Identification of Methane Hazards Near Landfills in Low Lying Areas - Is THE LANDFILL TO BLAME?

David Hojem (dave_hojem@coffey.com.au)
 MACROBUTTON 

 MACROBUTTON Senior Civil/Environmental Engineer, Coffey Geosciences Pty Ltd, WA

Ian Hosking (ian_hosking@coffey.com.au)

Senior Principal, Coffey Geosciences Pty Ltd, NSW

Manuel Fernandez (manuel_fernandez@coffey.com.au)

Environmental Engineer, Coffey Geosciences Pty Ltd, NSW

Paul Wise (WiseP@wyong.nsw.gov.au)

Health Services Manager, Wyong Shire Council, NSW

During an investigation carried out as part of the planning and design of landfill rehabilitation measures, elevated methane concentrations were found in the soils beneath a residential subdivision located adjacent to the landfill.  Subsequently, further investigations were undertaken to assess the nature and extent of migration of the methane gas in the areas surrounding the landfill site, and to identify sources of methane in the soils and to identify migration pathways.

As a result of the investigations, the possible sources of methane were reduced to the:

· the landfill;

· fill soils in the subdivision;

· natural Floodplain Alluvial soils.

In this particular case it was considered likely that methane beneath the subdivision was being generated from organic material in the fill and the natural soils directly below the subdivision and was unlikely to have been derived from the landfill.  This assessment has significant implications for land developed by filling low lying, organic soils throughout Australia and elsewhere.  
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Introduction

During the development of a rehabilitation plan for a former Landfill in the Wyong Shire Council (henceforth referred to as the Landfill), soil gas testing was undertaken to check for the presence of methane.  Elevated methane concentrations were found in the soils of the housing subdivision adjacent to, and west of the landfill.

The Wyong Shire Council, assisted by Coffey Geosciences Pty. Ltd. (Coffey) took action by constructing a temporary methane cut off drain (Figure 1) and expanding site investigations aimed at:

· assessing the nature and extent of methane gas within and, in particular, around the former Landfill site;

· identification of the source(s) of methane in the soils; and

· where applicable, identification of methane migration pathways from its source(s) to other locations.  

The approach to the investigation included exhaustive field and laboratory investigations, site history studies and review of similar international case studies.  


Figure 1 - Installation of passive gas venting trench 
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Site Description/Characterisation

The Landfill

The roughly rectangular shaped Landfill received mainly municipal waste between about 1975 and 1983.  It was constructed within a relatively low lying alluvial valley with existing or former swampy land to the north, east and west of the site (Figure 2).  The valley slopes and drains gently to the west, eventually into a lake which is located about 3km to the north west.

The present top surface of the landfill is flat to gently sloping such that the landfill forms a wedge of fill which thickens, from less than 1m up to approximately 6m, towards the centre of the valley.  Whilst there is anecdotal evidence that trenches may have been excavated, the landfill is largely constructed above the natural ground surface. 
Figure 2 – Landfill Location

[image: image5.wmf]RESIDENTIAL 

RESIDENTIAL 

SUBDIVISION

SUBDIVISION

SOCCER OVAL AND PARKING / 

SOCCER OVAL AND PARKING / 

FORMER NIGHT SOIL 

FORMER NIGHT SOIL 

DISPOSAL

DISPOSAL

STORMWATER 

DRAINAGE

STORMWATER 

DRAINAGE

RESIDENTIAL

RESIDENTIAL

OPEN 

OPEN 

PARK/BUSH 

PARK/BUSH 

LAND

LAND

OPEN 

OPEN 

BUSHLAND 

BUSHLAND 

-

-

FUTURE 

FUTURE 

RESIDENTIAL?

RESIDENTIAL?

OPEN 

OPEN 

BUSHLAND 

BUSHLAND 

-

-

FUTURE 

FUTURE 

RESIDENTIAL?

RESIDENTIAL?

FORMER 

FORMER 

LANDFILL 

LANDFILL 

(NORTH)

(NORTH)

FORMER 

FORMER 

LANDFILL 

LANDFILL 

(SOUTH)

(SOUTH)

N

RESIDENTIAL 

RESIDENTIAL 

SUBDIVISION

SUBDIVISION

SOCCER OVAL AND PARKING / 

SOCCER OVAL AND PARKING / 

FORMER NIGHT SOIL 

FORMER NIGHT SOIL 

DISPOSAL

DISPOSAL

STORMWATER 

DRAINAGE

STORMWATER 

DRAINAGE

RESIDENTIAL

RESIDENTIAL

OPEN 

OPEN 

PARK/BUSH 

PARK/BUSH 

LAND

LAND

OPEN 

OPEN 

BUSHLAND 

BUSHLAND 

-

-

FUTURE 

FUTURE 

RESIDENTIAL?

RESIDENTIAL?

OPEN 

OPEN 

BUSHLAND 

BUSHLAND 

-

-

FUTURE 

FUTURE 

RESIDENTIAL?

RESIDENTIAL?

FORMER 

FORMER 

LANDFILL 

LANDFILL 

(NORTH)

(NORTH)

FORMER 

FORMER 

LANDFILL 

LANDFILL 

(SOUTH)

(SOUTH)

N


The Soccer Oval

An area immediately to the north of the landfill (now a soccer oval and carpark), was formerly operated as a sanitary waste depot, for the disposal of night soil (septic tank and pan wastes) up to the early 1970’s and for disposal of septic waste into maturation ponds until the 1980’s. 

The Subdivision

The area where the western subdivision currently exists appeared to be naturally vegetated until 1982 when there was evidence of vegetation clearing.  The area was gradually filled from its north east corner, radiating out towards the south and west.  

Anecdotal information indicated that some natural soils from the subdivision were excavated and sold. Imported fill materials from other development sites were used to fill the subdivision area.  The filling occurred from about 1982 until house and road construction commenced in about 1994.

General

Hills rise further to the north, east and south of the site.  The former site drainage appeared to be via a series of small streams which meandered from the eastern parts of the site and fingered out towards the west where they generally flowed into a swampy area.  Stormwater flow is directed around and through the landfill via four main surface drains (Figure 2), channelling water into a small creek which meanders to the west, discharging into a swamp/wetland.  

The subsurface conditions, based on boreholes, test pits, site observations and geological mapping, is described in terms of the generalised geological units in Table 1.

Table 1 – General Stratigraphic Units

Fill – Landfill (<1 to 6m)
Mixture of refuse (typical of household waste) and soil (sand, silty sand with some zones of clay and clayey sand), generally with a capping layer from 0.5 to 2m thick of soils ranging from sand to clay.  

Fill - Subdivision Fill (0.25m to 2.0m)
Variable composition, generally mixtures of silty SAND and some CLAY; containing sticks, roots, reeds, leaves, bricks, tiles and rubble

Floodplain Alluvium (0.5m to >2m) 
Varies from silty SAND to organic CLAY with root fibres, fibrous organic material and finely disseminated organic matter

Channel Alluvium (>9m)
Grades from SAND to high plasticity stiff silty CLAY 

The alluvial deposits are underlain by residual clays and silty clays overlying the Patonga Claystone formation.  

A generalised cross section through the landfill toe and into the subdivision is shown in Figure 3

Figure 3 - Generalised Cross Section
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Investigation data suggests the presence of one or more palaeochannels in the alluvium underlying the landfill, which contain sand and which are interbedded and inter lensed with silty and clayey deposits.  The distribution of the sandy zones suggests that they may connect over reasonably long distances.  The sandy lenses would generally be of higher permeability than the surrounding clays and would form migration pathways for groundwater and leachate, and for gas where such lenses occur in the vadose zone.

Groundwater over the site (excluding the landfill) is generally found between about 0.2m and 1.8m depth.  Based on the local topography and groundwater levels measured in monitoring wells, the general groundwater flow direction for the site was found to be south westward and westward, generally angled downslope towards the valley centre.  

An area of surface water forming wetlands is located on top of the south-western area of the northern part of the landfill.  Mounding of groundwater within the landfill has resulted in hydraulic gradients sloping away from the landfill at all sides.  This suggests groundwater would flow radially outwards from the landfill.  A drain running along the western edge of the landfill intersects the groundwater surface between the landfill and western subdivision forming what would be expected to be a groundwater (and gas) cut-off.  

Field Investigations

When initial soil gas measurements indicated elevated levels of methane in close proximity to residential dwellings in the subdivision and along the line of a sewer pipe located immediately north of the landfill, it was considered likely that methane from the landfill had migrated towards the subdivision.  A gas venting trench was constructed between the landfill and the subdivision as a short term measure to cut off possible migration paths towards the subdivision.  In parallel with the installation of the gas venting trench, further investigations were carried out to assess the source(s) of methane and its potential migration pathways.  

Table 2 summarises the main potential methane source(s) and migration pathways, and the investigations used in their assessment.

Table 2 – Summary of Investigations

1.  To asses migration of methane from the landfill (via the vadose zone):


· Soil gas testing using probes and gas wells on the landfill and surrounding land.

· Installation of gas wells to assess gas pressure gradients within and stepping out from the landfill.

· Assessment of the implications of low or changing groundwater levels since filling through cross-sections including piezometric levels.

· Fingerprint analysis of gas for trace level anthropogenic gases typical of landfills

2.  To asses Vadose zone migration via: 

· various sewers and sewer mains

· granular backfill to roads

· other service trenches, and

· storm water:


· Potential pathways were assessed by soil gas probing near services trenches, and excavation and logging of test pits. 

· Gas measurements inside sewers, at stormwater exit points and within services entry points.

3.  To assess possible production of methane in the subdivision via:

· natural soil covered with fill, and

· imported soil:


· Logging of boreholes and test pits, visual identification of organic soils and/or buried organic material, and laboratory analyses for TOC.

· Soil gas testing.

· Aerial photography interpretation for filling history and landfill boundaries.

4.  To assess migration of methane in groundwater and storage in the soil


· Installation, sampling and analysis of groundwater monitoring wells and  assessment of flow directions.

5.  To assess production of methane outside the subdivision.


· Field gas testing of surrounding swampy lands, 

· Field gas testing of the sanitary waste disposal area.

· Investigation at a control site with similar geological conditions, but away from the influence of the landfill. 

6.  To assess migration of methane in sewer trench backfill 


· Soil gas testing in backfill materials.

7.  Production of methane from sewerage in the sewer pipes


· Methane monitoring in the sewer

8.  Leakage of natural gas


· Laboratory analysis of soil gas for key compounds associated with natural gas (fingerprinting).

9.  Methane from Coal Seams


· Review of geological maps

Results

Methane Mapping

Elevated methane concentrations were measured in the landfill (as expected), at many locations throughout the western subdivision, at some points in natural soils across the road to the north, and around the car park, which was apparently filled with “inert material” (Figure 4).  

The natural soils surrounding the southern section of the landfill where filling had not been placed were mostly clear of methane. 

Throughout the subdivision there appear to be pockets of high methane concentration alongside pockets of no methane.  The soil methane measurements provide no clear indication of a methane plume migrating from the landfill.  

Soil Organic Content 

The soil organic content was measured using the Total Organic Content (TOC) test.   TOC in soil taken from the subdivision fill, flood plain alluvium and channel alluvium were as follows:


Sub-division fill
Flood plain alluvium
Channel alluvium

TOCmean
1.4%
1.6%
0.35%

TOCmax.
4.4%
9.2%
1.8%

The TOC content of the soils is not considered particularly high when compared to peats and other organic soils which may have TOC contents up to the order of 20% or more.  However, some of the features found in test pits such as buried reeds, logs and branches and twigs were not sampled in jar samples for TOC testing and such areas of soil would clearly have a higher organic content than other areas.  

It is known that soils such as glacial drifts and lake muds can produce gases containing between 3% and 97% methane (Ciria, 1993).  Recent research by TNO in the Netherlands (H. Slenders, 2000, pers. comm.) suggests that in old landfills, waste and soil mixtures with on average approximately 9% organic matter were found to be capable of generating methane.

Soil Methane Remote from the Landfill

An oval 2kms west of the landfill, located on shallow fill over low lying valley soils was tested for soil gas.  This oval provided a control site which was not influenced by the landfill location.  Of the 25 soil probe locations, approximately half recorded methane concentrations below 1.25%, 5 locations were between 1.25% and 5% and 8 locations were greater than 5% with a maximum of 29.5%.  

Methane Accumulation

In order to measure the potential accumulation of methane below buildings, shallow wells were constructed below the slabs in six garages in the subdivision and at three locations in the soccer clubhouse at the Soccer Oval.  A further six shallow wells were constructed below the road pavement in the subdivision.  The shallow wells were monitored on a weekly basis.

Methane was not detected in 11 of the 15 wells, detected in low concentrations (up to 0.6%) in 3 wells and elevated concentrations (up to 30%) at one well.

In-house Monitoring

An ongoing methane monitoring programme was undertaken within all of the houses in the subdivision.  Measurements were taken at three levels in a room (floor, midway and ceiling) and at all potential accumulation areas such as in cupboards, and near slab penetrations such as drainage pipes.  Although methane is accumulating below one or more of the slabs, no significant methane accumulation was evident within the houses.  

Ambient Air Monitoring

Ambient air was tested for methane concentrations using the portable gas analyser, with measurements taken 50mm above the surface of the landfill in a 30m x 30m grid as recommended by NSW EPA (1996).  Factors such as wind, precipitation and atmospheric pressure can affect the gas concentration measurements considerably and were noted during testing.  Measurable concentrations of methane were not detected during this program.  

CONCLUSIONS

The investigation aimed to identify possible and probable sources of methane production, and to assess their potential to generate methane at the concentrations found in the subdivision.  The possible sources included the landfill, the subdivision fill and/or the floodplain alluvial soils.

Is the Landfill the Source of the Methane Found Within the Subdivision? 

1
The presence of a shallow water table discharging to the north-south trending drain between the landfill and the subdivision effectively precludes the direct migration of gas through partly saturated soils above the water table. 

2
No detectable methane concentrations were measured at sewer manholes and stormwater inlets and outlets precluding the possibility of migration through underground service conduits.  

3
Soil gas measurements taken along the alignment of the sewer lines resulted in both non-detectable and high concentrations of methane, but no continuous path was found to indicate migration in loose backfill around the services.  In one case methane was found to be accumulating (up to 3%) in an isolated Telstra junction box located in the subdivision.

5
The excavations for the temporary gas venting drain between the landfill and the subdivision contained bricks, steel and inert soil fill, but did not contain obvious signs of putrescible waste.  This contradicts anecdotal information indicating that the landfill may have encroached over the boundary of the subdivision during operation.  The aerial photography shows little evidence that the northern landfill encroached into the area of the residential subdivision.

6
The elevated methane concentrations in 4 wells located in the subdivision to the west of the drain recovered quickly after pumping.  Previous migration of methane from the landfill, which has since been cut off by the drain, would not be persistent and would not tend to recover readily after pumping tests, and it is therefore unlikely to be responsible for the gas on the western side of the drain.  

7
Dissolved methane concentrations in the groundwater below the subdivision were lower than would be required to produce the methane concentrations found in the overlying soils.  The direction of groundwater flow from below the landfill and the former night soil area is towards the south-west, and therefore only potentially impacts the south-eastern part of the subdivision footprint.  The hypothesis that methane could dissolve in the groundwater and partition out of solution to create significant gas in the subdivision soils, is therefore not considered valid in this case.  

8
The leachate plume from the landfill, as indicated by typical mobile contaminants such as ammonia, does not appear to have impacted significantly beneath the subdivision.  The apparent absence of a leachate plume beneath most of the subdivision, precludes the mechanism of methane generation beneath the subdivision by the migration of leachate from the landfill which has the right chemistry and the right consortium of micro-organisms to enhance methane generation in the organic materials that exist beneath the subdivision. 

Is the Methane Beneath the Subdivision Derived from Fill and/or Natural Organic Soils Located Beneath the Subdivision?
1.
Both careful field logging, to identify vegetation and/or other organic materials, and sampling with analysis for total organic carbon were undertaken to assess whether the soils and the subdivision contained organic matter which might produce methane under the right conditions.  It is considered likely that the soils beneath the subdivision, especially when considering some of the buried vegetation encountered in test pits, have the capacity to produce methane under the right conditions.

2.
Anecdotal information suggests that vegetation in the subdivision was placed in small mounds and covered with fill prior to its development, and the isolated pockets of elevated methane measured within the subdivision tend to support the hypothesis that these mounds of vegetation are possibly decomposing and producing methane.

3.
The field methane measurements show that methane was measured at higher concentrations in the fill layers and flood plain alluvium layer than in the channel alluvium.  Correlations between TOC, stratigraphic layer and methane measured in field probes were undertaken.  The correlations were scattered and not discernable in the fill and the channel alluvium, but a linear trend (albeit with low correlation) was noticeable in the flood plain alluvium.

4.
The inconclusive correlation between TOC and methane concentration may be indicative of the sensitive nature of methane production.  Additional factors such as the microbial population, available nutrients, moisture and pH play an important role in a microbiological process.  Factors supporting methane generating conditions in the subdivision include:

· Moist environment - the original ground surface consisted of wetland conditions within the natural flood plain alluvium soils;

· Suitable organic substrate - the original wetland conditions would have supported growing and dead vegetation providing the organic substrate for microbial activity;

· Anaerobic conditions - the fill placed over the natural soils tends to reduce the available oxygen creating anaerobic conditions;

· A pH >6.5 (simplistically) - samples of soils measured for field pH indicate that there would be certain pockets within the fill and the alluvium with a pH conducive to anaerobic microbial activity, and other pockets which will inhibit anaerobic microbial activity;

· A specific temperature range - the temperature below the fill will remain more consistent than if the soil was exposed, thus creating the stable conditions more suitable for methanogenic bacterial activity.  

5.
Historical, field and laboratory investigations, data correlations and investigations in a control site located approximately 2km west of the subdivision in similar conditions but without the presence of the landfill adjacent to the fill area were undertaken.  Soil methane concentrations between non-detectable levels and 29.5% by volume support the hypothesis that the fill and/or organic soils below the subdivision are producing methane. 

When the abovementioned evidence is considered, it is likely that methane beneath the subdivision is being generated in the fill and the natural soils directly below the subdivision.  It is considered unlikely that the landfill has or is currently contributing significantly to the methane beneath the subdivision.

Implications

The conclusion that the methane beneath the subdivision is likely to have been generated by soils beneath the subdivision demands a closer scrutiny of the land development approval process.  A soil test which demonstrates directly the capacity for soil to produce methane under the right field conditions is required.  The currently accepted test method in Europe (ISO11734:1995) has been used for some time to estimate the methane generation capacity of waste materials, but takes 30 to 60 days or longer to produce a result.  A similar test would be of assistance to regulators and planners dealing with identification of risks associated with building on natural organic soils.

The presence of methane below the ground and accumulating beneath at least one building slab in the subdivision represents possible explosion, fire and/or asphyxiation risks to residents and other users of the subdivision land.  The Council have implemented a short term program of risk management involving monitoring and communication with residents and owners of buildings as well as communication with parties responsible for construction and maintenance of underground services.  

References

Coffey (2000).  “Methane Gas Investigation, Former Landfill and Adjacent Areas”, Coffey Geosciences Pty Ltd, Report E122551/02- DE, Sydney

EPA (1996), “Environmental Guidelines:  Solid Waste Landfills”, EPA NSW, Sydney

ISO11734:1995(E), “Water quality – Evaluation of the “ultimate” anaerobic biodegradability of organic compounds in digested sludge – Method by measurement of biogas production”, International Organisation for Standardisation, Switzerland.

CIRIA (1993). Report 130, 'Methane: Its Occurrence and Hazard in Construction'.  CIRIA, London.

Figure 4 - Maximum Methane Concentrations – Soil Gas probes
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