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1.0 SUMMARY
BACKGROUND TO THE STUDY

Angola, along with Mozambique, Ethiopia, Somalia, and Sudan, has in recent years been
one of the nations targeted in the "Emergency Plan for Africa." The long-term urban crisis
in Angola's capital Luanda has been exacerbated during “Emergency” by the influx of
Displaced Persons comings in areas destabilised by insurgents. Ongoing cycles of
political disruption and localized rural drought dating back to the independence war
against Portuguese colonialism remain unbroken today and fuel this rural to urban
migration. An extremely high population growth rate of 8 percent has resulted in Luanda in
the years since independence. As Angola enters a new era of peace and reconstruction
the pressures on urban centres like Luanda are unlikely to abate as refugees from abroad
and returnees from the bush are reintegrated into national society.

Luanda's distinctive urban structure evolved due to the lack of an effective colonial
planning policy. Spontaneous "Musseques," were successively encapsulated or
surrounded by colonial "formal sector" urban growth. Old high density Musseques, named
after the red "musseque" earth from which they are built, are to be found in pockets even
in the heart of the modern city. These Musseque islands were hemmed in by modern
sector developments or major roads but received little infrastructure investment. The
Musseques still grew in population, reaching saturation densities of up to 800 people per
hectare, living in single story hutments. Not until independence and the flight of colonial
capital did the speculative property market collapse and with it formal sector growth
stagnated. Only then did peri-urban informal building at the margins of the city begin in
earnest. The old Musseques could accept no more population and the kind of growth at
the urban periphery, typical of many Third World cities began to be seen.

Today as many as three quarters of Luanda one and three quarter million people live in
Musseque or peri-urban townships. The urban infrastructure, originally designed to serve
Luanda 's 250, 000 Portuguese colonial population is totally inadequate to meet today's
demands. Most of the Musseque's population has no access to piped water or formal
waste disposal systems. A series of floods following on several years of near drought left
some Musseques with permanently inundated areas, which could not be drained by the
inadequate colonial sewage system. Environmentally related diseases are on the rise and
every year the war pushed more rural migrants into the city. New migrants having little
urban experience of deal in with sanitation in high-density situations bring additional
problems with them to the city.

The government's preoccupation to date has been to come to terms with problems of
maintenance of the remaining colonial infrastructure. A new "Urban Development
Initiative" is now being planned to deal with these pressing problems and to extend basic
services to Luanda's whole population. Projects underway range from one to divert more
water from the Bengo River to help meet the new urban demand, to a new townships
upgrading project using local community participation.

The Angolan Women's Organisation (OMA) several year sage joined with, the National
Institute of Public Health (INSP) and the Office for Musseques Upgrading (GARM) in
planning several programmes for upgrading sanitation conditions and infrastructure in
Luanda. Pilot programmes focussing on two townships, one an old Musseque in the heart
of the city and the second on the urban periphery, were planned. This report is a result of
a request from OMA and INSP for Development Workshop in Luanda to carry out a study
of appropriate sanitation technologies for upgrading programmes in these townships.

The terms of reference for the, study sanitation technologies include various types of
projects for latrine design, solid waste collection and disposal and storm water drainage



design was deemed to be a necessary part of sanitation technology and urban upgrading
and has been included in this study.

The Development Workshop specialist team was in Luanda in August and September
1986 to join their permanent staff based there. The information on which this report is
based was obtained through site visits, interviews with the local residents and meetings
with various government officials and private consultants. Ali interviews in Sambizanga,
Rangel and Cazenga were carried out with a member of OMA from either the national or
local level present. The pattern followed during a typical interview is summarized in
Appendix 1 and the facts obtained during the interviews are given in Appendix 2. The
other people met and interviewed during the study are listed in Appendix3.

The Pilot Project Areas

The two townships studied in depth in this report are Rangel, located in the Municipality
Rangel, and Ngola Kiluanje in the Municipality Sambizanga.

More precisely, only a portion of Ngola Kiluange forms the pilot project area (where the
housing co-operative is located), but the population can be assumed to be similar in
census characteristics as the whole of Ngola Kiluange, The two areas as defined by the
census of 1983 are shown on Drawing 1, Research was also carried out in the
Musseques of Sambizanga, Cazenga and Terra Nova.

The Musseques Rangel, located in the centre of the city, is the old one referred to Ngola
Kiluanje on the periphery of Luanda is the home of new arrivals from the rural areas.
According to the census data, in Ngola Kiluange 44 percent of those over age 14 have
arrived in the township in the last four years, but in Rangel only 28 percent arrived in the
last four years (1). The population of Rangel is 56,185 and that of Ngola Kiluange is
26,804.

It is important to note that in Rangel 50 percent of the population is under 14 years of age;
similarly, in Ngola Kiluanje, 50 percent is under 19 years of age, The average number of
persons per household in Rangel is 5,5 with 22 percent of the households headed by
women whereas in Ngola Kiluange the household average is 5,1 and only 11 percent of
the household are headed by women. The heads of households in both areas are
overwhelmingly (96 percent) illiterate or without any formal education, but many more
female heads of households are illiterate than male heads of households. Finally, the
economically active population of both townships (over age 12) are predominantly
employed as either Industrial Workers if men (64 percent) or as Service Sector workers if
women (about 30 percent on average for the two areas). In Rangel 57 percent of men and
only 19 percent of the women are economically active whereas in Ngola Kiluange the
figures are 64 percent of men and 9 percent of women. In both areas, the 25-29 years of
age category is the largest economically active group.

PROPOSALS FOR URBAN UPGRADING

The technologies recommended in this report can be used for two purposes. Firstly, they
apply to the general informal housing areas or Musseques of Luanda and as such can be
used as guidelines for other groups involved in urban upgrading and planning. Secondly,
they can be constructed, used and evaluated in the two pilot project areas. The actual
project areas (as opposed to the census areas) are shown in Drawing'.

Any form of urban upgrading places a new burden on the "Council” or urban body
responsible for maintaining the urban infrastructure. The technologies recommended in

! The data presented in this section was obtained from Tables 1.2.6.9.18,19,24 and 25 of the Censo de
Luanda of 1983 for the bairros of Rangel and Ngola Kiluange.



this report were derived with this issue in mind. Of too much expensive, "high technology"
infrastructure has been built in Africa and subsequently failed due to disregard for the
long-term maintenance capacity of the beneficiaries.

The sections in this report describing the current situation for solid waste disposal and
drainage indicate that the City Council of Luanda at the time of the study was not capable
in terms of either manpower, revenues, or equipment to deal with daily maintenance and
normal improvements to the existing infrastructure.

Therefore, being realistic, the technologies recommended in this study emphasize the use
of local resources and the initiative, participation, and labour of the residents?. It follows
from this that the technologies are also low-cost and appropriate to the existing
emergency situation. However, the proposed solutions can be physically upgraded and
incorporated into the city's formal infrastructure as the capacity of the Commissariat’s
maintenance service improves.
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2 WOMEN IN URBAN UPGRADING

2.0 THE FOCUS ON WOMEN IN URBAN UPGRADING

A water and sanitation programme is not only a public health measure, but also a step
towards women's emancipation. Moreover, the active participation of women is" essential
factor its successful implementation Women's role touches the sector in almost every
aspect. It is women who collect water for the household. When they have to pay for it as
commonly occurs in Luanda, the cost has to come from their housekeeping budget

2 The section on the current state of the municipal water supply, while outside the scope of this report, has
been included because it cannot be improved through community participation, sell-help or alternative
technology. The onus is on the slate lo ensure adequate reliable supplies of potable water, which is a major
requirement for improving the health of the residents.



leaving less cash to pay for food. Women are also the main users of water, whether for
washing clothes or bathing children. Their responsibility for hygienic practices such as
hand washing is particularly important, as they are the principal prepares of food and they
are also best placed to teach such habits to their children.

It is also women, or children sent by them, who take the household's refuse to the dump.
When street cleaning campaigns are mobilized, it is mainly women who turn out the
sweeping of streets has become a woman's job, as most of the sweepers employed by
the municipalities are women.

Women take on the responsibility for keeping the family toilet clean and teach their
children to use it. This latter task is especially important because, contrary to popular
belief, children's faeces generally contain more disease pathogens than the faeces of
adults. For any improvements to occur in public health impact of proper excreta disposal
of children's faeces must be included.

In practice, and in spite of the efforts of the OMA and the Party towards their emancipation
women in Angolan society do not yet have much power over major investment decisions,
whether at the level of the household deciding to install a latrine or with the city authorities
responsible fatter supply, drainage and solid waste collection. It was found in the study
Dona for this report that female heads of households are in the minority, being 22 percent
in the bairro of Rangel and 10 percent in the bairro of Ngola Kiluange in the municipal of
Sambizanga®. However, since women are the ones who must use, cooperate with and
benefit from whatever services or facilities are to be provided, any sanitation programme
will fail without their active support. To n this support must therefore be an early objective
of the programme.

If latrine slabs, pit covers, or other components were to be produced in a central
workshop, whether by employees of the project or by members of a cooperative, it would
be advantageous for many of the producers to be women. This is the case in the latrine
cooperatives of Maputo in Mozambique. As well as creating opportunities for female
employment and breaking the male monopoly on construction techniques, latrine
cooperatives give the project a ready entry point into the female community, through
which improved sanitation and ideas of better hygiene can be actively promoted.

One of the principal involvements of in heath related community development has been
the pilot project at Mulenvos initiated by OMA in 1981-82. Although this was an intensive
programme, which benefited a rather small group (about 200 persons), OMA is thinking of
using it as the basis for two more projects, one in a Musseque (for more details on the
Mulenvos project see Appendix 4). The future projects will involve the training of 2 health
workers per community of 500 persons to work with an elected community of seven of
whom probably at least 2 are women (the traditional midwife and the person responsible
for organizing women and promoting literacy). The health workers must be literate and
drawn from among the youth. OMA should insist that at least one be a woman. The
original pilot project at Mulenvos involved a series of lectures on health topics, including
soap making and rubbish disposal. It would therefore be easy to insert new information on
the sanitation technologies proposed in Section 4.1, as well as information on the
necessity of disposing of children's faeces and the viability of manually emptying the
contents of alternating double-pit latrines\lithe dissemination of this information and that
relating to the construction of latrine slabs should be developed with the understanding
that the level of literacy amongst women is very low. In the bairros of Rangel and Ngola
Kiluange, 99 percent of the women were either illiterate or without any formal education
(nenhum nivel). In the Rangel bairro, 44 percent of the women (over the age of 10) are
illiterate and in the other study area, the figure is 56 percent. An even higher percentage

3 Stalistics from Censo de Luanda 01 1983 for lhe bairros 01 Rangel and Ngola Kiluange, Table 18.



of female heads of households (around 71 percent) are illiterate. Promoting new ideas in
health and sanitation technologies through the school education system is a good method
of reaching the children, but again it should be noted that only 59 percent of the children in
Ngola Kiluange and 77 percent of the children in Range' in the age group of 5-18 are
attending some sort of school. The percentages are similar for male and female (female
being slightly lower), but by the age of 18, only 22 percent of the women in Ngola
Kiluange are studying as compared to 43 percent of the men. The figures are higher in
Rangel, being 57 percent for men and 51 percent for women®*.

The proposed OMA Health Workers Programme is one of the forms of organization
already tried in Angola for community development or community participation, which
could be used in an urban area like Rangel or Sambizanga. The other community level
organization is the Brigada de Vigilancia, which does not promote health specifically which
do not promote health specifically, but are organized to provide neighbourhood security. It
is likely that some brigadistas would anyway be members of the health committee.
Brigades have been often used to organize block clean-up campaigns. Whichever form of
organization is used, it will probably still be necessary to employ at least one female
community worker for each area to relate to the organization, to ensure that women are
informed and consulted regarding the progress of the programme.

4 Statistics from the Censo de Luanda of 1983 for the bairros of Rangel and Angola Killing, 21 and 23.



3.0 CURRENT SITUATION
3.1 EXCRETA DISPOSAL

Less than a quarter of the households visited during the study had no latrine at all. Most of
these had only recently moved into their current accommodation and planned to build one
eventually or to move on soon. The principal constraint seemed to be the difficulty in
obtaining construction materials, and possibly labour. No case was found where
limitations of space made it impossible to build a latrine. A few of those without claimed to
use the latrines of relatives nearby, but not ail relatives allow those The others use open
land, particularly rubbish dumps, though they are often shy of admitting that they do soon
Adults have to wait until the hours of darkness, though young children up to about 10
years of age are to be seen defecating in public in the daytime.

The great majority of the Musseques' population
therefore has access to a latrine or at least
aspires to do so Moreover, considering the
absence of technical and financial support from D "J
outside the musseques for the construction of ”‘H‘D"u"‘
these latrines, their quality is in general T T
remarkably good. Most have a cement floor,
which is kept reasonably clean. This at least
helps to control the spread of hookworm within
the household. Many have a raised seat, and
some even a ceramic bowl. While the o
superstructure is often a fairly ramshackle affair
of steel sheets, and in most cases there is no
roof, the pit is generally large and provided with
a structural lining.

Only about one in four of the pits are directly
below the latrine floor. The majority have the pit
offset to one side, and connected to an
improvised squat hole by a gently-sloping length
of plastic pipe about 2-3 meters long and 8 cm.
in diameter. An offset latrine of this kind needs
water in order to function. Usually, water is used
to flush the pipe each time the latrine is used,
although one household visited in the clay soil
area of Cazenga said they only flushed theirs v
two or three times a day so as not to overload the pit, in spite of this household having
some 18 members. Although the addition of a water seal would be a simple modification
to these latrines, none of them had one. Most offset pits had a ventilation pipe, which
varied between 2 and 8-cm. diameter, although technically a ventilation pipe is not
essential. The idea seems to come from the conventional design of septic tank.

Astonishingly, even in the areas of severe water shortage, where a bucket of water costs
Kz50 or more, offset latrines were flushed with clean water, while sullage (waste water
from washing) was thrown away. Only in one house hold visited was Z silage saved for
flushing the latrine. The direct pits, of course, require no water, but produce many more
flies and somewhat more smell. Most people aspire to an offset latrine if they can afford it,
and one resident told us that a latrine, which needed no after was no good ("sem agua
nao da").

Typically the pit is square, about 2 m. along each side, and lined with open cement block
work. It is normally some 2 metres deep, but may be dug to a depth of as much as 4



metres, especially in areas of clay soil where the pit will last longer if it penetrates to the
more permeable layers below.

Traditionally, poles of termite resistant timber supported pit covers. These were covered
with sheets of metal such as oil drum tops, and plastered over with cement mortar or
concrete. It seems that these poles are now hard to obtain, and householders are
increasingly turning to steel, usually in the form of reinforcing bars. The reinforced
concrete cover slab is then cast on the ground at one side, and later dragged over the pit
by a contingent of strong men.

Very few pits are unlined. Owners who had difficulty in obtaining cement for blocks have
preferred to make their pits smaller so that they could be lined with more accessible
materials such as oil drums or prefabricated concrete rings. One who had used concrete
rings of only 60 cm. diameter clearly realized his pit would have a shorter lifetime and had
thoughtfully installed a second pit for use when the first was full.

Most, however, make no such

‘ provision for the future. The first pit
M normally takes 10 years to fill, but
e e e e e when it does, the owner of an offset pit
TR typically has little advance warning.
He then has the choice between_a

suction truck from the District Council,

. or building a second pit.
COVER. =LA BRSEDT
) HOGAMMBEIGUE. TESIGHR] MW'

Either of these involves a considerable
delay, and meanwhile the household

~ suffers from the dual nuisance of

7 iy g being deprived of the use of their

) dwaeTion Box normal toilet, and at the same time
/ 77 MaY DIVERIT FLOw . . ' . .

TO EITHER- living with a latrine overflowing with

SOAKL A PIT. .
human excreta near their front door. In

fact, roughly one in three of the

. latrines visited were in this condition.
DO ANWAYY PIT

LEEFALE - HOLES . . .
e EETwEss The delay in arrival of the suction
oF capcrsme_mak. frucks is understandable. At that time,
out of the current fleet of 6 vacuum
trucks available for pit emptying, only
three to four were in service at any
time. This proportion is not low by
African standards, but the number still
falls far short of requirements, as can be seen from the following calculation. A typical pit

used by a single household of, say, six people fills up in about 10 years.

Some pits are used by larger numbers, but these are likely to fill proportionately more
quickly. If some 60 percent of Luanda population of about 1.25 million uses pit latrines,
then some 12,500 pits need to be emptied each year. This compares with 467 emptied in
the first three months of 1986, equivalent to a rate of less than 2,000 a year. Even a small
shortfall in capacity can soon lead to a very long waiting list. One family told us that they
had been waiting for over three years for their pit to be emptied. In some cases, of course,
difficulties of truck access sufficiently close to the latrine make mechanical pit emptying
impossible.



As for the construction of a
second pit, the delay often
arises from the cost and
difficulty of obtaining
construction materials,
particularly cement. One bag of
cement can make about 40
cement blocks, so that 4 to 5
bags are needed to fine a 2 x 2
m. pit. A further 2 bags are
needed for the cover slab. At a
typical price of cement on the
open market of Kz 2,500 par
bag, and adding the cost of the
steel and other materials, a
latrine will cost over Kz20, 000
without counting the cost of
labour.  Steel sheets for
superstructure and roof cost at
least Kz 2,000 each. If a builder
is to be hired for its
construction, his labour will cost
at least Kz 60,000, so it is
hardly surprising that most
households prefer to build their
own. However, households
lacking able-bodied men to do
this work are also least likely to
be able to afford a builder.

Luanda's problems of excreta

disposal are not confined to the musseques, nor can they all be solved with simple
latrines. The conventional sewage system of the city shows signs of progressive
deterioration due to lack of adequate maintenance, and is already the cause of some of
the most serious health risks of the city.

In the Terra Nova area, for example, a large and permanent lagoon has formed where a
considerable flow of polluted water is emerging from two open sewer manholes. People
are to be seen washing clothes in it, and children bathing.

We were advised by the Chief of Sanitation Department of the District Council that most of
this flow was from a burst water main; but it is nonetheless clear that there must be some
unlearned blockage in the sewers for the water to well up from the manholes, and that the
water, whatever its origin is at least heavily contaminated with sewage. The existence of a
leaking water main near this body of contaminated water would only make the hazard to
health still greater, as there is a risk of backflow from the lagoon into the main when the
water pressure drops, contaminating the source of drinking water for a large part of the
city.

We understand that the Sanitation Department has devoted considerable effort and time
to remedy the situation, which at the time of the study had prevailed for many months.
Their lack of success is probably due in no small measure to the serious lack of
adequately trained personnel in this Department.



In other areas, the blockages are- in the internal sewer pipes of multi-storey buildings. A
particularly unsanitary situation was found in several blocks of the "Bairro dos
Congoleses", where sewage from the communal toilets was flowing over the ground. The
residents of at least one block had organized a work part to clean out the septic tank, but
lacked the technical knowledge or support to discover that the blockage was further
upstream, so that their considerable efforts were in vain.

3.2 SOLID WASTE DISPOSAL

Among the first things to strike the eyes and senses of any visitor to the Musseques of
Luanda are large heaps of rubbish, shrouded by hordes of flies as it decays, and
occasionally smouldering. Rubbish is a hazard to public health in various ways. It sustains
large populations of rats and flies, which are potential vectors of disease. Children
scavenge on the rubbish heaps where sharp pieces of metal and broken glass expose
them to possible injury with an increased risk of tetanus and other infections. These
dangers are compounded by the practice of defecation on rubbish heaps and on rubbish-
strewn ground, both by children and by adults lacking their own latrines. Flies breeding in
such areas may carry faecal bacteria, and other people scavenging or defecating there
are exposed to hookworm disease (ancylostomiasis). Rubbish also blocks storm water
drains. Last, but not least, it is unsightly and malodorous.

It would be easy to gain the impression that the accumulation of rubbish in and around the
musseques is due to the lack of a sense of social responsibility and hygiene on the part of
the inhabitants. However, there is ample evidence that most residents wish to keep their
environment free of solid waste and exert considerable effort, to the extent that their
resources permit, to manage the problem rationally. In the denser and older musseques,
such as old Sambizanga and Rangel, hardly any solid waste was to be seen in the streets
of the musseque it self. The piles of rubbish are to be seen outside the musseque, mainly
on open land around the periphery. This is shown on the map of Rangel, where the only
rubbish heap inside the musseque is beside the market (see Drawing 2). Markets are
major centres for the generation of solid wastes in any city. The absence of rubbish
elsewhere in Rangel shows that people living in this community, usually children, carry
their solid waste as much as 400 metres to the nearest disposal site. This is farther than
many people in wealthier communities are prepared to walk to dispose of their r bash.
That's implicitly recognized by the District Council, which has placed containers at
intervals 01 less than 100 metres in the Miramar area.

In some other, newer Musseques such as Cazenga where population density is not yet as
high as Rangel, some refuse is dumped in the roads; but this largely occurs where no
suitable alternative dumping place is available, and the cleanliness of individual
courtyards, often occupied by several families, testifies to a desire and ability to remove
wastes from the immediate environment of the home. Where a suitable dumping site is
available, such as a cliff edge in the Sambizanga pilot project area, the rest of the area is
kept effectively free of solid waste (see Drawing 3).

The problem, then, is one of the ultimate disposals of the waste. Whether or not this
involves transport by motor vehicles, it requires resources, which are beyond the
technical, financial and organizational capacity of the Musseque to muster. In practically
every city in the world, it is recognised as the responsibility of the city administration.

In Luanda it is and has for some time been a widely acknowledged fact that the city's
refuse collection is seriously deficient. Some years ago in the colonial period, simple
tipper trucks were used, and since the trucks' visits to each musseque were reasonably
regular and predictable, it was possible to arrange for the residents to bring their own
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refuse at the appointed time, and empty it direct/y into the truck. At some point, however,
shortly after Independence, it was decided to opt for a container system. Two types of
container are in use; a wheeled type of 1.1 m3 capacity which is lifted and emptied
mechanically into a specially built rotating compactor truck, and also some 7 m3
containers, which are collected by other trucks with a lifting mechanism.

A well-known WHO manual on solid waste management in developing countries (Flint off,
1976) makes the following remarks:

"Almost without exception communal containers cause problems: they are sometimes
overfilled, or refuse thrown around them; they are disturbed by birds, dogs, cattle and pigs
as well as scavengers searching for saleable materials. Official sites are often
supplemented by random heaps on verges ... "It should be stressed that, lacking contrail
over the age of wastes deposited in any communal container, a local authority should
operate a daily collection, and that thorough cleansing of every kind of communal storage
(as distinct from routine collection of the contents) is also a municipal responsibility. "

These comments are most appropriate in Luanda, where even in the formally planned part
of the city, containers, at the time of the study, were emptied haphazardly once or twice a
week, never cleaned and frequently removed without replacement. Near the Musseques
containers are hardly ever to be seen, so that rubbish can only be dumped on the ground.
Some rubbish heaps near the main roads was cleared weekly, but others were left to
accumulate for months on end.

From time to time a campaign is mounted and a fleet of trucks and mechanical diggers is
mobilised to clear the rubbish from a particular area, but in the absence of any attempt to
establish a system of routine refuse disposal for the Musseques, this is not an adequate
solution to either the aesthetic or the public health problem.

Much of the problem is due to the high breakdown rate of the' mechanically sophisticated
truck used of collection. In1981 Hidroprojecto reported that 13 out of the city fleet of 18
rotating drum trucks were operational. A further 25 have been purchased for the city since
then, but at present only 8 of these trucks are used on a typical day. Similar problems
prevail with the trucks for collection of the 7-m3 containers. Since only 4 or 5 of these are
operational and each truck can only collect a '1 few containers per day the situation is in
fact worse.

Part of the breakdown problem can be attributed to bad purchasing practice in the
acquisition of the equipment. The Comissariado fainted to standardise on a single type of
container, or even on a single model of truck for each type. The trucks purchased' were of
an unnecessarily complex design; strictly speaking, the compaction mechanism is largely
unnecessary, as the uncompacted waste already has a density of about300 kg/m3.
Compaction trucks are designed for the wastes of wealthy communities with densities of
100 to 150 kg/m3. After compaction they reach densities of 400 to 500 kg/m3o shut the
density of Luanda's wastes is already not much less than these values, so that there is
little point in compacting them further.

The Comissariado established very close contact with one particular supplier of trucks and
containers. The head of the transport department visited their premises in Italy: and
in1985 the council took the extraordinary step of using their suppliers as consultants, to
advise on the numbers and types of containers required (Ref. Calabrese report). To place
such trust in a foreign supplier is imprudent, to say the least. In spite of this intimate
contact, many of the trucks arrived with spare Paris only for the angina and chassis, and
Nona for the complex custom-built compaction and loading mechanism. The
Comissariado workshops have no workshop manuals for any of their vehicles.
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Hidroprojecto's investigations in 1981 (vol.2) revealed that no register was kept of vehicle
movements, and that the service suffered from widespread absenteeism. If conditions
have not improved since then, the productivity of the few vehicles still working is likely to
be very low indeed.

Even were the full fleet of trucks to be maintained in operation and used efficiently, it
might not be adequate to the needs of Luanda's full population in a typical city, one motor
vehicle is required for solid waste collection for each 15,000 inhabitants (Flint off, 1976).
At this rate, Luanda would require nearly 70 vehicles, roughly six times the present
operational fleet.

Truck with Hydraulic Hoist — Picks up container and tips it into the

Much of the solid waste is taken to a landfill site in the middle of a residential area. No
sign is visible of any attempt being made to cover the refuse with soil in accordance with
normal practice for sanitary landfill. After scavengers have had access to it, it is burned off
and bulldozed aver r a steep slope.

About a thousand people live around the disposal site (Ref. Calabrese report) obtaining a
living by scavenging, apart from those who scavenge on the large heaps to be found
around the Musseques. It has been suggested that such scavenging should be prohibited
as it is hazardous to the health of those who practice it; as practiced at present (is
certainly hazardous. In addition to the health risks mentioned above, the main city
disposal site has the added danger of untreated wastes from the hospital and various
industrial wastes some of which are probably toxic. Hidroprojecto (Ref. Vo1.1) estimated
that only half the total amount brought to the site was from domestic sources.

However, scavenging need not be hazardous to health if it is assisted and controlled.
Scavengers may be helped to acquire protective clothing, particularly shoes and gloves
and simple equipment for production of saleable goods from the waste materials. In many
cities, scavengers are heavily exploited by middlemen and could benefit from assistance

12



with the marketing of the products of their work. Their activity is not anti-social. On the
contrary, by recycling scarce resources they contribute to the national economy.

Moreover, Hidroprojecto's assessment (also Volume 1 of their Master Plan) of the quantity
of solid waste generated per head of population is, by their own admission, based on a
series of inferences and assumptions drawn from dubious and inefficient data. It is not
difficult to organize a survey of waste generated by a sample group of households. Details
of how to do this are given by Flint off (1976). But it cannot be stressed too strongly that
the first priority of the Council should be to instil discipline into its existing system rather
than to dissipate its efforts in surveys and ambitious project.

3.3 STORMWATER DRAINAGE

The field study was carried out at the end of winter, before the rainy season. Therefore,
poorly functioning existing storm water drains and areas of erosion and flooding were not
as evident as they would have been had the study been carried out during the rainy
season.

With regard to storm water drainage in the city of Luanda as a whole, a series of heavy
rainstorms in January, February and March of 1984 produced serious flooding, erosion,
collapse of pavement and other road structures, and burying of hours. However as the
inspections of Volume 4 of the Report of Work in inspection ground the Sub-Commission
de Obras de Engenharia” stated, it was not the exceptional rain which caused the
damage, but the lack of maintenance of the drainage networks, gully pots, etc, during the
drought of the previous years. The accompanying photographs show the extent of the
damage. One of the main areas flooded in 1984 in Cazenga was drained only in July of
1986; by 1988 the area was flooded one more. Such standing water is a health hazard
sine it is probably legal contaminated due to indiscriminate defecation. It is also a
breeding site for mosquitoes. Drawing 4 shows the areas of standing water in the
Musseques at the time of the study.

Flooding and damage in varying degrees have been recurring every year sine 1984,
which indicates that there has been an insufficient effort in providing proper maintenance
of existing drains or in constructing new drains. Indeed, the large open drain by the
hospital, which could be used to carry some rune from Rangel, was seen to be
substantially reduced in capacity by rubbish thrown into it. The plans drawn up by
Hidroprojecto in 1984 for the plaster drainack plans aguas Pluvias de Luanda_showing
new piped and open channel drains (shown here as Drawing 5) which would form the
basis of the overall drainage basin network (shown here as Drawing 6) have only just
begun.

In the project area of Rangel, erosion of roads that were paved in the Late 60's or early
70's has taken place, as shown in Drawing 7. In Sambizanga pile project area, roads
show serious erosion problems despite the facet that most had been newly upgraded the
previous year. One section is seriously eroded beside the main road where it sloped
steeply from the plateau. Often plateau itself, there are some areas where water ponds
during the rainy season. It is also evident that rainwater affects the houses on the hillside
of the project area, since numerous ditches and embankments could be seen constructed
along the contours leading to existing gullies. In other cases, residents had used metal
sheets or brick walls in their attempts to prevent gully erosion from undermining the
foundations of their houses. See Drawing 8 for these accompanying photographs.
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4.0 PROPOSALS
4.1 EXCRETA DISPOSAL

It has been mentioned that practically everyone in the Musseques either has a latrine or
aspires to do so Those who have none are constrained either by their lack of access to
materials to line and cover the pit, or by the difficulty of emptying or replacing an existing
pit which is full. Though the existing latrines may be lard from hygienically perfect, the first
priority should be to facilitate construction of new and more permanent latrines by and for
those who at present have none they can use.

Thus, while a possible improvement to the existing latrines might be a measure of fly
contrail, the lack of it is of negligible importance in comparison with the swarms of flies
emerging from rubbish dumps, many of which are contaminated with the excreta of those
people who have no latrine at all.

For those who cannot afford the cement to line a normal pit, the model to propose must
be extremely rudimentary. As water becomes expensive when it is in short supply, this
"minimal" latrine should not require water to function. On the other hand, many people in
the Musseques will not accept a direct pit, and can afford a large offset pit with a cement
block lining. Their needs are different, and for them the chief requirement is for a system,
which will function indefinite/y, without interruption and without depending on mechanical
pit emptying by vacuum truck.

For the first group, we propose an unlined pit. Unlined pits have been used successfully in
much looser soils than those of Luanda, for instance in Maputo, Mozambique. For greater
stability the pit should be circular, and for safety in excavation it should not be more than 2
metres deep in loose soils. A large, circular cover slab with a squat hole could be
produced in the local upgrading project workshop, or by local artisans or cooperatives,
and sold to those interested.

A round slab has several advantages. First, it encourages a circular pit, which is more
stable and uses fewer blocks if lined. Second, it can be rolled around like a wheel. Third, it
cannot fall into a pit smaller in diameter than itself. Fourth, it can be made without rigid
formwork. Finally, it can be made slightly conical for greater strength and to reduce or
eliminate the need for reinforced steel.

A production process for circular slabs of this kind for unlined direct pit latrines was
developed in Mozambique and is described in detail in an illustrated Manual (Ref.). The
same process would be very suitable for a "minimal” latrine for Luanda's musseques. In
the Maputo system, every slab must be individually tested for its load bearing capacity
seven days after casting. If at all possible, this should also be ensured in Luanda. But if it
cannot be guaranteed, or if similar strengths cannot be obtained, it may be advisable to
insert two or three turns of wire reinforcement around the perimeter of the slab.

It has been suggested that pit latrines are not a feasible alternative in the impermeable
clay soil areas of Luanda. However, our field investigations found that the problem is more
often one of general flooding than of overflowing pits. In one of the worst areas of
Cazenga, we found that the local people had a profound knowledge of the soils of the
area and had discovered that more permeable strata were to be found about 2 metres
below the surface. They therefore dug narrower, deeper pits than elsewhere. These were
up to 4 metres deep, but were not dangerous, be, pause of the greater cohesion of the
clay soil. Where there is a risk of flooding, the latrine floor should of course be built up
above the flood level. The soil from the pit can be used to do this.
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For those seeking an offset lined pit, we recommend two modifications to' the current
design First, the pit can be circular, and 1.5 m. in diameter rather than the conventional 2
x 2 m. square pit. A circular, conical caver can be made in the same way as for a direct pit
latrine, but without the need for a squat hole. An experimental caver of this kind was made
during our visit. A pit of this type will require half the usual quantity of cement for lining and
covering the pit. This economy should make it possible to build two pits instead of one.
Each pit will last half as long, but the use of alternate pits will make it possible to empty
them by hand, as follows.

The latrine is only connected to one pit at a time. When the first is full the connection is
switched to the second pit. After one year, and certainly long before the second pit fills,
the contents of the first pit will have been transformed by anaerobic digestion into
harmless, odourless and innocuous humus, of the same consistency and appearance as
a rich organic earth. All faecal microorganisms in it will have died, including the eggs of
the roundworm (Ascaris), which are the most persistent of all. It is then easy and perfectly
safe to enter the pit and excavate the contents. The contents can be thrown away or used
as afertilizer.

The expensive cement blocks invested in lining the pit will then not have been lost, as this
first pit can be used again when the second pit fills, simply by switching the connection
back again. After a year, are at any later convenient time, the second pit can be emptied
in the same way, ready for use again.

The "minima™ latrine are o has a potential for long-term use. When the pit is full, the slab
can be lifted off and placed over a new pit. If the household's economic position has
improved meanwhile, the new pit may be lined with blocks as a first step in a process of
progressive upgrading.

With a lined pit, water can be used so that an offset latrine becomes possible. When this
pit fills, a second can be installed to complete a double-pit offset latrine, the second of the
recommended types.

This in turn allows for further progressive upgrading as household income and urban
infrastructure improve. The first improvement is to add a water seal, which will prevent fly
breeding and odours in the latrine. A water-seal siphon earn be fabricated by butt-welding
several mitred lengths of plastic pipe. If its diameter is only 8 cm., the volume of water in
the siphon can be kept to only 1.5 litres 50 that the latrine can be flushed by hand with a
similar amount of water. When in-house piped water supply is available, the latrine is
connected to a cistern-flush mechanism. However, a larger soak away will then be
necessary to cope with the increased flow of water.

Alternatively, when a sewerage network is connected, the pits can be used as the
chambers of a septic tank, connected in series, and the outlet connected to the nearest
street sewer. Pre-settlement of the sewage in a septic tank will make it possible for
sewers of smaller diameter than usual to be used, and shallower gradients can be used,
because the effluent will not contain solids so that self-cleaning velocities need not be
attained.

However, extension of the conventional sewerage network in the short tem is out of the
question, as the Council Sanitation Department is unable, despite strenuous efforts, to
maintain the existing system. The Council has virtually no skilled labour for sewer
maintenance and repair, and so is forced to rely on prison labour, which is not always
forthcoming and is usually insufficient. This is an absurd way to maintain the sanitary
infrastructure of Angola's capital city, which represents an investment of thousands of
millions of Kwanzas. The maintenance of Luanda's sewerage network requires a
permanent force of labourers under trained supervision.

15



Some increase in efficiency may be gained by decentralising sewerage maintenance
functions to the level of Municipality This is especially important if the internal plumbing of
multi-story and publicly owned buildings is to be maintained. Each Municipality Would
then have a team of men with a see of cleaning rods and a hand-operated diaphragm
pump for emptying flooded manholes and septic tanks. This equipment could be
transported on a handcart to dispense with the need for a motor vehicle. An essential
requirement for each team would be the training of at least one member, who would act
as foreman, in the basic techniques 01 sewer maintenance and repair and the dislodging
of septic tanks.

4.2 SOLID WASTE DISPOSAL

It has already been mentioned that urban solid waste collection and disposal is generally
recognised as a responsibility of the city administration, and that in the case of Luanda
this responsibility is not satisfactorily discharged. The problem is fundamentally political
rather than technical, although a tendency to seek technical solutions to it has contributed
to the city's problems.

The first and most fundamental measure required is to establish efficient organisation in
the refuse collection service, beginning with the contrail of absenteeism. This can
probably only be achieved by the payment of adequate salaries. Since money is no longer
a sufficient form of currency in Angola, salaries will have to be at least partly in kind, for
instance in the form of meals or foodstuffs.

Discipline is also needed in the management of the vehicle fleet, starting with a register of
all vehicle movements and an ordered and inventoried stock of spare parts. Irreparable
vehicles should be dismantled and usable components added to this stock, wrapped in Gil
paper where necessary to prevent corrosion. Workshop manuals should be obtained for
all models of vehicle operated by the Comissariado.

The aim should be to extend a regular daily or at least thrice weekly collection schedule to
cover progressively more parts of the city. Even if improvements in organisation increase
the productivity of the fleet, further vehicles will be required to cover the musseques.
These should preferably be agricultural tractors with tipping trailers, which should have as
low as possible a level of bodywork to facilitate hand loading from ground level.

All these measures may seem to amount to a Herculean task, but it should be
remembered that it is quite normal for a city's solid waste collection and disposal service
to constitute the largest singer item in the municipal budget, and even to take up more
than half the total, typically employing 3 percent of the city's labour force (Flint off, 1976).

It is tempting to suppose, from the frequent practice of burning off the existing rubbish
heaps, that the volume of wastes to be transported could be significantly reduced by
incineration. However, the general composition and the high moisture content of the
waste, typically over 25 percent (Hidroprojecto Vo1.1) is likely to make effective
incineration impossible without added fell would, of course, be possible to experiment with
incineration on a small, pilot scale and the University Faculty of Engineering could be
invited to do this. However, considering the already high density of Luanda’s wastes and
the relatively short haul distance to the present city dump, incineration is most unlikely to
prove worthwhile. Flatfoot (1976) makes the following remarks on the subject.

"For most developing countries, incineration can be dismissed firmly as a rational solution
to the problems of wastes disposal on the following grounds:
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- wastes are low in calorific value;
- they are probably high in moisture content;
- capital and operating costs are likely to be beyond the means of most cities."

A commission has been appointed to study the possibilities of recycling the city's solid
wastes, and some interest has been raised by the idea of generating biogas by anaerobic
composting. However, the quantities of energy, which can be produced in that way, are
small, and the process is only marginally economical. It could become worthwhile as a by-
product of composting the organic component of the waste to produce fertilizer. However,
it is not clear whether even this process would be practically feasible are economically
justifiable. The suggestion by Hidroprojecto (Volume 2) that the Comissariado should
proceed with the construction of a full-scale composting plant, before any small-scale
trials have been conducted either of production or of use of the compost, represents a
degree of irresponsibility unworthy of such a reputable consultant.

The prospects for recycling of two other components of the wastes are more promising.
Steel, mainly in the form of tin cans, can be melted down for low-grade steel production;
and glass can also be re-used. Even if these activities are not quite profitable, the loss
made on the recycling process may be less than the cost to the Council of collecting and
disposing adequately of the material as waste. A first step towards examining the potential
for recycling these materials would be to contact the main steelworks, foundries and glass
factories in Angola. An international market exists in steel scrap, so that recycling could
also be carried out abroad. If recycling of either steel or glass proves economical, it might
be worth while to offer children a nominal payment for each bottle or each kilogram me of
tin cans they can collect.

The above proposal will take time to implement, as well as sustained political
determination. It is much easier to organise an occasional "blitz" to clean up a backlog of
accumulated refuse, than to develop a regular, reliable and permanent refuse collection
service. Such a service cannot be established overnight. Meanwhile as an interim
measure, it might be feasible to dispose of some of the wastes locally in a decentralised
see of sanitary landfills.

Taking the Rangel Musseque as an example, four such landfills could be operated, on the
sites of the four principal existing rubbish heaps around the periphery. The population of
the whole "comuna " is 56,000 inhabitants (Census). If each inhabitant produces an
average of 400 g. of solid waste par day (Hidroprojecto Vo1.1), this gives a total refuse
production of 22 tons par day.

About four men would be required to caver this amount daily with an adequate thickness
of soil by hand, using the trench method (Flint off, 1976). The men could work in two pairs,
each pair maintaining two landfill sites on open ground along the side of the musseque.
Two extra men would be required to caver for sickness and holidays.

However, this work would be a full-time job of the men concerned, and cannot be
performed on a continuous basis by volunteer labour. The landfill workers should be
employees of the Council, either at provincial or municipal level.

Suitable sites for such local landfill operations can be found in other musseques. In the
Sambizanga project area, for example, a convenient overhang is already being used, as a
waste type Ali that is needed is to employ a man to ensure that the wastes are only
dumped at single suitable point and to cover them with soil at the end of each day.
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4.3 STORMWATER DRAINAGE
4.3.1 General

The purpose of storm water drainage in an urban project is twofold:

- To remove rainwater discharged from buildings and plots to controlled points of outfall,
thus eliminating potential flood damage to property and several inconvenience to
residents, including the health hazards associated with standing water.

- To convey rainwater from the surface of the roadway to permit the continued passage of
traffic and to prevent damage to the surface of the road.

-The type of storm water drainage system chosen, whether open ditches or underground
sewers and whether lined or unlined if open, really depends on the cost and the road
cross-section.

The true cost of the drainage system is a combination of the construction cost, the
maintenance cost and the cost related to possible damage from runoff exceeding the
channel capacity, all converted to annual costs. With regard to maintenance cost it must
be stressed that a good maintenance programme is equally as important as the design
and construction of the drainage system. The type of equipment and the methods to be
used in maintaining the system should be known at the design period. The damage from
excessive runoff includes not just damage to the drains and road pavement, but to the
surrounding property, as happened during the storms of 1984. As noted earlier though,
most of this damage was due to the reduced capacity of the drains from rubbish, not the
design capacity. It is difficult though to determine the flood damage cost related to the
excessive runoff from each storm greater than the design storm. Another approach would
be to check the cost of the drainage system as designed for two storm intensities and if
the cosy is affordable, and then choose the larger capacity drainage system. If the cost of
the greater design storm system is quite a bit higher, it could be argued that more
immediate health and social benefits would be available to the population if the smaller
size system was chosen and the difference in cosy invested in additional building
materials or more standpipes.

The type of drain chosen also has to coordinate with the road cross-section. Open ditch-
type drains can be used with any road pavement, but underground storm water sewers
can be used only with surface-dressed (bitumen) roads with associated curbs and inlets.

It is not expected that this will be used in any of the upgrading projects in Luanda,
although roads with ditch drains can be converted at a later stage to this standard. The
width of an open drain relates to the material of which it is constructed. For erosion control
and slope protection, an earth drain will obviously be wider than a concrete lined drain for
a given flow. If the available road reserve is narrow, and drains required on both sides of
the road, the choice of drain will depend on that which occupies the least space.
Examples of typical road cross-sections, which will be used in the pile project area of
Sambizanga, are shown in Section 5.2.

4.3.2 Runoff Design Formulas

The design procedure used to determine the runoff from the site and the size and shape
of channel that will safely carry it employs mathematical models. The model used in this
report to determine the runoff is the "rational" method; of which the Lloyd-Davies version
is given hear. It translates rainfall into runoff as follows:

Q=CIA
360
Where:

Q is the volume of runoff in cubic metres/sec.
C is the coefficient of runoff
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i is the rainfall intensity in mm/hour
A is the contributing area in hectares

The model used to determine the flow of water in open channels is the formula:

Q=VA

Where:

Q is the capacity in cubic metres/second

A is the cross-sectional area in square metres

V is the velocity of water in the channel as calculated from Manning's formula,

V =(R2/3 *51/2) *1/n

where:

V is the velocity in metres/second

R is the hydraulic mean depth in metres

S is the channel bed slope

n is Manning's coefficient of channel roughness

Appendix 5 provides further information on these formulas.

The typical choice of drain types includes earth drains, grassed drains, stone pitched (or
additionally grouted) drains and concrete lined drains. Earth drains are obviously the
cheapest, but depending on the soils, will require good design to prevent erosion, due to
high velocities, and a good maintenance programme to repair them and remove silt from
the culverts downstream.

The soils in the two project areas are classified in Angola as being Museum Foundation
soil in Rangel and Museum Foundation on the plateau of Sambizanga pilot project area
with Luanda soil on the slopes. The Musseque type soil has a predominance of sand (up
to 75 percent,) followed by clay, then silt. It could be called loamy sand. The Luanda type
soil is mostly sand. These soils are easily eroded as evidenced on site. Such soils can
withstand maximum allowable velocities in the range of 0,76-0,90m/sec. (1).

Even though the preliminary design indicates some areas where such low velocities
occur, and proper soil tests may reveal a higher percentage of clay in some parts of the
site, the numerous assumptions and guesses used to determine the runoff means that the
velocity of the runoff is only an indicative, not accurate, value. This does not provide much
assurance in making the choice of earth drains over lined drains. Another problem with
earth drains is that mentioned earlier of space; earth drains need side slopes of at least 1:
1 and thus for a given Q will have to be wider than a stone are concrete lined drain.

Besides taking up road reserve space, it can become inconvenient for pedestrians to
cross roads, trying to negotiate drains, which may be more than 1 metre wide and half a
metre deep. Also access onto plots over such drains will, also be more expensive the
crossing of narrower drains.

While the temptation is great to use earth drains because they are cheap, they are
generally not an economic choice where maintenance is unsure. A compromise could be
to construct earth drains in places where the velocities appear to be sufficiently low and
then rebuild the badly eroded drains the following year. Money must obviously be set-
aside for this. It should be noted that there are places in the Cazenga Musseque area
where the soil is very stiff heavy clay and could be used successfully for earth drains.
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Drains lined with grass require equally careful maintenance, firstly to ensure that the grass

starts to grow, and secondly, that it continues to grow, which may be difficult in times of
drought. Since grass of any kind is rarely seen in high-density housing areas, it is unlikely
that it will flourish in drains, which are dry for a large pair of the year.

Stone lined drains can be constructed from just hand-placed stone are hand-placed stone
with the voids filled with Portland cement mortar. Hand-placed stones should be laid over
gravel or crushed stone filter blanket to prevent the soil base from escaping. The type of
stone to be used should be hard, dense and durable and for small roadside drains, as are
being discussed, about 150 mm in thickness. Obviously if there is no nearby source of
such stone (quarry stone will also do), stone lined drains can become expensive,
especially if filter material also has to be found. There does not appear to be a ready
source of such stone in Luanda, although this should be further checked.

For concrete lined drains, a wide range of concrete sections is available at the State
Construction workshop yard. The sections available are shown in Drawing 9. These are
precast in length from 500 mm to 1000 mm. Concrete channel linings should be placed on
a firm, well drained foundation to prevent buckling of the sections. Construction joints
need to be watertight. From Drawing 9 it can be seen that section 3 carries high volumes
of water but it is only 500 mm wide and can be covered by a pre-cast concrete slab (also
made at the yard) to form culverts for car access to plots.

Finally, an efficient section made from fibre-reinforced concrete is shown as section 5 on
Drawing 9. This is actually the same unit as section 10, with bricks used to build up the
walls. These drain linings can be easily made in a small workshop on site, as explained in
Appendix 6. They also need to be placed on firm, well-drained soils.

When at least cost drainage system is chosen, the design work than is perhaps normal
has to be carried out. In order to keep to drains, which are neither too deep nor too wide,
or culverts too large, runoff can be taken away at various intervals to a natural
watercourse or existing main drain. Runoff can also be manipulated into drain which are
carrying little flow, or canalised in such a way that the number of road culverts are kept to
a minimum. This may mean that the runoff will not travel the most direct path. Road
culverts at junctions are a large part of the cost of the drainage system. They can be
substantially reduced in length when the culvert is placed at the point of tangency of the
junction radius of the road, as opposed to the mouth of the road; in a typical 10.5 m. road
intersection this can mean a saving of some 6 metres of culvert length. It does require
careful attention to drain invert elevations (see Drawing 10).

Another option sometimes adopted in place of culverts are the use of drifts, where the
vehicles drive through the water and the drain becomes wide and shallow where it
cresses the road. Usually stones (rip-rap) are employed for surfacing. This technique has
never proved very successful though, since the edges eventually wear off and when the
earth or gravel road is graded, the drifts are ripped up.

In new areas of building such as the pilot project area of Sambizanga roads can be placed
in such a way as to ensure that they are on a slope sufficient to produce self-cleansing
velocities, and to avoid excessively large drain sections.

Roads should be placed at natural depressions (but not large gullies or else the whole
road will be washed away) to avoid either special excavation or fill or separate drains on
way leaves through property. An example of the realignment of roads for a cheaper
drainage system is shown on Drawing 11.
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Finally, it should be noted that for this report the preliminary drainage paths and flows
have been based on contours on a small-scale map. This does not provide very accurate
information and it is likely that when the roads are surveyed, the true paths will be
different, especially in the very flat areas where at present it is difficult to determine which
way the land is sloping.

4.3.3 Sambizanga Pilot Project Area

This site is characterised by a flat  pesenho 11 , Drawing 11
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denser with more surfaces
becoming paved or covered. Where runoff from roads is considered, 0,80 was used for
bitumen and 0,60 for gravel. The time of concentration for drainage basins did not exceed
15 minutes giving an of 82,0 mm/hr; the smaller basins used a Tc of 10 minutes or an of
91,5 mm/hr. Martino's coefficients of reduction were not used since most of the basins
were less than one hectare and the ones which were larger had slopes greater than 0,05
m/m. It was found that for the 5,0 m reserve, roads, the drain section 5 (see Drawing 9).
Was quite suitable or section 6_In three places it was found that the larger section 3 was
required due to the very shallow slope. Section 5 could be used if the roads were
realigned only marginally to gain a little slope. One of these areas is that given in the
example shown in Drawing 11. These small drains are sized according to the outflow at
the low point of the particular basin; at the commencement of the drain, section 10 could
probably be used The 1.0 m wide earth drains (section 2) or pitched and grouted (section
4) are suitable but inefficient since they are too large. In one place the velocity is
excessive for erosion in earth drains. The drains on the 8,0, 10,5 and 12,0 metre reserve
roads can be satisfied by section 3 or 4.
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4.3.4 Rangel Project Area

The Rangel site is almost the opposite of the Sambizanga project area in that the runoff
moves from sloping ground (0,015 - 0,20 m/m) in the southeast comer to very flat ground
on the remainder of the site. The slope on this very flat site ranges from 0,005 m/m to
zero. This section of the site presents tremendous problems for drainage since the almost
negligible slopes combined with the large drainage basins require larger drain sections
than those shown on Drawing 9 in most cases. It should be noted that the site of Rangel is
much bigger than the Sambizanga project area, and with the relatively unplanned, dense
housing there are fewer roads to drain much larger basins than found in Sambizanga.

When the site is looked at in detail, it may be found that a few extra roads would help the
drainage system as well as the traffic. Since the slopes in the flat area are equally bad on
the road running north south (parallel to the contours) and east west (perpendicular to the
contours), large volumes of water build up in either direction. This is especially a problem
on the two main N-S roads, called A and B on Drawing 14, and the two E-W roads called
C and D. Erosion problems were spotted on the site visit on roads A and B and other
north-south roads. The same coefficients of runoff were used as for Sambizanga; the time
of concentration is 20 minutes for larger basins such as the outfall on road C, giving an of
73 mm/hr. Martino's coefficients of reduction were used here since the large basin areas
and flat slopes involve high retention of runoff in the channels and other depressions.
Values from 0,50 - 0,60 were used depending on the size and slope of the basin involved.
Even so, this resulted in values of Q of 0.55 m3/sec. at the outfall on roads C and D. None
of the sections precast at the State Construction workshop are suitable. A new concrete
rectangular section measuring 700mm x 600mm which could be covered by a slab would
suffice. Alternatively, an earth drain 1,50 m wide with a 0,30 m base and 1:1 side slopes
would work although velocities would have to be checked.

For most of the drains on the shorter roads on the sloping part of the site, section 4 or 3
drains can be used. These can also be used on short sections of the minor roads on the
flat area, and as shown on Drawing 15, section 7 can be used on the very small drainage
areas.®

During detailed design, it may be found that runoff will have to be split between two drains
on either side of the road by a culvert, which would otherwise be unnecessary. As well,
some considerable cut and fill will be required to ensure that slopes of at least 0,003 are
achieved (0,005 is better) and to remove the many lows and highs which appear on the
spot elevations which disrupt the general flow of the water. Much detailed design work is
needed for the drainage of this site and even then it is unlikely that the construction will be
expensive. Interim measures could include:

- grading high points and filling the low points so that runoff generally moves off the site

- using earth drains on the flat areas and repairing and revising them when the damage
shows after the first year

- placing drains and culverts on the main drainage roads only

- ensuring that properly designed drains are available for the off-site drainage.

4.3.5 Other Considerations

As mentioned earlier, the cost of culverts at road junctions can be quite a substantial part
of the drainage system cost. This is even more so with the culverts required for plot/road
junctions. It may seem absurd to provide car access to plots when few homeowners have

5 As recommended by the Special Committee on Irrigation Research of the American Society o Civil
Engineers
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cars, but in some areas the expectation of car ownership (or of the extended family having
a car) is very high and lack of plot access will cause immediate problems. About 2 metres
of culvert pipe is necessary with two headwalls at either end for earth or stone pitched
drains. Rectangular concrete sections need only reinforced concrete slabs. The minimum
size pipe is that which can be cleaned with a shovel, but it also has to carry the flow at
that point. One way of avoiding the plot access problem is to install the culvert only when
the plot owner actually needs it. However, this requires a well-organized road
maintenance crew and it is likely that the homeowner will go ahead and install some sort
of crossing him or herself, which will block the- drain. Alternatively, in some low cost
housing projects, a shallow dish drain has been used so that the car can be driven
through the drain. At the plot access, the drain is stone pitched so that it is in effect a
small drift. These have not proved successful since the edges tend to get removed by the
car and the drains have to be made very wide in places to accommodate the flow of
runoff. A way of reducing the number of plot accesses is to ensure that as many roads as
possible are built with drains on one side only (this occurs when the road is parallel or
nearly so to the contour and slopes into the hillside).

Apart from private cars, the only service vehicle which may need plot access is the
vacuum tanker, but it seems common practice in the musseques to have the latrine close
to the road so this would not be a problem. Any other vehicle could gain access in an
emergency with an improvised crossing, which could be dismantled later. It is best to
discuss this idea of plot access with the residents, stressing the costs and the options.
The other important consideration for drainage networks is the location and structure of
the major outfalls of the runoff from the site. These should be either existing watercourses
or existing main drains. They should be as nearby as possible since great expense can be
incurred taking the runoff distances in a special drain, and way leaves through residential
property may have to be negotiated. When the outfall is into a natural watercourse,
erosion protection must be supplied.

For Sambizanga area the runoff is distributed fairly evenly amongst the roads down the
hillside; from there it should join into the drains on the main harbour side road and then
into the ocean near the mouth of the Soroca River (Sector B of the Rainwater Drainage
Basins, Hidroprojecto 1982). However it is not known what extent of road and drainage
works will take place on Sambizanga. If only limited roads are built then the runoff will
have to be channelled to one of the existing large gullies. Erosion protection will have to
be provided at the outfall and the effect of this new concentrated runoff should be checked
on structures at the outfall of the gully. For Rangel, there appear to be two points of
outfall, one near .the hospital, on the west boundary of the site, and one on the north
boundary. The very large existing concrete drain around the hospital virtually meets the
outfall from Rangel, if a culvert (or several) were added. As mentioned earlier, the large
capacity (3,5m. x 1,0m.) has been substantially reduced by the build-up of garbage. On
the north boundary, there is a road but no drain. Both of these problems will have to be
solved in conjunction with any drains built on Rangel and are obviously a responsibility of
the council. The Hidroprojecto basins for Luanda are shown on Drawing 6.

Footnote:

1)
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5.0 RELATED URBAN UPGRADING
5.1 POTABLE WATER SUPPLY

It is worthwhile briefly to discuss the city domestic water supply and its impact on life in
the Musseques as well as its effect on urban sanitation conditions.

At the time of the fieldwork a very low supply of water was available throughout the city,
with different areas being without water for 2 or 3 consecutive days. This situation has
apparently been ongoing for about two months and is one of the worst periods for lack of
water in recent memory. However, even under "normal" conditions water runs for only a
few hours a day.

People obtain water in the Musseques from a few standpipes, which are not in good
working order, either without taps and/or a functioning drainage system. See Drawing 16
for existing standpipes. There are also many illegal connections and water is often taken
from broken pipes and meters.

The existing two treatment works have a capacity of 70,000 m3/day and 140,000 m3/day
respectively or a combined output of 210,000 m3/day. For comparison, the city of Maputo,
with a roughly equal population of 1,000,000, has a treatment works capacity of 72,000
m3/day. In Luanda, the amount of water actually pumped during the first quarter of 1986-
averaged 146,000 m3/day, which is 70 percent of the capacity. About half of the 146,000
m3/day is apparently diverted, illegally, for the irrigation of private farms along with the
main pipelines and it has been estimated that the leakage in the city distribution network is
40 percent (Reference the Conclusions of the Seminario on Saneamento Basico de
Luanda, 1984). This leaves 44,000 m3/day for the population of 1,000,000 or an average
of 44 litres/person/day, from which industrial water demand must also be subtracted.

The people of the Musseques no doubt receive considerably less than this average due to
the condition of the distribution network within the Musseques and the scarcity of
functioning standpipes.

When there is no water available from the standpipes, people generally have to beg or
buy water from individuals with private connections. Sometimes a household will be asked
to contribute Kw 500 to Kw 1000 a month towards the supplier's water bill, but more often
water is sold by volume at Kw 50 per bucket of about 20 litres or Kew 500 for a 200 litre
drum. Similar prices were found in old and new Sambizanga and Rangel. Families
appeared to be using between 7 and 13 litres per person per day when buying water. At
that rate a family of five would spend nearly Kw 4000 per month on water. This is slightly
more than one month's rent for a single roam and just more than one bag of cement. It is
also more than half the monthly minimum wage for an urban worker, therefore obviously
restricting the money available for other family necessities such as food, education and
clothes. In addition to the cost there is the effort and time consumed by the women and
children in the family for collecting this water. One respondent stated that she walked 4 to
5 kilometres to wash clothes and spent two hours walking over very difficult terrain to get
20 litres. The Drawing 18 shows some of the typical distances people were walking to
collect water at the time of our study.

Lack of an adequate constant supply of water affects the functioning of waste disposal
systems. The maijority of people have offset latrines, which use water for flushing the
wastes into the pit. These can use up to 10 litres per flush and amazingly most people
stated that they used clean water to do this. Not surprisingly then, in this time of water
shortage, many latrines were found to be unclean thus attracting flies and causing odours.
Lack of adequate water also prevents food from being properly prepared or limits the
choice of food used, and prevents hands and utensils from being properly cleaned,
facilitating the spread of diarrhoeas and other intestinal infections. Moreover, it means that
personal washing cannot be done as frequently and as thoroughly as required which
results in an increase in water washed diseases such as scabies and trachoma.

It is clear that any improvement in the supply of domestic water in the Musseques will
come about as a result of an improvement in the city's water supply. The situation requires
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technical and managerial expertise to ensure that the treatment works operates efficiently,
that leakage is reduced in the network and that standpipes are constructed and
maintained. The solution also requires the political will to stop the irrigation of farms from
the main pipelines and to enforce proper connection methods. A profit-making water
department, one that can maintain its system from revenues, will never exist unless it can
first supply its customers with an adequate and constant water supply. No intermediate or
local level attention can rectify the problems of the water supply; this is an action, which
has to be taken by the Government.

There is one technology, which could, however, be tried in new housing areas, such as
the town shin of Ngola Kiluange in Sambizanga where the pilot projects is to take place. In
areas such as these it is unlikely that a properly functioning water supply will be available
for some years to come. There are a few existing standpipes as shown in Drawing 17.
Nevertheless, rainwater can be colleted from roofs via gutters and stored in tanks.
Whereas the use of gutters did not seem to be common in Musseques in Luanda, they
have been seen in use in the region around. Luanda (reference photographs ). People
commonly construct water tanks, in bricks and mortar with plaster insides, usually about 2
m3 in volume. These tanks are then filled with water purchased from a truck. Gutters
could be made following the same principle as that for the fibre reinforced cement drains
as described in Appendix 6. Rainwater tanks can also be made from fibre-reinforced
cement.

The highest amount of rainfall occurs in the months November to April; the average total
for this period in the years between 1.78 and 1983 is 322.7 mm. The yearly average roof
the same time span is 343.5 mm. (Reference). The average roof area for one family's
house of two rooms is roughly 30 m2 (this is the initial house size in the Sambizanga
project). The average monthly rainfall of November, December, January and February will
produce about 1 m3 of runoff each month.

This would provide only 5 litres per person per day for a 6-person family, which could
certainly assist with the toilet flushing requirements. The average rainfall of March and
April can provide 2.5 m3 and 3.5 m3 of runoff respectively and for storage of this water
into the dry season it would be more practical to have a 4m3 tank. At a rate of 5 litres per
person per day, this could provide latrine-flushing water for 4 months et well into August.
Whichever way the water is used, at a rate of Kw 500 for 200 litres, the 9 m3 thus
collected would save some Kw 22,500 in one year's cost of water. The saving could
definitely cover the cost of the tank over one year and the whole system of gutters and
tank over two years.

5.2 ROAD DESIGN FOR LOW COST HOUSING AREAS
Typical Cross Sections

It is important to establish a hierarchy of roads in any urban setting in order to ensure that
through commercial traffic moves unimpeded and that residents are protected from
dangerous traffic. A fairly standard hierarchy consists of distributor roads at primary,
district and local level, general access roads and minor access roads. These can be
defined as follows:

Primary Distributors form the primary network for the town as a whole and all longer
distance traffic movements to, from and within the town are canalised onto such roads.
District Distributors distribute the traffic between the residential, industrial and principal
business districts of the town and form the link between the primary network and the
roads within residential areas.

Local Distributors distribute the traffic within the districts. In residential areas they form the
link between district distributors and residential roads and should not normally give direct
access to dwellings.

General Access Roads provide frontage access to plots and accommodate service
vehicles and visitor parking.
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Desenho 19 Drawing 19
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Minor Access Roads provide frontage access to plots and cater mainly for residents' ears,
allowing them to penetrate to convenient parking locations in small groups close to the
houses with restricted access for refuse vehicles.
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In low cost housing areas, usually only local distributor, general access, minor access
roads and footpaths are involved. Some typical cross sections are given for these in
Drawing 19 (1).

‘Tipos Estradas Méd.Diéria Ligeiros Médio Pesados

Road Class Avg Daily Use Light Medium Heavy
(Vei.Com) 1-2t 2-8.2t » 8.2t

Dist.Local 50 50% 40% 10%

Local Distribution -

Acesso Geral 20 60% 30% 10%

General Access :

Acesso Menor 10 75% 20% 5%

Minor Access

The widths relate to the function of the road as mentioned at the outset. Whine narrow
roads force traffic to slow down and be more careful, which is good for residential areas
where most people walk on foot and there are many children, the roads must still be
designed so as to allow service vehicles such as refuse trucks, vacuum tankers for pit
latrine/septic tank emptying, ambulances, police cars, and so on. Therefore the widths
allow the following:

- A 5.5m. width allows all vehicles to pass each other, with an overall tolerance of O.5m.
for the largest vehicles but with ample clearance for all others. Given the infrequency of
large vehicles on residential roads, this width will normally be the maximum required to
cope with residential traffic.

- At 5.0m. the carriageway will allow a wide car to pass a very large commercial vehicle -
with an overall tolerance of 0.7m. and traffic may therefore still be regarded as free
flowing.

- At 4.0m. the carriageway will be too narrow for large commercial vehicles to pass
vehicles other than cyclists. It does however allow wide cars to pass each other with an
overall tolerance of O.4m. Hence, while being more restrictive on the movement of large
vehicles, a width of 4.0m. will still provide two-way flow for the majority of residential
traffic.

- Below 4m. the carriageway will be too narrow for private cars to comfortably pass each
other except at very low speeds.

In addition, junction radii must allow the same vehicles to manoeuvre. Junction radii also,
determine the truncation of comer plots and the length of culverts. The following are
applicable:

- A 10m. radius allows both refuse vehicles and very large commercial vehicles to turn
without interfering with traffic on the through road. Radii of this order will normally be
sufficient therefore for most junctions between residential and local distributor roads.

- 6m. radius allows very large commercial vehicles to turn into or out of the junction using
most of the width of both carriageways and allows refuse vehicles to turn without
interfering with through traffic. Radius of this order will normally be sufficient, therefore, for
junctions between the residential road network (general access to general access
junctions).

- A 4m. radius allows all vehicles to turn into or out of the junction but requires vehicles
larger than private cars to use most of the width of both carriageways; however, this
should not present problems on lightly trafficked roads. It is suggested that radii of this
order should normally be restricted to junctions carrying very low traffic volumes, situated
well within the residential network in places where speeds can be kept low and where
drivers can be expected to proceed with care (general access to minor access and minor
access to minor access junctions).
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The cross sections can be varied according to local conditions. Some well established old
squatter areas, such as Rangel, have narrow road reserves and flat terrain so that there is
insufficient roam for trapezoidal drains on both sides. In that case, a bituminised surface
and compact concrete drains would still allow a 5.5m. carriageway if needed even on an
8.0 m. reserve. Another variation would be to have only one drain. This costs less and is
best used when the road follows a contour and thus tilts uphill with the drain on the uphill
side. Furthermore, the width of drain and footpath varies depending on the construction of
the drain and the quantity of water being carried. Earth drains need to have stable sloped
sides whereas concrete drains can have vertical sides as discussed in the section on
drainage proposals. The road network reposed for the pilot project area for the
Sambizanga is shown on Drawing 20. The road network and road widths are already well
defined for Rangel. The Drawing 21 shows roads, which were surfaced sometime in the
1960's or '70's. Most of the surfacing has gone. If any of the roads are to be widened, then
sites and services will have to be found for the displaced people.

Pavement Design

The design of the pavement determines the cost of the road. For poor people in squatter
or slum areas who may have to contribute to the cost of road construction, a stabilized
earth road might seem like the logical answer. However, the cheaper the road, the more
importance maintenance becomes. Therefore a very realistic appraisal of the
municipality's maintenance budget, equipment, fuel allocation, repair materials (gravel,
cement, bitumen) and manpower will have to be undertaken when the pavements are
designed, otherwise the total capital outlay for the road could be lost within a short period
The other criteria for determining pavement design are the anticipated volume of
commercial vehicles during a given design life, the in-situ soil types and their drainage
characteristics, and the strength and availability of suitable base and sub-base materials.
The pavement is assumed to be a structure, and common engineering theory considers
only commercial vehicles to be capable of causing damage to this structure. Commercial
vehicles are those that have an unlade weight of more than 1500 kg. The traffic in
residential areas consists almost entirely of light private vehicles (especially when road
carriageways properly determine the road hierarchy) and these vehicles are not
considered in the design of pavements. Therefore, the design of general access roads
and lower types of roads in low cost housing areas does not follow "textbook" methods of
road design Following such methods can lead to an over designed expensive road which
is not a rational use of resources, especially in areas where few people own a car.

There have been no evaluations of low cost urban roads (including their maintenance)
over a period of say, ten years, so the design is still rather empirical. However, all
residential roads will have to cater for some service vehicles and a growth in heavier
traffic in future years.

It is still difficult to estimate the number of commercial vehicles, their axle load and the
annual growth for roads, which actually do carry commercial vehicles, such as distributor
roads. Ideally there should be seasonal traffic counts at key points on each class of road
where vehicle weights are recorded. It is also important to determine if the load
distribution is the same in both directions as, for example, on a port road vehicles would
be loaded going in one direction and not in the other. The weight of vehicles is translated
into equivalent standard axles, which is then used to determine the pavement design (as
explained in Road Note 31, 1977. Transport and Road Research Laboratory, Dept. of
Transport, London).
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The annual growth rate of traffic can possibly be determined by checking the growth in
vehicle registration and the trend in the consumption of motor oil, but these relate to
general city conditions. The third factor needed to determine the design of the pavement
is the design life. Roads in new or upgraded housing areas in developing countries are
often based on a 10-year life, which does not mean that the pavement will be totally
destroyed after that period but rather that towards the end of 10 years it will need to be
strengthened. A 10-year design fife seems to be appropriate in circumstances where it is
difficult to predict the traffic growth rate and even the type of initial traffic.

For rapidly growing areas, especially those near to industrial sites, it would be
uneconomical to build road pavements strong enough to carry traffic that will be using it
20 years from today, when this may be as high as ten times the present volume. As well,
the range and percentage of axle loads is assumed to remain constant over the design
life, which is probable for 10 years but not so for 20 years. The flexible pavement design
method given in Road Note 31 allows the pavement to be upgraded when 500,000
standard axles have been carried.

The following data for vehicle numbers and axle loads on different types of roads whiel1
can be used in the upgrading and sites and services housing projects. They are based on
recommendations from various sources. (See table)

t= 1 tone = 1000 kg.
Traffic growth rate = 7.5 percent

Design Life = 10 years for Local ::;z';:;s‘g’ grawing 10 )
Distributors = 5 years for General and ' ulvers atintersections
Minor Access a)portugese? a) Inline of flow

These figures are given here only as an
example." pertaining to the specific
conditions in on city (ref). Designs for
each city have to be developed
according to the conditions prevailing

there. It is important to note, however, 1 —
that even after 10 years, the total

number of standard axles carried by the 60

Local Distributor will be 47,000, which =

does not even appear on the Flexible 1%

Design Pavement in Road Note 31. This

confirms the argument that the design of

this type of road is outside of normal

"textbook" methods. No pavement bportugese?? b) At point of tangency
designs are provided here because they
need to be developed from local data
such as the strength of the in-situ sail,
the type of material available for sub-
base and base, the local standards used
for determining compaction of soils and
as mentioned initially, the expected level
of maintenance. In low-cost housing 60
projects where shelter, sanitation and
water are of higher priority than !
"engineered" roads, a decision to use a
nearby mediocre material over.

r‘f’ |s.o 120

.

point of tangency

All distant but excellent quality material, thereby saving on the cost of transport has to be
made on site and considering other costs of the project.

The roads can also be designed for and constructed by labour intensive methods. This
means that men instead of machines will do most of the work from excavating to
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compacting and surface dressing. Generally, the roads are not built to such exacting
tolerances as normally required in a standard contract, which is allowable given the very
minor traffic on most of the roads and all the other unknowns. Labour intensive methods
are good where there is a large available labour pool (mostly unskilled) and where road
construction equipment is scarce or in constant need of repair or where there is a
shortage of fuel. Labour intensive gangs can also operate in more constrained quarters
than can earthworks machinery/, which is an advantage in old squatter areas since, there
will be less damage to existing buildings. It cannot be assumed though that labours
intensive construction will be automatically prove the cheapest alternative. Good
management skills and experience in labour intensive construction at the supervisory level
(as well as ample tools and too repair facilities) are needed to compete with well-equipped
road building contractors.

Ref: Government of Lesotho Data for Maseru
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