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Preferential flow is frequently cited as an important effect in Municipal Solid Waste (MSW).  It is 
possibly responsible for the non-conformance of simple continuum models to MSW flow and 
transport data.   However, there is very little direct evidence of the effect or of its nature.  For 
example, Stegemann & Ehrig (1989) reported “substantial evidence of staining” in dug-up waste but 
provided few details.  This potentially poses a problem for modelling of flow and transport in MSW, 
although it may turn out to be the case that simplified (phenomenological) models will be adequate 
for predictive purposes.  This is because misrepresenting key facets of geometry, flow scale and 
physical process could potentially result in poor ability to predict.   It is difficult to discriminate 
between different geometrical representations purely by model fitting, since model non-uniqueness 
is a significant limitation.  Conceptual progress therefore requires direct observation of waste 
geometry and flow.  

Observation of internal flow needs to occur at a range of scales.  Different heterogeneities most 
probably occur at different scales and may have an important role on flow and transport.  A realistic 
conceptual model will therefore need to be based on observation at a range of scales, most likely 
synthesising more than one study.  In general there is a paucity of data, although some previous 
progress has been made.  Sub-parallel layers of plastic are the most striking feature in open sections 
of waste in the field; layers sometimes continuous over distances in excess of tens of metres (Rees-
White, 2007).  There has been a successful attempt to freeze MSW in a 2m diameter compression 
cell (Watson et al., 2003), but the sample was not sectioned due to its excessive size.   

Validating existing approaches and/or postulating new models based on physical observation is now 
a priority for understanding fluid processes in landfills.  Here we focus on the ‘laboratory scale’ (0.1 
to 1m) using number of parallel investigation methods.  We outline three main (partially linked) 
approaches which we have been developing: non-invasive imaging techniques; use of dye and other 
tracers and deconstruction techniques. The latter two methods need to be developed 
simultaneously as the dye potentially shows areas of high flow but requires deconstruction to locate 
these regions spatially.   Our progress at Southampton can be summarised as follows:  

Non-invasive imaging: X-ray computed tomography (CT) scanning of particle size-reduced MSW 
revealed no evidence of preferential liquid flow paths in MSW (Watson et al., 2007), although it had 
some success in detecting the geometry of the solid fraction and dry voids.  This poor flow path 
detection may have been due to relatively poor resolution (0.5×0.5mm) in the flow direction.  More 
recent scans of smaller laboratory scale MBT samples have been analysed with commercial software 
which indicate an overall pore volume with close agreement to the calculated void ratio.  According 
to Caicedo et al. (in press), “the major challenge in applying imaging to a real landfill is the 
preparation or recovery of a sample representative of the field in terms of both size and structure”.  
They went on to state that “large scanners can accommodate specimens up to about 600 mm in 
diameter, which should be sufficient to be representative of a processed waste such as MBT with a 
maximum particle size of up to, say, 60 mm.  Regions of interest could then be highlighted, physically 
extracted and scanned at micron resolution, as has been done in petro-physics research”. 

Dye Tracers: Brilliant blue and dilute emulsion paint have both been trialled as tracers in MBT.  
Whilst not an obvious tracer due to its tendency to change the porosity, paint has a single advantage 
over many tracers in that it sets, thus allowing subsequent use of different tracers in a different flow 
scenarios without being flushed away.  Flow tests on a block sample cut from a consolidating 
anaerobic reactor (CAR) using brilliant blue revealed a significant part of the flow occurred 
horizontally. 



Excavation-type methods (deconstruction): Caicedo et al. (2010) successfully cut sections, using a 
bandsaw, from a shredded MSW sample which had been consolidated to 50 kPa in a CAR.  With 
other samples, difficulties have been encountered achieving a clean cut surface. Other samples have 
been deconstructed using methods adapted from field archaeology but further refinement is needed 
and it may be that there is no “one size fits all” solution to deconstruction. 

     
Figure 1 (a) MBT which has had dilute white emulsion passed vertically down through it.  After drying a 
separate dilute red emulsion paint was passed vertically up through the sample.  In the middle top of the 
picture is a clod of waste which has not been penetrated by either paint and which consists of many smaller 
particles.  The picture is about 5 cm across.  (b) Sample of 80 mm shredded MSW taken from a CAR having been 
stressed to 50 kPa showing the horizontal structure and the clean cut of the section allowing the structure to be 
examined.  The picture is about 16 cm vertically. (c) a CT slice of the same material shown in (b) but from a 
different location in the sample (Caicedo, D.M., 2011). 

Discussion: A combination of non-invasive imaging and tracing in conjunction with archaeological-
type deconstruction potentially reveal both waste structure and preferential fluid flow patterns at 
the laboratory.  These methods require further refinement and the current results need further 
analysis before existing conceptual models can be verified or replaced.   This on-going work needs to 
be related to larger scale structural observation of wastes, which is an under-developed area.   
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