Have You Got Methane? Latest Trends
In Vapour Mitigation for Brownfields

Geosyntec®

consultants

Paul Nicholson and Meggen Janes
Ontario, Canada

A X

Kmi>u 7
RemTech Banff
October 2021



Geosyntec®

consultants

* Why care about methane
* Investigation methods — key considerations
* Risk Perspective of Vapour Intrusion

VI Mitigation Examples
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Methane
* Explosive between 5% and 17% .
* Asphyxiation hazard (+CO,) o AW
* Advective flow/pressure methane) |\ /L \GS [ Nitrogen
— Regulations vary on the evaluation A A
and mitigation of methane Y\ / "w{.,;‘ e
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Toronto Closed Landfill Sites
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Montreal Former Waste Dumps

Former waste dumps inM.. @

Map of 62 former quarries and landfdls that may
still be contaminated

SHARE
Former dump sites

@ Centamination unknown

@ Problematic
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Table 2 Typical compositions of methane-containing gases

Source Gas composition % by volume in air .
B o v Bl © 55~ o Anthropogenic and non-
Landfill gas ' 20-65 16-57 <1x10% 2x10° 0537 <03 anthrOpOgeﬂlc sources
Mine gas
seam 80-95 8 4 0.2-6 2-9 ® I
pumped drainage?  22-95 3 1 056  0-10 1-61 Ratio Of CO 2/ CH 4 can
Wetlndslpet fands nelp identify source
freshwater muds®  3-86 0.3-13 16-94
saltwater muds 55-79 2-13
marsh gas 11-88 3-69 ¢ _I 2 S
buried peats and 45-97 1.6-54
organic soils °
Mains/natural gas* 94 32 0.6 0.5 1.2 m e rC apta’ n S
Notes:
1. See also Table 3.
2. Gas mixed with air.
3. Composition varies with depth.
4. Als0 0.2% C H,_(butane).
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Orphan Well Association

: * Non-production wells can

Grande .

o still release methane
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Municipal Building Codes for Methane

s Building Municipalities and Cities
Information have local building codes

related to naturally

occurring methane.

BURNABY PLANNIN G AND BUILDIN G DEPARTMENT

Methane gas

The purpose of this brochure is to provide information to owners and builders
about applying or considering application for building permits to build on or
otherwise develop properties where methane gas may be present.
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Jurisdictional Regulations

« City of LA have developed a buffer zone around
naturally surfacing cold tar and crude oill
« Other jurisdictions have similar protocols

— 6 cities and 2 counties have methane specific guidance
for redevelopment

— Generally, must investigate within 300 m of landfill or

100 m of oil well
oy . . . . “{UopY Beach—er At :
— Mitigation requirements can be linked to concentration 5 N
and pressure of gas o

— Can specify various mitigation methods depending on
area
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VI Investigation Methods — key considerations

Multiple Lines of
Evidence Approach

Development a
conceptual site
model

Not just multiple
chemistry data
points

— Building effects
— Permeability

— Depth to water

» stack
effect

Qbldg

Qsoil

ey
P11

upward diffusion

Chemistry Weather Geology Hydrology Building Biology
Vapor High Source Heating Vertically Low Cracked Methane
Intrusion Conc., Season, Fractured Maisture Slab, Production
More Likely Highly Falling Media, Content, Sumps, under Anoxi
Valatile and Barometric Coarse- Shallow Partial Conditions.
Toxic Pressure, Grained, Water Table Slabs. Non-
Compounds| |Heavy Raing| Uniform Large Wate] Low Air Degradable
Strong Windg | Stratigraphyf Table Exchange compounds
Fluctuations Rate, Tall
Buildings
in Cold
Climates

Multiple Lines of Evidence

HVAC
Horizontal System
and Laterally with
Increasing Extensive Thick Paositive
Barometric Fine- Capillary Pressure,
Pressure, Grained Fringe, Hig
Minimal Layers with Deep Water Exchange
g por Wind, High able, High Rate,

Moisture e Intact
Content Slab

s Moderate
Leas Likely Compounds [ Temperature
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* Need to account for aerobic
biodegradation of hydrocarbons

— Screen across the vertical profile
— Document PHCs, CH,, O,, CO,

Depth

 Understand Pressure Gradients
— Advective flow

Concentration .ﬁl ",\\\ @




Chlorinated VI vs. Petroleum Hydrocarbon VI R
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Less Penetrable Zone Flow

Typical chlorinated solvent Typical petroleum hydrocarbon
transport conceptual scenario

Key Differences:

Natural vadose-zone biodegradation mitigates vapour migration
Common VI models do not account for bioattenuation

transport conceptual scenario
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Evaluate safety when drilling into B

potentially high methane environments |

* Potential for sparks

» Dilution of CH, into the explosive
range

» Generation of CH, at bioremediation
sites
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Field Screening Interference

Collecting a Representative Methane Interference on Helium Meter
Sample

* CH, positive bias with Helium

=
B o
°

(TN
NJ
°

_eak detector 0 .
* Helium tracer may have i .
positive bias with CH, . ’
detector 2 . '
0 ee®
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Resulting Helium Reading (ppm)

Applied Methane Concentration (%vol)
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Risk Perspective of VI o ) e

 CCME - Federal
Guidance

« Health Canada
Guidance

 Provincial Guidance
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Subsurface
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Soil Contamination Transport
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Generic Attenuation Factors in BC and ON .

BC: Protocol 22 ON: Soil Vapour Intrusion Assessment

Table 1. Vertical VAFs

Vertical VAF (a1, co)!
sumpte | oma Indoor Exposure (o) Shallow Depth to Groundwater Contamination: When the water
Sample Location oor .
i Depthiss Eipoue apeutural | commencial, | Parkade table (highest annual) is less than 3 metres from soil surface, the
R eial | IndustrialUse | Use groundwater to indoor air vapour attenuatmn‘ factors (derived using the
e e J&E model) used in the development of the generic MOE Tables 2 and
o | 045to5m - 1.0x 104 - . . .o .
pasement, o wood 3 are not sufficiently conservative for a preliminary screening. For
Stib-slab? sites with water table less than 3 metres below soil surface should use
In preferential flow N
patiway” L0104 the GW2 component values from the MOE SCS Tables 6 or 7 (MOE
2011a). These SCS were develoned using a reasonable conservs
1.0m 1.5 x 10+ 2.8 x103 3.7 x 10+ 2.8x103
e o B s vapour attenuation factorf (0.02 for remdentlal and 0.004 for
o T o3 T 20 T s | 20100 commercial/industrial land use)fbased on empirical information and
30m | 61x107 | 1e6x10° | 27x10¢ | 1lex10® assuming that biodegradation between the groundwater and the
Subsurface 50m 3.7 x 107 1.1 x103 21x10+4 1.1x103 basement ls not Occurrlng_
7.0m 2.6 x10~7 8.3 x 10+ 1.7 x 104 8.3 x 10+
10.0 m 1.8 %107 6.2 x 10+ 1.3 x 10+ 6.2 x 10
15.0m 1.2 x 107 43 x 10+ 9.9 x 103 43x10+ ° °
- ow e el \What about biodegradation?
30.0m 6.1 x10°% 23 x10* 55x10° 23 x10# e

! Use of these attenuation factors for vapour characterization is not permitted where precluding
conditions apply, see Section 3.1.

2 For subsurface vapour samples taken from probes installed in boreholes (e.g., vapour or ground-

17 water monitoring wells), the sample depth is based on the vertical distance from the bottom of
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Bioattenuation Adjustment Factors

BC: Protocol 22 ON: Soil Vapour Intrusion Assessment
In each situation you must 10x to 100x attenuation based on
meet certain criteria specific Criteria
« BAAD = 10x « <Img/L ->1m = 10X BAF
e PAAD = 50x « <Img/L - >3m = 100x BAF
e LAAD = 7 to 25x based on If >1 mg/L, <50mg/L separation distance
up to 30m offset must be 2m (10x) or 4m (100x)

If > 50 mg/L (NAPL) separation distance
must be 3m (10x) or 5m (100x)

AAD” — attenuation adjustment divisor ) ‘cC“ @
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Methane Mitigation
» Typical VI mitigation designs for negative ATl ovson -1
pressure below building slab (6-9 pascals) T g

Installing Radon Mitigation Systems in Existing Low-Rise
Residential Buildings'

« Standard approach to VI may not be optimal SRR .

gl abgram S v ol i A s o Bt i A manbat e b B pont W e el A
e 1) b . il N gy oy B et e e o oy o]

for methane . R e )

11 This poacior desenbes mwthods K toducing madon rs-.mdwm-mmd
cetry tran cuntirg sxchad sad deachad ronderoal buldgy IR

* To enhance biodegradation of methane we s S e S . LIS it o el el
want to introduce O, into the subsurface.

 Higher flow rate = more O, in subsurface

* Higher flow in to subsurface = higher
permeability = lower applied vacuum




Geosyntec®

Depressurization vs Venting

Air Inlet
Pipe
Fan P

Riser Pipe Advective flow f Riser Pipe

-AP l | — -AP?

Figure 1. Conceptual diagram of an SSD system.
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GTA Development
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Aerated Floor Systems
» Creates and open void space T o
beneath the slab / s

VARMBLE \

« May not require a vapour barrier

PREPAREDSUSBASE
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Enhancing Biodegradation of methane

« Excavation of hydrocarbon UST leak prior to building construction
« Enabled the deeper installation of air inlet pipes
A
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Permitting Mitigation Systems

Most jurisdictions do not exempt mitigation systems
* Ontario covered by ECA/EASR
« Metro Vancouver Approvals Branch

Benefits of Enhancing biodegradation
* Could use non-explosion proof fan or be passive
* Could potentially be exempt from a permit

ECA - Environmental Compliance Approval
EASR - Environmental Activity and Sector Registry AL
RISV )




Geosyntec®

Take Home Messages

* Methane iIs a concern from many different sources

 Traditional mitigation system criteria doesn’'t account for permeable
conditions

» Use biodegradation to your advantage

Talloring mitigation to site conditions can save money
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