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Key points

Do not use points approach from BS8485 — it is not appropriate on its
own and in high risk scenarios not at all

It is a screening approach and a more robust assessment will be
required to assess site and choose appropriate measures

Raft foundation and an appropriate membrane will be acceptable for
most sites

Membrane above raft - typical membranes on market acceptable

Membrane below raft — needs to be robust and protected — aluminium
foil membranes are not appropriate

Sub-slab venting not required with raft foundations
Ventilated void and membrane will also be suitable

Seal the ducts!

AIRE

What should you avoid?

If advising on risk assessment where there is a mine gas risk what
should the development design avoid?

AIRE
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Key points — what to avoid

* Avoid ground bearing slabs

* Avoid stone columns (they can be used but often increase risk so
more protection measures will be required)

» Avoid drainage runs below buildings as far as possible

* Avoid deep stormwater attenuation tanks and soakaways — use
shallow sustainable drainage systems (SuDS)

AIRE

Raft foundations

» Are they a good barrier to gas ingress from the ground?

* Reasons to support your answer

AIRE
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Concrete and resistance to gas

ingress

Concrete construction can provide a good barrier to gas ingress

+ Depends on quality of construction and design

» Greatest resistance by waterproof concrete to EN 1992 — 3

* Lowest from residential ground bearing slabs

» Engineer designed raft foundations to residential housing will provide

good resistance

» Concrete is gas permeable and it can migrate through cracks - but often

the slab alone gives sufficient resistance and should certainly be
considered as the first line of defence, especially on high risk sites

» Don't believe what you are told by waterproof and gas membrane
“specialists” (aka waterproofing system/gas membrane sales people)

about cracking in concrete

CLAIRE

Evidence

* VOC attenuation factors from USA —
at least 100 (mainly based on
residential slabs)

* Swiss Radon guidance

« Evidence from monitoring gas
ingress through slabs in UK

» Attenuation factors of at least 100
(between gas concentration in
ground and internal ambient air
concentration) in slabs with open
cracks

Material

sheeting

PEHD foil

PVC alloy

Polymer bitumen
Paints, coatings
Plastic paint

Epoxy resin
Building materials
Reinforced concrete

Calcareous sandstone
Plaster
Brick

38%%% 33 333 E;

Tab. 5.1: Radon diffusivity of building
ged, crack-free condition).

(in

Structural components that are designed to be watertight are also ra-
don-tight. In construction areas with a high groundwater table or on
hillsides, buildings are generally well protected against radon. In radon
areas with a high availability of radon (permeable soil structure), we
can rely on the tried-and-tested sealing technology of groundwater-
tight building. The solutions include both the sealing of surfaces and
the use of special structural components and constructions for water-
tight pipe penetrations, contraction joints, etc.

Laying extensive, gastight sheeting on the outside of a building is ap-
propriate

if the planned building is in a radon area, or

if it is not constructed in continuous reinforced concrete.
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Evidence

1. Analysis of rafts in residential developments with conservative assessment of
extent of cracking

Gas migration by advection through crack in slab
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Evidence

5. Internal monitoring of slabs to 2 houses where ground gas ingress was
occurring (via open water pipe ducts)
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Raft foundation and membrane

construction
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Sub floor void and membrane

the walls

Concrete beam and concrete block floor, block work inner and brickwork out walls

Loose laid gas membrane full line out

Installed by specialist installer (NVQ
Level 2) and verified by independent

Beam and
concrete block
fioor

DPC and cavity tray

Cavity tray must extend beyond gas

membrane to out face of brickwork
and be sealed to it

installation

consultant (CLAIRE GPVS) T
brick

ol |

=]l 41

|

Passively vented sub floor
void - minimum 150mm
height

Minimum 150mm

Concrete
infill to
cavity

Strip foundation
o ground beam

Details based on original drawings by
Neil Salvidge

Note damp concerns from NHBC need to be addressed when detailing through

The ideal installation is to install in a “full line out”
approach where the gas membrane is installed as one

sheet across the floor and cavity wall. The advantages of
this are:

Can be installed in one visit by a specialist installer (NVQ
Level 2) using welded seams

Can be verified in one visit by an independent verification
consultant (CL:AIRE GPVS)

Can be protected after installation to minimise risk of
damage by follow on trades using insulation (for concrete
B&B floors)

12

26/05/2022



Seal the ducts

Service duct sealing

* Open ducts are the most common ' )
Insulation, Service

H HPH finishes MD 111 Expanding resin poured
route of gas ingress to buildings Rt e

installed and connected
Gas membrane

. sealed to
Often forgotten outside of duct

membrane over it would be suitable

; I FIS Hydrobar with
. . 75mm cover to top
+  For mine gas use sealant that is structural raﬂ,# N\ of concrete
approved by Water Company / Foam flange pushed below
Gas membrane level required to be sealed
R with upper and (bottom of raft)
» For elect ducts expanding foam and lower geotextile
. X X protection 1
a coat of liquid applied gas et

AIRE
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€]
* Housing development Mo Pg
+ Raft Foundations J Gl
1 Introductiony
» Located over backfilled opencast and .
characterised as CS3 o
+ Gas membrane and subslab venting fitiiriinzc PRI
specified e
» But GSVs are not appropriate i bt o3
R -
+ Requires a Design Report (as "SrArdcompsiel —
recommended by BS8485) e s ol <
14
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Example

Old shafts but not below the
opencast and >50m from

development
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Example

The Coal Authority viewer indicates
that the site sits in the Algernon
Hebburn groundwater block
(Category C2). The fact sheet for

this block indicates that groundwater ’
levels were rising generally in 2017.
but are controlled by Coal Authority
pumping to stop excessive rise.

Evidence from S| — possibly flooded
but not conclusive .

Assume not flooded and that gas
emissions can occur.

Made Ground typically comprises an
upper horizon of sandy gravelly clay.

Below this, a mixture of cohesive and
granular soils in discontinuous
horizons.

Gravelly clay with varying sand
content.

Gravel with varying clay content, and
grey slightly silty (or clayey) gravelly
fine to coarse sand

Source of carbon dioxide but will also
be a buffer to emissions from the
workings

CLAIRE
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Gas monitoring
Gas monitoring was completed in » Additional monitoring is not likely to
four monitoring wells across the site change the recommendation to
in 2017 (six visits between 12th provide gas protection, nor the scope
October and 19th December 2017). of it.
The well response zones were 1mto «  The gas monitoring results show that
5m and the wells were dry on all methane in excess of 1% v/v was not
monitoring visits. detected in any of the wells. This is
. . an indication that there is no

The atmospheric pressure during L ) )

) significant gas generation occurring Ll
montoring ranged from 977mb to . )

in the open cast backfill below the
1027mb. site. m
Thus the data is considered -
adequate for a site such as this, <
where gas protection is to be se )
provided to the buildings. U
18
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Gas monitoring

Oxygen vs Carbon dioxide
25

20

]

£ Paossible
] migration of gas
g from depth

Mixture of
sources

0 5 10 15 20 25
Carbon dioxide (%)
@ Site data Biological irati Methane oxidation

19

Gas monitoring

* Increase in HGFR when barometric
pressure drops .

HGFR carbon dioxide

+ Limited data (spot monitoring)

* Anindicator of possible emissions
from workings

* Increase is sufficient to indicate gas Y P E— . F
protection required but it is not likely - r : S

to require sub slab venting because 5

the flow rates are still low :

ide (%)

Cartond
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* Note — Limits for CS only used
because at the moment it is needed
to explain risk level to others — GSVs
should not be used to assess gas
risk and mitigation design on mine
gas sites

20
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Example

15 the site within a Coal Authorty
der Mining Reparting
Area (CMRA)

MoMmEGASRISK  é——— NO —¢

v o ) vEs
W et s
[ Are all of these statements true?

» Likely flooded but cannot guarantee

Mo s - 20 b st sty

[

. Where does this site fit in the T A ey
-\ o o G dovelopment

CLAIRE Decision Tree? s Ko ¢ VES

21

Mitigation

Gas membrane edge detail

+ Raft and membrane demonstrated to

be adequate by design modelling e i

* The Modular Approach to Analysing ' ‘ T
Vapour Migration Into Buildings in the \
UK, Published in Land Contamination ﬂm e
and Reclamation in 2008 |

* Properties for methane and carbon
dioxide used (eg diffusion
coefficients, etc)

* Large barometric pressure drop
causing emissions from the worked
coal seam at depth

*  Water pipes to be sealed (and
verified)

CLAIRE

22

26/05/2022

11



Raft foundations

CAVITY WALL

TIMBER FRAME

WALL OUTER LEAF GAN BE. WALL INNER LEAF CAN BE. WALL OUTER LEAF CAN BE - - WALL INNER LEAF CAN BE
BRICK OR STONE. BLOCK, THABER FRAVE OR RENDER FINISH TIMBER FRAME OR SIP.
s |
FINISH FLOOR. ] FINISHFLOOR
LEveL y Level
GROUND GROUND. | =
Lever o |
v L 2 I

I —

AIRE
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* Initial CSM it CEM
w E
* Coal seam (worked) at R°N N “\\
shallow depth <30m 4mBG
» Glacial Till present over it — »——-T«T«Fﬁﬁm’m}
L— | | Seal
is this thick enough to act as P\'Inncr;:wbw-hdwwhngdd —
a barrier? COAL MEASURES LR =
(Sand/SilUMudstone) gy i seam
(N
24
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Shallow coal workings

Red dots are boreholes with
evidence of workings

service yard
bin store

CLAIRE
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Grouting

Grouting only for stability — infill grouting not completed in all locations where
excess take occurred (should have reduced spacing again to deal with gas risk)

CLAIRE

26
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Example 2

Initial CSM

* CSM after development = E

» Stone column foundations GLACIAL TILL 4ol
(Clay/Sand/Gravel)
15mBGL

* Not fully grouted —,—’wﬁiﬁpﬁ-m""“‘”“"‘”

Primary grout boreholes on 6m grid

*  What is the risk now?

Not all primary voids targeted
y boreholes.

COAL MEASURES
(Sand/Silt/Mudstone) " seam

Development CSM

MAD <
lsrounp {00
v
GLACIAL TILL
(Clay/Sand/Gravel)
_.__/,_’__,,_____________ L ===
= d - grnutad)
Coal Seam (p:nlllly worke:
Rl borsholes on ém ekl
e baaiolos oo reiaced 425 gekd whers vokde Kientiied
Not all primary "“""m'-w.d reduced
COAL MEASURES
(Sand/SiltMudstone) : >

27
* No entry points have been identified within 50m of the site, however the shallow
workings are unregistered and as such this is not definitive.
* The site is underlain by a previously worked seam below the building footprint at
depths of significantly less than 30m, with the shallowest identified depth to the top
of the seam being 4m.
» The workings are likely to be unflooded.
» Stone columns have been installed across the footprint to a maximum depth of
3.8m. Ll
+ Grouting has been undertaken for geotechnical purposes, however data presented m
in the completion report indicates that there is the potential for residual voids {0 b€ s
present. <
» On this basis the site is deemed high risk. Therefore the design of the mitigation
system should not use the BS8485 points system (as advised in the CL:AIRE
guidance).
28
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Gas Mitigation

Gas membrane, floor
construction and pressure
relief layer ) i

ol
100% verification of B } “ ‘ ‘ l
membrane and pressure relief sl b el g Wl o

Consequences of
underestimating the mine gas
risk ——

Additional cost of pressure
relief layer at construction
stage

By the time this was raised it
was too late to install an
effective sub slab venting

system
29
Thank you for listening
Time for Q&A
L
o
eggmm QGenEnvirnnmenta] m W
30
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