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This Techniéal Note by D. Duncan Mara develope—a»genefal a R&oaehﬁto
the design of ventilated improved pit (VIP) latrines, based on TAG'S ' repent
experience.in Botswana, Brazil, Ghana, Kenya, Lesotho, Tanzania and :
Zimbabwe. Further details of country-specific designs (currently‘for

.Botswana, TanZania and Zimbabwe) are given in other Technical Notes in this
series. b y
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This paper is one of a series of informal Technical Notes prepared by

TAG on various aspects: of water supply and sanitation progrédms in developing.
gountries. The initial ewphasis of TAG was on the promotion of policy shifts

f 8E high-gost to low-cost on-site sanitation technologies. This Emphasis is,
" now being progressively “directed to a focus on institutional. development for
on—site low-cost sanitation program ‘delivery, . - .

» “This note was: originally pr ared as an JAnternal discussion

document., Ifs wide distribution does@not imply’ endorsement by the sector’
agencies, gowernment, or donor agencies concerned with programs, nor by the
World Bank orathe United Nations Development Programme.

TAG is interested in receiving comments and suggestiohs -on the’ paper,
and, in particular, information on costs of technology, delivery and support
systems, and generally, information on experience in program implementation.
All communication should be addressed to the Project Manager,  UNDP Project
INT /81 /047, Water Supply and’ Urbin Development Department, The Norld Bank,

1818 H. Street, NW. Washington, DC 20433,

.
= . R :

L Richard N. Middleton
. Project Manager

*/ TAG: Technology Advisory Group established under the United Nations

J-ﬂ!

Development Programme Global Project’ GLO/?B/OOG (renumbered on January 1,

1982; now UNDP Interregiofal Project INT/81/047: “Development  and --ff,h;i‘

Implementation of Low—costlSanitation Investment Projects"), executed by
the world Bank._
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supplies and” sanitation faeilities are typically absent. Exereta control {s’

thus of paramount*ﬁﬁpqrtance if the incidence of qhesT diseases 1is *to be* '

reduced. Recent research sponsored by the World Bank—' has clearly shown that
——excreta-related diseases can be greatly reduced by : .

the proviaieﬂs of sanitary tollets, of whatever type, which.
people o all ages will use and keep clean; . : .
- (b)- the effective treatmént of excreta or sewage prior to discharge
R or reusej |
. ) (¢} the provision of an adequate water s"pp v so that water -

uace
consumption is in the region of 30.to 50 liters per capita per
day; which is normally the winimum Tequirement ‘for the control
of those éwcreta-related infections which have a watér—washed

mode of transmission, and
T

(d) an effeetive and sustained program of personal hygiene education
by the responsible local authority. _ . K

2. Economic and financial constraints dictate-that the water supply-
and sanitation technologies to be used for, the control of excreta-related -
diseases in low—income communities must be affordable by these communities,.
these technologies must therefore have low capital and:operating costs. In
rural areas and urban areas up to a ‘population density of around 300 persons
per hectare, the least-cost technically feasible sanitation technology will
often -be -the ventilated improved pit (VIP) latrine (Figure 1). It is- the f
purpose of this Technical Note to discuss general design criteria ks %ﬁf
latrines and to review recent developments in VIP latrine design. )
.F "

VENTILATED IMPROVED PIT LATRINES Rt Aﬁ‘h

General Descriﬁtion
3. Traditional {unventilated) pit latrines are a very commori

- sanitation facility in many developing countries. They have however: twq
setlous disadvantages: generally they have ‘a bad smell, as well as
substantial numbers of flies and other disease—earrying insects. breediné in .

that pit collapses are common. These disadvantages are substantially reduced
in VIP latrines, which have been found to be socially very well acCepted in
those countries where they have been installed. ' .

4
1

e

;* .

= . . ‘.

1[ R.G. Feachem, D.J. Bradley, H. Garelick and D—D. Mara (1983) Sanitatiou
and Disease: Health Aspects of Excreta and ﬂastewater‘unnage-ent. '
Chicheater._ .John Wiley. : :

»

them. Additionally, they are all too often poorly’ construeted with the result"
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~4. . A VIP latrine differs from a traditional.plt 1atrine in tha; it s

has a tall vertical vent -pipe whie¢h has a flyscreén fitted at its top. The
vent pipe is responsible for both, odor and fly control, as explained in

paragraphs 6 and 7, belbw. S '. & ¢ : I : RN
S. - 'There are two basic types of VIP latrine: the single~pit latrine .
and onhe with two pits, known &s the alternating"VIP latripne. The latter’ .. .

"(@escribed in paragraphs 45-52) is designed for the removal of-the pit
coatents at regular intervals of two to three years; it is’a permanent, .
sanitation facillty whlch is especially suitable for use in medium den51ty
urban areas.

Odor control - _ C o . S
6. Fieldwork recently done in Botswana aund Zlmbabwegf has shown

. that the principal mechanism inducing ventilatiom in VIP latrines is the
action of the wind blowing 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’ strqu circularion of air from outside the latrine, through the
superstructure and squat-hole, and up and out of the 'vent pipe. Thus, any
odors emanating from the fecal material io the pit are exhausted via the vemt
‘pipe, and not via ;he squat-hole into the superstructure which, as a result,
remains odor-frea— If the. superstructure openings (doorwaih,,etc.) face -
into the prevailing wind, the resulting increased air pressure within the - -
superstructuge increases the flow of air up the veat pipe and thus also.helps
to control odors in the latrine; the latrine should therefore be designed so
that any .openings face into the prevailing wind. Recommended vent pipe

dimensions are dlscussed in paragraphle? 38.- . . .
B . . i ‘a : i
Insect coutrol . 5 ' . . _ ..
7. Flies. The vent pipe controlszflies in VIP latrines in two ) '

" ways. Firsgly, 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
the vent pipe as that is the point from: which the odors emerge; but they are-
prevented from entering by the flyscreen. Secondly,.although a féw flies may
enter the pit via the superstructure and squat—hgle and lay their eggs in the

' . . X
-0 . ] . . . s A

2/ B.&. Ryan and D.D. Mara, Pit Latrine Ventilhtion: Field-lnvestigation-
Merhodology, TAG Technical Note No. 4; and Ventilated Improved Pit .
Latrines: Vent Pipe Desigi Guidelines, TAG|Technical Note No. 6.

' . l L . o

3/ An earlier explanation for the cause of veﬁ&ilation was that the vent pipe:

’ absorbed heat from the sun and transferred gsome of this energy to-the air a
inside the vent pipe, which consequently became less densé’ 'than the
outside air immediately above ity it therefore rose out of the vent- pipe
and was replaced by air below, so establishing the air circulation pattern -
described above. The fieldwork done in Botswana and Zimbabwe sliowed: “that —
the shearing action of the wind and its direction relative Lo any openings B R
(doorways, etc.) ip the superstructure were ﬁuch more important than the =~ L7
absorption of solar energy,_expept under very low wind conditions (see" AR
paragraphs 26 - 38). : : S
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p1t, the’ uewly—emergent adult flies eventually resulting from these eggs Fly
- imstinctively in the directfon of the ‘brightest.light; provided that the
superstructure is reasonably well>shaded, the brightest light seed by the
filies is that at the tép of the.vent pipe:~ the. .flies thus fly up th “vent
pipe but their escape is preventea1by the flyscreens. Fly control is;very
effective: in'a 78-d monitoring period in Zimbabwe, only 146 flles were - -
caught escaping from a VIP latrime, whereas 13, 2?3 were caught from an L e
unvented, but otherwisex}dentical pig latrine.2 . a'

\ L
. ) -
1 .

; |

-

-~

‘ 8, _. Thus the screened vent pipe has three iosoitant roles in the
'successful performance of VIP. latrines

v (a)  ic eliminates fecal odors in the superstructuré -

~

(b} 1t prevents most flies from entering the pit; and

[}

(c) 1t prevents thdse fl1es bred in the plt from escaplng.

B Mosquitoes. Culicine - mosqoltoes, which ‘are the major nuisa ce
(biting) wmosquitoes in the urban tropics and in many countries also the vector
of Bancroftian filariasis, breed in wet pit ‘latrinés-~-that is, pits hich )
extend below the groundwater table. Newly—emergent mosquitoes are not so - . .
attracted to light as ‘are flies, and therefore not all of them will fry to '
ascape via the vent pipe' anglwill leave via the squat—hole, even if the. .
superstructure is well shade Several substances which kill mosgquito -
larvae can be added to the pit; for. example,; kerosene, used engine 0il or .
chemical larvicides. An alternative is to place a mosquito trap (Figure 2)
over the squat-hole.  This 2?3 bgen found to be very effective in field trials
in Dar es Salaam {(TanZanla)~Y ;. householders were keen to use them orice they.
saw how many mosquitoes were being oaught in the traps -and thew noticed as a
result far fewer mosquitoes in their houses. :

1

Gomonent parta _ T
[ B el v
10, Both single-pit and alternating twin—pit VIP latrines consist of the )
same basic component parts (Figure l: see page 2): o :

4/ P.R. Morgan (19?6) Tbe‘ﬁit latrine - revived. Central African Joornal N
of Medicine, 23, 1-4. o gy ST _ 'f T

C.F'. Curtis and P.M. Hawkins (1982) Entonological Studies of Unrsine e
Sanitation Systems in Botswana and Tanzania. 'Transactions of thetRoyal ST
Society of Tropical Medicine and. Hygiene, 76 €1), 99 108. o

,""'-..

6/ C.F. Curtis (1981). Inse.ét l'rapa for Pil: Latrines,. Mosquito H.ews, 40 R
(4), 626-628, _ _ -

Ry
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_ SINGLE-PYT VIP LA;I'RINES

(a) the pit; : _
(b) the cover slab and its foundatlon' e
{(c) “the superstructure; and -
e (d) thexscreened vent plpe. , . ff _ -

There are minor design dlfferences between the components for each typd'of VIP N
latrine, but the basic principles remain the same. The component parts ;and- \,ﬁ“

their design requirements are first described for 'single-pit VIP latrineq, .
specific differences for alternating twin-pit latrines are described in s e
paragraphs 45 52, . % o SN

Pit functions and design - . ] ' .f o . %;

{1. Excreta are deposited directly into the pit, which has two essential \ s
functions: _ . . o _ .
: . 1 T )
(a) the liquid fraction of the exéreta.(mainly urime), together with -
’ the small amount of water that.enters the pit- from cleaning the .
cover slab, infiltrates'into the surrounding soil; this may give ~
rise to problems in s6ils which are not sufficiently permeable o
or which become unstable when saturated, and may also cause

groundwater pollution (see paragraphs 15, 16 and .58);. and

(b) ,the fecal solids’ in the excreta are digested anaerobically by .
- baeterlal activity ~ this results in the production of (i) gases
‘such ‘as methane,” carbon dioxide -and hydrogen sulphide which are
exhausted from the pit via the vent pipe; and (i1} soluble :
compounds which are either further oxidized in the-pit or are .
carried into the surround1ng soil by Ehe infiltrating llquid _
fraction. . , \ 1 . : |
] ' . o oL E A
12. - The anaeroblc digestion of the fecal solids,'which proceeds rapidly =~ ' .
at tropical temperatures, does not however remove all of the solids., Some:
tompounds are biodegraded only very slowly; as a result there is a gradual:
accumslation of solids in the pit,. although the rate of solids accumulation is
much smaller than the rate of excreta addition,- Id dry pits (those that:-.do
not extend below the grgundwater table) the solids acecumulation rate varies- )
betwee% 0.03 and 0.06 m~, per 9erson per year, and in wet pits between 0. 02 andj R
0.04 m’ per person pet year.—- Accumulation rates are. lower in wet pits o '.?/dx

because biodegradatlon is faster under wet. eond1tiona’than under the only qut
moist conditions in, dry pits. o o o .idigm-'u-c.--;tf o
» - N .‘ . " . PR 7 - -'\I B - : : . . )7

13..., . Volume. The required pit volume depends on the solids, accumulationf/

rate, the,numbér of users and. the desired life of thehpit. In ﬁ{\ftice tbgf ._f;{

. / ~_.

7/ Very little 1nformation exists, oﬁ solids accumulatiqn rates in p fr s

latrines. The effectsiof climate and diet are largely . unknown /althOugh'm“‘

it is known that the. addition of sullage o dry pits (e.g.gﬁp uafng ‘the
u

latrine for “bucket shbwers ) reduces the rate of golids agcumutacion.
and the resul;s of this .
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i . . T . oo N ¥ ":.
pit must not be allowed to fill up comoletely (right to the underside of the . . - S
cover slab), so a small free space at the top of the pit must be :allowed for . B ﬂ
in-the design; usually 6.5 a is sufficient for this. The effective pit volume . [

m~, which is the total volume less thecfree spade volume is calcuIatgd as“the = f
product? C S . . . i . :

-3
-— a

. . - Y .
: R AP Lo .
sglids accumulation- ~* ‘number ;- design - . - -
-rate,- X . teof X life, .. - .

- , o /persoﬂ/year

I ] 5 . . - ‘

P L ]
" The solids accumulation rate may»for=eee‘gn purboSES be taken ‘as 0.04 and 0.0% ~. o
W~ per person per year id wet-and -dry pits respectively, 2 lower value may be ’ ’ 3 S

used if known to be loeally more approprlate.. These design values should be - -
increased by 50% if bulky anal cleansing materials (for example, corn cobs, 7
cement bags) are used as these degrade .only. very slowly. The .design life
should be as long as pobsible; lO’years should be considered desirable, The -
longer thé design life, the louger the interval between ‘relocating or-emptying

the latrine, and” soaihe cost of the latrine {when calculated in annual terms )"
is generally lower.~ ?

£ 07 . . - v - . .

14. Dimensions. .Usually the pit cross-sectional area is not more than o !
2 m® in order to.avoid cover slabs with large spans. In practice:VIP latrines
serving one household commonly have 'a diameter of 1-1.5 m or, in the case of
square ‘or rectaugular pits, a'width of 1-1.5 m; communal or institutionmal,
latrines can of course be much larger. The -pit depth is then calculated from
its required effective volume, and the’ tota& depth is this depth plus the
desired free space which is normally 0.5 m.—- : :

e ]
.

]
. 15. ' Soil permeability. The hydraulic loadlng on’ p1t latrines 1is very«low

(less than 2 litres of excreta are added per person per day), so soils of
lower" permeability than would be considered fogr the disposal of septic tank
effluent are still suitable. for pit latrines. Soils with permeabilities as
low as 2.5 mm per hour. (such as clays and silty clays) are acceptable,

provided expansive clays are. not present. I . _
le. °  Soil stability and pit lining. ~For the purposes of pit design soils
can be considered as eﬁther stable or unstable. Stability is deflned g -

Lo g ’
- L e
-.!\;,,._.
N Eie.
ot

8/ This assumes that the cost of extra depth in the pit is less than the
present value of more frequent emptying or relocation. Thistmay not

always be true, especially in very deep plts in dlfficult soile. o

2] For example, for a circular pit with an effective depthfof -3 m which .
serves six people with a solids accumulation rate of 0.06 m /person yaarhg
the pit life Tfor various diameters cam be calculated as follows.- gﬁf'”

Diameter. - " Cross—sectional Effect ve volume . Effectiv lifelfi

(i) ~ area (o) (m Y ' :ﬁfﬁ (yea )

1.0 0.79 ' S 1,98 54
1.5 1.77 o &43 -/ 12
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as resistance-to collapse, and should be assessed as described in Annex I. :
Local e¥87r1enee of pit latrines i§ useful: . if pit eollapses‘due to soil o
failure—' have occurred, the soil should be considered unstable and lined as
described in paragraph 18. : N :
17.- -As a precautiopary measure stable soils should be protected against
possible failure (caused by, for example, gradual releage of pore water
-pressure) by plasteting the soil face with"a 1 cm thick layer of«cemeft m E?rtar
(1 part cement, 5 parts sand). This is clearly only feasible when the
groundwater table is below the pit base, and so suitable only for permanently -
. dry or only seasonally wet pits. 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 plt w1l1 collapse and the .

'superstructure may fall into it. A wide variety of materials can be used to
"line the pif; for example, concrete blocks, bricks, eement-stab111zed soil
blocks, masonry, stone rubble, perforated oil drums,; rot-resistamnt timber and
wire-mesh-supported geofabrics [Figure 3 (a) through (£)]; 'Local availability
normally determines what material is used. Where blocks, bricks, masoary or -
stones aré 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 infiltrate into the.soil. If the’

" surroundingvgoil is very fine sand, for exadple, which would enter the pit
through the‘open vertical joints, a thin (say, 100 mm) packing of fine gravel .
ahould-he placed between the soil and the llning to prevent thls. : !

l

L.

19, - It is difficult to excavate and line pits in areas with a permanently
high groundwater table. If petrol or diesel driven portabléepumps are .
available, the groundwater can be removep and short lengths of comcrete pipe.
ingserted as excavation proceeds, this "mini-caisson” approach is the most -
satisfactory, provided ‘that the concrete pipes are made with sufficient holes

~ for. infiltration. Perforated oil drums coated with bltumaeyic paint are an | .
alternative, but corrosion is a problem in the long term. _ ~

.
-l B P
-

‘Cover slab and foundation | ' _ . S l.ﬁ.

T

.o

20, ° The cover glab and its foundatlon sef%? to isolate the pit from the'
atmosphere (to prevent the escape of flies and odors) and to support the
superstructure and vent pipe., The fouudation is generally & aimple : o o

BV [

10/ Pit collapse may, however, be due to poor engineering design "for |« !
R example, the omission of a grassed slope or -bund to carry away stormwater

-!which is then able to erode the soil at the top of the pit'_‘r by - T
- 3lding too heavy f superstnpcture on inadequate foundatiogs. It may _ '
: o be due to poor! "social design” of  the latrine, where for example no «

allowance is made for 1ocal customs such as’ ‘taking bucket showers in ,Q .
the latrine. : : -

~

o . . ) e e ' T
1/ 0il drums have been used in Zambia as aqua-prlvy tanks and have lasted

apgrqximately 10 years., ) R s A e



R .o . ow

1omy¥1q FuFof-uado ut

~

(eaqequrz)
3uTury 174

(e) m m.ﬂ._.mﬁm.




e

+

il

ith-concrete blocks"

ining w

Pit 1

Figure 3 .(b).

{Botswana),



Figure 3 (c),

Pit lining with rough colral:
(Kenxa)} s A o




. .._dm?mv: 3 : : .
PEUFT-3ITd " (P) € 2By .

et unip 170 peamiozzed gif




v

" Figure-3 (e).

© Pit lined
* (Kenya):

-

with mangrove Pol

es




H . . . - T N .

Amamawuomv _— o
. __.u._”hn_mmomm vmupoansmlmuﬂa YITH PIUTT ITL .Gv ¢ san8yg . _ h

-




22.. "Where the preferred posture 1is squatting, it is important that the

' recommended slope is;5%. Although the slab could be cast with whis surface

-and also to provide a smgoth finish, aftgr the superstructure has been -

- (Figure 6), they help to locate the user directly owver the squat-hole and so :°

plastic cover, with integral squat-hole and foot rests, which is set in cement 'i
' |

' programs.——— : . E .

.

ring beam of reinforced Cohcrete oT, more commonly and less expen91vely,
bricks set in cement mortat; a single course of bricks laid on the ground
surface with their inner edge *flush with the pir wall is sufficient (concrefe
ring beams are of similar dimensiohs). " Setting the base o¢f the foundat'ion on
the ground surface enables a gentle grass slope or tement-stabilized soil to L e

be made to carry away stcormwater which might otherwise erode the upper part of -

the pit wall, -so endangering the s;ructuralmstahility_oﬁethe_latr1ne. 3*1 : S
_ . . :
21. " The - cover slab .must be strong enough to support the weight oﬁ the'
superstructure, veng pipe.and uJser. It should-also feel safe and shoyld not®
deflect detectably when the. latrine is being used. The cover slab, whieh* N
should be flush with the cuter edge of the foundation, car bé made from ~ -
reinforced concrete (Figure 4) or from rot-resistant timber (Figure 5) which
is covered with soil and then mortared. The cover slab has two holes in Jt" '
the squat-hole ‘and one for the vent pipe. The size of the squat-hole 1s'
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 mn are
generally used. 'If the «locally preferred defecation posture is sitting,

rather than squatting, a simple pedestal seat can be provided (Figure 7).
surface of the cover slab should slope .towards the squat-hofe in order,&o
provide drainage for urine and the water used to clean the cover slab, The
slope, it is usually simpler to plaster the slab to give the required slope;,
built. It is also worth considering whether foot-rests are to be provided;

although not strictly netessary, they may be a social requirement and they
‘have the advantage that, provided. they are in the correct position themselvev_

minimize fouling of the.cover slab with ‘excreta. A glass-fiber reinforced

on the coverslab within the superstructure is shown in Figure 8.
23. °. It is important that the squat—ﬁ(le is mot kept c0vered ‘when- the e
latrine is not in uge: Squat~hole (or pedestal seat) covers interfere w1th ,4“
the essential circulation of air which is- -responsible for £ly and odor - control .
(paragraphs 6 and 7). Traditional (unventilated) pit latrineé’often rely on
squat—hole covers to control fly breeding, but they are ‘not only unneqes ary:
in the case of'VIP latrines but also positively détrimental to their proper
operationi /This is an important point to stress in .user: educatioq

I

—— ..

[ -
o *

12/ 1If covers: .or seat lids ate required for s001 cultural or aesthetle -f- e.fl
“reasons, then: they mast be raised clear of the slab or seat so that an *ff
air space of at ‘least 25 mm 1s left when the cover, or lid is in the - i
"closed” position. Further. details are given in; the references*referred
" to in footnote 2. S R L

] ——r e " -
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Figure 7. Glass-fiber-—re'inforc'ed_--ﬁléé'tic ' cqﬁéf';"f‘o:ﬁ-
cover slab for VIP latrines (Renya). =
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e ; Figure 8. é'lass'—fi’t‘\iér-.reginforc_e.d "p'le_;sticl,_pedé's't&l'_.'
‘ seat for VIP lattine (Brazil). L
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wh

. are two additional functions dn"the case. of VIP latrlnes‘ {a) to provide
‘the squat-hole and up the veﬂt pipe, in order to control. both,flies,and fec?l_

- 25, .Prov1ded the superstructure is able “to perform these functlons, its

© . view. The superstructure tan be built in a wide variety of forms ‘and -fr

_materials such as mud and wattlé,- thatch er sun~dried -éarth’ blocks;

alternative source of bright light and-.they may not therefore’ try to, eséape

_21_.

Superstructure design
24, The function of the superstructure of aﬁy type of latrine is to- :
provide the user with privacy, comfort and protection from the elements. There_;;ﬁ_

sufficient shade over the squat—hole 50 that newly emergent flies are. not
attracted to leave the pit via the squat- hole; and (b) to channel air through

odors. ~ _" - .

design ‘details are relatively unimportant from'a strictly technical point.

wide variety of materials [Figured 9 (a) through 9 (d)]. . In urban areas
materials such as brick, blockwork or ferrocément are often used thé
be tiled or made froma thin concrete, slab,
cement sheet., . In rural -areas, it is: generally more appropr1ate to

is often made from thatch, The design adopted in any one: localityfdepends' g R
1argely on social prefenence and the availablli:y of materials, infgeneral IEERT Y

damage during the rainy season.

26. Latrine entrance. "Traditionally the latrine is enéeféd through a -
doorway, with the door providing the user with privacg.. 1t-is very important .
that the door remains closed while the latrine is not in use; if it is left o
open, any newly-emergent flies in the pit will be presented with an

via the vepnt pipe, but leave the latrine via the. squat*hole and - 5 . : L
superstructure. Fly control, which is one- of fhe principal advantages of. VIP{; A
lattines, therefore becomes ineffective. Self-closing doots “can be used (a . v
counterwelght attached to the top of the door via a rOpe and pulley is 'Xﬁq- -
sufficient: for this: pose, as shown in the- early example from the USA - in '

Figure 10). Alteru ely, the'latrine should be locked on the outside, 70

this is often done
by. unauthorized peo;
doors are used then
least three times t
the door to maintai
undesirable not onl:

Rl

Ll

14/. P.R. Mofgaﬁ and?D'D.

13/ The air space.
~door, but this
can be seen fror

_Recent Degglgpngnta_inlzi_'*
Bank. '




F'igure"g.. (a). Féf?éﬁ:éﬁi_eh'l_:_I'-s_pi-i:_a__}__-'-'.yII:P;"'1;3,1:1:1"113'_:
 superstructure I(Z:Lnib_abye) v




Figure 9 (b).: Brick sprial VIP latrine superstr cture
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with thatched roof (Zlmbabwe)
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Figure 9 (¢). Mud and wattle VIP latrine supéfétructdr'éa;- '

» with thatcKed roof * (Zimbabwe).
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Figure 9 (d).
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- v , Vent with fly screen
H | T : . .: R L o
Fly screen
. — <N - Pt .vént'riat_gr O .
seff closing 4L - .24y
door—STREF T, (L Tentfitng .
_ Joro “TH. self closing - :
H--; - JA N seat cover . -
| R Metal seat support
S § - Earth backfil
- {\‘_, \, p'il . -..': \\\ \.“ o -
N - NN TN
§§ Onglnal ground __ \\\\\\\\\ QSN “
\\\ \\ Ievel \\ | | \_\\\ N \\\ \
AN Rough lumber ;__"‘ NN \\\\ NN
_ \\\ or open joint Q | \‘*\\ NN ,
. \\\masonry \\_\}\\\ \\ \\\\\ :.
| NARRTETRESY \\ X L
\\\ \\\\ At least 2’ \\\ \ \ “ Lo
N, \“\\\ ERENEATANN & N et N N .
SN \\\ N \\ Ground water table level \\\[\ N o
Figure 10. . Early pit latrine design from the United | )
States showing self-closing door. [Reproduced 0
by courtesy of John Wiley Inc; from F.B, Wright, ' - f -
"Rurali Wat;er -Supply _and Sanitation",_ .19391,]_: ‘{:_L. - ._"_:. . .. .ﬂ>
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resultant poor fly- control but alsoc because wood is expensive, hinges rust
and occasionally the doors were removed afild chopped up_ for firewood. The

superstructure was dhen redesigned with a spiral form to avoid the need for
doors [Figure 9 (se7 page 22); see also Annex 1I].
Vent pipe des@gn '
. ' I| o . - )
:27. Vent' pipes of \a. wide varlet;%§f different materials have been used. :
* successfully: for example, asbedtos cement (AC), polyvinyl chloride (pve),
unplasticized BVC (uPVC), bricks, blockwork, cement-rendered reeds, cement-
‘rendered hessian supported on steel mesh, and even anthill soil; o
large diameter bambco with the cell: dlvlders removed could also be used.
Methods for the construction of cement- rendered reed and hessian pipes and
other essentlally rural vent pipes are described in paragraphs 30-32. Whatever
material i used, its durability (1nclud1ng corrosion reslstance), %
.availability, cost and ease of construction aré imporgant facctors. Thus, vent
pipes made, for example, from thin galvanized steel sHeets are not recommended
* ag they are prone to corrosion,. especially in humid a*eas. PVC pipes become
brittle when exposed to high sunlight intensities, and thus it is better to
use PVC pipe made with a special stabilizer to prevenf damgge® by ultra-violet
radiation; however, this grade of PVC may not be genefpally available.—=Z/ (Cost
i1s particularly important in rural VIP latrines; for gexample, the use of a PVC
pipe, rather than-a cement-rendered reed ?%?e, more tthan doubles the cost of a
mud and wattle latrine in rural Zimbabwe.—

L

28. Length The vent pipe should be suf fictent y long so ‘that the roof
| does not interfere with the action of the wind acrosy the top of the vent-

| pipe. With flat roofs, the top of the vent, pipe sh d be at least 500 mm
. higher than the roof, and in the case of sf&ping Too the vent pipe should
| also be 500 mm above the highest point of tHe roof. { When the roof is made

| from thatch and shaped conically, the vent pipe sho 1d be at. least as high as
! the apex of .the roof. .

; 29, Diameter. The internal diamecer of the ve t ipipe depende on the
| required venting velocity necessary to achieve the pecommended ventilatien
- o o : . .

© 15/ 1In Zimbabwe it has been found that PVC pipe m nufactured to Central

; African Standard K21, "Uoplasticized polyviny] chloride pressure pipe",.'
(Standards Association of Central Africa, Hardre, 1971) performg more
satisfactorily than that manufactured to the less stringent requirements

of British Standard BS 3505 or ISO Sfandard 3127. See also R.W. Doughty, . -
UPVC pipes and fittiungs for hot climates, in:| Institution of Public

Health Engineers 1982 Handbook, London. T s
16/ P.R. Morgan and D.D. Mara (1982). " Veatilated Tmproved Pir Latrines: PN
Recemt: Developments* 1n Zimbabwe. - TAG Working Paper No. 2. The World . -

Bank.

*.1;_:

: . . - e . e L R Y PO
! E A o - P 1 N - T A \' P



] “diameter of AC and PW. pipes may be reduced to 100.mm, and to ZQD.mm in the

rate of 20 m3/hrl?/, and this in turn dep nds on such factors as the: 1nterna1

surface roughness of the pipe and its Hen th (which determine the friction
losses), the head loss through the flyscreen and squat- hole mosquito! trap (if
any), and the wind directien. Thus ceaenﬂ—rendered reed vent pipes, for
example, need to have a much larger didmeter than AC or PVC pipes since their - E
internal roughness.is considerably greater, brick vent pipes, which ‘have a o ‘ ?
square cross~section, also need to be larger not only because 'the. roughness is ]
greater but also because a square cros Tgﬁtlon is inherently less- effic1ent L e
than a circular one in inducing updrafi Current: recommendations for’ the '
minimum internal size of vent p1pes are as follows: '

T

AC or PVC g K ’ " 7150 mm diameter \5 o
Brick S B 230 mm square o oo
Cement-rendered reed or hessi#n 230 mm diameter o i
(and other rural types) ) o .
. '? . . ' i . . .
In exposed locations whbre wind speeds are greater than 3 m/s, the ‘minimum . S

case of “rural” vent pipes. N C T i
. Fabrication of rural vent pipes - N P

30. Cementr-rendered reed vent pipes: Local reeds, approximately ! cm

diameter, are tied together with wire or string to-form a mat measuring 2.5 m

" by 1 m« The mat is then rolled around four or five rings of green saplings to

form a tube of some 30 cp external’ diameter. The flyscreen is then fixed Lo
one end. Cement mortar (1 parf cemert, 3 parts sand) is applied to the tube:
along its eantiré length but only around half its. circumference, When this has
hardened, the vent pipe is fixed in position w1th the mortated half ‘next. to’
the latrine superstructure and the other (Outer) side then plastéred with
cement mortar, Thin poles or bamboo sticks may be used 1nstead of reeds.
Larger bamboo sticks, split longitudlnally lnto 1 - 2 cm wide strips may also
be used. . . : ‘

B

I
’

31. Cement-rendered hessian and wire—-mesh vent pipes. Spot—welded mild
steel mesh (4 mm bars at 100 um centers), 2.5 m long and 0.8 m wide, 1is rolled
into a tube to give an internal diameter of approximately 25 cmr Hessian or _
jute fabric is then tightly stitched around the outside of the Eube, and the~.$*~ .
flyscreen fixed to one end by stltching wfth string or thin galva ized wire, =~ " .7
Cement mortar (1 part cement, 2 parts sand) is then applied by brish to the '
hessian surface in thin layers, to a final thickness ‘of at least l cm. The_
vent pipe is then fixed in place. : \\ : o a' o

'. i! \\ ' : B N . I.‘.
' : :

1

17/  B.A. Ryan and D.p, Mara, Pit Latrine Véntilation. Field Investigation o
Methodology, TAG Techn1cal Note No. 4 ; and Ventilate&blnproved Pit - L
Latrines: Vent Pipe Desigu Guidelines, TAG Technical Noue No..6.=_j”"

4 . . TR

lﬁj@ D.R. Wills, E.W.G. Dance .and G, T Blench (1959) The Deaign and'

' Performance of Natural Flue Teruinationa.-_Gas Council Research

- Gommunication No. -GCB1.. London: Institute of Gas Englneers.-Wt




.32, Anthill soil vent pipes. Well-kneaded anthill s0il is rolled into .

: “sausages”, approximately 10 cm in diameterliand 90 cm long, which™ are made T
"into circles of approx1mately 28 ¢m internall diameter. The vent pipe is '
,constructed in situ from these circles; vertical reinforcement with short _
lengths of reed of thin bemboq (or other sui ble material) can ‘be driven in |
between adjacent circles as construction proc eds. When the vent pipe has o

“been ‘built to a height of 2.5 m, its external surface 1s smoothed off'byi .y
adding more soil; the flyscreen is attached tolithe upper end and then a thln .
coat of cement mortar (1 part cement, 6 parts i nd) applied. o . {

33. - External surface preparation. In aread where.the mean wind speed is s
less than 0.5 m/s, the external surface of the nt pipe should be painted [ e
black in order to inerease the éisorptlon of soldr radiatiom and, thug the -

' magnitude of the thermally-induced venting veloc ty. In areas where the méan
wind speed is above 0.5 m/s the color of the ventipipe is not important. 0

' Ll L :

34. Locatipu. The latrines should be located| at least 2 m away from
overhanging branches 'and anything else that might {mpede the action of the .
wind across the top of the'vént?pipe. The vent plpe itself should be located
on the windward side of the supgrstructure, as alsd|should any openings
(daorways, windows, gaps between the roof and walls), 1If,- however, it is

.+ impossible to have both vent plpe and‘ any openings n the windward side, at
#léast one of them must be (and this should preferab be the openings). It is
extremely important to avoid openings on-opposite. sikes,'as this would -
signlflcantly reduce the pressure differences causing uﬁdraft'iq the vent
pipes. - In latrines designed with doors the minimum dize of ventilatiom E _
opening(s) shau d ectional area of the vent . .
pipe (to allow fer head losses in the;supeget;ucture)\ ' o

A1

ks

35, + » In general,\the vent pipg should be located g the outside ‘of the T e
superstructure, since Mt is more difflcult and expens e to ensure{a rainproof T
and wind-tight seal between the roof .and a vent pipe ghing through it. '

Moreover, in very sheltered areas, thermally-induced véntilation’ may be more’

important than that due to the‘wind andsthus ‘the ventipipe miast be placed

outside the superstructure .on Hs sunny'side and palnt:- black. However,  in

urban areas especially, externai vent pipes could be SuLjeet to damage by

vandals, although, as yet there have been né reports di this happening.

\

36. The vent pipe must be rigid;yhiized to the supfrstructure and the .

cover slab; design recommeéndations are qg\tn-Flgure a\. o
w . .' e _"‘“—-__“_“ H -,., . . ."5 . . )
- 37, Flyscreen specification. The’ purpose of the f-psé;een_is to~prevenk} - o

the passage of flies and mosquitoes; therefofe the. mesh_‘gertufe must‘not'be'?“

larger than 1.2 mm x 1.5 wm{(smaller apertures are not ricommended as they
will résult in decreased ventilal on rates, due to incremseﬁ frictfbnalﬁ .
losses). The flyscreen. must be made of corrosion—resist!nt material that I* “a\
~ ‘able to withstand inteunse rainfall, high temperatures and) strong sunlight.- .
PVC-codted glags-fiber screens Hhve been extensively used| in Zimbabwe as” they
® are inexpensive (around US$ 0.50 per latrine), but after |five years or so° they

~ become very brittle and susceptible to. damgge by birds an lizards, ‘It is

preferable to use qtainless steel screens—- which 1aet i&definitely,gm !

. . . .. Hll‘\ . : ; . . )

19/ For example; 16 mesh, 28 SaWege égreeniﬁg.'
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even though they are more expensive (US$ 25 per mz'ex works), the cost is
small (less than 5%) in comparison with the total cost of the latrine. . .
8. It is important to engure that the flyscreen is tightly fixed to the .

top of ‘the vent pipe in order to prevent access by insects. -Design detal’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. -

k]
LY

Relocation and ewptying 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 ad;acent
site, or emptying the existing (full) latrine. In rural areas, construction >
of a new latrine, reusing as much as possible from the old latrine (for, -

example, the cover slab and vent pipe), is generally the preferred'solutiou,

as space for .the new latrine is usually available. Manual emptying poses

health risks due to the excreted pathogens that may be present in the fresh
fecal material at the top of the pit, and in any case this is often mot a
soclally acceptable task; and mechanical emptying is not normally feasible "in
rural areas. In urban areas manual emptying has the same disddvantages,’ but
.rmechanical emptying might be feasible, especially if the pit were wet, as the
procedure is essentlally similar to desludging septic tanks ,(although the

solids at the bottom of deep pits may bé highly compacted and rherefore
difficult to remove by the standard vacuum equipment used to desludge septic
tanks). Dry pits are considerably more difficult to desludge mechanically

than wet pits (see paragraph 52). A better solution in urban areas is to use
single-pit VIP latrings with soakaways (paragraph 42) or alternating twin—pit_;
VIP latrines (paragraph 453). .

Double and multicompartment 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-fﬁ
the household, is 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..
unstable soils a common pit with a fully mortared brick dividing wall is : !
used. In rural areas especially, this type of latrine 1s generally too
expensive for one Household but, in order to reduce co8ts to, an acceptable s
level, neighboring households have been willing to share 3.sihgle latrine of.. .7_%
this type, with the men from both households using ' one of the compartnents and
the womén the other. ) -

, : : T 20 1
8 ) . 5 X o 3 ||, ) . ‘-
41. Multicomparbment VIP 1atrines have been: developed for schools and SR (A
other institutions. These are.essentially the same as the doublé@ compartment “'ﬂ

,unit but of course with more gompartments.- The number of ‘compartments -depends; .
on the number of users, with a design guideline of 10 persons per unit (20

persons per unit in non~residential institurions, such as' schools). The 7~.y RN

number of users per unit can be increased - to 30 if soakaways are provided as | f‘”

¥

- discussed on the next page. o oo ) T ~;ﬁf*_

)

v
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20/ R.R. Morgan and D.D. Mara, VIP Latrinec: 'Zi-babweon Btick_neéignh;%ﬂTAG_f;f77

Discussion Paper TAG/DP/O1.
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Designs with soakaways 2L/

42, - Another recent development in Zimbabwe hasg been”VIP 1atr1nes with . e
adjacent soakaways (F¥igure 14). These have been designed to increase the plt
life in peri-urban areas where the number of people using a 31ng1e latrine can .
be as high as 20, or even, exceptionally, 30. The latrine pit, including iﬁg
base, is completely_sealed with cement mortar in stable solls 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 installed which leads to an
adjacent soakaway which is at least 1 m away frow the pit. The soakaway has a
diameter of 1.5 m and a depth of 2 m; it is Iined with unmortared bricks to a
depth of 1.4 m. At thils depth a reinforced concrete cover slab is placed on

the bricks and the remaining space above it backfilled. R

43. This type of pit latrine (which essentially resembles an aquaprivf* _
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
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 che 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 useful option 1In areas where thére is insufficient space on each plot for
an individual soakaway. Moreover, it is poBsible to ‘upgrade this type of ;
latrine to a low-volume cistern-flush roilet for added user couvenience. o

b . N . -~ L

Alternating twin-pit latrines L T S

= ' -
3 . .
L}

45, Alternating twin-pit VIP latrines (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 ore
squat—hole and pit are used at a time. When this pit is full, generally afte \
one to three years, its squat-hole is covered up and the second pit put into
service; after a- fufiher psriod of one to twQ years, when this pit is full,

the contents of the firsrc pit are removed to enable it to be used again. This
alternating cycle is repeated indeflnitely.' This. type of VIP latrine is- thus

‘a permanent sanitation facility suitable for use in urban areas where therg is -
insufficient space on each housing plot for two or more gingle=pit VIP . s .
latrines. Alternating twin-pit latrines have even been. ”retrofitted” to = ot
replace existing in-house bucket latrines and so provide an indoor sanitatien
facilicy (Annex II). Many of the design details for alternating twin-pit VIP
latrines are the same as for the single-pit type, Speeifie dlfferences are
described on page 37. : el :

.

21/ P.R. Morgan and D.D. Mara, VIP Latrines: Zimbabwean Brick Designs, TAG__ .
Discussion Paper, TAG/DFVOI Worid Bank. (Pablications in the TAG . =~ -
Discussion Paper series are not routinely - ‘distributed to. the reeipiénts
of TAG Working Papers and Technical Notes, but are available from the
PrOJect Manager on request.) _ , P
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Pit function and design . - Co }

. i A o o ‘% . . . .,

46, The function of the pit is to staore the excteta lintil they can be . & .-
safely removed., With the sole exception f 4 few ova of |[the human roundworm, ]

Asca¥is lumbricoides, al% 7xcreted pathogens die within ]2, “months at o

temperatures above 20° In most developing‘country ¢limates, one year is !

_____ Usually, to provide '

some. degree of flex1bility in the design of ¢ latrine emptying schedules

[pment and for PR
rs-is specified. 5
ows that in most _
y of 10 each pit _ Lo
a solids accumulation LT
torage - time., o PO
han 1 m total depth)} '
be at51gnif1cantw i

raph 58}, or if soil .
,.unpickable rock .

~seasonal problems of actess) a minimum period of two ye
Calculation of the necessaty pit volume (paragraph 13) s
cases the pits are quite small: for example,_for a fami
should have an effective volume of ounly 1.2 m™, assuming
rate of 0.06 m3 per pekson per year only and a two-year

Conaequentlg the pits can be much shallower (often less.

than in the case of single-pit VIP latrines, and this ma
advantage if groundwater -pollution must be avoided (pavagh
conditions are difficulrc (fon example, if there is' shall

s, may. extend either -

47. _The pit shage is noﬁmaliy rectangular gnd the pifts,
* 16). The pits are -’

to each side of the superstrudture or to its r (Figur
lined as necessary (paragraph 16), with any suitable locally available

material (such as brick, coacrete ofr cement-~stabilized s jl blotks} being used .
to build up the partition wall between the two pits. ThiSlpartition wall must . _
have a good foundation and be fully mortared to prevent aly cross—flows of air . !,
between the pits which would '‘interfere with the ventilatifin and might ‘cause T

- odors to enter the superstructure. For the same reason, \he cove. s1lab must

be firmly bedded $1th mortar on the partition wall 'as we-ﬂ as on thetbrick or

blockwork collar. - i ; K ) 1 T e

3

| . .- _"| . e
.- ) ! " B ]Il

The cover slab is usually made in reinforeed concrete in three or -

Cover slab design

‘AB.

- more sections (FLgure 17):
" for the twu'vent pipes,
to allow access for emptying.

lime mortar,

squat—hole (paragraph 22)

Superstricture and vent pipe

[
-

49.

,K

central section with two sq

uat holes and- -holes

and at least two removable covers;. (one for each pit)

The edge details of cthe cover slab sections
shown in Figure 17 are important as there -must not be any gApa between the:
central and outer sections to allow thé escape’ of ,elther flits or odors. _A’

a

‘or a weak cement mortar if lime is not availabr Y should be ‘used e
to bed the removable slab sections to the. central section an
As with single-pit VIP ratrines, the cover slab should be sl

to the collar.

1'|; T ey -"'"".)'"_

. The superstruc;ure and vent pipe design details‘%re essentiélly ' L
simiiar to those for single-pit VIP latrines (paragraphs 24— 38)

tw1n~pit VIP latrines have been instailed 1nside existing houses, w1th tﬁe

-4

22/ R.G. Feachen, D.J. Bradley, H. Garelick and D, D. Mara (1983)”

and Disease:
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Alternative pit geometries for alternating
twin-pit VIP Jarrines. .
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pits accessible from outside (Annex II); in some cultures such an arrangement_
may be socially preferable to external superstructures.

Multicompartment units S : - - T e

50. Multicompartment alternating twin-pit VIP latrines have been
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
end ones, serve two squat—holes in adjacent compartments; "for good odor”’,
control it has been foupd necessary for, these pits to be ventilated by a _ _
150 mm diameter vent pipe. The two end plts, being only half the size of .the ]
others and serving only one squat—hole, are ventilated by 100 mm diameter . ]
pipes. 1In all other respects multicompartment units are designed in the same '
way as single units. :

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 }the 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-pic VIP lacrines may indicate chat 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, th&ir 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. -
. e
52, Mechanical emptying of wet pits is easily done with standard septic o
tank ewptying equipment, but removal of dry materials presents more
difficulty. Since most alternating twin-pit VIP latrines have shallow- pits -
{paragraph 46), dry pits will be common. Research gyonsored by TAG and the = -
International Reference Centre for Wastes Dlsposal *indicates that ‘air-drag '
systems are the only currently available option for emptying dry pits; recent
field trials in Bgz?wana have shown that suitable -equipment is now available_:
for this purpose.=~

23/ P.M. Hawkins (1982). Enptying on-site excreta disposal syste-s 1u o .
developing countries: an evaluation of the problems. IRCWD News . - ' = = .°
"No. 17. Duebendorf, Switzerland: International Reference Centre for.' :
Wastes Disposal. ' :

.

B

24/ A report on these trials, held in Gaborone during October 1983-February _
1984, will shortly be issued by TAG and the International Reference T
Centre for Wastes Disposal, Duebendorf, Switzerland. See also BRE . e
Information Paper No. 84: BREVAC: a Hechanised Method of Elptying/ '
Sanitation Chambers, {Building Resefrch Establishment, Hatford,/fngland
1984 ), ‘which gives a brief descriptlon of one of the vecqym ténkera S
tested in these trials. e --n S SR
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APPLICABILITY AND CONSTRAINTS

Housing deusity : ' : o '”'. B
53.° Single- pit VIP latrines are sultable f&r use in rural areas and- low--“‘"
density. urban areas up to about 300 people per ha.. 1t is difficult to be more’
precise in general terms, as local factors, such as average household size,'3'
- housing design, plot layout and aréa, have such a. large: influence. ‘At higher
densities alternating twin-pit VIP latrines may be fea51ble, but ‘other ~
options——such as small ‘bore sewerg--may be- a more appropriate solution.

i ]

Water supply sefvice level ' .

54. | In areas where water use is low Csay, less than 30, lcd) and where o
water has to be hand- ~c¢arried from publie. standpipes or” communal wells, VIP11¢
latrines (of whatever type) are a téchnically feasible sanitation ‘option- as wye,
they require no water for their operation, " other thawgminimal amounts for. =" ./ = .
cleansing. : o ' : o

Ground couditions ' o “I: | ﬁ e

55. Soil permeabiliry. Soils with permeablllties below 2 5 wm’ per hour
(for example, expansive clays) are unsuitable: for pit latrines as «the liquid;
fraction of the excreta is unable to 1nfiltrate into the so1l (paragraph 15)
56. Rock and unpickable soils. The ocdurrence of . rock ot unplckable soil
within 2 m of the ground surface generally militates against the use’ of ~.nT,
- single-pit VIP latrines. Shallow alternating- twin-p1t latriaes, with, the

cover slab raised above ground level if necessary, -are preferable in these j]:_:;
ctrcumstances.‘ . R e
- o Lo - ' - o ! '
57. Groundﬂater table. Wet pits havé the advantage over dry pits that
they last longer, as their rate of solids accumulation is lower, but they’ can
pose problems of mosquito breeding 'and groundwater pollution. Experience - in .
~ Zimbabwe has sHown that if the groundwater table is within 300 mm of the -
ground surface, the ventilation performance of VIP latrines is satisfactory L
provided that the cover slab is raised 300 mm above ground level. s .._:; P

Grouuduater pollution L e—— ; -Jinzn”-fsfr“, ,?'i?:'?;

: ' - o LT T T -
58+ The extensive literature on groundwater pollutL0 i
sanitatlon systems has recently been critically reviewed.;_ ;

- \ : y o .
25/ ‘W.J. Lewis, $.5.D. Foster and B S Drasar (1982). . The &13& of -
groundwateﬁkgpllutiou by‘on-s1te snnitatlon 1n deVeloping“c ntries.

a literature review. Report,No. 01/82. - D ; o

- International Reference Centre for Wastes Disposal
summary of this report appears in IRCHD News No_'




. e

- 4o

;hydrogeologlca1 conditidag before any prediction of the risk {(1f any) of
-groundwater pollution from on-site sanitation systems can be made, Bacteria
, and viruses are the only excreted organisms of importance in groundwater .
- pollution and the depth of soil dbove the groundwater table ("the unsatkrated
zone™) is the most important line of defence against them. Under most .~
conditions a depthi of 2 m of uncongolidatédd marerial (silt, sand) is
‘sufficient to avoiyd groundwater pollution (yet, of course, by their very i
excavation single- it”VIP latrines remove 2 — 3 m of the unsaturated zoﬁe,'and.-%~
alternating twin-pit latrines 1 — 2 m) - If, in any given locality, the soil .
‘and hydrogeologlcal condltlons are such that groundwater pollution. from VIP _
latrines will occur, three questions stiould be posed and answered. ._ﬁa'f-

(a) Does ir matter if the groundwater is polluted9 If the
groundwater is not being used as a source of supply (for -
example, via shallow wells), then its pollution is unimportant} :

: _ it is better to have fecal pollution of the groundwater than
P fecal pollution of the soil igmediately .adjacent to people's.
'houses which would result from an absence of sanitation
facilities and which would cause extensive transmission of
fecally related diseases; K T : -

i

_ (b) If the groundwater is belng used as 4 saurce for supply, is it
L possible to modify the design of the 1atrine s0. that the
' ) groundwater is 525 polluted or the extent of pollutlon is _
_ acceptably ‘low?=—"' The use of a shsllow twin—-pit VIP latrine,-f;
T rather than a deep: single-pit latrlne, may leave a. suffiqien&a
depth in the unsaturated zone.  Alternatively, a raised VIP.
- latrine, which is prov1ded with an “artificial” uﬂsaturated zone
~ .+ of fine sand ‘(less than 1 mm) to d|depth’ of at least 800 mm. may’
allevlate the pellution to am aoceptable-Jevel (Flgdreltlq

Ce

K
Nt

(c) If the groundwater is ‘being used as a source of supply, but i _
is not 'possible to adopt the: solutious indicated in (b) ahove,__ R
. o —is it cheaper—touseVIP—latrines '(or any othér form of on-site T
sanitation) ahd supply water from elsewhere? .In most cases.the Y
answer will be that q_-site sanitation and off-<site water is__; S

much less. expensive than © off“sit;ﬁsanitation and on-site - f”ﬁ

water. - It may be possible to.supply the water from .the same
aquifer but via a: small reticulation system and.public
fficiently farj

stgudpipes, based on a pumped borehole sited
. ' . upstream of the iatr1nes that fecal polluti
~either non-existent or. acceptably low
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with such material. However, in areas where water is used for t?}ﬁ purpoae,.
usually a preferable sanitation opfion is the pour—-flush toilet.2X

Y
60. VIP latrines can be designed for either a sitting or a squatting

ascertained and the latrine designed accordingly.

61, * In societies where an in-house toilet is preférred, VIF latrines can
still be used. Internal VIP latrines, with access to the pit from outside the
house, have been built in Brazil (single-pit version) aud Ghana (alrernating
twin-pit versionm); details may be found in Anmnex II.

62. Lf 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; sharing of this facility between adjacent

households, to reduce costs, :should be discussed with the community. -

DESIGN SELECTION CRITERIA ;T
o 4 . ; .

63. - Given that a VIP latrine of some type is the most appropriate

sanitation technology for the community under consideration; the désigner 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 SOeiocultural

requirements have been assessed. S , -

64, For convenience, this section . is divided 1nto two parts’
Favorable -and Adverse Ground Conditipas. Favorable ground ¢onditions refer
to: L -
-{a) the soil being sufflciently pefmeable to permit infiltration of
the liquid fraccion of the excreta, i _ '
(b} the absence of unpickable rock to the depth to which the pit is
to be excavatied; and . -
. (e) cthe groundwater ‘table being sufficiently low so as not to make
AN - pit excavation-and lining unduly difficult and expensive.

- I v L . - r.-‘
'If these requirementg are not all met ‘then the ground conditions are
described as adverse. » - . '

‘'Favorable ground conditiouns B T T T . *

¥

65. Since single—plt VIP latrlnes of the kind shown in Figure 1 (see page
2) usually cost less than any other type, the designer will normally '

. -
[P . -
S N -

- B . o " .

an

. 27/- D.D. Mara The Design of Pour-flush Toileta TAG Teehnical Note (in %
preparation) . . -

defecation posture (paragraph.2l). The locally preferred posture should be '



" commence by asse331ng whether a desigd of this k}nd is fe331ble.28/ Assumiog ‘ ‘;f
that a reasonable" planning horizon is 20 yeari__ '
latrine can pe expected to last for 10 years,=—

\'\ ' . B a . ) . N -

and that a single-pit VIP
- the designer’ must derermine

whether Qhere is sufficient space available on, each plot for two pit sites.
(f there is, then a single-pit VIP latrine system is mormally the sanitation
option of ChOlCE. One will be bullt initially and used for the first 1(
years, after which a second one'is built ‘(re-using as much material as
possible from the first) to serve for the. second 1o years.

"66.

However, if the numbér of users of a single-pit latrine is high (say, o

more than  10), then the fequired pit volume may be unacceptably large, _
especially if the solids accumulation rate is high. Under these circumstances -
the designer should assess the comparatlve feas1b111t1es——t§#hniesl; social
and economic——of the following options:: : .

3 P — - s ;

(a) en‘"elterneting single-pit” VIP latrine system;-.this assumes

: that . there is space for two sites for single-pits with an - : .
effective life of, say, five years; a single-plt VIP latrine is '
built initially to serve for the first five years,_after which a. -
second single-pit latrine \is built, for the next Ffive years;’ when -
this “becomes full at the end of year 10, the first pit is -

. excavated and put back into service; a 31m11?r operatlon is done

at the end of year 15 with the seconq\plt'

(b) ' one single-pit VIP latrine which is to\be desludged mechanlcally I
‘every 3 - 10 years (several comblnations of pit volume and | o
emptying frequency snould be 1nvest1gated‘so as to arrive at, the
least-cost solution); : " \.. : :

(c) a slngle pit VIP latrlne with an 1nd1vidual\or communal soakaway":

’ (paragraphs 42 and 44); and

-(d) an alternating twin-pit YIP Latrlne which is to be desludged
manually or mechanically, every two to three yeers._e-

\-.

1 . A

28/

29/

'\ S, . A

if separate,facillties for each sex gre required Ehen these should be_;h

provided, The ensuing discussion assumes, for ease of argumént, that
. h

they are not required.’ \

After 20 years (possibly less) water supply serv1ce levels may‘have-;.-f'
meroved 50 that other sanitatlon technologles become more eppropriate.

i e —_—3 S

This is not always possible, due to adverse ground conditions 0T a large

,number. of users, On the other hand, single—pit VIP latrlnes may Ihst forf

20 years, as in Zimbabwe (Annex IL).- . ; _ o \\ e .
This solution is llkely to have a lqwer present value theu the other o

optlons as listed below, but it should be discussed carefully w1th the .
community at the design stage to determing its acceptability and to: "'5
clarify responsibilities (e.g., are the householders ' themselves req'i d:
to do all the work involved in latrine relocation?) ' :

.".
L
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Adverse ground conditibds- . ‘ _ o ;;_. . _.m

67. Low 3011 perneablllty. Lf the soil is. 1nsufficiently permea % for
V(P latrines, then on—sute excreta disposal of any tyye is- infeasible=%/ and .
off-site technologles, Such as small bore sewerage 33 must be considered.;;_:

68. Shallow unpickable rock Options (a) through (d) in paragraph 66 e

- should be evaluvated. In many sltuatlons optlon (d) - alternatlng twin—pit VIP B
latrlnes -'will be the ch01ce. : _ L . L . : K
6. High groundwater table. ‘In areas with only a seasonally high '

‘groundwater table, it is generally 90551b1e to excavate and line the’ pit
_ during the dry season; under these circumstances the ground eonditlons may ‘be"
considered ‘as favorable and the designger should follow ;the- advice given in _
Jaragraphs 63 - 66. The only additional design feature, which is necessary in"
areag where the groundwater table reaches to within, 300 cm of the ground =~ . . . %
surface, is the ralslng of* tne cover, slab some 300 cm above. ground 1evel

"(Figure 20). S . : E

70, [n areas with permanently high groundwater levels p1t excavatlon in - ? o
staBle soils may be relatlvely easy; a portable pump: can. “be used to remove‘

water from. the pit as excavaktion proceeds. Im unstable soils deep e*ﬁavation
- may be to;ally infeasible; tbﬂ use of shallow twln—alternating VIP latrines,

with a ralsed cover silab, ma? often be the only feaslble onsite solugionf
[ o

i

Design examples ' : ' '_ T

. ] . . R
7l. ' Design example #1., a'new ‘communal v1llage Eor 200 househoids is
being designed. Each househﬂld comprises eight people and is to receive a-
large plot measuring 30 m x 40 im. Ground condltlons are- favorable (the 5011
is a silty sand) atd the groundwater table i5 10 m below the surface, The
water supply is from communal wells and hydrogeological inv?stlgations have : S
. shown that the groundwater polldtion hazard is low, Cement -reinforcing steel B
* and. locally burnt bricks are readily available at reasonable cos;.' Local LT

_ experignce indigaces that solidsTaecumurate in pir ratri_ ]ﬁa rate ot
V.03 m? per. person per year. -H : S

|

9
-
5
3

72'
choice.
with che v1llagers

the superstrut

ure. .
(a) Substguctnre design. \First, théf‘  '
(V, m”) must be calcu%;ted from‘E.r

Tt — o R

especially, they are uniikely to perform welr as th“y-requ_re an_.

32/ Compost toilets are theorethalﬂi feasible but/fln drba
extremely nng_Level of ‘user < rf

33/ R.J. Otis and D.D. ara,
Note (in preparation). .
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74, S6lution. Alternating twin-pit VIP latrines are likely to. be the

Thus for N = 3 years, V = 1.08 m3. For an effective depth of 0. 75 m, the pit

[
<

‘ V = PSN
.where " P = pnumber of users (here 8) ‘-;
» ' 3— solids accumulation race (here 0.03 g
/personlyear) .

N = pit design life, years
For N = 10 years, V = 2.4 m. Thus. for a 1.2 m diameter pit,
the effective depth is (4V/md2), = 2.1 m; so, allowing 0.4 m
for the free space, the total depth of excavation is 2.5 ‘m.
This is perfectly acceptable, so the design is adopted: the pit
dimensions are 1.2 w dia. x 2.5 m deep. The soil is unstable and
s0 the pit must be lined in open—-joint hrickwork. . '
(b} Superstructure design. A brick design, including a brick vent
pipe, is cledrly the obvious solution. The designer needs to
~ determine whether a round or "square” spiral design is’
acceptable; if a Yoor is required; if a pedestal seat or squat- * .
hole 1is preferred if the superstructure is to.be large enough B :
to permit “bucket-showers” to be taken in it; and whether a : . il
simple thatched roof is feasible (several examples of : I
superstructure design are given in Annex II). Provision must be S
made for the supply of suff1c1ent flyscreens, preferably of '
stainless steel. "

73. Design example #2. A low-cost "sites and services"” scheme is being l?xff
developed for 1000 households in an urban peripheral area. Each househdld ._- A
comprises six people and the plot size is 10 x 15 m. Ground conditions are L
adverser as the.groundwater table .is permanently 1.5 m bglow the surface, o "ﬁm““j
althqugh there is no unpickable rock and the soil is sufficiently permeahle._ ‘ '
The water supply is from public standpipes connected to the city's <

reticulation system.: There is no shortage of good bgilding materials. - The '

local solids accumulation rate is known to be 0,06 m per person per year.

most appropriate sanitation option, since the plot size is small.- The main
design problem is to calculate the size of each pit; the superstructure design o
procedure essentially follows that described above for design example #1 :*;5 R

75. ¢ The effective volume of each pit (v, m ) is given by._:dii"-ffb7”

v = PSN o _ _f:. . -.'f.~d U:Wi_h“

=6 x0.06 xN=0.36N

cross-sectional area is l.44 m . Thus the pit could be.l. 2'm square or,. say,¢-'
Im x 1.5 m; the latter option is iikely to. lead to an overall design with
easier access for desludging. Allowing 0. 51pmfor the free space, the“;~

]
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" whole. [t measuresﬁthe valde of all resources used up by a sanitation project-
"such as land, labor and capltgl, whether a cash outlay is iavolved-ormot. It =~

'??. ' Two Ltypes of costs are used in the- evaluatlon of VIP latrinesfé’/f

y- . E- | | . "51. "‘ ._ L E /vg, o I

internal dimensions of each pit -are. 1 o x 1.5 m x 1.25 m, The pit ﬂﬁPRQ o 'K _
(1.25 m).is less tnan l.)> m——the position of the groundwater table-—so the pit '[ .
will be dry and construction straightforward. o

e P —

76. The deslpdging interval of three years leads to the requiremént for a e >
vacuum tanker for ofly six montns every third year (this assumes that 10 pits..
can be emptled each day and chat thgre are 200. tanker-worklng days per

year), - 'Thus one tanker would be a\{e to service 5000 alternating: twin-plt _
latrines of ‘the above size. Since a 3000-litre vacuum tanker costs around uss - .. -
60,000 (c.i. E }, "its eapital cost per household served is only some U3$ 10. '1 s
Even assumlng a tanker life of .only three years and operation and malntenance'. SR
costs as high' ag US$ 30,000 per tanker per year, total costs to each _ R
householder for servicing his latrlﬁg-would be 6nly USs$ 8 per yedr. 2 ]

other sanitation systems. Tney age economic costs and finanetal costs, . : : g |
gtconomic cost is the cost that is borne by a country ‘or a‘communlty as a .

is used for making a least-cost comparison among alternative techiiologies.

The econdmically favored technology ‘is. deemed to 'be the one which ylelds full :

benefits at the lowast economlc costs - _ _ . - ffﬁ
. L / :

/3. Economic costs have'two;components: investment cost and recurremt fj el

costs. gach component should be expressed in a way that reflects its Teal '

opportunity cost to the economy; this willznormally involve shadow DILCIHg of

inputs such as labor and foreign exchange. The, stream of investment and .

recurrent costs should then be converted, using a discount. rate reflecting- theif."

* opportunity cost of capital, into a total annuel cost per household (TACH)._u'

-spead oa sanitation and of the self help or othet lnputs assumed ln the
project design. "' “ : :

The techniques for this form of analysis iie”outside the scope ?f_th;s paper? i 
but are covered in any standard'text on. pfie economic analys1s o projectsr—? ;

79, Flnanclal cps5ts are the sum of investment and recurrent costs
without any adjustment to reflect economic considerations. They are- relevant
in selecting a technology which the coasumer can Tafford. The financial burden'AAR"
on the Lndlvldual consumer will be heavily influenced by the local .conditions
for each profect: for example, the loan/grant wix used to make: theétuitial'*~
investment more affordable (including hidden: subSLdies in btlow‘ma et :

interest rates on loans),*the extent of community pertIcipation, “and the use
of local materials produced by the consumers themselves. The desi ,
project financing and cost recovery- systems should. be dlrected towards making.
the economically-optlmal selution affordable by consumers, ‘both in- ‘terms’ of -
the proportion of their—casm incomes which they cam- reasonably be expected

LI s

54/ See also John M, Kalbermatten et al. Appropriate Technology for'Hater
Supply and Sanitation' Technicai and Econonic Options;',ﬂbrld B'nk.
December. 1980, ' B

i
+
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80, One major comﬁonent of sartitation projecthCGSts which is often
omitted in cost aralysis is institutional and project delivery. cost, This

‘includes the cost of such ‘activities as community mobilization and E &%

development, information dlsseminatlon training and financial delivery; it
also includes monitoring a&ﬂ evaluation and teghnology delivery activities
such as logistic support and -engineering subervlsion. The institutional and.
project delivery cost may constitute 15 to 50% of the total cost of a . -
sanitation project. It is thereRore an important cost component, and it must
not be ignored.. In the abgence of adequate information, the 1n3t1tutional and
delivery. cost may be assumed  to be, 30% of the total cost of a pro;ect, or
about 45% of the sum of material ahd labor COStSe .l

81. ° Table 1 gives investment ebsts of five-user VIP latrines from two
countries. Excluding institutiondl-gosts, the range of cost is from US$115 to.
US$167. . The cost range becomes US$5164 to US$240 when institutional costs are
estimated gnd included. A breakdown of material and labor costs’is given in
Annex III for rural and urban VIP latrlnes in Zlmbabwe. The costs are seen to
range from USS$70 to US$245 depending upon the naturé of the settlement {rural

or urban), soil stability and cH01ce of constTuction materiald: The cost of
VIP latrines relative to the cost of conventional sewerage varies from one
country to_another. In a recent World Bank study, tke mean valje of ‘the. total_
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. However, in AL
Botswana the TACH of conventional sewerage was found to be only two and a’ half -
times the TACH of the VIP latrine. It may be noted that the“TACH for sewerage
in Botswama was found to be the lowest of ‘eight sewerage systems studied 1n

" the World Bank research project; ' the highest value of TACH, $641.30, was. found (,,

in Kyoto, Japan, comparedtto $142.2 found in Gaborone, Botswana.

o
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', COSTS OF 5-USER VIP LATRINES ey

(in U3 Do].la.r_:s;\rsiative pmporl;idqs are gi\’:én in parentheses) _
N '

-

" Materials (M)  Labor (L) . Taotal Institutionall/ (L) Total
kS VRN T £ 3 _ . ML

Tazania (1983)° . 8 5 15 W . 164
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TABLE 2

AVERAGE ANNUAL INVESTMENT AND RECURRENT COSTS

PER HOUSEHOLD FOR VIP LATRINES AND CONVENTIONAL SEWERACE3S/ ™~

e . (1978 US Dollars) -, . < .
- ‘Observations Mean- . investment - - Recurrent .
. Technology ~(number) TACH Cost - . Cost
VIP latrines 7 35.0, 3103 0 e 30T
Sewerage 8 L4003 - 269.9 - 13044
7 I
35/ Based on: John M. Kalbermatten, et al.’ Appropriate Techn'olo'gy_ f.ﬁf"il&teh;_.
‘Supply and Sanitarion: Techmical and Economic Options.” World Bank. December
1980_ - . . -..; . . . N _.I.‘ . ‘ . \“
- ’ *> ’
e r , ._‘._\-. - .
ﬁ\‘. - ’ *
5 ‘
// ,
* // o
RS
v A
- ’ N ‘I
/J .
/',.n s
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SOIL STABILITY CRITERIA S
l. This Annex describes three alternative simple field tests for

soil-stability, on the results of which the designer of VIP latrines can
decide whether a pit needs to be fully lined, as described “in paragraph 18
above, or not. : ’ :

-

Test A .
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. Each
sample is then ‘hand-rolled to form a rough cyldnder of approximately 2 ecm

diameter and 5 cm long. After sun-drying for two days or, preferably, oven- . .

drying for two hours at 100°C, the sample is gently crushed between one's

thumb and fingers. Unstable (cohesionless) soils crush easily, whereas steble

{cohesive) soils do not. This test requires somg eyperience, and it is
therefore a good idea to practise the test on soils of known' particle size
distribution and undrained shear strength.

"

Test B
3. Thli/is the standard soil mechanics measurement. of particle size
distribution~ A soil can be considered stable if it contains. more than

30 per cent clay (< 0.002 mm)., It is simpler to measure the combined sand and
silt fraction (> 0.002 mm) which should not therefore exceed 70 per cent._,

Teﬂt c ¥ ) p.._ Lo '_o :

4, This test is the measurement of the undrained shear strength of - -

soll samples and is thus applicable only to cohesive 3011T7 It is dome im. the
field by the standard soil mechanics vaneltesg procedure.— Seils with an
undrained shear strength of less than 15 kN/m“ are unlikely to be able to _
support normal superstructure and coverslab loads (which way exceed»20 KN).

As a reasonable precaution pits excavated in soils with an undrained shear.
strength of less than 20 kN!mZ should be fully liped. - '

37

e

This is described in, for example British Standard BS 2004 19?2. - -th-f.f-:f' .
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Page 1
CASE STUDIES_ -
i. This Annex briefly descrlbes some VIP, latrine types that have. o F

been constructed in Zimbabwe, Botswana, Tanzania,

Ghana and BraziLL .

Full

design details can be found in the references quoted herein,

A.

ZIMBABWE

"Pole and dagga™ design =’ 2 ' _ ' : o

2. These are single-pit VIP latrines made almost eatirely out of

¢ local materials and are especially suitable for rural areas (Figure II: 1). The
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 don® by placing two lLogs, measuring 2.1 g’
2.3 m long and approximately 100 mm in diameter, along the pit 300 mm aparct, _ . .
so that their upper surface is flush with ground level. Logs measuring 1.2 m ~
long and roughly IOV mm in diameter are thea placed across the longitudinal

‘logs without gaps and nailed or tied to them; apertures for “the vent pipe’ and K 4'

squat-hole are left by using pairs of shorter logs which come to the inner '
edge of the longitudinal logs. The wooden logs used should be resistant to
termite and fungal attack; in.Zimbabwe mopane (bolophospermum mopane } and
mususu {Terminalia sericea) are commonly used. :

3. Ounce the logs are in position, the superstricture is then built.
Some 30 to 40 timber poles, l.3 m long and 50 to 80 mm in diameter, are
erected in a spiral shape, nailed to the coverslab and tied together with
wire. The lower ends of sqme of the poles should be roughly cut to a point so
that they way be firmly wedged between and nailed to the coverslab logs. The -
upper sections of the poles are kept in place by fastening rings of green.
saplings around them. The roof is then’made from gum, poles-about 30 mm in
diameter which are pliable and can be easily shapeda né dESired cirealar
form. The diameter of the roof base is- 2 m and its
of the base. The roof is made by weaviag and tylng :
between fdve circles of green saplings 225 mm apart. “The’ rqof is thent\
thatched with straw or rye grass and placed onéand tiéd to the - : S
superstructure. This procedure was adopted as it is the traditional method~ N
for making roofs in rural Zimbabwe, The thatchihg has to be very dense ‘to
keep the superstructure Sufficiently dark for good fly coutrol. ' ‘

1/ TAG is always’ interested in novel VIP latrine designa. Readers with
information on VIP latrine developments are agked to wr%te to the TAG
Project Manager at the address given on page 2111) P ; T

2/ "Pole ‘and dagga"” is the local term for mud and wattleh dagga 1s aoil taken S
from termite hills. - L L E : .:Z> e
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b4, «  Oncg the superstructure and roof is complete the a llcation of R
mud beglns, in Zimbabwe traditiomal practice in thejrural ar as is not to use_ﬁ_'p”
soil from the ground buf from. termite,hills, as this is found to have better RS
adhesive properties and greater durability. The superstructyre is first - L
plastered with mud, both inside and outside:  The coverslab 1s tnen also -
plastered with mud so that the floor slopes in all dlrectlon_ ‘to the squat-
hole. As the wud dries, cracks appear "and the surfaces are 'lastered with mud
again to fill these cracks and to provide increased strength The mud’is *
“allowed to -dry ocut and all surfaces are then plastered with _th1n coat of
cement mortar (l part cement, 6. parts. sand) The coverslab is then painted
with black bitumastic palnt. R “_i_h~———~f" B T
5. lhe vent pipe is constructed from a 2 4mx 0.9 o mat of lggal PR
reeds woven with string or wire, THe mat is rolled up arou Ad” four or five ... -
280 mm diameter rings of green saplings to form a vent pipe-af approxlmately f
280 mm internal diameter, and the flyscreen is wired ou thelope end, - The. Vent
pipe is then plastered around half its circumference w1tn cement mortar, when
rhis nas dried it is placed in position andstied to: the superstruuture, and
thea the rest of the vent pipe is plastered.

6. Finally, the exposed parts of ‘the coverslab are covered with soil "
which is placed so as to slope gradually away from the -latrine to the .
surroundlng ground level Grass’ ;s then planted to- pr001de protection against T
. the raln._ . . L Lt L

L
Reference: P.R. Morgan and D .- Mara, Ventllated.l
Recent Developments in Zimbabwe, TAG Work1ng Paper No'“
1982.°

it Latricess -
World Bank,

Brick design _ e,

L

7. - These are also. SLngle pit vip latrines, but made with more e
permanent building materials (Figure LL:2) “Che’ pit: dimensions are 1, 2
"diameter x' 3 m depth; in stAble soils’ the pit  is'lined- with cement mOrtar
(1 part cement, 8 parts sadd), or in open-Joint brickwork in unstable soils.fﬂj -

A circular collar of bricks is. laid- in .cement mortar_around ‘the. plt SRR
circumference at ground leveil. -The: relnforeed éoénerete’ coverslab (l 5 g &
diameter, x 50 mm thick) 1s then mortared on. to the brick collarr

3. The superstructure 1s bullt in-a round or,: quare sp* al shape
to a height of 1.8 m. Unly part of the superstructure is’ éver ‘the- pit,~~
this is done s that tnere is. sufflcient space 1n31de to enable-_lu
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auperstruccore~to'that -of the,coverelab. When thls has ‘been well compacted by
.tamping, cement mortar {1 part cement,°3 parts sand) 15 laid over the - . I
compacted soil and the “coverslab to a sufficient depth so: that the latrine . - . -
floor slopes towards the squat-hole all round. The vent pipe is made. in - ol
brickwork using the superstructure &s.ona side of it ‘and is built six .courses’

higher; and its internal dimensions areﬂ239 Imm square. Alternatively,- o
commercially avalilable PVC vent pipes (110 mm drameuer) may be:used. The fly- o
screen Is.staitnless steel mesh.

-

e T __p:eﬁ”._";_ﬁ_:m_enn ....... =
Reference: P.R. Morgan and D.D. Mare, Ventilated Illproved Pit“]:ar\ rines: . H
Zimbabwean Brick Designs, TAG Discusslon Paper TAG/’l,DP/Ol.. R
ki o . : “"“‘-»{;‘H T
B. BOTSWANA . . . ¢ - DL e e e i i
Alternating twin—pit design _ o - - _=?r ' 'r. :;:5- { o '
“10. +  Altermating twin-plt VIP. lat’rines (Figure I¥ 3). ate_widely used ﬁn

urban Botswana, where they are generally knowh as” "Revised Earth Closet Type f“_
I1 (REC II) latrines”. Each pit (internmal dlmen31onsq 1.25 @ x 3.7 mx
1.25 m) is lined in—open=joint- concreee—biockwork—eupperted—en—reinﬁorced—
concrete footings;’ a dividing wall in fully mortared blockwork is butit at . o=

mld-length and is similarly supported. The reinforced concrete coverslab o R IR
(80 mm thick) is made in eight sections: two permanent central gections, each - F

with apertures for the vent pipe and pedestal seat,_whith“eupport the ) i
superstructure; and six removable sections, three at each side, to'permit E T A
desludging. s . : i _ o L Co

. . | . . R . ~
1L, The superstructure is built inm blockwork Wiﬁh_a slobing roof of
corrugated asbestos cement supported on timber rafters. An outﬁard—opeﬁing
door is provided. The vent pipes are 2.5 m lengths ofi 110 mm diameter PBVC
pipe. A glass-fiber reinforced plastic .pedestal seat unit is provided and
a concrete cover cap is placed over -the aperture to the pit’not in use. An: .
L-shaped “privaey wall"” is often added to the superstructure hy ‘the, . o

~ householder, = m———e = e — — T T

Reference: J. van Nostrand aid J.G.. Wilson, The Ventilated Iiprovéd’nouble—”“ S
Pit Latrine: A Coustructiou Hanual for Botswana, TAG Technical Note No. 3. LT

Single-pit dESign 5 o . .”””l;:_;-‘;.A,;'f;;;}f' ::

12. Various: 31ngle pit VIP latrine designa are used io- rural Botswana.
- ——Jthey—ere—in~auuqL4eeye—simi}af~to—the—ZTmbabwean—desiges—iﬁ—Settion A above.
Here a design suitable for use in stable soils ‘is described (Figure 11: 4)

13. Before the p1t 15 excavatad a rectangular concrete ring beam (1 8 m
x 1.25 m overall) is cast in a trench measuring 125 mm wide and’ ?5 “Tm deep, -;”1f L
the top of the ring beam is 50 mm above ground level, and it is reinforced by e

e—s*ﬁg%e—eentrai—&—mm*diameter—miid steel bar. After the ring beam hae been;:
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3 ; '3 _ . _ N o

cured for at least three days, the pit is excavated 125 mm within the ring N _

‘beam to a depth of 2 m or more; the pit walls slope:inwards at about, 1 in : -

20. The coverslab is made in three_reinforced concrete seetlons.,m e . '

R 13015 5 -1 1 T2 G5 8- ol Gl (-0 E%?gsﬁétstﬁe déhfrﬁi’section Ras thi

-+ - . plpe-hole; .and the other end—section is removable to allow access for Qf L u.*
emptying. : : | : R
14, Thé.superstructure is made in blockwork in'a eguare'Spiral shape - = e

blockwork is laid to. the lével of the coverslab. The .roof is made from .
gorrugated iron or asbestos cement sheets. A PVC vent pipe is used with a L e
glass-fiber (or, preferably, stainless steel) flyscreen.'_ SR N C 4

-

") i .. . )
Reference: J. van Nostraad aud J.G. Wilson, Bural Ventilated Improved Pit o 1
"Latrines: A Faeld Manual for Botswana, TAG Teehnleal Note No. 8. - : ST

: g
which is partially offset from the coverslab; a foundation of two courses of ’ "i

\
il

C. TANZANIA . . o ' .

15. “The singlewpit VIP latrlne design shown in. Figure II 5 Has been ’ _
constructed in several low-income areas of Dar-es Salaam. - ‘1t eontains several .
novel features. The pit (approximately 1.3 m x 1. Jmx 2.5 m) is lined in
special blockwork: each block has two rectangular openings in it for- v
infiltration, and thus the blockwork has fully mortared 301“§§4a-$h¢ blockwork
superstructure is ‘not offser from the pit but, ~to allow access for desludging,
the central part of the reinforced concrete coverslab, whic¢h contains the
squat—hsle, ~“is removable. The vent pipe is built up 1nternally in ‘one cobpaer, .
of the superstructure from 400 mm square blocks which have a centpal 150 mm
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.

- r

D. GHANA

_mm@g_g;amating tﬂiuwip_design P S N S

6. . A pllot-scale program in_Ghana has shown that bt 1s possible to

convert in—house bucket latrines to 1n~house alternating twin—-pic VIP

-latrines, thus providing a modern permanent sanitation facility . .

(Figure II 6) ) : . _ L " oo f\ )
L]

17. The conversion procedure 1s as fallows. _First, the external‘partg of

the twin-pits are excdvated arid lined in open—-joint brickwotk and the div1ding

wall built. .The pits are then extended some 45 to 60 cm inside the house,

passing. below the foundation of the house wall; timber is used to support- the.. . .
foundation during this excavation., The pit lining and dividing wall are then
completed and the old bucket latrine access door bricked up. The reinforced
coverslab sections '‘are placed. in p031t10n. b . . . S

L
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5. «Urban VIP latrine (Tanzania). -

Figure II
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\\E\\. BRAZIi. ) - L o ] . ‘
; T - * ) ; . *
Single-pit design - T " : .
18. Ventilated improved pit latrines are a recent development in Brazil
and Purrnnr]\r exist’ nn]\r at dnmnnql‘rnl‘1 on-scalé leval, A q1na‘Tn—n1f desi on .

'developed by theaﬁater and Sanitation Company of the State of Mato Grosso do
Sul in congunction with TAG-Brazil, is shown in Figure II:7, The pir..

. brickwork., The reinforced concrete coverslab is in three eectione' one with.

which are removable to pernit access for desludging. The superstructure is

In—house single—pit design = N '

_ result only small volume pits could be provided. ‘The pits; which are lined

the house wall. The Te

-

TAG/TN/13 _ - 66 - _ ' ANNEX 1I
Page 11
each pit has one sectiom with apertures for the squat-hole and 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 of users and is determined as
described in paragraph 13 above. Since the internal room is normally small,
the longitudinal axes of the squat-holes (or, in urban areas, the pedestal
seats) ‘are located along the diagonals’ of the room to provide greater

comfort. The vent pipes-are 3 m lengths of '150 mm diameter PVC pipe, and they
are fitted with PVC~coated glass—fiber flystreens. . -

ARt s R R A ntly

e o i i+ e et R e e

dimensions are 1.5 m 'x 1.1 m x 2.5 m, and the pit is lined in open—-joint

apertures for the vant pipe and pedestal seat unit (shown on page 18, ‘and two

Huilt in brickwork and has a corrugated asbestos cement roof. The vent pipe
is 2 2.5 m length of 100 mm diameter, PVC pipe and is fitted'with a nylon.
flyscreen, The superstructure, which_is offset from the pit, is large enough
(1.6 m x 0.8 m internal) to permit “bucket showers" to be taken (at a later
stage a shower can be installed); the resulting sullage is drained away to a *
small adjacent soakaway. . .

LI _A“ : . Cn .
R ] : _ e

19. ;;*?Re\i:w-income area of . Peixinhos in the city of Olinda in. o _“':i
northeast Brazil few in—house single-pit X1IP latrines have recently beem = @ - '
installed (Figure 11:8). This area has a veéry high groundwéter table and as a

mudrameter_cgﬂcrete rings to a depth of 1. 5 m, are built just outside - t.”_ P
apertures for both the pedestal seat’ and: the vent pipe.- The houSe wall is~ ]
demolished for-a length of 1.5 m adjacent do the pit and an outwards extension o

“ buile,’ wi;h the inner edge of the new wail along the diameter of the:

coverslab, ‘The vent pipe is a 3 m length! of 150 mm diameter PVC.. pipe;'fitted°
with a nylon fiyscreen. .To desludge the piu the. vent pipe’is removed and a

'-.100 wm diameter. vacuum hose introduced through the vent: pipe aperture i the _f

coverslab this works satisfactori;y, as the\pit contents, due to, the- high
groundwater tablef are very llquid and therefore eaey to remove‘ '

. . \ R
. .

Further details’ Available from the TAG Resident Advrser, PNUU/Banco Hundlal.-

Caixa Postal 273, Rio de Janeiro, Brazil 20, 000 B

' . . . .o ; . . - L] .I e
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El

TABLE i . T S
COSTS OF ALTERNATIVE COMPONENTS FOR RNRAL BRICK S

' \.\‘\H"““‘ A ) . . . "
. VIP LATRINES IN ZIMBABWE o .

A

Item No. Description- ~ Unit ~  Rate Quancicy ' "CosGl!”fm§ﬁb;§6Eh1f'*77'1'.J
‘ - ' (Us3) : (Us$) -~ _.qus$) o

i

A. SUBSTRUCTURE ' - | o o e
(i) Btable Soils. o S . .- L .: .
'*#F_ﬁoftgfii'_A:Ts_;;_; ;fﬁ;;f.fm_g*z??gim;mm..00;00
@ (Eree) O R . ;

1000 19000 30 0.57 -  5.32

50 kg. _4;?5 1.5 AT

River sand m @ -bfree) 0.5 i - - : _.‘Vf. J

‘Bricks - 1000 19.00 0.5, T l0.45 17.58

B. COVERSLAB | | | " | :u |
07  Cement | 50 kge 475 0.5 :_’_'2;38 -

g 08 River sand 3 C (freey-, 0,125 ¢ - .

.09 Reinforcing  kg.  0.48 " | 1.5 & - .0.72 .3:0° ¢ .

oo

. SUPERSTRUCTURE A e

(1)  Round spiral“ . o . ,,.' o ;.. L 3

10 Ce;nent o 50 kg. t 4...‘?5- L -2... 5 _ 4 11.38— ﬁ_ R e

11 River-sénd-; .ﬁj (free) “-ﬁfD.Ti ' . V€ fV

LI

12 Bricks

10000 - 19000 - 0.45 8.5 20dk3

. L e = TR
' ' L U T S T AL
1/ Costs were converted from Zimbabwe dollars using-an_exchange rate.af © . =
Z1.00 = U3$§0.95" : - e e e

- . . W

3

e T Lo P PP S -
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, Page 2 :
Item Nb. iDesdripnioﬁ" Unit "t Raﬁe_ Quality - Cost Subfbtai T %ﬁ
' (Us$})- - - (Us$) - (Us$)
. -] i . } '.- ) . - .
(ii) Square spiral - " T o . ot - ;
’ 13 Cemeat 50 kg, . 4.75 3 14,25
14 River sand o (free)‘ : "1 - o
.15 Bricks 1000 19.00 0,60 11,40 25.65
D. LATRINE FLOOR _ - . T B
. -y , _ . . o
16 Cement 50 kg. 4475 0.5 2.38 S
L7 River saad wd (free) 0.1 - T
I8 Bituminous liter 2.28 0.5 .14 3,52
paint .
E. ROQF : B
(1) Thatch _
19 Thatching grass 8 kg - ) _"\I'i o "9 
, .Y )These items .- = .
20 Timber poles . 12 o - )are narmg‘l‘ly( . ‘i_-...._-.”_(_. !
(65 mm dia.) L T .- <)available free |
' . )in fural areas. v
. . ) B o
21 Twine Y
”_m"“*Tii‘“*PerroéeméﬁwaG}'Eaﬁﬁaréﬁi}ﬁl”'}
22 Cement 50 kg. T 4.75.°
* 23 River sand " @3 (frée).
24 Chicken wire m ’ 1.90 7

(40 mm; 1.8m

. wide)

© (iii) Perrocement forfsquare%&piral
- _ _ "

25 Cemeat . - _ *50_kﬁ§ 4;?5. '
26 River sand m3 - 5(fre§) .
v _ L
7 27. Ch;pken.wire m , . 190 . 1iS
. "(as above) . - . “;3g“h';".5..3 Ll




:fﬁGH’NIIS - ' e o o .

-Iﬁem.No. Description” ~  Unit -'Rate : Qualityj ?- ‘Cost -  & Subtotal : ,ﬁ;_*?
| - ws$) AT s
_ Ll—' A

o T . . . : : ’ . N v - . B o LT
-, Bl VENT PIPE - ‘ | o o o s

_(i) PVC vent pipe, 110 mm;:o;d. {with stainless~stegl flyscreeﬁ) : 1333Of

(1i) PVC vent pipe, 160 mm o.d. (with stainless'steeL flysCreen) 25 65

(iii) Asbestos cement.vent pipe, 150 nm g.d, (wlth stainless steel Zﬂ 70
. , _ L _ flyscreen)

"_m_"'(ivqs"ﬁfick vent Plpe'fﬁﬂﬁ—x'236hmm xnternal—dtmeﬂﬁions, —

29 River sand * - wd ' (ffee) o _ 0.1~ oL :_'.f o A;

. T
—_— ———— . v

30 - Bricks. Y0000 19,00 0.1200 228"

3I Flyscreen No. 380 1 £ -3, BO * 27
(stainless R S _”,y_ - '
-steel) - - s o ) '

G- LaBoR R S S s T

32 Pit excava- m 2.85. 3 . suss e
", - tioen _ depth . Lot S
.. 33 Building man
- " (skilled day S T
) Labor) . . . e _; }'**_f3-fff-*ﬂ'

34 Building * man
. . {unskdilled
lLabor)

Notes

1.
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TABLE 2

'COSTS OF ALTERNATIVE COMPONENTS FOR URBAN.
° IN ZIMBABWE

=
i8hbeovay

. _ o, _ -
Ttem Ne. Description Unit Rata 1
| | | sy

T (Uss$)

A.  SUBSTRUCTURE - - | | Lo
' (i) Stable sgils =~ . - R ' s EI‘f;‘

Ol  Cement . . shkg . 4,28 L. adg -
02 River sand _ : L 855 . 0.33 . _Z.QEi.<f'“;f”na% .
03, Bricks . el 1000 . 85,50 30 - .g__;——;%;éi%;i¥m¢9;6;j%%f
(ii) Unstable soils E - _;' __'_ g S . 'E | AR
04 " Cement - , S0 kg~ 4l28 - 1.5 642 0
05 River sand - G 85 os o 4.8

06  Bricks o 1000 85.50 SSO . 47.03 57.73

B.. COVERSLAB _ _ _ o
07 ° Cement _ s o 50 kg 4.28° -1 0.5 2.14
_ o4 3 2]
08 River sand . f l.mJAL; . B1SS £0.125 - 1.07

09 - Reinforcing steel (3 mm dial) kg Q%ﬁ& LS 0.72.-. 393

P

. SUPERSTRUCTURE . / | o : _Frm”.: B S  ; ;. - -?f
G | '[ o T e e
10 Cenent - o Js0kg 428 250 070 0 T

11  River sand T CoSomT . 8.55 - 0,67 . 5,73 o

12 bricks e s ma . s

(i1} Square spi%ql ' fg

130 kg  4.28% 30 12,84
14 River sand o i m 8;55 1+ 8.ss 51_5 'f'”. ”
13 Bricks . | 1000  85.50 6.600 - . 51.30 . 72,69 ..

13 Cement

4 - S R L e e [ .

D.  LATRINEFLOOR ~ ™ " T LaTon T
‘ | ~7T 50 kg 4.28

16 Cement .- - F

17 River éand e
18 Bituminous paint [ ,_.:
' - . I . /, o

fom‘Zimbébﬂ%fdo

2/ Costs were converted f
' B P/

2 nck

;1;f,;u;;ﬁg;gg'egghangg.g




BAG/TN/13 , o - 73 - S ANNEX IIT
) S . - Page 5 .
.-..1'.1
‘Item No. Description - S e e _ Uni-t----_-_-_ Rate- "-Qﬁaufit'jf_’""""f’f_f&_;s{.*"*" S.l.lbtot'.al“_
| - (Us8) _ (Us$) - (us§) ..
E.  ROOF | . B A S
(i) Ferrvocement for round spiral . \ _ . o L
719  Cement S 50 kg 4,28 0.5 ‘2,14
20 River sand o’ 8.55. 0.1 0.86 i
21 . Chicken wire (40 mm; 1.8 m wide) m 1.90 1.5 285 5.85-
(11) Ferrbcemenﬁ for square spiral - RS "’_:_-
22 Cement’ . 50 kg 7 $ 2,87 ¢
23  River sand : ' m? 8.55 ‘0.1 0.86 . o
24 Chicken wire (as above) - e o 5 .. 285 - 658 —
F..  VENT PIPE : A " e,
(1) PVEC vent pipe, 110 wm o.d. (with stainless steel flyscteen) = .~ ";'_"""'_,__'__ T3, IG
(11) PVC vent pipe, 160 mm o. d. (with stainless steel flyscreem) - o 25.65 5
(111) Asbestos cement vent pipe, 15 mm o.d. (wil;h stainless steel flyscreen) = 24730
= -
(iv) Brick vent pipe (230 x 230 mm internal dimensions) _ _ : .,/ e
25  Cememnt - 50 kg 4.28  0.25 ©  1.07
26 River sand e . ma - ® 355 0. f 086 BT
27 Bricks o 1000 - 85.50  0.120 ° 10.26 - . .
28 Flyscreen (stainless steel) _ ¥ No. . 3.80 1 3.80 1599
G. ' LABOR o e L e e
_ 29 Pit excavation . mdepth 3.80 . 3 - _..1]_...40 ) e
[~ 77307 Building latrine (skilled labor) _r!_l_a_n_/_da}{'__ ~-9.50 L 3 F_ﬁZBSU ';5 el
) A Building lal:ri.ne (unskilled labor) : man/d_ey. -ﬁ ?5 S R 1 9L _._"_,54_'.-'7'-_1-5' ',
. * : LN , : -
NOTES - L _
) 1. .The cheapest option costs. U$5145.95. 3 Il: applies to stable so1ls and' ron.md spiral
L _Structures wich ferrocement roof plus a PVC screened qent pipe of _110 ‘mmouter diamete
& . |. . ! L ,‘_.f o
2, ‘lhe l-u.ghessI cost option costs US$244 87. 1I|: app‘lies to areas wil:h unstable ‘soils
square spiral Superstructures are built w}th ferrocemenl: roof and provided with"j
screened vents of '160 mm outer diameters.; - o SR
‘; -
I _' § ;
» ) i‘
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