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Overview

* Approaches to methane flux quantification

 The near-field Gaussian plume inversion (NGI) flux
guantification method

 UAVs at Manchester
e Testing the NGI method using UAV sampling

* Applying the NGI method using UAV sampling downwind
of cattle farming and hydraulic fracturing operations in
the UK
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Global methane budget

 Two causes:
— Natural (384 Tg total)
— Anthropogenic (352 Tg total)

 Three source types:

— Biogenic (enteric fermentation and manure (106 TQ),
landfills and waste (59 Tg), rice cultivation (30 Tg))

— Thermogenic (gas, oil & industry (79 TQ))
— Pyrogenic (biomass burning (18 Tg), biofuel burning (12

T9))
— Saunois et al., 2016, Earth Syst. Sci. Data, 8, pp.697-751
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Flux quantification
approaches

e Bottom-up (inventory based) fluxes multiply an
emissions factor with an activity factor

* Top-down (atmospheric measurement based)
fluxes combine concentration measurements
with knowledge of atmospheric transport

e Top-down fluxes are typically more accurate
while bottom-up are more precise
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Uncertainty in the global
methane budget

o Disparity between bottom-up (inventory based) and top-
down (atmospheric measurement based) fluxes,
especially from anthropogenic facility scale (point)
sources

— Anthropogenic sources include cattle farms, gas extraction sites,
landfill sites

« How do you measure emissions from a cow?

 How do you measure emissions from all of the cows In
the world?

» Top-down faclility scale flux quantification is urgently
required to help constrain bottom-up flux estimates
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Near-field Gaussian plume
Inversion (NGI)

 NGI method is an adaptation of the Gaussian plume
model, traditionally used to model downwind dispersion

 NGI method instead models turbulent variation in the
downwind position of the time-invariant plume

* Requires two-dimensional downwind concentration
measurements on a plane perpendicular to wind
direction, near to source (less than 500 m away)

e Shah etal., 2019, Atmosphere, 10, article number: 396
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Near-field Gaussian plume
Inversion — flux density (q)

* First, subtract downwind concentration measurements
from the background to derive concentration
enhancements in kg m=

e Then, multiply concentration enhancements with mean
wind speed (as a function of height (z)) to derive flux
density (q) in kg st m=

— q is the mass of methane travelling though every square metre of
the downwind perpendicular plane per second
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Traditional Gaussian plume
model

‘(Y‘y%)z ( —(z-h)2 —(z+h)2>

= 20 2 2

q- 2110y 07 X g e 02 “0z

 y Is distance along the downwind plane
perpendicular to mean wind direction

e 7 1S height

« Traditionally used to model downwind dispersion

+e
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Near-field Gaussian plume
inversion (NGI) — r, and T,

« Assume size of the plume (characterised by o, and g,) to
Increase linearly with distance from the source along the
plane parallel to mean wind direction (x)

* Define 1, and 1, to be constant parameters at 1 m from
the source
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Near-field Gaussian plume
iInversion (NGI) — equation

~(y=Yc)? ( ~(z-h)2 —(z+h)2>

2 2 2
Al 2(1yX) e 2(TzX) 2(TzX)
21Ty T7X2

» Yy is distance along the downwind plane perpendicular to mean wind
direction

e ZIis height

« X s distance from the source along the plane parallel to mean wind
direction

 Adil has replaced o, with 7, x and o, with 7,x

+e
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Near-field Gaussian plume
iInversion (NGI) — modifications

* Size of the plume in the y direction (characterised by r,)
IS calculated using flux density (gq) measurements rather
than assumptions of atmospheric stability

— These assumptions are valid for plumes characterised by
dispersion, rather than turbulence

» Size of the plume in the z direction (characterised by 1,)
IS not calculated and drops out of the model
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Near-field Gaussian plume
iInversion (NGI) — application

 NGI method is ideal for UAV sampling downwind of
facility scale (point) source emitters

 The plume must be characterised by short-term
turbulence
e Shah etal., 2019, Atmosphere, 10, article number: 396

 Method tested using UAVs at The University of
Manchester
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UAVsS at Manchester

 Three multi-rotor UAV platforms at the Centre for
Atmospheric Science at The University of
Manchester

« Amanda, Smokey and Phillipa
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Amanda

* Adapted for tethered sampling, using a sensor on the ground
— Airinlet above the plane of the propellers to minimise downwash

e DJI Spreading Wings S1000+ octocopter UAV frame
o 8 kg take-off mass including battery

 Uses a 2 kg Li-Po battery with a 1.6 Ah capacity

* Eight pairs of propellers rotate 400 times per minute

* On-board DJI A3 flight controller and DJI Lightbridge 2
streaming system

— Capable of flying to pre-programmed waypoints
* On-board 5 Hz wind sensor
 On-board 1 Hz satellite geolocation sensor
* On-board temperature, pressure and humidity sensor

 Raspberry Pi recording computer connected to the three on-
board sensors

— Connected to a buzzer and LED
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Smokey and Phillipa

 Smokey

— DJI Spreading Wings S900 hexacopter
frame

— Adapted for tethered sampling
e Phillipa
— DJI Spreading Wings S1000+ octocopter
frame
— Adapted to carry an on-board sensor
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Testing the NGI method using a
Controlled methane release

o 22 flight surveys in August and September 2016 downwind of a
controlled methane release

« Amanda connected to a sensor on the ground (two flights per survey
using waypoints)

» Phillipa carrying an on-board sensor (one flight per survey in course

lock)
— 3.4 kg prototype kindly loaned to us by ABB — Los Gatos Research
— Prototype samples methane with 5 ppb precision at 5 Hz

e 2.7 m fixed anemometer with the wind sensor on-board Amanda
used for wind velocity profile
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Method testing results

 The controlled (known) flux rate was withheld —
during flux analysis

o 18 of 22 flight surveys resulted in flux
agreement (within uncertainty)

« Large uncertainties due to limited sampling
duration and near-field sampling constraints S Y

 Arandom walk simulation (based on sampling)
was used to quantify uncertainty due to limited
spatial sampling (spatial sampling gaps),
resulting in asymmetric uncertainties

* Visit Hugo Ricketts’ poster (poster 10) for more
on the campaign
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Fluxes from lactating cattle

o 3 flight surveys in September 2017 downwind of
a barn in Little Plumpton, Lancashire UK, filled
with 165 lactating cattle and 100 young cows

 Smokey connected to a sensor on the ground
(one flight per survey manually)

o 2.7 m fixed anemometer with a power law
model used for wind velocity profile
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Fluxes from exploratory
fracking

« 14 flight surveys on five sampling days between October
2018 and September 2019 downwind of the UK’s first R S |

exploratory operation to horizontally hydraulically fracture - |
shale rock 2 |

« Amanda connected to a sensor on the ground (two flights
per survey using waypoints)

« Phillipa carrying an on-board sensor (one flight per surveyin . . =
course lock) Dotance s o e vind o

« 2.7 m fixed anemometer with the wind sensor on-board T M
Amanda used for wind velocity profile

* Emissions were observed on one of the five sampling days
due to cold venting of flow-back fluid, following a nitrogen lift

* NGI method used to derive fluxes (results pending
publication)

*  https://www.bgs.ac.uk/news/item.cfm?id=9410

Height above ground

Height above ground level/im
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Thanks to

* Pilots

 Landowners

e Instrument developers
 Funders



MANCHESTER
1824

The University of Manchester

Summary

« Top-down anthropogenic facility-scale methane fluxes are urgently
required to help constrain bottom-up estimates

* The near-field Gaussian plume inversion (NGI) flux quantification
technique adapts a traditional flux method for UAV sampling

 The NGI method was successfully tested using UAV sampling
downwind of a controlled methane release

 The NGI method was applied to derive UAV fluxes from lactating
cattle and hydraulic fracturing in the UK
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