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1.0 INTRODUCTION 

1.1 Background 

The Department of Infrastructure for the Isle of Man Government (IMG) has retained SLR to 
undertake a review of the management of leachate at the closed Raggatt Landfill Site. Since 
the closure of the site, leachate has been regularly removed from the collection tank using a 
tanker. It is reported that around 9,000 gallons (or 41m3) of leachate is removed from the 
landfill on days that tankering takes place, this being removed in three tanker movements. 
This equates to an annual daily equivalent volume of around 31m3 / day (see Section 2.3.5). 
Leachate is tankered to an outfall at Peel Harbour where it is discharged to sea. This 
operation costs the IMG approximately £30,000 per annum and they are looking for a more 
cost effective and environmentally sustainable solution to leachate management. There is 
also a perception that the site is generating more leachate than would be expected from a 
landfill with a similar construction and environmental setting and the IMG would like to 
understand the possible causes and potential remediation strategies for this. 

1.2 Study Objective 

The overall project objective is to investigate options to reduce leachate disposal costs from 
the Raggatt landfill site and to secure a more robust and sustainable leachate management 
solution for the IMG at the site. The project is split into two distinct phases, an initial 
assessment of the landfill site and exploration of options to reduce leachate generation 
followed by either an outline proposal for site re-engineering works to reduce leachate 
generation or, if site re-engineering works are not the preferred option, an options 
assessment for alternative leachate treatment and disposal methods along with a report on 
the suitability of the acceptability of such a discharge to receiving controlled waters. 
 
The first stage of the works, reported in this document, includes the following elements; 
 

 Site meeting with the IMG to obtain relevant information and define objectives and 
constraints and to view the landfill and current leachate management systems; and 

 Provision of a report on the hydrology, hydrogeology and leachate management at 
the Raggatt landfill including cost/benefit analysis of potential management options. 

Further proposed stages of work are to include: 

 Options assessment review of potential candidate treatment and disposal processes, 
including capital and operational cost modelling, concluding with recommendation of 
the ‘best’ solution for the IMG at the Raggatt Landfill; and 

 Investigation of the suitability of a discharge of treated or untreated leachate to the 
proposed receiving controlled water body, including provision of ‘likely’ acceptable 
discharge conditions 

Should this work indicate that a suitable leachate management and disposal solution is both 
technically and financially viable at the Raggatt Landfill site, and should the IMG wish to 
pursue the project further, SLR would then deliver a further phase of works that would be; 

 Provision of an Environmental Risk Assessment, based on the Environment Agency 
(EA) H1 risk assessment methodology, to demonstrate that a discharge from the 
proposed treatment process (or discharge of untreated leachate direct to the River 
Neb if acceptable) meets the requirements of the EA’s guidelines; and 
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 Conceptual design of the preferred solution to a standard that can be used by the 
IMG to decide on whether to pursue and, if desired, to open negotiations with the 
required Authorities. 

The objective of this part of the study, contained within this report, is to present a description 
of the setting, development and construction of the site in order to develop a conceptual 
understanding of the potential water inputs contributing to the generation of leachate. This 
will be used to make recommendations on how the volume of leachate can be reduced and 
to propose alternative more cost effective and sustainable methods of leachate disposal. 

1.3 Scope of Work 

The following scope of work has been agreed with the IMG for this first phase of the study: 

 site meeting with the IMG to obtain relevant information, to define objectives and 
constraints and to view the landfill and current leachate management systems; 

 collection and review of data on the construction and design of the landfill and on its 
environmental setting; 

 review of leachate disposal data and groundwater and leachate quality data; 

 assessment of the likely significant contributors to leachate generation and how 
these may be reduced; and 

 identification of potential option for a more cost effective and sustainable method of 
leachate disposal 
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2.0 SITE SETTING 

2.1 Site Location 

The site and its immediate surrounds are shown on Drawing RG 001. This drawing also 
indicated the total landfilled area, split into two subdivisions (a steeply inclined batter to the 
east of the site and a flatter more extensive area to the west). 

Raggatt Landfill is located approximately 1km south of Peel town centre on the western 
coast of the Isle of Man, centred at National Grid Reference SC 242 828.  The small village 
of Patrick lies 800m to the south of the site. The nearest property to the site is ‘The Raggatt’, 
located some 100 metres to the east of the south east corner of the landfill site boundary. 
The owner of the property also owns the land on which the landfill was developed and now 
manages the restored land. As former landfill site operator, the IMG retains responsibility 
and liability for the environmental management of the site.  

The A27 road passes to the north and east of the site. An unclassified minor lane follows the 
northern boundary of the site. The River Neb lies approximately 50m to the north-east of the 
site. To the west of the site the topography rises gradually and then more steeply to Corrins 
Hill at 148mOD.  

2.2 Site History and Development 

The site covers an area of approximately 3.8 hectares (Ha) of which approximately 2.5 Ha 
has been subject to landfilling.  It has been developed within an abandoned clay quarry, 
where it is understood that the extracted clay and shales/mudstone were used for the 
manufacturing of bricks1.  Landfill operations took place at the site between August 1986 and 
September 1990.  

The site’s preparation/development history consisted of the following: 

 Prior to landfilling, the quarry was approximately 10 to 15m deep. 

 The base of the quarry generally fell to the east/north-east (roughly towards to 
current site entrance). 

 Wastes were deposited in three long, east-west orientated cells. 

 The landfill has not been lined with an engineered containment liner. 

 Prior to the placement of wastes, land drainage was installed to the base of the cells 
by installing trenches backfilled with drainage stone and pipework before landfilling 
over the top. Leachate and groundwater is then drained to a sealed pipework system 
external to the site before discharging to a leachate storage tank located by the 
roadside at the site entrance.  

 The void created by the quarry has not been entirely infilled; a track (old haul road) 
and a concrete surface water drain form the base of a narrow valley on the eastern 
side of the site. 

                                                
1
 Raggatt Landfill: Hydrogeological and landfill Gas Risk Assessment, September 2000, a report 

prepared by SLR Consulting for Isle of Man Government, Department of local Government and the 
Environment 
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 The restored landfill surface comprises a cap of very sandy-gravely clay with 
cobbles. 

 Since the closure of the site, leachate has been regularly removed from the collection 
tank by a tanker with an approximate load capacity of 13,600 litres. The tank was 
inspected in 1994 and found to be in good condition2. It is understood that the tank 
has a capacity of approximately 41m3. 

Table 2-1 displays an approximate breakdown of waste types received at the site between 
August 1986 and August 1989. 

Table 2-1 
Analysis of Waste Types between August 1986 and August 1989 

Waste Type Percentage 

Soil and Hardcore 37 

Domestic 36 

Mixed Load 27 

Paper and Card 0.33 

Grass and Trimmings 0.02 

Since completion of landfilling, installation of the site cap and restoration of the landfill 
surface has been completed and the site is now owned by a local resident (who also owns 
the adjoining residential property); however the IMG still retains responsibility for the 
environmental management of the landfill. The current owner has landscaped and managed 
the surface of the site and its surrounding land to a condition approaching that of a small 
nature reserve consisting of ponds, tree planting and grass or scrubland.  

2.3 Site Leachate Management Systems Description 

Details of the leachate management systems installed at the site are incomplete, due to the 
historic nature of the initial design and engineering of the landfill. Incomplete records, in the 
form of a range of landfill design and survey drawings, have been reviewed. The most 
pertinent of these drawings are as follows; 

 
Drawing Title Drawing Number Author Date 

 
Details of the Leachate Tank 89-43-06 P. H. McCarthy 

Partnership 
 

16th October 
1989 
 

Sections through Sewers and 
Drains 
 

89-43-02 P. H. McCarthy 
Partnership 

June 1989 
 

Plan of Leachate Drains and 
Cell System 

89-43-01 P. H. McCarthy 
Partnership 

16th June 
1989 
 

Sections through Landfill 
Cellular System 

89-43-03 P. H. McCarthy 
Partnership 

June 1989 
 

                                                
2
 P H McCarthy Partnership (1994): Leachate Tank Investigations – Raggatt Landfill Site. 
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2.3.1 Landfill Engineering 

The landfill site was designed, constructed and operated as a modified ‘dilute and attenuate’ 
landfill. There is no indication that a low permeability basal or sidewall lining system was 
installed prior to landfilling. Instead, the landfill void was formed by quarrying activities to 
remove in-situ claylike materials for use in the manufacture of bricks.  

Details of the eastern portion of the site (roughly equating to the area of the site 
characterised as the steeply inclined area to the east as shown in Drawing RG 001) indicate 
that the landfill is developed as 3 cells running in an east to west orientation. Inter-cell bunds 
appear to have been constructed as two trapezoid lifts of material, presumably consisting of 
site won clays and mudstones, reaching a height of 5000mm above the quarry floor for the 
first lift and a variable height (presumably dependent on depth of waste) for the second. 

The floor of the quarry (and therefore base of waste) is at an elevation of approximately 
22mAOD falling from high point of 23mAOD in the west to a low point of 22mAOD in the east 
where the basal drainage connects to the external sealed pipework system (see Drawing RG 
004). 

Depth of waste is at its greatest in the west at around 20m depth (landfill surface is at 
approximately 40mAOD) falling to less than 10m depth in the eastern edge of the site 
(landfill surface is at approximately 25mAOD adjacent to site access road). 

The void created by the quarry has not been entirely infilled; a track (the old haul road) and a 
concrete surface water drain form the base of a narrow valley on the eastern side of the site. 
The western perimeter of the site generally forms a shallow valley around the perimeter of 
the waste fill and the quarry wall.  

Surface water drainage ditches exist along the northern and southern perimeters of the 
landfill, moving surface water away from the site and discharging off-site (ultimately to the 
nearby River Neb). 

2.3.2 Leachate Collection and Disposal 

Landfill Basal Drainage  

Prior to the placement of wastes, land drainage was installed to the base of the quarry by 
installing trenches backfilled with drainage stone and pipework (see Drawing RG 003). It is 
understood from details of the eastern end of the quarry that trenches were dug to a depth of 
between 700mm and 800mm into the floor of the quarry (see Drawing RG 003) in a herring 
bone layout falling to a central spine drain in each of the 3 east-west orientate landfill cells 
(see Drawing RG 002). Historic records of the drainage in the western end of the quarry floor 
have not been found but records for the eastern end of the quarry indicate that the 
herringbone drainage system ‘taps into’ the existing system in the western portion of the site.  

It is assumed here that the drainage in the western portion of the site is at least broadly 
similar to that in the east (i.e. land drainage formed by trenches backfilled with drainage 
stone surrounding drainage pipework).  

In this way, originally groundwater’s (presumably to prevent the quarry from flooding) and 
then after landfilling leachate and groundwater is drained to a sealed pipework system 
external to the site before discharging to a leachate storage tank located by the roadside at 
the site entrance. 
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The external sealed drainage pipeline is located within the old haul road below and outside 
of the concrete surface water drain. The points at which herringbone spine drains enter this 
external sealed pipework system is marked by a series of manholes recorded on the original 
P. H. McCarthy Partnership drawings (‘Plan of Leachate Drains and Cell System’, Drawing 
No 89-43-01, 16th June 1989) as Manholes MH-A, MH-B, MH-C and MH-D. MH-A is show as 
a triangular manhole cover whilst MH-B, MH-C and MH-D are shown as rectangular 
manhole covers. These details are subsequently carried through to the site survey base plan 
as can be seen on Drawing RG 002. 
 
This sequence of manholes, in the correct position and of the correct cover shape, was also 
observed at the site visit undertaken on 8th April 2015. Confidence in the conceptual design 
of the landfill basal drainage systems as described above is drawn from the correlation of 
historic plans, site survey information and observations from the site visit3.  
 
This pipework system drains a combination of; leachate percolating vertically down through 
the landfill and groundwater, migrating laterally under the site contained with the upper 
800mm of the in-situ geology, to the sites leachate disposal tank for storage prior to off-site 
disposal. 

Leachate Storage Tank 

The storage tank is believed to be a tubular ‘cesspool’ type tank made of ridged glass 
reinforced plastic (or similar) with domed half-spherical ends. The tank diameter is 2,430mm 
and its total length is 9,555mm. These details are taken from the original P. H. McCarthy 
Partnership drawings (‘Details of the Leachate Tank’, Drawing No 89-43-06, 16th October 
1989). This results in a calculated storage volume of approximately 41m3. 

The tank is buried approximately 1900mm below ground level behind the retaining wall at 
the site entrance. No details have been found of how inlet or outlet pipework is configured 
although it is known that both exist. Two access man-ways are installed at either end of the 
tank and are fitted with manhole covers at surface to allow for inspection of the tank. The 
tank is emptied via road tanker connection point installed into the site entrance retaining wall 
such that emptying of the tank by road tanker is possible from the lay-by on the public 
highway (the A27). 

There are no level control devices or means of preventing liquid recharging the storage tank, 
this being a continuous process that acts under gravity. Should leachate removal from the 
tank cease or slow down the tank will eventually overtop, flood the area behind the retaining 
wall and eventually seep through the wall and onto the A27. From here leachate can enter 
storm drains and ultimately potentially discharge directly to the near-by River Neb. 

2.3.3 Leachate Wells 

It is understood that three number leachate monitoring wells have been retrospectively 
installed at the site by retro-drilling through the waste after site completion and capping. BHA 

                                                
3
 However, it is noted that site management report a historic attempt to determine if this external drain 

was part of the landfill leachate basal drainage system or a surface water drainage system by use of 
tracer dye. It was reported that after introduction of the dye to one of the manholes MH-A to MH-D (it 
is not clear which manhole was used) detection of tracer dye was not reported in either downstream 
surface water systems of from the leachate tank. As this test was inconclusive and engineering 
drawing detailing that this drain does discharge to the leachate tank we conclude that the tracer dye 
test for some un-known reason failed to correlate the two locations but that in fact the pipework 
system does discharge to the leachate disposal tank. 
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is believed to be installed into Cell 3 (the most northerly of the 3 east-west cells), BHB is in 
Cell 2 and BHC is in Cell 3 (the most southerly cell).  

Wells are 150mm in diameter and descend close to the base of each cell. However, whilst 
the wells descend through much of the depth of the waste and are intended to monitor 
leachate at the base of site, as the wells do not intercept the basal drainage system and 
waste has such a low hydraulic permeability they are in effect only capable of indicating 
conditions in the immediate vicinity of the well, rather than the general conditions within the 
waste mass.  

Historically leachate level and quality data has been obtained from all three leachate wells. 
In recent years only BHA has been routinely monitored. 

2.3.4 Capping 

The restored landfill surface comprises a cap of very sandy-gravely clay with cobbles placed 
to a depth of reportedly 1000mm. Drill logs have been reviewed for BHA, B and C which 
indicate that whilst in theory a low permeability cap has been installed the presence of 
sands, gravels and cobbles within the clay matrix means that the effectiveness of the cap in 
achieving a typical clay cap permeability of 1x10-9m / second is questionable. 

The performance of a landfill cap is also dependent on the head of water acting upon it, in 
the case of a landfill cap this effectively equates to the saturated depth of the overlying 
agricultural soils and, if a clay cap is installed, the depth to which the clay layer is also 
saturated. One method of controlling the saturated depth is to produce a landform with a 
significant slope so that the landfill is ‘domed’. In this way water sheds from the cap under 
gravity and so the saturated depth of soils is reduced. This landfill design is in some cases 
supplemented by land drainage features built into the agricultural cap to again encourage 
surface water drainage off the capped waste and into perimeter surface water drainage 
features. 

During the site visit to the Raggatt landfill it was noted that the western area of the site was 
flat and poorly drained. The vegetative cover had a large component of grasses tolerant of 
waterlogged conditions which indicates that the western portion of the site, covering 
approximately 1.98 Ha, may be water logged for substantial period of time. The eastern part 
of the site, where the slope is steeply inclined, appears to be much better drained, this area 
covering approximately 0.47 Ha (see Drawing RG 001). 

In addition, the land-drain that divides these two areas of the site and that is presumably 
intended to assist in draining the western area of the cap is very silted with no observable 
water flow taking place (the ditch should flow from south west to north east). Similarly, the 
off-site surface water ditch to the north of the site is also silted with no discernible flow. It 
would appear that surface water drainage from the cap to the off-site surface water 
discharge systems is only occurring along the southern perimeter of the landfill cap. 

2.3.5 Leachate Disposal Records 

Site management report that leachate tankering from the site is relatively consistent at 
around 3 tanker loads per day with each tanker holding approximately 3,000 gallons (or 
13.6m3). It is also reported that the rate of tankering does not need to respond rapidly to 
changes in rainfall but that instead removal of liquid from the storage tank may have a gentle 
seasonal variation. However, it is noted that if leachate tankering should for any reason be 
suspended then flooding of the area of ground at the landfill entrance begins to take place 
within a few days (or a week). Ultimately if tankering does not take place for a period of more 
than week or so leachate begins to escape from site and is evident on the A27 road. 
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Detailed tankering records have been presented to SLR for the period 1st January 2007 to 
14th June 2007. This information is detailed in Appendix 1 and is summarised below in Table 
2-2. 

Table 2-2 
Tankered Leachate Disposal record from Raggatt landfill, January to June 2007 

 

Month 
Volume 
(Gallons) 

Volume 
(m

3
) 

# Number of 
Tanker Loads 

Jan 07 Total 234,000 1,064 78 

Fe 07 Total 216,000 982 72 

Mar 07 Total 243,000 1,105 81 

Apr 07 Total 210,000 955 70 

May 07 Total 129,750 590 44 

Jun 07 Total* 67,500 307 23 

Grand Total 1,100,250 5,002 367 

Note * Data only from 1
st
 to 14

th
 June available 

On average the landfill is producing 30.5m3 / day of leachate on the assumption that 
leachate generated equals leachate disposed of as recorded leachate levels within the 
landfill are relatively stable (see Figure 2-2) or a total annual leachate production of 
11,133m3. When compared to average rainfall figures for the Isle of Man (see Table 2-3) the 
months of January to June represent 43% of total annual rainfall. As leachate generation is 
fundamentally driven by rainfall it is possible to argue that leachate production in the latter 
half of the year may be marginally higher than 30.5m3 / day, however this effect is likely to be 
small and taking it into account would only increase predicted annual leachate tankering to 
11,632m3 (or 31.9m3 / day).  

It is also noted that the UK Met Office produces datasets of regional climate data where the 
Isle of Man is included in the ‘England, North West and North Wales’ region4. This data 
indicates that for the region as a whole 2007 was relatively representative of the 20 year 
average rainfall figure with 2007 having annual precipitation of 1,357mm and the 20 year 
average being 1,314mm.  

Therefore total annual leachate production from the site would appear to be in the region of 
11,133m3 to 11,632m3 and that this prediction is based on a year where the Northwest 
region received a roughly ‘average’ amount of rainfall. 

2.4 Hydrology and Hydrogeology 

2.4.1 Rainfall 

Long term average rainfall data from the Meteorological Office for a station at Ronaldsway 
Airport is reproduced in Table 2-3. 

                                                

4 
http://www.metoffice.gov.uk/pub/data/weather/uk/climate/datasets/Rainfall/ranked/England_
NW_and_N_Wales.txt 
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Table 2-3 
Long Term Monthly Average Rainfall from Ronaldsway Airport 1981-2010 

 

Month Rainfall (mm) 

January 82.6 

February 57.5 

March 65.5 

April 55.7 

May 50.9 

June 58.1 

July 56.2 

August 65.3 

September 75.3 

October 102.5 

November 103.1 

December 91.8 

Annual 864.4 

  
More relevant to studies of leachate generation is the Hydrologically Effective Rainfall 
(HER), which is rainfall minus losses from evapotranspiration, as this represents the 
proportion of rainfall that is available to generate runoff or recharge to groundwater. There is 
no publically available data on the effective rainfall on the Isle of Man but experience indicate 
that it is approximately 50% of the rainfall and therefore the long term average is likely to be 
c.432mm per annum. To compare this to published data, the Geological Society has 
previously published effective rainfall maps of England and Wales. A version of this has 
been reproduced below and is presented as  
Figure 2-1. This indicates that, whilst the Isle of Man is not included, similar areas such as 
the east of Lancashire fall within the 250mm per annum to 500mm per annum contour, 
making a prediction of 432mm per annum a reasonable estimation. 

Figure 2-1 
Effective Rainfall Map of England and Wales 
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2.4.2 Surface Water Drainage 

The site is located within the surface water catchment of the  River Neb, which flows in a 
south-east to north-west direction, passing approximately 50m north-east of the site and 
discharging to the Irish Sea at Peel, approximately 1km north of the site. The site has been 
developed within a natural south-west to north-east valley feature which runs down to the 
River Neb. Although the Ordnance Survey map of the area does not show a watercourse in 
this valley, it is likely that during wet conditions, prior to quarrying at the site, water flowed 
down the valley to the River Neb. It is likely that this watercourse was diverted around the 
south of the landfill either when it was developed as a quarry or more likely when it was 
landfilled. It is presumed that this is the watercourse that can be seen between the site and 
The Raggatt (Drawing RG 001) and is extended part way up the western boundary of the 
site.  

Observations made prior to landfilling refer to this water course: 

 Water cascaded down the face at the south-western corner of the site and then flowed 
across the base of the site, before draining into undergrowth immediately to the north of 
the access – possibly running under the road.  This water was coming from two cut-off 
ditches that had been constructed along the northern and eastern boundaries of the site. 
These ditches were in poor condition and had been breached in a number of places. 

 A small stream originated in the bottom of the bank in the south of the site, and 
discharged into a 4” pipe and again, possibly eventually flowed under the road. 

 There was a small pond present within the southern corner of the site. 

The restored landfill is now effectively isolated from run-off from the adjacent catchments to 
the west and south by this diverted watercourse. Surface water drainage from high ground to 
the west is diverted to the south, along the western boundary of the site, and then to the east 
to a pond on the watercourse, located to the south of the site (Drawing RG 001). The 
overflow from this pond is diverted to the east in a drainage ditch, along the southern 
boundary of the site, and then continues to the north-east and flows into the River Neb, 
approximately 150m upstream of the site 

2.4.3 Site Drainage 

Internal surface water drains have been installed to collect runoff from the cap and to a 
lesser extent any run-on to the site. There are three interception drains: 

 Southern Ditch 

 Northern Ditch 

 Internal Ditch 

The Southern Ditch runs around the Southern margin of the site from west to east and 
comprises an open concrete channel in its western part and then culverted below ground in 
the east outside of the landfilled area. This culvert is understood to drain to a ditch north of 
the A27 and ultimately flows into the River Neb. This ditch was not seen at the time of the 
walkover survey but its location has been take form previous report on the site and is shown 
in Drawing RG 001. At the time of the site walkover survey there was a very low flow in the 
Southern Ditch and site manager indicated that the drain to the River Neb no longer 
discharges and may be blocked between the site and the river. 

The Northern ditch is an open unlined channel running west to east which is largely over 
grown and had no flow in at a the time of the walkover inspection. It joins with the Internal 
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Ditch in the eastern part of the site and it is understood discharges south to the Southern 
Ditch, although it could not be viewed during the walkover survey due to the under growth. 

A third drainage ditch, the Internal Ditch, is located within the cap at the eastern end of the 
site. It flows approximately south to north and discharges to the Northern Ditch and from 
there to the Southern Ditch. It has relatively shallow gradient and contained standing water 
at the time of the walkover survey.  

Historical monitoring of surface water quality both up and down stream of the River Neb 
during the operational period of the landfill did not indicate any deterioration in water quality 
as a result of the infilling of the Raggatt landfill5. Surface water quality monitoring was not 
continued beyond completion of landfill operations. 

2.4.4 Geology 

Regional Setting 

The geological sequence beneath and adjacent to the site has been obtained from the 
British Geological Survey’s web based mapping6 and is summarised in Table 2-4. 

Table 2-4 
Geological Sequence 

Formation 
or Group 

Age Lithology Thickness Location Relative to Site 

Sulby Glen 
Formation 

Quaternary Sand and Gravel Up to 6m 

The flood plain of the River 
Neb to the east of the site and 
the east boundary of the site 
in the vicinity of the leachate 
tank 

Orrisdale 
Formation 

Quaternary Sand and Gravel Up to 60m 

Beneath the site and the 
adjacent areas (note this unit 
will have been excavated 
beneath the site as part of the 
quarry works, but may be 
present outside of the quarry)  

Creggan 
Mooar 
Formation 

Ordovician 

Dark grey mudstone, 
with siltstone laminae 
and sandstone as thin to 
medium beds, distinctive 
manganiferous 
ironstone laminae. 

c.500m 
Faulted block beneath the 
south-western part of the site 
and to the south-west 

Glen Dhoo 
Formation 

Ordovician 

Pale grey mudstone, 
with siltstone laminae, 
sandstone and minor 
andesitic tuff and 
volcanic breccia 

c.300 

Faulted block beneath most 
of the site (except south-west, 
see above) and to the north 
and south of the site 

Site Geology 

Detailed geological information at the site has been obtained during a site investigation 
conducted by SLR during February 2000. This comprised the drilling of thirteen boreholes 

                                                
5
 SLR Consulting (January 2015) Raggatt Landfill The Raggatt, Isle of Man - Annual Monitoring 

Review. Report ref. 406-00189-00078 
6
 BGS web page: http://mapapps.bgs.ac.uk/geologyofbritain/home.html accessed on 21st April 2015 

http://mapapps.bgs.ac.uk/geologyofbritain/home.html
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within and around the landfill.  The boreholes were drilled using rotary and air flush methods. 
The geological borehole logs from this site investigation are summarised within Table 1. 

A summary of the local drift and solid geology is shown in the investigation identified three 
horizons: 

 Glacial Sand and Gravel 

 Weathered Manx Slate group 

 Manx Slate Group 

The Manx Slate Group refers to undivided Creggan Mooar and Glen Dhoo Formations, 
details of which were provided in Table 2-4 above. 

Table 2-5 
Site Geology 

Unit Description / Characteristics 
Approx. Thickness 
(m) 

Glacial Sand 
and Gravel 

Medium dense, slightly clayey, fine to medium 
grained sand and fine to coarse, angular, slate 
gravel 

0-16 

Weathered 
Manx Slate 
Group 

Soft grey to brown clay and weak to moderately 
strong grey shale and mudstone 

0-10 

Manx Slate 
Group 

Moderately strong, grey shale, slate and 
mudstone 

>16.6 

 

The site geological information information indicates the following: 

 The glacial sand deposits are typically  between 8 and 16m thickness to the north of the 
site but are absent to the west, east and south. Where they are present they directly 
overlie relatively unweathered shale or slate. 

 The greatest observed thickness of the weathered shale and mudstones of the Manx 
Slate Series (9.7m in Borehole 2) is recorded to the east and south of the site. 

 Fresh shale, mudstone or slate directly underlies the base of the landfill. 
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2.4.5 Hydrogeology 

2.3.2 Aquifer Classification 

In the UK aquifers are normally classified using a scheme developed by the Environment 
Agency, however the Isle of Man falls outside the jurisdiction of the UK Environment Agency 
(EA) and the classification is not available. The British Geological Survey (BGS) classifies 
aquifer throughout the UK and the bedrock Formations beneath and adjacent to Raggatt 
Landfill are categorised as ‘Low Productivity Aquifers’ and similar bedrock types in the UK 
are classified by the EA as ‘Secondary B Aquifer’ which are defined as: 

“predominantly lower permeability layers which may store and yield limited amounts of 
groundwater due to localised features such as fissures, thin permeable horizons and 
weathering” 

The superficial glacial sand and gravel deposits to the north and east of the site are not 
classified by the BGS but the EA scheme in the UK indicates that they would be classified 
as: 

“permeable layers capable of supporting water supplies at a local rather than strategic scale, 
and in some cases forming an important source of base flow to rivers” 

Based on this classification the bedrock is unlikely to transmit significant quantities of water, 
however, the glacial sands and gravel are more permeable and may have more groundwater 
flow if saturated. Any flow in the bedrock will be restricted to localised features such as 
fissures and fracture particularly in the weathered zone where they may be enhanced. Flow 
in the sand and gravels will be intergranular and therefore more uniformly distributed. 

2.4.6 Aquifer Properties 

There has been no testing of the aquifer properties at the site. The bedrock formations are 
likely to have similar properties and will have relatively low hydraulic conductivities and 
porosities. The BGS quote7 porosities of 2%, transmissivities of 0.3 to 1.1 m2/day for 
Ordovician rocks which, assuming a saturated thickness of 14m (the depth of saturated 
aquifer to the west of the site), gives a hydraulic conductivity of 0.02 to 0.08 m/day. The rate 
of groundwater flow and storage will vary according to the formation deformation history and 
proximity to local structure such as faults and fold axes. The boundaries of the bedrock 
formations are faulted which could locally enhance its porosity and permeability. 

The aquifer properties of the superficial glacial sand and gravel deposits will largely be a 
function of the grain size of the deposit. The deposit is typically a fine to medium sand with 
some clay, gravel and occasional cobbles; this suggests it will have a hydraulic conductivity 
of c. 1 m/day between 10 and 100 times that of the bedrock and a porosity of 20 to 50%8. 
  

                                                
7
 British Geological Survey. The physical properties of minor aquifers in England and Wales. 

Hydrogeology Group. Technical Report WD/00/04. 
8
 Freeze and Cherry. (1979). Groundwater. pp. 604. 
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2.4.7 Groundwater Occurrence and Flow 

Details of the groundwater observations during the drilling of 10 groundwater observation 
boreholes in 2000 are given in Table 2-6. 

Table 2-6 
Groundwater Strikes and Levels 

Borehole 

Depth to Strike 
(meters below 

ground level mbgl) 

Water Level 
Rose to 
(mbgl) 

Screened 
Strata 

Rest Water 
Level 

14/02/00 
(mbgl) 

Rest Water 
Level 

22/05/14 
(mbgl) 

1 1.8 0.8 Shale 0.94 1.04 

2 Dry 0.79 Shale 0.67 0.33 

3 Dry 1.74 Shale 1.72 - 

4 Dry 8.96 Shale 2.48 2.11 

5 1.5 and 9 2.2 Shale 1.28 - 

6 Dry 0.5 Shale 0.5 - 

7 Dry 0.62 Shale 0.61 0.49 

8 13 10.76 Shale/ Sand 4.62 - 

9 12 4.67 Shale/ Sand 3.16 3.16 

10 12 4.97 Shale/ Sand 0.28 - 

The boreholes drilled in the bedrock only, were typically dry during drilling but water entered 
the borehole either immediately after completion or overnight and rose close to ground level. 
This high water level was confirmed during a later round of groundwater monitoring and 
subsequent routine monitoring. Boreholes 8, 9 and 10 encountered glacial sand and gravels 
above the bedrock and had strikes during drilling near to the base of the sand and gravels 
and these also typically rose close to ground level after completion. 

Groundwater levels have been monitored in Boreholes 1, 2, 4, 7, and 9 since 2002 and 
hydrographs are shown in Figure 2-2. The graph also shows leachate level in BHA. 

Figure 2-2 
Groundwater Hydrographs 
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Except for the boreholes to the east of site, the groundwater is above the base of the landfill 
by between 6m and 15m, and is 2m to 10m above the leachate level in the wastes as 
measured in BHA.  

Groundwater levels are highest in boreholes to the west of the site (BH7 and BH9) and 
lowest in those to the east (BH1 and BH2) confirming the overall flow direction if from west to 
east towards the River Neb. It must be remembered that some of the boreholes are 
completed in different strata with differing hydraulic properties (shale and sands) so the 
actual groundwater flow pattern may be more complex. 

2.3.3 Groundwater Quality 

A review of the groundwater quality at the site in 2014 was made in 2015 and the results are 
summarised in this section of the report. 

Groundwater quality samples were taken from five perimeter boreholes on 22nd May 2014.   

A summary of groundwater quality is presented in Table 2-7.  A review of data indicates the 
following: 

 Chloride concentrations ranged between 53.6mg/l (BH4) and 95.4mg/l (BH1);  

 BH1 historically recorded sporadic elevated chloride concentrations in comparison to the 
rest of the boreholes, with concentrations regularly ranging from c.100mg/l to greater 
than 400mg/l;  

 Concentrations of ammonium ranged between <0.01mg/l (BH9) and 4.22mg/l (BH1);   

 Groundwater quality down-gradient of the site is comparable to that up-gradient of the 
site the highest concentrations of most determinands continues to be recorded in BH1; 
and    

 Elevated concentrations of manganese and iron recorded in BH 7 indicate naturally 
elevated concentrations up gradient of the site. 

 
Given the direction of groundwater flow it is likely that groundwater in the east of the site has 
been contaminated by leachate seepages from the unlined site.  
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Table 2-7 
Groundwater Quality (22nd May 2014) 

Determinand BH1 BH2 BH4 BH7 BH9 

Alkalinity (mg/l) 684 380 576 289 160 

Ammonium (mg/l) 4.22 0.145 0.121 0.02 <0.010 

Cadmium (mg/l) <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 

Calcium (mg/l) 108 80.4 130 64 58.8 

Chloride (mg/l) 95.4 62.6 53.6 55.3 68.3 

Chromium (mg/l) <0.005 <0.005 <0.005 <0.005 <0.005 

Conductivity (uS/cm) 1293 808 1136 690 576 

Copper (mg/l) <0.02 <0.02 <0.02 <0.02 <0.02 

Dissolved Oxygen (mg/l) 1.44 5.67 4.09 6.79 5.42 

Iron (mg/l) 0.0606 0.0395 0.131 0.0326 <0.02 

Lead (mg/l) <0.005 <0.005 <0.005 <0.005 <0.005 

Magnesium (mg/l) 76.1 33.1 53.5 25.9 9.44 

Manganese (mg/l) 0.0903 0.341 0.33 1.574 0.0074 

Nickel (mg/l) <0.005 <0.005 <0.005 0.0658 <0.005 

Nitrate (mg/l) 10.9 0.29 0.22 0.06 22.5 

Nitrite (mg/l) <0.15 <0.05 <0.15 <0.05 <0.05 

pH 7.34 6.93 6.95 6.92 7.26 

Phosphate   ortho (mg/l) <0.21 <0.07 <0.21 <0.07 <0.07 

Potassium (mg/l) 11.1 8.52 3.22 1.54 1.58 

Sodium (mg/l) 60.7 35.3 47.7 37.6 39.5 

Sulphate (mg/l) 63.9 46.8 135 68.6 35.7 

Total Organic Carbon (mg/l) 27 48 66 20 <15 

Zinc (mg/l) 0.135 0.206 0.0563 0.231 0.0724 
Note: data supplied by Department of Local Government and the Environment, Isle of Man 

2.5 Leachate Management 

2.5.1 Leachate Quality  

Leachate is currently only monitored in Borehole A, one of the three leachate monitoring 
points. A summary of the quality of leachate form this monitoring point in 2014 is given in 
Table 2-8. 

Table 2-8 
Leachate Quality 22nd May 2014 

Determinand 
 

BHA Determinand BHA 

Ammonium 36.5 Manganese  1.24 

Cadmium <0.0005 Nickel  <0.005 

Calcium  170 Nitrate  0.10 

Chloride  146 Nitrite  <0.25 

Chromium  <0.005 Ortho-Phosphate <0.07 

Copper  <0.02 Potassium  17.2 

Iron  25.07 Sodium  54.7 

Lead  <0.005 Sulphate  1.60 

Magnesium  21.8 Zinc  0.112 

 

The data indicates a weak leachate with most determinands recorded below their respective 
drinking water standards (DWS). A comparison of leachate concentrations to background 
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groundwater concentrations indicates that the only determinands to be significantly greater 
than within the background groundwater are ammoniacal nitrogen, calcium and iron.  

There is only limited, historical data for leachate Boreholes B and C and from the leachate 
holding tank. However, this indicates that the strength of leachate from Borehole A was 
significantly less than that from the other boreholes and the strength in the tank was typically 
intermediate in strength in comparison to the boreholes, although still significantly weaker 
than a leachate generated from a modern fully contained landfill site, see Table 2-9 and 
Figure 2-3 and Figure 2-4 below. 

Table 2-9 
Comparison of Leachate Quality in Boreholes and Holding Tank 

Data 
  BHA BHB BHC 

Holding 
Tank 

Ammonium 

Number of samples 21 1 1 7 

Min 0.53 219 338 96.3 

Mean 61.95 219 338 174.6 

Max 93.2 219 338 231 

Chloride 

Number of samples 21 1 1 7 

Min 98.6 250 418 192 

Mean 128.0 250 418 306.9 

Max 203 250 418 416 

Figure 2-3 
Chloride Concentration in Leachate Boreholes and Holding Tank 
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Figure 2-4 
NH4 in Leachate Boreholes and Holding Tank 

 

It has been noted in previous reports1 and 5 that the leachate in the site is relatively weak 
compared to typical leachate quality for domestic landfill sites. This has also been attributed 
previously to dilution by groundwater; however, the leachate in the holding tank is 
intermediate in strength to the leachate quality measured in the three in-waste borehole 
indicating that it could be representative of average leachate quality in the site. However, the 
site is unlined and a number of metres below the surrounding groundwater level so 
groundwater will be contributing to leachate within the site particularly as there is a drainage 
layer and drainage at the base of the site which as well as intercepting downward 
percolating leachate will intercept up-welling groundwater from the base of the site.  
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3.0 LEACHATE GENERATION REVIEW 

3.1 Leachate Generation 

The following sources of water could theoretically contribute to the generation of leachate at 
the site: 

 Rainwater infiltration through the cap; 

 Surface water from outside the site running into the site – “run-on”; and 

 Groundwater inflow into the site. 

The extent to which each of the sources contributes to leachate generation at the site is 
considered below and the estimates compared to the known volume of leachate tankered 
away from the site as described in Section 2.3.5 as a means of calibrating the assumed 
sources of infiltration. 

 Estimated volumes of leachate tankered from the site: 11,132.5m3  - 11,632m3 / year 
or 30.5m3 – 31.9m3 / day 

3.1.1 Rainfall Infiltration  

Observations of the performance of landfill caps at sites in the UK suggests that most on-
going infiltration occurs through poorly maintained seals and jointing arrangements between 
the landfill cap and any installed protrusions through it, such as gas and leachate abstraction 
wells.  

Infiltration rates through a cap are influenced by the quality of the cap and also by the 
amount of rainfall that is incident upon it. Related to total rainfall amount is the ‘effective’ 
rainfall value, this being the amount of precipitation left after accounting for losses to 
evapotranspiration. Many authors agree that evapotranspiration is extremely variable and is 
dependent on a number of factors (vegetation type, soil type, latitude, day length, 
temperature, humidity, wind speed) and that it is extremely difficult to separate the effects of 
evaporation from transpiration. 

When calculating infiltration rates for Hydrogeological Risk Assessments (HRA’s) a ‘worst 
case’ scenario is calculated to give the Regulator comfort that even under extreme 
conditions facilities and procedures exist on sites to effectively manage the volume of 
leachate produced. HRA’s employ the Environment Agency approved ‘LandSim’ tool for 
which the default value for leachate leakage through a 1m thick clay cap installed with a 
permeability at 1x10-9ms/ is circa 50mm per year, based on the following calculation; 

Q = (1x10-9) x 1m2 x (2m / 1m) x  86,400 x 365  

 = 63mm / year 

The 2m / 1m refers to the hydraulic gradient through a 1m thick cap, and assumes that the 
head acting across the 1m thick cap is 2m high (1m for the liner plus 1m of saturated soils 
above the liner).  In reality this is not correct as for much of the year the head acting on the 
cap can be much lower than 2m. 

If you instead revise the hydraulic gradient to 1 (unity) for a lower average head, reflecting 
the likelihood that for at least the summer months there will be little or no head acting on the 
impermeable cap, then theoretical infiltration rates fall to 31.5mm / year.   
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However, as has been described in Section 2.3.4, it is possible that the landfill cap at the 
Raggatt is performing poorly due to both the make-up of the cap and the lack of effective 
surface water drainage. As such, the amount of infiltration through the cap may instead 
relate more closely to the HER at the site. 

As described previously the rainfall and HER at the site is 864mm / year and c.432mm / year 
respectively. A summary of the volume of leachate that could be generated under these 
different scenarios is given in Table 3-1. 

Table 3-1 
Theoretical Leachate Generation Scenarios 

Scenario Description 

Infiltration 
Rate 

Site 
Area 

Volume 
Infiltrating 
into Site 
(m

3 
/ year) (m / year) (m

2
) 

1 
‘LandSim’ standard infiltration rate through well 
performing cap (50mm/yr) 

0.05 24,545 1,227 

2 

Western 'Flat' area at 2m saturated soil depth 
infiltration (63mm/yr) and Eastern 'Inclined' area 
at 1m saturated soil depth infiltration 
(31.5mm/yr) 

0.063 
(western) 
 
0.0315 
(eastern) 

19,850 
 
 
4,695 
 

1,398 

3 
HER infiltration rate (assume cap has high 
hydraulic permeability but that vegetation cover 
encourages evapotranspiration) 

0.432 24,545 10,603 

4 
Rainfall infiltration rate (assumes all incident 
rainfall becomes leachate) 

0.864 24,545 21,207 

Comparison to the known leachate tankering rate of around 11,133m3 – 11,632m3 / year 
indicates that ‘Scenario 3’ (HER infiltration rate) provides the nearest ‘match’ to the annual 
leachate disposal volume requirement. This would suggest that a large proportion of the 
effective rainfall could be infiltrating into the site to form leachate. This is considered likely 
given that the majority of the site is flat, that surface water drainage is not performing well 
and the cap of the site is described in borehole lithological logs1 as being “very sandy and 
gravelly clay with some rounded cobbles”. 

3.1.2 Surface Water Run-on 

The topographic survey of the site and the surrounding area indicate that the site is elevated 
above the surrounding topography to the west, south and east and hence surface water flow 
cannot run-on to the site. The higher ground to the north-west and north will not contribute 
significantly to water entering the site because: 

 the topography indicates that the catchment that could contribute run-on to the site is 
relatively small; 

 ditches around the boundaries of the site will intercept surface water flow; and 

 the bedrock is underlain by permeable sands and gravels and hence the majority of 
the effective rainfall will infiltrate into the ground and form runoff. 

It is conclude that run-on to the site is unlikely to contribute to leachate generation. 
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3.1.3 Groundwater Inflow 

The elevation of the base of the landfill is 23mAOD in the west sloping to the east to 
22mAOD. Groundwater hydrographs indicate that the groundwater table is 37mAOD in the 
west sloping to the east down to 20mAOD. Leachate levels within the site as measured in 
Borehole A are typically 26mAOD. This indicates that there is a hydraulic head of between 
14m (ignoring leachate head) and 11m pushing groundwater into the waste through the 
unlined base and sidewalls of the landfill, giving a hydraulic gradient across the site of 
between 0.06 and 0.05 from west to east. Ignoring the hydraulic conductivity of the waste, 
which could limit the inflow, an estimate of the volume of water can be made using Darcy’s 
equation of groundwater flow: 

Q = K i A 

Where: 

Q = volume of groundwater flow (m3) 
K = hydraulic conductivity of the aquifer = 0.02 to 0.08 m / day (see Section 2.4.6) 
i = hydraulic gradient = 0.05 to 0.06 

A summary of the estimates of the potential groundwater flow rates into the site is given in 
Table 3-2. 

Table 3-2 
Summary of Groundwater Flow Rate into the Site from the Bedrock (m3 / year) 

Hydraulic 
Gradient 

Hydraulic Conductivity  
(m / day) 

0.02 0.08 

0.05 715 2,862 

0.06 858 3,434 

The calculations indicate that groundwater inflow into the west of the site from the bedrock 
could range from 715 m3/ year to 3,434 m3 / year. 

The geological logs indicate that there is between 8m and 16m of sand and gravels to the 
north of the site and the groundwater hydrographs indicate it is at least partially saturated. 
However water was not encountered in these deposits when the boreholes were drilled 
which may indicate that they are free draining to the River Neb to the north. These deposits 
are likely to have a much higher hydraulic conductivity than the bedrock and could contribute 
to groundwater flow within the site. However, the conceptual model presented in a previous 
report1 indicates that flow in the sand and gravels are to the north east away from the site 
towards the River Neb. In addition, water was not encountered in these deposits when the 
boreholes were drilled which may indicate that they are free draining to the River Neb to the 
north. The groundwater catchment to the site is therefore very limited and the contribution of 
groundwater from the sand and gravel aquifer is unlikely to be significant. 

A comparison of groundwater quality with leachate quality indicates that the strength of 
leachate collected in the holding tank is comparable to the strength of leached from the in-
waste borehole which suggested groundwater dilution and therefore groundwater inflow to 
the site is not significant. 
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3.2 Conceptual Leachate Generation Model 

A conceptual model of the leachate generation mechanisms at the Raggatt landfill is based 
on the following observations; 

1. The landfill site is an un-lined ‘dilute and attenuate’ landfill; 
2. The landfill cap is performing poorly in terms of its permeability, this being driven by 

both the nature of the soils used to form the cap, the post settlement topography and 
the surface water cap drainage systems; 

3. The base of the site is excavated into the local geology in which a local aquifer is 
present, the groundwater level in the aquifer is such that groundwater is likely to be 
entering the landfill and is certainly present in the in-situ geology immediately 
beneath the base of waste; 

4. Drainage systems were installed into the upper 800mm of the in-situ geology prior to 
landfilling, this drainage system will be intercepting both downward percolating 
leachate (generated by infiltration of precipitation through the sites cap) and 
upwelling groundwater’s; and 

5. The leachate drainage system discharges to a buried, sealed pipework system 
external to the landfill that ultimately discharges to the underground storage tank at 
the sites entrance. 

This interpretation of the site setting and engineering appears to be confirmed by the fact 
that the leachate generation rate for a poorly performing landfill cap (scenario 3 from Table 
3-1) at 10,603m3 / year plus a contribution from underlying groundwater of between 715 – 
3,434m3 results in a total theoretical leachate generation rate for the site of between 
11,318m3 – 14,037m3 / year. 

This equates very well with the observed annualised leachate disposal volume, required to 
keep conditions within the site stable, that has been extrapolated from actual tankering 
records from January to June 2007 of between 11,133m3 – 11,632m3 / year. 
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4.0 REMEDIATION OPTIONS  

The purpose of this report is to determine options to reduce leachate disposal costs from the 
Raggatt landfill site and to secure a more robust and sustainable leachate management 
solution at the site. Consideration must therefore be given to works that can influence the 
rate of leachate generation as well as to works that would reduce or remove the reliance on 
leachate tankering for disposal.   

It should be noted that other factors need to be considered when assessing the relative 
merits of different leachate control strategies at the site. The most significant of which are 
summarised as follows: 

1. The site has been owned by a 3rd party who, whilst happy to assist with any works 
that will result in improved environmental management at the site, would be resistant 
to any works that significantly disrupt the physical appearance of the landform as it 
currently exists or engineering that encroaches on the site boundary; 

2. Reliance on tankering (however infrequent) is not only costly but also a relatively high 
risk strategy as it is dependent on the availability of a suitably maintained and road 
worthy tanker and tanker driver; 

3. Reliance on solutions that require significant ‘hands-on’ management or operational 
input will be less desirable than those that required little input as the site is closed 
and the availability of staff to provide cover for unexpected absence of personnel is 
limited; 

4. Changes to leachate discharge quality or location of the discharge are likely to result 
in the need to either re-justify the suitability of the consent to the relevant authority in 
the IMG or result in the need to find new suitably licensed outlets, either of which 
would ideally be avoided; and 

5. Reliability and certainty of the outcome of the works is preferred, works with an 
unknown or poorly quantified likelihood of success should be avoided. 

Options have been considered that include re-engineering elements of the site to help 
reduce leachate generation rates to the lowest possible level given the fact that the site is a 
dilute and attenuate landfill with its base constructed at below the surrounding groundwater 
table. Options to line the base of the landfill with a low permeability liner have not been 
considered as this does not appear to be a realistic option (as it would require excavation 
and then re-placement of the landfilled waste contained in the site). Options have also been 
considered to treat and/or discharge landfill leachate from the site that would reduce or 
remove the need for tankering. 

It must also be noted that leachate removal from the site, even if at very low volumes, will 
regardless be continued to be required. It is possible to conceptualise that leachate removal 
is ceased and the sealed discharge pipework blocked up. In this way the site would begin to 
behave as a traditional ‘dilute and attenuate’ landfill (i.e. no drainage of the in-situ geology 
immediately beneath the landfilled waste of contaminated groundwater’s and leachate) with 
leachate levels in the waste reaching equilibrium with surrounding groundwater. Pollutant 
from the site would then diffuse into the groundwater and an off-site contamination plume 
would be formed. In addition as the site base is at 22mAOD (in the east) and maximum 
groundwater levels are at up to 37mAOD it is likely that leachate breakout along the toe of 
the eastern waste slope would occur. It is also possible that such breakout might be to a 
considerable height up the eastern slope and that this would put the slope at significant risk 
of slippage and failure. Therefore the option to simply cease removal of leachate for the long 
term has been discounted. 
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For each possible solution a cost for the works and an estimated annual saving versus on-
going tankering at current volumes (circa. 11,500m3 / year) and costs (circa. £30,000 / year) 
has been estimated. Note that these costs are rough estimates that are reliable in so far as 
they accurately represent the relative variation in costs between the solutions considered but 
should not be relied upon, without further work, to represent an actual budget estimate or 
financial model for the investment discussed. For each solution consideration has been 
given to their relative strengths and weaknesses in relation to the following headings; 

1. Cost effectiveness; 
2. Disruption to site; 
3. Resultant on-going reliance on tankering; 
4. Manpower requirements; 
5. Discharge consent issues; and 
6. Certainty of effect on leachate management. 

4.1 Site Engineering Solutions 

The following engineering solutions have been considered that could assist in reducing 
leachate generation rates at the Raggatt landfill. Note that engineering solutions such as 
these will never reduce leachate generation rates to zero, some leachate will always 
continue to be generated. The aim of each solution is to reduce the amount of water entering 
the site through either the cap or the side walls and base, as such they can be considered as 
stand-alone options or as a suite of work all of which could be undertaken together. 

In any case, simply reducing the infiltration of water to the site will also have the effect of 
increasing the leachate strength, possibly quite significantly. The likely outcome of this would 
be that, whilst leachate volumes may reduce considerably, remaining leachate that is 
required to be remove will be much stronger than currently and possibly stronger than 
reported from either of the borehole BHB and BHC. This would almost certainly require a 
review of the acceptability of such a discharge and whilst the ‘load’ of contaminant 
discharged should remain much the same the effects of such a high concentration leachate 
immediately at the point of discharge may no longer be acceptable. In this case an 
alternative outlet on the Isle of Man is not known. 

4.1.1 Cap Upgrade 

As can be seen from Table 3-1, Scenario 1, a ‘modern’ low permeability cap can in theory 
reduce leachate generation rates associated with rainfall ingress at the Raggatt landfill to 
around 1,227m3 / year. Note that this would not reduce the amount of leachate generated by 
upwelling of groundwater. For this to be an effective solution the current landfill cap would 
need to be removed, the site re-profiled (to create a ‘dome’), a low permeability welded 
membrane cap installed and then restoration soils placed followed by re-planting of 
vegetation to an approved specification. 

Cost estimates for this work are as follows; 

 Strip back vegetation - £1.00/m2     £24,545 

 Re-profile (assuming using site won materials) - £2.00/m2 £49,090 

 Install membrane cap - £5.00/m2     £122,725 

 Place 1m depth of agricultural soils - £3.00/m2   £73,635 

 Re-plant cap - £1.00/m2      £24,545 

 Total        £294,540 

The following observations are made; 
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1. Cost effectiveness: This would reduce annual leachate generation by circa. 10,000m3 
/ year and would result in the need to remove around 1,942m3 – 3,434m3 / year 
(dependent on influent of groundwater ingress to the leachate discharge system). It 
would reduce the need for tankering from around 30 visits per week to around 6 visits 
per week (i.e. 20% of current); 

2. Disruption to site: This work would be highly disruptive to the site and local amenity 
for the duration of the works and whilst vegetation re-established itself; 

3. Resultant on-going reliance on tankering: Would still be reliant on tankering, costs 
could fall to 20% of current (£6,000 / year) although it is unlikely that the costs 
associated with tankering from the Raggatt landfill are all variable on the volume 
removed or number of loads required; 

4. Manpower requirements: Some cap maintenance and inspection would be needed 
along with on-going tankering; 

5. Discharge consent issues: May result in leachate strengths increasing beyond the 
point of acceptability for discharge into the Peel Harbour discharge point; and 

6. Certainty of effect on leachate management: Improvements to capping will reduce 
the leachate volumes being generated but whether a figure of exactly 1,227m3 / year 
via cap infiltration is achieved is unknown. 

4.1.2 Improve Existing Drainage Ditches 

It is not known how much this would affect the performance of the current cap at the site but 
in theory it should help to reduce the amount of water infiltrating through to the waste mass. 
Note that this would not reduce the amount of leachate generated by upwelling of 
groundwater. For this to be an effective solution the current drains to the north of the site and 
along the crest of the eastern sloped area would need to be ‘re-ditched’ and a number of 
‘French drains’ installed into the flat western area of capping to encourage off site drainage 
of water (see Drawing RG 005). 

Cost estimates for this work are as follows; 

 Re-ditch existing - £10.00/m     £2,300 

 Cut new ‘French drains’ - £10.00/m    £2,300 

 Total        £4,600 

The following observations are made; 

1. Cost effectiveness: This would reduce annual leachate generation by an unknown 
amount although it would be unlikely to be more than 10% of the currently generated 
volumes. It may reduce the need for tankering from around 30 visits per week to 
around 27visits per week (i.e. 90% of current); 

2. Disruption to site: This work would be disruptive to the site for the duration of the 
works although works would be relatively short lived; 

3. Resultant on-going reliance on tankering: Would still be reliant on tankering, costs 
could fall by 10% of current (£3,000 / year) although it is unlikely that the costs 
associated with tankering from the Raggatt landfill are all variable on the volume 
removed or number of loads required; 

4. Manpower requirements: Some ditch maintenance and inspection would be needed 
along with on-going tankering; 

5. Discharge consent issues: May result in leachate strengths increasing slightly but 
would be unlikely to affect the acceptability for discharge into the Peel Harbour 
discharge point; and 

6. Certainty of effect on leachate management: Uncertain, reduction of leachate 
generation unknown. 
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4.1.3 Install Vertical Cut-Off Wall 

It is possible to attempt to intercept the general west to east flow of groundwater beneath the 
site and to deflect it around the site perimeter in the hope that this reduces the volume of 
leachate generation due to upwelling of groundwater into the leachate drainage systems 
beneath the site. This would entail installation vertical cut-off wall around the western 
perimeter of the site (see Drawing RG 005) to a depth of around 20m from surface (varying 
from about 15m to about 20m along its length) for around 250m of the sites perimeter. Due 
to the depth it is probable that only ‘Secant’ piles would work in this application. It is not 
known how much this would affect the ability of groundwater to well up and contribute to 
leachate generation rates at the site but even assuming it is 100% effective it would still be a 
costly solution. 

Cost estimates for this work are as follows; 

 Install Secant pilling to depth of 20m - £2,000.00/m  £500,000 

 Total        £500,000 

The following observations are made; 

1. Cost effectiveness: This may reduce annual leachate generation by a maximum of 
3,434m3 / year (or approximately 30% of current tankering volumes). It may reduce 
the need for tankering from around 30 visits per week to around 21 visits per week 
(i.e. 70% of current); 

2. Disruption to site: This work would be very disruptive to the site for the duration of the 
works and works would be relatively long lived; 

3. Resultant on-going reliance on tankering: Would still be reliant on tankering, costs 
could fall by 30% of current (£9,000 / year) although it is unlikely that the costs 
associated with tankering from the Raggatt landfill are all variable on the volume 
removed or number of loads required; 

4. Manpower requirements: On-going tankering would continue to be required; 
5. Discharge consent issues: May result in leachate strengths increasing and may  

affect the acceptability for discharge into the Peel Harbour discharge point; and 
6. Certainty of effect on leachate management: Uncertain, reduction of leachate 

generation likely to be limited to a maximum of 3,434m3 / year. 

4.2 Leachate Disposal Solutions 

It would be possible to undertake one of these solutions in conjunction with some or all of the 
works suggested to reduce leachate generation volumes at the site. However, it is 
questioned if there would be any value in undertaking both leachate generation reduction 
works and leachate disposal solution engineering as the latter would benefit very little from 
being designed on lower volumes but higher instantaneous leachate contaminant 
concentrations. 

It is also suggested that further investigations into the layout of the various buried pipelines 
and the source and destination of liquids within them would not necessarily benefit any 
leachate treatment and disposal solution. It may simply be sufficient to assume that all liquid 
entering the current underground storage tank is required to be treated and disposed of from 
site. The volume of leachate and its quality are therefore well understood and are eminently 
treatable on-site and are also known to be acceptable for discharge at the current Peel 
Harbour disposal point. 
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4.2.1 Install On-Site LTP and Discharge to River Neb 

The leachate being tankered to Peel Harbour from the Raggatt Landfill would appear to be of 
a quality and volume that would be easily treatable in most commonly employed Leachate 
Treatment Plant (LTP) designs. Without undertaking a detailed options assessment (which 
should be considered if the option to install an on-site LTP is to be considered further as 
issues with regard to available foot-print for a plant may be significant) it is likely that a 
passive wetland or reed bed type treatment system would be the preferred option due to its 
low running costs and need for little operator intervention.  

A simple estimate of the required reed bed size, based on a flow of 11,632m3 / year at an 
influent ammonia concentration of 175mg/L and an effluent quality of 5mg/L, has been 
made. To determine the exact requirements of a wetland or reed bed (or indeed any other 
LTP) design an assessment of the effects of the contribution of discharging a treated effluent 
to the River Neb would need to be carried out. It is possible that such an assessment would 
highlight other contaminants of concern that would require additional treatment, but for the 
purposes of this assessment a wetland or reed bed of 2,000m2 extent has been estimated 
as being needed. 

Cost estimates for this work are as follows; 

 Reed bed or wetland of 2,000m2 - £100.00/m2   £200,000 

 MCC/SCADA and control systems    £30,000 

 Design / build / commission costs    £50,000 

 Discharge pipeline to River Neb (75m) - £50.00/m  £3,750 

 Total        £283,750 

The following observations are made; 

1. Cost effectiveness: This may reduce annual leachate disposal costs to in the region 
of £1.00/m3 or £11,632 / year; 

2. Disruption to site: This work would be disruptive to the site for the duration of the 
works and works would be relatively long lived but may be concentrated around the 
site entrance away from the landfill site itself; 

3. Resultant on-going reliance on tankering: May be occasionally reliant on tankering or 
other maintenance vehicles to remove sludge and perform agricultural type works on 
the reeds; 

4. Manpower requirements: Occasional operator visits would be required (perhaps 
monthly at most); 

5. Discharge consent issues: Would require an assessment to made of the acceptability 
of a treated leachate discharge to the River Neb and for this to be approved by the 
relevant authority; and 

6. Certainty of effect on leachate management: With the exception of the acceptability 
of the discharge into the River Neb (in terms of both its technical acceptability and 
political acceptability) this would be a robust and well understood solution. 

4.2.2 Install Discharge Pipeline to Peel Harbour Discharge Manhole 

The leachate being tankered to Peel Harbour from the Raggatt Landfill is already acceptable 
for discharge at this location as proven by many years of tankered disposal. Installation of a 
suitably designed pipeline (including road crossings, wash out points and air release valves 
as required) would remove the need for tankering, not only saving the annual cost of 
£30,000 but also removing the risks involved in relying on an inherently uncertain disposal 
method (i.e. it is susceptible to vehicle breakdown, operator absence, road conditions etc.) 
for a disposal activity that needs to be highly reliable.  



Isle of Man Government 28 SLR Project Ref No 404.00189.00089 
Raggatt Landfill Leachate Management Options  August 2015 

 

SLR 

A pipeline route is postulated that would exit the site storage tank and follow the A27 to 
cross the River Neb in the existing road bridge. The pipeline could then follow a disused 
railway track (now believed to be a public right of way) to the current man-hole where the 
tanker discharges leachate adjacent to Peel Harbour. Here a connection could be made to 
the current manhole that would enable leachate to continue to be discharged to the Irish Sea 
via the Peel Harbour sea outfall system. An initial survey of the propose route via aerial 
photography suggests this would be a 1.5km pipeline. 

Cost estimates for this work are as follows; 

 Private pipeline of 1,500m including all connections,  
manholes, jetting points etc - £75.00/m      £112,500 

 Total        £112,500 

The following observations are made; 

1. Cost effectiveness: This would reduce annual leachate disposal costs to a negligible 
value, saving the majority of the current £30,000 / year tankering costs; 

2. Disruption to site: This work would have only a minor disruption to site but would 
require obtaining permission to install a pipeline into sections of the public highway 
and road bridges and a length of footpath; 

3. Resultant on-going reliance on tankering: Tankering would no longer be relied upon. 
Possible occasional need for pipework jetting; 

4. Manpower requirements: Occasional operator visits would be required (perhaps 
quarterly); 

5. Discharge consent issues: In theory should continue to be acceptable as no change 
to the discharge to the Irish Sea in terms of flow, load or instantaneous quality would 
be proposed; and 

6. Certainty of effect on leachate management: This would be a robust and well 
understood solution with little uncertainty associated with the solution. 

4.3 Ranking of Options 

Presented below in Table 4-1 is a summary of the options reviewed in Section 4.2 above. An 
approximate ‘payback on investment’ timescale has been estimated and each option scored 
from 1 (poor) to 5 (good) for each of the following considerations;  

1. Cost effectiveness; 
2. Disruption to site; 
3. Resultant on-going reliance on tankering; 
4. Manpower requirements; 
5. Discharge consent issues; and 
6. Certainty of effect on leachate management. 

Total scores for each option have then been calculated and the options ranked so that a 
preferred option can be presented. 
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Table 4-1 
Leachate Management Options Assessment 
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1 Re-cap site 294,540 11.8 3 1 3 4 2 3 16 

2 
Improve existing 
cap drainage 

4,600 1.5 5 5 1 3 4 2 20 

3 
Install groundwater 
cut off wall 

500,000 50.0 1 2 2 5 3 1 14 

4 
Install small LTP 
and discharge to 
River Neb 

283,750 15.4 2 3 4 1 1 4 15 

5 
Install direct 
pipeline discharge 
to sewer point 

112,500 3.8 4 4 5 2 5 5 25 

This analysis indicates that the preferred solution is to install a private pipeline from the sites 
leachate storage tank to the current discharge point at Peel Harbour. The capital investment 
required is relatively low whilst the solution proposed will fulfil the objective of removing the 
need for tankering with a reasonable degree of certainty. 

The next most preferred solution would be to improve the drainage of the existing cap by re-
ditching existing drainage and installation of ‘French’ drains in the flat western area of the 
site. The main factor in favour of this option is that it is relatively cheap. The drawback is that 
the outcome is uncertain (it is not clear how much this work would affect the volume of 
leachate generated) and that on-going tankering would still be required. 

Thereafter alternative solutions involve either significant re-entering works at the site that will 
cause long term and significant disruption or the construction of an on-site LTP discharging 
to the River Neb. Each of these solutions have their own drawbacks and it is suggested that 
they should only be considered further after having first more fully investigated the option to 
install a discharge pipeline to the Peel Harbour discharge point. 
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5.0 CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusions 

The following information is concluded from the initial phase of the proposed study for 
Raggatt landfill site contained within this report. 

5.1.1 Leachate Generation 

The site is generating significantly more leachate than would be expected from a fully 
contained landfill with an engineered low permeability cap and basal liner system. A fully 
contained landfill of a similar size would be expected to generate c. 1,200 m3 / year of 
leachate based on the area of waste and an infiltration rate through the cap of 50mm per 
annum. Raggatt Landfill typically generates c. 11,500 m3 per annum, an order of magnitude 
more. While some of this is likely to be from groundwater inflow into the base and sides of 
the site, theoretical calculations indicate that this could account for a maximum of 30% of the 
leachate generated and most likely much less than this. This is because the bedrock 
beneath the site has a relatively low permeability and the wastes themselves are likely to 
have a low permeability that will restrict groundwater inflow even though there is a significant 
hydraulic head into the landfill. 

It is concluded that the majority of the leachate is being generated from the infiltration of 
rainfall on the site, which is infiltrating through the landfill cap. If all of the effective rainfall 
falling on the site was to form leachate this would account for 70% of the known approximate 
rate of leachate generation. While it is unlikely that all of the effective rainfall does infiltrate 
into the site to form leachate it is likely that the majority of it does, due to the relatively flat 
profile of the site and lack of a low permeability, engineered cap and the lack of effective 
drains in the capping layer. 

5.1.2 Leachate Collection  
 
Historic records indicate that a drainage system was progressively installed into the upper 
surface of the base of the quarry prior to placement of waste. This is a relatively un-common 
occurrence in a ‘dilute and attenuate’ landfill design as it not only enables leachate 
generated by percolation of infiltrated precipitation through the waste to be collected but also 
groundwater flowing under the site. It is thought that this system was installed to initially 
keep the un-landfilled quarry void free from flooding and then latterly, after emplacement of 
waste, to prevent saturation of the eastern flank of the site. 
 
This mixture of contaminated groundwater and leachate is then directed via the drainage 
system to a sealed pipework system located outside the south eastern perimeter of the 
landfill below the site access road. It is eventually discharged to the underground leachate 
storage and disposal tank located at the site entrance. 
 
Whilst previous investigations were inconclusive in terms of proving a link between the 
manholes at the site (MH A, B, C, and D on Drawing RG 002) thought to be located so as to 
gain access to the sealed leachate pipework system and the underground storage tank, the 
historic landfill design drawings and the conceptualisation of the leachate generation model 
presented in this report all seem to confirm that this sealed pipework system does indeed 
discharge to the storage tank. 
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5.2 Recommendations 
 
As a result of the study and assessment concluded to date SLR make the following 
recommendations to the Isle of Man Government in relation to the management of leachate 
at the Raggatt landfill site. 

5.2.1 Further Investigation of the Drainage Systems 

Pipeline Investigation 

Confirmation that the sealed pipework system accessed by manholes MH A, B, C and D 
does discharge to the storage tank could be gained by a pipeline survey employing CCTV 
and CAT scanning. However, investigations by SLR indicate that companies located on the 
Isle of Man that undertake this type of work do not have sufficiently long CCTV camera 
cables to undertake a survey from the last manhole (MH D) to the tank, a distance of around 
75m (CCTV cable runs are usually a maximum of 50m).  SLR have attempted to locate 
equipment on the UK mainland that employ 50m+ CCTV cable runs but have so far failed to 
do so, in any case companies that are the UK mainland that have been contacted have so 
far proven unwilling to undertake works on the Isle of Man. 

It would be possible to undertake a more formal Dye Tracer test as an alternative means of 
determining whether the assumed leachate discharge pipeline does actually discharge to the 
storage tank. Should the IMG wish to pursue this option SLR would recommend it is carried 
out by a specialist contractor with experience of such investigations so that flow rates, pipe 
capacities and travel times can be calculated in advance of the actual Dye Tracer test.  

However, in either case, SLR would question the value of any information gained from such 
investigations in terms of influencing the preferred solution of installation of a direct 
discharge pipeline to the Peel Harbour discharge point. Instead, acceptance that the liquid 
collected in the underground storage tank, whatever its source needs to be discharged at a 
rate of in excess of circa. 30m3 / day at its existing leachate quality is an adequate basis on 
which to design a suitable pipeline solution. 

Storage Tank Integrity 

Whilst not critical in terms of designing a suitable leachate discharge system for the site, 
SLR would recommend that any works undertaken to engineer a leachate management 
solution at the site should incorporate an investigation into the integrity of the existing 
underground leachate storage tank. Historically the tank has been inspected and found to be 
in good condition, however that was now some time ago and a repeat of the survey would be 
beneficial as some form of leachate storage to buffer fluctuations in flow derived from the 
landfill would still be required. Proving that the existing tank is in good condition before 
committing to its on-going use in a new discharge system would be good practice. 

Storage Tank Containment  

SLR note that the underground storage tank is not provided with secondary containment or 
bunding. The Environment Agency in England would require any leachate storage 
infrastructure to be suitably contained as part of any new development (to standards laid out 
in ‘Containment systems for the prevention of pollution: Secondary, tertiary and other 
measures for industrial and commercial premises’. CIRIA C736. 2014’), this should be 
considered as part of any engineering project to upgrade and / or replace elements of the 
existing systems at the Ragggatt landfill. 
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5.2.2 Leachate Generation 

Engineering work could be undertaken at the site that could potentially significantly reduce 
leachate generation rates. These range from low cost works such as maintenance and 
extension of existing cap drainage systems to re-capping the site and installation of a 
groundwater cut-off wall.  

Of these, re-capping is the most likely to achieve significant reductions in leachate 
generation rates. However, disruption caused by such works will be significant and will result 
in the IMG having to dispose of an admittedly much lower volume of leachate from the site, 
but at a higher leachate strength. It is not clear if such a high strength leachate would be 
possible to dispose of on the Isle of Man without on-site treatment of some sort. 

As such, SLR would not recommend engineering works to reduce leachate generation as 
this would be too expensive and too disruptive with an un-clear outcome that may not be of 
benefit to the cost effective and sustainable management of leachate at the site. Instead, 
SLR would recommend accepting that the volume and quality of leachate that is currently 
managed from the site is maintained unaffected but to install disposal solutions that can 
accommodate this flow and quality. 

5.2.3 Leachate Collection and Treatment 
 
SLR recommend that the most cost effective solution that fulfils all the objective of the IMG 
for the on-going management of leachate derived from the Raggatt landfill site is to install a 
pipeline system to discharge leachate from the sites collection systems to the existing 
discharge point manhole adjacent to Peel Harbour. Whilst this would require work to obtain 
suitable permissions to install a pipeline through public highways, rights of way and possibly 
across private land it would ultimately result in a solution that would be robust, well 
understood and would deliver all of the aims of the aims of the disposal solution discussed in 
Section 4.0. 
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6.0 CLOSURE 

This report has been prepared by SLR Consulting Limited with all reasonable skill, care and 
diligence, and taking account of the manpower and resources devoted to it by agreement 
with the client.  Information reported herein is based on the interpretation of data collected 
and has been accepted in good faith as being accurate and valid.   

This report is for the exclusive use of the Isle of Man Government; no warranties or 
guarantees are expressed or should be inferred by any third parties.  This report may not be 
relied upon by other parties without written consent from SLR. 

SLR disclaims any responsibility to the client and others in respect of any matters outside 
the agreed scope of the work. 
 



Isle of Man Government  SLR Project Ref No 404.00189.00089 
Raggatt Landfill Leachate Management Options  August 2015 

 

SLR 

 

Drawings 
 
  



Isle of Man Government  SLR Project Ref No 404.00189.00089 
Raggatt Landfill Leachate Management Options  August 2015 

 

SLR 

Appendix A – Leachate Tankering Data 
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Date 
Volume 
(Gallons) 

Volume 
(m

3
) 

Cumulative 
Volume 
(m

3
) 

# 
Tanker 
Loads 

Volume per 
tanker 
(m

3
) 

Weather 

01/01/2007 
  

0.0 
   

02/01/2007 9000 40.9 40.9 3 13.6 Rain 

03/01/2007 9000 40.9 81.8 3 13.6 Rain 

04/01/2007 9000 40.9 122.7 3 13.6 
 

05/01/2007 9000 40.9 163.7 3 13.6 
 

06/01/2007 9000 40.9 204.6 3 13.6 
 

07/01/2007 
 

0.0 204.6 
   

08/01/2007 9000 40.9 245.5 3 13.6 Rain 

09/01/2007 9000 40.9 286.4 3 13.6 Rain 

10/01/2007 9000 40.9 327.3 3 13.6 Rain 

11/01/2007 9000 40.9 368.2 3 13.6 Rain 

12/01/2007 9000 40.9 409.1 3 13.6 Rain 

13/01/2007 9000 40.9 450.1 3 13.6 Rain 

14/01/2007 
 

0.0 450.1 
   

15/01/2007 9000 40.9 491.0 3 13.6 
 

16/01/2007 9000 40.9 531.9 3 13.6 
 

17/01/2007 9000 40.9 572.8 3 13.6 
 

18/01/2007 9000 40.9 613.7 3 13.6 
 

19/01/2007 9000 40.9 654.6 3 13.6 Rain 

20/01/2007 9000 40.9 695.6 3 13.6 
 

21/01/2007 
 

0.0 695.6 
   

22/01/2007 9000 40.9 736.5 3 13.6 Rain 

23/01/2007 9000 40.9 777.4 3 13.6 
 

24/01/2007 9000 40.9 818.3 3 13.6 
 

25/01/2007 9000 40.9 859.2 3 13.6 
 

26/01/2007 9000 40.9 900.1 3 13.6 Rain 

27/01/2007 9000 40.9 941.0 3 13.6 
 

28/01/2007 
 

0.0 941.0 
   

29/01/2007 9000 40.9 982.0 3 13.6 
 

30/01/2007 9000 40.9 1,022.9 3 13.6 
 

31/01/2007 9000 40.9 1,063.8 3 13.6 
 

01/02/2007 9000 40.9 1,104.7 3 13.6 Rain 

02/02/2007 9000 40.9 1,145.6 3 13.6 
 

03/02/2007 9000 40.9 1,186.5 3 13.6 
 

04/02/2007 
 

0.0 1,186.5 
   

05/02/2007 9000 40.9 1,227.4 3 13.6 
 

06/02/2007 9000 40.9 1,268.4 3 13.6 
 

07/02/2007 9000 40.9 1,309.3 3 13.6 
 

08/02/2007 9000 40.9 1,350.2 3 13.6 
 

09/02/2007 9000 40.9 1,391.1 3 13.6 Rain 

10/02/2007 9000 40.9 1,432.0 3 13.6 
 

11/02/2007 
 

0.0 1,432.0 
   

12/02/2007 9000 40.9 1,472.9 3 13.6 Rain 

13/02/2007 9000 40.9 1,513.8 3 13.6 
 

14/02/2007 9000 40.9 1,554.8 3 13.6 
 

15/02/2007 9000 40.9 1,595.7 3 13.6 
 

16/02/2007 9000 40.9 1,636.6 3 13.6 
 

17/02/2007 9000 40.9 1,677.5 3 13.6 
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3
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18/02/2007 
 

0.0 1,677.5 
   

19/02/2007 9000 40.9 1,718.4 3 13.6 Rain 

20/02/2007 9000 40.9 1,759.3 3 13.6 Rain 

21/02/2007 9000 40.9 1,800.3 3 13.6 Rain 

22/02/2007 9000 40.9 1,841.2 3 13.6 Rain 

23/02/2007 9000 40.9 1,882.1 3 13.6 Rain 

24/02/2007 9000 40.9 1,923.0 3 13.6 
 

25/02/2007 
 

0.0 1,923.0 
   

26/02/2007 9000 40.9 1,963.9 3 13.6 
 

27/02/2007 9000 40.9 2,004.8 3 13.6 Rain 

28/02/2007 9000 40.9 2,045.7 3 13.6 
 

01/03/2007 9000 40.9 2,086.7 3 13.6 
 

02/03/2007 9000 40.9 2,127.6 3 13.6 
 

03/03/2007 9000 40.9 2,168.5 3 13.6 
 

04/03/2007 
 

0.0 2,168.5 
   

05/03/2007 9000 40.9 2,209.4 3 13.6 
 

06/03/2007 9000 40.9 2,250.3 3 13.6 
 

07/03/2007 9000 40.9 2,291.2 3 13.6 
 

08/03/2007 9000 40.9 2,332.1 3 13.6 
 

09/03/2007 9000 40.9 2,373.1 3 13.6 
 

10/03/2007 9000 40.9 2,414.0 3 13.6 
 

11/03/2007 
 

0.0 2,414.0 
   

12/03/2007 9000 40.9 2,454.9 3 13.6 
 

13/03/2007 9000 40.9 2,495.8 3 13.6 
 

14/03/2007 9000 40.9 2,536.7 3 13.6 
 

15/03/2007 9000 40.9 2,577.6 3 13.6 
 

16/03/2007 9000 40.9 2,618.5 3 13.6 
 

17/03/2007 9000 40.9 2,659.5 3 13.6 
 

18/03/2007 
 

0.0 2,659.5 
   

19/03/2007 9000 40.9 2,700.4 3 13.6 
 

20/03/2007 9000 40.9 2,741.3 3 13.6 
 

21/03/2007 9000 40.9 2,782.2 3 13.6 
 

22/03/2007 9000 40.9 2,823.1 3 13.6 Rain 

23/03/2007 9000 40.9 2,864.0 3 13.6 
 

24/03/2007 9000 40.9 2,905.0 3 13.6 
 

25/03/2007 
 

0.0 2,905.0 
   

26/03/2007 9000 40.9 2,945.9 3 13.6 
 

27/03/2007 9000 40.9 2,986.8 3 13.6 
 

28/03/2007 9000 40.9 3,027.7 3 13.6 
 

29/03/2007 9000 40.9 3,068.6 3 13.6 
 

30/03/2007 9000 40.9 3,109.5 3 13.6 
 

31/03/2007 9000 40.9 3,150.4 3 13.6 
 

01/04/2007 
 

0.0 3,150.4 
   

02/04/2007 9000 40.9 3,191.4 3 13.6 
 

03/04/2007 9000 40.9 3,232.3 3 13.6 
 

04/04/2007 9000 40.9 3,273.2 3 13.6 
 

05/04/2007 9000 40.9 3,314.1 3 13.6 
 

06/04/2007 9000 40.9 3,355.0 3 13.6 
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07/04/2007 9000 40.9 3,395.9 3 13.6 
 

08/04/2007 
 

0.0 3,395.9 
   

09/04/2007 9000 40.9 3,436.8 3 13.6 
 

10/04/2007 9000 40.9 3,477.8 3 13.6 
 

11/04/2007 9000 40.9 3,518.7 3 13.6 
 

12/04/2007 9000 40.9 3,559.6 3 13.6 
 

13/04/2007 9000 40.9 3,600.5 3 13.6 
 

14/04/2007 9000 40.9 3,641.4 3 13.6 
 

15/04/2007 
 

0.0 3,641.4 
   

16/04/2007 9000 40.9 3,682.3 3 13.6 
 

17/04/2007 7500 34.1 3,716.4 2.5 13.6 
 

18/04/2007 7500 34.1 3,750.5 2.5 13.6 
 

19/04/2007 7500 34.1 3,784.6 2.5 13.6 
 

20/04/2007 7500 34.1 3,818.7 2.5 13.6 
 

21/04/2007 7500 34.1 3,852.8 2.5 13.6 
 

22/04/2007 
 

0.0 3,852.8 
   

23/04/2007 9000 40.9 3,893.7 3 13.6 Rain 

24/04/2007 7500 34.1 3,927.8 2.5 13.6 
 

25/04/2007 7500 34.1 3,961.9 2.5 13.6 Rain 

26/04/2007 7500 34.1 3,996.0 2.5 13.6 
 

27/04/2007 7500 34.1 4,030.1 2.5 13.6 
 

28/04/2007 7500 34.1 4,064.2 2.5 13.6 
 

29/04/2007 
 

0.0 4,064.2 
   

30/04/2007 9000 40.9 4,105.1 3 13.6 
 

01/05/2007 7500 34.1 4,139.2 2.5 13.6 
 

02/05/2007 6000 27.3 4,166.5 2 13.6 
 

03/05/2007 6000 27.3 4,193.8 2 13.6 
 

04/05/2007 6000 27.3 4,221.0 2 13.6 
 

05/05/2007 6000 27.3 4,248.3 2 13.6 
 

06/05/2007 
 

0.0 4,248.3 
   

07/05/2007 7500 34.1 4,282.4 2.5 13.6 
 

08/05/2007 7500 34.1 4,316.5 2.5 13.6 
 

09/05/2007 
 

0.0 4,316.5 
   

10/05/2007 
 

0.0 4,316.5 
   

11/05/2007 
 

0.0 4,316.5 
   

12/05/2007 
 

0.0 4,316.5 
   

13/05/2007 
 

0.0 4,316.5 
   

14/05/2007 
 

0.0 4,316.5 
   

15/05/2007 7500 34.1 4,350.6 2.5 13.6 
 

16/05/2007 6000 27.3 4,377.9 2.5 10.9 
 

17/05/2007 5250 23.9 4,401.8 1.75 13.6 
 

18/05/2007 5250 23.9 4,425.6 1.75 13.6 
 

19/05/2007 6000 27.3 4,452.9 2 13.6 
 

20/05/2007 
 

0.0 4,452.9 
   

21/05/2007 9000 40.9 4,493.8 3 13.6 
 

22/05/2007 6000 27.3 4,521.1 2 13.6 
 

23/05/2007 6000 27.3 4,548.4 2 13.6 
 

24/05/2007 5250 23.9 4,572.2 1.75 13.6 
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25/05/2007 6000 27.3 4,599.5 2 13.6 
 

26/05/2007 
 

0.0 4,599.5 
   

27/05/2007 
 

0.0 4,599.5 
   

28/05/2007 
 

0.0 4,599.5 
   

29/05/2007 9000 40.9 4,640.4 3 13.6 
 

30/05/2007 6000 27.3 4,667.7 2 13.6 
 

31/05/2007 6000 27.3 4,695.0 2 13.6 
 

01/06/2007 5250 23.9 4,718.8 1.75 13.6 
 

02/06/2007 5250 23.9 4,742.7 1.75 13.6 
 

03/06/2007 
 

0.0 4,742.7 
   

04/06/2007 9000 40.9 4,783.6 3 13.6 
 

05/06/2007 3000 13.6 4,797.3 1 13.6 
 

06/06/2007 
 

0.0 4,797.3 
   

07/06/2007 9000 40.9 4,838.2 3 13.6 
 

08/06/2007 6000 27.3 4,865.5 2 13.6 
 

09/06/2007 5250 23.9 4,889.3 1.75 13.6 
 

10/06/2007 
 

0.0 4,889.3 
   

11/06/2007 9000 40.9 4,930.2 3 13.6 
 

12/06/2007 5250 23.9 4,954.1 1.75 13.6 
 

13/06/2007 5250 23.9 4,978.0 1.75 13.6 
 

14/06/2007 5250 23.9 5,001.8 1.75 13.6 Rain 

  



 

 

ABERDEEN 
214 Union Street,  
Aberdeen AB10 1TL 
T: +44 (0)1224 517405 
 
AYLESBURY 
7 Wornal Park, Menmarsh Road, 
Worminghall, Aylesbury, 
Buckinghamshire HP18 9PH 
T: +44 (0)1844 337380 
 
BELFAST 
Suite 1 Potters Quay, 5 Ravenhill Road, 
Belfast BT6 8DN 
T: +44 (0)28 9073 2493 
 
BRADFORD-ON-AVON 
Treenwood House, Rowden Lane, 
Bradford-on-Avon, Wiltshire BA15 2AU 
T: +44 (0)1225 309400 
 
BRISTOL 
Langford Lodge, 109 Pembroke Road, 
Clifton, Bristol BS8 3EU 
T: +44 (0)117 9064280  
 
CAMBRIDGE 
8 Stow Court, Stow-cum-Quy, 
Cambridge CB25 9AS 
T: + 44 (0)1223 813805 
 
CARDIFF 
Fulmar House, Beignon Close, Ocean 
Way, Cardiff CF24 5PB 
T: +44 (0)29 20491010  
 
CHELMSFORD 
Unit 77, Waterhouse Business Centre, 
2 Cromar Way, Chelmsford, Essex  
CM1 2QE 
T: +44 (0)1245 392170  
 
 
 
 

DUBLIN 
7 Dundrum Business Park, Windy 
Arbour, Dundrum, Dublin 14 Ireland 
T: + 353 (0)1 2964667  
 
EDINBURGH 
No. 4 The Roundal, Roddinglaw 
Business Park, Gogar, Edinburgh 
EH12 9DB 
T: +44 (0)131 3356830  
 
EXETER 
69 Polsloe Road, Exeter  EX1 2NF 
T: + 44 (0)1392 490152  
 
GLASGOW 
4 Woodside Place, Charing Cross, 
Glasgow G3 7QF 
T: +44 (0)141 3535037  
 
GUILDFORD 
65 Woodbridge Road, Guildford 
Surrey GU1 4RD 
T: +44 (0)1483 889 800 
 
LEEDS 
Suite 1, Jason House, Kerry Hill, 
Horsforth, Leeds LS18 4JR 
T: +44 (0)113 2580650  
 
LONDON 
83 Victoria Street, 
London, SW1H 0HW 
T: +44 (0)203 691 5810 
 
MAIDSTONE 
19 Hollingworth Court, Turkey Mill, 
Maidstone, Kent ME14 5PP 
T: +44 (0)1622 609242  
 
 
 
 
 
 

MANCHESTER 
Digital World Centre, 1 Lowry Plaza,  
The Quays, Salford, Manchester  
M50 3UB 
T: +44 (0)161 216 4064 
 
NEWCASTLE UPON TYNE 
Sailors Bethel, Horatio Street, 
Newcastle-upon-Tyne NE1 2PE 
T: +44 (0)191 2611966  
 
NOTTINGHAM 
Aspect House, Aspect Business Park, 
Bennerley Road, Nottingham NG6 8WR 
T: +44 (0)115 9647280  
 
SHEFFIELD 
Unit 2 Newton Business Centre, 
Thorncliffe Park Estate, Newton 
Chambers Road, Chapeltown,  
Sheffield S35 2PW 
T: +44 (0)114 2455153 
 
SHREWSBURY 
2nd Floor, Hermes House, Oxon 
Business Park, Shrewsbury SY3 5HJ 
T: +44 (0)1743 239250  
 
STAFFORD 
8 Parker Court, Staffordshire Technology 
Park, Beaconside, Stafford ST18 0WP 
T: +44 (0)1785 241755  
 
STIRLING 
No. 68 Stirling Business Centre,  
Wellgreen, Stirling FK8 2DZ 
T: +44 (0)1786 239900 
 
WORCESTER 
Suite 5, Brindley Court, Gresley Road, 
Shire Business Park, Worcester WR4 
9FD 
T: +44 (0)1905 751310  
 


