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yThis.Tech;li.?al Note by D. 
__.- .- ;; ~ 

Duncan Marat deselop~..i~.~gehen'ril apqo&&$~ 1-i-i 1. 
the design of ventilated improved pit (VIP.) latrines,: baged -on TAG's 
.experience.in Hotswana, Bra,zil, Ghana; Kenya, 'Lesotho, Tanzania and- 

regent "‘:----& 

Zimbabwe. Further details of countryyspecific designs (currently'for " .- ‘---. 
.Botswana, 

.'& 
Tanzania and Zimbabwe) are given in other Technical Notes in-this . ' ;' 

seri$s. \ . -9 .¶ . . ; $ $‘ t -. .‘ ' * 'L I ' . n *' r ,+ 
This paper is one 'of a'series of informal Technical Notes prepared by 

-. , *. . 

TAG on various aspects, of water supply and sanitation progfims in developing:- r. ", 
countries. The initial emphasis of TAG-was on the promotion of policy, shifts " 
f&% highs-est to low-cost on-site sanitation technologies. 'This 'emphasis is.' 

'_* 

now being progressively-'directed to ,a focus on instit.utional development for 
on-site low-cost sanitation program,deliye'ry. : ' . 

* . 

*"This Pate was,-originally pr 
document. Iss wide distribution 
agencies, go$ernubant, 

I 

'. . 
ared as an -internal discussion 

..a. 

doe not imply'endorsement by the sector *' , $h. Ye 
or donor agencies concerned with programs, nor by the<. ; .f 

World Bank or&he United,Nations Development Program&: ' 
:g$ - . . 

n _ -.- 

TAG is interested'-in receiving comments and suggestions -on the' paper, ' 
and, in particular, 

:' 
information on costs of technology, delivery and support 

systems, a'nci'generally, 
'. ,) 

information on experience in program implementation. , _ 
All communication should be addressed to the Project'Manage?,'UNDP Project ' ' - 
INT/81/047, Water Supply and'Urb%n Development Department; The World Bank,. '. 
1818 H. Street, NW. Washington, DC 20433. 
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'1 . . Excreta-related diseases are responsible for a large proportiTbn 
of, the.-morbidity and mortality in developing countries, especially amongst z 

low-income communities' in urbaa fringe and rural are,as, where adequate water "3 
supplies and.sanitat$.o*n fayilities are typically absent. Excreta control iS. v 
thus of paramount.:%?&pqrtance if the incidence of (hes diseases is -to beb - 
reduced. f/ Recent research sponsored by the WorLd Bank- -has clearly shown that 

---excre.ta-related diseases can be,greatly reduced by: . 3 
* 

I -. 

5. 

(a) the provisions of sanitary toilets, -of whatever' type, which$" 
pepple of all'ages till use and keep, cleas-,._.-_ '._-, ,>A---- a~ 

- - 
\. : 

(b). the effective treatment of excreta or sewage prior 'to discharge ' \- 
'8 or reuse; _ 

. 
s(c) the provision of an adequate water iupply so that water . *' 

L 
- 

consumption is in the region of 3CLto' 50 liters per'capi'ta per 
day; whllch is normally the minimum'requirement'for the control 
of those &&reta-related infections which have a w%ate+washed . . '. 
mode of transmission; and . 

. . 4 I 
* 

Cd') an effective and sustained program of' personal- hygiene education * 
by the responsible local authority. A ? . 

2. Economic and financial constraints dictate.l'\that the water supply= 
and sanitation technologies to be used forthe contr'ol of excreta-related - 
diseases in low-income communities must be affordable,by thes.e communities;.- --' 
these technologies must therefore have low capital and\operat?ing costs. In" 
rural areas and urban areas up to a'population density of around 300 persons 
per hectare;the least-cost technically feasfble sanitation technology will x 
oftenbe.the ventilated improved pit (VIP) latrine (Figure 1). It is :the : 
purpqse of this Technical Note to discuss general @design cri-teria~f&$&&:' '. 
latrines and to review recent developments in VIP latrine design. ~'A.- -'. Lu ., 

. . 
VRNTILkTED lBlPiWVJ3D PIT LATRINES 

\ 

, 

; .t_ 

4 General Descritikion -.._ 1. 
- 

3. ' 
P. & 

Traditional (unventilated) pit latrines are a very common 
sanitation facility in many developing countries. , They have however two, " 
serious disadvantages: generally they have:a bad'smell, as well as I -- 2 

- substantial numbers of flies and other dis.ease-carrying insectsbreedin' ii in . . 
them. Additionally,' they are all too often poorlylcopstructed,,'.with the ‘result-‘ 
that pit collapses are common. These disadvantages are' substantially'reduced 

'.-s,'.l, 

in VIP latrines, which have been found to be socially very well accepted in ; 
those countries‘where they have been installed,. . & * 

I 0 'I \- * 15 -. .' . i , .z 3 . . 
-- -L-------- .b 

_~~~ _~_mmm-_------- ~.- __-- '. __ --.-- ,w.- 
r __- -- -1 4 . 
,A. 

Ll R.G. Feachem, D.J. Bradley, H. Garelick' and D'i:D. .Mara, c1983). S~nif~+n "- .'_'. 
apd Disease: Health Asp7ects of Excreti and hst&at& Ihmag&mt. I' 
Chichester: .>John Wiley. '_ 

., ,'.; .I c i “. 
- i I (3 '. :.. 

..i' ., . 
a '%< , L 1 ( n : : .d.,' - " : 
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-4. '. A VIP latrine differs from a traditional.. pit latrine in'tha&,.iq.,"- 
has a tall vertical v'entpipe .whiCh has--a flyscreen fitted at its top. The 
vent pipe is responsible,for both,odor and, fly control, as explained in 
parigraphs 6 and 7, below. - t .' ~ :' 

, . - 
_ i) ‘ . 

5: i "There are two basic types of-VIP latrine: the single.-pit latrine 
and one with two pits, known as the alternating"VIP latrine. The latter'. . 
(&e%?ctE'bed in paragraphs 45-52) is designed for the removal of-the pit- 
contents ai regulaF intervals of two to three 'years; it.'is'a permanent, '. . 
s'anitation facility which is especially suitable for use in medium deasity 
urban areas. \ I 

c 
Odor contrbl I . 

L 
* - 

6. 2c Fieldwo<k -recently done-in Botswana and Zimbabwe has shown _ ~ .’ 

. that the principal mechanism inducing ventilation in VIP latrines is the 
action of the wind bl?wing across the top of the.vent pipe. The wind ! 
effectively sucks air out of the vent pipe and this"‘air is replaced from the \ 

atmosphere via 'the ,latrine superstructure and squat-hole. Consequently there 
is a'strong circulation of air from outside the latrine, through the . -. 
,superstr:cture and squat-hole, and up and out of the'ven't pipe. Thus, any , 

i odors emanating from-the fecal material in the pit' are-exhausted diaST.the vent_- - " 
:pipe' 
rema;nrtdE'cfFk>5 

he squat-hole into the superstructure which, as a result, 1 
. If the: superstructure openings .CdoorwayPs, ,etc.) face 

into ,the prevailing wind, 
z* 

the resulting increased air pressure-within the - \ 

superstructure increases the flow of air up'the vent pi,pe and thus also,helps L 

to control odors in the latrine; the latrine should therefore'be designed so 
that any .openings face into the prevai$ing wind. Reyommended.vent pipe . 
dimensions are discussed in paragraphs 127-38.~ . 

,' '.. ~ 
. c 

!a _ -IT1 . I&ixt control . . . 
I 
! ’ 

. 
7. Flies-. The vent pipe controls1 flies iri VIP latrines iii two - l 

., 

ways. Firstly, since flies are attracted to pit latrines by the fecal odors 
coming from them, almost, all flies will try to enter the pit via the top of d 

the vent pipe as that is the point fromlwhich the odors emerge; but they are' 
. 
8 .' 

prevented from entering by the flyscreen. Secondly,!although a few flies.may * 
enter the pit via the superstructure and squat-h{$le and lay their eggs i-n the * * . 1 ; 

t 
v. 

.’ 
. : . a 

* 2_/ 8.2. Ry-an and D.D. Mara, Pit Latrine Vent&on: Field +restigat&on- - 
I4ethodology', TAG Technical Note No. 4; 
Latrines: 

and Ventilated Impkovhd Pi< 0 
Vent Pipi? Desigb Guidelines', TAGlTechnical gate No. 6. _I 

I ’ 

3/ An earlier explanation for the cause of venfilation was that,,the vent pipe * 7 absorbed heat from the sun and transferred 
1 

ome of this energy to-the air ' 
inside the venf pipe, which consequently be- ame less dense'than the' . 
outside air immediately above itwit therefore rose out of the vent pipe" 1 
and was replaced by air below, so establishing the air circulation:pattern ' 
described above. The =fiel+dwork done in Botstiana and Zimbabwe sIiowe&-that, <' -at 
.the shearing action of the'.wind and its direction relative to any openings - 
(doorways, etc. > 'ip the superstructure were /nuch more important than thei LI 

:, 

absorption of solar energy,, except under very iow .,wind conditions '(see .j, :' 
1.1 :: 
8". 

paragra.phs 26 - 38). * 
,: 

-. / 
, 1 
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Pit, the'newly-emergent adult flies eventually'resulting from these eggs fly * 
instinctively-in the direction of the ,brightest.light; provided tha'; 
superstructure is reasonably well=shaded,' the brightest light seen'b; 
flies is that at the top of the.vent: pipe::. the..flies thus fly *up the 

- pipe but their escape is prevent&by the flyscreens. Fly control: i.5 * 
effective: in.{a 78-da-/monito,ring'period in Zimbabwe, only 146 fliez 
caught escaping from a VIP latrine, whereas 13, 3 wer;e caught from t 

II s7 unvented, but. otherwise identical, pig latrine.- ' 1 . II 
'0 - -, - -A‘=' I 

53. _ 
0 

Thus the screened vent pipe has .three -irn>&ant roles in‘thc 
'successful performance of VIP.latrines: 

I . 
1. 

. 1 1 ,' 
I . (a> it eliminates fecal odors ,in the superstructur$; ~ 

; . A I u n (b) -a - it prevents mo&t flies fro-m entering the.pit; and 
c 

‘ cc> 
>- 

it prevents those.flies bred in the pit from escaping: 

he 
the 
vent ' . 

I 
very c 
were . 

. 
, 

‘. 
. B . \ t . - 

9. Hosquitoes. Culicine ,mosqoitbgs, which 'are the'major nuisai 
. (biting) mosquitoes in the urban tropics and in many countries also f ~_ . 

e * 
e vector 
ich'a - , - of Bancroftian filariasis, breed in wet pitlatrines--that is, pits bh 

extend below the groundwater table. Newly-emergent mosquitoes are so - 
attracted to light as 'are.flies, 
escape via the vent pip;: 

and therefore not-all of them wiil 
man$,will leave via the squat-hole, even 

superstructure is well shaded:4 Several substances which kill 
larvae, can be added to the pit; for example; kerosene, used engine oil or + Cr 
chemical larvicides. An alternative is -to place a mosquito trap (Figure 2) . , 
over the squat-hole.' This 

'_' 

I7 
s been found to-be very effective‘in f$eld trial9 .. 

in D‘ar es Salaam (Tar&ania)- ;: householders were keen to use them once they' : 
saw how many mosquitoes. were being caught in the t*raps land thep.notictd as a 
result far fewer mosquitoes in their houses. ' * ", \ 

. . . , 

Component par& P' '. 
I '1 I 

10. . . Both single-pit and alte.rnating twin-pit ,VIP latrines consist of the .' 
" * same basic component parts (Figure 1: see page'2): ,' 

7 _ 

4/ P.R.'Morgan ('1976). - 
of Medicine, 23, l-4. 

Tly bit latrine - revived. Central African Journal ., 
i * .\ . 

_’ : . 
I / C.F'. Curtis and P.M. Hawkins (1982). Eatonklogiqal Sttidibs of,On-site- * ,: 'I: 

Sanitation Systks in Botswana and Tanzania. 'Transactions of theRoyal .' *. 
Society of Tropical Medicine and Hygiene, 76 (l), 99-108. "[, 

Q / :: . 

61 C.F. Curtis (1981). 
?- .~,. 

hsqkt Traps for Pit Latrines.. Mwqti.ito:&ws, 40 - Q 
(41, 628-628. ,' 

‘ * " 
". * \ ,, '. 1 , ._ ,. 

.- . \ ‘*. +3 
,,' , ,. .' .' 

',, .- 1 ._, 
I ", 1 . . '8 ..' . . . * . \. . . ..+", 2 

, '/ ', ;. . ,.. ,- . ._'- ' .' '; ; '/' 



Glass-fiber Glass-fiber fly screk fly screk 

lmm sheet metal lmm sheet metal 
hasp nlnkn ba!e plate 

. . * 
\_ \_ 

- 

L Secti& through m,osquito tp.ap _ 

Mosquito trap in position 
over squat- hole 

“’ 

-0 j, ‘. 
\ 

.: 1, 
r- /., * r -\ ’ =I,- - *j’ 

-’ .: .. ,; j .- , 

Pat&n for ‘cut+& , ’ d 
\ :,,.‘~‘,.“ : ;- ,.” . .-. , ” ‘. 

* 
_., \ ; ‘. . . . . . . . . ,.., -.I I . -, . ,. .-- . _ .\ ),:(‘;c 

Squat-hole mosqGto’t;ap. (i/). ’ .’ :-.a \::I 
. i , ‘. : ., . . ‘. .. i’ . . . _’ - !>. . , 1 ,i ’ ‘; , 

flyLscreen mater4 
e . 

5 . ’ 

. . . 
_ :.- Fi&e 2., c 

base plate of lmm 
sheet metal cut. - 

ixed*to. base plate - “‘y ’ 
/” 

‘Mqsquito trap kth contciiner .. 
removed for empty i no ! ’ I 

- - 
1 . 0, c * _ 3 :,; 8. . :. F’ 
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('a) the pit; ' '; ' , ; . 
(b) the -cover .&lab and its foundation; . . 

$' (c)' othe superstructure; and 1 
1 9 y- -'. (d) the screened, vent pipe. L v f 

3-4 
There are minor design differences between the components'for each,typ$%f VIP 
latrine, but the basi'c principles remain the same; The component @rts'.:,and. 9 
their design requirements are first described for'single-pit VIP~1atrin.11~'; 

L ' 
*' " 

specific.differences' for alternating twin-pit latrines .are described in 
paragraphs 45-*52'. , * . 6 

L-i; 

:. . 
SINGLl3-P?CT ;rrIP LATRINES _ ' 

L * 
_I 

Pit func'tions.and design . _ 
r .i : 0 - :w "I 

il. Excreta are deposited directly into the pit., which has two essential \ ~; 
functions: n ' -. 2 -4 

L 
.' y 

(,a) 'the liqu-id,fraction of the. exereta.(mainly urine), together with. ' 
. the small amount of water that'.enters the-pit- from cleaning the I 

cover siab, infiltrates&into the surrounding soil; this'may give 
rise to problems in soils which .are not suffltiiently permeable 
or which become unstable when saturated, and may al'so cause . , 
groundwater pollution (see paragraphs L5, "16 and,58);.and 

(b) ;,the fecal solids,$n the excreta are digested anaerobically by 
bacterial activity - 
such 'as meth-ane,' 

this results in the production of (i) gases 
carbon dioxidedand hydrogen sulphide which lare 

exhausted from the pit via the vent pipe; and (ii)'soluble ! 
‘compounds which are either further qxidized in the-pit or are . 

. ,* carried into the surrounding soil by the infiltrating liquid 
fraction. ' ae ; \ 

I \' a. 
12.. The anaerobic digestion of the feLa1 solids,\,which proceeds rapidly " " 
at 'tropical temperatures; does not however remoire all ,of the s0:lid-s. Some! 
Comp'ounds are biodegraded only very ;slowly; as a result there is a gradual! 
accumulation of s'olids'in the pit,. although the rate of solids accumulation' is 
much smaller than the rate of .excreta addition-.. In dry pits (those that do 
not extend below the 
betwee- 

gr undwater 

3 
9 

table) the: solids accumulation rate varies 
0.03 and O.q6 m ~ per 

75j 
erson per year, and in tiet pi& betieen 0.02 and. , 

0.04 m per person per year.- Accumulation rates are lower in wet-pits .. 
because biodegradation is faster under wet+ eonditions 'than ubder the only‘ jyst * 
moist conditions in dry pits. . _ d _. '.-. .' ;-, 

1 -3 )' 

13 .I.% Voltim!. The required pit volume .depends on 
rate, the number of users and the desired life 'of the-pit. 

# ' ,' 

I/' Very little in;ormation exists, on' solids accumulgtion 
latrines. The effects \of climate and diet are la-rgely 
it is known that,the addition of .sullage to dry pits 

T latrine f-or "bucket sK&ers") reduces the rate of 
TAG is currently working on "pit.:biokinefics" and 
Eesearch will be publiqhed as a separate'T$chni&al 
, ~ . L. " . 

.: - ,.'~ 
. - 3 -' : (,. '_ 

; 



pit must not be alloyed to fill up 'romeletely (right to ths und:erside of the . , d 
cover slab), so a small'free'space at the top of the pit must be ‘allowed for 
iyfthe design;' usually 0.5 m is' sufficie.nt.for this. The*effective p'it volu.me a' ! 
m , which is the ‘total volume less the+.free spade volume,' is calcuIatkd as-the ! i 

I 

product: -I v L . kj 
-7 i * ,e ,; ‘. ,‘..: 7.:; i-i- 

s 2. t 
solids accumulation*- t 

#, 
^number "*-. .x7 ,: design - , . - ,. t 'I- 

. 
x life, ' ._ ' 

.ye*s t , ,, - - . 
s j‘ 

TQe solids accumulation rate-may\ 'poses be taken 'as 9.04. and 0.06 '-__' :. ?. .;, 
m' per person per year in tiet-'atid%l?y,pits‘ r&&tivoly; 'a lower value may be - 
used if knowp'to be lo&ally more appropriate.. These desi,gn valuesshourld'bk** ' _ 
increased by 50% if bulky anal.cI.eansing mat&rial+ (for example', corn cobs,' 
cement bags) are used, as .these'degrade.onLy,vei-y slowly, 
should be as long as p.o&sible; 

The. design life“: -%-AL 

longer the design life, 
'lo' years should be considered desirable, The :"'$-' 

he 
the longer the interval between'relocating or-emptying : 
cost of the latrine (when calculited in annual terms)' 

r . . 
i - "c . 

14. 
2 

Dimerisions. 
. 

.Dsually the pit cross-sectional area is not 'more than 
2m in order to.avoid cover slabs with large spans. In practice<VIP latrines 
serving one household commonly have a diameter of l-l.5 m or, in the case of 
square 'or rectangular pits, a'width of l-1.5. m;, communal or institutional, 
latrines' can of course be much larger. The.pit depth is then calculated 'from 

.C 

its required effective volume, and the'tota depth is this depth plus the 
desired free., space which is normally 0.5 m.' 4 

, ‘ '* 
s 

" R 

Soil permeability. 
- 

The hydraulic loading on. pi.t.lat;ines is very *low 
. 

' 
esss than 2 litr.es of excreta are added per person per day),, so soils-of 

lpwer‘permeability than would be considered for the disposal of septic tank 
effluent are still suitable,for pit latrines. 
low as 2.5 mm per hour&such as clays and sil'ty 

Soils with permeabilities as 
clays) are acceptable, 

provided expansive clays%enot present. ," d: , _ .,_ I 
,- ' -\- ____ . . I * 

16. ' Soil stability and pit li~?g;~.Por,.the purposes of pit design soils 
can be considered as. 

% 
ther sta,ble or unstable. Stability $3 defined 

J __, f - -- ra ,) 
. _ 8-/ This assumes that the cost of extra depth in the pit is less than the 1' I 

-- present value of more frequent emptying or relocation. This :may not 
always be true, especially in very deep pits in difficult soiks-2 . 

I . 
9/ For example, for a circular pit with an effective.depth* of 

5 
.5 m.which‘ V&e 

..e- serves six people with a solids accumulation rate of 0.06 m /person'yearz;W 
the pit life 'for various diameters can be calculated as fo$lows: .z If 

: < 
, 

: ,’ , ? 

Diameter. L ' Cross-see ional 
0. 

Effect ve volume life' 
(a> area (m 5 > s'(m> 3 .,' EffectYv 72 (ye,ar) : 

a ,' 
1.0 '. 0.79 ! 1 5:'5. 1,98 I' ';_ 
1.2 1.13 j .2.83 '. 7.9" 
1.5 

,. 
1.77 ' 4.43 / 12.3 ., 
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as resistance-to collapse, and should be assessed as described in Annex I. . 
: 

Loc21 e@7 
rience of pit latrines is useful: - if pit-collapses due to soil '-.' 

failure- have occurred, the soil should be considered.unstable and,lined as .. ' 1 . 
described in paragraph 18. ' , ". i' n 

> 17.' -As a precautionary measure stable soils should be protected against 
possible failure (caused by, for examp-le, gradual'release of pore‘water " ' 

-pressure) by plastering the soil face with'a 1 cm thick layer ofaceme&t m rtar 
(1 part cement, 5 parts sand). This is clearly only feasible when the *&it! 

-.-. groundwater table is below the pit base, and so suitable only for permanently . 
dry or 'only seasonally.wet p,its. Linings for permanently wet pits are ' ' 
discussed in paragraph 19. _ .< 

.18. Pits in unstable'soils must be fully.lined, otherwise there is the' ,- 
risk-- all too often realized-- that' the pit.Will collapse and the 

il 

, superstructure may fall into it. A wide variety of materials can be used to 
line the pit; for example, concrete blocks, bricks, cement-stabilized soil ' 
blocks, masonry-, stone rubble, perforated oil drums; rot-resist&t timber and 
wire-meshssupported g,eof'abrics [Figure 3 (a) 'through (f)]; 'local availability .I -- 
normally determines what material is used. Where blocks, bricks, ,masonry or‘ , 
stones are used, the lining joints. should be fully mortared in the top half- :' 
metre of the pit; below this,, the,vertical joints should be left unmortared to 
allow the liquid fraction of the excreta to infiltr‘ate into 'thesoil. If the 

. surrounding.soil is very fine sand, for example, which would enter the pit 
through the.+open vertical joints, a thin (say, 100 mm) packi,ng of fine gravel 
should -&.pl%ed between the soil and the lining to prevent 'this. 

2 ! \. 
19. ' It~is difficult to qxcavate and Zinc pits in areas with a permanently 
high groundwater table. If petrol or diesel-driven portable&pumps are 
available, the groundwater can be removed and short lengths of concrete pipe- 

' 1.j. 

_ inserted as excavation proceeds; this "mini-caisson" appkoach is the most WI 
1 satisfactory, provided‘that the concrete pipes are made with sufficient holes' ' 

for infiltration. Perforated oil drums coated with biturn& ic paint are-an 
117 \ 

alternative, but corrosion is a problem in the long term. - - / P : ~-. ' .A . ,: 1 
'Cqve‘r slab and found&h 3 i 

.a ' , 
20. - The cover slab and its foundation se to isolate' the pit,from ?he .; 
atmosphere.(to prevent the escape of flies and odors) and to support the 

I 
I 

superstructure and vent pipe, The foundation is generally a. simple 
\ 

lO/ Pit'collapse may, however, be due'to podr";ehgineering design: 'for II ' 

-\ example, the omission of a gras&ed slope" o;r-buid to carry away stormwater": 
-. which is then able to erode the soil at- the top of the pit; $r by 

P / 
-' bu'lding too heavy superstructure on inadequate foundatio s. 
-_A alio be due to poor8",6cial design" ofithe latrine, &here'f 9 

It may 'r . . 
r example no i 

allowance is'made for local customs such as'taking,"bucket showers" in ,,': . P 
the latrine. 'r . . -. 

ll/ Oil drums 
, approxima 

have been used- in 
.tely ~10 years. 

Zambia as aqua-pri 
.a f 

tanks and have,lasted I' 

'3 . ,I 
, . 

. 

0 

: 

I c I. i: 

., ..I 
/ - 

‘: :J 

: .\. I 



‘. ,, 

, 

. 

. 

\ 

I 

t, 
~ 
‘i ’ 

. 

. 

,’ r... 

a 



Pit lining with>concretk blocks * 
i' s. ;. I.. 

Figure 3 (b). __- - I 
(Botswana) 
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Figure 3 (c). 93-t lining with rough coral s' 
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(Kenya). 
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ring beam of reinforbed"&ncrete or, 
bricks set in cement mortar; -a single 

more commonly and less expensively, 
course'of bricks laid on the ground 

surface with their inner edge'flush with the pit wall is sufficient (concrete 
ring beams are of similar dimensiohs). - Setting the base of the foundation .on 
the ground surface enables a gentle grass slope-or kement-stabilized soil to 
.be made to carry away stormwater which might otherwise erode the upper part of II 
t,he pit wall, .&o endangering the:sjrudtllral stability of-the-;liat_rine. 1 . . . . ---- ? .& 

21. f The covei slab*must be strong enough to support the weight ,o$the. 
u 

superstructure, venL pipe.and--her. ,It should--also feel safe and should not" 
deflect detectably when the.latrine is being used. The cover slab, w\iQh, , 
should be flush with the outer edge of the foundation, can' be made from w - 
reinforced concrete (Figure 4) oE from rot-resistant timber *(Figure,51 .which .' 
is covered,wifh so.il and then mortared. 
the squat-hole 'and one for the-vent p;ipe. 

The cover slab has two h"oles',in it\ 
The size of the,squat-hole 'is 

important: it should not be large enough.for a child to fall through; key- 
shaped“'or..pear-shaped openings (Figure 6) with ,a maximum width of 200 mm are ; 
generally Fsed. Tf.theslocally preferred defecation,postkre is sitting, 
rather,than squatting, a simple pedestal seat can'"be provided (Figure 7)., \ 

, \ 

22.. Where the preferred posture is .squattjng,-it-is importaut'that the 
surface of the cover slab should slope *towards the squat-hole in order;-Eo . \ 
provide drainage. for urine and the water used "to clean the cover slab. 

i 
The 

recommended slope is15%. Although&the slab could be cast with Bhis surface 
slope, it is usually simpler to plaster the slab to -give the required slope; 
and also to provide a smooth finish, 
built. 

aft@ the superstructure has bee; 7 
It is also worth considerihg whether 'foot-rests are-to be provided;, 

although not strictly necessary, they may be'a social requirement and'tiey. 
.have then advantage that, provided.the) are in the correct positionthemselves 
(Figure 6),'.- they .hslp to locate the user directly over the squat-hole and so :. 
minimize fouling of the .cover slab with'excreta. A'glass-fiber reinforced 
.plastic_ cover,. with integral squat-hole and foot rests, which is set in,cement 
on the coverslab within the superstructure is shown in Figure 8. ( 

I 

;3. i 'if 
>,' 

. * It is important that 'the squat- .* ale is not kept covered when+he 
,Y' ;/ 

latrine is not in.use., .Squat-hole (or pedestal seat) .co<ers interfere with /Ji ' 
the essential circulation'of air which is,responsible fo,r fly and odor 'control ' 
(paragraphs 6 and 7). Traditional (unventilated), pit,latrine& often rely-.ou ' 
squat-hole covers to dontrol fly breeding, but they, are ,not only u&eqessa:ry I' a 
in the case of'VIP latrines but also positively d&rimental to 'their' proper, 
operation 
programs J2.l 

point to stress in-user"educati,o< 
.- , 

~ , . : 
0 

I 12/' If covers -0.r ska,t lids are required for - b areasons,, then they*must be raised clear 
> . air space of.at least 25 mm lis'left when 
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Figure. 7. Glass-fiber-reinforced pla;tic cover' 
cover slab for VIP latrines (Ken 
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Figure 8. Glass-fi@r-reinforced .pl&tic!pedestcl 
seat for VIP iatrine (Brakil). 



Superstq-ukure design 
_. . . _~ / : 

24. The function of the superstructure of 'any type of latrine is to ". 
provide the user with privacy, comfort and protection from the-elements. There < 
are two additional functions 'dn'the case of VIP latrines: (a>to Provide ' C ., 
sufficient shade.over the squA!t-hole ,so that newly-emergent flies are not ., ' 
attracted to leave the pit via the squat-hole; and (b) to channel ,air through * 
'the squat-hole and -up the ve& pipe, in order to control both,flies and 

; 

odors. , 
:. 

_, 
'y.' 

25. ,Rrovided the,"superstructure is able-to pe.rform these functions, its“. 
design details are relatively. unimportant fr0m.a strictly .technical,point,‘of."':-,. T 
view. The superstructure can be built in a wide variety,of forms and fr,om~,.a 
wide variety of materials [Figure& 9 (a) through 9 (d)+]. ..In urban areas ", 

', i, Y 
. . . ,( 

materials such as brick, blockwork or ferrocement are- often us'ed; the roof-"can 
be tiled or made fr0m.a thin concrete,slab, corrugated steel" or asbestos- 1 
cement sheet .;:In rural dress, it is'generally more app&ropriate to 
materials surh 3s muctand~t-tiIe-;- th&h‘ or sun-dried -earth 
is often made from thatch. 
largely on social pref.enence 
the superstructure-form shoulddbe architecturally 
and this principle"normally determines 
not only are local sensibilities 
(especially in rural areas) 
the householder knows how to 
damage during the rainy.season. \ 

26. 
\ 

Latrine entrance. 
doorway, with the door 
that the door remains 
open, any newly-emergent flies in the pit will-be Gsepted with an 
alternative source of bright light and,%t'hey may not therefore try to,escape :;: 
via fhe.ventLpipe., but leave the latrine via the-squat-&hole and-' " i v, 

superstructure. Fly control, which is one.gf -the principal,advantages of.VIP / 
latrines, therefore becomes ineffeqtive. - Self-%losing doors, can be used' (a 1. .: 
counterweight atta 
sufficient 'for thi 

to the top of the dpor via a rope and puiley is i 1,:. ,‘, \\ ; 
as sho%n in the early example from the.USA in 

_.‘,, 
y>, 

Figure 10). Alter the *latrine should be ‘locked on the 'outs-ide; -; 
this is often done 

.: - ..- 2'. .-;...-z,~: 
n ordef'to prevent casual use pf the,la&ine I 

by..unauthorized pe -by. or .neighbors~wit&.ut latrines. .If -3 :. ,. 
doors are used the re should be a sufficient air'gap.(equiv&ent .to' 

:, 

lea& three times t ross-section&area-of,-'i? 
_,- : ._._. &..: I:... -&:L.: -.._ .ve.nt- p-ipe)--ai".~~~~e' t,og-,- &jf' " I_ ; 

the door to maintai 
undesirable not 

' ~~ Zimbgbww .,-Jr w,& ,fou&j ih& ddors .&&> &:z:< .lC9 

on frequently left'.&& with " . '.'I " ': 
_. ;,3 -, . .' ? ,!: ~ I ,,: : 

The air space 

P.R. Morgan and 
Recent Develop&&a ------- 
Bank. 
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Figure 9 (c). Mud and wattle YIP latrine super&truct&e+ 
1 with thatcl!ed roof L (Zimbabwe). 
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-Figure 9 (d). - Precast'ferrocement VIP‘ Aatrine II 
superetructufe (Brazil). 
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Vent with fl’y screen / 

., 

Ir i * 

1 ; 
D 

a 

Pit ,ventiiator ‘*p p 
flue at leasf’4” 

Tjght fitting ‘I! 
self closing ‘. 
seat cover 1 

l=J-Il- I . 
Metal seat sup.port 

II -2 Earth backfill 

’ . 

Figur? 

- 
.-~- 

.-.- 

10: Early pit latrine design fr&n'the United - 
States showing.self-closing door. [Reproduced 
by courtesy of John Wiley Inc, from F.B. Wright, 

x 
"RuraaWater ~Supply and Sanitation", 1939.1 '( ..i * u' .^ 
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resultant poor fly-c 
and occasionally the 
superstructure was t 

\ 

, 

< . e 

. -27- , * 

:lO sntrol, but also because wood is expensive, hinges rust 
doors were removed and chopped up-for *firewood. The 
en redesigned with a spiral form to avoid the need for _. , jh 

doors [Figure 9 (se page 22); see also Anne2 II]. - I 

vi+ 
Vent pipe hesign I , 

i /.. . 
-P 

~27. & 

. 

Vent: pipes ofa wide variety o different materials have been used. 1 
d successfully: for example, asbegtos cement (AC)', polyvinyl chloride (PVC), 

unplasticized BVC (uPVC), bricks, blockwork, cement-@rendered reeds, cement- 
% 

rendered hessian supported o‘n steel mesh, and .even anthill soil; * m 
large diameter bamboo with the cell dividers removed could also be used. 
Methods for the construction of cement-rgndered' reed.and hessian pipes and; 
other essentially rural.vent pipes are described in paragraphs 30-32. Whatever 
material &s used, its durability (including corrosion resistance), rb 

.availability, cost and ease of construction are import/ant factors. Thus, vent 
pipes made, for example, from thin galvanized steel sheets are not'recommended 

. * as they are prone to corrosion, especially in humid a eas. t PVC pipes become 
brittle when exposed to hkgh sunlight intensibi+es, a 

; use PVC pipe made with a special stabilizer to preve 

.Y ;I 

radiation; however., this grade of PVC may not be gen 
is particularly important in rural VIP xample, the use of a PVC 

j j pipe, rather than-a cement-rendered reed an doubles the cost of a ' 
/ mud and wattle‘ latrine in rural Zimbab 

1 28. iength. The vent pipe should be 
I dbes not interfere with the action of the wind acr 

long so ,that the roof ' , 
the 

j Pipe. 
top of the vent-- 

With flat roofs, the top of the vent, pipe s be at least 500 mm * ) 
; higher than the roof, and in the case of s&ping ro the vent pipe should L 
1 also be 500 mm above the ,highest point of t& roof. 
) from thatch and shaped conically, the vent pipe sho 
i the apex of the roof. 

29. Diameter. The internal diameter pe depends on the 
, required venting velocity necessary to achieve the ecommended ventilation ' 
1 1. 

151 In Zimbabwe it has been found that P ,- 
* African Standard K21, 

I (Standards Association of Central Af 
satisfactorily than th 
of British Standard BS 31505 or IS0 S 
DPVC pipes and fitti 
Health Engineers i982 

16/' - P.R. Morgan and D.D. M'ara (1982). 
Rem+ Developments"i 

tured to Central 

971') performs more 



I’ 

..- f 

. rate of 20 m3jhr17', and this in turn 
surface roughness of the pipe 
losses) ,, the,head loss through 
any), and the wind direction-1 
example, ne,ed t'o have a much 
internal roughness,is 

pn such factors as theinternal, 
(which determine,'the friction 
and squat-hole‘;?mosquitoi trap (if 

reed vent pipes-,, for a * 
PVC pipes since their 

pipes, which'have a 
. 

square cross&section, also need to be arger not only because'the, roughness .is 
greater but also because a'square I; cros - 

7 9v 
tion is inhQrently less,effi&ent I,- .- r- 

than a circular one. in inducing updrafq.- Current recommendations for' the 
minimum internal size of vent pipes are as follows; I 

AC, or PVC' "150 mm diameter 
Brick 

/ 

Cement-rendered reed 
, 

a 
230 mm square 1 / , 

or hessi,n 230 mm diameter ., I' 
I : 4 

(and other rural types) 
3. 

. In exposed locations where'wind speeds are greater than 3 m/s, 
. 

the, -minimum I 
diametqr of AC and PVC..pipes may be reduced to lOO.mm, and.to 2.90 ,nm'in the :. 

case'of "rural" vent pipes. 
'\. : / 

I : d + 
L Fabric&ion of rural v&t pipes \ I > 

. . . _~- _ --J.. 
30. Cemzntliendered reed vent pipes; Local reeds, approximately 1 cm 

,_ 

~ diameter, are tied together with wire or string to-form a mat mea;suring-2'.5 m 1 
' by 1 m. The mat is then rolled around four or five rings of green saplings to 

form a tube of some 30 cm externapdiameter. The f1yscre.e-n is then fixed to' .,- 
one en'd. Cement mortar (1 part- ceme*, . 3 parts sand) is' Bppliedlto the tube. ' 
along its entirs'length but only around half itS<circuniference; when this has _ .' 
hardened, the vent pipe is fixed in position with\‘the morta\fed hblf next-to ~' .' 
the latrine superstructure and the other (outer) side then plastered with 
cement,mortar,. Thin poles or bamboo sticks may be used instead of reeds. 

- 2 ,cm wide St/rips may also, Larger bamboo sticks, split longitudinally into 1 
be used. - . / '- -*,. a 2 / / 

31. Cement-rendered 'Hessian and wire-mesh'vent pipes. 
'./ '. ., 

r . Spot-welded'mild : .' 
steel mesh (4 mm bars at 100 mm centers), 2.5 m long and 0.8 m wide,. is roiled 
into a tube to give an internal diameter of approximately 2$* cm; Hessian or .,a 
jute fabric is then tightly stitched around the outside of the $&be, and the tiL 

X flyscreen fixed to one end by st'itching w&h string or th$n galva iaed wire. 
Cement mortar (1 part cement, 2 parts sand)'is then applied.by‘;br sh B 

-> 4 
to the 

to a final thickness ,of at least 1 cm. 
-_ 

hes-sian surface in thin layers,. Th,~ 
vent pipe is then f,ixed in place. '-\ I 

I . , t 
I' ., , 

I I - '.., I- .,' 1 'I 
171 B.A. Ryan and D.D? Mara, Pit Latrine V&n~i.&ion: - 'Field /Cnvestigatlon' 

Methodology, TAG Technical Note No. 4; and ~~entilate~,Inp,roved" Pit' ',. 
Latrines: Vent Pipe Design Guidelines) TA& Technical Notie ,No. 6. (, I'.~. '." : 
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18/* D.R. Wills, E.W.G. Dance,and G.T; Blench'.'(1959).. The,De&gn'and d - 
1, 6 Performance of Natural Flue Termination&: :;;Gas, f%u'nc;l R+search, I ,'. 
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;32. Anthill'soil vent pipes;'-2 

. 
anthilL-so'il is-rolled into 

"sausages", approximately 10 cm in' 90,'cm long, whicti'are made < c . 
into circles of The vent pipe ;is 

,constructed in with short 
lengths of ble material) can'be driven. in / 
between adjacent circles as When the vent pipe has . ! 

*beenbuilt to a height of 2.5 m, 
adding more soil; the flyscreen is attached 
coat of ,cement mortar (1 

_c '_ ; i . i ' 
33. ' External surface pneparation. 
less than 0.5 m/s, the external urfa.ce of the 
black in order to 
magnitude of the 
wind speed is 

should be pai,nted 

34. Locatipn. The latrines should be locate 

\ 

at least 2 m away from 
overhanging branches 'and anything else that might mpede the action of the. 
wind across the top of the- vent; pipe. The vent pi$'e itself should"be located -, ', ' 

I on the windward side of the sup'erstructure, as als#should any openings 
(doorways, Pindows, gaps b.etw.een the roof and walls If,--however;, it is. 

.,:impossible to have both vent pi.Qe and-any openings 
?least one of them must be (and this should p.referab 

n the windward side; at - 
be the o@,enings). It is 

extremely important to avoid-openings onvopposite.~s , as this would - 
“ significantly reduce the pressure ,differences causi 

pipes: 
updraft in; the vent 

-In latrines designed with +doors the minimum ze of ventilation 
least three times hhe cross ctiional area of the vent 

Pipe (to allow losses in the,supe+tructure 
‘i 

" 
I . \_ 

vent pipe should be located th' outside 'of the, "*. 
is more dif'ficultL"and.kxpess 

and wind-tight the roof 'and a vent pipe 
e to ensure'-,a rainproof j ',._ 
ing through it. .: 

areas, thermally-induced rl ntilation may be more'. .' 

u'rban areas especially, 

cover slab; 
:, 

the passage of flies and mosquitoes; 
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Either: standard 
pipe fitting 
or as Detail A 

Detail B __ 

Gene’baI ,arra&ment Gakanized steel 
ctrin ’ hant nnrl 

F 

I.. .y YLlll Ull” 

built into.-wall 

PVX pipe roughened kith 
solvent cement and sand 

Detail ,B _- . - ‘I’<? 

Alternative Smethods of fi-xiig vent pipe 
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,ure 11. t Recommendations for'iixing vent pipe 
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Method .of fixing vent: pipe-to superstrutture .’ J : .‘d _ . .,w ” -9 
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even though they are more expensive (US$ 25 per m2 ex works), the,cost is . 

small (less than 5%) in comparison with the total cost of the latrine. ,-, 
'.. . 1: 

38. It is important to ensure that the flyscreen is tightly fixed to the +. 
top of'the vent pipe in order to prevent access by insects. <Design detai'ls 
are shown in Figure 12(a) and (b). When the flyscreen is in place there ,: 
should ,be no'obstruction to the wind flow across the top. of the vent pipe. .- ' . 

.^ , 
Relocation and emptying of pits 

_'. , : 
- _' .- \ 

39. When single-pit VIP latrines become full, there are two options' 
available to their owners: the construction of a new latrine on an-adjacent . :,, 1 
site, or emptying the existing (full) latrine. In rural areas, construction , 

I of a new latrine, reusing.as much as .possible from the old latrine (for,- 
example, the cover slab and vent pipe), is generally the, preferrerf: sblution, 
as space for .the new latrine is usually available. Manual emptying'poses 

" health risks duk- to the excreted pathogens that may be present in the fresh 
fecal material at the top of the g,it, and in any c'ase this is often not a 
socially acceptable task; and mechanical emptying is not normally feasible-in . 
rural areas. In urban areas manual emptying has the same disgdvantages,' but 

.>-mechanical emptying might be feasible, especially if the pit were wet, as th," 
procedure is essentially similar to desludging septic tanks,(althou'gh the, 
solids at the bottom of deep pits may be highly. compacted and '&heref,ore .t 

difficult to remove by the standard vacuum equipment used to des.ludge septic. i 

tanks). Dry'pits are considerably more difficult to deslud'ge mechanically ' .- 
than wet pits (see paragraph 52). A better solution in urban-areas is to use . 
single-pit VIP latrinqs with soakaways (paragraph 42) or alternating twin-pit - , 
VIP latrines (.paragraph 45). : 

Double and ulticompartmeat designs 20/ 

40. . A recent development in southern Zimbabwe, where there is a strong 
sociocultural preference for separate latrines for male and female members of. s,' 
the household, ia the use of double compartment VIP latrines of the type shown 
in Figure 13. .In stable soils each compartment may have its own pit, but in i. ! 
unstable soils a common pit with a-fully mortared brick dividing wall 'is , 

used. In rural areas especially, this type of latrine is generally too 
expensive for 'one household but, in order to reduce costs to, an acceptable 3 ' 
level, neighboring households have beenwilling to share g.sifigle latrine' of_. - 1. *' 
this type, with the'men from both households using one of the compartments and %'iO 
the women the other. 3 , z 

D ', .;= !., 

41. Multicompartment VIP ltitrines have beendeveG,pe>afor'schoo& and 
\, y 

1 
other institutions; These are-essentially the same as the doublg campartuient '* "$ ; 

,unit but of course with more ,$ompartments. The number .of 'compartments -depends. , 
on the number of.users, with's design guideline of.10 persons per unit '(20 
persons per unit in non-residential institutions, such as‘ schools). "The 

_,,.', 
:' 1' 

number of users per unit can be increased to--30 if soakaways are provided as . ' 
'.discussed on the next page.‘ ._ “,; .1 I d. 

: . :- , 
I SC 

2O/ R.R;'Morgan and D.d. Mara, VIJ! Latrines: Zimbabwean Btick DeSFgns---TAG, '. - 
Discussion Paper T4G/DP/Ol. ;, ., 1 
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Belled +nd section of+pipe. ,- I ;, 
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.’ 

PVC pipe. 
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7 Flyscreen ,. 
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Figure 12 Cb'). De&ils for fixing flyacre& to Venfpipe ~~Br&P), ' 
(The belled end of lOO.m,PVC pipe is .cU 

I used as a Eollar .to hold the flys 
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Designs with soakaways 2' 

42. Another recent development in Zimbabwe has been -VIP-.--~a~rines..wi~h .. 
adjacent soakaways (Figure 14). 'These have .been designed to increase,the pit 
life in peri-urban areas where the number of people using a single latrine can ' e 

: be as high as 20, pr even, exceptionaliy, 30. The iatrine pit, including -it$ 
base, is completely sealed with cement mortar in stable ,soils or with fully 
mortared brickwork in unstable soils. At a point 2.25 m above the, pit base a ^ 
-75 mm diameter PVC pipe with-a sanitary tee is inst-alled which leads to an 
adjacent soakaway which is at least 1 m away from the pit. The soakaway has a 
diameter of 1.5 m and a depth -of 2 m; it is lined with unmortared bricks'to a, 
depth .of.l.4 m. At this depth a reinforced concrete cover slab is placed on 

-. the bricks and the remaining space above it backfilled. -'\.( 

* 
*. 43. This type of pit latrine (which essentially resembles an aquaprivy- 

with,a vent pipe in place of the drop-pipe) has been used only in Zimbabwe for 
the last seven years; thus, it has not-been.possible so far to estimate its 

i total useful life.- Early indications are that it is performing very well in 
periurban areas. With regular desludging of the pit-(say, *every five-years), 
it may be expected to last for at least 30 years. 

- 
44. An even more recent development has been to discharge the effluent 
from a line ;of VIP latrines into a short small bore sewer (75 mm diameter, 
laid at a gradient of 1 in 200): which leads to a communal soakaway'. This is a ' 

'very us'eful option in areas where there is insufficient space on each plot. for 
c an individual sdakaway. Moreover, it is .poBsible to 'upgrade this type of 

latrine to a low-'volume cistern-flush toilet for added user couveni.ence. 
-. , % d 9 ** 

Alternating twin-pit latrines .- a: 
a.- 1 1 

45. Alternating twin-pit VIP lagrines (Figure 15)-have two~separate pits, 
each with their own vent pipe,' but only one superstructure. The cover.slab 
within the superstructure has two squat-holes, one over each pit. Only one 
squat-hole and pit are used at a time. 
one to three years, 

When this pit; is full, generally afte 
its squat-hole is covered up and the second-pit .put into 

. service; after a-fuffher period of one to twe years, when this ‘pit is full, r" 

\ 

the contents of the first,'pit are removed to enable 'it to be used again. This 
alternating cycle is repeated indefinitely.' This- type of VIP latrine is-thus 
a permanent sanitation facility suitable for use in urban areas-where there is 
insufficient space on'e'ach housing plot for two or more single=pit YIP 
latrines. Alternating twin-pit latrines have even'been. "r,etrof.itted" ~t.0 " 
replace existing in-house bucket latrines' and so prov,ide an indoor sanitation 
facility (Annex II).'Many of the design details for alt'ernating.twin-pit VIP 
latrines are the same as for the single-pit type; specific differences are ,. 
described on page 37. ._a' 

. . 

21/ P.R. Morgan and DiD., Mara, VW Lathes: Zi&al$weanJrick Desigrts TAG S R - 
Discussion Paper, TAG'/DP"/Ol, Worid Bank. (Publications in the TAG ; 
Discussion Paper series are not routinely distributed to-the recip-iedts ' I 
of TAG Working Papers and #Technical Notes, but a-re available from the 
Project Manager on request.) i 
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Pit functi6q and design 

lumbricqides, 
zi few ova of 

should have an effective volume of only 1.2 m3, 
-.._ 1.: rate of Q;@ m3 per pkkson pe;r year only and a two-year 

Cons.equentlxcthe‘pits can be much shal1owe.r (often less 
than in' the case of single-pi;t VIP latrines, and this; ma 

unpickable rock):. 

e 47. The pit shag is nor~mally rectangular 
to each side 'of the'superstru&ure or 
lined as necessary (paragraph 16>, with 
material (such as brick, concrete or 
to build up the partition 
have a good foundation and 
between the pits which would 
odors to'.enter the sup-erstrudture. 
be firmly bedded'&ith mortar 

For the 'same reason, 

blockwork collar.‘ - ,r , 
1 I 

Cover slab design .j ._... ..' "'. ?. 

. 48. The cover slab is 
more sections_(Figure 17): 
for the two- v&t pipes, 
to allow'a.ccess for 
shown in Figure 17 
central and outer 

to bed the 
As with single-pit VIP latrines, 
squat-hole (paragraph 22). 

_ ‘ 

Superstticture and vent &pe 
.., 

b t P 
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,6 I' I .' - ,I ,I ‘, ST ” 1 , , 

,’ s ’ ! 1% 
22/ R-G. Feachem, D.J. Bradley; - R. Garelick and D.D; Mara ,(1983j* San%ta@kk' (_ 

:r 
i 1 

aud Disease: Health Aspekts of Excreta and Wstewater Ham&e-nt,, 
Chichester: Johh Wiley/: 
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. I 
J pits accessible from outside (Annex II); in some cultures such an ,arrangement 

1, 

may be socially preferable to external superstructures. 
_' . - 

Hulticompartment units ____--- --I 

50. Multicompartment alternating twin-pit VIP latrines have been I 
developed in Ghana for use in rural institutions such as,schools and as a 
village communal sanitation .facility (Figure 18). All pits, except the two 

I 

end ones, serve two squat-holes in adj'acent compartments;.for good odor', I 

control it has been fowd necessary for#these.pits to. b,e ventilatgd by a I 
15O.rm.a diameter vent pipe. The two end pits, being only half, the size of..the 2 :i 
others and serving only one squat-hole, are ventilated by 100 mm diameter . 
pipes. In all other respects multicompartment units are designed in the same 

I 

way as single units. 1 
I. I 

Emptying of pits / 

51. Manual removal of the humus-like material in the pits, which is at 
least two years old, presents no health risk as all&he excreted pathogens are - 
non-viable, except for a few Ascaris ova. Discussions with the intended 
beneficiaries (or their leaders) prior/to the installation of alternating \ 
twin-pit VIP latrines may indicate that they consider the handling of the pit. 
contents to be* a socially-abhorrent task, Once however the two-year . ' 
transformation of fresh excreta to harmless humus has been witnessed by the 
users, their attitudes may change. If this does not not happen,"'then pit, 
emptying is. best left to the municipality (or other appropriate local 
government agency) for either manual or mechanical emptying by its 
employees. The contents so removed can be disposed of in sanitary landfills , ,', 
or, preferably, reused on-agricultural land. ' 

r;- _ 
52. Mechanical emptying of wet pits is easily done with standard se,ptic ,a . 
tank emptying equipment, but removal of dry materials presents more ' ^I 
difficulty. Since most alternating twin-pit VIP latrines have shallow;pits 
(paragraph 46), dry pits will be common. 

Research2v 
oasored by TAG and the s 

International Reference Centre for Wastes Disposal,- *indicates that *air-drag 
systems are the only currently available option for emptying dry pits; recent 

~~~'~,,~~i;~~p~~eB~k~ 
wana have shown tha.t suitable.equipment is now available _ 

.- 

.- % 
23/ P.M. Hawkins (1982). Emptying on-site e&eta disposas systems'in ., . - 

developing countries: an evaluation of the problems. .lRCWD.News ~ ' P ' 
No. 17. Duebendorf, Switzerland: International Reference Centre for . ' 
Wastes Disposal. m 

(',I .)" 
/ 

24/ A report on these trials, - held in Gaborone during-0ctober~1983LFebruary 
1 

1984, will shortly be issued'by TAG alid the International Referen'ce 
,: 

_ 
Centre for Wastes Disposal, Duebendorf, Switzerland. 
Information, Paper No. 84: EREVAC: 

See'.also BRE ., ,., 
:-.. 

a Mechanised t+etbod of Elgtying/ ' 
I, 

Sanitation Chambers, (Building Rese&ch Establishment, Wqtford.,A%gland, 
1984), 'which gives a brief description of one of the v+xum tA&ers 

.'.. 

,/t .s_,,'- I 
.' i: 

tested in these trials. 0, I '. ,, a, "' . . 
. if'.. " / I d , 
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APPLICABILITY AND CONSTRAINTS ' . : ._ 
. ' . '. 

.I ' ; -- 
Eousing density, 

: . 
, " :. '. 

-53.' 
. 

Single-pit VIP latrines are suitable f&r use in rura-1 area2 and. low- -+* : 
density-urban areas up to about 300 people per-ha. It .is difficult to' be more. .. G. I'~' 
precise in general terms, as local factors, 
housing.design, plot layout and area,, 

such as average household size, 
have such a large-influence: At higher .' .'.; 

densities alternating twin-p.it VIP latrines may be feasible, but..other :'-. ., : ' ..l' 
options--such as sma41.bore sewers-- may be a more appropriate solutyion. 

b 
Water -supply se&ice level 

.' ,' 
L 1_ i, 'I , : . . . . : . 

i 54. ,In areas where ,water‘use is low (say," less than 30 led) and where '. ' ' 
waterhas to be hand-carried from public- standpipes or"~ommun.al wells, VIP 
latrines (of whatever type) are a technically feasible sanitation option as I 

-.:, 

they require no water for their bperation,' other than$minimal amounts for -' 
j ' .! 
i ,' 

cleansing. (i . I :.. . 
- -" .?' ‘ 
Ground cond‘i tion$ 3 . h- +I 

i. .- .: 'I I ' * 
55. Soil permeability. 
(for example, 

Soils with permeabilities below 2.5 &;'per hour : _' pi. 
expansive clays) are unsuitableLfor p'it latrines as &he liquid' " '. ' 

.I 

fraction of the excreta is unable to infiltrate i-nto'the soil (paragraph.15:). - I r 
.,l' 

i . . 

56. Rock and unpi?ktible soils. The occurrence of ro'ck ,or unpickable soil.- ..,;: 
within 2 m of the gfound surface generally militates again.st the use of “'-:?; :: 
single-pit VIP latrines. .Shallow alternating-twin-pit latrines,, .with:'the ,.: 
cover slab raised above ground level if necessary, are.prefe.rsble in these 

. -:; 
'l:*", 

circumstances.. / 
._ ; . . 1, . d : ,..I ._ \ ' 

37. a Groundwater table. 
they last longer, 

Wet pits havd the advantage over dry pits' that .:, g: i 
I as their rate of solids accumulation is lower, but they can, R a',~: 

pose problems of mosquito breeding Qnd groundwater pollution. Experience- in '. ,I 
Zimbabwe has shown that if the 'groundwater table is within 300, mm of ,the, ', 
ground surface, the ventilation performance of VIP latrines<is satisfactoiy 

j' i 
; 

provided that the cover slab is raised 300 mm above'ground'"leve1. j! _ _,: :'%I 
,:.' / ", 

houndwater pollution 
'.I' ~-.--._-d. .I .'. : .-' 1. 

.( '- . 
z ,' v "!, -. 

58; The extensive liter-&ure'on g-round&ate= pollut.io 
s-bnitation systems has recently“ been critically reviewed.? 
highlights the need--for a thorough. undekst.andh..nf t-he -1nrk.l .s$i.l', and " '.,: : :'. ",-':-.:.-.I 

25/ .W.J+. Lewis, S.S.D.. Foster and Rs.S~ Drasai (1982): *The &.sk..&' - 

%?~~~!!?&iew ReportNo. 01/82 Duehendo i 

'* _ 
'llution by,on-site rianitation :in:~de~~lbpi~~i'Countrles:, : % ; "C -7 :',' 

. \& "'. ~w&f+kJ&jy 

International.Referlnce Centpe for Wastes Disposal\ '(+-.. 
summary of this report' appears in IRCWDNews.Roi'.l B ;~~Jan&ry~.1982 
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:hydrogeologicai conditi& before any prediction of the risk (;f'+"anyj of 
groundwater pollut'idn from on-site sanitation syste?s can be made; Bacteri,a 
and viruses are the only excreted organisms of importance in graundwater... 

- pollution and the depth of soil above the groundw,ater table ("the unsatbrated 
zone") is the most important line of defeace against., them. ,.Unde< most 
conditions a 2 m of unconsolidat6d-mat.erial (silt, sa.nd) is ,%., I. 1, 
sufficient to avoi pollution (yet, of couzse, by their'very . ,'. 
excavation latrines remove 2 - 3 m of the unsaturated zone, and .','/ 
alternating If? in any given locality, the- soil, :, -.-, 
and hydrogeological con,ditions -are such that" groundmater pollution ,from.VIP . .: ..,,, 

L 

1 . 

4 

lair'ines will 

(a> 

(b) 

occur, three questions should be .posed and answered: +- ' 
; <a . . . 'vi . . 

Does it matter if the groundwater'is polluted? If the .' 
groundwater is not being used as a source of supply (fo; ,' E .' 
example', via shallow wells), thenits pollution i$ unimportant; ."- " 
it is better to have fecal pollution of the groundwater than . 
fecal pollution of the soil immediately-adjacent to people's 
houses which would result from an absence of sanitation .Y 1 

facilities and which would c-ause extensive trans.mission of' 
Z' /1'~ 

fecally-related diseases; '. . 1 -. j 
i -, 

If the groundwater is being used as a source for supply, isit 
possible to modify the designof'the latirine so that .the 
groundwater is 385, polluted or the extent of pollution is ' 

,.-,,.; 

BcceptabLy*low?- The use of a slpa!llow twin-pit VIP latrine,*', 
rather than a deep:.single-pit latrine, may leave-a suf.fiw : 
depth in the unsaturated zone. Alternatively, a raised VIP \' 
latrine, which is p,kovided with an :"artificial': umsaFurated zone‘:' ,,* 

, of fine sand (less 'than 1 mm) to d [dep,tli of at, least ,800 mm.may : :. 
aileviate'the 'pollution to an acceptab&-level (Figdrq 19); : 

I,' ,. 
.,. .: 

(c) If' the'groundwater ‘is being used as a .source of "supply, 
.i, :;' 

but it. 
is not 'possible to adopt theSsolutions indicated in (b)'above;- ' : 

L .__~ ~_--~~~-~~-~VIP,-lat~i~~(or any other f'oi-m of o+si'te 8. 
sanitation) and supply water fro'm elsewhere? In most casesthe 
answer will be off'sit,e water .is . 
much less. expensive sanitation and on-site " *J , : 
water.' ly the water from;.the same : 

3 aquifer' but via a: .od' 'system, and pub1i.c ,.,t: ;. '. '. '! . . 
standpipes, based sit,ed'&ufficient 7 :;:s ,.,,,, 
upstream of the.yatrines that fecal pollutiont_of ,the.su 
either non-existent or accep~tably 'low..' :.T.:: ':'I.: ii II -1, I,-. 

+ c )., '. I,,' _. ., : 
** - Sociocultural factors :' p, 

. ', 
!-.: '. -L!-2.-L&A -<, . A -..2.. '._ 

, 

59. VIP latiines 
-materials are used;, ot 

I 

261 - "Acdeptably low" 
colifbrm count be 

are especially suitable wheA bulky- anal 
her-sanitation technolog$er have.difficulty:'iq' 

C' ,( . __ _~~~.___,_ ..,._ ,.+ . 
:. - /. :[' .: 

is difficult to defineyprecisely. /In'ge.ner$l;~ 
ilow 1.0 perlo ml:may,be'considered reas~na:ble; 

P : :. 
'j' I ;, 7-m .1 . . 
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with such material. However, in areas where water is used for th' 
. 

2v 
purpose, , . 

usually a preferable sanitation opJion is the pour-flush toilet.- 

60. VIP latrines can be designed for eithLer a sitting or a squatting 
5 \ 

defecation posture (paragraph,21). The locally preferred posture 'should be 
ascertained and the latrine designed accordingly. . ..,',~ ,,,,. ~ ,.,, .,,,... 

, 

61. ' In societies where an in-house toilet is prefgrred, VIP latrines can 
still be used. Internal VIP latrines, with access to- the pit from outside the s 

house, have be,en built in Brazil (single-pit version) and Ghana (alternating 
twin-pit version); details may be found in Annex II. 

62. If there is a. local preference or requirement for separate facilities 
for male and female household members, then a design similar to that described 
in paragraph 40 should be adopted; 
households, 

sharing of this facility between, adjacent * - 
to reduce costs,:should be discussed with the community. . i 

DESIGN SELECTION CRITiRIA : 
.. P, 

i 
63. . Given that a VIP I'atrioe of some'type is the most approprikte 

3 , 

sanitation technology for the community under consideration; the designer is 
faced with the question: which type-of VIP latrine is the most suitable? 
This section discusses the selection-criteria through which the designer'can 

, 

answer this question. 'The discussion assumes that all relevant s'ociocultural - 
requirements have been assessed. ! 

64. For convenience, this sectionis divided into two parts: ._ 

Favorable.and Adverse Ground Conditigns. $avorabld ground Condiiions refer 
to: .; 

T 
. 

(a> the soil being sufficiently permeable to pe.rmit infiltration of' 
the liquid fraction of the excreta; 2 , 

(b) the?absence of unpickable rock to the depth to which the pit is 
to be excavated; and 2, / 

cc> the groundwater 'table being sufficiently low so as not to make 

1, - pit excavation and lining unduly difficult and expensive. 
I 

-L-. 
, If these requirements% not all met, 

.a 

described as adverse. 
then the .ground &nditions. are' 

'. 

e; . 
a 

.’ 
. . .b.: 

65. Scnce single-pit VIP latrines of the kind shown in Figure 1 (see page " 
2) usually cost less than any other type, .? the designer @ill normally 3. 

1 8 , .' , ' m '! * - ri li ** _ 
%. 

II 

27/- D.D. Mara; Thg Design of Pour-flush Toilets, TAG Technical Note (in 
. 

- .$ 
prepayation). ,' 

. , . ,.t ‘_ . . 

'. . 



commence by assessing whether a desigri,of this k'nd 4.s feasible.- 
29$ 

28/ .Assuming _.i 
that a.reasonabld"planning horizon is 20 years-, ‘and that a single-pit VIP 
latrine can be expd‘c\ted to last for 10 jyears,JO/.ttie.designer'mu%t determine 

.4 

whether &here is sufficient space available on, each plot.for two pit‘ sites. 
If there‘is; then a single-pit VIP latrine system is normally the sanitation 
option o-f choice. One will be built 'initially and used for the first 10' 
years, after which a:second one'is built‘(re-using as 'much material as I 

. possible from the first). to serve for the .second 10 years. 
' 

'66. However, if'the number'of users of a single-pit latrine is high,(say, i 
more than ,lO), then the required pit volume m‘ay be unacceptably large, 
especially if the solids accumulation rate is high. Under these circumstances . 
the designer should assess the comparative feasibilities:-t hniaal; social '. 

and economic--of the following options: Y . . . 
7 

(a) an‘" vs..'.; 
" alternating single-pit" VIP latrine system;,.,fhis assumes 

that there is space for two sites for single-pits tii,th an 
effective life .of, say, five years; a single-pit VIP'latrine is 

-i 

built initially to,ser\;e fpr the first five years, .after whph a. 
second single-pit latrine% bu'ilt.for; the next five years;'when 
this: becomes full at the ,* " 
excavated"and put back into ' 
at the end of year 15 with the 

t . 

(b) 1 one single-pit VIP latrine 
*every‘3 - 10 years (several ? .; 
emptying frequency should be 
least-cost solution); 1 ., 

cc> : 
\ 

a single-pit VIP Latrine with communal soaktiway 
(paragraphs 42 and 44); and 

<a 

-(d) = an alternating twin-pit YIP latrine which is to'be desludged, ' 
t 

manually or mechanically, every tuo to three yeb+rs. _ ~~. ~-- ., + . , 

MJ Lf skparate,faci.lities for each sex are 
provided. The ensuing discussion assumes, for ease of 
they are not required.' 

29/ After Zd, years (possibly Le~ssj water - 
improved so that other sanitation technologies 

a 
\ 

r :~~ -~- ..- --- ~- 
30/ This is not always possible, 

, 
- d$e to adverse ground conditid&s'or 4 large ' * '.':_' 

,number of user-s. On the other hand, single-pit,VIP latrines may for' ., .( 
20 yedrs, as in Zimbabwe (Annex II).- ' , . . . . 

31/ This solution is likely to have a l&$ present va.Lue't,han the other, 
51. i' 

- 
options as listed below, but it should be discussed'carefully with' the . , ., 1 
community at the design 
clarify responsibilities (e.g., 
to do all the urork involved in latrine relocation?). ' 

.? e 
/ 
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Adverse ground conditi@ris 
s 

67. Low soil per&ability. Lf the soil is.insufflciently permea] 
vip latrines, 9s 

f&. .- _ .; 
then on-s'pte excgeta disposal of any ty e is infeasible- an,d 

off-site, technologies, such 337 as small bore sewerage+- must be tionsidered. 1~ "“ :t. 
7 r 

68. hallo& unpicdble rock. Options (a) through (d) in paxagraph 66 " '. ,,' 
should be evaluated. In\many situations opt,ion (d) - alternating twin-.pit VIP k . . 
latrines - 'will be the choice; . . 'r It 

'- \\, . : : ' ', 

6Y. High groundvateti table. 
groundwater table:. 

.In areas with only a seasonally high ' 
it is generally .gossible to excavate and line the pit . , 

during the dry- season; 
considered 'as favorable 

under these circumstances the ground,conditions may be " ,i, 
and the designer should folloti.the advice given in ,_ 

garagraphb 63 - 66. The o'nly additional design feature, which is necessary in' ,' 
areag where the groundwater table reaches to within.300 .cm of the'ground j_ 
surface, is the raising o'f'the cover!,slab some 300 ,cm" above. ground leve'l 

'(Figure 20). , '. ' D I . * 
, '. 

7U. Ln areas with permanently high gro,undy~;eP.ieve~s.-pit' eticdvation in ' :' 
stable soi.ls may be relativeyiy easy; a portable pump' c+an:b;G used to ,remove . . :. 
water from the pit as excavaition proceeds. ln unstable soils deep e cayation: 2 
may be the use of,,shalL'ow tw$n-alternating VIP latrines, ,, '1 ' *: " 
with a may, often be the only,feasible o,nsite solu@on. 

- 
', , 1 . ..I 

Design examples , 
, i , :' e 

,, . ,. 
71. Design example YL?+ 
being designed. 

A\\ new 'communal village for 2O>c) hdusehofds is 
Each household comprises eight people and is to rece,ive a 

large plot measuring 30 m x 40'\m. Ground conditions are.favorab,le (the soil,'!'. 
is a-silty sand) ahd the groundpater table is 10 m below the surface, The / ', 
water supply is from communal wells and hydrogeological inv@ti.gations have-:F?' 
shown that the groundwater poll 

‘4 
tion h,azard is low. Cement: reinforcing steel.' 'I', 

-and. locally burnt bhicks'are readily available at reasonable .cost.' 
experi 

Local i -:_ 

5 
nce indicates that solidstaccumulate,in pit,,latr,inesi"~~' a rate-of' "I .' +' 

Ll.03 rn: per perso'n per year. . 
, 6 \ 

. , 
- .I 

72. 
\ 

Solution.. Single VIP l'aqrines are clearly, the sanitation op&on 'of " I,' 

with the villagers, the 

33/ K.J. Otis and D.D. Mara, The;Desi - 
Note (in preparation).' - 

. . 
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, V = PSN 
L' 

*where P = number of users (here 8) l a 

. 

S = solids accumulation rat,e (here 0.03 ' 
m3/person/yetir) 

F r . _ - I /' 
i N = pit design life, years 

For N = 10 years, V = 2.4 m3. Thus, for a 1.2 m diameter pit, 
the effective depth is (4V/nd2),-= 2.1 m; so, allowing'0.4 m 

-for the free space, the total depth of excavation is 2.5.m. 
, 

( This is per&ctly acceptable, so the design is adopted: the pit 
I‘, dimensions tire 1.2 m dia. x 2.5 m deep. The soil is unstable and 

so the pit must be lined in open-joint brickwork. : 

(b.) Superstructure design. A brick design, including a brick vent , 

pipe, is cle$rly the obvious~ solution. The designer needs,to ., 
determine whether a round or "square" spiral\design is' *., 
acceptable; if a,Uoor is required; if a pedestal seat'or squat- ; I - 
hole is preferred; if the superstructure is to.be l$rge enough 
to permit "bucket-showers" to be taken in it; and whether a . ., 
simple thatched roof is feasible (several examples pf.. 

'superstructure design are given in Annex II). Provision'must be 

I 

made for the supply of sufficient flyscreens, preferably of 
stainless steel. '! 

73. Design example f2. A loy-cost "sites and services': scheme is being 
% ,,/ 
,A -.I. 

developed for 1000 households in an urban peripheral area. Each househoLd /: : 
comprises six people and the plot srze is ,I0 x 15 m. G,round conditions ar??------. .. 
adverse; as the.groundwater' table is permanently 1.5 m below the surface; ** ,s,** --y 

although there is no unpickab-le rock and the soil is sufficien$y permeabJ& L : 
The water supply is from,pubiic standpcpes connected to .the city's 

.T' 

reticulation s3stem.t There is no,shortage of good b ilding materials. 
Y 

-ihe 
local solids accumulation rate is known to be OF,06 m ,per person per year. 

/ ' .: i 
74. saltion. Alternating twin-pit VIP latrines aire likely to,be then 

7 
'~ 

most appropriate sanitation opti,on, since the plot size is small. The,main ,' * ,"' 
design problem is to calculate the size of each pit; the :$uperstnicture. design' ,' 
procedure essentially follows~ that described above for des:ign example #I.' .L /r 

6 .'% . -/ 
75. ' The effective volume of each pit'(V, m3.)'is given by:-"' 

'$- *. *. I ,j ~- ,:. : . _.I. 
- I .,: 

V = PSN t ,;. 

Thus for N = 3 years; V = 1.08 m3.* 
, ~ . 

cross-sectional area is 1.44 m2.* 
For an effective depth of 0.75'm, the pit. 

Thus the $rt could be,,l,.2 m-square or, say'; : ."_ 

lm x 'I.5 m; the 1,atter option is likely to &&id' to an 'byerail ‘design wi,th 
easier access for desludging. 

,.I ~-~"~~:~ * ..' 
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internal dimensions of each pitLare.1 ,m x 1.5 m x '1,.25 m. OThe pit $&t& 
(1.25 m) is less than 1.5 m--the positjon of the grbundwater table--so ?&tie ,i~t 
will be dry and construction straightforward. 

/ '\ '. 
/ , '. 
\ ..,i.* _......, "... I 3 

76. The desl.ydging interval of three years leads to the requirement for'a "-' *.. 
vacuum tan,ker for only six montns every t'hiKd year (this, assumes 'that 10 pits., 
can be emptied each day and cnat 

',Thu$ one tanker wouLd be a 
re are 200 tanker-working days per 

year). e to service 6000 'alternating.tw.in-pit* 1 .-? 
latrines -of the a.bove size. Sinc.e a 500c)-litre vacuum tanker costs around US$ . . . . 
61),0&I '(c.i;f.), *its bapital cost per household served is. only some U$$ 10; : I.1 
Even assuming a tanker life of,only three years and operation and maintenance ' ' 
costs as 'high' as USS &I,000 per tanker per year, total c'osts to each 

':I 

householder for servicing his latri& would be only US$ 8 per year. 
./. 
" r 

, _- I , aimi , - _ :- 

77. Two types of costs are used in the,evaluation of VI2 
‘ - other sanitation systems. They ge economic costs.and 

ticonomic cost is the cost.that is borne by a count=ry 'OK a,community as a L ^, 
. whole. Lt measures$the valde of'all resources used up by a sanitation*project- 

.! 
1 . ,. 

such as land, labor and capita_l; whether a cash outlay is invoLvec--or-not; It 
is used for making a least-cost comparison among alternative technologies. 
The economically favored technology*is. deemed to be the one which yields full' 
benefits at the lowest economic COS~L. : 

j I. 
.* ,- l î 

/' 18. E,conomic costs have two',Gomponents: 4 investment ca,st and recurrent. '* '. 
/,I costs. Lath component should. 'be expressed in a way that reflects its 'real ., 

\ roaportunity cost to the economy; this qillrnormally 'involve sha$ow pricing 'of 
inputs such as labor and foreign exchange. 
recurrent costs Should then be converted, 

The: stream of investment and ,,. 
nsjng a discount rate reflectisg the W- 

. opportunity cost of capital, into a total annual cost per h'ouseho;Zl (TACH).‘ 
The techniques for this form of the scope 'this'paper 
but are covered in any standard text on economic analysis b projects.- 341 

73. Financial costs are the sum of investment and rec'urrent costs, - . 
*. 

without any adjustment to reflect economic considerations.. They arerelevant . 
in selecting a technology which the consumer can*affo?d. 'The finan&al b&Pen ,; ,:s'-( 
on the individual consumer.will be heavily influenced by *the locar condition&, 
for each proJ/ect: for example., 

,' : 
the loan/grant mix used to"make‘ the ,,n%fi'al ~ ,'. ",, 

investment more affordable (including hidden *subsidies in below<mati et: c , 'b, ,'I L' ,. 
:I m interest rates on loans),ithe extent of 'community'.parfzi2ipation;~‘a&d the use I"' '., 

of local materials produced by the consumers .themse.Lvg$I' The 'design df 'the, "( 'I ., .,:,.* 
project financing and cost recovery system& should be directed toviardg-shaking.. -\, ,.'L 
the economically-aptima1 selution'affordable by L$'nsumers,,,both in terms of ';. ,'. ..' - '/'- the firoportion of their-casninco'mes which they dan reasonably be.expected to, 
spend on sanitation and of the selfrhelp or othet-in&Fs &sumed,'i&the" .' ', ',' " : '!+ " ':I i 

-project. design. " ' ,Y' ' % ' : 
: r. . 

_. ,, =. ,/,(' > ', 
J ,/ ,, 

- I ..'._~.. .,_.~, ',' 

34/' See also John Iy'. Kalbermatten et al- 
,+, ,' 
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- 80. One major component of saditation project 'costs which is often 
omitted'in cost analysis is institutional and 'project delivery: oos_t. This 

'includes the cost of such 'activities as community mobilizatioqand 
information d'issemination, 

3 ' :: 
development, training and financial delivery; it .. 
also includes monitoring a d evaluation aqd tefhnology delivery activities h ;*"# ,i 6 
such as logistic support any -engineering sutiervision. The institutional and =Y, ,'_ 
project delivery cost may const'i,tute 15 to 50% of the total cost'of a. ~ 

c sanitation project,. It is there&&e an important cost component, and it must" y* 

not be ignored., In the absence 0.7 adequate information,, the inst&utional and 

/ delivery, cost may be assumed.to be,30% of the total cost of a project, or' 
about 45% of the sum of material abd labor costs. .~- -,;. . 

/ . *. ;, . 

81. . 
.: / 

Table 1 gives investment costs of five-user VIP latrines from two 
countries. Excluding institutionals'costs, the range of cost is from US$115 to. 
IJSS167.. The cost range .becomes US$l6,4 to US$240 when institutionalcosts are 
estimated snd included. A breakdown of material and labor cos&@is given iti 
Annex III for rural and urban VIP lat&.nes.in Zimbabwe. The. costs are seen to + 
range from LJSS70 to USS245 depending,upon'the nature of the settlement (rura' ,i 

', 

or urban)', soil stability and choice of construction material& The cost of ' 
VIP latrines relative to the cost ,of conventional sewerage varies from one 
country to-another. In a recent World Bank study, the mean value of the total 0 

annual cost: per household (TACH) for sewerage was found to be about 13 times 
higher that-it 'was for the VIP latrine, as Table 2 shows. 'Uowever, in "," ' 

!'. 

Botswana the TACH of conventional sewerage was found to be only two and.a'half, 
times the TACR of the VIP latrine. It may be noted that the)'TACH for sewerage ' 
in Botswana was found to be the lowest of'eight sewerage systems studied ins 
th,e World Bank research project; 'the highest value of TACH, $641;30, was found.! > *',.;: 
in Kyoto, Japan, comparedwo $142.2 found in Gaborone, Botswana. . 1 ,- -'..A& $ ', 

i . 

. ’ 
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TABLE 2 II , ( i' 

AVERAGE ANN&XL IEjVFSTMENT AND RECURi& COSTS ? 
.*, ' _ __. 

PER HOUSEHO&D FOR VIP LATRINES AND CONVENTIO& SE'WEuGc/ """ 

‘L ., (1978 US Dollars) . - I ' a ., 

. 

,' 
-. 

. 

L ObserGations Mean- inves'tment - Re,current * ,,-_,. 
.Technology (number) TACH cost cost 

\ w 
-' . . 

'\ b '--....___ 
VIP lat&nes 7 35.0, 31.3 .: ' ' ._ .: 3.7. 

i 

n 

Sewerage 8 '* 400.3 , * 269.9 130.4 .. * 

c -’ 

. -. 
351 Ba$ed or;: -. John M. Kalbermatten, et al.: Appropriate' Technology fo.r%ater 

.Supply and Sanitation: 'technical and Economic Op,tions-" World Bank.. Debember, ,: 
1982. i L x '\ ., . 
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ANNEX I 
0 Page 1 , 

SOIL STABILITY CRITERIA " 
'3 / _:. . . /' _a-' 

c ,_' 
/ 1 * .- ,' 

1. This Annex describes three alternative simple field tests for ' a . 
soil-stability, on the results of which the designer of VIP latrines can 7 
decide whether a pit needs to be fully lined, 
above, 

as described "in paragraph 18 
or not. 

. 

Test A 
c L 

2. ,' This is 'the simplest test. Soil samples are taken by hand-. 
auguring; one sample.should be'taken every 50 cm to a depth of 3 m.. iE+A. _ 

sample is then .hand-rolled ‘to form a rough cyldnder of approximately 2 cm 
diameter .and 5 cm long. After sun-drying for two days or, preferably, oven- _ 
drying for two hours at lOO'C, the sample is. gently crushed between one's 
thumb and fingers. Unstable (cohesionless) soils crush easily, whereas stable 
(cohesive) soils do not. 5his test requires som$ e%perience, and it is 
therefore a good idea to practise the test on soils of known particle size 

t distribution and undrained shear strength. r 
Y 

Test B : 
; . . 

3. Thi 
9/ 

is the standard soil mechanics measurement. of p-article size 
distribution- . A soil can be considered stable- if it contains.more than 3 
30 per cent clay (< 0.002 mm). It is simpler to measure t%e combined-sand and 
‘silt fragtion (> 0.002 mm) which. should not?herefore.exceed 70 per cent.' 

2' 
TestC 

e ac 

1 

4. This test is the measurement of the undrained shear strength of ,.; 
soil samples and is thus applicable only to cohesive soil 
field by the standard soil mechanics vane tes 

5 
82 

ft is done. in.the 
procedure.- Soils with an 

undrained shear strength of less than 15 kN/m are*unlikely.to he able ta .' D 
support normal superstructure and coverslab loads (which may exce.edn20 kN). ' ' 1 
As a reasonable precaution pits excavated in soils‘with an- undrained shear ' 
strength of less than 20 kN/m2 should be fully lined. .' 

~ 
'. : 

? 1 
1 -s " I' a I( 

h . ,: & 
- 

F 
, 

I 9 . . . 

l! --* This is described in; for example, British.Standard BS 2004:;972.’ 
, 
',. ,:. ] :..-,- 

:* : * *. '. ." 

‘. 
'_ I 
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ANNEX II 

3 

CBSE STUDIES; - 
* . 

1. This Annex briefly describes some VlP,latrine types, that h ve- 
17 

8 
been constructed in Zimbabwe, Botswana, Tanzania, Ghana and Brazil-.. Full 
design details can be found in the references quoted herein. i 

:i , 
A. ZIMBABWE 

'Pole and dagga" design 3 1 
, 1 

2. - These are single-pit VIP latrines made almost entirely. out of 
local materials and are especially suitable ,for rural areas (Figure 11:l). The? 1 
pit dimensions are 1.5 m x U.6 m x 3 m. Once the pit has..been excavated', the 
cover slab is formed. This is done by placing two logs, measuring 2.1 to' 
2.3 'm long and approximately 100 mm in diameter, albng the pit 300 mm apart, 
so that their upper surface is flush with ground level. Logs me&uring 1.2 m ‘-I 
long and roughly 1W mm in diameter are then placed across the longitudinal 

~ 

logs without gaps and nailed or tied to them; apertur-es for'the vent pipe'and 
squat-hole are'left by using pairs of shorter logs which come to the inner I 

edge of the longitudinal logs. The wooden logs used should be resistant to 
termite and fungal attack; in.Zimbabwe mopane (Colophospermu'm mopane) and 
mususu (Terminalia sericea) dre commonly used. 

. 
3. Once the logs are ,in position, the superstructure is then built. 
Some JO to 41) timber poles, 1.8. m long and 51) to 80 mm in diameter, are 
erected in a spiral shape, nailed to the coverslab and tied together with ' 
wire. The lower ends of some of the poles should be roughly cut to a.point so. ' 
that 'they may be firmly wedged' between and nailed to the coverslab logs. 

I 
The 

upper sections of the poles are kept in-placeby fastening rings of gr>en 
saplings around them. The roof is then'made from g s ,,about ~O/mn,in, 
.diameter which are pliable and can be. easily shapeX .desired circu'lar D 
form. The diameter of the roof base is 2 m and Iits: 

The roof is made by weaving add,tying 
hCA.3 m abo$e the- plane ~ 

.)kong"g& 'poles.. of the base. 
between fLve circles of green saplings 225,mm'ap:art; ~qjy& ,icoqf is then'\ - : 

thatched with straw or tye.;grass and placed ono,a'nd:,tied to. the 1~1 
\ 

superstructure. 'This procedure was adopted as it gs the.tradit$onal? method; \ -*.,- : 
for making roofs in rural Zimbabwe. The thatching. has to- be very dense -to 
keep the superstructure sufficiently dark for good fly contra%. '_ 

. : 
!, Q _____TT.Q-;.-- __~..~,. c- 

1_/ TAG is always'interested in novel VIP latrine designs.' ,Readers with 
information on VU? latrine developments are 
Project Manager at the address given on page 

to wrfte.to the TAG. %. 
1 .. ,,, 

m 

r! . 
"Pole'and dagga" is the local term for mud and rjattle';, dagga is soil taken-‘ 
from-termite hills. 0 . .'I _ ._ . 3 -- -, 1-3. CI 

, 
# : . i, . -~ I_ 2~ , ,:- . ,' 

, _. , * : :. 
e? *o ~ . _ I- A . . *' 

% L 1' 
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. 
4. -' Once tne superstructure and roof is 
mud begins; in Zimbabwe traditional practice 
soil from the ground but from.termite,hills 
adhesive properties and; greater durability, 
plastered with mud, both inside,and outside& 
plastered'with mud so that the floor slopes 
hole. As the mud dries, cracks appear.and 
again to fill these cracks and to provide 
allowed to <dry, out and all surfaces are 
cement mortar (1 part cement, 6,parts. sand). 
with blaok bitumastic paint.- ,o ;,. 

~ 
5. The vent .pipe is constructed from a 2.4."m~x,Q.9 m!mat of -al : i,r.' ',.. ,,.' 
reeds woven with string or wire. The mat 'is rolled up arougd~l-four.or.five ..--. i 
280 mm diameter ring&' of green saplings to form,a vent ,pipelof approximately -.,ij -'1 $:' 
2&I mm internal diameter, and the flyscreen is wired on the.1 one end: The:vent, 1' '~:~ 
pipe is then plastered around half its circumference with.cement mortar;.when ;' ". ;.. 
Ohis has dried it is placed in position and&ied to the'$uperstructure; and: I' '! 

then" the rest of the vent pipe is plastered. c' L I 1 CT.-. 
I , 

6. Finally, the exposed parts of,the coveralab are covered with soil 
which is placed so as to slope gradua:l.l.y away from the .latrine to the ' 
surrounding ground level. Grassl,;Ss then planted to provide protectfon az$i&t- 

,.; 
- _ A-=x 

Referen&: P.K. qo<gan>and D.D;-Mara, Ventilated Imp& 
.-s,.. ,*_ 

Recent Development$‘in Zimbab&e, TAG Working Paper. No.: 
it: L&Tine+: 1 -.. a 

1982.' 
he( World .Bank, .s.': . . -. '* : 

4 -7 
" ; 

: ; I. 
Brick design - :., 

' I . . , 
7. * These are also.single-pit VIP latrines, but made with more"' '. 

'y+y~~ 

permanent building materials (Figure ff:2) 
.,': 

'The pit', dimensions,' are i.2 m ,(,. ,', -=.\ 

-diameter x.3 m depth; in st"bIe. ~011s ~?~hep;it' is .lined, 
y-, 

R 

-.-- .-- .;7L-,.---- 
with- cement mortar ..' 

(1 part cement, 8 parts sa d), or in, open-jo&ntl bri&kwork irr'unstable s,o$ls+. ' 
,.. 

A circular collar of bricks ‘is Laid $'n cement mortar around‘the,.pit ;' : :[. ' ., 1( 
cir,cumference at ground level. 'Thereinforced concrjete coverslab(1.5 m 

,: 
.' 

diameter x 50,mm thick) is the; mortared on:to the b:r$.ck collar.: 
.' i ._..._ 

.( .,.: 
p 4.; .;I . '. '-_, .' i 

",... .' I . . :; 
8. 

,. :.'.' 
The superstructure is,;built fn a round,-o~,"squarg:,~p~~a~ shape ' ,? /' 

to a height 'of 1.8 m. Only. part of the superstructure is over, the pit;, ..-,:. 
this is done s'o that there is.sufficient~'space .,inside-to',enabJe "-bucket, 

'.L\.? 
'. : 'i '_ /- " The gzrt of thp -s~~eys.~ructu.r'~ -b'&&&~- &e--:eur$&&&& .i~ .:..J l.L 

ground is supported on" a foundation of a ,sin&e' ~.~ur~k'~sfbr~,c~~~-l'aid i,n '*'.'. .' 
cement mortar at right angles to the supe,rstructure,.i "The "inside o'f t,he'$'. .' ': 1 ,: ~ ;.:. 
superstructure is piastered wfth cement- mortar,' to give a smooth! finish .," ":..f:+ -. ‘ ,- ;)? I- "“ ; . ..- ~..,- -.- .-...- ,.a-!.. ._..., I ,.,... .T ,;. (, 'i,,, ., ,' 4, .; ,,', 

9. 'The roqf is made 
in place and a brick step (to 
entrance, soil is used to'* raise 

I 
./ 

' . 
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Figureh II:~ 
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* Brick- spiral PIP latrine (Zimbabwe). 
‘, .~ , ,_... 1.-.., 
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superstructure-..fo'that of thecoverslab. When ,this -has been well compacted by L I. 
,.tamping, cement ;Ilortar (1 part cement," 3 parts sand) is 1aid"bver the ' 
compacted soil and the“&yslab to a sufficient depth so'that" the latrine'. .l 
floor slopes towards the squ&?hqle all round. The vent.Pipe is made in 
brickwork using the superstructu,re>s-ens side of it and is built six,.courses‘ ' 
higher; and its internal dimensions are“290-..~ square. Alternatively,.. 
commercially available PVC vent pipes (110 mm Xameber') u&y be, used. The fly- ' 
screen is-stainless steel mesh. ;.. ‘? < 

. . --\ L<. ..---r~~ foci- ~-~~--- ~~~.-.- - ~~ --- 

PIR, Morgan and D.D. 
I--- _ 

Reference: Mara, Ventilated I&roved Pi<Lves: ~ ', 
Zimbabwean Brick Designs, TAG Discussion Paper, TAGI\DP/Ol. -. _ j ‘L.X..S. .‘\ 

1, -.. 

- 

” 
/ 

\ 
,, -- 

_. _ -_ 

Alternating twin-pit des,tgn I/ : 
'.. . . . _l^,l ,,. 

10. ' Alternating twin-pit' V-U latrines (Figu-re If:3)-- arewidely 'used ik ' : __, 
urban Botswana, where they are generally known as * "Revised'Earth Closet Typ&, 'C-S--. ,* 
II (REC II) latrines-. Each pit (internal dimensions4 1.25 m x 3.7 m x 
1,25 m) is lined in-open--j-oint- cone-rcte ~~r~pp~~d~~~~~~~~o~~~ed-------- - 
concrete footings;' a dividing wall in fully mob.tared blockwork is bui$t;at 
mid-length and is similarly supported. The reinforced concrete coversltib 

‘(80 mm thick<) is made in eight sections: two permanent central sections', each 
i 
i 

with apertures for the vent pipe and pedestal seat;Thich-sx Fp.mt-r-- ..-- . 
superstructure; and six removable sections, three -it each side, to permit . 
desludging. , / 1 ', 

1 -. 
11. The sup&structure is built in blockwork with a sloping roof of " 
corrugated az%bestos cement sup.ported on timber rafters. An outward-opening.': ,. 
door is provided. The vent pipes are 2.5 m lengt,hs-of,llC mm diameter PVC, _ ~ _A--- _ 
pipe- A glass-fiber reinforced plastic,pedestal, seat unit is provided, and 
a concrete cover cap is 'placed over -the ap'erture to the ,pit'not in use. An I 
L-shaped "privacy wall" is often added to the superstru~tureby .the 
householder. -~ ~:- .i ._ - 

T 

f 1 __ > -: -. y ' -1-.--*. _ 
0 / . ;; '9 

Reference: J. van Nostrand and J.G.:.Wilson, me Ventil ited Improved D&le-" 
Pit Latrine: 7 A Construction Hanual for Botswam, TAG.Te,chni~al~~Nq~e.N0.:3. 

'.. ., 
'.. 

Single-pit desigm ,ii,!F"y,' I 
-.. --.- "; -- ---'I -.-' 

12. Various, single-pit VIP latrine designs 'are usedin rurhl Botswana. ~' 
. . Sh42~44TS&i~S slW11t: Zi* wns4&%&Xon'A above. 

Here a design suitable for use in stable soils!,is described (Figure 11:4).' .- '- 

13. Before the 'pit is excavated a rectanguilar &&ete rin.g beam (1.8 m ' 
x 1.25 m overall) is cast in a trench measuring 125.mm wide and 75 mm deep;. 
the top of the ring beam is 50 mm above ground levei, and,'it is reinf'orce‘d by‘: 

,,,.', 

1 n - Ldl 0 mlu rer mild st~eel bar. After the ring beam has been _ I_ 
A __ --I_ -- _ --~~ ~-. .~ 

$.-'-- 
8 '- '. _ _' ~____ - ~~~- ~-- --- 

. .. 3 
t a I ..y-'- 

.:'! .. 
. ; ,. 

I ,: ', .' . ,. 
. /. :. L;. . " J.‘ 

\' * y L1 ",) . , .> _- 6' 1. ., .--I 
I- _' ,,' : L ' ,I ; ,,"I ,,.'I . ', , ' ,. -_ ..- 
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Finure II:4. Rural sinale-pit I&?- l&trine fBdtswana>. 
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> I 

cured for at least three days, the pit is excavated 125 mm within, the ring I 
beam to a depth of 2 m or more; the pit walls slope; inwards at about,l.in,y 
20. The coverslab is made in three reinforced concr,ete se‘ctions: 

I 
rl.y-.c.hI. -.-.. .-mG:-h. h.- ----~~n~-~~~~~~e'~~~~--~~-~~-~a~ se ct 1 on has 

c “~ . p&pf&-kQ&; 
'-' " : 

and the other end-section is removable to 'allow access for i" 
\ . _.' emptying. _I 

1 

14. Thesuperstructure is made in blockwork in! a s,,quare spiral shape. 
. which is partially offset from the coverslab; a foundation of two courses of 1 

blockwork is laid to the level of the coverslab. The.roof is 'made from , 
gorrugated iron or asbestos cement sheets. 
glass-fiber (o , preferably, 

A PVC vent pipe is used with a 
stainless steel) flyscreen. .~ 

c 
- 

t : 1 . 
Reference: J. Gan Nostrand and J.G. Wilson Eural Ventilaked Improved Pit 

' Latrines: A Field Manual for Bohmna, TAG'Technical ‘Ndte!No. 8. 
I__ --T 

1 I 

, 

C. TANmA 

* ‘/ . 
_I 

8 \ e : \, 
15. The single-pit-VIP latrine design shown in Figure'II:'5 l%i" been 

2' 

constructed in several low-income areas of Dar-es Salaam. iIt contains several 
The pit <approxfmately 1.3 m x 1.39 m x 2.5 m) is lined in 

. I 
novel features. 
special blockwork: each block has two rectangular openings in it for. ' 
infiltration, and thus the blockwork has fully mortared joint 
superstructure is'not offset from the pit but.,,to allow acce it- 

The blockwork 
for desludging, 

the central part of the reinforced concrete coverslab-, which contains'the 
squat-Kole;"Ts removable. The vent pipe is built up internally in'one co&er,, I 
of the superstructure from 400 mm square blocks which have a centgal 150 mm D' 
diameter hole. The roof is made from fiber reinforced cement sheets and the 
vent pipe passes through it and projects 400 mm above it. PVC-coated glass- 
fiber .(or, preferably, stainless steel) flyscreens are'used. 

-I =- 
D. GELANA (. 

. .', 

tuin-pi-trd0sign-- ~~ _ .- ~l_.__ , .- t ~- 

?. 
>I 

16, *. 
I/ 

A pilot-scale program in Ghana has shown that At is possible bo I 
convert in-house bucket latrines to in-house alternating twin-pit VIP, \\ 
latrines, thus providing a modern, permanent sanitation facility 
(Figure 11:6). . 

\ 

. '\ 
. 

17. The conversion procedure is as fillows. -Pirat.,--the external?parts of \: 
the twin-pits are exc&ated and lined in open-joint brickwork and t&-dividing 
wall built. .The pits are then extended some 45 'to 60 cm inside the house?--- :* +",.'t 
passing. below&'foundati.on of the house wall; timber is used to support the., . '.' 
foundation during this excavation. The pit lining and div+iding wall are then 
completed and the old bucket latrine access door bricked'up. The reinforced, 
coverslab sections ‘are placed,in position: + . 

f i 
I. ; . . . r -* . . : 

, 1 2 7 . 
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each pit h-as-one section with apertures for the squat-hole md- vent pipe .and, 
depending on the pit size, two or more removable sections to allow.access‘ for - 
desludging.' The pit size depends 'on the number.05 users and is determined as : 

L described in paragraph 13 above: Since thg, internal room is normally small,. 
the lohgitudinal axes of the squat-holes-(or,rin urban areas, .the pedestal '2. 
seats) are located along the diagonals of the room to provide greater ' I 

I. . comfort. The vent pip~es'are 3 m lengths of '150 mm diameter PVC pipe, and they 
are fitted with PVC-coated glass-fiber flysicreens. . . 

f a'. 
_ is : 

t 
. ‘, I 

-18: Ventilated improved pit latrines are a,recent developmeht in Brazil -j 
and currently exist'only at demonstration-scale level. .A single-pit design,, L 
.developed by ‘the\*ateriand Sanitation Company of the State of Mato Gross0 do 
Sul in conjunction 'with TAG-Brazil, is shown in Figure 11:7-, T,he piit-.-...:.-.._.- .-. ._ _^__A 
dimensions are 1.5 m x.1.1 m x 2.5 m,.and the pi? &sLslined in open-joint ; 
brickwork., The reinfor+d concrete coverslab is in three sections: one with i ' 
aperFures for the vent pipe and pedestal seat unit (shown on page 18,. and t'wo 

.a:? r:, 
,<..; 

which are removable to permit access for desludging. The superstructure is 
3.': 

built in brickwork and has a corrugated asbestos cement roof. The vent pipe &* 
' - is a 2.5 m"length of 100 mm diameter-PVC pipe and'is fitted'with a-nylon. r 

flyscreen. The superstructure, which 'is offset from the pit, is large enough 
.(1.6 m x 0.8 m internal) to permit "*bucket shov,ers" to be takenT(at a later 
Stage a shower can be installed); the resulting sullage is drained away to. a -' 
small adjacent soakaway. '. 

. \ J., 
’ . l- 

In-hoyse Sin&-pit desi& '* ' L . 
..& . 

-.- 
i . d 

< s, ' 

area of Peixinhos in.the city of Olinda in> " 
few in-house single'pit XIP latrines have recently been :, ' 

installed (Figure 1X:8). This area has a very high groundwatertable and0 as a 
result only small volume pits ,cou,ld'be'pro$ded, The pits; which 'are lined :,, 

c- i-iw-.-L~rac .._ 
thA mBtimeter~ron~_r_te_ri.ngs to a deptl-i of 1.5 m, are 'built- just out&de ** '. b 

the h&se wall. 
apert;res for bot 
demo1ishe.d for7a 
built,~'wi$h the i 

- coverslab. 
with a nylon fayscreen: To desludge the pit$ the 'vent pipe $s'remove,d and a 

_ -. .lOO mm diameter vacuum hose introduced thkough the vent pipe apertur'e in the ," 
Loverslab; this Works satisfactorii-, as ‘the\pit contents, due.to,the high' ' 
ground@ter ta’blq are very liquid and therefore easy to re'move.," . . *' I I. ,- i 

. \ . .‘._ IS 

Further detaily: Available from the TAG Resident Adviser, PNUd/Banco Mundial. ,' 
Caixa Postal 273, Rio.de Janeiro t : ', 

.' Brazil ZO.COQ. _. . 
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.TABLE 1 - -1 . 1 c 0 ,‘ 
COSTS OF ALTERNATIVE COKFONENTS FOR R?$RA& BRICK ,- . 

-----L-- - 
1. 

l 
. 

0 VIP LsATRJNllS IN iUffbABwir .-. .: 

a :d ' 3 I ' >.- y 
Item No. Descri,ptiok Uixit Rate Qiiantity costlJ . Sub-to&1 - 

1. .(lJSQ) (usgj’ _ (uS$j ' 
. 

I ,. 5 

A. SUBSTKLJCTURE - 
._ 

4, 
(i) Stable Soils . * " .. . 

n 
.-~ -- d-l---- ----Jo-&-- 4x-5- + - 4.75 

P 
oo‘loo 

-7-------, 
m3 (free) JI.3" - 

,'I I 

1000 &SO 30 0.5'7 - 5.32 
,I 

'. 
* 

.p* 

8. 

97 Cement 

Ir 08 River sand, 

_ 09 Keinforcing 

0 -& steel (jmm 
dia.) 

u 
c. SUPEKdTRU~TUKir. 

(i) Round spiral' 
0 

11 R&ver -sand 

12 Bricks * , - 

50 kg. 4.75 1.5 7.13 . 
\ 

3 
a 

m r41 .&free) 0.5" - L.1 J 

1030 d 19.00 0.55. 10.45 17 La a 

9 

50 kg. 4:i5' ' 3.5 - 2.38 

3 
1. . 

m * (frge].-, 0.125 "' Y " 
9 ‘\ * _ _c-__-I_- 

kg- ' O:-i-i( ~ 1::5 ,g ', 0.72 .-3:10." 
' I ' L ! -J. '. . 
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. . .', 
' I, 0 

Item No. iDescription Unit I Rate Quality cost Subtotai - 
(LJSS~~ , ms > *o.Jss) _I , 

9,' .‘ 0 

(ii) Square spiral 
, 

l-3 Cement 

14 River sand 

D 15 Bricks 

. D. LAT&E FLOOR 

. 16 Cement 

17 River sand 

18 Bituminous 
paint 

Is. ROOF 

50 kg. 4.75 

m3' ' -' ,*(free) " 

1000 19.00 

i 
I 

‘i 

50 kg. . 4;,75 

liter 2.28 

, 

(i) Thatch 
L 

19 Thatching grass . 

x 
20 Timber poles s 

(65 mm dia.) , 
1 

, - 

t . 

*. 

. 
8kg , I', , 

: ;Th items * -7.. ese . . 
12 m )are *norm&y 'I '5': 

- d javailabl-&free 
)in rural areas. " 
\ - 

. . ,. 
21 Twine 

, .J ., . 0;s m i ) . .*;. '. 

-A .I-/' 
.^-.-(i - -.. " -G-.-P 

(11) ' Ferrocement for round spiral I 
_-_ -..- _ Tb.--.- 

L . 
. .- I- ..' 0 

22 Cement 50 kg. +- 4.75.' . Ls.5 _- ,2;32 
. 

:-: .* ,: 

* 23 River sand m3 (free) 0 l 1 “‘+ - 2 . ., 

. 
)- 5-, 

:;.- ‘:. y. :.‘_ _- ., _ 

. . .‘( 

24 Chicken wire m * 1,90' ) :- : 1.5" 5,; 20' -, .' 
(40 mm; 1;8m 

,. 2:85 ' ' 
.' * 

wide) i, .') ., , ./ 

_ ., :' ,./' 
(iii) Ferrocement forlsquare 

: , 

/ 
A' 

I ,'_ 
3 *_ " c _1 - 

25 Cement . ',50 k . 

!i 

4.75 ,O'Jj7 : 
‘. 3,& ” . n I , .( (_ ,:. : 

26, River sand. ( m3 
n .') 

(free) o 
'-/ 

0.. 1'. _ 
.A, 

- _ ,.;*. !I ' .' 
. 

ix ' fj 
27, Chicken wire m I ;,', '..-1.90 ,' , ' ,;,i' ::, 

2.85 ', 
, '('as-above) II " -. I 0 _'! ,, '_. . 

i L--..- ___.,- --...">- _. ___ * .__ -._ ---- - _-- ___ ___ +.l-*-~---L.,-- ,;7--rl------ 
L ‘ / . ,' ( . " I 

-i >. / , -’ 

-3 14.25 

-1, - - , 
- 1 

0960 .ll& _ 25.65' . 

c .’ 
,B’ - 

’ 
2.38 il.5 . 

0.1.'. - ,t 
I 

+ ‘ : 
0.5 _ 1."14 3,52 _. 

. 
.i : _.. 

1. ,>’ 

8’ .P.i 
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Item No. Description Unit 'Rate 
i(yss> . . I 

\ / -- 
7-l ~~- . ., _ . 

F : VENT PIPE - / / 
(i) PVC vent pipe, 110 mm.-o.d. (with stainlessbsteel flyscreen) 13.34 

$ 
(ii) PVC ventlpipe, 160 .mm o.d. (with stainless steel, flys'creen) 2; dl.- .' / 

', I I'. . 
(iii) Asbestos cement-vent pipe, 150 mm o-d. (with stainless steel, 24..7q'h. :' a 

I d II flyscreen) 

-~~~ (iv) Hrl'dk~~ttellt-pipe-~;10IK43i)7mn -int+~rna~l-&men&o 
* : 

m) : ,-,_i+- 

', _.. 
28 Cement s&kg. ’ 4.751 d.25 * 1.19 il. 

'" ';c, ' ,. 
/ \ 

G. 

23 River sand l .rn3 . (free) . 0.1 , -“‘ i 1 

- ,_-- '-3 
30 Bricks, ' .lOOO" 19.00 I). 120 &28 I/, .,', ', ., 

* ,- 
j1' Flyscreen No. * 3.80 : 1 4-v *, * (st.ainless . 

i-steel) a, I P _e. ,. .' 
LABOR I . 3' 

Q ., I . . ' . ,, ', 
32 Pit excava- m 2.85 3 ’ 

tion ' 

- Building 33% 
-f (skilled 

labor) 

depth 
1? - 
,man 
day 

Building ' man 
(unskilled , 

labor) 

1. The che_apest option'is anunlined type in ;a stable soi 
r roof on a round spiral sup&structure-Which has a briGI 

. ,. 
2. The most expensive option is ono~,lo~a,ted~.i~ 

3 ?‘ square spiral, a roof made of ferroce 
outer diameter of 160 mm. - It hosts US$ll'& 

d . 
--s- - 
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‘8 ?j , .+ '- 

E .&tr' p,.*;t 
TABLE 2 ,, i,f+* . “i',,:. \ 

\\ ' \ i ,$A. < 

COSTS OF ALTERNATIVE COMPONENTS 
.fA. .* 

FO &f&IN,ES 
..“ , 

' IN ZIMBABWE. - 
! .' _ ~_ .--. < - t . . . 

:. ,.i,, . _ <,;. g$ 
J I,-i*.,. --- _ . . <-. ., * 

1 
Item Nc. Description Unit Rate Ouantitv r 

I. 
s .- I 

.r >*,Y"" . ..i . 
A. SUBSTRUCTURE .. 

?<i> Stable soils ' . - 

01 Cement 

- 02 River sand 

0;, Brick_s 1 

(ii) Unstable soils 

04 Ce'ment 

05 River sand 
06 Bricks .. ' 

B. ,. COVERSLAB * 

07 . Cement 63 .- -\ 
08 River sand 

09 Reinforcing steel (3 mm 

C. SUPERSTRUCTURE 

(i) Round spiral 

10 Cement 

11 River sand 

I12 Bricks 

(ii) Square spiral 

13 Cement 

14 River sand 

15 Bricks 

. 
I;. LATRINE -FLOOR- ~-- 

* 
16 Cement' 

17 River iand 

B 18 Bituminous pa$t : 
-/ I 

i. 

;;O kg 41.28 1.5 6142 '-. 
:, m3 8.55' '0.5 " -4.28 -. c 

L 
1000 85:50 550 47.03 57.73 . 

. 
* / L .,t I 

, 

.iSO kg 4.28" . - 0.5 2.14 
3 / m 

-m . . : 8155 D-125 1;07 ", 

: kg . J&48. ~'1,5 . m-0.72-.. 3 :93 I., 

i I--~ '. .a 
, 9 

\ 

j50 kg 4;28 2.5 ,;10.70 ;:, 
,3 m ... 8.55 0.67 " 5 . 73 \-.- .- ..~ - 

liooo L85.55 '..0.45,0, 38.48 " 54.91 ,! . ..2 

.! $,;1 kg 
,9-' 

4.28,l",i ,'3 

i m3 ' * 8.55 

12.84 (. .: ,;.. 

1 i 8.55 ' " . . 

1000 85.50 0,600 51.30, 7i,es . . 

._ 
50 kg 4.28 0 .!j 

z/ CAsts were converted ' 
J P Qj. 

rom Zimbabre'doflars usi&ay&hangp rtte,c , ,,; ,, 

i . : 
I, ;., ,‘. C,' / ,- :.' 

‘, : 3.t : 
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_. ..: 
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Item No. Description Unit -~ Rate . 
-Q;antitF- ~. . . . . cist- .s;b;oi;l 7 y-1 

‘(uss j (uss) ,. 2 
. 

E. ROOF ~~-I- 
(1) Ferrocement for round spiral 

^ 

s 

.: 

‘, -.. 

c - - ^ 
19 Cement ' 50 kg 4.28 0.5 1 '2.14 

20 River sand 3 m 8.55 0.1 0.86 
21 ) Chicken wire (40 mm; 1.8 m wide) m 1.90 1.5 2.85 5..85. . L 

(ii) Fe&cement for square spiral 
'< 'j ,:,-+z.. I. ,s'7 .; 

b, .t^',. , ,LY '. :. 1 
22 . Cement' . . 50 kg 4.28 +0.67 2.87 " .I 

23 River sand 3 i ‘. m a.55 .O.l , 0.86’ .: * 
do 

24 Chicken wire (as above) m 1.90 1.5 2.85 6.58 
: . 

F VEMT PIPE & '. 
B, i 

,- 
.- I * 

(i) PVC vent pipe, 110 mm o.d. (with stainless steel flysereen) ' 1I5.ZY 

(ii) PVC vent'pipe, 160 mm o.d. (with stainless steel flyscreen) 25 .hS ::: 

(iii) Asbestos cement vent pipe, 15 mm o.d. (with stainless steel flyscreen) 
' / 

24.70' :] 

(iv) Brick vent pipe (230 x 230 mm internal dimensions) ,' 
s 

25 Cement 50 kg 4.28 0.25 1.07 ~ .' * 
26 River sand e m3 

3 
I b 8 ;55' 0.1 _X' '0.86 * ._ .- ~. . 

27 B,ricks 1000: 85.50 0.120 10.26 
28 Flyscreen (stainless steel) -" No. , 3.80. 1 3 .8,0 15.99, ', 

G. ' 
. 

LABOR * 
29 PEt excavation ; m depth 3.80 3 11.40 ~, ,,. 

3.0. BuiZding~,latrinel(skilled labor) man/day 9.50 3' ., i'-F‘-,-. , * 28.50. ,. ,' " __-. ,-,- ___'... _ -!L 
~ 31> Buildi ng la.trine (unskilled labor) man/day > ,_ ,‘4.75.11' .' 3 14.25 54 .+ls :: :' 

.c --.{ . , _ ~. _-...--.---I.' -----, 
;" ,\~ , : '5 *' .~ -- 

p. -. I '1. :: _.. . * 
KOTES - - 

'% ', 
.- !. ' ?; I 1 ( 

. 1 - 
\<\ 

: " ._. ,,' .L ,," ,.- ,<': 
-. ., ' 

The cheapest op'tion costs~USS-145.95. ,' 
I :t 

1. 
i - structures with ferrbcement 

P 

2. .The*highes$ cost option cost{ 
square spifal superstructurea, 
screened vents of'160 mm;outer 
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