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This report was produced for our client, Farrell & Clark LLP, and their advisors and 
financiers and should not be relied upon or transferred to any other parties without 
the express written authorisation of Abbeydale BEC and our client. If any other 
unauthorised third party comes into possession of this report they rely on it at their 
own risk and the authors owe them no duty of care or skill.


The comments and recommendations presented in this Verification Report are 
based on the findings of a review of available information; observations made during 
site visits throughout the installation of the ground gas protection measures, and a 
series of previous reports produced for the site. These include a Phase 1 Desk Study 
report (Ref: 574010DS), dated December 2019, two subsequent Ground 
Investigation reports dated December 2019 (Ref: 574010GI) and July 2020 (Ref: 
574010GI2), and a Remediation Method Statement (Ref: 574010RMSa) prepared in 
January 2021.


Where information has been referenced from any of the previously prepared reports 
it is clearly stated in the text of this Verification Report.


When writing this report construction of the new two storey classroom block and 
associated retaining structures was underway. A proposed layout plan is included in 
Appendix A.


2. OBJECTIVES 

This report has been undertaken to confirm that the proposed ground gas protection 
measures have been implemented into the design and construction of the proposed 
classroom block.


This includes a summary of the validation works undertaken during the installation of 
the ground gas protection measures and any corrective measures undertaken where 
any defects were identified by the Validation Engineer.


3. THE SITE 

The area of the new classroom block is situated towards the north-west of the larger 
King James’ School site. The existing site layout is shown on Figure 2, including the 
indicative location of the new classroom block which is outlined in purple.


At the time of undertaking the validation works the new classroom was partially 
constructed, with the steel portal frame in place and  the lower layers of brickwork 
built around the perimeter of the new building, up to the level at which the air bricks 
for passive ventilation of the subfloor were to be installed.


A lift pit had been formed towards the south of the proposed new building, which 
was later completed as the validation works progressed.
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future site users from hazardous ground gases and ground gas protection measures 
will be required in the proposed building.


A subsequent Remediation Method Statement dated January 2021 was produced to 
outline the scope of remediation measures that needed to be implemented into the 
design and construction of the proposed classroom block, to mitigate ground gas 
ingress into the building that could otherwise have an adverse risk to human health 
receptors.


5. REMEDIATION STRATEGY 

The Remediation Method Statement outlined the scope of ground gas protection 
measures based on the proposed construction of the building. The scope of gas 
protection measures included three main elements:


• Passive ventilation - as a ground bearing floor slab is to be used, a void former 
was specified for beneath the proposed ground floor slab. This was to be vented 
to the outside atmosphere using telescopic plastic vents and air bricks. A total of 
12 vents were installed down each length of the new classroom building, as 
designed by Seal-A-Pipe Ltd to ensure a sufficient air change to allow any 
accumulated ground gases to ventilate into the outside atmosphere.


• Gas resistant membrane - as a final precaution against the ingress of potential 
ground gases into the building, it was specified that a suitable gas resistant 
membrane shall be installed directly above the passive ventilation void former. 
Any penetrations through the gas membrane for services were to be fully sealed 
to stop any potential ground gases getting into the building through these 
pathways.


• Structural barrier - the use of a ground bearing floor slab will in itself provide a 
degree of protection against the ingress of ground gases into the building.


In accordance with CIRIA 735 and YALPAG guidance, validation visits will need to 
be undertaken by an appropriately experienced independent Validation Engineer.


During each visit the Abbeydale BEC Validation Engineer will complete a pro forma 
record sheet as per the example provided in Appendix A5 of CIRIA 735; included as 
Appendix E. Relevant photograph records will be taken (provided as Appendix D); 
where relevant these will include any defects observed and further photographic 
evidence once any necessary corrective measures have been applied, to allow 
validation of the membrane installation. If any follow-on validation is deemed 
necessary this will be clearly highlighted on the pro forma record sheet(s).


All installation works were undertaken by Seal-A-Pipe Ltd (SAP), a reputable and 
experienced contractor and membrane installer, including the selection of 
appropriate materials, as agreed with Abbeydale BEC. SAP have their own patented 
vapour barrier sealant; a reinforced butyl rubber sealant that has BRE approval 
(Report No. P112926-10001) which will be used to seal the joints in the gas 
membrane.
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The need for integrity testing was to be dependant on the jointing system used, and 
also how quickly the gas membrane was protected against any potential follow-on 
damage after a final visual inspection of the membrane had been undertaken.


6. VALIDATION VISITS 

An Abbeydale BEC Geo-environmental Engineer attended site on a part-time basis 
throughout the installation of the ground gas protection measures, which spanned 
from 11 August 2021 to 1 September 2021. This was largely due to having to stand 
down for a period whilst the main contractor cleared part of the building footprint of 
general building materials that otherwise prevented installation of the gas protection 
measures. A summary of the validation visits undertaken is given below, and 
photographic records taken during the various monitoring visits are presented in 
Appendix D. Completed site inspection pro forma sheets using the template from 
CIRIA C735:2015 are included as Appendix E.


An initial site visit was undertaken on 11 August 2021 when the installation of the 
gas protection system commenced. This included a discussion / toolbox talk with 
the Site Manager that no site personnel should be allowed to walk across either the 
underfloor void former, or subsequently the gas proof membrane once installation 
began, and that no equipment should be dragged across either of these surfaces. 
Doing so may inadvertently damage the integrity of either of these products and 
result in delays if the materials had to be removed and replaced. The lift shaft pit had 
been formed and awaited fixing of the ground gas protection membrane.


It was also noted that sections of gas-resistant membrane had been installed by 
SAP underneath the internal concrete stairs, with a reinforced yellow gas membrane 
seen protruding from under the footprint of the stairs. This was done under the 
supervision of SAP on 10 August 2021.


Subsequent daily site visits were then undertaken on 12 and 13 August 2021 to 
carry out further visual inspections during the installation of the void former and 
overlying gas-resistant membrane. During the site visit on 13 August 2021 the lift 
shaft was noted to have been infilled with concrete and it was noted that a silver 
gas-resistant membrane had been fixed to the walls of the lift shaft and lapped back 
over so that the gas-resistant membrane above the ground bearing floor could seal 
onto the lift shaft membrane.


Following a site visit on 16 August 2021, Seal-A-Pipe had to postpone installation of 
the remaining gas protection measures whilst the client cleared some general 
building materials from across the southern part of the new building before the void 
former and gas membrane were installed. This was done to avoid the potential for 
follow-on damages to the various components of the ground gas protection system 
once installed. During this site inspection visit it was noted that some of the gas 
membrane in front of the north-eastern internal concrete stairs had been ripped. It 
was agreed with SAP that the main gas membrane would be sealed over this 
membrane and lap up the first step, onto which the ground bearing floor slab would 
be cast up to. This would ensure that the gas-resistant membrane effectively sealed 
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around the internal staircase. See Plates 17 and 24 in Appendix D. This was noted 
to have been implemented by the subsequent site visit on August 26 20201


Installation works subsequently commenced again on 25 August 2021, and a visual 
inspection was undertaken on 26 August 2021 and the remaining area of the void 
former and overlying PAGeotechnical gas-resistant membrane had been laid. 


Where the mesh reinforcement for the new ground bearing floor slab had been 
stored, towards the east of the new building, some localised punctures were 
identified which penetrated through the gas-resistant membrane. These were 
indicative of the steel mesh having been pushed slightly once put on the ground, 
see Plate 19 in Appendix D. These were locally sealed using squares of the same 
gas membrane and sealed using Seal-A-Pipe’s butyl sealant and the overlap taped 
down to avoid a trip hazard or the membrane getting snagged along the joint, as 
shown on Plate 20 in the photographic record.


A final site inspection visit was undertaken on 1 September 2021, to observe 
placement of the steel mesh reinforcement and ensure that no potential visual 
defects were identifiable prior to placement of the concrete ground bearing floor 
slab, which was subsequently undertaken on 2 September 2021 to protect the 
components of the ground gas protection system as soon as practical.


7. GROUND GAS PROTECTION MEASURES 

As outlined in the Remediation Method Statement, the ground gas protection 
measures consisted of a series of components to meet the minimum ground gas 
protection score of 3.5, to meet the requirements of BS8485:2015.


The void former used was produced by ABG Geosynthetics Ltd, known as Gasflow; 
a 25mm thick cuspated geosynthetic high density polyethylene (HDPE) with a non-
woven geotextile layer bonded to the bottom of the void former. A technical 
specification sheet for the void former is included in Appendix B. To provide passive 
ventilation to the outside atmosphere a series of twelve plastic telescopic vents with 
plastic air brick covers were installed along the north-west and south-east elevations 
of the building.


As outlined in BS8485:2015 a gas protection score of 1.5 can be awarded for 
installation of the geocomposite void formers as the width of the building is less 
than 15m.


A PAGeotechnical Standard Gas Barrier was placed over the void former used 
across the proposed ground bearing floor slab; a reinforced gas proof membrane 
that is certified to protect against methane and carbon dioxide. The technical 
specification / product sheets for the membranes used are included in Appendix C.


The PAG membrane was laid in 2.00m wide rolls, with each joint sealed using Seal-
A-Pipe’s butyl sealant and a hand roller. A minimum 150mm overlap was used 
between each of the sheets laid; the lap was secured using cloth tape to avoid any 
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potential trip hazard and avoid the potential for the membranes to be pulled and 
therefore potentially affect the seal of the membrane joints.


From the edge of the new ground bearing floor slab to the outside walls a thicker 
Rhinoplast Evolution Hydrocarbon Barrier was used to act as a gas-resistant Damp 
Proof Membrane (DPM) that would be less resistant to any potential follow-on 
damages after installation of the membrane.


The gas membranes used are rated as sufficient to meet the minimum requirements 
for a Characteristic Situation 2 (CS2) risk classification; a gas protection score of 2.0 
was therefore given for the use of gas resistant membrane in accordance with 
BS8485:2015.


Where supporting steel columns of the portal frame were present, pre-fabricated 
squares of gas membrane using the Rhinoplast Evolution gas barrier had been 
prepared by SAP to ensure a good fit around the columns, see Plates 2 and 18 in 
Appendix D. These were joined to the main gas membrane using Seal-A-Pipe’s butyl 
sealant, which was also injected around the columns to ensure a good seal.


The same approach was taken to seal service entries; a pre-cut square of gas 
resistant membrane for the relevant service diameters were placed over each 
service entry by SAP and sealed onto the main gas membrane. A flexible rubber 
top-hat was then pulled over each service which was also sealed using SAP butyl 
sealant onto the gas membrane. An example of the sealing of service entries is 
shown on Plates 7, 12, and 13.


On completion of the final site inspection visit we understand that the concrete floor 
slab was cast the following day, 2 September 2021. The cast in-situ reinforced 
concrete floor slab will also provide a degree of protection against the ingress of 
potential ground gases into the building, and can be awarded a gas protection score 
of 0.5 points in accordance with BS8485:2015.


Based on the gas protection score of the different components of the ground gas 
protection system a total of 4.0 gas protection points have been awarded, 
surpassing the minimum 3.5 points required in accordance with BS8485:2015.


8. NON COMPLIANCES 

As perviously outlined, the only identified defects noted during the installation of the 
ground gas protection system were noted during the site visit on 26 September 
2021, when localised puncturing of the gas membrane had been caused by 
movement of the steel reinforcement mesh. Localised repairs were undertaken by 
the installation contractor by sealing areas of gas membrane over the identified 
areas of damages and no other visual signs of potential damage were noted 
elsewhere on the final site inspection visit before the concrete floor slab was cast.
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9. IMPORTED SOILS 

We understand that no imported soils were brought to site as part of the 
development works that required chemical validation to confirm their suitability for 
use in general landscaping areas.


10. CONCLUSION 

We conclude that the ground gas protection measures have been installed in 
accordance with the requirements set out in the Remediation Method Statement, to 
satisfy the requirements outlined in BS8485:2015 and provide the required level of 
protection against the ingress of potential ground gases into the building.


Report 574010VR | October 2021 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APPENDIX A - PROPOSED DRAWINGS 
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APPENDIX B - VOID FORMER PRODUCT SUMMARY SHEET 
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APPENDIX C - GAS MEMBRANE SPECIFICATION SHEETS 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Technical Data Sheet – PAG Standard Gas Barrier 
(Rev. Jan 2021) 
 
Methane, Carbon Dioxide and Radon – a high performance Gas Barrier, suitable for some under slab applications. 

 

 

 
 
 
 
 
■ Exceptional flexibility and puncture resistance                                                                 
■ Comprehensively tested with independent validated test results  
■ Outstanding welding characteristics – efficient installation   
 
 
Description: 
PAG Standard s manufactured from four ayers of v rg n ow-dens ty po yethy ene (LDPE) w th 10mm x 10mm sp t f m 
po ypropy ene re nforc ng gr d n between to g ve h gh strength and tear res stance. The membrane ncorporates a 12 μm 
a um n um fo  for extreme y ow permeab ty to gases.  It a so acts as a h gh performance DPM. The top surface s red n co our 
and the bottom s s ver. 
Deve oped n the ear y 2000 s PAG Standard has been an acknow edged market eader n h gh performance qua ty spec f c 
membranes. Improved n 2019 to exceed the recommended gauge gu dance n BS8485:2015+A1:2019. It s a mu t -fo  membrane 
w th a re nforc ng scr m and a um n um ayer. PAG Standard s eas y jo ned by a  therma  we d ng mach nes. 
 
 
Applications: 
PAG Standard s su tab e for the fo ow ng app cat ons: 

• Carbon d ox de and methane affected s tes n accordance w th BS8485:2015+A1:2019 & NHBC 
• Radon affected s tes n accordance w th BRE211:2015 
• Damp protect on n accordance w th Bu d ng Regu at ons Part C. 

 
 
Approvals & Standards:  
■ BS8485:2015+A1:2019 – Code of pract ce for the des gn of protect ve measures for methane and carbon d ox de ground gases 
for new bu d ngs. Passed the str ngent methane 40m /m /day/atm (ISO15105-1 to BS8485:2015+A1:2019 requ rement) thresho d 
and phys ca  property requ rements.   
■ CE Mark EN13967 – Mo sture Barr er Type A. F ex b e sheets for waterproof ng. P ast c and rubber damp proof sheets nc ud ng 
p ast c and rubber basement tank ng sheet. 
 
 
                   Moisture Barrier Type A – EN 13967 
 
 
 
 
 
 
 
 
 

Engineered 
Geomembrane 
Solutions 

01536 740040 
 

office@pageo.co.uk 
 
 

www.pageo.co.uk 

Top layer              LDPE with stabilizers, Red 
Coater Layer        LDPE with stabilizers 
Aluminium           12 micron Aluminium layer 
Coater Layer        LDPE with stabilizers 
Reinforcement    PP, 10 x 10 grid 
Bottom Side         LDPE with stabilizers, Silver 
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Appendix D

Job No: 574010

Site: King James’ School, Almondbury

Client: Esh Construction Ltd

Photographic Record

Plate 1: Lift shaft formed (11/08/2021)

Plate 2: Pre-cut gas membrane sections for around steel columns (11/08/2021)



Appendix D

Job No: 574010

Site: King James’ School, Almondbury

Client: Esh Construction Ltd

Photographic Record

Plate 4: First three rows of void former laid (11/08/2021)

Plate 3: Section of gas membrane laid beneath internal concrete steps (11/08/2021)



Appendix D

Job No: 574010

Site: King James’ School, Almondbury

Client: Esh Construction Ltd

Photographic Record

Plate 6: Showing detail around service entries (12/08/2021)

Plate 5: Beginning installation of gas resistant membrane (12/08/2021)



Appendix D

Job No: 574010

Site: King James’ School, Almondbury

Client: Esh Construction Ltd

Photographic Record

Plate 8: Void former installed across north half of building (13/08/2021)

Plate 7: Close-up of service entry sealing (12/08/2021)



Appendix D

Job No: 574010

Site: King James’ School, Almondbury

Client: Esh Construction Ltd

Photographic Record

Plate 10: PAG membrane taken over membrane under internal stairs (13/08/2021)

Plate 9: Close-up of joint sealed using SAP Butyl reinforced sealant (13/08/2021)



Appendix D

Job No: 574010

Site: King James’ School, Almondbury

Client: Esh Construction Ltd

Photographic Record

Plate 12: Example of pre-cut gas membrane placed over service entries (13/08/2021)

Plate 11: Rhinoplast membrane installed in lift pit & lapped over (13/08/2021)
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Job No: 574010

Site: King James’ School, Almondbury

Client: Esh Construction Ltd

Photographic Record

Plate 14: Gas membrane lapped over onto retaining wall (16/08/2021)

Plate 13: Service entry following rubber top hat & sealing (13/08/2021)
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Job No: 574010

Site: King James’ School, Almondbury

Client: Esh Construction Ltd

Photographic Record

Plate 16: Membrane rolled out over butyl sealant (16/08/2021)

Plate 15: Reinforced Butyl sealant being applied along membrane joints (16/08/2021)



Appendix D

Job No: 574010

Site: King James’ School, Almondbury

Client: Esh Construction Ltd

Photographic Record

Plate 18: Sealing around internal steel columns (26/08/2021)

             Plate 17: Membrane in front of NW internal staircase damage on front face (16/08/2021)



Appendix D

Job No: 574010

Site: King James’ School, Almondbury

Client: Esh Construction Ltd

Photographic Record

Plate 20: Local repair of gas membrane where scratched by mesh (26/08/2021)

Plate 19: Localised damage to membrane from mesh reinforcement (26/08/2021)
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Job No: 574010

Site: King James’ School, Almondbury

Client: Esh Construction Ltd

Photographic Record

Plate 22: Mesh stored on timbers after previous damages noted (01/09/2021)

Plate 21: Membrane placed across whole footprint area (01/09/2021)
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Job No: 574010

Site: King James’ School, Almondbury

Client: Esh Construction Ltd

Photographic Record

Plate 24: Gas membrane lapped over first step of internal stairs (01/09/2021)

Plate 23: Risers for mesh reinforcement placed over membrane (01/09/2021)
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