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Emptying sludge into a trench at entrenchment site in Umlazi, South Africa
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Background

Treatment selection and purpose

Deep row entrenchment (DRE) can be used as a simple technology for the safe 
disposal, and in some cases, reuse of faecal sludge. This case study shares 
experiences from Malaysia, India, South Africa, and Benin in using and piloting DRE as 
an interim or longer-term solution. Across all four countries, DRE was chosen because 
of its low cost, and the simplicity of its design. In South Africa and Benin it was also 
chosen for its potential to provide opportunities for sludge reuse as soil conditioner in 
agroforestry. 

In Malaysia and India, DRE was introduced as an interim solution to dispose of waste 
while awaiting the construction of faecal sludge and wastewater treatment facilities.  
In both countries, disposal of untreated sludge in deep trenches was not perceived as 
a desirable long-term strategy because of possible ground and surface water pollution 
through leaching. In Malaysia, DRE was introduced in 1994 by the Indah Water 
Konsortium (IWK), a government-owned company. A total of 26 trenching sites were 
created across the country, but almost all have now been phased out as Faecal Sludge 
Treatment Plants (FSTPs) and sewerage services have taken their place. In India, DRE 
is currently being used in the state of Odisha, with 84 trenching sites servicing 114 
towns. The DRE sites are owned and operated by the local municipalities, with Ernst & 
Young providing technical support to towns transitioning towards FSTPs. 

In South Africa, the Water Research Commission (WRC), in partnership with Partners 
in Development and the University of KwaZulu-Natal, has been investigating the 
potential of DRE through the evaluation of five separate experiments across the 
country since 2007. A pilot study is currently being set up in the community of Parakou 
in Benin to investigate the longer-term use of DRE as a disposal and reuse mechanism. 
The pilot has been set up to plant trees on top of covered trenches and is a key part of 
the Parakou Sanitation Plan.

Across all four countries, DRE was chosen because of its low cost and 
its simplicity of design. 

It was also chosen in South Africa and Benin due to its potential to 
provide opportunities for reuse of sludge as a soil conditioner.
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Description of the system

The construction and operation of deep trenches is simple, with site selection often the 
most complex aspect. In South Africa, site selection depended on whether a site was large 
enough to accommodate the volume of anticipated sludge over the tree growth cycle. The 
criteria used in making this assessment included: trench size, volume, size of the community 
being serviced, and the duration of the tree planting cycle. The tree planting cycle is relevant 
because the sites are tied up for 6-9 years. Other site selection criteria are, distance to 
sources of sludge, means of transport, and access to site for vehicles transporting sludge.1 In 
India, guidelines developed by the Water Sanitation and Hygiene Institute (WASHi) stipulate 
that the selected land should be reasonably flat for easy operation and for desludging trucks 
to access the trenches. Waterlogged or flood prone areas should be avoided. A sufficient 
buffer distance to habitable properties is required (at least 200 m). Fencing around the site 
and warning signage should also be considered.2

In selecting appropriate sites for the construction of deep trenches, several environmental 
considerations need to be taken into account. The site should not be close to surface, sub-
surface or groundwater sources, and an investigation is required to evaluate the extent of 
separation between the base of the trench and the water table to prevent pollutant entry. 
An analysis of the characteristics of the soil and rock material and whether they allow rapid 
infiltration of polluted water is also required.3 4

1 WRC, Entrenchment of pit latrine and wastewater sludges: An investigation of costs, benefits, risks and rewards, Pretoria, Water Research Commission, 2015. 
2 WASHi, Technical notes on shallow and deep trenches for faecal sludge/septage, New Delhi, Water Sanitation and Hygiene Institute, 2020. 
3 WASHi, Technical notes on shallow and deep trenches for faecal sludge/septage, 2020. 
4 WRC, Entrenchment of pit latrine and wastewater sludges, 2015. 
5 WRC, 2015. 
6WASHi, 2020, p. 26.

Figure 1. Model of normal deep trench adopted in India, adapted by SNV6

Table 1. Dimensions of deep trenches across the India, South Africa, and Benin case studies 

Criteria
India (Odisha State DRE project and 

WASHi technical guidelines)

South Africa (Sappi 

Forest experiment)

Benin  

(to be piloted)

Depth 1.5 m 1.5 m 1.5 m

Length 10 m 20 m 50 m

Width
2.5 m-5.5 m (top width of trench) 
1.5 m (bottom width of trench)

0.6 m 2.5 m

Distance 
between two 
trenches

3.5 m 3 m 1 m

Design capacity 
of trench

0.5m3 of sludge per m2 of  
surface area

0.25m3 of sludge per 
m2 of surface area

1m3 of sludge per 
m2 of area

Slope A Slope B

3.50

GL GL

1.50 1.501.50 1.50

0.50 1.00 1.000.50

1.0
0

1.0
0

1.0
0

1.0
0

Slope Slope SlopeSlope

2.
00

2.
00

2.
00

2.
00

5.503.50 3.50 5.50

0.30 0.30

5.50

The dimensions of the trench are one of the most important factors to consider in designing 
the trenching site. Dimensions can vary across sites, as shown in Table 1. Recommendations 
from the South African case study state that the optimal dimensions for trenches are 800mm 
deep and 600mm wide. The spacing between rows should take into consideration soil stability, 
with adequate space to accommodate the vehicles digging the trenches and those delivering 
the sludge.5 Figure 1 provides a diagram of the recommended dimensions for deep trenches.  
The choice of slope dimensions will also depend on soil type and stability.

Length of the trench: 10m

Adopt any one of the slope based on the soil and site condition

Dimensions are to be read in metres
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Umlazi planted trenches site in South Africa

Household sludge buried in trenches is treated through natural biological processes. 
Once trenches have been filled with sludge, they can be covered with the excavated soil. 
Through dewatering and decomposition, the sludge becomes barely distinguishable from the 
surrounding soil after a few years. Trees that need large amounts of nitrogen can be planted 
in or alongside the trenches (as was the case in some of the South African experiments, and 
as is intended in the Benin pilot) or buried sludge can be left for up to four years to completely 
decompose. While most pathogens in sludge die off within 6-8 months, the ovum of Ascaris 
lumbricoides (roundworm) may survive for up to four years, and so roundworm is used as a 
marker organism to determine the degree to which sludge can be considered safe to handle. 
Therefore, it can be reasonably concluded that if there is a need to do so, buried sludge could 
be safely dug up after four years.7 In terms of agroforestry, the average life cycle of trees is 
between 6 and 10 years before they can be harvested, which would leave sufficient time for 
any pathogens in the sludge to die off. It is, understandably, advised to avoid using the soil 
conditioner from DRE for annual or edible crops.

Regulatory environment and compliance

Ongoing monitoring of groundwater and soil on the DRE site is necessary to ensure that 
environmental and public health regulations and guidelines are being met. Baseline values 
of groundwater and soil should be established before sludge is entrenched at the site in 
order to provide a basis for assessing the impact of the entrenched sludge over time. India 
and South Africa, however, followed slightly different guidelines and monitoring.

Based on the South African experience, the WRC report outlines slightly different guidelines 
for the monitoring of groundwater and soil in DRE sites. Monitoring of water on the site 
should include faecal coliforms and E. coli. The following chemical attributes were also 
monitored in the South African case due to it being a research project: organic nitrogen, 
nitrate-nitrogen, ammonium nitrogen, chlorides, pH, COD, zinc, cadmium, copper, and 
specific conductivity. The frequency of monitoring will be determined by the depth of the 
groundwater table, clay content, the pH of the soil, and the water content of the sludge. 
Where the depth of the water table is less than 5 m, three-monthly monitoring processes 
for dry sludge, and monthly for liquid sludge during the rainy season are suggested. 
Less frequent monitoring may suffice if the clay content of soil on the DRE site is greater 
than 35%, i.e., if dewatered sludge is entrenched above a water table deeper than 10 m, 
or if liquid sludge is entrenched above a water table deeper than 20 m. In some cases, 
monitoring of groundwater may not be necessary due to the depth of the water table.

7 WRC, 2015.

Ongoing monitoring of groundwater and soil on the DRE site is 
necessary to ensure that environmental and public health regulations 
and guidelines are being met.
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Operation and maintenance: realities, challenges,  
and opportunities

Realities of running the treatment process
Sludge type, quality, and quantity

The type, quality, and quantity of sludge buried in the deep trenches are important 
considerations when managing a DRE site. In general, the four case study countries have 
only accepted household sludge, rejecting industrial, commercial, or toxic sludge. The 
untreated sludge generally comes from household pit latrines or septic tanks, with the 
exception of the Sappi Forest trial in South Africa, which received its sludge from a local 
wastewater treatment facility. In India, guidelines have been established to control the 
quantity of sludge received by keeping a record of the number of trucks entering, date of 
entry, quantity of sludge deposited, and time taken to fill each trench. Additionally, in South 
Africa, laboratory testing of the sludge is recommended if there is any reason to believe that 
it is contaminated with pollutants. 

Sludge entrenchment costs 

While DRE is an economical disposal option for sludge, some costs are still incurred in this 
approach. In South Africa, a cost of US$ 0.33/metre of trench was estimated, including the 
costs for digging the trench, maintaining the trench, and transporting the sludge (which is by far 
the largest proportion of the cost). Further costs are associated with establishing leachate and 
groundwater monitoring well points, with an estimated cost of US$ 546/hectare of trenching sites; 
assuming that one monitoring well will cover at least ten hectares.8  

In the Benin pilot, the intention is to establish a partnership contract with the three desludging 
companies operating in the commune of Parakou. The desludging companies will be charged   
US$ 0.80/m3 of sludge to empty into the deep trenches. In the Indian DRE project, the 
municipality does not charge desludging companies to empty sludge into the trenches because 
it wants to encourage them to use the trenches and not dump sludge into waterways. As DRE is 
seen as an interim solution to sludge disposal, the municipality absorbs costs for the time being.

In the Benin case, it has been calculated that if the desludging companies were to charge 
households US$ 7.50/m3 of sludge removed, this could result in a potential profit for the 
companies of 30% per 10 m3 of sludge (after taking into consideration all costs such as disposal 
charges, fuel, labour and vehicle costs). This billing rate would need to be agreed to by all the 
desludging companies. In other countries in Africa, this fee can sometimes be between 4-10 times 
than that quoted for Benin.

8 WRC, 2015. 
9 IWK, National Environmental Health Action Plan (NEHAP): Effects of the reuse of sludge to environmental health, Kuala Lumpur, Indah Water Konsortium, 2015.

Testing soil quality

Testing of the impacts of sludge disposal on the soil characteristics is a necessary part of DRE 
monitoring processes. In South Africa, the Sappi Forest experiment reported spikes in nitrate 
and phosphate concentrations in the leachate, in the immediate proximity to the sludge. 
However, they observed no significant increases in nitrate or phosphate concentrations 
in any of the boreholes located between the sludge entrenchment sites and the nearest 
downslope streams. After three years there were no significant differences between the 
nitrogen and phosphate levels in the sludge and the soil surrounding the sludge. Similarly, 
in Malaysia in 2009, seven sites were chosen to assess the changes in nutrient and heavy 
metal concentrations in the soil due to DRE.9 The sites were chosen based on the duration 
of trenching disposal activities, with a minimum of five years required. The soil sampling 
found slight improvements in nitrogen, phosphate, and potassium concentrations, and no 
significant increases in heavy metals. The study concluded that trenching can help to improve 
soil nutrient values, the rate of heavy metal accumulation is slow, and the observed chemical 
levels in trench samples were lower than the proposed limits. 

OHS considerations

Due to the likelihood of variable pathogen concentrations in sludge, it should be handled as 
a hazardous waste and workers should be provided with the appropriate occupational health 
and safety (OHS) training and support, just as in other sludge treatment processes. Across 
the case study sites, OHS protocols for transporting and handling sludge were provided, 
along with associated training. This training included educating workers about pathogens, 
routes of transmission, and procedures to protect their health. Workers must wear protective 
gear while handling sludge to prevent infection by bacteria, viruses, or intestinal parasites. 
Parasitic eggs can become airborne when sludge is handled, making it important that workers 
wear masks, gloves, boots, and overalls. The rigorous OHS protocols prevent the transfer of 
pathogens out of the DRE site by ensuring that contaminated protective clothing is not worn 
outside of the DRE site or when driving vehicles. The OHS protocols also ensure that vehicle 
wheels do not become contaminated, carrying pathogens with them when they leave the 
site. Workers should also be provided with the means to disinfect their clothing before going 
home. Finally, it is recommended that workers are provided with regular health check-ups and 
deworming treatment if they regularly work with sludge. 
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Challenges of construction, and operation and maintenance
Accessibility considerations for desludging trucks

DRE sites should be designed and prepared in a way that allows access for heavy 
desludging trucks. Trenches should be dug parallel to the contours of the slope of the 
site, with trench spacing and dimensions dependent to some degree on the results of soil 
stability assessments, the natural ground slope, and the depth of the water table. Due 
to the anticipated frequent passage of desludging trucks, enough space must be left to 
accommodate the vehicles, and the backfill should be heaped beside the trench, without  
the trench collapsing. 

Various solutions to prevent trenches from collapsing have been suggested and trialled 
across the case study countries. For the Benin pilot, the soil will be compacted at the point 
where trucks empty sludge into the trenches. In India, the walls of the trenches are cut at 
an incline to minimise the risk of collapse. In South Africa, the advice was for test trenches 
to ensure that the desired dimensions and spacing are adhered to in order for trucks to 
dispose of sludge without damaging the trench walls. 

 
Environmental health concerns

Factors such as flooding, heavy rains, or encroachment of human settlement in DRE sites 
could alter the environmental impact of entrenchment during or after the period of use. 
In India, entrenchment has not been used in any areas that have issues with flooding or 
inundation, and trenches are not used during the monsoon season. Flooding or heavy 
rains may cause pollutants and contaminants in the sludge to rise to the surface or move 
further and more quickly (or in higher concentrations) through groundwater. Similarly, the 
encroachment of human settlement close to DRE sites may reduce buffer zones and may 
make water near the entrenchment site unsuitable for human consumption. Where DRE 
sites are affected by any of these factors, sludge entrenchment should be suspended until 
it is deemed safe to continue, or activities should be suspended indefinitely. In worst case 
scenarios, the sludge should be dug up and safely disposed of elsewhere.

Factors such as flooding, heavy rains or encroachment of human 
settlement to DRE sites could alter the environmental impact of 
entrenchment during or after the period of use.

Opportunities for beneficial use

While DRE is primarily used as a sludge disposal mechanism, opportunities for beneficial use 
are possible in the form of agroforestry. Trees can be planted on top of or alongside filled 
trenches, and the nutrients in the sludge will improve growth rates and increase timber 
volumes. In the South African Sappi Forests experiment, sludge that was buried close to 
eucalyptus trees increased total timber volume by up to 50%. This additional timber volume 
was assessed as being able to offset the cost of the entrenchment process by as much as 
a third or even a half. This is less than the cost of entrenching the site but does offset the 
cost of the sludge disposal to a certain degree. In Benin, the community of Parakou intends 
to plant Gmelina Arborea trees on the filled trenches during the rainy season, at least 3-6 
weeks after the trenches have been filled. The waiting time will allow for stabilisation of the 
sludge. Once the trees have matured, the community will either preserve the area as an 
artificial urban forest or harvest the trees for commercial sale after a period of ten years. 

 

Decomposed sudge after 3.5 years at the Umlazi site in South Africa
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Informed choice 
considerations Deep row entrenchment across Benin, India and South Africa 

Design capacity
18-200 m3 of sludge  
(depending on dimensions of trenches and land area available)

Operating costs

US$ 18/m3 for trench excavation, backfill, and transportation of sludge 

US$ 900/ha for ongoing groundwater monitoring (estimates based on the 
South African experience)

Energy requirements
Natural system, no energy requirements except for fuel to power the 
excavator when preparing the trenches

Input characteristics Household sludge from pit latrines and septic tanks

Output characteristics After four years, the sludge is difficult to distinguish from the surrounding soil

Skills & human 
resources 
requirements

Minimal staff required: desludging truck operators (the most important staff), 
as well as staff to dig trenches or manage the site

Technology/material 
(local) availability

Low technology requirements; materials and manufacturing all  
locally available
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