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Modular approach to analysing vapour migration into

buildings in the UK

Steve Wilson

Abstract

The Johnson and Ettinger model was developed in the USA to estimate vapour migration into build-
ings. It has been incorporated into many software tools that are commonly used in the UK for con-
taminated-land risk assessment (e.g. CLEA, RISC, RBCA). It is commonly accepted that the model
over-estimates vapour migration into buildings by at least an order of magnitude. Many practitioners
use the model and software without fully understanding how the equations were derived and how the
‘black box’ is modelling the flow of ground gas or vapours into buildings. This paper will discuss how
the Johnson and Ettinger approach models vapour migration into buildings, and will highlight key
factors that may make the use of the model invalid for many of the new buildings being constructed
in the UK.

An alternative simple modular approach is proposed that uses common equations to model phase
partitioning, vapour transport and dilution mechanisms. The equations used to define these mecha-
nisms are derived from the same basic theory as those used in the Johnson and Ettinger model or
other methods such as the VOLASOIL models. They are applied in a way that is arguably more flex-
ible and transparent. The approach can also be used to model the effect of introducing protection

measures to reduce vapour migration into a building.
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INTRODUCTION

In the UK, the risks posed by exposure to land contami-
nation are assessed using the CLEA (Contaminated
Land Exposure Assessment) model (Environment
Agency 2002a). The RBCA (Risk-Based Corrective
Action) method (ASTM 2002) or the Risk-Integrated
Software for Clean-ups (RISC) method (BP Oil Inter-
national Ltd. 2001) are also commonly used. When
using these risk-assessment tools, the migration of
hydrocarbon and other vapours through the ground is
often modelled using equations derived by Johnson and
Ettinger (Johnson and Ettinger 1991). This paper dis-
cusses the factors that may make the Johnson and
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Ettinger approach invalid for much of the new develop-
ment in the UK.

The Johnson and Ettinger approach (and the major-
ity of other approaches such as VOLASOIL (Waitz et
al. 1996; Krylov and Ferguson 1998, etc.) are based on
the following vapour fate and transport mechanisms:

* Partitioning of volatile organic compounds (VOCs)
between solid, liquid and gaseous phases is control-
led by vapour pressure, aqueous solubility and the
partition coefficient between soil organic carbon and
water. The vapour-phase concentrations are esti-
mated using Henry’s Law for soil and groundwater
and Raoult’s Law for non-aqueous-phase liquids
(NAPL).

 Diffusion through the soil or floor slab according to
Fick’s Law. This is a reasonable assumption on
many (but not all) sites.
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* Advective (pressure-driven) flow through the soil or
floor slab according to Darcy’s Law.

+ Dilution of vapour within the building by fresh air.

A simple modular method of analysis is proposed
that is based on these principles. There is nothing new
in the principles and equations that are discussed, only
the way in which they are applied. This alternative
approach may be more suitable for assessing the risks
posed by indoor inhalation of vapours in many of the
new buildings being constructed in the UK, because it
can take account of ventilated underfloor voids. Many
older buildings also have a void below a suspended
timber floor. It should also be simple to apply, and only
requires input parameters that can be easily measured
or estimated from data that are available from most site
investigation reports.

Johnson and Ettinger model and its limitations

The Johnson and Ettinger approach models vapour
migration into buildings by assuming that vapour
migration from the contaminant source through the soil
towards a building is by diffusion, unless the source is

within the zone of influence of the depressurization in
the soil due to the building. This part of the model
determines the concentration of vapour that can enter
the building.

The rate of vapour entry into the building is mod-
elled as a combination of diffusive and advective (pres-
sure-driven) flow into a basement structure that is
common in American houses. For advective flow, the
vapour is carried in the air-stream that is assumed to
flow from the ground surface into the basement. The
equations used in the Johnson and Ettinger model were
derived by Nazaroff (1988) to model radon migration
into basements. It is this part of the model that is con-
sidered by the author to be invalid in the UK for the
majority of new developments.

Dilution of the vapours migrating into the building
by fresh air is estimated based on the rate of air changes
in the building. The theoretical framework of the John-
son and Ettinger model is shown in Figure 1.

The approach to modelling air entry into a building,
as suggested by Nazaroff (1988), assumes that the
building has a basement with either a perimeter drain or
a crack around the perimeter between a ground-bearing

Air flow from surface
into basement under
pressure driven flow

as a result of negative
pressure in building

carries vapour with it

Figure 1. Johnson and Ettinger (1991) model of vapour intrusion into buildings
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slab and the retaining walls (Figure 2). Few new houses
in the UK have a basement.

The air flow into the basement is modelled as a flow
through the soil pores into an idealized cylinder at
and with
radius 7., The cylinder is assumed to be at a slightly

some depth below the ground surface, Z,.,; .
negative pressure to reflect the negative pressure that
occurs inside buildings due to wind and temperature
effects. Flow into the cylinder occurs due to the pres-
sure difference between the ground surface and the
inside of the cylinder. The original work by Nazaroff
assumed that radon was present in all the soil surround-
ing the basement, and as air flows through the ground it
transports radon into the basement.

The length of the cylinder is assumed to be the
perimeter of the basement, and its diameter is assumed
to be either the diameter of a perimeter drain to the
basement or the width of a crack between the slab and
wall. The equation for pressure-driven soil-gas flow
into the basement used in the Johnson and Ettinger
model is given below:

27AP k v X crack
Qo = 27z ) (M
H n( crack rcrack)
where:
Osoil volumetric inflow of soil gas into building

(cm3/s)

AP = pressure difference between the inside of
the building and the soil surface (g/cm sz)

k, = soil permeability to vapour flow (intrinsic
permeability) (cm?)

X.raek = length of floor/wall seam perimeter (cm)

)7, = viscosity of air (g/cm s)

Zack = crack depth below grade (i.e. crack depth
below ground level) (cm)

¥ erack equivalent crack radius (width of crack in

effect) (cm).

The equation is only valid when 7., 4/Zrucr<1, 1.€.
the width of the crack is less than the depth from the
ground surface to the crack. For many UK buildings,
the bottom of the floor slab may be at or above the
external ground level, and so the limiting values for
application of the equation are not met. The flow path
that is modelled in the Johnson and Ettinger model is
for air flow from the ground surface to the base of the
foundation, and this is different to the one that will
occur where there is an underfloor void. In this case,
vapours may simply migrate vertically towards the
floor slab (see Figure 3). The model does not simulate
this vertical flow path and neither does it simulate flow
below the foundation and up towards the floor slab.

New houses in the UK rarely have basements unless
they are high-rise apartments. New houses often have a
precast suspended floor slab with a ventilated void
below it (Figure 3). In this case, if there is a negative

Basement

Ground bearing slab

Air flow into basement is
modelled as flow into an
idealised isolated
horizontal cylinder in the

ground at depth Z__, and
with radius r_,

Figure 2. Nazaroff model of soil-gas flow into a basement

Air flow is by advection
due to pressure difference
between soil surface and

idealised cylinder AP,
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Figure 3. Typical floor slab construction in the UK

pressure in the void, then fresh air flow will occur
through the air bricks in preference to air flow through
the ground and around the foundations. This is because
the flow route around the foundations is much longer
and the resistance to air flow of the soil is much higher
than that of the air bricks.

The other alternative is a ground-bearing or cast in
situ suspended slab (Figure 3). There is usually a gran-
ular layer below the slab that will be more permeable
than the underlying soil. The perimeter walls will not
be airtight, due to small cracks in the wall construction,

and often air bricks will be included in the granular
layer to provide venting for the bulk soil gases of meth-
ane and carbon dioxide. This may again allow air flow
into the granular layer in preference to air flow through
the soil around the foundations depending on the width
of the building (the resistance to flow through the soil
will be greater than that for flow through the walls for
most houses, but this may not be so for larger commer-
cial buildings).

Many older houses have a suspended timber floor
with a void below, although the ventilation may be less
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Figure 4. Flow chart of vapour migration into buildings

than that provided in new buildings. A similar model to
the one for precast suspended floor slabs can be devel-
oped for timber floors.

There are few peer-reviewed articles that provide
data from sites impacted by vapour intrusion of VOCs
(Tillman and Weaver 2005). Research Report P5-018
(Environment Agency 20025) and Tillman and Weaver
(2005) found the Johnson and Ettinger model, as used
in BPRISC, to be conservative by at least an order of
magnitude even for the scenarios that it was intended to
model (basements with ground-bearing floor slabs).
The least conservative result was modelling advective
flow through a ground-bearing floor slab, which gave
overpredictions within one order of magnitude of
measured concentrations. This conservatism is in many
cases compounded by the parameters used in many
analyses. For example, the maximum concentration of
a particular contaminant recorded below a site is used
in the assessment, and the contamination is assumed to
extend below the whole building, even though the site
investigation may show that it is restricted to only part
of the site. Whilst this may be a valid approach on some
housing sites, where a single building may cover the
contamination, it is probably not valid where a large

warehouse, for example, is located over an isolated
area of contamination.

Another source of conservatism is the assumption
that a crack extends around the whole perimeter of a
cast in situ reinforced concrete suspended floor slab. If
this was the case then the slab would have failed struc-
turally and would be unusable. Most reinforced con-
crete cast in situ suspended slabs have limited open
cracks in them, and any expansion joints, etc. are well
sealed for engineering reasons. In the case of high-rise
apartments, the basements are usually heavily engi-
neered to provide a watertight construction that is also
very resistant to gas and vapour migration.

Another major problem with the application of the
Johnson and Ettinger method is a misunderstanding of
what the parameters mean. This stems from the use of
computer programs where the algorithms are hidden
and the results are presented as attenuation factors. It is
best practice to verify the output from computer pro-
grams (Association of Geotechnical and Geoenviron-
mental Specialists 1995). Achieving this with manual
calculations can provide a more comprehensive under-
standing of how the Johnson and Ettinger (or any other)
approach models vapour migration.

Proposed modular model for buildings in the UK

In addition to the over-conservatism of the Johnson and
Ettinger approach to vapour intrusion modelling, it is
not clear that vapour intrusion is a particularly wide-
spread problem, and there are very few documented
cases of proven vapour intrusion (Tillman and Weaver
2005). Therefore, an approach is required that reduces
the over-conservatism to some degree and thus avoids
unnecessary and expensive remediation costs.

The basic equations used in the Johnson and
Ettinger model can be used to develop a modular
approach that is very flexible and transparent. The
approach is more appropriate for the UK because it can
take account of the presence of ventilated underfloor
voids used in many buildings. The approach is similar
to the analysis of methane or carbon-dioxide flow
through the ground described in the Ground Gas Hand-
book published by the Chartered Institute of Environ-
mental Health (Wilson et al. 2008). Thus, a consistent
approach to assessing the migration of all gases and
vapours into buildings can be achieved by using the
proposed modular method.
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Table 1. Equations for simple modelling of vapour migration into buildings

Element of vapour Equation Parameters
migration model
Source vapour concentration in soil air
From soil i Csource = Vapour concentration (g/cmd)
contamination _ Hrs CR Py Cgr = Initial soil concentration (g/g)
(USEPA 2003, based source gw +deb +H'TS9a 2) |pp = Soil dry bulk density (g/c.m3) .
on Henry’s Law) Hrs = Henry’s Law constant (dimensionless)
o, = Soil filled air porosity (cm3/0m3)
O = Soil water air porosity (cm3/cm?)
Ky = Soil-water partition coefficient = K¢ x f,¢
(em?g)
Koc = Soil organic carbon partition coefficient
(cm3/g)
foc = Soil organic carbon weight fraction
From groundwater Csource = Vapour concentration (g/cmd)
contamination Cwme :[-[ST CW (3) |Cy = Initial groundwater concentration (g/cm?)
(USEPA 2003, based Hz = Henry's Law constant (dimensionless)
on Henry’s Law)
From non-aqueous- Csource = Vapour concentration (mole/m3)
phase contamination | Cyource = XPo/RT @ | X = Mole fraction in NAPL of chemical considered
(based on Raoult’s P, = Vapour pressure (atm)
Law) R = Universal gas constant (m3 - atm/mol/°K)
T = Temperature in soil (°K)

Direct measurement
of soil-vapour
concentration

Measured in boreholes

Be aware that the concentrations at the source are likely
to be very small and may be well below the limit of
detection of commonly used instruments such as a photo
ionization detector (PID). Measurement of vapours at
very low concentrations will require samples to be taken
for laboratory testing. This is very important, and expert
advice should be sought on measuring vapour
concentrations in boreholes.

Modelling flow from ground

Diffusive flow from E = Rate of mass transfer by diffusion (g/s)
ground to vc?id A, (Csaurce _ CgO )Delf Ag = Cross-sectional ar(.ea (.cmz). s
(based on Fick's Law, | E = (5) | Csource = Vapour concentration in soil (g/cm>)
from USEPA 2003) L Cqo = Vapour concentration at top of soil (g/cms)
peff = Effective diffusion coefficient of soil (cm2/s)
L = Length of migration pathway (depth to source
in sail) (cm)
Advective flow from Qgroung = Volumetric inflow of vapour through ground
ground to void APxk xA . (g/s)
(based on Darcy’s ngu,,d =— v sl C (6) |AP = Pressure difference between the void and the
Law from Wilson et al. H X Z e source (Pa)
2008) ky = Soil permeability to vapour flow (intrinsic
permeability) (cmz)
Asoil = Plan area of soil that vapour migrates through
(cm?)
7 = Viscosity of vapour or air (Pa.s)
Zsource = Depth to source or zone of pressure influence
(cm)
C = Concentration of vapour at source (g/cm3)
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Table 1. Equations for simple modelling of vapour migration into buildings (continued)

Dilution in void

Ettinger model applied
to the void
(USEPA 2003)

Dilution by fresh air Cyoig = Equilibrium concentration of vapour in void

(Wilson et al. 2008 Qvoid Ce +E under steady-state conditions (g/cm?)

and BS 5925 (British Cvoid =T A o (7) | Quig = Flow rate of fresh air into void (cm%/s)

Standards Institution va‘d +E Ce = Concentration of vapour in outside air (g/cm3)

1991)) E = Rate of gas migration from source by
diffusion (g/s) (or Qgroung if flow is by
advection)

Simplified equation Cyoig = Equilibrium concentration of vapour in void

from Johnson and Qvoid Cvoid =F under steady-state conditions (g/cm3)

(8) | Quoig = Flow rate of fresh air into void (cm3/s)

E = Rate of gas migration from source (g/s) (or
Qground if flow is by advection but converted
from cm®/s to g/s for the vapour being
considered)

Flow of vapour into building from void or ground

from Johnson and
Ettinger model
(USEPA 2003)

= Qentry

Qbuilding Cbuilding

By advection through Qentry = Volumetric inflow of vapour into building (g/s)
cracks, assuming they APxk xA AP = Pressure difference between inside of
are filled with dust 0] :MX C,ou ) building and the void (Pa)
entry Vol
arcy’s Law ’ H rack v = Floor slab (or crack) permeability to vapour
Darcy’s L. ’ x D k Floor slab k bility t
flow (intrinsic permeability) (cmz)

Acrack = Area of cracks in floor slab (cm?)

Y7 = Viscosity of air (Pa.s)

Derack = Thickness of floor slab (cm)

Cyoid = Equilibrium concentration of vapour in void
under steady-state conditions (g/cm?) (or
other appropriate value depending on
conceptual model).

Dilution in building

Dilution by fresh air in Chuilding = Equilibrium concentration of vapour in
|nd90r air space Qbuﬂdmgce + Qemry bwldw;g under steady-state conditions
(Wilson et al. 2008 Cbu[ldmg = (10) (glem3)

and BS 5925 (British Qbu[ldmg +Qenny Qpuilding = Flow rate of fresh air into building (cm/s)
Standards Institution Ce = Concentration of vapour in outside air (g/cm3)
1991) Qentry = Rate of vapour migration into building (g/s)
Simplified equation Chuitding = Equilibrium concentration of vapour in

building under steady-state conditions
(glem®)
Qpuiiding = Flow rate of fresh air into building (cmd/s)
= Rate of vapour migration into building (g/s)

(1)

Qentry

Note: Care must be taken to ensure consistency of units when using these equations.
The principles behind the equations are comprehensively described in Environment Agency Report P5-018 TR (Wilson et al.
2008) and by the United States Environmental Protection Agency (USEPA 2003). The general approach is shown in Figure 4.

The approach can model soil and groundwater con-
tamination or non-aqueous phase liquid (NAPL) as the
vapour source. Vapours may move through the unsatu-
rated zone and into the building by diffusion or advec-
tion. A basic set of equations is provided in Table 1, but
risk assessors could extend this basic model, where
appropriate, to include other models, flow paths, mech-

anisms such as biodegradation and depletion of the

source, as appropriate to the conceptual model for the
site.

Diffusion is modelled using Equation 5 from Table
1, which is based on Fick’s Law.

A specific application of the approach is summa-
rized in Figure 5 for buildings with a ventilated void or
ventilated granular layer below the floor slab. A similar
model could be developed for a suspended wooden



Land Contamination & Reclamation / Volume 16 / Number 3 / 2008

floor. In this case, vapour migration from the ground is
assumed to occur only by diffusion, but advection can
also be considered if necessary. The Environment
Agency Report P5-018 recognizes that allowing for a
ventilated void is a valid approach for risk assessment
of vapour migration into buildings in the UK.

The diffusive flow is dependent on a concentration
gradient from the source to the void, which is assumed
to be linear. The source concentration in the soil air is
estimated based on phase partitioning using the same
equations as the Johnson and Ettinger model. It would
also be possible to use direct measurement, although
the concentrations are likely to be very low and may be
below the limit of detection of a PID. Therefore vapour
concentrations would normally be measured by taking
samples (e.g. using sorbent tubes) for laboratory test-
ing.

The ventilation in the void dilutes the vapour, and
the effect of this is estimated using one of two equa-
tions from Table 1 (Equations 7 or 8). These equations
are used to estimate the equilibrium vapour concentra-
tion inside the void using the steady-state mass balance
equation. Equation 7 is commonly used in the UK to
design the ventilation in an underfloor void to dilute
bulk ground gases. The equation used in the Johnson
and Ettinger method (8) to estimate dilution within the
building airspace is a simplified form of Equation 7,
where it is assumed that the concentration of vapour or
gas in the incoming fresh air stream is zero. It also
assumes that the flow of fresh air in the void, Q0,4 is
much greater than the rate of vapour flow from the
ground, E.

It is then assumed that the diluted vapour migrates
into the building due to advection, as assumed in the
Johnson and Ettinger approach (although the way in
which the flow is modelled is different). The advective
flow is estimated using Equation 9 from Table 1 and
assuming that the flow occurs through dust-filled
cracks.

In most cases, building under pressurization (i.c. the
reduced air pressure that occurs inside a building)
causes advective flow of soil vapour to dominate over
diffusive flow (Garbesi ef al. 1993). At this stage it is
also possible to assess the benefits of incorporating
vapour-resistant membranes in the floor slab construc-
tion by considering diffusion of vapour through the
membrane (vapour migration through membranes

occurs by diffusion through the material and not by
advection) and estimating an effective diffusion coeffi-
cient for the whole floor slab construction that takes
account of the diffusion coefficient for the proposed

membrane.

The equations can be set up in a spreadsheet to carry
out iterations so that the concentration in the void is
adjusted until equilibrium is reached between the value
estimated in the void and the value used to estimate the
diffusion gradient in the ground. Other equations could
be used to model flow through large open cracks and, if
necessary, a more detailed assessment of the time to
reach equilibrium vapour concentrations could be com-

pleted.

The dilution of the vapour within the occupied space
of the building is estimated and the resulting steady-
state equilibrium concentration is compared to a refer-
ence concentration. The reference concentration is esti-
mated following the guidance in CLEA (Environment
Agency 2002a) using the inhalation reference dose
obtained from the CLEA TOX reports or other source
where there is no relevant TOX report. It is important to
ensure that any toxicological information used in the
risk assessment complies with the UK regulatory con-

text.

In this instance, the equations are only valid for dif-
fusive flow as long as the estimated concentration in
the void is less than the source concentration and the
rate of fresh air flow is greater than the rate of vapour
emission from the ground. Once the assumed rate of air
change in a void does not provide adequate dilution of
the vapour emissions, the equilibrium concentration in
the void tends towards the vapour concentration at the
source. This assumes there is no depletion of the source
and no fresh air flow through the soil itself, which may
be a conservative assumption. However, most venti-
lated voids below buildings will have at least one air
change per day (Boyle and Witherington 2007), which
provides sufficient dilution. Interestingly, the occupied
spaces of a house are assumed to have twelve air
changes per day in CLEA Briefing Note 3 (Environ-
ment Agency 2004), so the assumption of one air

change per day in the void may be conservative.
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Figure 5. Summary of a simple model for buildings with a ventilated underfloor void

ADVANTAGES OF THE PROPOSED ASSESSMENT
METHOD

The proposed modular method to assess the risk of
vapour migration into buildings is a simple one-dimen-
sional approach, in which the individual elements of
the model can be clearly seen and understood. The
equations for flow through the soil and floor slab are
not hidden in equations to determine attenuation or vol-
atilization factors, as is the case in the Johnson and
Ettinger model. Most importantly, the method can
model vapour migration into buildings with ventilated
underfloor voids, which is a very common form of con-
struction on brownfield sites in the UK. The proposed

approach is similar to that adopted by the NHBC for
assessing methane and carbon-dioxide migration into
buildings.

The proposed approach is flexible, unlike most
computer-based models, which normally have at least
some assumptions that restrict their applicability. It can
model vapour migration from groundwater or non-
aqueous-phase liquids, using the equations for vapour-
phase partitioning described in Environment Agency
Report P5-018 and included in Table 1. To ease the cal-
culation burden, the calculations can be easily set up in
a spreadsheet, but this should be based on a site-
specific conceptual model with a clear indication of
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what each equation is modelling. The source can be at
any depth below the building, and the model can be
used to assess the impact of providing protection
against vapour migration in the form of ventilation
below the floor slab and by incorporating membranes
in the floor slab construction.

The Johnson and Ettinger method is limited to mod-
elling the flow of vapour through a perimeter crack
around the floor slab. With the proposed approach it is
possible to model vapour entry through open drains,
service entries, cracks in the floor and through the bulk
concrete in a more realistic manner. It can also be used
to assess the effect of incorporating gas- or vapour-
resistant membranes in the construction by allowing
for the diffusion coefficient of the membrane when
assessing vapour flow from the void to the indoor air.
The model can also easily include advective flow of
vapour through the soil as well as diffusion, and it is
possible to estimate the effects of vapour concentra-
tions in the outside air on the likely dilution of vapour
within the building or void.

IMPLICATIONS OF USING THE PROPOSED MODEL

The proposed model has been used to assess the vapour
migration into a building, using the baseline parameters
given in Environment Agency Report P5-018 (Table
2).

The results of a sensitivity analysis from the Envi-
ronment Agency Report P5-018 are provided in Figure
6, together with the results using the standard Johnson
and Ettinger equations and those obtained using the
modular method.

The modular approach gives much lower indoor air
concentrations, even when there are quite low air
changes in the void (line E on Figure 6). The difference
is about two orders of magnitude in this case.

The difference in results is mainly due to the way in
which advective flow into the building is considered,
and the dilution of vapour in the underfloor void. The
proposed modular method should be more appropriate
than the Johnson and Ettinger approach for most UK
buildings, and the area of cracks is much easier to
define without relying on crack ratio and the presence
of a perimeter crack. The sensitivity of the results to the
air changes in a void is shown in Figure 7. The indoor
air concentration reduces significantly when one air

10

Table 2. Baseline parameters for comparison (from
Environment Agency 2002b)

Parameter Units Value
Building

Width of building cm 1000
Height of building cm 300
Area of floor slab cm? 1x108
Volume of indoor air cmd 3x108
Air exchange rate No./day 10
Foundation

Thickness of floor slab cm 15
Perimeter crack length cm 4000
Crack ratio cm2/cm? 0.001
Width of perimeter crack’ cm 0.25
Under pressurization Pa 3
Total porosity of dust-filled - 0.25
cracks in concrete

Water-filled porosity of dust- - 0
filled cracks in concrete

Contaminant

Benzene

Concentration in soil at mg/kg 5
source

Concentration in outdoor air mg/m3 0
Henry’s Law constant Dimensionless 0.22
Partitioning coefficient, Ky cm/g 83.2
Free air diffusivity cm?/s 8.7x1072
Water diffusivity cm?/s 1.1x107°
Depth to contamination cm 150
source

Soil

Water-filled porosity - 0.1
Air-filled porosity - 0.2
Total porosity - 0.3
Fraction of organic carbon - 0.03
Dry bulk density (note that glem® 1.7
the units are incorrect in

Report P5-018, Environment

Agency 2002b)

Soil permeability cm? 1x10~7

1. Width of perimeter crack was adjusted from values in report
to agree with crack ratio and crack length. There is a discrep-
ancy between the values used in the report.
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Figure 7. Sensitivity of indoor air concentration to air changes in void

change per day is provided below a floor slab, but after
about five air changes per day there is only a slight
reduction in indoor air concentration for an increasing
number of air changes.

An example calculation is illustrated in Figure 8.

CONCLUSIONS

The Johnson and Ettinger approach to vapour migra-
tion may not be applicable to many UK buildings, and
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software packages that model migration of vapour to
indoor air can be inflexible. A modular approach is pro-
posed that uses all the same basic equations as the
Johnson and Ettinger approach but in a manner that is
transparent and versatile. The approach could be devel-
oped by using appropriate individual parts from other
models (e.g. VOLASOIL), providing that they are
applicable to the site-specific conceptual model. The
approach is consistent with analytical methods already
used for estimating the migration of methane and car-
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Equilibrium concentration in
void
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Source of hydrocarbon
vapours

Source concentration in soil
C.=5mglkg

Figure 8. Example application of the method

bon dioxide into buildings. The use of the modular
approach will enable:

e amore robust/reliable estimate/assessment of risk;

* an appropriate mitigation design.

Where there is a ventilated underfloor void, the
approach may result in a lower estimated air concentra-
tion within the building for a given source concentra-
tion of contamination in the ground.

Further work is required to develop this approach,
such as looking at the sensitivity of the results to

Drives air flow with vapour 4
concentration C_, through AV
floor slab from void, Q...

12

Atmospheric pressure
P

Slight negative pressure in
building AP =P,_ -P_..

Qutside vapour
concentration C, =0

; Air flow through
% 0 void, @,
s A Assume 1 air change
a o per day
=
=

assumptions on under-pressurization in the underfloor
void; permeability of the floor slab and modelling
vapour flow through the floor slab. It could also be
extended to cover a wider range of conceptual models.
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