_···· 

pH 

Temperature 
oc 
Conductivity 
mS 
Any additional comments: 
(or add to notebook) 
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°' -.l 

h._ "gborough Leachate Sampling - Protocol 1 
Well Purging prior to sampling 

Date : 2 4- Jq .'\..<..A- ,..u0 l '1 '14 

Completed by: 1<.:::.0--..-e..r-- ~a.clsl--ic~ Ct.P~c.) ~d SleA>-c_ L...:J~.iJ...u- (SM~) 

-Depth of borehole/m below top of 
casing {A} {measured - 24 Jan 94} II 19.30 16.80 19.32 17.80 I 18.15 I 18.50 

"'-" f ro·1l1y +-
I I\, Gs-11.~v I ~.oo 

-

Depth TO leachate/m 
II \L. ss· below toE of casing {B} \L. 3a tr-. 6-o 

~.~ 10 I S-2 
b.3o I \o.\s 

I 
b. &-s-

?-4 t ( ru.:,._.('\ 'l 

-

Depth of leachate/m: 
II (:> '~s-(d =A- B) 

PURGING: II G{:, Q._/ M:._,__ PumE Flow rate {I/min} { = C} 
-+-------~-+--~---~··· .. .,. ·--'?-

\2.bo 
~~ Zo~ 13, 7G 

Purge volume required for 3 well 
II i~Sb volumes: {d x 200 = D litres} 

cl oo I --z.-1 c;; ~· 

s·2 8S s·:r-
SL 1<® i"T,O.t.../ 2.P \_ -? 01a.. '1 

Pump time required: 
II .2....1 l{D/C=Emins} 

I· Actual Time EUmE on {mins} {F} II l9~DIZ-'1 

l <+ I .?:> 2-

<3 .,,,, 1- -) ~e '-f I z..o ·-7 o ?-'-( 

l'2_bo I 4-c...:>8 ~q "2. 
-

Actual purge volume (litres): 
II l '2-W {C x F = G litres} St.I I 1320 

No. of well volumes Eurged: II Z-. g \.°I I l.9 3 I 0' (;, I \ ' \ 
Purged Leachate discharged to 
Borehole no: 

Purge Volume Calculation; 
~ 06s\Y\AC.ho. ..... "i.J,.. bo--c-~LA._ ' r~ "-=\-

Volume of Liquid in Borehole (1 well volume)= v (m3) = n:r 2 x d, where d = depth of leachate (m) and r = radius of borehole (m) 
~ bu !tu"-""'-

Borehole Diameter= 30cm = 0.30m, therefore borehole radius r = 0.15m 

Therefore v (m3) = n: (0.15)2 x d 

= 0.071 x d 
Therefore 3 well volumes= 0.212 x d m3 

1 m3 = 1000 litres 
Therefore 3 well volumes = 212 x d litres 
Approximate to purge 200 x d litres 

Please Complete And Return To: 
Karen Bradshaw or Robert Oliver 
N~<: 
WATER RESEARCH CENTRE 
P.O. BOX 16 
MARLOW 
BUCKINGHAMSHRE 
SL7 2HD 
TEL: 0491-571531 



CJ\ 
00 

WELL PURGING LOOK-UP TABLE: 

Assuming 66 litres/min (pump on maximum) ¢ Number of minutes to purge for 1,2, and 3 well volumes 

Depth of leachate/m 2 3 4 5 6 7 8 9 10 11 
~ 
Purge volumes -a-
1 well volume 2 mins 3 mins 4mins 5mins 6mins 7 mins 8 mins 9 mins 10 mins llmins 

2 well volumes 4mins 6 mins 8 mins 10 mins 12 mins 14 mins 16 mins 18 mins 20 mins 22 mins 

3 well volumes 6 mins 9 mins 12 mins 15 mins 18 mins 21 mins 24 mins 21 mins 30 mins 33 mins 

12 

12 mins 

24 mins 

36 mins 



Date : ~D ~e~i~\:~\~~:( <(L,­
Completed hy: ~:-n::v f_ l.uf-\E.t.::.t..;~ ir. 

Broghorough l.eachatc Sampling - Protocol J 
Well Purging prior to sampling 

~fRlfllfli~~~~~\!(r;l~! I C -- wm '"'"" ·· I 
Depth TO leachate/m -
belowtopofcasing(B) 13·oo l~·S"o f:l·iO 11·</5 ?5•S-t") 15·:2~ 
Depth of leachate/m: I · ...-
(d =A - B) b · 3() ~ · 3o I G · ~:J. I 5· gs I l) · 6 .s 3·;2. 5 

'T 1"1 t iRI AL PURGING: Pump Flow rate (I/min) 
(C). If approx. 661/min consul! look-up 
table. 

b ~i l/tvt. t6 l/t>-t. b6 1/tvt. l6 I I~. 66(/,.,,. I C61/f'/I 
°' II Purge volume required for 3 well 
"' I volumes: (d x 200 = D litres). N n. Nu I ~ 6 0 

need to calculate if us in~ lonk~~~.':: __ 
Pump time required: (D/C = E 111i11s) (if 
pump at approx. Mil/111i11 rckr to l1llik-11p 
table) /q.oo 

~f:,o 

iO·O 

t~Sl+ //70 /'130 650 

I C/·S I Pf D a. (r. ; C/·(D 

Ad11alTimepumpo11(111i11s)(F) ==- =_I_q.()0 -==~~~-----i'l·G'---~- 0 1Z 7·4-5 q:.._O _ _ _ 

Didborehole pu~~P d!f!p(Y/~~~~-~...,,. "~:~ (),<.·.·.· · .. ··· ~ .. ~~'fJ::S ·. ·.·.· .. · ··n .,'\1.9< .· .......... ·.· .. '\lf.!HH. H H H ........ 'L§.?. ..... · ... ·••·, ,H ~,Q""'"".~~,. ·~ 

~!~~t~~!~J;J;~ .. ::;~c---- ~i~~,~1,;·! ;f ?t~Ui81 I!!!!~~-!:,;;~,~~& ____ _ 
Purgtd Leachate discharged to ~3 a . ? \ '1..( S 0 4S- 4~.S-. 
Borehole 110: l\ .U J I -- · 

Please Complete (at least the 11011-shadcd scdious) Auel llcturn To: 
_)t- () (lS~CT\c~ 

fto~ R.E~C.lNG 
AFTE~ 1 ~- (\.lt hl~ . 

Karen Bradshaw or Robert Oliver 
\VRc 
Henley Road, Mcdmcnharn, 
/\la rlow, 
UUCKS SL7 211D Tel: 0491 5715:11 

Flo"1 &.bUu ~ <j 
APTE:~ l S l"\1N-; 

~ll l-- L- 1 N Bo~E tl.O·LE 

c 



Af\B. gAM{)L[S. A Re 

Lf\lS. 
tN C CL. 'b ~le> "'J'2 c 

t1'1 &vtt € 

Date : l\ IA t{ V\\(Ct\ \q q 4-. 
Completed by: S.\E\JE. ~HC::El-EIR· 

Brogborough Leachate Sampling - Protocol 1 
Well Purging prior to sampling 

Depth TO leachate/m 
below top of casing (B) 
Depth of leachate/m: 
d =A - B) 

PURGING: Pump Flow rate (I/min) 
(C). If approx. 661/min consult look-up 
table. 
Purge volurne required for 3 well 

23 volumes: (d x 200 = D litres). NB. No ! 

need to calculate if using look-up table 
Pump time required: (D/C = E mins) (if' 
pump at approx. 661/min rel'cr to look-up 
table 

l ~·85 
(,. Ll-5 

b(, l /~. 

l a.qc 

l'1·5 
\ b .. .-

:50 

\ ~· 4 

~<s .... 

66 L{w... 

~bg 

3 
Ple<1sc Complete (at least the non-shaded sections) And Return To: 
Karen Bradshaw or Robert Oliver 
WRc 
Henley Road, Mcdmcnliam, 
Marlow, 
BUCKS SL7 nm Tel: 0491 571531 

<8· 6 s l\. °t( 

'c"\ · 19. 5·~9 

b~ l/M · 6(, lf ~. 

~\S 8 lCl& 

1~\ 5 \ b. s 
~-~·oo ·CC 

Zr. 6 
H-4., ooo G~i.-s 
OF f\fZlSE.l{ l...)A\if(< 

\)u\\\.~~b '°'"' 'tt> 
\l\lS WELL 

L~-c;..\ (.U~~. 

~·4- l S· t ~ 

ct·l 5· s:?. 
T\~E i-"R1'AL. 

~ b L/ M . I bb l I V\A ~'-

\<-14-8 

~q.~ 

6 
·i/.. Q(S&T~Ul\\OtJ 

l~ v..lELL 

@£~\ 
c_~~I NC\. 

66 u-

(6·0 
\6' a 

4-b. 

'C .. 



-.I ....... 

CO 1-"\:) + S HOt.J ~ (C 'l. 

Date : 5-r H ArR..1 L (l 4· 
Completed by: '3.TE\JE. WHEC:LE R... 

Defrtl)~fborehole/111 belo'w·top or·· 
cnshu{(A) (measured~ 24 Jun 94) 
Deplh TO leachale/m 
below too of casinl! (B 

Depth of leachate/m: 
(d =A - B) 

PURGING: Pump Flow rate (I/min) 
(C). If approx. 661/min consult look-up 
table. 
Purge volume required for 3 well 
volumes: (d x 200 = D litres). Nll. No 
need to calculate if using look-up ta bk 
Pump time required: (D/C = E rnins) (if 
pump at approx. 6(il/min rckr tn louk-up 
table) 
Actual Time numn on (mins) (F) 
Did borehole Plll11P dry'! (Y /N) 
:x~'l4Af'iUrfir;v,aG~1le'"fflire$): / · , 
(CkF.:;'Gllfres) ..... 

N1.i, ofweH volumes rrnrt!cd: 
Purged Leachate discharged to 
Borehole no: 

Broghorough Leachate Sampling - Protocol I 
Well Purging prior to sam piing 

\a.' 80 IS·n~ So 
~- ~r; \ 0·01. b·5o 

\ \· q 0 

5·9o 
-

~b ll t~l- 66U/"". I bblt/M, b6' l /~\ 

l~OO 
' b7o a_OOL1- \ l ~o 

\C(·5° 10 3o lg 
I l· 0 $:]· ~ I d.. If?. 
Y~s I Y~~ I . ~~~ N0 

~~~:;:~:' :i ).01:;:~~,2~~ ;c;; 

~o I Sl I i+ ~} 

Plcuse Complete (at least the 11011-shadcd scclio11s) Aud Return To: 
Karen llrudshaw or Robert Oliver 
WRc 
Henley Road, Mcdmcnham, 
Marlow, 
BUCKS SL7 2HD Tel: 0491 571531 

'C 

~ u.o l~·IS-

q.15 ~·35"" 

661t/~\t\. 6~tt/wt. 

lS15o 610 

a& \0 
·O 

~3q 4-5". 



t:J 

Date : 3 t<_o. 1't 17\.'J. q 4- . 

Broghorough Leachate Sampling - Protocol I 
Well Purging prior to sampling 

Completed hy: S TEIJE UJ f-i:E.E1-E{< . 

N6/C 

Dc1;tl~{if l~>ref\,oldm befow top of 
cuslm{(A) (meusur~d ~ 24 Jan 94) 
Depth TO leachate/m 
below too of casing (B) 

Depth of leachate/m: 
(d=A-B) 

PURGING: Pump Flow rail! (l/111i11) 
(C). If approx. 661/min consult look-up 
table. 
Purge volume required for 3 well 

\ato 
670 

bbL11~. 

volumes: (cl x 200 = D litres). NB. Nl> 11 l ~ 4- O 

DR-( ~ Pt:LL - IA.llil\:121.4 +- Su NN( . 

\ Sll-0 qo l\go 
64-0 1041 5Cf O 

G G L r/N. 66L 1 (1vt · bbt.- T ( M . 

t~ go I ~084- l \go 

~:Sa 
C\8(5 

~GL1/M. 

IC(lO 
need to calculate if using look-up table 

I 1----------
Pump time required: (D/C = E 111i11~) (ii 

lo~ I ·31 pump at approx. 661/min rd'cr to llHlk-up II l 4. (; 
table) 

~~--1~-1-~~~a-a-~~-~ 
Actual Time pump un (rnins) ( F) 

Did borehole pump dry'! (Y/N) 
t~·G 

Jn~ T \.( c. 5 \f ~S 

t~ 
5·0 
~<:; 

AcfijiiJ}Hfrce viilumc (litres): 
(C ;{F:; G litl'es) . ··· .. ~~·•s ............. •••••••••••1-•:•:•••••••••1·••••~•··,·•·s•.•·•···•·•••••·• •·•·•-•••1•·•····••-·•••'i•••••••••••·i•••:••••••••••••••-· 

l tQ.g/ 
No/Bf.Weirvo1ffihes nuraed: 
Purged Leachate dischargt::d to 
Borehole no: 

.·-Q;!iK 

,~o '60 

Please Complete (at least the 11011-shaded sectio11s) And Return To: 
Karen Bradshaw or Robert Oliver 
WRc 
Henley Road, Medmenham, 
Marlow, 
BUCKS SL7 2HD Tel: 0491 5715:11 

~I 2>9 

act 
0 

. YES. 

'"':> 
~ 

c 

I ISoo 
-~s-o 

G6 Lr/ 1fv\ . 

700 

l6·5 
I C( c 

\{ t:::S . 



-...J 
w 

Dale : \ $1 Wo\rC(vlBG:. R . q 1+-, 
Co111plell'd hy: 3. ~\u"'-l!SG<Z--;-: 

Borehole No. C 

l'l!ltCIN<;: l'u111p l·low rail' (l/r11i11) 
(C). If approx. Mil/r11i11 rn11sul1 lluik-up 
lab le. 
Purge volu111e required for J well 
volumes: (d x 200 = D lilres). NB. No 
need to calcula!c if 11sin~ look-111> lal>k 
1:>E PTu- ,o-- LEAC~A~6-- .. ------

1\FTE.CZ () u j\A~tN4- I rVf1. 

Actual Time pump 011 (r11i11s) (l'_) __ _ 

Brnghoro11gla J ,l'adaale Sa111pli11g - Prolocol I 
Well P11rgi11g prior lo sa111pli11g 

1-\-(bl'<i\I NG~ l-\""(bl21'.\1 NtR 
P0 M f (.>\.)>\,\.('.). 

Cdl J · Cell 2 

\1-qo l"'3 oS 

f·46 ~--15 

I 

I 

l-\"'fbP..f\11)..le! '~ 
~MP. 

Cell J 

\~)·~o 
-· 

Cf· I~ 

bb 6(M · lb l I ~~\. . I b b (_ I t,lA 

\l\,go ·1 so \ Sl~4-
·- -·· ----- ------------ 1---·-·-- --· --- --· -- ·-

~LtCT CC1C 
Pu~v\ P 

···· .. C~ll 4 

ll · S'O 

b·oo 

I I l. l / ~\;\ -

I IJ....o-o 

\SMT { b·S5Mt \ Ll-' 66 Ml I l 4-· 00 (1.q 

--- --

CLtCf"'2..lC 
POMP 

Ccll5 

ou.:; 

'7- <-y 5 

I CJ J.o 

\ ~ l / L\,\ 

C1ow.. o 
--

~ /v\. T I 

E-L GC\~lC... 
ru •'A. e 
Ccll 6 

.. 18.50 

I G·" 

~·{o 

\ '}.. lj ~l 

·10-0 

\~"so. 

. II 

Dill borehole DLlfllll cir{! (\'IN) 
~~-TTT'" ........... ~~ ..... ~£ .......... -.J.; ..................................... ~ ............ ~--· ...... o-· 

--~----l _____ LQ.·Q ____ .. _____ JP·Q___ ~£-o 1 · 9·o I ~S-·o 
'lc.:.S · 'f ES '(~<; f\J \.(ES. 'iC.> · 

"""""''''m"""'"''"""'"'""" "~"""''"'''"'"''"''"~'""'•"-· ., ... ., ... , ... , ... ,:O.,, .. .,.,,,,..,~,., .. '''"""""""~Q.. ..... ,...,.,,..,,,. ''.''."'."""""'"".'."".~~. '""''" ''""~""..-.,,,.-~ .. '".'-

Adual purge voll1111l' (lltn:s): . . .. .·> ... ·.··· 1 · . · 
(C x F = G lllres) ~ b \ bb() ~ 60. ·· .· :5CG f .. • ·. ( v~ · !J.oCf. -----~-~----------·--···-- .. -- ........... _ .... ,,............ . ........ -............... :···----··-· ........................................................................... :··· .. :··· ...... ,,,., ... .,,.~''.''.''.':'''.:"'.''''"'.:~--· ... ,·:::, .. ., ..................... , ......... I .......................................... . 
!'lo, of well \'olt1111cs 1'.~~!J~~.!.!.'. ________ .... ___ ... ____________ · · · · ... · 

---~ ~--- -r--~-, --1 Purged Leachate discharged t1J 

Borehole 110: 
·I 7 
rJ-... ":) 

"bE.(>t=\lc oF LE:IACP.,~'\if. bS(HA~GCb. \. \ 0 ~-so 
!'lease Co111plell' (al k:isl llw 11011-sliaded secliorrs) J\11d lfrlurn To: 
Karen Bradshaw or Hoberl Oliver 
WRc 
Henley Road, l\1cdmt11ha111, 
fvla rlow, 
BUCKS SU 211[) Tel: O·l'I I 5'11511 

31. 
3. 9C)· ~tao 

1~~11 I u.s. 
\· 05 s<so. 

C
: 
.. 

' ' 
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Date: SQ~ ~~~. 

Drogborough Leachate 
\\!ell Purging pr 

Completed by: ~rr-E-uE. ~~Et..E-e. 

·····--···· ····---· ······ ·-···-······ ....... ······ ............. . 

_: .. ~f*fit1~1m•11~m-1~~=i~~~~jlit1tl1m mtr;f rt~~~t\11111~~ 111mut111H.1~~tt1i~i 

Depth of lcachate/m: 
(d ~A- B) 
PURGINCi Pump ftl1w rnlc (l/min) 
(C). If approx. 661/min consult look-up 
table. 

\ ~-~~ I \ s·~-S 
l·~ I 5·6'5 

b' Lt(~,.,,, b' (J /M\~. 
Purge volume required for 3 wtll 
volumes: (d x 200 = D litres). ~n. f\o j l ~bO 
need w calculale if using look-up ta!~_k_· _ , ____ _ 

lt e") 

Pump time rc11uircd: (D/C-= E 1:1i01.~:i (it' 
pump at approx. 661/min rdt:r 10 l"''K-1:~> 

table 
~iM\t.l. \{!HM.\~· 

'I E.S 'I ES 

'' 'CA:C"C' ,. ;'''.' ' ' ,. '·· . , . '~:11~~~m1.~¥.~;'.;1 ·. ,. , ,,, .,,, 

Please Complete (at least the non-shade 
Karen Bradshaw or nohert Olh·er 
\.Hlc 

enky Road, Medmenbam, 
Marlow, 
pi:rKc; sr 711m T,·I· n.1•-;1 .,-;;q! 

~~A:. ~o 
2 cA 
!t~ti~ls) And Rdturn To: 
l-
~ () 
:;, ~ 

~~ .. ,.,. 



Vl 

(JCt- lJ ( "-J -D '( ~ 
... ;c· 'i') (< '-(' 

J I .., (J 1--

Broghorough I ,cadiatc Sampling - Prntornl I 
Well P11rgi11g prior to sampling 

nate: /...s.·1 ( 11L\RC Ii l.( r::)' I· 

Completed hy: JTzCv£ {JttEEL cJ< :_? w 
l0 t· L- l-

\~\ll:>RA' ~~R Pu1,u ... r 

Borehole Nu. C lSL-o'd.M 61? > 0 Cell 2 

'

·····-····-·--.--.. ·.--]~... ·--. -~ .. ---1 
Cell J 'Ccll 4 

--·-----·----- --- - - . _: ___ ~-~~~--- -·~~~---·--~·: .· -------·---------~-~ 
.. ·:::.::.:.:·-: 

_, 

LJ ELL­
fSL 0( ~£}:> 

Ccll 5 Ccll 6 

D1:pth of horcholc/m hdow top of ~-(-3-----10-"-.-..----. 7-0~. - IGl. tC : \726"0···· ''i OQ· . lf, .. 3.fj. 
cnsi11g (;\) (measured ~ 24J1111 9~) . _...U.l;?tf l(,,!!Q:__ ___ J}.12J2___ ''< 1.7;8(( ' UklS .· · 8t5ff' 11 
Depth TO leachatc/111 / ~· l _. 1· /"\ < 
below top of casing {B) --~ 08 --~.::!__5" __ __ lt_l+5 I o.q ~ l · 'J.3, 4. v-t :J 

Dcpthofleachate/m: '1. 4 1) I. 14'C I C 
(d=A-f3) fl. ~· r+-·15 ·oo b·5.':> I 6·1] ~.10 
PUHCINC: Pump Fhiw rate (l/111i11) 

(C).lfapprox.661/minconsultlouk-up 6b (11.L\lN. {;G {/1i,11 N (_1 \/ i I {{ I // 11· 1111((· 
table. f1 tJI.:) ~\,\1~ t.>b 1M1li\I. blJ ~L.l11),1. O\J V'-\tlt--.l. 

II --- ·--------- ·-----·- --.. ·--·------------

Purge volume required for J well 
volumes: (cl x 200 = D litres). NB. No 

need to calculate if usi11~ look-u1~~lt··---­
Pu111p time required: (D/C = E 111i11-;) (if 

pump al approx. (1Cili111i111ckr to l1H1k-up 

..... _ _:_~ L_~rJJ-1.I_ D!:.4-0,_L\J8L_J_ L L~G~. 
table) 

NOT u1 
7 ·.:; '4h\.l. It+ t41 /\J. ~lo Ml~\. ( q · £ M1t-.1. L ol l V'A l N 

Actual Time pu111p~(mi11s) 'F) ---- -·--1~--;;_M;;;= ·===Il~f)_--~~--- ~.~. ~~D-. f'\~~--~- --=~rzr-·-s~~~~~- ----G.~~u.t~,L= - 1 i\1 N-----

Did b~CIJOl~J~~~~~l~}~!f!.J~'.!..~)~ ............. -·-··" ....... J:l.Q ................ ~ .... .............. ~.~.'.'?..: ............................ ~~~.Q .............. , ................. N.~ . .,-...... , .. '."' ...... ~.J.~$. ....... mm .......... .,...,..~ (J .;.... ..... m_ 

A~hi:~lp~1rgcvoh1111c(IHn.~1i): --:- -:J r:o ;:' ·. . . t·~. £"/.?'·•··.· ·. <'RI. 1.·~',··:. ,. ,,, .· .. · · .. ··. 
(Cxl•=Glltres) 4<1t) · t -.) 1, · c'--l1Ll-O, · \r.f-q .. > \J'+'. H:bg,,_. No. of well volumes purged: ------------ :-·-,-.. ·--~5:·---- .. .,- .. ,~-----~: .. ··:··i+., ...... : ... ,, ...... ,.~~: .. ~ .. :; .. ,.,,: .. ···:·~~ : .. .,,."J'.''~'T'T' ..... ,~~·~ ..... T?"..,7}'0? .... " "'"\T ~~ 
Purged Leachale discharged to II -:;) I j -:;. I .? _ 
Borehole no: &_~ ~ 0 :-::> \ ·~ 1 

Please Complete (at least the 111111-sltadcd sedio11s) Aud l{el11rn To: 
Karen Bradshaw or Robert Oliver 
WRc 
Henley Road, Mcdmcnha111, 
M~rlow, 

BUCKS SU 2110 Tl'!: O·lql 571'111 

2J9 
. ,-

Lt-~ 

c 



LJE A1 \--\ [_(2 ~ - \.H\R_"" --t J:>R..'l .... vu«, t-\<: A L ("),...)c; ":i~.1< · ! c r F-. i 1. 

Dale: 5 J Ut~'/ q G 

Broghorough I ,eadtalc Sampling - Prnlocol I 
Wdl P11q~i11g prior lo sa111pli11g 

Compleled hy: .ST[UC Wt·(LLLL:1<'. 
. ~o 

Borehole Nu. C 

Depth of horchole/111 hclow lop o(Dl P. 
c11si11gJA) ( llll'll~ll_!~~ • 2·t J_11_!~.:?JL __ _ 
Depth TO lcachate/111 
below lop of casing (U _ 
Depth of leachate/111: 
(d=A-13) 

l'UHCIN<;: Pu111p Fll)\v tale (l/111i11) 
(C). If apptox. Ml/min cu11s11ll Junk-up 
la l> le. 

v.n\ 1 C:. ,e ,'2 t\ 

Cdl I ·/Cell 2 · Cell J .•.. >:'.·,Ccll·s · 

I T9 '.\\}
0 

.• ··. .·· J •(, 80 · : 19~ ~? . ··:. ···. • \J'80° :: •·•••·· •·•·•·•• '\ i ~.15 -- 1·· 10 ·10 I \q 0 · .. ·1· .···. w··ecr·· ·····1····· ··q···ii5· 
·----!.::. ______ __:__. ----· ··---~---- -~-._:..~-.!..~-~-··--...: .... ··> ... · t .· .. ·.·· ... :.· • . . ·.· . 

10. 30 l I· 80. 7.qo 16 GS" r·lo 
' 

i·Bo L~. qo ( ;;). . 00 l+· 1 5 l · -, s 

bb. lls b6 l l~ 6t,(ls CGlL £6lb 

CcJI 6 

I g:1'3 
··.is.so 

\I+· 65 

"3·53 

~G l{c:. 

~ Purge volume required for J well 
volumes: (d x 200 = D litres). NIL No 
need lo calculate if us in~ louk-u1> lahk 

t--- ---·---=------- --- -- ·----· 11 - -------------1 I 1------------
Pump time required: (D/C: =I'. 111i11-;) (if 
pump al approx. (1<il/i11i111ck1 II> l1i11k-11p 
table) 
Actual Time Jllllllp 011 ~11s) (_F) ___ _ 
Did borehole 1n11111> dry'! (\'/N) 

....,.,.._..,.....,.......,_...,......., .. .,...,_""""".,... ........ '""""""'" • ....,. ... _,) . .....,...,.....,, •• ,.,, ....... ,~ ••• ,,,,n•••••••·-~ 

A<:111ul purge voh1111c (11tn .. s): 

__(C x F : .. G_!~.!:.~~L·-----··-------.. -..................... .. 
No. of well \'ol11111cs •>11r11cd: _:_j_'_.:_Q ______________ _ 

Purged Leachate discharged to 

Dure/Joie 110: 

~.C 
~ .._) lfv\f /.j t5 MIN 3(, •M1 hl \~ Nlt-J · 6 V\H "-1 • \ t 's J.(1~ -

-~_:__s_~,'!~- ____ J 5 --~~;-===- =~-~!~~= 1 ~ H1._J. · is"~' tJ. b· s "''"'). 
H 0 N 0 'f £ S ll o w o 'IE~ . ....... 5bl ··~··· ·········q·g~··· ;~······ ··········;;;··1·l:· .,,-~14#1;};~. ··(··~i~6-1~·· .. c·~;~~-1~·-

:=-~~:=~= .. ~ .. ~=:~~=:~---·::::=::==: ~=~~~:·oii~::~·-:= 7'TI,.-:~72·u~.·:· .. '..,,.,:,·r~:g .... ,~·~ ... ,..,, .... ~ ......... r;·:1··:~:·-----
E.d-s 0 Ci. r~o 3\ ~s.-1 (\ ~l Cf t+S. 

!'lease Co111plelc (al least ll1e 1w11-sl1:idcd scrlio11s) Aud Jlcturn To: 
Karen Bradshaw or llohcrt Oliver 
WRc 
llc11lcy RoaJ, McJmcnham, 
Marlow, 
BUCKS SU 211D Tel: 0·1')1 571511 

0 



-....) 
-....) 

D a ( c : ~ \J cu E. N 6,!"2. ~ 
1 

CJ b 

Broghorough Lcadwlc Sampling - Prn(ocol I 
Well Purging prior (o sampling 

Complcll'd hy: <;.. \,~ ~\Si.'.:LE~2. _ 
nR·l +- CML- ·t C Lclu':b'c. - 'J)t\t2t ~· tA "l:>~'t {\;.:-Tolfv1.t-J. 

Borehole Nu. C II Cell I .I · .:°Gell 2/ Vil \ > C:cll J •· · •• > G~UA\ ·>r1·• : '(:c11 s· ·. Ccll 6 

Jkplh or horcholc/111 hdow lop of 
casing (Al (rnea~un·d - 2·1 J11n l).t) ---- -----------------·----------· 

'~·Li€ 
1 !>.JO 

1fr~~d J ~,.;~f ~JW!~,~; T :9,~~?_\ __ '_J:~(~ 
lJepth TO leachatc/111 
below lop of casing (B) 
Depth of leachale/111: 
(d=A-13) 
PUHGING: Pump Flow 1ate (l/111i11) 
(C). If approx. 661/min consul I look-up 
lab le. 

lC·O~ 

i· Db 

~b ~Ts/~ 

~~ 

\ f. 64- 7. 4-l> 

411. b. ·~5 

bb L1C,/"f4A {,(.; L:IS {M 
Purge volume required for J wel I 
volumes: (cl x 200 = 0 lilrcs). NB. No 
need 10 calculalc if using look-up lahl':'. __ 
Pump lime rt.'lt11ircd: (D/C =: E 111i11s) (ii' 

pump al app1ux. (1Cil/111i11 1cfc1 111 h111k-11p II q M\t-lS I ( r; \~ltJ, I j MH~. 
1able) · 

I C'I .ct 6 ·1.35 

L+ · ?(l a.6f> 

bbt1s(~. 66 t..TS{tM. 

l k.M'~ · b &\.l,t-J. 

Actual Time pump Oil (111ins) (F) __ 7. ;J..] -u - u-,6--CC.~~ !l · 4:0 -- -,-~" . {, M1tJ· 

\ -s-·7,; 
u.<s& 

b6L-1(fl. 

I s "" ' 11-J . 

l 'S~u~-
\f~S Did borehole pump drt! (Y/N) ~ ~~fi£.S~~ .. -· "10 . ~S: ~. _ .. \fE_S .. . N.0 

-~;;;-~::·.;;' ___ -- -= :~11-~--- .... q~_Q _, __ :; {';!r1-~~,_·: I~~t'
1

l\il¥ ~~#,c:c-·-- c=1~~~:5L_ 
PurgeJ Leachalc Jischarged to _ ? (}, -- (" / 

Borel10lcno: \:::.'J.-SR.. ~.'.:>0 C{.~I l ~1. ~'6' 4·U-~ 

Please Complete (al least the 11011-shadcd sedio11s) Aud f{clurn To: 
Karen Bradshaw or l{oherl Oliver 
\VJ{c 

Henley Road, Mcdmcnha111, 
Marlow, 
BUCKS SL7 2110 Td: 0.1<11 5715:\I 

c 
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00 

(SJ 
(SJ 
C1\ 
t.D 
rl 
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(SJ 

CD 
N 
rl 
(SJ 

lD 
(SJ .. 
rl 
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lD 
en 
en 
rl 

' "1" 
(SJ 

' ID 
C'·I 

L..JE:AntE.:R '.- SR.''1 t+"r ~UNStt1tH: -- c E?'-L.~ <6 irk't ~o"l>e°P. 

Date: ~9 ~c:E"g~~-Y · 

Brughorough Leachate S:u111>ling - Protocol I 
Well PurginG 1,rior tu samplin~ 

Completed h)': ~ 'TSC: ~tt-EE&.--ca.. 

.·;:;<<•v,·,_;+•·'•"'°' ,Borehole Nu. C . _·= · 

D~pth ofboreholc/m bt:luw lop of 
~,siJll! (A) (me mm red • ?4 Jn n 94) 
Depth TO Jeachate/m 
below too of casinu <B 
Depth of leachale/m: 
d =A- B) 

PURGING; Pump Flow rntc (I/min) 
{C). If approx. 661/min consult look-up 

table. l.\PP2o-t. ~h L.~/ ~\N. 
Purge volume required for 3 well 
volumes: (d x 200 = D litres). ND. Nu 
need lo calculate if using look·up lahk 
Pump timi: rcc1uircd: (D/C = E min'\) (if 

pump al ;ipprnx. (tl1l/111in rcfcl' In l1111k-11p 
uible 

Actual Time pump un (mins) (F) 
Did borehole pump drv'! (V /N) 

fJl~~~~i~1!~~'-'··~~Jf.~~) :~y·· 
1''0'·;:'.t;t'.{feu ,~01u1r.·e5 pureed: J 
Purged Ltachatc discharged 10 

Borehole no: 

·=: ~~U.:t'\~1~;?ttt~ ~it:%~J~'!l}'.1~; t,r~f~t~~WJi~'=\W t~~fitf Yriirri•Y 
........ I•·· .... ....... - -··--- I I 

-.
1 ~.;~ ~~~)';-,f j~'.;);'.1~f~~~ioi:?t~J.tt ;~~-~J~f [f ,~,~~~~~l,t J?~f l~f 1~11 
lf~b5 

'1·A5 

&Lu'b(; y 

to ·ctlo 

S·°t 

~5' a...rfM.I 1~t-:rf~. 

l 950 I l \ 80 

. I q.o~ 

O·Cll S·s 

65" I L-1 ~6°" '-T/~. 

'ct(+ l \ l ~ 

Please Complele {at least lhe non-slrndcd sections) And Return To: 
Karen Brndshaw or Robert Oliver 
WRc 
Henley Road, Mcdmcnham, 
M11rlow, 
BUCKS SL7 2HD Tel: 0491 S71DI 

.·:·;:~;::,f q~ir.~~.i:;w\='.:' 

l·l1 ll·l l 

~·\3 5. 
Pu~P 

6€a..:;,~ 

4~~. 

.. :, 

-
''~1Wf ~y~\tI¥-~li~'.-_. 
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wt:AA-teR - c_o<!>L BtiEez.1 $0Nstt1~t:. -t- s"°~c:~ 
I 

Urnghorough Lc:u:hatc Sampling - Prnlocul I 
Well Purging prior lo sam1lliug 

Date :Z..4-. -1+- 'lb . 
Com11leted1y: ~~\JE. b-l "E.£.LC:R 

\.\\(;~ 

k)l•ehole Nu. C 

Dc1Jth ~r borholc/m below top of 
""sin1! CA) (n:1u1un.'11 - 24 Jun 9~) 
Depth TO leahatc/m 
below IOD of ClSinl! (8 

Depth of leachle/rn: 
d=A-B) 

PURGING; ump Flow rate (I/min) 
(C). If <.pprox661/min consult look-up 

1able.5eT~iEN 35 - k.~ L"tS JM'~ 
Purge volume equircd for J wdl 
volumes: (d x 00 = D litres). ND. Nl> 
need 10 calcula! if using look -up l<ihk 

Pump tirnt! rct~tlred: (O/C = E 111i11s) (if 
pump ill appw. flt1l/111i11 rcfci hi look -up 
tal>le 

Purged Leacha1 discharged to 
Borehole no: 

· ·,'.\:~~~;~~~:t:;~:x[ ,JIJGJi~:rr~~"::~~~:;!I, 
~·~o I ll · :;l. lt- ~ ·9't. g.1~ 

C'.\·~o 5·~1 l . J.. \ a.1~ 
Pot-lP A-T Pu lfo.\P A-1 Po N. P f\T P\l~P At 

l ~·lo flA- \b· 40 ~ 1·~5~ '\. 0 -M 

' C"J ~o ' (Cb~ I 24-~. I 5 4.b. 

\N I f) ·ON 

'4E!. I 'it:: s 

• ~~~;_~'.!!Ii ;f ~~rf«~l j~~~f!!~4t t5W,1!:S 1i1 
~-SI ~o I 1:,7 I i 

Please Cnmple! (ut least lhc rurn~shadcd sections) A:1d Return Tu: 
Kuren llradshv.· or Robert Oliver 
WRc 
Henley RoJd, McJ1cnham, 
Mulow, 
BUCKS SL7 211D Tel: 0491 5715) I 

Po" '1e.:;&5. 
. ·y%}:~,~C~1f,~<> 

11•m:~;'t:1.1 ~~~: 1~111n; 
b·9« I l :l.·'Ao 

a-~'l (,·:to 
PuMP ~T Pu~, "' 
Cf·OO M. l 3-·00"" 

'+bt+ 

Y·i\!fi f~:·i;~-~t,T'' 
.. )i:i~~;: .·.·--~--~·:·.~'.):?;T .. : .. 

Gt-u 6<l . I ~ ( A · 
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Coot- C'-out>"'1 +- l>R, c..-zL/.J 

Ihle: /0-1 ~-lf0 · 
Completed by: ~ r1!.v£ Wl-ful-2 12. 

Brnghonmgh Lcadrnle Sampling · Protm:ul l 
\\!ell Puq~iug pdo1· to s:uupling 

llo1:eholc Nu. C . Cell I· ·1 . ·. ··,!~~H :r[: : ! :<.;;;.:c;cu J)Y(. )J' :' .. :<)J\f4,.pnr::: l· nHt'.Qcllf: Ccll 6 .. 

llt:plh of horcholc/rn below tup of 
cosini?. I.A) lmcusurcd • 24 Jan 9-t} 

Utls· ·i :'Th,sb· 
. ..LIL:.Lt I . . • I .. 
~:···. 

: u~:a~: .. :,<::I : ... tl:~·~~~m iWI ;:,J'.J.i~i~~;r· 
Deplh TO itachatc.'m 
below IJll of casint! fB) 

Depth of leachateim: 
(d = A • B) 

PlHlGING: Punip Flow 1:111.: (l/m111) 
(C). If approx. 661/niin con:>ull lrn•k-up 
table. 
Purge volume requirctJ for 3 wdl 

volumes: (d x 200 = D litre~). NB. No 
need to calculate if using lrn1k-up lahk· 

Pump lime rcquirccl: (D/C == t: 111111s) (ii 
pump al ilpprnx. (1<il/111i11 1cli.'.1 111 l1111k ·11p 
tub le 
Aclual Time oumu on (mins) (f) 

Did borehok ounw Jn'! (Y/i\') 

~J\.d@l.purg~)·oluiue Olfrci;):. 
(t:·xl'= G IHres) 
No; of wcJI nilumcs rrnrucd: 
Purged lellchate disci1arged to 
Borthofe no: 

~· ~s l\· 0 5 I b'~8 
~-~o S·0r 

po M-ti ~'\T Pu l/\it t> 
\l· Sb . {) t-J '--'i 

. \0 

lt-'1 c ~ S·\Soti.1S 

{I ~\fN\'. ~ ;1-1.tNS. 

MlN'.> 

'lES 
If.ff)' ; · .. 1.·t~:6. : ... ;::I 

t 
I.· 

;;rs A-
/\ .., 

/.I :> 0 

Pleast Complete (at leas( the 111111-shadcd !1 1:dions.J Auel Rcluru To: 

,,~4- I 7·a I tC '9q. I 
i 

s· 11 Pu \\A" Pu 1;\A. () 

D~ M ~ t'\\ ONL~ I Ot-Jl--~ 1e·so 

~ t-0 

'5 · i ";)f\1\1<) · q M."TS · 

r 
\ ~M. 

.~,µ 

1'lb 

.. I :.!:'~i~·u)U::!i: 

~-'1 

Karen Bradshaw or Hobert Olinr <:? ,- , / , l , C --
WRc ~O f:.. {2>( re 1--- v.. > - IN < 

r\ ~·t::- (2.. 't ~ou 0 SL-~ e.if' {2~.ft-.Vi ~s.. 
CTN 

c 

Henle)· Roa<.I, Mcdmcnham, 
Marlow, 
BUO~S SU 2HD Tel: O~IJI 5715.IJ 

11-\ ( ~ \ ~ oo ~ ro rt+t. ~ c: L- (.. c.. ~c l'--)-c; 
~-C: ~ D ' NI c;. l\N D ~a T {\ L- L. d c..; l NC\ k 

co 1.-L v1rrs~~ (us~ r'-L._, 

t-\- \( Yo "u. r ? ~s~ . ~~.J~ 
I 
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<N ~QI/--\ {) 0-l T Su t-J N \.f 

Hrnghorough Lcudautc Sampling - P.-otucol I 
WcU Purgjug t>rior Co sumpling 

Date: Lt - 1- ql 
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Date: ~9-.v-.i'D Sc.Pl. 97 · 
Completed hy: '.:;;TEvE l,NrtEE1--E'2. 

Bn,ghonmgh Leachate Sampling - Protocol 1 
Well Pm·giug JH"ior to sampling 
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Depth of horcholc/m below top of 
c:nsing (Al !mcai~un!d - 24 Jan 9-t) 
Depth TO leachatc/m 
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Depth of kachate/m: 
(d=A-B) 

PUHGING: Pu111p Flow ra1c.: (I/min) 
(C). If approx. 661/.,~in consul! lrn1k-up 
•able. 

R'S )urge volume. required for 3 wdl 
volumes: (cl x 200 = D litres). Nll. No 
need to calculate if using look·up tahk 

Pump time required: (D/C = E 111i11s) (ii' 
pump at apprnx. hhl/111i111dc1 ll1 li111k-11p 
table 
Adual Time L1UlllD un (mins) {F) 
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C). If approx. 661/min consull look-up 
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ANALYTICAL RESULTS 

R&D Technical Report CWM 169/98 85 



R&D Technical Report CWM 169/98 86 



Date 

Appendix Table Cl Brogborough leachate analyses 

pH llller 

size 

Cond Temp Na Mg K Ca Cr Mn Fe NI Cu Zn Cd Pb BOD COD TOC TVA Alkal a SO, NH, NO, NO, SRP 
CaCO, AsN AsN AsN AsP 

Digest 

(D) or 
or not (U) mS/cm ·c <--------------------------------------------------------------------------- Concentration= mg/1------------------------------------------------------------------------------------------------------> 
,,...., ......... ,..1~ 

Cell No. 1 (control thin layers) 
25!01194 

08!02194 

08!03194 

06!04194 

04!05194 

04110194 

01!03195 

01!03195 

01!03195 

01.03195 

01!03195 

06!07195 

08111195 

29!02196 

29.1)2196 

29!02196 

25!04196 

20!06196 

20!06196 

11112196 

11112196 

06!02197 

06!02197 

06!02197 

10!07197 

23!09197 

07111197 

6.2 

6.0 

5.9 

6.1 

6.0 

#NIA 

7.3 

#NIA 

#NIA 

#NIA 

#NIA 

7.5 

7.7 

7.6 

#NIA 

#NIA 

7.8 

7.9 

7.9 

7.9 

7.9 

8.1 

7.7 

7.7 

7.8 

UF 

UF 

1.2µm 

1.2µm 

0.45µm 

0.45µm 

1.2µm 

UF 

1.2µm 

0.45µm 

1.:lµn 

1.:lµn 

0.45µm 

0.45j.m 

0.45µm 

0.45j.m 

D 

D 

D 

u 
D 

u 

D 

D 

D 

D 

D 

D 

D 

D 

u 
DIUP 

u 
0.45µm setUolD 

0.45j.m D 

0.45µm D 

0.45µm u 

0.45µm u 

33.2 

31.9 

17.5 

15.5 

34.6 

22.3 

23.0 

24.8 

28.0 

21.5 

2400 

2430 

2140 

2460 

2450 

576 

578 

508 

576 

587 

2250 

2310 

2020 

2370 

2380 

3640 

3400 

2910 

3420 

3630 

<=0.1 

#NIA 

#NIA 

<=0.1 

<=0.1 

#NIA #NIA #NIA #NIA #NIA #NIA #NIA 

15.3 212 1360 123 1170 114 0.07 

#NIA #NIA 1490 132 1260 115 0.06 

#NIA #NIA 1490 132 1260 114 «0.05 

#NIA #NIA 1470 133 1260 114 0.06 

#NIA #NIA 1500 136 1290 116 0.06 

#NIA 31.2 2210 158 

>20 30.5 2230 107 

20 27.5 #NIA #NIA 

#NIA #NIA 2230 133 

#NIA #NIA 2140 128 

24.8 29.5 2153 98.6 

#NIA 33.4 2470 95.1 

#NIA 33.4 2310 89.9 

24.6 

24.6 

24.6 

23.9 

27.5 

26.4 

36.6 

36.6 

1770 

2350 

31.2 2000 

2320 

2360 

37.1 2020 

34.4 2150 

32.0 2110 

64.9 

80.3 

71.1 

80.8 

82.1 

881 

78.9 

75.7 

1880 

2010 

#NIA 

2000 

1930 

1873 

2170 

2030 

1500 

2000 

1650 

1910 

1950 

1670 

1780 

1720 

91 <=0.1 

52 <z0.1 

#NIA #NIA 

67 <•0.1 

65 <•0.1 

50.8 0.17 

45.0 <•0.1 

45.0 020 

33.9 

61.2 

34.6 

39.4 

39.7 

0.15 

0.24 

0.21 

022 

0.24 

44.0 0.30 

40.0 <•0.1 

42.0 0.20 
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52.30 

#NIA 

#NIA 

#NIA 

52.80 

#NIA 

028 

0.20 

0.20 

0.20 

0.20 

0.33 

0.15 

#NIA 

0.17 

0.15 

0.13 

0.10 

0.11 

0.10 

0.37 

0.09 

0.10 

0.10 

0.13 

0.07 

0.11 

1970 

#NIA 

#NIA 

#NIA 

1580 

#NIA 

25.4 

15.9 

15.5 

11.4 

11.4 

7.0 

12.8 

#NIA 

13.5 

7.0 

13.6 

15.9 

13.0 

9.41 

42.6 

8.86 

9.96 

10.0 

11.7 

10.6 

12.1 

1.5 <=0.04 

#NIA #NIA 

#NIA #NIA 

1.4 <a::0.04 

1.3 <=0.04 

68.30 

#NIA 

#NIA 

54.70 

53.50 

#NIA #NIA #NIA 

0.30 <=0.02 2.69 

028 <=0.02 2.09 

0.21 <=0.02 2.05 

0.27 <=0.02 0.07 

0.29 .-002 0.04 

0.40 <=0.04 

0.40 <=0.04 

#NIA #NIA 

0.40 <=0.04 

0.40 <=0.04 

0.35 <.0.04 

0.4 <•0.01 

0.5 <=0.Dl 

0.79 

3.22 

#NIA 

5.29 

0.16 

4.02 

6.30 

2.45 

0.05 

#NIA 

#NIA 

0.05 

<•0.04 

#NIA 

<=0.02 

<•0.02 

< .. 0.02 

<.0.02 

<•0.02 

<•0.04 

<•0.04 

#NIA 

<.0.04 

<c0.04 

<.0.04 

<.0.04 

<•0.04 

0.34 <•0.004 2.88 <.0.004 

0.57 0.035 24.30 0.014 

0.40 0.024 

0 .43 <=0.004 

0 .44 <.0.004 

3.69 

4.19 

4.25 

#NIA 

#NIA 

#NIA 

<•0.5 

#NIA 

#NIA 

<•0.5 

<•0.5 

#NIA 

<•0.3 

<•0.3 

<•0.3 

<•0.3 

<.0.3 

<•0.5 

<•0.5 

#NIA 

<•0.5 

<•0.5 

<•0.5 

<•0.5 

<ra0.5 

<•0.05 

0.09 

#NIA 

#NIA 

#NIA 

0.40 #NIA 4.32 <•0.04 #NIA 

020 <•0.04 3.58 <.0.04 <•0.5 

0.44 <•0.01 3.45 <•0.004 <•0.05 

87 

68600 

63700 

71900 

70500 

72300 

#NIA 

6540 

#NIA 

#NIA 

#NIA 

#NIA 

6940 

4200 

7670 

#NIA 

#NIA 

3590 

2810 

#NIA 

1550 

#NIA 

#NIA 

#NIA 

#NIA 

698 

547 

593 

91400 

112728 

91900 

104900 

96000 

#NIA 

10800 

11300 

#NIA 

#NIA 

#NIA 

12000 

8630 

#NIA 

13300 

12300 

9698 

7965 

#NIA 

5505 
#NIA 

6090 

4442 

4830 

5619 

30200 

29900 

30600 
32300 

33100 

#NIA 

3400 

#NIA 

#NIA 

#NIA 

#NIA 

4000 

2620 

4510 

#NIA 

#NIA 

2830 

2166 

#NIA 

1645 

#NIA 

1440 

1416 

1430 

1523 

24931 

#NIA 

#NIA 

23241 

22954 

16300 

17100 

17500 

16900 

17600 

#NIA #NIA 

#NIA 8500 

2158 10600 

#NIA #NIA 

2104 #NIA 

#NIA #NIA 

#NIA 

1213 

#NIA 

2576 

2426 

1320 

923 

903 

162 

#NIA 

9810 

11200 

#NIA 

13000 

12200 

12280 

13330 

12300 

11950 

#NIA 

#NIA 11650 

#NIA 

#NIA 

80 11660 

71 12000 

56 11900 

3210 

3170 

3340 
3230 

3200 

#NIA 

1920 

1930 

#NIA 

#NIA 

#NIA 

2580 

2760 

#NIA 

2790 

2830 

2780 

3040 

2990 

2800 
#NIA 

2840 

2820 

3200 

3340 

1790 

1890 

1950 

1840 

1710 

2610 

2600 

2810 

2510 

2900 

<•0.50 

0.3 

.-0.10 

<•0.10 

0.14 

INIA #NIA #NIA 

141 1650 <•0.10 

142 1650 0.14 

#NIA #NIA #NIA 

#NIA #NIA #NIA 

#NIA #NIA #NIA 

<•0.50 

0.4 

0.4 

<•0.10 

0.32 

#NIA 

0.220 

0.119 

#NIA 

#NIA 

#NIA 

136 2140 <•0.10 o0.10 

70 

#NIA 

170 

170 

110 

49 

42 

31 

#NIA 

2420 024 <•0.10 

#NIA #NIA #NIA 

2580 <•0.10 0.17 

2540 <.0.10 0.12 

2461 <.0.10 0.13 

2411 <.0.10 020 

2416 <•0.10 <•0.1 

2223 

#NIA 

<•1.0 

#NIA 

<•1.0 
#NIA 

<-30 2369 <•0.1 026 

<•30 2193 <.0.2 <•0.2 

<•30 2470 <•0.1 021 

<30 2185 0.31 <0.10 

0.8 

#NIA 

INIA 

<0.01 

1.44 

#NIA 

1.01 

2.21 

#NIA 

#NIA 

#NIA 

0.32 

0.97 

#NIA 

1.36 

1.10 

2.38 

2.59 

2.46 

7.02 

#NIA 

4.71 

7.50 

9.10 

6.40 



Appendix Table Cl continued Brogborough leachate analyses 
Date pH IUler 

size 

Cond Temp Na Mg K Ca Cr Mn Fe NI Cu Zn Cd Digest 

(0) or 
or not (U) mS/em ·c <--------------------------------------------------------------------------- Coneentrallon = 

Cell No. 2{[ow Deris-iiy) 
25I01/94 

08I02/94 

08I03/94 

06/04194 

04I05/94 

04110/94 

04110194 

04110194 

04110194 

04110194 

04110/94 

04110194 

04110/94 

04110194 

04110194 

01.1'.)3/95 

01.l'.l3195 

01.l'.l3/95 

01/03195 

01/03195 

06I07/95 

08111195 

29/02196 

29/02196 

29/02196 

25/04196 

20/06196 

20/06196 

20/06196 

11112196 

11112196 

06I02197 

06I02197 

06/02197 

7.4 

72 
7.1 

7.5 

7.3 

7.4 

#NIA 

7.6 

#NIA 

#NIA 

#NIA 

#NIA 

#NIA 

#NIA 

#NIA 

7.3 

#NIA 

#NIA 

#NIA 

#NIA 

7.4 

7.5 

7.4 

#NIA 

#NIA 

7.6 

UFa 

UFb 

1.2µma 

1.2µmb 

1.2µmc 

1.2µma 

1.2µmb 

1.2µmc 

0.45µm 

0.45µm 

UF 

1.2µm 

1.2µm 

0.45µm 

0.45µm 

0.45µm 

1.2µm 

UF 

1.2µm 

0.45µm 

12µm 

7.4 1.2µm 

7.4 1.2µmOUP 

7.4 0.45µm 

7.6 

7.6 

7.9 

0.45µm 

0.45µm 

0.45µm 

0.45µm 

0.45µm 

Cell 2 borehole lnfilled &.mmer 97 

forrna.tnht 

0 

0 
0 

0 
0 

u 
u 
u 
0 

u 

0 

0 

u 
0 

u 

0 

0 

0 

0 

D 

0 

D 

D 

D 

u 
OIUP 

u 
setUe/O 

D 

16.3 

21.4 

18.3 

17.0 

26.6 

18.4 

#NIA 

14.4 

#NIA 

#NIA 

#NIA 

#NIA 

#NIA 

#NIA 

#NIA 

15.9 

#NIA 

#NIA 

#NIA 

#NIA 

#NIA 

19 

>20 

#NIA 

#NIA 

21.4 

#NIA 

#NIA 

#NIA 

19.35 

19.35 

19.1 

23.4 1700 

24.4 1960 

27.3 1800 

27.0 2140 

25.0 2230 

20.6 

IN/A 

18.3 

#NIA 

#NIA 

#NIA 

#NIA 

#NIA 

#NIA 

#NIA 

21.4 

#NIA 

#NIA 

#NIA 

#NIA 

29.4 

27.3 

24.1 

#NIA 

#NIA 

31.1 

1980 

2070 

2080 

2140 

2070 

2120 

2120 

2120 

2050 

2180 

1660 

1580 

1660 

1630 

1680 

2150 

2180 

#NIA 

1770 

1740 

2241 

29.8 2320 

29.8 2360 

29.8 2340 

36.5 

36.5 

31.7 

1660 

1920 

1740 

1940 

1930 

201 

231 

204 

240 

257 

208 

218 

217 

224 

216 

218 

222 

220 

212 

224 

162 

155 

164 

161 

164 

199 

198 

#NIA 

153 

153 

186 

183 

185 

185 

102 

111 

100 

111 

111 
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1280 

1480 

1350 

1620 

1700 

1440 

1510 

1520 

1570 

1510 

1560 

1560 

1560 

1490 

1590 

1270 

1210 

1270 

1250 

1290 

1600 

1670 

#NIA 

1310 

1290 

1626 

1690 

1720 

1720 

1130 

1310 

1150 

1280 

1280 

282 •• cu 
231 #NIA 

147 IN/A 

142 <..0.1 

133 <..0.1 

182 <..0.1 

186 <•0.1 

187 <..0.1 

193 ... 0.1 

185 <•0.1 

188 <•0.1 

189 .. 0.1 

190 <..0.1 

177 <•0.1 

188 .. 0.1 

99.5 <•0.05 

91.0 <•0.05 

95.3 <•0.05 

94.4 <..0.05 

97.1 <•0.05 

126 <•0.1 

114.0 02 

#NIA IN/A 

75.0 <•0.1 

75.0 <•0.1 

111.0 0.13 

97.0 02 

98.0 <•0.1 

97.0 02 

25.0 

28.6 

26.6 

29.5 

29.2 

0.05 

0.13 

0.11 

0.11 

0.13 

0.68 

#NIA 

#NIA 

#NIA 

0.23 

0.26 

0.25 

0 23 

0.26 

0.23 

0.22 

0.25 

0.22 

0.16 

0.16 

0.10 

0.08 

O.o? 

0.08 

0.07 

0.11 

0.09 

IN/A 

0.06 

0.07 

0.09 

0.11 

0.08 

0.11 

0.018 

0.057 

0.026 

0.028 

0.030 

59.1 0.3 <•0.04 2.42 <•0.04 

#NIA 

#NIA 

<•0.04 

<•0.04 

#NIA #NIA #NIA #NIA 

#NIA #NIA #NIA IN/A 

IN/A 0.3 <•0.04 2.51 

22.3 0 .4 <•0.04 2 .25 

25 8 

28 

26.1 

28.7 

25.1 

18.9 

26.7 

19.9 

13.6 

15.0 

9.80 

8.30 

820 

5.24 

4.69 

3.85 

12.30 

#NIA 

2.83 

3.29 

12.40 

10.9 

10.8 

10.9 

6.42 

10.4 

6.04 

6.71 

6.66 

0.3 <•0.04 

0.3 <•0.04 

0.3 <=0.04 

o.3 •• o.04 

0.3 <•0.04 

0.2 <=0.04 

0.3 <=0.04 

0.3 <=0.04 

0.2 0.06 

0.2 <•0.04 

0.19 <=0.02 

0.17 •• 0.02 

0.12 <=0.02 

0.15 <=0.02 

0.14 •• 0.02 

0.20 <•0.04 

0.30 <..0.04 

#NIA #NIA 

<=0. t <=-0.04 

0.20 <=0.04 

0.14 <=0.04 

0.3 <=0.01 

0.2 <=0.o1 

0.3 <=0.01 

0.16 <•0.004 

0.26 0.023 

0.22 .-0.004 

0.23 <=0.004 

0.25 <•0.004 

88 

1.87 

1.98 

1.97 

2.02 

1.90 

1.80 

1.54 

1.74 

0.74 

0.62 

127 

0.64 

0.62 

0.09 

0.08 

0.30 

0.74 

#NIA 

0.58 

0.07 

0.81 

0.97 

0.87 

0.37 

<•0.04 

<•0.04 

<•0.04 

<•0.04 

<•0.04 

<•0.04 

<•0.04 

<=0.04 

<•0.04 

<•0.04 

<•0.02 

<a:0.02 

<=0.02 

<•0.02 

<=0.02 

<•0.04 

<c0.04 

#NIA 

<=0.04 

<=0.04 

<•0.04 

<•0.04 

<•0.04 

<=0.04 

0. 102 <•0.004 

0.507 0.006 

0.074 #NIA 

0.097 #NIA 

0.104 #NIA 

Pb BOD coo Toe TVA A.lkal a so, NH, NO, NO, SRP 
Caco, AIN AaN AaN AIP 

mg/1------------------------------------------------------------------------------------------------------> 

<•0.5 

#NIA 

#NIA 

<:.;0.5 

<=0.5 

<•0.5 

<•0.5 

<..0.5 

<..0.5 

<=0.5 

<=0.5 

<=0.5 

<•0.5 

<c::0.5 

<=0.5 

<:s0.3 

010.3 

<=0.3 

< ... 0.3 

<•0.3 

<•0.5 

<..0.5 

#NIA 

<=0.5 

<•0.5 

<.0.5 

<...0.5 

<..0.5 

<•0.5 

<..0.05 

<•0.05 

IN/A 

#NIA 

#NIA 

8720 

8530 

8630 

8890 

9530 

10500 

10500 

#NIA 

#NIA 

#NIA 

#NIA 

#NIA 

#NIA 

#NIA 

#NIA 

2730 

#NIA 

#NIA 

#NIA 

#NIA 

3660 

5200 

1870 

#NIA 

#NIA 

3750 

4110 

#NIA 

#NIA 

249 

#NIA 

#NIA 

#NIA 

#NIA 

12000 

14500 

12900 

13300 

14300 

18000 

16300 

#NIA 

#NIA 

IN/A 

#NIA 

#NIA 

#NIA 

#NIA 

#NIA 

6140 

5410 

#NIA 

#NIA 

#NIA 

7480 

9260 

#NIA 

4980 

3500 

8723 

9221 

#NIA 

#NIA 

2564 

#NIA 

3650 

4170 

4610 

4340 

4390 

4930 

6280 

5380 

IN/A 

IN/A 

IN/A 

IN/A 

IN/A 

IN/A 

IN/A 

IN/A 

1900 

IN/A 

IN/A 

INIA 

IN/A 

2260 

3090 

1590 

IN/A 

#NIA 

2638 

2748 

#NIA 

IN/A 

766 

#NIA 

744 

2884 10200 

IN/A 7840 

IN/A 8390 

2756 9190 

2486 9680 

IN/A 

IN/A 

3850 

3647 

#NIA 

IN/A 

IN/A 

#NIA 

3878 

3656 

IN/A 

1041 

#NIA 

981 

#NIA 

#NIA 

1559 

#NIA 

606 

#NIA 

1581 

5690 

5600 

#NIA 

IN/A 

#NIA 

#NIA 

IN/A 

#NIA 

#NIA 

IN/A 

9480 

11300 

#NIA 

#NIA 

#NIA 

9000 

9160 

IN/A 

8230 

6880 

9804 

1552 10270 

1444 10730 

1492 10130 

IN/A 

#NIA 

#NIA 

#NIA 

7971 

#NIA 

7920 

2170 

2540 

3150 

2870 

2910 

3410 

2790 

2810 

2790 

2820 

#NIA 

#NIA 

#NIA 

#NIA 

#NIA 

2260 

2240 

#NIA 

#NIA 

#NIA 

2560 

2800 

#NIA 

2450 

2020 

2820 

3150 

3105 

3130 

2410 

#NIA 

2520 

230 

170 

220 

230 

230 

270 

250 

300 

260 

310 

#NIA 

#NIA 

#NIA 

#NIA 

#NIA 

42.0 

41.0 

#NIA 

#NIA 

#NIA 

97.0 

114.0 

#NIA 

35.0 

19.0 

94.0 

80.0 

87.0 

79.0 

<•30 

IN/A 

<-30 

1270 <..0.50 <..0.50 

1680 <..0.10 <..0. 10 

1570 0.2 <..0. 10 

1620 <•0. 10 <•0. 10 

1770 <•0. 10 <..0.10 

1750 

1800 
1760 

1750 

IN/A 

#NIA 

IN/A 

IN/A 

IN/A 

#NIA 

1450 

1480 

IN/A 

IN/A 

IN/A 

1740 

1940 

#NIA 

1470 

1350 

1854 

0.067 

0.060 

0.260 

0.437 

IN/A 

IN/A 

IN/A 

#NIA 

#NIA 

#NIA 

<•0.10 

... 0.10 

IN/A 

IN/A 

IN/A 

<•0.10 

0.18 

#NIA 

<•0.10 

<•0.10 

<•0.10 

0.137 

0.133 

0.110 

0.134 

IN/A 

#NIA 

#NIA 

#NIA 

#NIA 

IN/A 

0.14 

0.15 

#NIA 

#NIA 

#NIA 

<•0.10 

<..0.10 

#NIA 

<•0.10 

<..0.10 

<-=0.10 

1891 ... 0.10 0.13 

1871 0.14 <..0. 10 

1934 ... o. 10 <•0.10 

1588 

IN/A 

1604 

<•1.0 
#NIA 

<..0.1 

<•1.0 

#NIA 

<..0.1 

0.46 

IN/A 

#NIA 

0.44 

0.44 

0.62 

0.58 

IN/A 

#NIA 

IN/A 

IN/A 

IN/A 

#NIA 

IN/A 

#NIA 

3.15 

3.04 

IN/A 

IN/A 

IN/A 

12 

2.07 

#NIA 

5.84 

0.62 

5.10 

1.70 

0.54 

4.82 

6.48 

#NIA 

5.92 



Appendix Table Cl continued Brogborough leachate analyses 
Date pH I Iller 

size 
Digest 

(D) or 
or not (U) 
fnr--'-1'" 

Cell No. 3 (Recirculation) 
25.llt/94 7.1 

08/02194 7 .0 

~ 
06/04/94 

04/05/94 

04/10/94 

04/10194 

04/10/94 

04/10/94 

04/10/94 

04/10194 

01/03/95 

01/03/95 

0111)3195 

01/03195 

01/03/95 

06,1)7/95 

08/11/95 

29/02196 

29/02196 

29/02196 

25/04/96 

20/06/96 

20/06/96 

11112196 

11/12196 

06/02/97 

06/02197 

06mi97 

10!07197 

23/09197 

6.2 

7.2 

7 1 

7.5 

#NIA 

7.6 

#N/A 

#NIA 

#N/A 

7.0 

#NIA 

#NIA 

#NIA 

#N/A 

7.6 

7.6 

7.5 

#NIA 

IN/A 

7.7 

7.5 

7.5 

7.6 

7.6 

7.7 

7.5 

7.6 

UFa 

UFb 

1.2µm a 

1.2µm b 

12µma 

1.2µm b 

UF 

1.2µm 

1.2µm 

0.45µm 

0.45µm 

0.45µm 

1.2µm 

UF 

1.2µrn 

0.45µm 

12µm 

1.2µm 

0.45µm 

D 
D 
D 

D 

u 
u 

D 

D 

u 
D 

u 

D 

D 

D 

D 

D 

D 

D 

D 

0.45µm u 
0.45µm D/UP 

0.45µm u 
0.45µm settle/D 

0.45µm D 

045;rn D 

0.45µm u 

Cond Temp Na Mg K Ca Cr Mn Fe NI Cu Zn Cd 

mS/cm ·c <--------------------------------------------------------------------------- Concentration = 
~ Addition of 44,000 gallons of water has taken place 

16.7 22.6 1390 292 1160 1030 <.0.1 

#NIA 17.9 

10.6 

9.2 

11.7 

13.8 

#N/A 

14.1 

#N/A 

#N/A 

#N/A 

7.3 

#NIA 

#NIA 

#NIA 

#N/A 

#NIA 

17 

>20 

#NIA 

#NIA 

17.5 

#NIA 

#N/A 

18.47 

f8.47 

17.9 

17.6 

24.0 1460 

14.3 

19.0 

22.6 

222 

#N/A 

17.4 

IN/A 

#NIA 

#NIA 

16.7 

#NIA 

#NIA 

#NIA 

#NIA 

33.1 

29.4 

31.1 

#N/A 

#NIA 

27.8 

32.7 

32.7 

38.7 

38.7 

30.2 

703 

959 

946 

1210 

1230 

1170 

1180 

1250 

1250 

738 

647 

685 

645 

689 

1800 

1620 

#N/A 

1430 

1480 

1580 

1720 

1640 

1550 

1730 

15f0 

1630 

1630 

34.5 1520 

279 

171 

204 

184 

139 

143 

134 

136 

143 

143 

122 

118 

123 

118 

125 

150 

115 

IN/A 

103 

107 

101 

104 

96.1 

88.9 

93.2 

81.5 

87.3 

87.8 

95.2 

1240 

615 

833 

813 

1010 

1040 

987 

995 

1060 

1060 

557 

463 

490 

462 

494 

1530 

1400 

#NIA 

1190 

1230 

1257 

1370 

1300 

1190 

1330 

1130 

1220 

1220 

1140 

565 

1030 #NIA 

531 <•0.1 

262 <=0.1 

109 <•0.1 

109 <•0.1 

103 <.0.1 

f03 <=0.1 

108 <=0.1 

108 <=0.1 

269 <•0.05 

268 <=0.05 

282 <•0.05 

269 <=0.05 

287 <•0.05 

129 <.0.1 

77 0.2 

#NIA #N/A 

51 <•0.1 

53 <•0.1 

51.3 024 

52 0.4 

48 0.2 

38.1 

43.5 

37.2 

39.9 

39.8 

38.0 

0.27 

0.37 

0.31 

0.33 

0.36 

0.30 

5.79 

#NIA 

#NIA 

#NIA 

0.69 

024 

0.22 

0.19 

0.19 

0.17 

0.19 

1.26 

0.81 

0.84 

0.82 

0.87 

0.51 

0.28 

#N/A 

0.11 

0.13 

0.11 

0.13 

0.09 

0.082 

0.112 

0.085 

0.089 

0.091 

0.07 

17.5 32.8 1430 83.3 1070 34.0 <•0.1 <•0.02 

0.4 

#NIA 

<•0.04 

#NIA 

299 

#NIA 

#NIA 

#N/A 

42.9 

#NIA #NIA 

0.3 0.06 

0.3 <•0.04 

19.0 0.3 

17.0 0.3 

11.1 0.2 

11.4 0.2 

11.4 0.2 

10.7 0.3 

58.1 021 

226 0.11 

2.13 <•0.05 

1.54 0.10 

1.55 0.08 

3.08 0.40 

5.37 0.30 

#NIA #NIA 

2.33 <=0.1 

1.80 021> 

3.85 0.17 

4.30 0.4 

4.27 0.2 

<•0.04 

<=0.04 

<=0.04 

<•0.04 

< .. 0.04 

<=0.04 

<.0.02 

<=002 

<=0.02 

<=0.02 

<=0.02 

<•0.04 

<=0.04 

#N/A 

<•0.04 

<c0.04 

<=0.04 

<=0.ot 

<=0.01 

6.46 

9.34 

0.31 <=0.004 

0.38 0220 

0.33 <=0.004 

0.34 0.011 

5.07 

#NIA 

#NIA 

5.92 

2.70 

1.90 

1.74 

1.15 

1.10 

1.02 

0.94 

3.16 

0.19 

0.15 

0.10 

0.08 

0.29 

0.23 

#N/A 

0.03 

0.05 

0.28 

0.39 

0.14 

<•0.04 

#NIA 

#N/A 

< ... 0.04 

<=0.04 

<=0.04 

.-0.04 

<•0.04 

<=0.04 

<=0.04 

.-0.04 

<•0.02 

<.0.02 

<=0.02 

<a0.02 

.-0.02 

<=0.04 

<=0.04 

#N/A 

<.0.04 

<.0.04 

<•0.04 

<•0.04 

cs0.04 

0.066 <=-0.004 

0.332 0.005 

0.085 #NIA 

0.107 #NIA 

6.10 

6.56 

6.54 0.36 0.011 0.108 #NIA 

7.12 0.30 #NIA 0.13 <=0.04 

6.2 <-0.1 <=0.04 <=0.04 <=0.04 

Pb BOD COD TOC TVA Alkal Cl SO, NH, NO, NO, SRP 
CaCO, AsN AsN AsN AsP 

mg/1------------------------------------------------------------------------------------------------------> 

<=0.5 

#NIA 

#N/A 

<=0.5 

<=0.5 

<=0.5 

<=0.5 

<•0 5 

<=0.5 

<=0.5 

<=0.5 

<=0.3 

<=0.3 

<=0.3 

<=0.3 

<::.:0.3 

c ... 0.5 

<=0.5 

#N/A 

<=0.5 

<.0.5 

<=0.5 

<=0.5 

<=0.5 

<•0.05 

<=0.05 

IN/A 

#N/A 

#N/A 

#N/A 

<=0.5 

18500 

12600 

14500 

6380 

4100 

926 

896 

#N/A 

#NIA 

#N/A 

#N/A 

398 

#NIA 

IN/A 

#N/A 

#NIA 

360 

222 

137 

#NIA 

#NIA 

118 

107 

IN/A 

101 

#NIA 

#N/A 

#NIA 

#NIA 

134 

104 

23900 

20100 

18900 

7490 

7410 

2510 

3550 

#NIA 

#NIA 

#N/A 

#N/A 

2320 

1550 

#NIA 

#N/A 

#N/A 

3130 

3160 

#N/A 

3040 

2740 

3236 

2732 

#NIA 

3537 

#N/A 

3560 

2673 

2670 

8240 

6510 

6500 

2870 

1710 

950 

1000 

#N/A 

#NIA 

#N/A 

#NIA 

567 

fN/A 

#NIA 

#N/A 

IN/A 

972 

984 

872 

#NIA 

#NIA 

933 

930 

#NIA 

944 

#N/A 

921 

866 

826 

7726 

IN/A 

#N/A 

2158 

861 

#N/A 

#N/A 

225 

214 

#NIA 

#N/A 

#NIA 

77 

IN/A 

75 

IN/A 

#N/A 

24 

#NIA 

9 

10 

23 

16 

10 

#NIA 

#NIA 

#NIA 

#N/A 

7970 

8680 

5210 

5960 

6090 

6580 

6950 

#NIA 

#N/A 

IN/A 

#NIA 

5850 

6350 

#NIA 

IN/A 

IN/A 

9800 

8710 

#NIA 

7830 

7990 

8440 

8468 

8545 

8267 

#NIA 

7910 

8324 

7870 

1530 

1660 

900 

1020 

1020 

1270 

1360 

1380 

1410 

IN/A 

#NIA 

1010 

701 

#NIA 

IN/A 

IN/A 

2000 

1980 

#NIA 

1920 

1930 

1930 

1960 

1980 

1910 

IN/A 

1960 

1900 

1930 

460 

320 

770 

65 

68 

<•10 

22 

33 

25 

#NIA 

#NIA 

<•10 

53.0 

#NIA 

#NIA 

#NIA 

<•10 

•• 10 

#NIA 

<•10 

<•10 

<•10 

<•10 

•• 10 

<•30 

IN/A 

<•30 

<•30 

<-30 

1190 

1650 

<=0.50 

0.3 

< .. 0.50 

<=0.10 

630 <=0.10 <=0.10 

785 0.17 <=0.10 

849 0.17 <.0.10 

1110 

1190 

1080 

1130 

#N/A 

#NIA 

704 

689 

#NIA 

#NIA 

#NIA 

1740 

1680 

#N/A 

1470 

1410 

1504 

1416 

1406 

1600 

IN/A 

1553 

1537 

1600 

<=0.05 

<•0.05 

<=0.05 

0.095 

#N/A 

#NIA 

< .. 0.10 

<•0.10 

#N/A 

#NIA 

#NIA 

<:o:0.10 

0.18 

#NIA 

<=0.10 

<•0.10 

< ... 0.10 

2.92 

<=0.10 

<=1.0 

#N/A 

<=0.1 

<::0.2 

<=0.1 

0.120 

0.112 

0.104 

0.107 

#NIA 

IN/A 

0.110 

0.120 

#N/A 

#N/A 

#NIA 

<=0.10 

<•0.10 

#N/A 

<•0.10 

<•0.10 

0.11 

<:110.1 

<=0.1 

<=1.0 

#NIA 

<=0.1 

<=0.2 

0.26 

<0.01 

#NIA 

#NIA 

<0.01 

0.34 

0.34 

1.06 

#NIA 

#NIA 

#N/A 

#N/A 

2.20 

1.75 

#N/A 

IN/A 

#NIA 

32 

4.0 

#NIA 

72 
7.1 

8.7 

8.9 

8.9 

11.6 

#N/A 

9.49 

8.4 

5.13 

07/11/97 7.7 0.45µm u 16.7 28.4 1360 80.6 1020 35.0 oO.f 0.07 6.7 0.32 <=0.01 0.05 <=0.004 <1:0.05 119 2977 792 8073 1980 <30 1475 <0.1 <0.1 8.25 
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Appendix Table Cl continued Brogborough leachate analyses 
Date pH tiHer Digest Cond Temp Na Mg K Ca Cr Mn Fa NI Cu Zn Cd Pb BOD COD TOC TVA Alkal Cl SO, NH, NO, NO, SRP 

size (0) or CaCO, As N As N As N As P 
or not (U) mS/cm 'C <-------------------------------------------------------------------------~oncantratlon K mg/1-------------------------------------------------------------------------------------------------> 

Cell No. 4 (Gas Collection) 
25101194 

08102194 

08/03/94 

06104194 

04f05194 

7.8 

7.7 

7.4 

7.8 

76 

04110194 7.8 

04110194 #NIA 

04110194 8.0 

04110194 #NIA 

04110/94 #NIA 

04110/94 #NIA 

04110194 #NIA 

04110194 #NIA 

04110/94 #NIA 

04110194 #NIA 

UFa 

UFb 

1.2lJma 

12µmb 

1.2~c 

1.2µma 

1.2µmb 

1.2j.Jffic 

0.45µm 

0.45µm 

01/03195 

01103195 

01103195 

01/03/95 

01103195 

01103195 

01/03/95 

7.5 UF 

#NIA 1.2µm 

#NIA 1.2µm 

#NIA 0.(Sµm G 

#NIA 0.(SµmW 

#NIA 0.45µm G 

#NIA 0.45µm W 

06/07195 7.8 0.4Sµm w 

08111195 7.6 1.2i.m 

29/02/96 7" UF 

29102196 #NIA 12tJ01 

29102196 #NIA 0,451Jffi 

25/04196 7 .8 1 .2tJOl 

20/06196 7.5 1.2µm 

20/06196 7.5 0.45µm 

7.7 

7.7 

7.7 

OA5µmA 

OA51JfllB 

0.45µm A 

7.7 0.45µm B 

..... -_ ........ _ 

0 

0 

0 

0 

0 

u 
u 
u 
0 

u 

0 

D 

u 
0 

0 

u 
u 

0 

D 

0 

0 

0 

D 

D 

D 

U/P 

U/P 

O/UP 

DIUP 

11112/96 

11112/96 

11112/96 

11112196 

06102197 

06102197 

06102197 

8.0 0.45µm u 
0.45jJlll HlltilD 

0.45µm 0 

10/07/97 7.5 0.45µm D 

23109/97 7.6 0.45µm u 

07/11197 7.7 0.45i,m u 

23.8 24.3 2200 

26.5 24.4 2070 

23.6 25.1 1970 

20.9 29.0 2360 

31.8 30.1 2370 

>20 27.4 2220 

#NIA INtA 2250 

>20 24.2 2120 

#NIA #NIA 2130 

#NIA #NIA 1990 

#NIA #NIA 2220 

#NIA #NIA 2240 

#NIA #NIA 2260 

#NIA #NIA 2140 

#NIA llN/A 2270 

17.2 

#NIA 

#NIA 

#NIA 

#NIA 

#NIA 

#NIA 

253 

#NIA 

#NIA 

#NIA 

#NIA 

#NIA 

#NIA 

1830 

1790 

1860 

1880 

1810 

1870 

1870 

208 1950 

173 1880 

163 1760 

177 2170 

147 2260 

124 2020 

126 2050 

110 1920 

110 1920 

105 1800 

117 2000 

119 2020 

119 2060 

112 1940 

121 2050 

154 

148 

152 

156 

149 

153 

154 

1560 

1520 

1570 

1590 

1530 

1580 

1590 

272 <-0.1 

147 #NIA 

152 #NIA 

166 <-0.1 

144 <-0.1 

108 <•0.t 

110 c:.0.1 

35 <•0.1 

34 <-0.1 

33 <•0.1 

34 <-0.1 

35 <•0.1 

37 <•0.1 

33 <•0.1 

35 <•0.1 

70.1 0.13 

49.3 0.12 

50.2 <•0.05 

51.6 0.14 

502 0.08 

50.7 0.08 

51.3 <-0.05 

#NIA 33.1 2200 165 1810 49 <•0.1 

19 33.6 2000 148 1730 37 <•0.1 

>20 34.9 IN/A IN/A IN/A IN/A llNIA 

#NIA lllN/A 1780 146 1540 4' 02 

#NIA #N!A 1810 147 1570 43 C:-0.1 

18.6 34.8 1913 142 1608 48 c: .. 0.1 

#NIA 35.5 2030 145 1710 '3 020 

#NIA 35.5 1870 133 1570 40 <•0.1 

19.40 

1880 

19.40 

42.0 

42.0 

42.0 

1660 

1760 

2130 

18.80 42.0 2170 

19.5 31.0 1910 

18.1 

2050 

2070 

38.0 1670 

112 

117 

135 

136 

124 

131 

133 

1'3 

1370 

1450 

1no 
1800 

1540 

1640 

1670 

1360 

23.9 

25.0 

61.7 

49.2 

30.6 

32.S 

32.• 

0.11 

0.12 

0.21 

0.21 

0.17 

0.19 

0.19 

47.0 <-0.1 

3.70 

#NIA 

#NIA 

#NIA 

2.36 

1.64 

1.68 

0.12 

0.11 

0.11 

0.10 

0.10 

0.13 

0.12 

0.12 

0.'3 

0.10 

0.08 

0.10 

0.11 

0.09 

0.09 

0.09 

0.05 

llNIA 

0.08 

0.07 

0.05 

0.06 

0.05 

0.023 

0.019 

0.516 

0.319 

0.039 

0.040 

0.039 

0.05 

18.1 37.1 1610 117 1320 34'.0 <•0.1 <•0.02 

18.9 35.9 1560 114 1280 35.0 <-0.1 0.04 
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185 0.3 <•0.04 10.40 <•0.04 

IN/A IN/A #NIA #NIA #NIA 

#NIA #NIA #NIA #NIA #NIA 

IN/A 0.4 <•0.04 14.6 <•0.04 

275 0.5 <-0.04 20.0 <•0.04 

226 0.3 <•0.04 13.7 <•0.o.4 

230 0.4 <•0.04 13.9 0.18 

3.81 0.2 <•0.04 0.50 c:-0.04 

3.88 <•0.1 <•0.04 0.49 <•0.().4 

5.12 <•0.1 <•0.04 0.75 <•0.04 

3.'3 <•0.1 <•0.04 0.50 <•0.04 

3.61 <•0.1 <•0.04 0.51 <•0.04 

5.56 0.20 <•0.04 0.83 <•0.04 

5.54 <•0.1 <•0.04 027 <•0.04 

5.66 0.20 <•0.04 0.31 <•0.04 

45.3 0.24 c:-0.02 2.61 c-0.02 

c:-0.02 

<-0.02 

<•0.02 

<•0.02 

<•0.02 

<•0.02 

2.52 0.18 <•0.02 0.16 

2.39 <-0.05 <•0.02 0.14 

2.80 0.16 <•0.02 0.08 

4.37 0.11 <•0.02 0.09 

2.55 0.11 <•0.02 0.05 

1.95 0.09 c:-0.02 c:-0.02 

1.15 020 <•0.04 0.32 <•0.04 

2.40 <•0.1 <•0.04 0.20 <•0.04 

#NIA llNIA #NIA #NIA /INJA 

2.55 0.20 <•0.04 0.33 <•0.04 

2.a2 c:-0.1 c:-o.04 c: .. o.04 c:-o.04 

3.40 <•0.1 <•0.04 0.13 <•0.04 

3.53 0.20 <•0.01 0.14 <•0.04 

3.89 <•0.1 <•0.01 0.07 <•0.04 

0.14 <•0.004 

0.15 <•0.004 

025 0.020 

0.016 <•0.004 

0.009 <•0.004 

1.00 <•0.004 

c:..0.5 

#NIA 

#NIA 

<•0.5 

<•0.5 

<•0.5 

<•0.5 

<-0.5 

c:..0.5 

<-0.5 

<•0.5 

<•0.5 

<•0.5 

<•0.5 

<•0.5 

<•0.3 

<•0.3 

<•0.3 

<•0.3 

<•0.3 

<•0.3 

<•0.3 

<•0.5 

<•0.5 

#NIA 

<•0.5 

<•0.5 

c:-0.5 

<-0.5 

<•0.5 

<•0.05 

<•0.05 

<•0.05 

3.37 

3.49 

222 

17.4 

2.81 

2.95 

2.99 

0.25 0.018 0.840 <•0.004 c:-0.05 

0.21 0.028 0.035 

0.21 <•0.004 0.046 

0.21 <•0.004 0.046 

2.67 <•0.1 #NIA <•0.04 <•0.04 #NIA 

2.82 <•0.1 <•0.04 <•0.04 <•0.04 <•0.5 

3.20 0.20 <•0.01 0.024 <•0.004 <•0.05 

90 

4860 

3210 

3360 

1850 

1740 

1330 

#NIA 

#NIA 

#NIA 

#NIA 

#NIA 

#NIA 

#NIA 

#NIA 

#NIA 

525 

#NIA 

#NIA 

#NIA 

IN/A 

#NIA 

#NIA 

268 

159 

168 

#NIA 

#NIA 

216 

194 

#NIA 

146 

144 

#NIA 

#NIA 

#NIA 

#NIA 

#NIA 

111 

104 

110 

9410 

6930 

7630 

5270 

4480 

'700 

#NIA 

#NIA 

#NIA 

#NIA 

#NIA 

#NIA 

#NIA 

#NIA 

#NIA 

2730 

3080 

#NIA 

#NIA 

#NIA 

#NIA 

#NIA 

2480 

2750 

IN/A 

2580 

2480 

2719 

2221 

#NIA 

2342 

2762 

llNIA 

#NIA 

2710 

1867 

2060 

2572 

2620 

2370 

1930 

1410 

1390 

1310 

#NIA 

#NIA 

#NIA 

#NIA 

#NIA 

#NIA 

#NIA 

#NIA 

#NIA 

830 

#NIA 

#NIA 

#NIA 

#NIA 

#NIA 

#NIA 

1419 10200 

#NIA 11400 

#NIA t1100 

469 11500 

194 13600 

#NIA 13700 

#NIA 5230 

278 #NIA 

240 /INJA 

#NIA llN/A 

#NIA llN/A 

#NIA llNIA 

#NIA IN/A 

224 #NIA 

248 #NIA 

IN/A 

174 

#NIA 

176 

#NIA 

#NIA 

#NIA 

8740 

9910 

#NIA 

IN/A 

#NIA 

IN/A 

#NIA 

2780 180 1820 <-0.$0 <•0.50 

2920 100 2330 0.2 <•0.10 

2910 8& 1830 <•0.10 c:-0.10 

2940 <•10 2010 <•0.tO <•0.10 

3060 <•10 2040 <-0.10 <•0.10 

2920 <•10 2330 0.078 

2940 <•10 2370 <•0.05 

3020 <-10 2320 <•0.05 

3080 11 2310 <-0.05 

3010 22 #NIA #NIA 

#NIA llNIA #NIA #NIA 

#NIA llNIA #NIA #NIA 

llNIA #NIA #NIA #NIA 

llNIA llNIA #NIA #NIA 

#NIA #NIA #NIA #NIA 

2590 

2510 

llNIA 

#NIA 

llNJA 

#NIA 

llNJA 

22.0 

20.0 

llNIA 

#NIA 

llNIA 

/INJA 

#NIA 

1310 <-0.10 

1300 <•0.10 

llNIA #NIA 

#NIA llNIA 

#NIA #NIA 

#NIA #NIA 

#NIA #NIA 

0.123 

0.190 

0.178 

0.067 

llNIA 

llNIA 

llNIA 

#NIA 

#NIA 

llNIA 

<•0.10 

<-0.10 

#NIA 

#NIA 

/IN/A 

#NIA 

llNIA 

~ #NIA 9560 2670 <•10 1540 <•0.10 <-0.10 

739 20 

735 IN/A 

llNIA 23 

#NIA 31 

788 56 

723 42 

#NIA 46 

780 

782 

#NIA 

#NIA 

755 

61( 

644 

680 

16 

#NIA 

#NIA 

#NIA 

#NIA 

/INJA 

10 

10 

10 

8'20 2710 <•10 1480 0.12 <•0.10 

/INJA llNIA llNIA #NIA #NIA llNIA 

8440 2520 <-10 1300 <•0.10 c:-0.10 

8950 2560 <•10 1330 <-0.10 <•0.10 

8068 ~ <•10 1395 <•0.10 <-0.10 

IM84 2630 <•10 1281 <-0.10 c:-0.10 

8207 2e20 c:-to 1399 <•0.10 c:-0.10 

6441 

8438 

#NIA 

#NIA 

8200 

9239 

7420 

8129 

2640 

26<0 

llNIA 

<-30 

<-30 

llNIA 

1518 

1528 

#NIA 

#NIA llNIA #NIA 

2730 <-30 1548 

2480 <-30 1334 

2560 c:-30 1550 

2660 <30 1350 

<•1.0 

<-1.0 

<•1.0 

<•1.0 

0.1 .. 

<-0.2 

c:..0.1 

<0.1 

<•1.0 

<•1.0 

<•1.0 

<•1.0 

c:-0.1 

c:-0.2 

0.18 

<0.1 

026 

/INIA 

/INIA 

0.06 

0.9 

0.74 

1.00 

IN/A 

llNIA 

llNIA 

/INJA 

/INIA 

#NIA 

/INIA 

IN/A 

1.39 

1.91 

/INIA 

/INIA 

llNIA 

/INIA 

/IN/A 

1.25 

1.53 

llNIA 

1.94 

2.28 

2.13 

1.97 

1.91 

3.33 

3.36 

2.83 

1.7 

1.95 

2.78 



Appendix Table Cl continued Brogborough leachate analyses 

Dale pH IUlet Olgesl Cond Temp Na Mg K Ca Cr Mn Fe NI Cu Zn Cd Pb BOD COO TOC TVA Alkal Cl SO, NH, NO, NO, SRP 

Ill• (0) Of Coco, .... N Al N .... N .... p 

Of nol (U) ms/cm •c <········--··--····--··--·····----·---------·---······-············--·-····· Concentration = mg/1------------------------·······--·······------------------------------------·-------------------------> 
lotmAlnl .. 

Cell No. 6 (Industrial Waste) 
2s.01~ 

08.02194 

0803'94 

06.04.1'4 

04.0S.·94 

0411~ 

04:10.~ 

0.t/101!.M 

04:10.'94 

04;io,·94 

04110194 

0411~ 

04110i'9o4 

01.()l/95 

01.0J.~ 

Ol.QW5 

01.()J.jj!, 

01.QJ.~S 

06.01Ji5 

081111i5 

2902iiM> 

29.021"6 

29.02196 

2S.04:96 

2006/96 
20.()().'QG 

11112."6 

11:12196 

06.Q2197 

76 

73 

72 

7S 

73 

7S 

IN.'A 

IN.'A 

1U:A 

1N.·A 

INJA 

1N:A 

IN!A 

73 

INJA 

IN1A 

1N:A 

1N:A 

74 

76 

74 

IN.'A 

IN/A 

76 

7S 

7S 

7S 

H 

UF a 

UFb 

12jma 

I 2jmb 

1 2µon a 
1 2irn b 

04Sµn 

04Sµn 

UF 

1 2irn 

12~n 

o 45\>n 
04Sim 

04Sµn 

12µ-n 

UF 

12µn 

04Sµn 

12im 

12µn 

04Sim 

04Sµn 

04Sim 

INJA 04Sµn 

D 

D 

D 

D 

u 
u 
D 

u 

D 

D 

u 
D 

u 

D 

D 

D 

D 

D 

D 

D 

D 

u 
DIUP 

u 

15 7 25 3 

IS 3 29 I 

128 305 

119 29 2 

IS I 29 9 

15 3 250 

IN/A IN.'A 

INIA INIA 

IN/A INIA 

IN/A INIA 

INIA INIA 

INIA. IN/A 

INIA INIA 

136 

INIA 

INIA 

IN.'A 

INIA 

INIA 

11 

276 

INIA 

INIA 

INIA 

INIA 

33.7 

282 

1370 

1390 

1230 

1380 

1380 

1230 

1:140 

INIA 

IN/A 

INIA 

INIA 

IN/A 

IN/A 

1200 

1170 

1220 

1160 

1250 

1S70 

1530 

IOS 

108 

94 

108 

106 

llO 

97 

INIA 

INIA 

#NIA 

INIA 

INIA 

IN/A 

87 3 

846 

889 

84 2 

89 s 

107 

116 

18 32 4 INIA INIA 

INIA INIA 1190 81 

INIA INIA 1100 76 

ISO 3S2 1282 823 

INIA 34 S 1520 93 0 

INIA 34 S 1450 891 

IS83 

IS 83 

29.1 

29.1 

1510 

1420 

86.0 

77.3 

912 

944 

798 

889 

913 

800 

870 

INIA 

IN/A 

#NIA 

INIA 

INIA 

IN/A 

847 

821 

863 

818 

881 

1090 

1180 

INIA 

974 

917 

1037 

1280 

1220 

1010 

960 

INIA IN/A IN/A INIA IN/A 
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81 <•0.1 

84 IN/A 

71 IN/A 

78 oO.I 

77 <•0 1 

S9 020 

64 <•0 1 

IN/A INIA 

INIA INIA 

INIA IN/A 

INJA INIA 

IN/A IN/A 

INIA IN/A 

S22 

500 

522 

S06 

S4 

S9 

49 

IN/A 

so 
47 

45 4 

42 

39 

34 2 

336 

INIA 

0 18 

0 14 

O.IS 

0 IS 

0 12 

03 

03 

INIA 

02 

02 

02 

03 

04 

023 

026 

IN/A 

0 13 

IN/A 

INIA 

020 

0.11 

0.11 

0 12 

INIA 

IN/A 

INIA 

INIA 

INIA 

IN/A 

010 

008 

0 08 

0 08 

0 08 

0.10 

005 

INIA 

008 

007 

006 

0 07 

008 

O.IS5 

0.141 

INIA 

963 02 <-004 OS2 

IN/A INIA INIA INIA 

INIA INIA INIA INIA 

INIA INIA <•0 04 1.05 

H8 0 2 <•0.04 0.48 

613 02 <•004 022 

108 oOI <•004 03S 

IN/A IN/A IN/A IN/A 

INIA INIA MN/A INIA 

INIA INIA INIA INIA 

INIA INIA INIA INIA 

IN/A INIA INIA INIA 

INIA INIA IN/A IN/A 

7.09 

446 

432 

J5S 

3 17 

0.12 

0 09 

0 10 

010 

0.07 

<•0 02 0.41 

<•002 017 

<•002 016 

<•002 004 

<•0 02 <•0 02 

41S 03 0004 

3 IS <-0.1 <•0 04 

INIA INIA INIA 

I 84 <•0 I <•0 04 

I 32 <•01 <•004 

2 74 .. 0.1 <•0 04 

3.72 .. 0.1 0.02 

3.77 .. o 1 <•0.01 

OS8 

023 

#NIA 

0 46 

0 08 

021 

0.4S 

0 21 

<•004 

INIA 

INIA 

<•004 

<•0 04 

<•004 

<•004 

INIA 

INIA 

INIA 

INIA 

INIA 

INIA 

0002 

<-002 

<•002 

<•002 

<•0.02 

<•0.04 

<•0 04 

IN/A 

<•004 

< 2 004 

< .. u04 

<•0 04 

<•0 04 

<•0 5 

INIA 

INIA 

<•0 5 

<•05 

<•0 5 

<•0 5 

IN/A 

INIA 

MNIA 

INIA 

INIA 

IN/A 

<•0 3 

<•03 

<•03 

<•0 J 

<•0 3 

<•05 

<•05 

INIA 

<•0 5 

<•0 5 

<•05 

<•0 5 

<•0 5 

6 S9 

8 21 

0.18 <•0004 0086 <-0004 .-005 

021 0040 0219 0005 <-0.05 

INIA INIA INIA INIA INIA INIA 

92 

202 

167 

136 

93 

167 

108 

111 

INIA 

INIA 

INIA 

INIA 

INIA 

INIA 

168 

INIA 

INIA 

INIA 

INIA 

IS4 

140 

148 

INIA 

INIA 

140 

102 

INIA 

103 

INIA 

INIA 

2300 
2430 

2J90 

1950 

2420 

2900 
2550 

IN/A 

INIA 

INIA 

INIA 

INIA 

INIA 

2240 

2610 

INIA 

IN/A 

INIA 

2830 

3480 

INIA 

2720 

2860 

2934 

3321 

INIA 

2593 

IN/A 

INIA 

747 

8J7 

110 

622 

772 

742 

764 

INIA 

INIA 

INIA 

INIA 

INIA 

INIA 

756 
INIA 

INIA 

INIA 

INIA 

918 

1170 

838 

INIA 

INIA 

901 

1036 

INIA 

865 

INIA 

INIA 

35 
INIA 

INIA 

10 

INIA 

INIA 

10 

IN/A 

IN/A 

INIA 

8 
INIA 

IN/A 

10 

INIA 

8 

INIA 

INIA 

INIA 

8 

28 

12 

10 

INIA 

INIA 

8060 

6930 

6150 

6JllO 

6SSO 

6280 

6390 

IN/A 

INIA 

INIA 

INIA 

IN/A 

INIA 

6840 

1710 

INIA 

INIA 

INIA 

73i0 

6960 

INIA 

6010 

6440 

6620 

7602 

7478 

6610 

INIA 

INIA 

1680 

1700 

1600 

1540 

1640 

1610 

1620 

INIA 

IN/A 

IN!A 

INIA 

INIA 

INIA 

1600 

1620 

INIA 

INIA 

INIA 

1840 

1860 

#NIA 

1690 

1660 

1130 

1960 

1960 

SS 

JS 

12S 

1040 <.0 60 <•0 60 

940 0 2 .. o 10 

1010 <..0 10 oO 10 

<•10 

10 s 
1010 .. o 10 <•0 10 

1030 0 27 <.0 10 

<•ID 1010 <.005 

<• 10 1010 <•0 05 

INtA IN/A <•0 05 

INIA INIA <•0 05 

INIA INJA INIA 

IN/A INIA INIA 

IN1A INIA INIA 

INIA INIA INIA 

<•10 

<•10 

INIA 

IN/A 

1N1A 

1000 

1050 

INIA 

INIA 

INIA 

<•0 10 

.. 010 

INIA 

IN/A 

INIA 

0078 

00!>6 

INJA 

INJA 

IN.A 

INJA 

IN.'A 

INJA 

<•0 10 

0010 

INIA 

INIA 

INIA 

c.10 IJ.30 <.0 10 <•0 10 

13 1380 <•0 10 <-0 10 

INIA INIA INIA INIA 

140 2500 2 49 0 IJ 

140 2430 <.0 10 0 10 

<• 10 12'5 <•0.10 c-0 10 

•• 10 1349 028 <•0.10 

<• 10 1364 0 Hl <•0 10 

1740 <•30 1312 <•10 

INIA 

<•I 0 

INIA MNIA INIA INIA 

INIA INIA INIA INIA INIA 

38 

IN.A 

INIA 

3 I 

43 

4 00 

38S 

INJA 

INrA 

IN.'A 

WJA 

INJA 

INJA 

4 34 

426 
INIA 

IN'A 

IN.A 

41 

54 

INIA 

39 

38 

49 

56 

S7 

5 73 

INIA 

IWA 



Appendix Table C2 Brogborough volatile fatty acid results 

Cell 1 All values expressed as mg/I C Total 
Date filter Ethanoic Propanoic i-Butanoic n-Butanoic i-Pentanoic n-Pentanoic i-Hexanoic n-Hexanoic Volatile Acids 

25/01/94 6000 22861 8721 81801 8231 21171 <3001 46531 24931 
06104/94 6260 1947 561 I 77601 5091 18081 261 4371 I 23241 
04/05194 6064 1982 5951 74601 5361 18551 27! 44331 22952 
04110194 I l/foj/A llN/A .WA llNIAI llN/A j •NtAj llfojtAI llNtAI ON/Al llNIA 
01103/95 0.45 7441 252 1051 401 I 69 1821 61 3451 2104 
01103195 1.2 736 258 106! 4271 71 1891 41 3671 2158 
09111195 I 1.2 6721 139 1181 1131 48 821 21 381 1213 
29/02/96 0.45 1272 243 1471 4291 71 1701 21 2421 2576 

29102196 I 1.2 1188 233 1411 3991 681 1591 21 2351 2426 

25104196 I 1.2 7361 157 1061 1341 471 841 21 551 1320 
20106196 I 0.45 6041 107 701 551 27 301 11 7\ 903 
20106196 I 1.2 624 108 701 531 281 31 I <21 SI 923 
11/12/96 I 0.45 99 181 141 14\ 41 101 <21 41 162 
10/07/97 0.45 76 51 <21 <21 <21 <21 <21 <21 80 
23/09/97 0.45 ! 67 2 <21 <21 <21 21 <21 <21 71 

07/11/97 I 0.45 531 11 <21 <21 <21 21 <2! <21 56 

Cell 2 All values expressed as mg!l C 

Date filter Ethanoic Propanoic i-Butanoic n-Butanoic i-Pentanoic n-Pentanoic i-Hexanoic n-Hexanoic Tot;il 

25/01/94 : i 8161 282! 981 7741 1061 212: <601 5961 2884 
06/04/94 i i 721 2731 1601 6691 1041 2231 71 5981 2756 
04/05/94 i I 569i 271 I 1311 6591 901 2091 6i 5511 2486 
0411 0194 1 o .45 a I 11761 335! 115i 10581 126! 2801 71 7821 3878 
04110194 i o.45 b I 1012 3361 1181 10201 1201 2731 71 7691 3656 
0411 0194 I 1 .2 a I 11641- 3481 1181 10141 -~---~-- _ ___l __ 807! 3850 
04/10/94 ! 1.2 b ! 1004. -3411-- --115r-·---- -999_1 ___ 

1221 272i . 71 7881 3647 
01103195 I 0.45 I 432 961 531 1371 381 67i 31 1541 981 
01103195 I 1.2 I 464 1031 541 1401 391 711 31 166! 1041 

09/11/95 ! 1.2 I 444 1331 59i 3971 531 1261 31 3441 1559 
29102/96 ! 0.45 I #NIA #NIAi #NIAi #NIAi #NIAi #NIAi #NIAi #NIAi #NIA 

29/02/96 I 1.2 I 1981 541 271 1351 221 441 21 1251 606 
25/04/96 ! 1.2 I 5441 139i 611 3561 551 115i 3 3081 1581 
20106/96 I 0.45 I 492 1291 61 ! 3231 551 112! 3 3161 1492 
20106196 I 1.2 I 504 139i 65i 341 ! 571 1191 3 3231 1552 
20106196 11.2 Du~ 5201 1301 56i 2901 531 102! 2 291 I 1444 
11112196 : 0.45 I 41 <21 <2! <21 <21 <31 <21 <31 4 

Cell 3 All values expressed as mg/I C 

Date filter Ethanoic Propanoic i-Butanoic n-Butanoic i-Pentanoic n-Pentanoic i-Hexanoic n-Hexanoic Total 

25/01194 i I 19001 7541 2451 21811 265i 706i <1501 16751 7726 

os104194 I I 7621 7641 1221 1461 1131 1721 91 11 I 21S8 

041os194 I I 2671 221 I S91 781 441 86i 31 1021 861 
0411 0194 I 1 .2 a I BBi 4S! 17 1 161 141 221 <21 221 225 
0411 0194 i 1 .2 b : 841 42! 17[ 141 141 21 ! <2! 221 214 
0110319S ! 0 .45 I 48j 101 2! 71 21 31 <21 31 7S I 

01103195 l 1.2 I 481 101 2! Bl 21 41 <2i 41 77 
0911119s I 1.2 I 181 JI <2: 21 <2' <21 <2! 11 24 
29/02/96 : 0.4S i 101 <Si <2' <21 <2' <2! <31 <21 10 
29102196 . 1.2 I 91 <51 <21 <2i <21 <2! <31 <21 9 
25/04/96 : 1.2 I 231 <21 <2: <21 <2! <2! <21 <2! 23 
20106196 I 0.45 ' 101 <21 <2! <21 <2! <21 <21 <21 10 
20106196 i I 141 11 

-
<2! <2! <21 1.2 <2! <2' <21 16 

11/12196 1 0.4S ! SI <21 <21 <21 <21 <31 <2' <31 s 
10107197 I o.45 ' SI <21 <2! <21 <21 <21 <21 <21 6 ' 
23109197 I o.45 I 61 <21 <2! <21 <21 <2! <21 <21 6 
07111197 I 0.4S ; 31 <21 <2i <21 <21 <2! <21 <21 3 
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Appendix Table C2 continued Brogborough volatile fatty acid results 

Cell 4 All values expressed as mg/I C 
Date filter Ethanoic Propanoic i-Butanoic n-Butanoic i-Pentanoic n-Pentanoic i-Hexanoic n-Hexanoic Total 

25/01/94 388 136 115 300 65 135 <30 279 1418 
06/04/94 332 79 44 <2 13 <2 2 <2 469 
04/05/94 160 32 2 <3 <3 <3 <3 <3 194 
04/10/94 0.45 a 181 36 3 1 3 <2 <2 <3 224 
04/10194 0.45 b 199 42 3 1 3 <2 <2 <3 248 
04/10/94 1.2 a 227 43 3 2 4 <2 <2 <3 278 
04/10/94 1.2 b 193 38 3 1 3 <2 1 <3 240 
01/03/95 0.45 127 18 13 7 4 5 <2 2 176 
01/03/95 1.2 124 19 13 8 4 5 <2 2 174 
09/11/95 1.2 17 2 <2 1 <2 <2 <2 <2 20 ------- ~-

29/02/96 0.45 28 3 <2 <2 <2 <2 <3 <2 31 
29/02/96 1.2 23 <5 <2 <2 <2 <2 <3 <2 23 
25/04/96 1.2 45 7 <2 4 <2 <2 <2 <2 56 
20/06/96 0.45 37 5 <2 4 <2 <2 <2 <2 46 
20/06/96 1.2 35 4 <2 3 <2 <2 <2 <2 42 
11/12196 0.45 16 <2 <2 <2 <2 <3 <2 <3 16 
10/07197 0.45 9 1 <2 <2 <2 <2 <2 <2 10 
23/09/97 0.45 10 <2 <2 <2 <2 <2 <2 <2 10 
07/11/97 0.45 8 <2 <2 <2 <2 1 <2 <2, 10 

cen s All values expressed as mg/I C 
Date filter Ethanoic Propanoic i-Butanoic n-Butanoic i-Pentanoic n-Pentanoic i-Hexanoic n-Hexanoic Total 

25/01/94 71 4 <51 <51 <51 <5 <5 <5 75 
06/04/94 46 1 <21 <2 <2 <2 <2 <2 47 
04/05/94 23 <3 <31 <3 <31 <3 <31 <3 23 
04/10194 0.45 a 36 2 <2 <2 <2 <2 <2 <3 38 
04110194 1.2 a 36 2, <21 1 <21 <2 <2 <3 39 
04110194 1.2 b 42 2 <21 1 <21 <2 <21 <31 46 

···---- -·- - ----+--- -----r---- ~ 01/03/95 0.45 29 2 <21 <2 <2, <2 <2 31 
01/03195 1.2 31 2 <2 <2 <2 <2 <2 <2 33 
09111195 1.2 56 4 <2 2 <21 <2 <21 <2 62 
29102/96 0.45 17 <5 <2 <2 <21 <2 <3 <2 17 
29102/96 1.2 181 <5 <2 <2 <2 <2 <3 <2 18 
25/04196 1.2 48 3 <21 2 <2 <21 <2 <2 53 
20/06/96 0.45 37 3 <2 2 <21 <2! <2 <2 42 
20106/96 1.2 35 2 <2 1 <2 <21 <2 <2 39 
11/12/96 0.45 15 <2 <2 <2 <21 <3 <21 <3 15 
10107197 0.45 37 1 <2 <2 <2 <3 <2 <3 38 
23/09/97 0.45 25 <2 <2 <2 <2 2 <2 <3 27 
07/11/97 0.45 24 <2 <2 <2 <2 2 <21 <3 26 

Cell 6 All values expressed as mg/I C 
Date filter Ethanoic Propanoic i-Butanoic n-Butanoic i-Pentanoic n-Pentanoic i-Hexanoic n-Hexanoic Total 

25101194 I 24 21 3 3 <3 <3 <31 3 35 
06/04/94 5 <2 <2 <2 <2 <2 <2 <2 5 
04105194 10 <3 <3 <3 <3 <3 <31 <3 10 
04110/94 #NIA #NIA #NIA #NIA #NIA #NIA #NIA #N/A #NIA #NIA 
01103195 0.45 8 <2 <2 <2 <2 <2 <2 <2 8 
01103195 1.2 10 <2 <2! <2 <2 <2 <2 <2 10 
09111/95 1.2 8 <2 <21 <2 <2 <2 <2 <2 8 
29/02/96 0.45 8 <5 <2 <2 <2 <2 <3 <2 8 
29/02/96 1.2 8 <5 <2 <2 <2 <2 <3 <2 8 
25/04/96 1.2 281 <2 <2 <2 <2 <2 <2_ <2 28 
20/06/96 0.45 10 <2 <21 <2 <2, <21 <2 <2 10 
20/06/96 1.2 12 <2 <21 <2 <2 <21 <2 <2 12 
11112196 0.45 4 <2 <2! <21 <2 <31 <2 <3 4 
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Appendix Table C3 Leachate levels data (boreholes C, Cells 1 - 6) 

depth to leachate (metres below top of casing) 
Date Cell1 Cell 2 Cell 3 Cell 4 Cell 5 

19109191 
24110191 
21111/91 

09101192 

30101192 

20102192 

18103192 

01105192 

24106/92 
28107/92 

19108/92 

01110192 

29110/92 

19111192 

24101194 
25101194 

07102194 
08102194 
07103194 
08103194 
05104194 
06104194 
03105194 
04/05194 
03/10194 
04110194 
01103195 

02103195 

05107195 
06107195 
08111195 
09111195 

28102196 

29102196 

24104196 
25104196 

19106196 

20106196 

10112196 

11112196 

05102197 
06102197 

09107197 
10107197 
22109197 
23109197 
06111197 

07111197 

NOTE: 

17.4 

17.6 
17.3 

16.8 
#NIA 
16.9 

17.7 

16.4 

16.2 

16.1 

15.9 
15.7 

15.6 

15.5 

12.6 
14.0 
13.0 

12.3 

12.9 
13.7 
12.8 
13.6 
12.6 
11.3 
12.0 
12.0 
10.7 

11.0 

10.3 

10.7 
10.0 
10.3 

9.7 

10.1 

9.6 
10.1 

9.9 
8.9 

8.7 

9.0 
8.2 
10.0 
8.2 
8.1 
7.3 
7.4 

15.5 
17.7 
15.7 

15.2 
#NIA 
15.5 

16.2 

15.1 

15.1 

15.0 

14.8 

14.7 

14.7 

14.7 

12.3 
14.0 
13.5 

10.3 
13.5 
14.1 
13.5 
13.8 
13.4 
11.5 

13.2 
11.0 
12.0 
12.4 

11.8 
12.3 

11.5 
10.6 

10.8 

12.2 

11.2 
11.9 

11.6 

11.1 

11.1 

11.1 
#NIA 
#NIA 
#NIA 
#NIA 
#NIA 
#NIA 

16.3 

16.7 
16.2 
15.9 

#NIA 
16.5 

16.9 

15.6 

15.5 

15.1 

14.9 

15.8 

14.7 
14.7 

8.8 
14.5 
12.9 
14.5 

8.5 
9.5 
9.3 
11.8 

9.9 
13.4 

#NIA 
12.1 
4.5 

8.1 

7.9 

7.7 
7.4 

7.5 

7.1 

7.5 

7.0 
7.0 

7.0 
6.4 

6.2 

6.2 

5.6 
5.5 
5.4 
5.6 
5.1 
5.1 

# 

#NIA 
#NIA 
17.9 

15.3 
#NIA 
15.1 

15.8 

#N/A 
14.4 

14.0 

13.7 

13.6 

13.2 

13.2 

11.5 
12.1 
12.0 

12.2 

11.9 
12.3 
11.9 
12.3 
11.8 

11.9 
#NIA 
11.6 
11.0 

10.8 
10.7 

10.6 
10.0 
9.9 
9.0 
9.3 

8.7 
8.7 

8.3 
7.8 

7.6 

7.7 
6.7 
6.6 
6.3 
6.6 

6.3 
6.5 

10.8 

11.1 
10.3 
11.1 

9.8 

7.8 

11.0 

#NIA 
10.0 

9.8 
9.7 

#NIA 
#NIA 
9.4 

8.0 
8.7 
8.5 

8.5 
8.4 
8.5 

8.4 
8.8 
8.3 
7.8 

#NIA 
7.9 
7.2 

7.3 

7.7 
7.3 

7.4 
7.4 

7.2 

#NIA 
7.0 

6.5 

7.0 
7.0 

6.9 

7.0 
6.7 
6.5 
6.3 
6.4 

6.2 

6.5 

air 1 - CELL 4 injected with 746m' of ai1 uver 5 hours on 28 April 1992 

air 2 - CELL 4 aborted air injection on 23 Feb 1993 

air 3 - CELL 4 injected with 11, 101 m' of air, 24 hours between 2-6 August 1993 

water 1 - CELL 3 injected with 98.5m' of water. 2-3 July 1992 
water 2 - CELL 3 injected with 21.3 m' of leachate, 20-24 April 1993 
water 3 - CELL 3 injected with 231.2 m' of water, 21-25 Feb 1994 

• CELL 5 - Possible false reading due to foam ontop of water column 

•• CELLs 1,2 & 5 - Possible false reading due to foam on top of water column 
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Cell6 

16.2 
16.7 
#NIA 
#NIA 
#NIA 
15.1 

16.8 

15.8 

15.7 

15.6 
15.6 

#NIA 
15.5 
15.5 

11.7 
15.3 
15.3 

15.6 
15.2 
15.2 
15.2 
15.2 
15.0 
15.3 

#NIA 
#NIA 
14.3 

14.2 
14.7 

14.1 
13.8 
12.6 

12.7 

#NIA 
12.3 
12.3 

11.6 

11.0 

13.0 

11.1 
10.3 
9.4 
10.3 
10.2 

#NIA 
#NIA 

Comments 

e ry 
Cell 4 dry 
Cell 4 dry 

air 1 

water 1 

air 2 & 3, water 2 

water 3 

not received 

not received 
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APPENDIXD ION BALANCE CALCULATION 

An ion balance calculation compares the sum of the main cations and anions as 
milliequivalents/litre (meq r1

): the calculations are presented below. The ion balance 
calculation for leachates and leachate contaminated groundwaters is more complex than 
uncontaminated groundwater because: 

• the contribution of carboxylic acids to the alkalinity measurement may be significant. 
This is the availability of ethanoic, propanoic and n-butanoic acids to contribute to the 
alkalinity measurement between the pH of the sample and pH 4.5 (end point of the 
alkalinity measurement); 

• the dissociation of the acids is pH controlled and has the effect of shifting the end-point 
of the titration. This must also be calculated; 

• the contribution of ammoniacal nitrogen to the alkalinity measurement may be 
significant and this should be calculated. 

Sources of error should be sought where an ionic imbalance of greater than ±15% is 
obtained for a leachate sample. 

The reader is advised to consult a competent chemist regarding ion balance calculations. 
However, a simple BASIC program which computes an ionic balance for leachates and 
contaminated groundwaters, which accounts for the points above, is presented in 
Table Dl. 
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Appendix Table Dl Ion balance program for leachates 

5 ! IONIC BALANCE CALCULATIONS PROGRAM 
! S Blake & D Craft 19 Oct 1988 
! 

10 PRINT "Calculation of ionic balance" 
PRINT"------------------------------" 
PRINT "Please note that the following has been asswned:" 
PRINT " (i) Fe present as Fell" 
PRINT " (ii) 'Three major volatile acids accounted for separately." 
PRINT "(iii) pH affects amount of volatile fatty acid dissociation" 
PRINT" - calculations are made accordingly" 
INPUT "pH ";PH 
INPUT "Acetic acid mg C 1-1 ";AC 
INPUT "Proprionic acid mg C 1-1 ";PR 
INPUT "n-Butyric acid mg C 1-1 ";BU 

! Calculation of concentration of fatty acids available to contribute 
! to alkalinity measurement between pH of sample and pH 4.5 (end-point 
! for alkalinity measurement) 
! NB Fatty acid (FA) concn. in mg C 1-1 - converted to mg FA 1-1 

20 CAC=AC*2.50/(l +(1O**-PH)/(l.7539*10**-5) )-AC*2.50/(1+(l0**-4.5)/( 1. 7539*10**-5)) 
CPR= PR *2.06/(1+(10**-PH)/(1.3366*10**-5))-PR *2.06/(1 +(10**-4.5)/(1.3366*10**-5)) 
CB U=B U* 1. 83/(l +(10**-PH)/(0. 8913* 10**-5) )-BU* 1.83/(1+(10**-4.5)/(0.8913*10**-5)) 

ALKAC=CAC*50/60 
ALKPR=CPR *50/74 
ALKBU=CBU*50/88 
ALKFA=ALKBU+ALKPR+ALKAC 

! RCOOH = CaC03 

! RCOO- = C032- I 2 

PRINT "Fatty Acid Alkalinity= ";ALKFA;" mg/l CaC03" 
PRINT" Ac= ";ALKAC;" Pr= ";ALKPR;"Bu= ";ALKBU; 
PRINT 
INPUT "mg Cal-1 ";CA 
INPUT "mg Mg 1-1 ";MG 
INPUT"mgNal-1 ";NA 
INPUT "mg K 1-1 ";K 
INPUT "mg Fe 1-1 ";FE 
INPUT "mg NH3-N l-l";NH3 
! Calculation of concentration of ammonia available to contribute 
! to alkalinity measurement between pH of sample and pH 4.5 (end-point 
! for alkalinity measurement) 
! NB Ammonia concn. in mg N 1-1 - converted to mg NH3 1-1 
! kw/kb (NH3) = 5.637*10**-10 
! kb (NH3 aq) = 1.744*10**-5 @25C 

CNH3=NH3*(17/14)*(10**-4.5/(5.637*10**-10+ 10**-4.5))-NH3*(17 /14)*(1O**-PH/(5.637*10**-10+10**-PH)) 

25 IF CNH3<0 THEN LET CNH3=0 ELSE GOTO 26 ! i.e. if pH < 4.5 
26 ALKNH3=CNH3*50/17 

PRINT "Ammoniacal Alkalinity= ";ALKNH3;" mg 1-1 CaC03" 
PRINT 

INPUT "mg CaC03 l-l";TOTALK 
INPUT "mg Cll-1 ";CL 
INPUT "'mg S04 l-l ";S04 
INPUT "mg N03-N l- l ";N03 
INPUT "mg Pl-1 ";P 
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! Ionic contribution of Ac, Pr, Bu and NH4+ at pH of sample 

PHCAC=AC*2.5/(1 +(1O**-PH)/(l.7539* 10**-5)) 
PHCPR=PR *2.06/(1+(10**-PH)/(1.3366*10**-5)) 
PHCBU=BU*l .83/(1+(10**-PH)/(0.8913*10**-5)) 
PHNH3=NH3*(17 /14)*(10**-PH/(1.774*10**-5+10**-PH)) 
CTOT=(CA *2/40 .07)+(MG*2/24.32)+(N N22.997)+(K/39 .096)+(FE *2/5 5 .84 )+& 
(PHNH3/17) 

! Check to find if measured alkalinity less/greater than sum of 
! fatty acid & ammoniacal 'alkalinity' ..... 

27 IF TOT ALK<(ALKNH3+ALKFA) THEN LET TOTALK=ALKNH3+ALKF A ELSE GOTO 30 

30 ATOT =((TOT ALK-ALKNH3-ALKF A)*2/l 00.09)+(CL/35.457)+(S04*2/96.064 )+(N03/14.008)+& 
+(P*3/30.97)+(PHCPR/74)+(PHCAC/60)+(PHCBU/88) 

PRINT "Cations .... ";CTOT 
PRINT "Anions ..... ";ATOT 
PRINT "Difference (C-A) ";CTOT-ATOT 
PRINT"" 

40 IF (CTOT<ATOn THEN GOTO 100 ELSE GOTO 200 

100 CDEF=(ATOT-CTOn*lOO/ATOT 
PRINT"% Cation Deficiency [(A-C)/C]=";CDEF;"%" 
GOT0500 

200 ADEF=(CTOT-ATOn* 100/CTOT 
PRINT"% Anion Deficiency [(C-A)/A]=";ADEF;"%" 
GOT0500 

500 INPUT "Have you finished [N] ";ANSS 
510 IF (ANSS="y" OR ANSS="Y") THEN GOTO 520 ELSE GOTO 10 
520 END 
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