Housekeeping...

. Ask a

question in
the chat

Please stay on mute

g Want to ask a

guestion during

= ==
Q&A?
. Type ‘Hand up’
Turn camera off if you in the chat
don’'t want to appear in

the recording







Please do ask questions

Type your questions as they occur in the Q&A
box (bottom of screen menu)

I’ll go through these at the end.

%
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Loscoe 1986

Importance of the Source-Pathway-Receptor Model
and
Key driver mechanisms




" | Loscoe 1986

Importance of the Source-Pathway-Receptor Model
and
Key driver mechanisms

Cranbourne, Melbourne 2010

Landfill gas is a serious hazard and the site specific
geology affects its migration, over long distances

Gorebridge 2013

Changing the ground-conditions will change the
ground-gas risk
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Development of guidance & standards

2007 | > 2012 | > 2013 | > 2018 | > 2019




Development of guidance & standards

Assessing risks posed by
hazardous ground gases
to bulldings

2007 | ™ 2012 | > 2013 | > 2018 | > 2019




Development of guidance & standards
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Continuous Ground-Gas Monitoring and the Lines of
Evidence Approach to Risk Assessment

2007 | > 2012 | > 2013 | * > 2018 | > 2019




Gas Screening Value (GSV)

GSV — What is it?
A single, calculated value based on periodic monitoring results, implying a characteristic risk situation.

How is it calculated?
Max observed concentration (CH,% & CO,%) x Worst case borehole flow (L/hr)

So, simple right?
In (“professional”) practice, probably too simple.

What's the problem?

Ground gas behaviour is seldom stable or predictable

Concentration (out of context) is not necessarily a driver of risk

Measured flow can be influenced many things....some material, some irrelevant.

Very often overlooked but.....GSV was intended as a Guideline value, not an absolute threshold.
So, beyond GSV? Yes, but not how you might expect.

GSV is a recognised and accepted metric, but it’s real value is as part of a detailed CSM and when
informed by and consistent with all lines of evidence.




Ground gas behaviour & variability

Experts in Continuous Moniioring
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Importance of the Conceptual Site Model (CSM)

POTENTIAL SOURCES
VENTING
POTENTIAL PATHWAYS BOREMOLE

POTENTIAL RECEPTORS ® “

® 5, % i AE [ BoutoERcLav
® T i GRAVEL
o | o] B A <
: l \ | SAND |
UBH4 1 = - :
GROUNDWATER LEVEL |

West (0 m) East (250 m)
Made Ground (clay) Boulder Clay Sand Gravel . Landfill (of unknown depth) . London Clay

Risk Assessment Tier 1 —Is there a potential pollutant linkage?

Multiple
Tier 2 - Generic risk assessment (inc. GSV) Lines of

Eviden
Tier 3 — Detailed risk assessment (inc. LoE) Vidence ggs
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Preliminary Conceptual Site Model

POTENTIAL SOURCES PROPOSED DEVELOPMENTS
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Preliminary Conceptual Site Model
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Empirical approach using TOC

. - A Pragmatic Approach to Ground Gas Risk Assessment”

= ,  ——

SAresearchbulletin®™=ss ¢, .a/rE research bulletin RB 17, 2012

A Pragmatic Approach to Ground Gas Risk Assessment * Only to be used for very low to moderate onsite gas hazard

* Requires carefully planned and executed investigation

* Uses TOC analysis and forensic logging
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Empirical approach using TOC

A Pragmatic Approach to Ground Gas Risk Assessment”

CL:AIRE research bulletin RB 17, 2012

Only to be used for very low to moderate onsite gas hazard

I =
 superb portfolio in tull colour

KNITTING in BRIENYLO : : . :
X o * Requires carefully planned and executed investigation

Uses TOC analysis and forensic logging
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Boreholes and Monitoring Wells
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Boreholes and Monitoring Wells

SWPESATESTS | STRATA — Valuable data source - treat them like a

o (10| | et i : i scientific instrument
] @ x ness i ::
T | WADE GROUND: Fem, el s, ight boown and et rey N
iocally reseroan, sihfy sandy, sy pravedy CLAY with gt ! . g ks : g
_____ G conpise g 1 o, Sl o eundad b « Supervise their drilling and installation
ik o W i e
3

» Provide as much description as possible in line with
s BS5930 and BS10175 within the logs and add further

14| ke | 150PDmst= (i forensic descriptions

""""" q MADE GROUND: Fim, rey-brown and fight beown motled ocally
afk grey, sighly sendy, sighly gravely CLAY, Gravel comprised = ; . ;
fne ) coarss, sub-aniular sandisone and brick H| ° Take downhole (proﬂle) gas rEEdIHQE and soll
THE 250PD st LTygm samples
. 2| + Carefully select the appropriate screening horizon
T 50 VADE GROUND:Rebrwn, sy, ooty GRAVEL ol
T g 0808 b CRAVEL —1 B .
— | e i kaeemen gy — = * Don't forget to seal both below and above the
7 gravelly CLAY. Graved comprisad fine i mediom, sub-anguiyr H

o | - response zone with appropriately hydrated bentonite
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Boreholes and Monitoring Wells

Valuable data source - treat them like a
scientific instrument

« Supervise their drilling and installation
* Provide as much description as possible in line with
BS5930 and BS10175 within the logs and add further

forensic descriptions

« Take downhole (profile) gas readings and soill
samples

« Carefully select the appropriate screening horizon

* Don't forget to seal both below and above the
response zone with appropriately hydrated bentonite
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Periodic Monitoring
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Waorst Case Pressure Drops
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Environmental Correlations

Multi-parameter continuous data allows correlations to be drawn between
environmental parameters and ground-gas concentration, to identify ground-gas
drivers

ghange =,

Ground-gas drivers include:

* Atmospheric pressure
* Borehole pressure

* [emperature
* Ground-water levels

Variables showing no correlation with ground-gas concentration may be
eliminated




LR gtane |MNor=gdiue g

Dissolved Gases

* Dissolved gases behave differently than
free gas and need a different approach

e * Typically gas will partition out of solution
via diffusion until it reaches equilibrium

* Where there is a trapped headspace of
limited volume, gas concentrations can be
highly elevated

o Dt * Be careful with deeper or pressurised
sources

if just 1.6mg/| of dissolved methane were to completely degas then
it could give rise to approximately 5% v/v in a borehole ggs




Differential (Static) Pressure Assessment
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Differential (Static) Pressure Assessment
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Pressure Fall Duration (Hrs)
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Worst Case Pressure Drops

Worst-Case Zone

I

10 15 20 25 35 40 45
Atmospheric Presure Fall (mb)
Pressure Fall Rate of Fall
(mhb) Time (Hrs) (mb/Hrs)
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
a5th 34.3 bl.2 1.28
S0th 25.3 52 1.08
80th 21 44 0.82
75th 19 39 0.76

30
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Modelling

Simple spreadsheet based calculations to quiet sophisticated commercial modelling
packages

1D modelling using basic principles: Boyles Law, Darcy’s Law, Fick’s Law (and others)
Concentration modelling 2D surface and 3D plots with time dimension

CLEA, USEPA J&E v6, GasSim2.5 (and others)

Unfortunately it is very easy to get sucked into the numbers and forget reality!
— |s the model based on sound scientific principles?

— Is the model appropriate for the site specific circumstances?

— Have you got realistic numbers for physical parameters?

— Have you done sensitivity analysis and what factors of safety are you considering?

Exparts | tinwons Monitoring




Fault Tree and Event Tree Analysis

These methods are used to analyse a failure mechanism, looking at a series of failures that
lead to an unwanted event

* Fault tree analysis is a ‘top down’ approach starting with the unwanted event and then
looks at individual failures that get you to that event

* Event tree analysis is ‘bottom up’, starting with an initiating event and follows ever
branching time order sequences until you end up with your unwanted event

You can attribute numerical probabilities to the events that provides an estimate of the annual
frequency of which such events will occur (F)

Exparis | linuwoons Moniionng
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Lines of Evidence for Ground Gas Risk Assessment

« [Each line of evidence is initially
considered separately

« When considered together for a
potential pollutant linkage, do they
make sense (Converge)

- What weighting are we going to assign

» Confidence (uncertainty) in our
evidence

» Used to inform and justify the
Conceptual Site Model
683 .




Uncertainty (Confidence)

High agreement
Limited evidence

High agreement
Medium evidence

Medium agreement
Limited evidence

Medium agreement
Medium evidence

Medium agreement
Robust evidence
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Low airee e

Limited evidence

Low agreement
Medium evidence

L ow agreement
Robust evidence

Evidence (type, amount, qualily, CONSISIENCY ) me—je-

|
Conledence

Scale

Figure 1 of the Guidance Note for Lead Authors of the
IPCC Fifth Assessment Report on Consistent Treatment

of Uncertainties 2010

IPCC Cross-Waorking Group Meeting on Consistent Treatment of Uncertainties

lasper Ridge, CA, USA
&7 July 2010
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Uncertainty (Confidence)
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Low agreement
Medium evidence
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AA

Conlelence
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Figure 1 of the Guidance Note for Lead Authors of the

IPCC Fifth Assessment Report on Consistent Treatment
of Uncertainties 2010
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The Unexpected Reading

Grass
Topsoil

1 3 Boulder Clay
= (very low
& permeability)

Sandstone
Bedrock
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The Unexpected Reading

Visit No.

1

2

CH4 (%v/v)

CO2 (%v/v)
0.2
0.5
0.3
6.1
0.1

0.2

02 (%v/v)
21.0
19.9
20.1
0.5
20.6

20.2
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What factors might effect GSV?
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° technical bulletin

Continuous Ground-Gas Monitoring and the Lines of
Evidence Approach to Risk Assessment

1 R TROECTION
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CL:AIRE TB18 - Jan 2019

« Built on over 12 years experience of continuous
monitoring

* Over 500 projects reviewed

« Ground-gas properties and behaviour

« Best practice in collecting continuous data

« Gas behaviour within the Source-Pathway-Receptor

» Lines of evidence approach to risk assessment
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What about project timescales?
s A generic GSV ‘result’

Common G5V - . o
¢ Periodic Periodic Periodic Periodic Periodic Periodic
practice round 3 round 4 round 5 round &

B W I B O I I O W O O WO I W O O W N N O O R RO R F O O R R R T W™ W

Desk study @
&
Gl & well Week 2 | Week 3
installation

= CM deployment = M collection
*  GW sampling *  Periodic round )
=  Penodic round «  Surface flux (FBs *  Report & risk assessment

Lines of evidence *  Surface flux (FBs and/or SES)

andfor SES) — Robust CSM & RA
approach

What about project costs?
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Any questions?

http://www.ggs-uk.com

matt.askin@ggs-uk.com




