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Loscoe Explosion, 1986 - 3 people injured 



CIRIA 130, 1995

Loscoe Public Inquiry

Source
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Gorebridge Incident

• New housing estate built in 2009

• 7 Sept 2013 council tenants overcome by gas 
and taken to hospital. Families decanted to 
alternative accommodation

• April 2014 IMT set up

• 64 Homes demolished in 2016
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Solid Liquid Gas

Environmental monitoring challenges

Viscosities at STP:

• Water 8.9 x 10-4 kg/(ms)

• Air 1.8 x 10-5 kg/(ms) 50 times lower



Permeability Anisotropy



Permeability anisotropy and borehole monitoring



Weaver J.W. et al. Uncertainty and the Johnson-Ettinger Model for Vapor 
Intrusion Calculations. EPA/600/R-05/110. September 2005. 

Using Johnson-Ettinger vapour risk model

“An apparent increase in 
simulated cancer risk caused 
by the uncertainty introduced 
from the input parameters 
was as much as 1,285%”



Diffusion vs pressure driven flow

Ettinger R. and Kerfoot H. Evaluating the Vapor Intrusion Pathway for 
Methane. AEHS 22nd Annual Conference, San Diego, California, 21.3.12

1 psi pressure driven 
flow greater than 
diffusion by:

~ 1,000 times  - Sands

~ 100 times  - Silts

Diffusion only greater 
in clay soils

Model is you must -
Measure if you can!



Pressure as a Migration Driver

Massmann J. and Farrier D.F. 1992. Effects of barometric pressure on gas transport 
in the vadose zone. Water Resources Research, Vol.28, No. 3. 777-791.

• 2D finite element analysis - 25mb pressure fall over 24 hours 
• 45m lateral migration within medium sand

Silt – 11m

Fine Sand – 25m

Medium Sand – 45m



Dissolved gases in groundwater

Solubilities at STP:

• Methane 25 mg/l

• Carbon dioxide 1,450 mg/l 58 times more soluble!



Piston Effect and flow readings 

Hydrostatic Head

Pressurised 
Headspace

1. Low pressure weather system 
passes over site

2. Atmospheric pressure drops

3. Small volume of methane degasses 
and builds up in headspace

4. Rainfall percolates to water table 
which rises

5. Hydrostatic head builds up

6. Headspace is pressurised

7. Spot monitoring records:

a) High gas concentration

b) High borehole flow
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Traditional Spot 
Monitoring



31 Jan 02 Feb 04 Feb 06 Feb 08 Feb 10 Feb 12 Feb

When the frequency of monitoring 
exceeds the frequency of change of 
the measured parameter, the 
monitoring can be termed 
‘continuous’

Continuous Monitoring

C
o

n
ce

n
tr

at
io

n
(v

/v
%

)



Continuous Ground-Gas Monitoring 

1st Generation
In-borehole device 

GasClam®

2nd Generation       
In-borehole device 

Gas Sentinel®



Atmospheric Pressure as a Ground-Gas Driver
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Piston Effect and flow readings 

Hydrostatic Head

Pressurised 
Headspace

1. Low pressure weather system 
passes over site

2. Atmospheric pressure drops

3. Small volume of methane degasses 
and builds up in headspace

4. Rainfall percolates to water table 
which rises

5. Hydrostatic head builds up

6. Headspace is pressurised

7. Spot monitoring records:

a) High gas concentration

b) High borehole flow



Dissolved gases

Solubilities at STP:

• Methane 25 mg/l

• Carbon dioxide 1,450 mg/l 58 times more soluble



GGS Gas Sentinel® telemetry  



GGS Gas Sentinel®   



Continuous Flow

GGS Gas Sentinel®  



GSV with Continuous Data



GSV with Continuous Data

CS2

CS4

CS3



Atmospheric pressure data from Manchester, UK 
from 6/9/16 to 20/9/18

138 falls greater than 8 mb



n 138 138 138

Max 43 107 2.60

Min 8 5 0.13

Mean 15.8 30.6 0.64

Median 14 28.5 0.53

St Dev 7.6 17.5 0.40

95th 34.3 61.3 1.28

90th 25.3 52 1.08

80th 21 44 0.82

75th 19 39 0.76

Pressure Fall 
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Top quartile 19 mb fall 
likely occurs every 3 weeks

A ‘significant’  worst case 
pressure drop will usually 
be captured within a 4 
week period (in the UK)
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Free air flow 
through 
ventilated void 
(periscope vent)

Membrane continues 
across cavity

Protection in practice



Principle of Passive Dilute and Disperse in 
Ventilated Void

After CIRIA 149, 1995

Plan

WIND

Zone of 
positive 
pressure

Zone of 
negative 
pressure  
(suction)



Qualified membrane installation 

National Occupational Standards                   
VR 612 and VR 613 

NVQ level 2 qualification in gas membrane 
installation

Simple design is best

• Sub-floor ventilation

• Membrane 

Photo curtesy of PAGeotechnical Ltd



Investigate

Building Gas Protection



Investigate

Risk Assess

Building Gas Protection



Investigate

Risk Assess
Design

Building Gas Protection



Investigate

Risk Assess
Design

Install

Building Gas Protection
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Risk Assess
Design

Install
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Building Gas Protection



Investigate

Risk 
Assess

Design

Install

Verify

Building Gas Protection

CIRIA - C665 

BS8576: 2013
CIRIA C735 2014 

BS8485 2019 BRE 414 2001



Unqualified membrane installation 
e.g. ground-worker

Photo curtesy of PAGeotechnical Ltd

Membrane not installed 
across wall cavity



Periscope vents not 
connected to void

Ventilation blocked by 
sleeper wall 



Installation trashed by 
follow on trades

Photo curtesy of PAGeotechnical Ltd



D. Sub-floor ventilation performance monitoring

Check sub-floor void ventilation 
(downwind side)

Install sampling line to continuous 
monitoring device (e.g. Gas Sentinel)

[N.B. Non destructive test]



Prevailing 
Wind

Air 
Vents

Continuous monitoring 
on the down-wind side

Principle of Sub-floor ventilation performance monitoring



Principle of Sub-floor ventilation performance monitoring

Upwind 
Positive 
Pressure

Downwind
Negative 
Pressure

Highest gas 
concentrations 
on down wind 
side



Sub-floor Void Monitoring
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Sept 2013  - Gorebridge
• Tenants in council properties overcome by gas and 

taken to hospital 

• Houses evacuated



Chronology
- 2006 Desk Study identifies 

possible mines gas

- 2006 SI & Risk Assessment doesn’t 
find ground-gas

- Consultants conclude ‘low ground-
gas risk’ – no gas protection 
measures required

- 2009 sixty four homes built

- Sept 2013 first residents taken to 
A&E 

- April 2014 IMT set up

- by Sept 2014, 22 people had 
attended A&E or local GP



Gorebridge – Coal mining in the area

The Coal Authority



Coal Working Drilling & Grouting Stabilisation

- M

<1 Tonne
1-5 Tonnes >10 Tonnes

5-10 Tonnes Pressure Test Borehole



2013/14 Coal Authority Investigations

87 Newbyres Crescent found to have:

• 8% C02 in downstairs toilet

• 12% C02 in Lounge (where son had been sleeping)

• 19% CO2 beneath kitchen flooring

• 21% CO2 measured in hole drilled through raft

• 23% CO2 in wall cavity

Borehole drilled to the shallowest coal seam at 13m bgl:

• 25.1 % CO2 & 4.6% O2

• No grout was found in the coal seam



Continuous gas monitoring 



2017 IMT Report Conclusions

(IMT Report – from Fairhurst)

3-4m

c13m

“Was this was an entirely 
preventable incident?” 

• Source confirmed as worked coal seam

• Workings not fully grouted

• Grout holes beneath houses possibly not sealed

• SI boreholes beneath houses 
possible not sealed

• Vibro stone column foundations 

• Service entries through raft not 
sealed

• No gas protection measures 
installed

• Highest CO2 associated with falling 
atmospheric pressure
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Convincing clients to use continuous monitoring

Time savings:
• CS3 site – monitoring period reduced from 3 months to 3 weeks
• CS5 site monitoring period reduced from 12  months to 3 months

Avoid demolition and rebuild costs:
• Sub-floor monitoring sometimes only option

Avoid litigation
• Don’t do a Gorebridge



Features

Continuous concentrations

Continuous environmental

Extended battery life

Telemetry

Continuous flow

Expert support

Secure installation

GGS Gas Sentinel®

Only British designed 
and made continuous 
in-borehole device



In Summary

• All the elements of ground gas 
protection are important

• Continuous monitoring has come 
of age

• Better quality monitoring data 
informs less conservative risk 
assessments and more cost 
effective solutions



• Based on 12 yrs experience

• Highlights include:

• Ground-gas behaviour

• Best practice in continuous monitoring

• Additional lines of evidence

• Continuous flow monitoring

• Dissolved and free gas interactions

• Risk assessment using continuous data

http://www.ggs-uk.com/claire-technical-
bulletin-continuous-monitoring-ggs/

http://www.ggs-uk.com/claire-technical-bulletin-continuous-monitoring-ggs/


5 & 6 Feb Liverpool

26 & 27 Mar Milton Keynes

30 Apr & 1 May Warwick

11 & 12 Jun Edinburgh

9 & 10 Jul Central London

24 & 25 Sept Portsmouth

5 & 6 Nov Cardiff

26 & 27 Nov Leeds 

A-Z of Ground-Gas Training 2019
Two days of theory and practical

http://www.ggs-uk.com/ground-gas-
services/ggs-training/

http://www.ggs-uk.com/ground-gas-services/ggs-training/


Thank you

Simon Talbot  - 0788 4444 272
simon.talbot@ggs-uk.com


