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Fig. 1.  Example of our recommended latrine design.  Walls may be covered with cement- or soil-based stucco and painted.
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Introduction

This Technical Report describes our recommended design for latrines.  We initially considered “ecosan” (for ecological sanitation) latrines which contain the wastes and, optionally, make them available for fertilizer.  This approach is desirable for ecological and economic reasons but the latrines are much more expensive than simple pit designs and there does not appear to be a tradition of using human wastes for agriculture in our communities.  Furthermore, one of the major concerns with pit toilets in many areas – keeping them far enough away from water sources – will probably not be a problem in our area due to the rural nature of the landscape and the extensive amount of land available for schools.  We therefore ultimately decided to use a simple pit design but with a ventilation tube.  At some point, we may suggest the possible use of more modern designs.  A separate report, “Latrine - Literature Review”, reviews the literature on latrines in developing countries.  
Design

The basic design we recommend includes a pit 4’ x 10’ and 12’ deep, an 8” concrete slab reinforced with a 12” grid of #4 rebar, three stalls, and a zinc roof.  The latrine has three stalls, each with a door.  The first course of blocks is stabilized with cement and the top of the wall above the doors is a reinforced bond beam.  Interviews with local people suggest that the latrine will take >15 years to fill up if the school has 150 students.  If it is much larger, then a second latrine should be built.  The materials cost $400-$650 depending mainly on how much cement is used in the walls.

We have asked that a hand-washing station be installed using a design due to Morgan (2006) or some other simple design.  Morgan’s design (Fig. 2) includes a tub that is filled with water at the start of each day and a can with holes in the bottom and a string on top that can be used to hang it.  Soap on a string is also provided as is a post to hang the soap and the can on.  To use the station, the can is filled and hung on the post and the hands are washed using soap and the water.  Refinements might be added to reduce the risk that contamination moves from hand to the can to the water in the tub.



Fig. 2.  Hand-washing station described by Morgan (2006).

[image: image2.emf]
Cost analysis

Detailed cost estimates are provided in the “Latrines” worksheet of the “Construction costs.xls” workbook.  
Slab

We assume the pit is 4’ by 10’ and that the slab overlaps 1’ on each side so the slab is 6’ x 12’.At 8” thick, the volume is 48 ft3 of which 17% is cement.  Costs for the slab, a grid of ½” rebar with cells 1’ by 1’ is $154.  One pit that the villagers dug was more than 4’ wide and Paul was worried about the slab collapsing.  He felt that we needed to add rebar so that cells were only 8” on a side.  This doubles the amount of rebar and would add $56 to the cost.  An alternative was to place a heavy steel bean lengthwise across the hole to provide extra support. A ventilation pipe is also needed, which we estimate costs $10.00 (this is probably high).





         Table 1.  Costs for the slab

	Component
	Cost

	Cement
	$90.21 

	Sand & gravel
	$7.41 

	Rebar
	$56.16

	Ventilation pipe
	$10.00

	Total
	$163.78 


Walls

The costs for walls differ substantially depending on how much cement is used.  The lowest cost, recommended alternative (Table 2) is using cement in the mortar but not in the blocks and to omit stucco and paint (or make them with natural materials).  With this approach, the walls would cost about $58.  With cement in the mortar and stucco, and painting the walls, the cost rises to $125 (Table 2).  Adding cement to the blocks raises the prices to about $289.  The costs for paint are based on Home Depot prices so they may be either higher or lower in Sierra Leone (but are presumably close to the values in Table 2). A reinforced bond beam is needed above the doors.  Its cost, including rebar, is $27.55.  




        Table 2.  Costs for the walls

	Component
	Cost/ft
	Total cost

	Cement in mortar
	$0.21 
	$57.81 

	Cement in blocks
	$0.58 
	$163.56 

	Cement in stucco
	$0.14 
	$39.48 

	Paint
	$0.10 
	$28.20 

	Total
	$1.03 
	$289.05 


Doors
The design calls for three doors, each made of 1” wood, including the door frame, and with a padlock.  The cost for all three, not including salary for the carpenter, is $51.75 (Table 3).  The carpenter should not need more than a few days (at most) for the work.  At 7,000 Le/day the total cost would be well below $10.




            Table 3.  Costs for the doors

	Component
	Cost

	1" wood for doors
	$24.75

	Nails, hinges, door latches
	$12.00

	Padlocks for each doors
	$15.00

	Total
	$51.75


Roof
Although we occasionally see trusses made of milled lumber, the use of small tree trunks is much more common and seems adequate to us, especially since the wood must be replaced every 1-2 decades due to termite damage.  Under this plan, the only cost for the roof is for zinc and roofing nails.  These costs are estimated to be about $50.00.

Other costs

We routinely include 10% of the total project costs for unexpected items.  For the latrines, these costs might unexpected transportation costs (e.g., for sand and gravel), salary costs, or inflation (especially of zinc).

Summary

The only significant alternatives involve the walls, specifically whether cement is used in the blocks as well as the mortar, whether stucco made with cement is used, and whether the walls are painted (Table 4).  Costs vary from roughly $400-$650 depending on these issues.

Table 4.  Summary of minimum and maximum costs

A.  Cement in walls only in mortar; walls not painted 
	Component
	Cost

	Slab (including pipe)
	$164

	Walls (including bond beam)
	$86

	Doors
	$52

	Roof
	$50

	Contingency
	$39

	Total
	$391


B.  Cement in walls in mortar, blocks, and stucco; walls painted.
	Component
	Cost

	Slab (including pipe)
	$164

	Walls (including bond beam)
	$317

	Doors
	$52

	Roof
	$50

	Contingency
	$65

	Total
	$648



The analysis above assumes that the pit is not lined.  If lining were needed to prevent collapse of the pit, costs would increase.  The pit has about 336 ft2 of surface area.  If the cement lining was 3” thick, then about 84 ft3 of concrete would be needed.  We estimate the cost of concrete at $2/ft3 so this would add $168 to the cost of the latrine.  If rebar reinforcement was needed, the cost would be even higher.
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