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Landfill Gas Technical Discussion Note 2 V1.0 1 March 2012

“Continuous” Monitoring for Ground Gas – Thoughts and Ideas
1. What is “continuous” monitoring?
“Continuous” monitoring is quite simply gas monitoring that takes measurements at a high frequency, typically at
around 1 hour intervals. It should be referred to as high frequency monitoring. This has been possible for many years
and EPG have examples of this kind of data collected since the late 1990s. However in those days the
instrumentation was bulky, complicated and expensive and generally required mains electricity to power it (Figure 1).
The systems pumped gas from boreholes to a central location (cabin or utility room) where the monitoring equipment
was located. It tended therefore to be used on difficult sites and particularly in active abstraction/venting systems or
as part of alarm systems in buildings.

Figure 1 Fixed high frequency monitoring equipment (From The Council of Gas Detection and Environmental
Monitoring)
EPG has also collected high frequency data using hand held meters for over 15 years where appropriate. Hand held
equipment can be set to data log and EPG has even left a hand held machine buried on a site 2 days – and it
survived! This type of approach has frequently been used to gain data on tidal variations and for pump out tests
where there is very small volume of gas in a limited well headspace that is causing high concentrations.
Recently it has become possible to place portable instruments in boreholes that collect data at close time intervals.
The instruments measure gas concentrations in the same way as common hand held instruments from Gas Data and
Geotech (ie Infrared for methane and carbon dioxide, etc). Work in Ireland has also developed low cost fixed
installations for use on sites such as landfills. So is this the holy grail of the gas risk assessment industry? There is
no doubt the instruments are a powerful tool that can be applied to gas risk assessment. However the instruments are
relatively expensive at the moment and it is rare that they can be placed in all monitoring wells in a site for a long
period of time. Read on to find out on which sites they should be targeted at and how to get the most out of the data
that is collected. More importantly find out when you do not really need to spend money on high frequency monitoring
data to make robust ground gas risk assessments.

As with everything to do with ground gas assessment there are no clear cut or black and white answers. There is a
need to understand how to interpret high frequency monitoring data compared to conventional landfill gas monitoring
data obtained from portable instrumentation. There is also a need to understand what happens in the well and how
that influences readings.
What is provided in this note are some ideas and thoughts that you might consider on your site. It is important to
realise that gas concentrations (and not just methane and carbon dioxide) can be influenced quite significantly by
chemical processes in the ground. This is especially true in landfill sites.

2. Guidance
Guidance on continuous monitoring has been prepared by CLAIRE and the EPA in Ireland. The following documents
are readily available:
•

Monitoring of Gas Emissions at Landfill Sites Using Autonomous Gas Sensors. Science, Technology,
Research and Innovation for the Environment, STRIVE Report No 53, (undated), Breda M Kiernan, Stephen
Beirne, Cormac Fay, Dermot Diamond.

•

The Utility of Continuous Monitoring in Detection and Prediction of “Worst Case” Ground-Gas Concentration.
CLAIRE Technical Bulletin RB13, February 2011. Boult S, Morris P and Talbot S.

•

Remote Real Time Monitoring of Subsurface Landfill Gas Migration. Fay C, Doherty R, Beirne S, Collins F et
al. Sensors 2011, 11, 6603 – 6628.

3. When to get the most out of continuous monitoring
Continuous monitoring is especially useful for monitoring landfill gas migration out of sites. If it is in place for long
enough it can identify seasonal or other trends and give confidence that gas migration is not occurring . An example
would be using continuous monitoring equipment located in wells around the outside of a landfill. However as with all
gas monitoring it is important to ensure that the response zone(s) of the wells are located within the relevant
pathway(s) and that there are a sufficient number of wells to give good confidence that the migration pathway(s) are
sufficiently covered. High frequency monitoring can provide valuable data on gas emissions around old mineshafts or
adits. Gas is often emitted from these features in large volumes over short periods of time in response to variations in
atmospheric pressure and can pose a significant risk to nearby developments. The need for high frequency data will
depend on the nature of shaft treatment, the surrounding geology and the nature of the proposed development.
Where low risk sources of gas are present below a site (eg Made Ground or Alluvium) continuous monitoring is rarely
necessary to make a robust assessment of ground gas risk. Usually other data will allow a robust assessment of the
risk associated with ground gas (TOC content, leachate quality, nature of source, age of fill, depth of fill, etc).
Experience has shown that on low risk sites limited spot monitoring will give a reasonable assessment of the risk if the
data is interpreted correctly. An alternative method of risk assessment that can avoid the need for any gas monitoring
on many sites is described in a separate EPG Technical Note.
The main issues on low risk sites are:
•

The measurement of high flow rates when gas taps on wells are first opened that quickly dissipate. This is
due to a build up of pressure in the well headspace that does not happen in the surrounding ground. These
peak flow rates are often incorrectly used to calculate GSVs which gives an unrealistically high assessment of
the Characteristic Situation.

•

High flow rates measured in deep wells installed to monitor groundwater that are sealed into sand layers at
depth below clay. If there is no credible pathway for gas migration via the deep sand layers these types of
wells should not be monitored for gas. In any event the flows only occur because the well has penetrated the
clay layer and do not represent what would happen in the surrounding strata.

In both these situations the use of high frequency data is not necessary to demonstrate that the high GSV is not
representative – the application of common sense is! It is well known for example that gas concentrations may
increase in wells during falling atmospheric pressure. If you have spot monitoring at the end of such a period it is
possible to assess if this is likely to be worse case. It is not necessary to show the relationship on every site. The
question that needs to be answered is whether the use of high frequency data will make any difference to the outcome
of the risk assessment.
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The spot monitoring results shown in Figure 2 demonstrate that the highest methane and carbon dioxide readings
occur after falling atmospheric pressure. In this case the spot monitoring on a monthly basis showed that both
methane and carbon dioxide concentrations increased sporadically and then reduced to zero. The readings agree
with the conceptual model that shows there is a sand layer that connects the well to a landfill site that is not lined.
Therefore it is clear from the spot monitoring that gas migration increases when atmospheric pressure falls and
collecting more data would not make any difference to the risk assessment as the methane concentrations are not
likely to be exceeded by a significant margin (this is actual data taken from a real site and it shows methane
concentrations rise to between 60% and 75% - it is not likely to increase higher than this and even if it did it would
make no practical difference to the assessment). It is clear the migration occurs in response to drops in atmospheric
pressure so therefore using local weather data it is possible to estimate how many times per year and for how long
gas concentrations will be excessive and this allows a robust assessment of the frequency and duration of the gas
flows. Combining spot data with local weather data in this manner is a very effective low cost method of assessing
gas data.

Figure 2 Spot monitoring data compared to atmospheric pressure variations

4. Information
Quite often data from continuous monitoring presented as graphs with important information missing (the same also
applies to normal gas monitoring!). Interpretation of the graphs requires knowledge of whether the instrument is
venting gas out of the well or re-circulating it after sampling. The sampling frequency should also be known. All these
factors will influence the gas concentration and pressure within the well. Typically monitoring frequency will be 1 hour
but it can be shorter or longer than this.
Guidance on the data to be provided will be included in a forthcoming British Standard on gas monitoring (BS 8576).
Experience has also shown that the instruments can provide erroneous readings that are not realistic (usually sudden
increases in gas concentration that disappear just as quickly. Such jumps up to 2.2% methane were recorded in an
instrument left in an office for 24 hours, where there were no obvious influences (aerosol sprays, etc). Therefore any
instrument should be left in a suitable environment for 24 hours before monitoring starts to identify any such effects
(this is the same as running a check on a hand held machine in a gas free environment before starting monitoring).
these results should be included with the data supplied from the monitoring.
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5. Comparison with spot monitoring
The benefits of obtaining high frequency over a short period of time in a few wells should be considered against the
much lower number of spot readings but obtained over a longer period of time and in more wells. The graphs below
show that, on the site in question, spot monitoring in many wells recorded methane concentrations up to 45% v/v over
a period of about a year (Figure 3). Short term high frequency monitoring over brief periods of up to 6 weeks in
selected wells did not record methane concentrations higher than 26% v/v (Figure 4).
The spot monitoring data was obtained from fifteen wells over one year whereas the high frequency
data was obtained from five wells over individual periods of six weeks (Figures 5 and 6).

Figure 3 Spot gas data within the body of an landfill (predominantly inert material)
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Figure 4 Summary of high frequency data in main body of landfill site

Figure 5 Comparison of spot data to high frequency data
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Figure 6 High frequency data only

Care must be taken when considering results from a single gas clam inserted into a few or a single borehole(s) at a
time. Monitoring must be undertaken from a wide array of gas monitoring points on a site to identify the statistical
variation on the site. The statistical variation across the site is usually a much greater factor for a design requirement
for safety than picking up a small variations in a single borehole. For example on one site the high frequency data in
one well indicated 6% maximum methane concentration and conventional monitoring showed between 3 to 5%. This
had very little practical significance in terms of gas protection and made no difference to the solution for the site.
However the 60% methane concentration picked up by spot monitoring in another well did influence the design.

6. High frequency monitoring along migration pathways
A useful approach to gas migration assessment on some sites where there is a credible migration pathway is to collect
high frequency data in three or more wells at various distances along a potential migration pathway to see if there is
any variation with the gas regime with distance from the wells. However care needs to be taken that undue
confidence is not taken from short periods of monitoring. For example will gas migration only increase in winter when
the ground surface is wet? This may or may not be an issue – it is site specific. Also consider whether the data can
be applied to a whole boundary, whether the response zones of each well are in the same migration pathway and
whether there are any other sources of gas that could influence the readings. It is often possible to demonstrate that
risks are low by modelling rather than gas monitoring.

7. Pressure measurement
Borehole pressure measurements can be recorded in two different ways:
•

Dynamic pressure - the pressure indicated is the pressure difference between the gas in the entrance of the
sample tube and atmosphere whilst the gas is flowing. This is the way hand held instruments may measure
borehole pressure. This is also a gauge pressure (ie to obtain absolute pressure add on atmospheric).

•

Static pressure – measured in a static fluid. This is the way a GasClam measures borehole pressure (it is
essential measuring the atmospheric pressure in the well headspace). The differential pressure between the
borehole and atmosphere is the difference between the two but it is still a static pressure. The pressure in the
well head space will be affected over time depending on whether the instrument is venting or not. If it is
venting regularly there is unlikely to be any difference between the two.

Results from the two different methods should not be confused. Pressure readings for use in gas risk assessments
normally need a resolution of 1Pa on low risk sites. Make sure your continuous instruments have a low enough
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resolution. The specification shown on the main supplier website shows the borehole pressure is measured to a
resolution of 1mb (100Pa). However some instruments may have a lower resolution.

Diurnal
variations
Variation
due to
weather
fronts

Figure 7a High frequency static pressure measurements – BH1, Site 1

Figure 7b High frequency static pressure measurements – BH2, Site 1
The dynamic pressure is one component of total pressure in Bernoulli's equation , along with the static pressure and
the pressure due to elevation. The dynamic pressure divided by the product of fluid density and acceleration due to
gravity gives the velocity head, which is comparable to the hydraulic head and is used to estimate pressure driven flow
from a landfill gas source.
The borehole pressure may also be influenced by whether an instrument is venting or not. The atmospheric pressure
and borehole pressure in Figure 7a and 7b were recorded in different wells on the same site over the same period.
BH1 was installed in a gas monitoring well and was not vented. BH2 was installed on the surface and was vented. In
the vented well the borehole pressure result is simply a measurement of atmospheric pressure. The instrument also
appears to have malfunctioned in the central part of the graph in BH2, although this was not stated in the results. Any
such anomalies should be clearly reported within the results.
It is important to understand what the variations in pressure mean before interpreting the results or using them in risk
assessment (and this also applies to any other gas monitoring data). Where there is little or no difference between the
borehole and atmospheric pressure this could be due to a number of reasons:
•

The GasClam is venting and allowing pressure to equalise

•

The GasClam is not sealed in the well correctly

•

The borehole installation is not sealed correctly at the surface

•

The shallow ground around the well is sufficiently permeable that air exchange can allow the well to come into
equilibrium very quickly with changes in atmospheric pressure.

Which one of these effects is occurring will have an important influence on the interpretation of the results.
There are also two types of variation that can be observed in atmospheric pressure. The first is the large fluctuations
that represent the movement of weather fronts across the site. The second smaller regular variations are diurnal and
occur on a day to day basis regardless of weather fronts (Figure 7a).
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8. Different sources of gas
It is important to understand the chemical and other processes that can occur in and around a gas monitoring well
before interpreting the data.
On some sites the gas present in the well may be derived from different sources. In the data shown in Figure 8 there
is a clear response of methane to changes in atmospheric pressure. However there is little change in carbon dioxide.

Figure 8 Differing responses to atmospheric pressure in well head space

The well is next to a landfill but is located in Made Ground and there is potentially a sewage spill nearby. The site is
also underlain by Glacial Till that is derived from Coal Measures Strata. There are large variations of methane and
virtually no change in carbon dioxide (in fact carbon dioxide rises slightly when methane concentration falls, although
not sufficiently to indicate that oxidation is occurring). This different response tends to suggest there are two separate
sources for methane and carbon dioxide and that it is not landfill gas migration. If the relative variations in carbon
dioxide were smaller than the methane but the changes in concentration followed the direction of methane changes it
would indicate that carbon dioxide is being buffered by gas partitioning in and out of the groundwater (the Henrys Law
Constant for carbon dioxide is 1.1 compared to 29 for methane and the carbon dioxide transfers easily from water to
gas and back again as the flux of gas in the soil changes). The methane in this case could be residual methane in the
pores of the Glacial Till or the Made Ground.
In such a situation it is useful to look at the variation in balance with changes in oxygen and carbon dioxide
concentration. It would also be useful to measure dissolved carbon dioxide and methane concentrations in the
groundwater to obtain a better understanding of the processes that are occurring in the well.

9. Purge and recharge tests
CIRIA Report 131 recommends that purging of boreholes should be carried out with helium rather than nitrogen
because the presence of nitrogen makes interpretation of the results difficult (it can be present in landfill gas or mine
stythe gas). In any event the purging is unlikely to remove gas from the gravel pack and this method is often mainly
measuring diffusion from the gravel pack as shown in Figure 9 below. Note that hand held monitors can be used to
carry out purge tests if they are considered beneficial on a site. There are concerns over the accuracy of this method
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(CIRIA C665). This method should only be used on sites where there is no flow or positive pressure in the well (CIRIA
131) and it does not replace the measurement of flow rates in the normal way. It may provide additional information
on the behaviour of gas in the ground but is measuring something that is different to normal flow rates and cannot be
used to calculate gas screening values (although in some cases it may be used to override them if there is sufficient
other justification). Interpretation of purge and recover tests should include an assessment of whether gas is simply
diffusing back from the gravel pack.

Figure 9 Purge test with high frequency data

The original concentration before the test was about 25% methane. The well is installed in a 200mm dia borehole
(allowing for the casing) and after purging any gas out of the headspace of the plastic well pipe the overall
concentration of gas left in the pipe and surrounding gravel is about 21% (assuming 25% still in the gravel and 0% in
the pipe). This is the concentration at which graph levels out. After this test the gas concentration did continue to rise
to the original concentration before the test (25%) over a number of days. This part of the graph therefore represents
slow ingress of gas from surrounding ground most likely by via diffusion since the borehole is sealed. However this is
a restricted flow into a sealed space (Figure 10) and it is questionable whether it represents the flow that can occur out
of the ground to a freely ventilated space?
Taking the first part of the curve up to 250 minutes (the steepest part) the high frequency purge test data indicates a
flow rate of 0.2l/h. Measured flow rates via an open gas tap were between 0 l/h and 4 l/h with many around 0l/h. The
borehole flows measured in normal way are free discharge from an open pipe which is possibly a better representation
of gas flow from the ground via fissures or around foundations.
In any event what should be clear is that both methods are measuring flow of gas into a small well headspace. It is
not a measure of gas generation as such (and neither are conventional flow rates). There will be some influence from
the borehole construction on both types of monitoring and there certainly will be due to the surrounding ground – clay
soils will lead to a gradual reduction in flows as the gas in the well and surrounding gravel pack is depleted and cannot
be replenished due to the low soil permeability. This is not unusual and is not an indication that measuring flow rates
in the conventional way is somehow wrong.
Another important point is that the calculation of gas entry into the well headspace should take account of the volume
taken up by the monitoring equipment and any air volume that is removed during sampling. This can have a
significant influence on estimated emissions where the well headspace is very small.
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Figure 10 Gas flow into a sealed and open well

10. Trends and relationships in the data
The presence and movement of gas through the ground is complex. Carbon dioxide and methane are fairly ubiquitous
in the sub surface environment and experience shows that small concentrations of both gases can often occur where
there is no immediately obvious source. Looking at trends and relationships in data and considering what may be
causing them can often help to identify how the gas is behaving in the ground and the level of risk it poses. The
following pages list a few ideas and thoughts based on experience of interpreting high frequency data.

Balance above 80%
indicates possible
oxidation

Figure 11 Balance from GasClam over 6 weeks
Any assessment of landfill gas migration should include an assessment of the balance gas (assumed to be nitrogen
although the balance of gases can be significantly affected by water vapour – look for condensation on the inside of
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the well) and oxygen concentration. The water vapour concentration is dependent on the temperature within the well
headspace. Elevated nitrogen above 80% can be caused by oxidation and dissolving carbon dioxide.

Figure 12 Different response of methane and carbon dioxide
In the case of Figure 12 the methane and carbon dioxide in the well headspace initially build up in a similar manner.
However there is no response to changes in atmospheric pressure and after several days the methane starts to
reduce and the carbon dioxide increases. Is this due to chemical oxidation of the methane or some other effect?
Alternatively is the gas actually from two differing sources. There is also no oxygen at the start of the test - was the
borehole already depleted of oxygen when the monitoring started and if so why?

Figure 13 CH4 / CO2 ratio changes with atmospheric pressure
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Figure 13 shows changes in the ratio of methane to carbon dioxide with time. The ratio sometimes changes with
atmospheric pressure and initially increased which could be due to enrichment of the gas stream by carbon dioxide
dissolving out. Overall it appears to be reducing with time which can indicate that oxidation is occurring.

Figure 14 Comparison of measured methane with theoretical equilibrium concentration from groundwater
In Figure 14 the blue line at 5% concentration is the theoretical concentration in the well headspace due to equilibrium
with the dissolved methane in the groundwater. Looking at the graph it is clear that this does not change significantly
with atmospheric pressure (although the dissolved concentration may change due to other influences and this will
affect the concentration in the well). The graph does seem to flat line at around 5% at one point which could indicate
that there are two sources of gas in this well. In Figure 15 the methane does level of at 5% and thus all the methane
in this well may be due to partitioning with the dissolved methane in the groundwater. Again it is important to not just
rely on these results alone and they should be considered alongside the conceptual model and other data relating to
gas generation and migration on a site.
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Figure 15 Equilibrium methane concentration due to dissolved methane

Figure 16 Reducing gas concentrations over time
Figure 16 shows a trend of reducing methane and carbon dioxide over time. This effect is often observed in Made
Ground where there is little gas generation and the gas in the well is caused by disturbance due to drilling.
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Figure 17 Relationship between methane and barometric preesure
In the example data set in Figure 17 there is a relatively strong relationship between atmospheric pressure and
methane concentration. Although the square of the correlation coefficient is quite low there is clear increase in gas
concentrations at higher atmospheric pressure and the variation is less at higher concentrations. In this case the
difference in gas concentrations from low to high pressure could be significant. However the same response was only
identified within one well and thus it could not be used to extrapolate spot monitoring results from wells where high
frequency data had not been collected. The results do suggest that a maximum concentration in that well is likely to
be around 25% to 30% (assuming that the short period of monitoring is representative of all other likely influences).
It is also useful sometimes to look at relationships between the drop in atmospheric pressure over different time
periods. Figure 18 shows the relationship between the change in atmospheric pressure over the previous 6 hours and
methane concentrations. This can be compared to the build up of gas in no wind periods to assess the risk of gas
ventilation in under floor voids failing. In this case there is no significant relationship and the gas build up can be
based on the maximum values recorded. Comparisons can also be made between change in atmospheric pressure
and change in methane concentration.
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Figure 18 Relationship between methane and change in barometric pressure over previous 6 hours

Other relationships that can be looked include those between gas concentrations and groundwater levels,
temperature, rainfall, etc. The choice of relationships that should be looked at is site specific depending on the
conceptual model for a site and likely influences of gas concentrations in a well.
Oxidation of methane can occur in the ground or in the well headspace. The relationship between oxygen, methane
and carbon dioxide should be looked at if considering gas migration from a landfill site. If methane concentration
reduces along with a rise in carbon dioxide and a reduction or absence of oxygen this can indicate oxidation is
occurring.

11. Concentration duration curves
Concentration duration curves are a powerful tool for ground gas risk assessment as long as you are aware of the
limitations, especially when they are based on data collected over a limited period and/or from limited wells. You need
to be sure that the data being used is representative of a longer period of time (again the same applies to spot
monitoring). This will come back to looking at the site conceptual model and other data. A method of constructing a
concentration duration curve is shown in box 1.
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Box 1 Construction of a concentration duration curve in EXCEL
1. Select relevant data in excel spreadsheet
2. Use the COUNT function in excel to calculate total number of readings.
3. Use the SORT command in EXCEL to sort the data from highest to lowest readings (for whichever gas you are
considering – note this might not just be methane). You may wish to look at total landfill gas (methane plus carbon
dioxide) if considering migration from a source remote from the well.
4. Create a new column called “Rank” and use the RANK function in EXCEL to apply a rank to each data point for
the gas being assessed.
5. Create a new column “exceedance probability” and use the following formula to calculate the probability.
P = 100 * [ M / (n + 1) ]
P = the probability that a given flow will be equaled or exceeded (% of time)
M = the ranked position on the listing (dimensionless)
n = the number of events for period of record (dimensionless)

3. Create a graph of "exceedence probability" versus methane concentration (or whichever other parameter you
are looking at). The graph can have either linear or logarithmic axes. The exceedance probability only applies to
the duration of the data you have collected.
The example curve in Figure 19 is from a single well from a site. It shows the percentage of time that methane
concentrations were exceeded over a 6 week period. It would tend to suggest that 5% methane is exceeded most of
the time in the well , but the risk this poses will depend on the source of the gas and the migration pathway. The
curves cannot be used in isolation to assess the level of risk.

Figure 19 Concentration duration curve for methane

It is also useful to plot the results from high frequency data (and spot monitoring) as histograms (Figure 20). Using the
histogram the probability of exceeding a given value can also be assessed following the methods described in CIRIA
C665.
It is also possible to combine all the high frequency and spot data from a site to produce a composite concentration
duration curve. In this case because the spot monitoring is not taken at specific intervals the results are given as a
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percentage of readings for which a given concentration was exceeded. This has been done for the data from Figure
19 and 20 and the results are in Figures 21 and 22.

Figure 20 Historgram of methane data

Figure 21 Combined duration curve for all high frequency and spot data
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Figure 22 Combined histogram for all high frequency and spot data
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12. Using hand held monitors to collect high frequency data
Pump out tests are useful where high gas concentrations are recorded in what are thought to be low risk sources (eg
Made Ground, Alluvium, etc). The hand held monitor is set to pump and record gas for a prolonged period of time (for
example three hours). The gas concentration is recorded at intervals over that time. If there is only a small volume of
gas that is not being replenished the gas concentrations will reduce and will stay depressed for a period of time
(Figure 23 and 24)

Figure 23 Pump out test – first day
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Figure 24 Pump out test – second day
Monitoring can also be carried out with conventional meters over a tidal cycle (Figure 25)

Figure 25 Monitoring over a tidal cycle
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13. Reliability approach to sub-floor ventilation design
High frequency data and the concentration duration curves can be used to help design the underfloor venting for gas
protection systems. The results of an analysis are shown in Figure 26 assuming all other parameters are fixed
(borehole flow, wind speed, etc).
The ventilation design is based on wind speed exceedance of 80% (so for 20% of time wind speed is below the design
value). Using the graph in Figure 26 the percentage of time the equilibrium concentration exceeds the design value of
0.25% is 66%. Therefore the probability that venting is not performing as designed is 0.2 x 0.66 = 0.132 or 13% of
time over a six week period (the period of the high frequency monitoring). However the curve shows it is unlikely to
exceed 0.45% methane and this agrees with the conceptual model and so is acceptable.
The probability the equilibrium concentration in the void will exceed 0.5% is 0.021 x 20 = 0.42% or 4.2 x 10
week period.

-3

over a 6

Figure 26 Equilibrium concentration duration curve for a ventilated sub-floor void

14. Conclusions
High frequency monitoring can provide very useful data. However it is not necessary on all sites. The data should be
interpreted with care. Consider the chemical influences on the monitoring data and ensure it agrees with the site
conceptual model. Look for trends and patterns in data that are based on likely site specific influences.

This note was presented to delegates on the Ground Gas Investigation and Risk Assessment training courses
organised by the Chartered Institute of Environmental Health in March 2012. The course were presented by Steve
Wilson of EPG Ltd and Geoff Card or GB Card and Partners. Many thanks to the comments and questions raised by
the delegates and discussions with other people that have informed the current version of this note.

March 2012 © EPG Limited No part of this document may be reproduced without the prior permission of EPG Limited.

