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The next 25 minutes
• The Modular Approach to Analysing Vapour Migration Into 

Buildings in the UK 

• Published in Land Contamination and Reclamation in 2008

• Approach has been used extensively by EPG over the past 9 

years

• We very rarely use CLEA or J&E for vapour intrusion 

assessments (apart from initial screening to identify key CoC)

• The Modular Approach is not a “black box” solution - it is not 

about sticking numbers into spread sheets

• Collecting the right data, the CSM and understanding of 

building construction and vapour pathways through 

reinforced concrete are crucial
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• The Modular Approach to Analysing Vapour Migration Into 

Buildings in the UK 

• Published in Land Contamination and Reclamation in 2008

• Approach has been used extensively and has been verified 

by EPG over the past 9 years

• We very rarely use CLEA or J&E for vapour intrusion 

assessments (apart from initial screening to identify key CoC)

• The Modular Approach is not a “black box” solution - it is not 

about sticking numbers into spread sheets

• Collecting the right data, the CSM and understanding of 

building construction and vapour pathways through 

reinforced concrete are crucial



The Modular Approach

• Collect the right data

• Critically assess the data

• Develop a visual CSM

• Critically assess the CSM and 

define what you are going to model

• Develop the model or choose an 

appropriate off the shelf one (there 

are several) that fits your site and 

building

• Choose parameters

• Do a bit of maths

Time and Effort 

Required

Note there is 

nothing we use that 

is not in the public 

domain



Desk study – to guide the SI



Improved Vapour Monitoring

• Multiple protocols highlighting 

importance of installation methods 

and how to collect good quality data

• Move from modified groundwater 

wells to dedicated, narrow diameter 

soil gas monitoring wells

• Wider understanding of use of 

multi-level sampling, in particular to 

assess for biodegradation activities



Vapour sampling Methods

• Historically limited (e.g. Tedlar bags) 
but significant increase in possibilities

• Pumped samples through sorbent 
tubes (selection of sorbent medium 
important)

• Increase in pressurised containers 
(e.g. SiloCans, Bottle-Vac™, 
Summa)

• All provide data for direct input into 
risk assessment models

• Further semi-quantitative tools (e.g. 
passive Gore-sorber®) but data not 
readily usable in risk assessment

• All have a role to play – be aware of 
the advantages and limitations



Leakage Testing

• Multiple solutions, depending on the sampling approach, 

but important for good quality data



CSM 

• The CSM should include the 

ground model and the 

proposed building 

construction

• If building construction is not 

known (ie early stage 

assessment) then the 

modular approach is not 

appropriate

• Reasonable quality 

reinforced concrete is often 

a sufficiently good barrier to 

vapour (and ground gas) 



Ground model



Will construction change the ground?

• Remediation – will source be 

removed?

• Basement construction – will source be 

removed

• Basement construction – is dissolved 

phase migration in groundwater more 

of a concern than vapour intrusion

• Do not use drained cavity water proof 

construction where dissolved phase 

VOCs are present without a DQRA 

and/or a suitable membrane between 

the cavity and the occupied space with 

protection



Building construction

• Leaky?                        Ventilated void - Good barrier?



Good quality reinforced concrete

• Where is the “perimeter crack” that everyone 

assumes in risk assessment? 



Piles and preferential pathways

• Pile types normally used 

in the UK should no 

provide a preferential 

pathway for vapour 

migration (or ground gas)

• Most pile types do not 

cause voids around the 

pile or increase the 

permeability of the 

ground

• Paper to be published in 

Environmental 

Geotechnics



The CSM for vapour – what are you 

modelling?





C4SL for residential without plant 

uptake - Benzene

• Vapour pathway is 99% of contribution

• The report recognises that site specific assessment 

will be required because of deficiencies in model –

can be extended to include the effect of membrane

• But is it far too over conservative for screening and 

should we really be using a model where the CSM is 

wrong – even for screening?



The receptor
• May need to change default RfC to suit site specific receptor

• Especially important for schools and nurseries

• Reference concentrations from Nathaniel et al 2015 

LQM/CIEH S4ULs normally adopted by EPG

• US EPA definition of RfC - estimate of continuous inhalation 

exposure to the human population (including sensitive 

subgroups) that is likely to be without an appreciable risk of 

deleterious effects during a lifetime. 

• US EPA also recognise that chemicals that cause cancer by 

mutagenic mode of action possibly pose higher risk during 

early life (USEPA 2005). In such cases, the EPA recommends 

Age Dependent Adjustments Factors (ADAF) of 10-fold (first 

two years of life) and 3-fold (two to less than 16 years of age) 

be applied in risk assessments (2005). 



The Maths

• Fick’s Law of Diffusion



The Maths

• Darcy’s Law for pressure driven flow



The Maths

• Dilution in Building (or underfloor void)



Remediation using VOC membranes

• Do not assume a membrane will break the pathway for vapour 

migration

• Membrane suppliers are not qualified to make assessments 

about the suitability of their membranes to deal with VOCs –

they are not risk assessors

• VOCs permeate through membranes at different rates 

dependent on:

▫ Concentration gradient

▫ Membrane material

▫ Thickness

▫ Solubility of the contaminant in the polymer

▫ Shape and size of the contaminant molecule



Supplier assessment

• Supplier stated “We have 

reviewed the attached report 

and noted there are 

hydrocarbons on site which 

would require a Hydrocarbon 

resistant membrane such as the 

-----------” 

• Supplier highlighted report

• Only contaminants are PAHs 

that are not sufficiently volatile to 

pose a vapour intrusion risk

• Even if they were concrete slab 

may well have been sufficient





C748 - Permeation test methods

• Testing should be in accordance with ISO 15105-2

• Results quoted in mg/m2/h – to allow comparison of different 

membranes

• Suppliers should give you the lab test data – not their data 

sheets (eg JUTA will do this) – how long was test carried out 

for?



Example

• Existing offices being converted to apartments

• Laundry and filling station

• Impact on soils, groundwater and vapour phase by 

BTEX and chlorinated solvents

• Existing floor slab being retained

• Presence of Laundry not picked up from desk study 

and distribution of chlorinated solvents not defined

• Additional site investigation and risk assessment 

completed



Example

• Laundry



Conclusions

• Vapour risk to 

proposed new use is 

acceptable

• New lift pits – to be 

formed in cast insitu 

reinforced concrete 

and lined with suitable 

membrane.

• New drainage 

trenches reinstated to 

remove any pathway



Example calculations for basement



Final thoughts

• The Modular approach to vapour intrusion is extremely flexible

• It can result in major savings by removing the need for VOC 
membranes

• The key to using it is the data, ground model, and choice of 
appropriate building parameters

• It is not a black box method – it requires the right equations to suit the 
site

• Do not rely on suppliers to tell you that you need VOC protection

Thank You

Contact:  stevewilson@epg-ltd.co.uk


