Methane (CH4) sources in Krakow, Poland:

Insights from isotope analysis
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CH4 mole fractions and wind directions during the

continuous measurements period
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013C and 02H time series using a continuous flow mass

spectrometry system (IRMS)
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CH4 enhancements occurring

every night
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How was this modelled?
Diurnal cycle: CHs4 accumulation during the night




Regional source characterisation using 013C and 02H signatures
in CH4
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Samples were taken during mobile surveys in:

« USCB!' in May 2018, around coal mine shafts

* The surroundings of Krakow: urban (residential &
industrial) and rural environments

Source signatures are derived from the sampled
plumes (n=57) using the Keeling plot method.

The use of 02H allows us to distinguish
fossil fuel and biogenic related sources

013C allows us to distinguish between
the types of fossil fuel sources

Natural gas
average 013C = -48.5 %o

Coal mines
average 013C = -51 %o

Compare with time series

TUpper Silesia Coal Basin
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Source attribution using 013C and 02H signatures in CH4
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Modelling of 013C and 02H using the CHIMERE atmospheric

transport model
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Model performances for time series of CH4 mole
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Overall y(CH4) are under-estimated in the model

Root mean square error (RMSE)
= 164.4 ppb




013C and 02H isotopic signatures in CHg, for all peaks derived @

from both observed and modelled time series
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 The model does not fully reproduce the observed variability of isotopic signatures, caused by secondary processes
related to transport (diffusion, oxidation, ...). To assign one fixed signature value to a reduced number of source
categories is the main cause for this discrepancy.

« The under-estimated emissions must be of relatively enriched sources in both 613C and 62H.

Use of fossil fuel (distribution/combustion) might be_under-estimated in the inventory




Zoom-in: November 2018
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Zoom-in: February 2019

* Low wind speeds reflects local CHs —55,.
emissions (see Nov. 2018)

-> the isotopic signature of local

sources are less precisely defined in

the model

X(CH4) [ppDb]

Agriculture
Waste
FF_coal
FF_gas
ENB
Other

— 0obs.
— EDGAR\

/5.0

- Strong winds from the west reflect —
emissions from coal mining
activities

-> can be distinguished by the

relatively depleted 013C in CHa4

CH4 from coal mining activities

i

dominate when wind comes from %g )
the west, pointing at the USCB é.i 8,
s o

o

Wind speed [m/s]
modelled

NN

N

)/



Isotopic variations between different regions in Europe
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Key findings

CH4 enhancements occurring
every night, CH4 from coal mining activities dominate when

larger isolated pollution events wind comes from the west, pointing at the USCB
also occurred

The use of 02H allowsusto | Fossil fuel related CH4 emissions were the
distinguish fossil fuel and biogenic main contributor

related sources

013C allows us to distinguish Emissions in the Krakow urban area are from the
between the types of fossil fuel use of fossil fuel (natural gas network, power
sources generation, industries)

They might be under-estimated in

the inventory
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Intereé‘ted in the technical aspects? Check out the blog on our lab installation.
We've written a scientific article, now available for discussion!

Suggestions? Questions? Don’t hesitate to contact me: m.menoud@uu.nl
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Method @

Determination of an isotopic source signature
from air measurements: the Keeling plot

‘ ‘ ‘ Plot:
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-}’ Linear regression

slope= 175000.0 + 14000.0 [%-]
y-intercept = 0
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Atmosphere (a)

-> 0, gives the
iIsotopic signhature of
the emission source
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Re-arranging:
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Example for 6°H
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