Transient characteristics of gas and liquid components in real landfills

The note Gas and leachate emission results and its accompanying Excel Template may be
downloaded by clicking on the links in the LDAT website page Help\Get Started\Some results. The
note contains details of an analysis of the gas and leachate emission data contained in the results
from the passive version of the Ten Element Stack model.

These results may be compared to the transient characteristics of key parameter values that have
been observed in real landfills. The characteristics that are most commonly used for this purpose are
set in a context that is attributed to Farquhar and Rovers (1973) and has been extended most
recently by Kjeldsen et al (2002). In this context the degradation of landfill waste and the
composition of landfill gas and leachate products is portrayed as a series of Stages. Additional
commentary and observations set within this context may be found in a UK Department for the
Environment Food and Rural Affairs (DEFRA) by Brown et al (2018). Two Figures from this report are
shown below for illustration.
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Note that no time scale is provided. It is expected that the time scale of each stage will be different
and be landfill dependent. Farquhar and Rovers (1973) identified the first four stages for gas
emissions from laboratory scale tests and observed that the point at which steady state conditions,
that is after the completion of the first three stages, could be anything between 180 and 500 days.
This period could be extended considerably for large scale, real landfill situations.



Stage four will last for as long as the landfill is operating, and the length of the remaining Stages will
depend on the success or otherwise of post-closure rehabilitation. Some estimates for the post-
closure period are alarmingly large — of the order of 40 years for gas and 500 years for leachate,
Brown, D. et al (2018).

Andreottola, G. and Cannas, P (1992) added a fifth stage in which the landfill gas emissions fell to
zero and the pore space gas in the waste aerated naturally to soil gas levels for Oxygen and
Nitrogen. They also introduced a leachate composition plot based on the same Stages context.

The Andreottola fifth stage was expanded speculatively by Kjeldsen et al (2002), to create a total of
eight stages with the names given in the following Table.

Phase/Stage Title
1 Aerobic
2 Acid
3 Initial methanogenic
4 Stable methanogenic
5 Methane oxidation
6 Air intrusion
7 Carbon dioxide
8 Soil air

Note that the vertical scale for the gas plots is intended to be values of gas concentrations in %
volume. In the case of the leachate plots the units of the vertical scale are generally mg/litre.

The references below contain details of the expected transient behaviour of the components of
landfill leachate and gas, together with supporting data. A summary of the observations contained in
these references relating to the key components in the first four Stages is given in the following
Tables.
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Stage No. 1 2 3 4
Stage Name Aerobic Acid Initial methanogenic Stable methanogenic
Time scale 180 - 500 days (Farquhar and Rovers (1973) ) Whilst Landfill Operating
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at the end of this stage.
BOD5/COD >0.7 - BOD5
>10,000 mg/litre

Falls rapidly

Fall continues - beginning to
level off at the end of the
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