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Foreword

It is an increasingly clear fact in Latin America and the Caribbean that
inadequate final waste disposal has a negative impact on the environment and
public health. The population has become awar e of the seriousness of this problem
and, in different places, people have demanded that their public institutions
take more energetic measures to solveit. In response to these justified complaints,
government authorities have started to take action to mitigate the negative effects
of poor waste disposal practices.

The alternatives being offered to solve this problem today are based on
an integrated management approach and place a great deal of emphasis on the
sustainability of the proposed solutions. At the same time, the idea is for the
solutions to be inserted into appropriate legal instruments as prescribed by the
legislation of each country. It should be noted that in most of the nations of the
Region sanitary landfills are already being demanded as the best solution for
final waste disposal.

Although progress has been made, we cannot ignore the fact that the
problem of final waste disposal takes on particular characteristics in small
districts and rural areas, owing to several factors: a lack of funds because of
the widespread subsidizing of the public cleaning service; absence of information
on the negative consequences of open dumps; ignorance of the feasibility of
joint solutions, which reduce costs of implementation and operation of manual
landfills thanks to the application of economies of scale; ignorance, also, of
the appropriate technology to dispose of residues without incurring in major
investment and operating costs; and, in general, insufficient knowledge on how
to address the problem of inadequate final waste disposal.

Hence the need for an up-to-date guide that will cover all the stages
involved in setting up a manual sanitary landfill for small communities. Hence
also the decision to revise our former publication on the topic, Municipa solid
waste. Guide for the design, construction, and operation of manual sanitary landfills.
The mere fact that this guide has had four reprintsin six years is an indicator of
the growing importance of theissue in the Latin American and Caribbean Region.
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This version includes new topics that will help small communities in the
Region to develop an integrated waste management system, to manage and
monitor sanitary landfills, and to carry out cost analyses to ensure the
sustainability of these activities. The document will be of great use in improving
the environmental conditions and public health of a large sector of the
populations of Latin America and the Caribbean.

The author of the original document is Jorge Jaramillo, an engineer,
international consultant, and chief professor at the University of Antioquia,
Colombia. To enrich this new edition, he has incorporated comments from
different consultants working in this field in other countries. The Solid Waste
Management Area of CEPISPAHO also cooperated in the preparation of the
text and reviewed the final version of the document. Alvaro Cantanhede,
engineer, Regional Consultant for Waste Management, and Leandro Sandoval,
engineer, Advisor on Urban Solid Waste, participated in this task.

Finally, this new edition would not have been possible without the financial
support provided by the PAHO/WHO Representative Offices in Mexico, Para-
guay, Venezuela, and Peru. The translation was financed by the PAHO/WHO
Representative Offices of Guyana, Trinidad and Tobago, and Jamaica.
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1.1 The problem of municipal solid waste (MSW)

Theterm “municipal solid waste” (M SW) coverswastesfrom different sources:
from domestic, commerciad, industria (small and cottageindustries), institutiona (public
administration, schools, etc.) activities; from markets; and from street sweeping and
the cleaning of other public areasin urban communities. In all urban environments,
the management of solid wasteisthe responsibility of the municipal authorities.

Solid waste management in general —and in particular thefinal disposal of the
waste— isacomplex task that has became acommon problem in devel oping countries.
Thisis reflected in dirty public areas, waste recovery in the streets, an increase in
informal activities; garbageisthrown into streamsand rivers, or disposed of in open
dumps; and men, women and children sort through the waste in these open dumps,
under subhuman conditions, exposed to all kinds of diseases and accidents.

The poor management of MSW is a problem in most cities and small urban
communities, and it isagrowing problem. Among the many factors aggravating the
situationin certain regions are: rapid popul ation growth and high concentration of the
population in urban areas, industrial development, changesin eating habits, and the
widespread use of disposable containers and packages resulting in huge amounts of
waste.

The economic crisis and institutional weakness have also had a negative
influence, making it necessary to reduce public expenditure and maintain low tariffs
for public cleaning services. In addition, insufficient education on hygiene and sanitation,
and alack of community involvement mean that there is great reluctance on the part
of the population to pay for the waste management and disposal service, to the detriment
of the quality of the urban cleaning service. The poor quality of the service further
aggravates the problem. This whole situation places public health at risk, increases
the pollution of natural resources with the consequent environmental damage, and
leadsto adeteriorationinthelife quality of the population.

The growth of any human settlement always results in increased waste
production. When different types of wastes are mixed, they not only losetheir potential
commercial value, but also affect the health of the local population and degrade the
environment. It isin this context that the need to seek effective solutions for waste
management and final disposal isanimperative one.

Under these circumstances, it is indispensable for municipalities and other
institutionsto tacklethisissue of solid waste management decisively and pragmatically.
There are several aspect they need to take into account: the level of environmental
education of the population and whether they can afford to pay for urban cleaning
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services; theimplications of mixed wastes; the economic value of somewaste and its
potential market; the compatibility of treatment and final disposal systems; and the
costsinvolved in the collection, hauling, treatment, and disposal services.

1.2 Characteristics of municipal solid waste

1.2.1 Production of solid waste

Solid waste is produced whenever materials are discarded by their owners as
being of no further value, and as such they may be dumped or collected for treatment

or final disposal (Table1.1).

Table 1.1

Activities producing solid waste in Latin America and the Caribbean

% of the
Generating activities Components total of
MSW
Residential Kitchen waste, paper and cardboard,
plastics, glass, metals, textiles, garden
trimmings, soil, etc. 50-75
Commercial Paper, cardboard, plastics, wood, food
Warehouses, offices, markets,| wastes, glass, metals, special and
restaurants, hotels, and others.| hazardous wastes. 10-20
I nstitutional Similar to commercial.
Public offices, schools, univer-
sities, public services and
others. 5-15
Industrial Industrial waste, scrap iron, etc. This
(small and cottage heading also includes food wastes,
industries) ashes, rubble from building and
Manufacturing, clothing and | demolition work, and special and
shoe industries, tailor's shops,| hazardous wastes. 5-30
carpenters’ workshops, etc.
Street sweeping Waste left in public areas by pedes-
trians, dirt, leaves, excreta, €etc. 10-20

Source: Diagnosis of municipa solid waste management in Latin America and the Caribbean — LAC.
IADB-PAHO/WHO. Washington D.C., 1997.
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1.2.2 Per capita production of solid waste

The production of solid waste can be measured in unit values such askilograms
per inhabitant per day, kilograms per household per day, kilograms per street block
per day, kilograms per ton of crop, or kilograms per number of animals per day.

The production of household wastein Latin Americaand the Caribbean ranges
from 0.3 t01.0 kg/per capita/day. This quantity increases by 25-50% when commercial,
institutional, and municipal waste isadded to domestic waste. Thus, daily production
is0.5-1.2 kg/cap/day. Per capitawaste production in industrialized countriesis over
onekilogram per day (Table 1.2).

1.2.3 Waste production and income

Although waste production indices are lower in devel oping countriesthan in
industrialized countries, they are not lower in proportion to income. Theincomelevel
is, nevertheless, considerably lower when compared with income figures for
industrialized countries (Table 1.2).

Table 1.2
Indices of solid waste production and income

. Countries
Solid waste - - - —
L owincome Middleincome Industrialized
Per capita production
kg/cap/day 0306 0510 0.7-22
ton/cap/year 02 03 06
Average income
(US$ of 1988)
US$/cap./year 30 1950 17,500
Urban Management Program — UNEP. Regiona Office for Latin America and the Caribbean. Solid
Waste/ Private Sector and Sanitary Landfills. Urban Management Series. Vol 13.

Except for Argentina, which had an annual per capitaincomeof US$11,940in
1999, per capitaincomein al Latin American countries stands at |ess than US$6,000
per year. In other countries, such as Canada, the United States, Germany, and Japan,
the annual per capitaincome ranges from US$20,000 to US$39,000.
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Per capitaproduction of solid waste varies not only from one country to another,
but also from one city to another, and even among the different socioeconomic strata
within asingle city. This confirms that the amount of wastes generated depends on
the degree of development of the country, the per capitaincome of the population,
and the size of the cities.

1.2.4 Composition of solid waste

Municipal solid waste is made up of the by-products of domestic, commercial,
business, and industrial activities (commonly known as garbage). It can be divided
into organic wastes such as|left-over food, leaves and other garden trimmings, paper
and cardboard, wood, and other biodegradable material; and inorganic wastes, namely
glass, plastic, metals, rubbers, inert material, etc.

Studieson MSW composition carried out in Latin American countriescoincide
in indicating that there is a high percentage of putrescible organic matter (50-80%),
and moderate contents of paper and cardboard (8-18%), plastic and rubber (3-14%),
and glass and ceramics (3-8%).

Table 1.3 shows the composition of solid waste as another of the important
factors to be taken into account when designing a waste management system,
especially when determining the most appropriate recovery possibilities, as well as
the treatment and final disposal systems.

It will be noted that the quality of solid waste in developing countries is
quite poor in comparison with that found in industrialized countries. Thisis an
important factor to bear in mind when treatment and recycling programs are
being considered as economic options. In Latin American and Caribbean countries
(LAC), for instance, M SW has a higher content of organic matter, moisture ranging
from 35 to 55%, and a greater specific weight of 125 to 250 kg/m?*when measured
without compaction.

1.3 Effects of inadequate solid waste management

1.3.1 Health risks

Although the role of solid waste as a direct cause of diseases has not been
clearly determined, it is assumed that solid waste does play arolein thetransmission
of certain illnesses; mainly through indirect routes.
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Table 1.3
Composition of municipal solid waste

Composition Countries
B iz e ) Lowincome Middleincome Industrialized

Vegetables and other

putrescible materials 40-85 20-65 2050
Paper and cardboard 110 1540 1540
Plastics 15 26 210
Metals 15 15 313
Glass 110 110 410
Rubber and leather 15 15 210
Inert material (ash, soil,

and sand) 140 130 120

Other characteristics

Moisture content % 40-80 40-60 2030
Kg/m® density 250-500 170-330 100-170
Lower caorific power

Kcalkg 800-1,100 1,100-1,300 1,500-2,700

Cointreau, Sandra J. Environmental management of urban solid wastesin devel oping countries.
A project guide Washington, D.C., World Bank, 1982.

For a better understanding of the effects of poor solid waste management on
human health, adistinction needs to be made between direct risks and their attendant
indirect risks.

1.3.1.1 Direct risks

Direct risks are those posed by contact with the garbage, because people are
inthe habit of mixing waste with hazardous materials— broken glass, metals, syringes,
razor blades, human or animal excreta, and even infectious hospital wastes and
hazardous industrial substances, all of which can be harmful to refuse collection
workers.

The garbage collection service is regarded as one of the most arduous jobs
thereis, sinceit involves brisk movementslifting heavy objects, andit iscarried out at
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night or very early in the morning, conditions which makeit a high-risk activity that
can result in ahigh morbidity rate for the workers. Conditions are even more critical
when the working hours arelong, when preventive measures are not taken, or when
appropriate protective equipment is not worn. Besides, collection trucks are not dways
inthe best of conditions: in many cases, collection workers are exposed to gases and
particlesreleased by the vehicle, which cause eyeirritation and respiratory problems.
These workers are also exposed to greater risks of traffic accidents, and bruising
caused by knocks and blows.

Waste scavengers are in a worse situation, since they sort through the waste
materialsin subhuman conditionsand without any kind of protection or social security.
Because of their precarious socioeconomic status, they are usually lacking in basic
services —water, sewerage, and electric power— and often suffer from chronic
undernutrition.

They arealso morelikely to suffer from gastrointestinal disturbances (parasitic,
bacterial, or viral) than the rest of the population. Furthermore, they show higher
injury ratesthan industrial workers. Such injuries occur to their hands, feet, and back,
and may involve cuts, wounds, blows, hernias, and damage to the skin, teeth and
eyes, respiratory infections, etc. Frequently, these health problems cause disability.

Scavengers may become vectors and potential transmitters of health problems
to the people they are in contact with.

1.3.1.2 Indirect risks

The most important indirect risk istheproliferation of animalsthat arecarriers
of microorganisms, and that transmit diseases to the whole population. These
animals, known as vectors, include flies, mosquitoes, rats, and cockroaches. As
well as feeding on the solid wastes, the vectors find in the garbage a favorable
environment for reproduction and it becomes a breeding ground for the transmission
of diseases, from a simple diarrhea to severe cases of typhoid or other more
seriousillnesses.

Flies Their reproductive cycle varies according to the temperature. A fly can
reach adulthood in 8-20 daysand it can fly up to 10 kmin 24 hours. It reproducesin
moist human and animal excreta (farms, badly built latrines, open defecation, treatment
sludge, garbage, etc.) (Figure 1.1). It isestimated that one kilogram of organic matter
servesfor the reproduction of some 70,000 flies.

Refuse is the main source of reproduction of the housefly, which transmits
diseases and isresponsible for millionsof deathsworldwide. The key to getting rid of
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Unhealthy conditions resulting from poor management of municipal
solid waste are next in importance to those caused by human excreta
and pose a serious threat to public health.

Table 1.4
Vector-borne diseases associated with municipal waste

Vectors Transmission routes Main diseases
> Rats » Bites, urine, and feces > Bubonic plague
> Heas > Murine typhus

» Leptospirosis

> Flies » Mechanical route > Typhoid fever
(wings, feet, and body) > Salmonellosis
» Cholera

» Amebiasis

» Dysentery

» Giardasis

> Mosquitoes » Femalemosquito bites > Maaria

» Leishmaniasis
> Yelow fever
» Dengue

» Filariasis

» Cockroaches| » Mechanical route > Typhoid fever
(wings, feet, and body) » Feces

» Cholera

» Giardasis

» Pigs » Ingestion of contaminated meat » Cysticercosis
» Toxoplasmosis
» Trichinosis

» Taeniasis

> Birds » Feces » Toxoplasmosis

Source: Departamento de Engenharia Sanitaria e Ambiental, DESA/UPMG. Fundacdo Estadua
do Meio Ambiente. Manual de saneamento e protegéo ambiental para os municipios. FEMA, MG.
1995.
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Human excreta

Source: Secretariade Salubridad y Asistencia. Instructivo Sanitario. Ed. Limusa, México, 1980.

Figure 1.1
The life cycle of the fly and its importance in the
transmission of diseases

the housefly is, therefore, the proper storage, collection, and final sanitary disposal of
garbagein sanitary landfills.

Cockroaches. These insects have existed for 350 million years. Given their
extraordinary resistance to most insecticides and ability to adapt to any environment,
they are believed to be the only living beings capable of surviving anuclear war. They
live around garbage bins, on kitchen shelves, near the dining room table, and in
bathrooms. They feed on wastes and at night they walk on food, and sleeping animals
or human beings contaminating them with their vomit and excrement. They transmit
more than 70 diseases. Nearly 8% of the human population are allergic to cockroaches
and devel op serious respiratory diseases when exposed to placesfrequented by these
vermin. Although the cockroach is one of the oldest and most repul siveinsects, health
and hygiene problems associ ated with this pest continue to affect usand are even on
the increase.
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The presence of biological agentsin MSW may play an important
role in the direct and indirect transmission of diseases. Pathogenic
micr oor ganisms may be present in toilet paper, gauze, surgical
tape, disposable diapers, or underwear disposed of by small clinics,
pharmacies, laboratories, and mostly in hospital wastes mixed with
domestic wastes.

Rats. Rats have accompanied the human species over the centuries, and
have always been regarded as one of the world's worst pests. In addition to
transmitting serious diseases— eptospirosis, salmonellosis, typhus, bubonic plague,
and parasitism— they also attack and bite human beings. Rats may seriously
damage the electric and telephone urban infrastructure by peeling and eating the
network cables, thereby causing alarge number of fires. They also contribute to
the deterioration and contamination of food. They reproduce quickly; they have
from six to twelve pups per litter and a couple of rats may have up to 10 thousand
offspring per yesar.

Another threat to public health is the use of garbage to feed animals (cattle,
pigs, goats, poultry, etc.) without sanitary surveillance. Thisisyet another reason to
make sure that solid waste is properly disposed of. The practice of feeding animals
with garbage should be discouraged because it may cause several diseases, since
such wastes are usually mixed with infectious wastes from hospitals, health care
centers, or other contaminated places where refuseis disposed of without any prior
sorting or treatment.

Another risk posed by inappropriate disposal of waste in open dumps, along
highways, and near airportsisthat of accidents caused by reduced visibility fromthe
smoke of burning refuse; or caused by collisionswith birdscommonly found in such
places.

1.3.2 Impact on the environment

The most obvious environmental effect of inadequate MSW management is
the aesthetic deterioration of both urban and rural landscapes. The degradation of the
natural landscape caused by uncontrolled waste disposal isincreasing. Open dumps
and piles of garbage have become an increasingly common sight.
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1.3.2.1 Water pollution

The most seriousimpact on the environment, although perhapsthe least apparent
one, isthe pollution of surface waters and groundwater. Water pollutionisaresult of
peopl€e s throwing garbage into rivers and streams, and it is aso due to the leachate
produced by the decomposition of solid wastesin open dumps.

The pollution of groundwater (also known as the water table or aquifer) calls
for special attention since this is the source of water for entire populations. If not
properly treated, polluted sources may lead to public health impairment and high
treatment costs.

Thedisposal of solid waste in rivers and streamsincreasestheir organic load,
thereby lowering the level of dissolved oxygen and increasing the content of nutrients
that produce al gae blooms and giveriseto eutrophication; it causesthe death of fish,
produces bad odors, and detracts from the natural beauty of theriver landscape. This
has discouraged the use of water streams as a source of drinking water or for the
recreation of thelocal populationin many regions (Figure 1.2).
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Source: M. Geltzschner; D. Mutz; Guidelines for an appropriate management of domestic sanitary
landfill sites. Eschborn, Munich, GTZ GmbH, 1994.

Figure 1.2
Consequences of uncontrolled waste disposal
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Throwing garbage into streams and canals, or onto the public highway also
leadsto the obstruction and clogging of canal s and sewerage systems, with the result
that flooding occurs during the rainy season, with the consequent loss of crops,
properties, and —what isfar worse— human lives.

1.3.2.2 Soil pollution

Another visible negative effect of open dumpsisthe aesthetic deterioration of
villages and cities, and the consequent deval uation both of the land where the garbage
dumps arelocated, and the surrounding areas. The pollution or poisoning of soilsis
another of the harmful impacts, because of the toxic substances disposed of in the
dumps there and the failure of the environmental authorities to put an end to this
practice.

1.3.2.3 Air pollution

Solid waste disposal in open dumps deterioratestheair quality inthevicinity of
thedump site: the smoke from burning waste reducesvisibility; wind-borne dust during
dry seasons may convey harmful microorganisms that cause respiratory infections,
and nose and eye irritation; the permanent bad odors are a serious nuisance factor.

1.3.3 Risks for social development

Extremely hard economic conditionsand rural migration (poverty, in synthesis)
have forced many families to use the resources contained in garbage as a means of
survival. Thissituation will continueto exist until more decorous ways can befound
for them to earn their living. Health risks are greater when domestic and hazardous
wastes are mixed, as occursin most LAC cities, sincethereisno selective collection
of hazardouswastes. Only in very few cities are hospital wastes collected separately.

Scavengers are exposed to violence, including fightswith knivesand guns, as
well as traffic accidents. These occurrences are a magjor health problem, not only
because of their frequency but al so because of their severity and their sequels. They
imply alarge social and economic cost for scavengers and their families and for the
State, which covers most of the health care costs.

The health condition of the members of the scavenger’s family who do not
work with the garbage does not differ from that of the popular sector, where acute
respiratory infectionsand diarrhed diseases arethe main causes of morbidity in children;
sexually transmitted diseases and those related to pregnancy, childbirth, and the
puerperium are seriousin women; and cardiovascul ar diseases are the most common
inadultsin general.
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Peopl e sorting waste materialsin final disposal sites need more attention and
effortson the part of the State to improve their living conditions because besidestheir
being exposed to direct sanitary risks, they, inturn, aremost likely affecting the health
of the people around them.

For peoplein the high-income segments, domestic waste management involves
merely the observance of refuse collection schedules and demanding the cleaning of
the areas surrounding their houses.

Attitudes of the community, family members, professionals, and institutions, as
well asthe relationships among different actors of the sector, are profoundly marked
by the culture, values, and perceptions of the different components of every urban
and semi-rural society of the LAC Region. Any technical or operational proposal
must therefore incorporate the social and cultural dimension of the place where the
projectisto be applied.

1.3.4 Risks for urban development

Authorities habitually complain about the lack of social and civic disciplineon
the part of the population while, inturn, the popul ation complain about the incapacity
of public institutions to meet their obligations. The most frequent complaint on the
part of the popular sectorsisabout the coverage. Coverageindicators are misleading,
since they are based on the number of userswho pay atariff and do not refer to the
quality of the service. Thus, many people who pay for the service do not receiveit;
while others neither pay for it nor receive it since their neighborhood isin anillegal
situation with regard to land ownership and therefore beyond the reach of public
services.

Thissituationis partly dueto thelack of urban policies, whichisreflectedinan
evident deterioration of living conditionsin recent years.

Open dumps are often located in areas where the poorest members of the
community live, compounding the deterioration of all conditions, and in consequence
causing property pricesto drop, and jeopardizing the development of thetown or city.

Inadequate M SW disposal also causes the deterioration of border
urban ecosystems such as agricultural land, recreational areas,
places of interest to tourists, and archaeological sites. The local

floraand faunaar e affected.
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In addition, both the scavengers and the middlemen who buy and sell the sorted
waste materials from the garbage dumps typically build their precarious shantiesin
these areas, thereby expanding the area of extreme poverty and adding to the
deterioration of the neighborhood.

It should be noted that one of thetechnical criteriafor sanitary landfill sitesis
that they be located in places that have little value for the productive sector or for
town devel opment and that they have the capacity to receive wasteswithout producing
major environmental impacts. Such land is usually cheap, and can be afforded by
poor people.

Thiscreatesaviciouscircle, because even when asanitary landfill isbuilt first,
it won't be long before poor people start settling in its surroundings. Some local
authorities even issue building permits without observing the prescribed setback
(distance from the landfill): a potential cause of conflict, in later years, between the
inhabitants and the municipal project.






2. INTEGRATED
SOLID WASTE
MANAGEMENT






Integrated Solid Waste Management 19

2 INTEGRATED MUNICIPAL SOLID WASTE MANAGEMENT

2.1 Urban cleaning service

The urban cleaning service is mainly aimed at protecting public health and
keeping the environment pleasant and healthy. The following activities make up the
urban cleaning service: sorting or segregation of different types of waste, storage,
presentation for collection, collection, sweeping, transportation, treatment, and final
sanitary disposal of solid wastes. The latter is indispensable for solid waste

Users Public urban cleaning service

>
» Reuse
: » Recycling
I@ » |, Productive
™ use
P -+ | Coallection Trestment
r
e 4 » Composting
S > Vermiculture
Trangportation ) i ;
Storage |—> e 22 —»|» Incineration
n > Direct
> Transfer
t
a
F —> Final disposal
(I) Sanitary landfill
Sweeping » Heavy eguipment
i » Manual

Basic activities of the urban cleaning service

Complementary activities

Figure2.1
I ntegr ated management of municipal solid wastes(M SW)
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management. Theresponsibility for thefirst three activitieslieswith the generator of
the solid wastes, while the municipality or institution in charge of the cleaning service
isresponsiblefor theremaining five activities.

AsshowninFigure2.1, generators of MSW (domestic, commercial, industrial,
etc.) are users of the urban cleaning service and they are responsible for segregating
their refuse, storing it in suitable containers, and depositing it in the place and at the
times indicated by the operator of the service. Currently, there is a growing trend
toward source segregation of MSW to facilitate recovery and recycling programs.

Either the municipality or the cleaning service operator is responsible for
collection, transportation, street sweeping and the cleaning of public areas, and the
disposal of all MSW in a sanitary landfill. The municipality or service operator can
also process the waste for reuse, or treat it in order to obtain economic and
environmental benefits or to render it harmless.

2.1.1 Waste segregation

In LAC countries, MSW by-products are usually sorted manually, and thiscan
be done at source, on the sidewalks, in the collection vehicle, or at thefinal disposal
site. The latter is common in virtually all refuse dumps of large cities and even in
small communities. Those involved in these activities are usually very poor people,
who work under subhuman conditionsto support themselvesand their families, without
any social security.

= |

,} CANS }I
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Figure 2.2
Containers for the segregation and storage of domestic solid wastes
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Themunicipality should take thefirst stepsto eradicate solid waste segregation
in open dumps, seeking the support of the commercial and industrial sectorsand the
community at large, to offer scavengers other opportunities. An outreach process
offering training and support should be set in motion by the municipality to organize
these people in self-managed cooperatives, which would enable them to work in
decorous conditions at the source sites, or evento find other kinds of work toimprove
their livelihood and finally start leaving behind the humiliation and degradation of a
marginal existence.

Experiences in developing countries with industrial facilities for solid waste
segregation have failed. It is therefore recommended that municipalities of small
communities support source segregation programs (domestic, commercial, industrial,
etc.), and construct or adapt premisesfor use as a collection center where the sorters
can sort and classify the different materials properly.

Sour ce segregation is an essential step for successful waste
recovery, and this is the generator’s responsibility.

2.1.2 Storage and presentation

Storagerefersto the fact that the user must place all MSW in binsor containers
suited to the quantity and types of waste, and the frequency of collection. The
containers should have a specific weight and design for handling by operators and
equipment. Their design should ensure that the contents will not come into contact
with the environment: they should havetight-fitting lidsthat will prevent water, insects,
or rodents from entering, and be of amaterial which will prevent leakage of liquids.
They should be easy to empty and may be returnable or disposable.

The presentation of solid wastefor itscollectionisalso theresponsibility of the
waste generator or user of the cleaning service. It involves placing waste containers
inthe proper place (by the curb or the door of the house, in a stationary box or multi-
family container, in a basket, etc.) on the day and at the time scheduled by the
municipality or the provider of the collection service.

2.1.3 Coallection and transportation

MSW collection implies the transfer of the waste to the disposal site, which
may beasanitary landfill or any other facility for the processing, treatment, or transfer
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of materials. Waste collection and transportation (also called hauling) is the most
expensive activity of the urban cleaning service, usually accounting for 80-90% of
the total cost.

Vehiclesfor waste haulage should meet al the conditionsrelating to this activity.
Traditional compactorsare used in cities, while unconventiona systemsarefoundin
small towns and marginal areas, such asan agricultural tractor connected to adump
trailer, horse-drawn carts, tricycles, etc.

2.1.4 Street sweeping and cleaning of public areas

Street sweeping and the cleaning of public areas, complemented by collection,
could be called the“ cosmetics of urban centers.” The purpose of these activitiesisto
keep public paths and areas clean and free from litter thrown on the ground by
pedestrians, peopl e attending shows or other public events, workersinvolved in the
loading and unloading of materials, etc. Theingtitution responsiblefor cleaning should
ensure that the cleaning service is frequent enough to guarantee that the streets and
other public areas are clean at all times.

2.1.5 Transfer

Transfer refersto moving the MSW from asmall collection vehicleto alarger
one. In cities where the distance from the collection point to the final disposal site
exceeds 20 km or thejourney takes more than 15% of theworking day, transportation
may place aheavy economic burden on the cleaning service. In such cases, transfer
stations and different means of transportation—road, railroad or barges— are used.

2.1.6 Use

The supply of raw material is not inexhaustible and the recovery of material
regarded aswaste is essential for the conservation of natural resources. Consequently,
reuse, recycling, and productive use of wastesareimportant activitiesin theintegrated
management of MSW; these activities are mainly aimed at reducing the volume of
waste to be disposed of and, especialy, increasing its economic value.

By recovering these materialsat source, the municipality benefitsin thefollowing
ways:

? Creation of organized employment through cooperative groups.
? Reduction of MSW volume.
? L ess coll ection equipment needed.
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? Longer life span of sanitary landfills, decreasing the demand for land—which
isincreasingly scarce and expensive.

? Lower costs of the urban cleaning service.

? Conservation of natural resources and environmental protection.

2.1.6.1 Reuse

Reuseisafirst level of waste recovery and involvesthe direct use of aproduct
or material initsoriginal form or function. The reuse of containers—bottles, plastic
jars, tin cans, cardboard boxes, and wooden boxes— isan example.

Remanufacturing impliescannibalizing smilar productsfor asubsequent process
of cleaning, inspection, replacement, restoration, assembly, testing, and distribution.
Automobile engines, transmissions and other parts, refrigeration or air conditioning
compressors, stoves, dishwashers, etc. are typical remanufactured products.

Discarded products may also be reused in their original form but with a new
function, for instance, old tires used as breakwaters.

2.1.6.2 Recycling

Recycling is a process whereby the waste (broken glass, paper, cardboard,
metal, plastics, etc.) becomesthe raw material for anindustrial processto manufacture
new products of similar composition.

When recycling aproduct, both the original function and the original form are
changed. For instance, used tires are cut to make shoe soles; old clothes and textiles
are madeinto dusters and mops, stuffing for pillows, or remnantsto be made up into
bedspreads and rugs.

Although the environmental advantages of recycling are indisputable, it is
important to bear in mind that wastein LAC isof low quality, and that the economic
benefits that make recycling a sustainable option depend on the market demand.

Thereisaglobal trend to maximize refuse recycling as one of the solutionsto
the worldwide problem of waste disposal.

If the waste recovery system is to be successful, there must be a
market for reused or recycled materials.The system will not be
feasible without a guaranteed outlet for its products.
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Recycling is part of the solution, but it is not the solution.

2.1.6.3 Energy and productive use

A third level of recovery transforms waste into a new material or type of
energy. The new material may be arecovered element or arelatively homogeneous
substance, and these may be used as sources of energy (for example, combustible
gas or biogas produced by anaerobic digestion of organic wastes and heat recovery
from refuseincineration). It also involves the productive use and transformation of
MSW into different products (land recovery by the construction of sanitary landfills,
retaining walls made of used tires, and conversion of organic waste into compost).

2.1.7 Treatment

In the integrated approach to solid waste management, the main objective
of treatment isto reduce the health risks and pollution potential of thewaste. The
treatment solution that best suits the local technical, economic, social, and
environmental conditions should, therefore, be selected. Composting, vermiculture,
and incineration are the most common treatment methods. The latter has great
impact on volume reduction.

These methods | eave residues that need to be disposed of in asanitary landfill.
Thisiswhy they cannot be considered final or definitive solutions.

2.1.7.1 Composting

Composting is the process of decomposition of organic waste by the bac-
teriological action of the microorganisms contained in the waste itself. The result of
this process is known as “compost,” a product similar to humus, that acts as a soil
conditioner rather than afertilizer, and which can have acommercia value. However,
sincethe commercial valueisusually lower than the production cost, this system will
need to be subsidized by the municipality.

Composting may benefit devel oping countries by permitting the recovery of a
high percentage of organic matter contained in MSW. Besides, composting callsfor
organic matter to be separated from the rest of the solid waste, which is a good
opportunity to start recycling other materials. However, before deciding whether or
not to build acomposting facility, acareful study should be madeto confirm whether
there is a potential market for the compost. Many such facilities worldwide have
failed because they were unable to sell the product.
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Manual processing of organic matter in compost piles to make compost

In practice, composting has shown little success in LAC for the following
reasons:

? Previous waste segregation is required; which increases costs, unless wastes
with high organic content are collected selectively (such as wastes from
restaurants, markets, etc.).

Flexibility does not exist for the treatment of additional large quantities.

The market for compost is unstable.

Investment costs are high.

Operation and maintenance costs of the composting facility are high.

Skilled technicians are required to operate the facility.

Transport expenses to rural areas are high.

NN ) ) ) )
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Stacking solid waste from marketsinto pilesmanually is, however, recommended
for small towns, since market waste islargely organic. The costs of distributing the
product must be carefully considered, sincethey could increase the total production
Costs.

2.1.7.2 Vermiculture (earthworm farming)

Thecultivation of aparticular earthworm (Eisenia foetida) using certain organic
wastes as substratum or food (especially livestock dung and stubble from harvests)
convertsthisresourceinto humus(soil conditioner) and protein (asanimalsfeed and
even for human consumption), provides a partial solution to the problem of waste
disposal, and may produce economic benefits.

We must take care with these practices, since they are merely complementary
aternativesin theintegrated management of M SW and should in no way be regarded
asafina solution.

“The production of compost in Latin America and the Caribbean,
using simplified processes such as piling, rotary biodigestors and,
mor e recently, earthworm farming, is being abandoned due to its high
cost and also because its promoters had promised the municipal
authorities that there would be profits, whereasin fact the use of more
environmentally-friendly alternatives has a cost. It is estimated that
in the last 20 years no fewer than 30 compost plants have been
purchased in the Region, some of which were never installed and the
machinery was abandoned; another 15 closed down after only a few

year s because the municipalities stopped subsidizing them.”

Source: PAHO; BID. Diagnosis of municipal solid waste management in Latin America and the
Caribbean. Washington DC, PAHO, 1998.

2.1.7.3 Incineration

Incineration converts MSW into inert material (cinder and ashes), and
reducesit to 10% of itsoriginal volume. Thisreduction is obtained using special
ovens with sufficient combustion air, turbulence, retention times, and adequate
temperatures. Incomplete combustion, asin open-air burning, produces smoke,
ashes, and bad odors.
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Thefollowing points should betaken into account:

A highinitial investment isrequired.

High operational costs are involved, usually beyond the reach of LAC towns.
Skilled technicians are needed (and they are scarce in our Region).
Operation and maintenance procedures are compl ex, involving many problems.
Insufficient flexibility for theincineration of large additional quantities of waste.

Anauxiliary fuel isrequired owing to the high moisture content that resultsin
low calorific power for theM SW of LAC countries, and thisimplies significantly
higher treatment costs.

Control equipment isrequired to prevent air pollution, sinceall incinerators
release pollutants.

Incineration should, therefore, be discarded asatreatment system for the MSW

of small townsand evenin many large LAC cities. It should be suggested only when
denaturation of hospital or other hazardous wastesis necessary.

There are no magic facilities that will solve the problem of wastes and

many generations will go by before the solution is found.

2.1.8 Final disposal of MSW

Final disposal isthe last operational stage of any urban cleaning service.

Nobody wants solid wastes. We cannot wish them away or hide them

under paperwork and standards.

2.1.8.1 Inadequate final disposal practices

NNd ) N

Unacceptable final disposal practicesinclude:

Throwing refuse into watercourses, lakes, or seas.
Disposal in open dumps.

Open-air burning.

Use of garbage as animal feed.
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Therisks of the above mentioned practices are:

? Throwing refuse into watercourses, lakes, or seas results in an ecological
imbal ance owing to the excessive increase of nutrientsand organic load in the
water.

? Disposal in open dumps results in acute public health problems owing to the
proliferation of insects and rodentswhich are carriers of several disease agents
and also because of the smoke caused by constant burning. All this contributes
to the deterioration of the appearance of cities and natural landscapes.

? The use of raw waste to feed animals represents a high risk of disease
transmission to humans, unlessastrict sanitary control isinforce. Thiskind of
feeding may be allowed only when such food is cooked at 100 °C for 30
minutes.

Table 2.1 shows the common evolution of final disposal methodsfor MSW.

Table 2.1
Evolution of final disposal methods in cities of developing countries
Alternative/situation Description
Roadside disposal Thisiscommonin areaswherethereisno waste collection

service. TheMSW isusually disposed of by itsgenerators
anywhere along the public highway or in a public dump.

Uncontrolled waste disposal | Thereisaprimary collection service and incipient transport
insmall local dumps to anearby site (usually within the city) where wastes are
disposed of without any control.

Uncontrolled municipal There is primary and secondary collection. MSW is

dumping transferred and disposed of without control in a site on
the outskirts of the city.

Controlled landfill There is primary and secondary collection. MSW is

transferred and disposed of with moderate control in a
disposal site designed for that purpose and located on the
outskirts of the city. The waste is buried regularly.

Sanitary landfill The sanitary landfill is designed, built, and run according
to sanitary and environmental engineering criteria. The
sitemeetslegal requirementsand appliesan environmental
monitoring program. Environmental impacts are minimal
and the population is not against the project.

Source: Adapted from “A Framework for the Disposal of Municipal Solid Waste in Developing
Countries by Andrew Cotton, Mansoor Ali and Ken Westlake. Loughborough: WEDC; 1998.
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2.1.8.2 Sanitary landfill

Thefinal disposal method of virtually all municipal solid wastesisthe sanitary
landfill. Thisisthe only accepted method since it is the only one that does not pose
any public health hazard. Furthermore, it minimizes pollution and other negative
environmental impacts. Thisimportant basi ¢ sanitation work will be described in detail
inthefollowing chapters.

2.1.9 Comparative costs of treatment and final disposal systems
Table 2.2 includes some figures relating to treatment and final disposal costs

for acomparative analysis.

Table 2.2
Comparative costs of treatment and final disposal

Costs of treatment and disposal systems in landfills

I nvestment cost Operating cost
System US$H/ton installed USH'ton (with amortization)
Sanitary landfill -USA |  — 30 (ranging from 15to 60)
Sanitary landfill - LAC (*) 5,000t0 15,000 6 (ranging from 3to 10)
Composting 20,000t040,000 25 (ranging from 20t0 40)
Incineration - USA (**) 125,000t0 160,000 60 (ranging from50to 90)

Source: PAHO/WHO Guia para el mangjo de residuos solidos en ciudades pequefias'y zonas rurales.
OPS/CEPIS. Serie Técnica31. Lima, CEPIS/OPS, 1997.

(*) Technica specifications of sanitary landfills are more stringent in the United StatesZ than in
LAC, affecting costs.

(**) Costs per ton are net after selling the energy. Gross cost is US$ 90 per ton.

Sanitary landfills are, so far, the MSW disposal technique best suited
to the Region, from both the economic and technical standpoints.
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2.1.10 Main characteristics of the urban cleaning service

In developing countries, urban cleaning is one of the environmental health
problems clamoring for greater attention on the part of governmental authoritiesand
firmer commitment on the part of research ingtitutions. Table 2.3 liststhe characteristics
that all urban cleaning services should have.

Table 2.3
Main characteristics of the urban cleaning service

Aspect Description

Technical Simpleimplementation, operation and maintenance; use
of loca human resources and materials; covers the
whole M SW process, from generation to final disposal.

Economic and financid Investment, operation, maintenance, and management
costs are affordable at the local level.

Institutional Simple, dynamic management of the service.

Social It fosters positive habits and discourages bad ones; it
isparticipatory and promotes community organization.

Hedlth It can be included in a large-scale program for the
prevention of infectious diseases.

Environmentd Negativeimpactson soil, water, and air are minimized.

Source: Guia para el manejo de residuos solidos en ciudades pequefias y zonas rurales. Serie
Técnica31. Lima, CEPIS/OPS, 1997.

2.1.11 The urban cleaning service and its relationship with other basic
sanitation services

Basic sanitation refers to the supply of good quality drinking water, proper
disposal of excreta, hygienein the preparation of meals, cleanlinessin the home, and
the collection and final disposal of solid waste. Improvement in any one of these
componentsistranslated into positive health effects, but the combined improvement
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inall of themislarger than the sum of each of the parts. Any integrated basic sanitation
plan should include these ingredients and its effectivenessin achieving goal srel ating
to health and well-being will depend on the success of each ingredient. Table 2.4
includesafigure (not drawn to scale) of the accumulated impact that all basic sanitation
components have on the health of the popul ation.

Table 24
Accumulated impact of the components of basic sanitation

Accumulated positive impact on the

Basic sanitation components population’s health and well-being

Drinking water supply

Proper disposal of excreta

Food hygiene

Personal and household hygiene

Collection and final disposal of
solid wastes

Source: Guia parael manegjo de residuos solidos en ciudades pequefiasy zonas rurales. Lima, CEPIS/
OPS, 1997. Serie técnica 31.

2.2 What isintegrated municipal solid waste management?

The integrated management of municipal solid wastes consists of a series of
activitieslinked with the control of waste generation, segregation, presentation, storage,
collection, hauling, sweeping, treatment, and final disposal. These activities must be
carried out in such away as to harmonize with the best principles of public health,
economy, engineering, and aesthetics and al so to meet public expectations.

2.2.1 Political and administrative management
2.2.1.1 Responsibility of the local authority

Two of the indicators that reflect, at a glance, the health and life quality of a
population, are the cleanliness and the beauty of their city.
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It should be recalled that the mayor is the manager of a company called The
Municipality, so heand hiscolleagueswill be subject to the evaluation of the community.
Also, the mayor’ s performance will almost certainly affect his future and the future
of hispolitical party.

Accordingly, the management and sanitary final disposal of MSW also reflect
the quality of thelocal management and the commitment of itsleaders, aswell asthe
performance of the highest authority (the mayor). The quality of the urban cleaning
serviceisanindicator to assessthemunicipal authorities' political purpose, management
skills, and responsibl e attitude toward protection of public health, municipal workers
health, and the environment within their jurisdiction.

2.2.1.2 Sustainability of the cleaning service

Meager budgets have traditionally been allocated for the management,
infrastructure, and equipment needed for the good operation and maintenance of
solid waste management and disposal systems. However, the public is becoming
increasingly demanding with regard to requested improvements, implying higher tariffs.
And users are not aware or do not want to accept the fact that resources should
come from their punctual payment of the service they have received.

The use of appropriate technology, combined with good planning and
management can cut service costs, making it possible to charge a reasonable tariff
that the users can afford, to ensure the self-financing of the service.

Sanitary and environmental education are becoming increasingly important
if we areto raise community awareness about the problems caused by inadequate
MSW management. Awareness is essential if thereis to be a change of attitude
that will enable people to understand the complexity of the problem and the
requirementsfor agood collection, treatment, and final disposal system. Itisalso
important that the public be made aware of the costsinvolved and the obligation
of all citizens to pay for the urban cleaning service to ensure its sustainability.
Sanitary and environmental education also encourage community involvement in
source segregation and recovery.

A clean city is the pride of its inhabitants.
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2.2.1.3 Environmental legislation and regulations

Regulations regarding the environment and MSW are increasingly stringent.
Adopting the standards of industrialized countries may actually be an obstacle to
progressin MSW management in devel oping countries, when these standards do not
adjust tolocal conditions.

The municipality is, by law, responsible for compliance with national
environmental policieswithinitsjurisdiction, including the provision of public cleaning
services. Hence, the great importance of municipal management of the MSW
generated initsterritory.

Existing European or American standards governing the location and
construction of a sanitary landfill cannot be fully applied in developing
countries. Particular local problems should be taken into account,
including insufficient funds to be able to apply methods for the
construction of an ideally safe landfill.

2.2.2 Trends in MSW management

Table 2.5 shows the trends in efficient and effective solutions for the MSW
management problem. The scheme showsthe order or hierarchy proposed for MSW
management in industrialized and devel oping countries.

Asmay be seen, thetrend in M SW management adopted in devel oped countries
and recommended by the U.S. Environmental Protection Agency (EPA) is source
reduction; followed, in the second place, by recycling; next comesincineration; and,
finally, disposal in sanitary landfills. For devel oping countries, the same processesare
presented in the same order, but instead of incineration (because of the high costs,
unfeasible in these countries), treatment is proposed, since MSW in LAC countries
contains alarge percentage of organic matter. It isgood to note that in both proposals
thefinal disposal in sanitary landfillsforms part of the strategy.
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Table 2.5
Trendsin the integrated management of M SW
Developed countries Developing countries
1. Sourcereduction 1. Sourcereduction
2. Recycling 2. Recycling
3. Incineration 3. Treatment
4. Sanitary landfill* 4. Sanitary landfill

* Sanitary landfills are now being discouraged in some developed countries owing to the large
extensions of land required and loca environmental problems. The trend now is to build big
sanitary landfills, known as regional sanitary landfills, which serve severa urban conglomerates,

where engineering principles are applied with important economies of scae.

Sanitary landfillsare essential either asthe only solution or asthefina destination
of the waste from other systems. Thisfirst step callsfor the selection of appropriate
sitesto build sanitary landfills, from both the economic and social standpoints.

Itisimportant to bear in mind that the different components of the integrated
management of MSW should be interlinked in any program or system and should
therefore have been selected for their ability to complement each other.

The sanitary landfill hasthelowest rank in theintegrated management of MSW
because it represents the least desirable option for handling wastes; however, it is
important to think about the following questions:

What should be done with:

? those wastes that can be neither recycled nor given a different use?

? those remaindersl|eft after MSW have been segregated in afacility installed to
separate materials?

? the remainders after solid wastes have been converted into other products or
energy?

Safe, reliable and long-term disposal of waste should be animportant component
of the integrated management of MSW, especially because most of these materials
can no longer be recovered for the production cycle. Hence, the sanitary landfill is
the only acceptable alternative, which eliminates once and for al the practice of using
“open dumps.”
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Regardless of the MSW treatment system adopted, it will always imply
the existence of a sanitary landfill as a complement to its operation.

In conclusion, the priority in MSW management with regard to treatment and
final disposal, should be the construction of sanitary landfills, sinceit is urgent to
minimizethe health risksfor the population, and put ahalt to environmental pollution
and the deterioration of natural resources. There can be no doubt that thisis the most
critical activity of thewhole municipal urban cleaning service. (Figure 2.4).

MSW sectoral plans should aim at eradicating open refuse dumps and
graduating to cleaner processes.

Recover

(Reuse and recyclind
Process and treat

Disposal
(controlled)

Garbage dump

Source: Adapted from: World Bank. Planning guide for strategic municipal solid waste management in
major cities in low-income countries. London, Environmental Resources Management, 1998. v.1.

Figure 2.4
Prioritiesin MSW management from the standpoints of
public health and contamination
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2.2.3 Process of continuous improvement in the final disposal of solid wastes

The most common method used for the final disposal of MSW in the LAC
Region isthe open dump.

e ocaton, Santary lanfi

design, and operation

Controlled lanclll ~ /* ign

environmental

standards
Burying waste
Open dump environmenal
standards
Figure 2.5

Evolution in the improvement of the final disposal of M SW*

2.2.4 Proposal for an integrated treatment and final disposal system

A proposal that has been gaining ground in recent years, local conditions
permitting, isthat all the M SW-related activitiesbelocated at asingle site: the sorting
and collection of by-productsrecovered from M SW; the treatment of organic wastes
by composting and vermiculture; final disposd in sanitary landfills; and incinerationin
specia ovensfor infectious waste or its disposal in aspecial cell.

These systems can, indeed, be concentrated in one area, as long as each one
hasits own infrastructure and none of them are neglected for the sake of economic
profitsonly. Figure 2.6 showsaplan view of thisproposal for an integrated system of
MSW treatment and final disposal.

1 This concept was introduced with the Environmental Action Program in the European Union (1977-
1981) and has been reviewed and adapted since then.
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Figure 2.6
Plan of an integrated system of MSW treatment and final disposal
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3.1 What isa garbage dump or open dump?

The garbage “dump” is one of man’s oldest methods for getting rid of the
waste matter resulting from his different activities. The place where solid waste
is thrown without any attempt at sorting or treatment is called a dump. This site
usually functions without technical criteriain arecharging area near a body of
water, a natural drainage, etc. It has no sanitary control, nor are measures taken
to prevent environmental contamination; the air, water and soil in thevicinity are
impacted by gases released, leached liquids, burning and smoke, dust, and
nauseating odors.

Open dumps are the breeding ground and habitat of harmful fauna that
transmit many diseases. Dogs, cattle, pigs and other animals found at the dumps
are ahazard for the health and safety of thelocal inhabitants, in particular for the
families of the scavengers who survive under subhuman conditions on or near the

garbage heaps.

The segregation of byproducts of the waste encourages the rapid growth of
businesses dedicated to theresale and illegal trading of these materials. This, inturn,
causes the depreciation of adjacent areas and buildings; it aso produces filth, an
increase in air contamination, and lack of safety because of the type of personswho
freguent such places.

Nowadaysit isconsidered irresponsible toward present and future generations,
as well as contrary to sustainable development, for a municipality to dispose of its
waste in open dumps.

Figure 3.1
Garbagein an open dump
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3.2 What isasanitary landfill?

The sanitary landfill is atechnique for the final disposal of solid waste in the
ground that causes no nuisance or danger to public health or safety; neither does it
harm the environment during its operation or after its closure. This technique uses
engineering principlesto confinethe wasteto as small an areaas possible, covering it
daily with layers of earth and compacting it to reduce its volume. In addition, it
anticipates the problems that could be caused by the liquids and gases produced by
the decomposition of organic matter.

The sanitary landfill emerged just under a century ago in the United States as
the result of experiments employing heavy equipment to compact and cover waste;
since then, thisterm has been used to refer to the site in which wasteisfirst deposited
and then covered at the end of each working day.

A modern sanitary landfill can be defined as afacility designed and operated
as a basic sanitation project that has sufficiently safe elements of control, and the
success of which liesin the selection of the suitable site, itsdesign, and of coursg, its
effective and efficient operation and control.

3.2.1 Types of sanitary landfill

For thefinal disposal of municipal solid waste, three types of sanitary landfills
could be proposed, asfollows:

Figure 3.2
Sanitary landfill operated with heavy equipment
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3.2.1.1 Mechanized sanitary landfill

The mechanized sanitary landfill is designed for large cities and populations
that produce more than 40 tons of waste daily. Thisisan ambitioustask, and it calls
for quite a complex engineering project that goes beyond operating with heavy
equipment. It involvesresearching into the quantity and type of waste, planning, site
selection, the amount of land, the design and execution of thefill, the infrastructure
required for receiving the waste and for the control of operations, the amount and
management of the investments, and the operating and mai ntenance costs.

To operatethistype of sanitary landfill, a solid waste compactor isrequired, as
well as specialized earth-moving equipment: track-type tractor, backhoe, loader, dump
truck, etc. (Figure 3.2)

3.2.1.2 Semi-mechanized sanitary landfill

When atown needs to dispose of 16 - 40 tons daily of MSW in the sanitary
landfill, it isadvisable to use heavy machinery to support the manual labor, to ensure
that the garbage will be thoroughly compacted, and thefill banks properly stabilized,
thereby prolonging the useful life of thelandfill. A farm tractor adapted with bulldozer
or blade and with a scraper or roller for compacting could be suitable for operating
this* semi-mechanized” landfill (Figure 3.3).

In Mexico, after 18 months of studies, tests and experiments, the former
Secretariat for Urban Development and Ecology concluded that: “ Using an adapted
31 HP tractor, and with the help of one laborer, we require only 8 hours of work to
confine the waste generated by towns of up to 80,000 inhabitants, or approximately
40 t/d of garbage, in a sanitary landfill.”?

Previous experience showsthat it is necessary to use earth-moving equipment
(track-type tractors or backhoes) permanently when the sanitary landfill receives
more than 40 t/d of MSW. Inthe LAC Region, thisis generally equivalent to towns
with more than 40,000 inhabitants.

Thanks to its versatility, the farm tractor can be used to provide the waste
collection service, or at least to support theregular service, if itiscoupled to ahydraulic
dumping trailer of some 6 to 8 m* capacity or a compaction unit, depending on the
needs and resources of the locality (Figure 3.4). The municipality can occasionally

2 gtate Program for the Control of Municipal Solid Wastes. Secretariat for Urban Development and
Ecology. Government of the State of Hidalgo, Mexico. July 1985.
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Figure 3.3
Farm tractor adapted for sanitary landfill operations

Figure 3.4
Trailer coupled to a farm tractor for the collection of garbage
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use this same equipment to carry out other public worksin the city, thereby profiting
to the full from the investment made.

3.2.1.3 Manual sanitary landfill

Thisisan adaptation of the sanitary landfill project for small communitieswhich,
in view of the quantity and type of waste produced —Iless than 15 t/d— and their
precarious economic situation, cannot afford to buy heavy equipment because of its
high operating and mai ntenance costs.

Theterm “manual” refersto thefact that the task of compacting and confining
the waste can be carried out by ateam of laborers using hand tools.

3.2.2 Congtruction methods for a sanitary landfill

The construction method and subsequent operation of a sanitary landfill are
mainly determined by the topography of theterrain, although they a so depend onthe
type of soil and the depth of the water table. There are two basic ways of making a
sanitary landfill.

3.2.2.1 Trench method

Thismethodisused in flat regions and consists of periodically digging trenches
two or three meters deep with abackhoe or atrack-type tractor. Some trenches have
been dug as deep as 7 m. The solid wasteis placed and spread in the trench, later to
be compacted and covered with the excavated soil.

Special care should be taken during rainy periods, since water can flood the
trenches. To prevent this, drainage ditches should be dug around the perimeter to
divert the waters, and internal drainage can also be provided for the trenches. In
extreme cases a roof can be erected over them, or the accumulated water can be
pumped out. The slopes or walls should be cut corresponding to the settling angle of
the excavated soil.

The digging of trenches demands favorable conditions with regard to the
depth of the water table as well asto the type of soil. Terrain with a high water
table or one close to the surface is not appropriate because of the risk of
contamination of the aquifer. Rocky terrain is not suitable either, because it is
difficult to dig (Figure3.5).
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Figure 3.5
Trench method for making a sanitary landfill

3.2.2.2 Area method

In relatively flat areas where it may not be feasible to dig pits or trenches to
bury the waste, it can be deposited directly on the original ground, which should be
raised several meters after the terrain has been made waterproof. In these casesthe

: L Unloadlng the waste
s material | Y at the working face
f. A ( Dally cell

- ’
Gas ven?““ i
Surface of
the terrain Detail of the
terrace section
Figure 3.6

Area method for making a sanitary landfill
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cover material will have to be brought from other places or, if possible, extracted
from the surface layer. The pits are made with a gentle slope to prevent landslides
and ensure greater stability as the landfill rises (Figure 3.6).

The area method can also be used to fill natural depressions or abandoned
guarriesthat are several meters deep. The cover earth isexcavated from the sides of
theterrain or from anearby sitein order to avoid or reduce the haulage expense. The
operation of unloading and construction of the cells should begin from the bottom up
(Figure 3.7).

Thelandfill is made supporting the cells on the natural slope of theterrain, that
is, thewasteisunloaded at the toe or base of the slope, whereit is spread and packed
against it, and it is covered daily with alayer of soil. This activity is repeated as the
operation continues, advancing over the site, maintaining agentle slope of some 18.4
t0 26.5 degrees, that is, avertical/horizontal ratio of 1:3to 1:2, respectively, and of 1 to
2 degrees on the surface, that is, a 2 to 3.5% grade.
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Figure 3.7
Area method for filling depressions
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Figure 3.8
Combination of both methods to construct a sanitary landfill

3.2.2.3 Combination of both methods

Since these two methods of constructing sanitary landfills use similar operating
techniques, it is possible to combine them to make full use of the site and the cover
material, and to obtain better results (Figure 3.8).

Every city or town should have a sanitary landfill of its own or
permission to use that of a neighboring municipality to dispose of its
MSW. Otherwise, the irresponsible practice of throwing garbage on

an open dump will continue.

3.2.3 Advantages and disadvantages of a sanitary landfill

Table 3.1 summarizesthe principa advantagesand disadvantages of the sanitary
landfill.
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Table 3.1

Advantages and disadvantages of the sanitary landfill

Advantages

Disadvantages

1. The initial capital investment is lower

than that required to establish incineration
plants or composting facilities for waste
treatment.

1. The acquisition of the terrain is often a problem due to

local inhabitants' opposition to the selected site (known
as the NIMBY phenomenon: Not In My Back Yard)
for various reasons:
Lack of knowledge of the sanitary landfill technique.
The term sanitary landfill is associated with the
open dump.
Citizens' evident distrust of local administrations that
do not guarantee the quality or the sustainability of
the work.
Legal problems regarding land registration.

. It has lower operating and maintenance
expenses than treatment methods.

. The rapid process of urban growth that limits the

amount of land available and makes it more expensive,
causing the sanitary landfill to be located at a distance
from the town.

. A sanitary landfill is a complete and
definitive method, given its capacity to
receive every kind of MSW.

. The vulnerability of the quality of operation of the

landfill and the high risk of its becoming an open dump,
mainly because of a lack of political decision on the
part of local governmentsto invest the necessary funds
for its correct operation and maintenance.

. It creates employment for unskilled labor,
which isavailable in abundance in devel-
oping countries.

. The finished landfill is not recommended for building

homes, schools, etc.

. Methane gas can be collected in sanitary
landfills that receive more than 500 t/day,
and this gas can be an alternative source
of energy for some cities.

. The restriction against building heavy infrastructure

because of settling and sinking after the landfill is
finished.

. Its location can be as close to the urban
area as the existence of available sites
permits, which reduces hauling costs and
facilitates supervision by the community.

. It is necessary to monitor the site after closure of the

sanitary landfill, not only to check for negative envi-
ronmental impacts, but a so to prevent undue use of the
site by the inhabitants.

. It alows lands considered unproductive
or marginal to be recuperated, making
them useful for constructing parks,
recreational facilities, green areas, etc.

. It can cause along term environmental impact if the

necessary precautions are not taken in the selection of
the site and if mitigation measures are not applied. In the
case of large sanitary landfills, it is advisable to andyze the
effects of vehicular traffic, in particular the trucks carry-
ing the waste on the roads that converge on the siteand
that produce dugt, noise and windblown litter. In the imme-
diate neighborhood the impact is produced by theliquids,
gases and bad odors that can emanate from the landfill.

. A sanitary landfill can start operating in a
short time as a waste imination method.

. The properties or lands surrounding the sanitary landfill

may be devalued.

. It is considered flexible because it can
receive greater additional quantities of
waste with a small increase in personnel.

9. Usually it cannot receive hazardous waste.
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3.2.4 Future use of the sanitary landfill

The future use or “end use” of a sanitary landfill depends on several factors:
the climate, location with respect to the urban area, its distance from inhabited areas,
surface area, and construction characteristics. These “construction characteristics’
refer to thefinal layout of the landfill, the height and degree of compacting, and also
—an important factor— the economic capacity of the town’s inhabitants.

The site of a closed sanitary landfill isideal for devel oping scenic and social
programs such as apark, asportsfield or agreen area. Fortunately, the LAC Region
already has several instances of such sites that have been successfully transformed
into parks and recreational areasin Mexico City, Santiago, Buenos Aires, and other
cities.

Thelandfill surfaceisnot recommended for buildings, houses, schools, or any
other heavy infrastructure, because it does not have the capacity to support heavy
structures; besides, there could be problems due to sinking and the production of
gases.

Tore-create the natural landscape, grass and plants with short roots should be
planted. In many cases, after the final earth cover has been applied, grass grows
back spontaneously.

3.3 Reactions that take place inside a sanitary landfill
3.3.1 Physical, chemical, and biological changes

The MSW deposited in a sanitary landfill undergoes a series of physical,
chemical, and biological changesthat are smultaneousand interrelated. These changes
are described below to give an ideaof theinternal processesthat take place when the
wastes are confined.

Physical changes. The most important physical changes are those associated
with the compacting of the M SW, the migration of gaseswithin and outside the sanitary
landfill, theintake of water and the movement of liquidsin the interior and toward the
substratum, and settling caused by the consolidation and decomposition of the organic
matter present in the waste.

The migration of gases is of particular importance for the operational and
maintenance control of the system. For example, when biogas is trapped, internal
pressure can cause cracking of the cover and fissures. This condition allowsrainwater
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to penetrateinsidethe sanitary landfill. Thiswater, inturn, causesagreater production
of gases and leaching, contributing to differential sinking and settling at the surface
and the destabilization of the fill banks due to the greater weight of the mass of
wastes.

Chemical reactions. Chemical reactionsthat occur within the sanitary landfill
and also in open garbage dumpsinclude the dissolving and suspension of matter and
products of biological conversionintheliquidsthat filter through the mass of MSW,
the evaporation of chemical compounds and water, the adsorption of volatile organic
compounds, the dehal ogenation and decomposition of organic compounds, and the
reactions of oxidation-reduction that affect the dissolving of metalsand metallic salts.
(Thesignificance of the decomposition of organic productsisthat these materialscan
betransported out of the sanitary landfill or out of the garbage dump with the leachates).

Biological reactions. The most important biological reactions that occur in
sanitary landfills are carried out by aerobic and anaerobic microorganisms, and are
associated with the organic part of the MSW, which produces gases and |eachates.
The process of decomposition starts with the presence of oxygen (aerobic phase);
once the waste is covered, the oxygen starts to be consumed by biological activity.
During this phasethe principal product iscarbon dioxide. Oncethe oxygen is consumed,
decomposition takes place without it (anaerobic phase): at this stage the organic
matter is transformed into carbon dioxide, methane, and traces of ammonia and
hydrogen sulfide.

3.3.2 Generation of liquids and gases

Almost all solid waste suffers a certain degree of decomposition, but it isthe
organic component that undergoes the greatest changes. The byproducts of
decompositionincludeliquids, gasesand solids.

L eached or percolated liquid. Thenatural decomposition or putrefaction of
garbage produces afoul-smelling black liquid, known asleached or percolated liquid,
that looks like domestic water waste, but much more concentrated.

Rainwater filtering through the layers of waste increases its volume in a far
greater proportion than does the moisture of the MSW. It is therefore important to
intercept the water and divert it to prevent an increase in leaching; otherwise there
could be problems in the operation of the landfill and contamination in the water
courses, sources of water, and neighboring wells.

Gases. A sanitary landfill behaves like an anaerobic digester. In addition to
producing liquids, the natural decomposition or putrefaction of the MSW produces
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gases and other compounds. The decomposition of organic matter by action of
microorganisms present in the medium has two stages. aerobic and anaerobic.

During the aeraobic stage the oxygen that is present in the air contained in the
interstices of the mass of buried waste is rapidly consumed.

The anaerobic stage, on the contrary, is the one that predominates in the
sanitary landfill becausethe air does not passthrough it and thereisno circulation of
oxygen; thus appreciable quantities of methane (CH,) and carbon dioxide (CO,) are
produced, as well as traces of foul-smelling gases, such as hydrogen sulfide (H,S),
ammonia (NH,), and mercaptans.

Methane gas deserves the greatest attention because, although it is odorless
and colorless, itisinflammableand explosiveif itisconcentratedintheair inaproportion
of 5to 15% in volume; gases have atendency to accumulate in empty spacesinside
alandfill and take advantage of any fissureintheterrain or permeability inthe cover
toleak out. When methane gasaccumulatesinsidethelandfill and migratesto adjacent
areas, thereisarisk of explosion. It istherefore recommended that there be adequate
venting of thisgas. However, in small landfillsthisis not asignificant problem.

3.3.3 Differential sinking and settling

In the sanitary landfill, sinking (uniform settling or faults) occurs. Thisisthe
easiest problem to spot, and also the easiest to control with good compaction.
Differential settling also occursat the surface, and intimethis givesriseto depressions
and cracks of different sizes, causing ponding of water and an increase of leachates
and gases. These problems depend on thelayout and height of the landfill, the type of
waste buried, the degree of compaction, and volume of rainfall in the area.

3.4 Basic principles of a sanitary landfill

Thefollowing basic practicesfor the construction, operation, and maintenance
of asanitary landfill should be emphasized:

? Constant supervision during the construction, to make surethat ahigh level of
quality is maintained in the building of the landfill infrastructure and in the
routinedaily operationsof unloading thewaste, coveringit, and compacting the
cell to keep the landfill in an optimal condition. This means appointing one
person to beresponsiblefor its operation and maintenance.

? Diversion of runoff watersto prevent asfar as possible their filtering into the
sanitary landfill
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Verifying the height of the daily cell to reduce problems of sinking and ensure
greater stability. The daily cell isthe construction unit of the sanitary landfill.
See5.11.

Daily covering with alayer of 0.10 to 0.20 m of soil or similar cover material.

Compacting the MSW with layers 0.20 to 0.30 m thick and final compaction
when thewhole cell iscovered with soil. The success of thedaily work largely
depends on this task, since in the long term it enables a greater density to be
achieved and prolongs the useful life of the site.

Achieving greater density (specific gravity) since thisis more advisable from
the economic and environmental pointsof view.

Control and drainage of percolated liquids and gasesto maintain ideal operating
conditions and protect the environment.

The final cover, some 0.40 to 0.60 m thick, is installed using the same
methodology as for the daily cover; the final earth cover must be capable of
producing and sustaining vegetation for the integration of the closed site into
the natural landscape.

3.4.1 Importance of the cover

The daily covering of the waste and the final covering of the sanitary landfill

with soil isof vital importance for the success of thiswork. The sanitary landfill has
to carry out thefollowing functions:

S I B e S " S IS BN

Minimizethe presence and proliferation of fliesand birds.

Prevent the entry and proliferation of rodents.

Prevent fires and smoke.

Reduce bad odors.

Reduce the intake of rainwater into the garbage.

Direct gases toward the vents to evacuate them from the sanitary landfill.
Have an aesthetically acceptable appearance.

Serve as a basis for internal access roads.

Allow the growth of vegetation.

One of the differences between a sanitary landfill and an open dump is
the utilization of cover material (earth) to confine the waste at the end
of each working day, thereby effectively separating the garbage from

the external environment.
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4.1 Why amanual sanitary landfill?

Themanua sanitary landfill isatechnically and economically feasibleaternative,
benefiting urban and rural populations of |ess than 30,000 inhabitants who have no
way of acquiring the heavy equipment they would need for constructing and operating
aconventional sanitary landfill. Thisisalso agood alternative for the marginal areas
of some cities.

Populations that have settled on the outskirts of large cities are
usually affected by the presence of garbage dumps and they usually
lack a refuse collection service.

Thismanual operation technique requires heavy equipment only to preparethe
site, that is, for the construction of theinternal road, the preparation of the supporting
base or the digging of trenches and the extraction of cover material in accordance
with the progress made and the fill method. The rest of the work can be carried out
by the laborers without heavy machinery, which meansthat small communitieswith
scanty resources—unableto acquire and maintain atrack-type tractor or abackhoe—
are ableto dispose hygienically of the small amount of waste they produce, employing
unskilled labor.

A sanitary landfill can serve two or more towns, and can eventually become a
regional solution, that is, ableto offer the service of final disposal of MSW to several
nearby towns. In this context, small municipalities should evaluate the technical,
economic, social and environmental desirability of taking their wastes to aregional
sanitary landfill or to the neighboring municipality, or installing one of their own.

The manual sanitary landfill isadeguate for townsthat produce up to 15 tons of
MSW per day. However, acareful analysis of thelocal conditions should be madein
each region, sincethe site characteristics, the availability of cover materia, the climate,
the cost of labor, etc., may be such that the use of heavy equipment will, after all, be
the preferred option for the construction and operation of the sanitary landfill, either
temporarily or permanently.

The operation of amanual sanitary landfill that receives more than 15 tons per
day of waste can become quite complicated, since it requires a larger number of
workers, above all for the spreading and compacting processes and for the extraction
and hauling of the cover material. In these cases the manual operation will certainly
need the support of at least one farm tractor, as explained in the section on semi-
mechanized landfills (Chapter 3, point 3.2.1.2).
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4.2 Isasmall town justified in having a track-type tractor for operating a
sanitary landfill?

To demonstrate that asmall town isnot justified in having a track-type tractor
to operate asanitary landfill, we present the following example (adapted from Héctor
Collazos “Relleno sanitario manual,” Revista Acodal 87, 1979):

Wewill take two imaginary towns with the following characteristics:

Per capita production
Town Number of inhabitants of solid waste
kg/cap/day
250,000 0.5
B 30,000 0.4

For comparative purposes, et us assume that in each of the two townsasmall
100 HP (D4) track-typetractor is used to operate asanitary landfill with thefollowing
characteristics:

? Distance transported 30m
? Angledozer
? Return speed 4 km/hr
? Productivity corrected for efficiency with garbage and earth in sanitary
landfills
Material Productivity of the equipment*
(m3/ hour)
? Waste 37
? Earth 14
The values are general and are presented as a guide for the calculation. The productivity in each
region can be consulted with the egquipment suppliers.

The above information enabl es us to determine the capacity of the equipment
with the quantity of waste received from each town:



The Manual Sanitary Landfill 59

Solution

1 Waste generation
Waste generation = Population (inhab.) » ppc (kg/cap./day) /1000 = (ton/day)
? Town A = 250,000 inhab. + 0.5 kg/cap./day = 125 t/day

? Town B = 30,000 inhab. = 0.4 kg/cap./day

12 t/day
2. Garbage collection (6 days aweek, from Monday to Saturday)

? TownA = 125t/day « 7/6 = 145.8 t/day

? Town B 12 t/day « 7/6

14 t/day

3. Volume of garbage (for adensity of 0,6 t/ m* recently compacted)

> Town A = P8V 51 mivday
0.6t/ m

? TownB = M = 23.3m¥day
0.6t/ m?

4. Cover material (estimated to be 20% of the recently compacted garbage)

? TownA = 2431 m¥day » 0.2 = 48.6 m® of soil/day

? TownB = 233m’day » 0.2 = 4.7 m?of soil/day

5. Time during which the track-type tractor isin use (in an 8-hour day)

Town A
3
Garbage = M = 6.57 hours/day
37 m*hour
3
Earth = Lm/day = 3.47 hours/day
14 m3/hour

Total 10.04 hour s/day



60 Guidelinesfor the Design, Construction and Operation of Manual Sanitary Landfills

Town B
3
Garbage = 233 mijdey. = 0.63 hours/day
37 m¥hour
3
Earth = M = 0.33 hours/day
14 m3hour
Total 0.96 hour s/day

The calculations show that a city of 250,000 inhabitants requires atrack-type
tractor to work a full day (8 hours/day), and even to work overtime, but that this
equipment isin no way justified for towns of 30,000 or fewer inhabitants

There can be no doubt, then, that the manual sanitary landfill isaviable option
for small towns. The employment of laborers can provide an economic solutionto the
problem of final waste disposal in these small communities.

4.3 Planning

A manual sanitary landfill, although asmall project, isstill an engineering project
in which potential future problems are prevented by careful planning to cover all
stages, from the conception and design of the work to its construction, operation and
closure.

Theinitial planning will set the bases for the different activities to be carried
out. This phase consists of the evaluation of site selection criteriaand of the different
alternativesfor thelocation, design, construction, operation, maintenance and monitoring
of the sanitary landfill. The planning also provides essential basic information: the
beneficiary population; the origin, quantity and quality of the M SW; the future use of
thesiteoncethelandfill iscompleted; the resourcesfor itsfinancing; and the consultancy
of acompetent professional.

The planning should include a public information campaign to explain the
advantages and disadvantages of a sanitary landfill and the importance of closing
down the open garbage dump. Gaining public support hasto be amajor goal of local
governments interested in executing this basic sanitation project, since without this
backing it is unlikely that they will be able to carry out the project or ensure an
efficient operation and maintenance.



The Manual Sanitary Landfill 61

Thelocal administration aswell asthe community at large should bear in mind
that amanual sanitary landfill, like any other basic sanitation project, requiresfundsto
finance the site selection studies, the design, the construction, and theinitial operation
phase. It must be realized that throughout the entire service life of the landfill, the
municipal administration, or whoever operatesthe system, will havetoincludeinits
budget the item of landfill operation and maintenance.

It isessential that the population be made aware of the benefits of eradicating
the municipal garbage dump and constructing asanitary landfill, and of the cost of this
project. If the community is willing to pay, the sustainability of (1) a good public
cleaning service and (2) the operation and maintenance of the landfill are guaranteed.

Every user of the service, every producer of MSW, must pay the
affordable tariff established by the municipality if the latter isto
provide a good urban cleaning service, which, without a doubt, will
help improve the quality of life of the whole population.

4.4 Site selection

For the selection of the site, preference should be given to places where the
operations of the sanitary landfill will lead to an improvement in the terrain; thiswill
greatly reduce any possibility of operational problemsin thefuture.

Only very rarely will aterrain meet al theideal requirementsfor the construction
of asanitary landfill. The site with the best characteristics should be selected, and the
technical and economic resources available should be used to analyze the drawbacks.

For the successful construction of asanitary landfill, the following points must
be taken into account:

4.4.1 Participation of local authorities and inhabitants

? Participation of local authorities

The site should be selected in coordination with the environmental and health
authorities, and, of course, thelocal planning department (Figure4.1).
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Figure 4.1
The project is presented to the local authorities

For presenting the sanitary landfill project to the authoritiesit isrecommended
that the following steps be taken:

Fir st, the sanitary engineer, environmental engineer or technician in sanitation and a
delegate from thelocal government (director of the planning department, public
works, etc.) will determine what sites are available and appropriate for the
construction of amanual sanitary landfill. Important toolswill be maps of the
city, topographical plans, aerid photos, and even the new Geographic Information
Systems (GIS).

Second, the engineer or specialist technician—with the help of the geologist’ sanalysis
of the terrain and the soil characteristics— will prepare a report giving the
order of eligibility of the possible sites pre-selected for the construction of the
sanitary landfill. It isrecommended that some cd culationsand preliminary designs
beincluded, with an estimate of the useful life of thelandfill and the cost of the
works.

Third, the final decision will be subordinated to administrative and political
considerations, and public opinion will betaken into account. Theproject should
be submitted to the city council or assembly for their approval. If theland isnot
municipal property, the mayor will seek the authorization of the council to enter
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into the necessary negotiations and make the budgetary transfers for the
purchase of the land and the construction of the landfill with itsvarious support
facilities.

Fourth, thefinal tasksareto order the topographical survey (inthose caseswhereit
is considered necessary), prepare calculations and definitive designs for the
sanitary landfill, estimate expenses, seek financing, and proceed with the project
execution.

? Participation of the inhabitants

From the beginning of the selection process the public should be given the
opportunity to participate, comment on the proposals made, and rai se objectionswhen
necessary. Inall casesit isimperative to ensure the support of the different sectors of
the population during the stages of selection, design, construction, operation,
maintenance and end use of the landfill.

Thiscitizen participation aspect isvery important. The people often confuse a
sanitary landfill with an open dump. It is a good idea to design and conduct an
educational campaign emphasizing environmental health as a means of protecting
personal health and preventing pollution. The campaign can involve local schools,
community associations, cultural institutions, popular clubs, non-governmental
organizations, etc. Also recommended are the use of the mass media and even the
local parish priest to support this campaign.

The proposal to build a sanitary landfill to solve the waste disposal problem
may encounter opposition or outright rejection if thelocal inhabitantsdo not participate
in programs of sanitary education and negotiation processes® directed by the local
government and environmental institutions. Local governments must make every effort
to help the people understand that the problem of waste disposal isacomplex one,
and it is not going to be solved by their dumping the garbage somewhere on the
outskirts of their neighborhood; a so, for the population to accept the project, they will
have to be persuaded that treatment systems are not afinal solution, but rather they
are complementary to the sanitary landfill.

4.4.2 Technical aspects

The engineer or specialist technician should take into account the following
factors:

3 Negotiation with the peopleliving in the vicinity of the new sanitary landfill can cover the construction
of basic infrastructure, compensatory works to cover community needs, the lowering of the urban
cleaning tariff, etc.
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? Land-use plan or land regulating plan

Itisessential that those responsiblefor site selection consult the land-use plan
or regulating plan of the municipality for information such as the delineation of the
urban perimeter, the growth tendency, areas of future expansion, and the areaswhere
the construction of sanitary landfillswould be permitted according to the land usage
approved by the city council.

? Location

It is advisable that the sanitary landfill be located in the direction or line of
growth of thetown development; however, in order to avoid disputeswith the population,
idedly thisplace would start to be popul ated once the useful life of thelandfill hascome
to an end, so that the new community will have the benefit of a park or green area.
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L ocating the sanitary landfill near the urban area
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Special care must be taken in selecting sites on land where there may be
archeological zones or specia protected areas, which implies consultation with the
National Institute of Culture or other pertinent authority to obtain permission. Landfills
should not be constructed on land under high tension lines.

From the point of view of the urban cleaning service, theimportance of the site
location isits distance from the urban center (main square) and the time it will take
the collection vehicle to arrive at its final destination, because on that depends the
number of trips per day that it can make with loads of waste. This has repercussions
on the coverage of the collection service and the cost of waste haulage. 1dedlly, the
site should not be more than 30 minutes round trip from the center of town (Figure 4.2).

Thenearer thelandfill, the more effectivewill beitssurveillance and supervision
by the community, which will thus be able to assess the quality of its operation and
maintenance. Once its useful lifeis over, the closed landfill site will be used by the
community asproposed intheinitial project.

The sanitary landfill should be as close as possible to the urban area,
especially in a small municipality.

It should be noted that thereis no consensus about aminimum distance between
alandfill and a populated area that will guarantee the absence of risks to health and
the environment. A great deal depends on the availability of suitable sites, the
topography, the quantity and quality of waste to be disposed of, the useful life of the
site, and, aboveall, thetype of infrastructure the landfill will havein order to prevent
or mitigate negative effects.

Although defining adistance doesplay aroleinthereduction of possiblerisk or
nuisance factors, such a definition cannot be definitive. The greatest obstacle to
agreement on a distance is the perception of some technicians and neighbors of the
sitewho believethat thistype of facility should be constructed asfar away as possible.
They argue that it could end up as a simple open dump due to the fact that local
governments do not always invest in the necessary infrastructure, nor do they
guarantee the quality of the operation once the unloading of MSW has started on the
site. One of the causes of this distrust lies in the continuous changes of local
administrations and, consequently, of local government priorities. The NIMBY
syndromeisaclear reflection of this.

Some speciaists recommend that the borders of asanitary landfill site betraced
at a minimum distance of 200 m from the nearest residential area; however, in the
case of amanual sanitary landfill —which isvery small— the distance could be much



66 Guidelinesfor the Design, Construction and Operation of Manual Sanitary Landfills

less. In any case, at the time of making this decision about a specific project, it is
advisableto analyze the variables noted above, in particul ar the conditions of the soil
and the environment. It must not be forgotten that each case is unique and merits an
evaluation of itsown.

It should also be pointed out that there are even experiences of large sanitary
landfills constructed in the middle of acity without any serious health risksor negative
environmental impacts having arisen, thanksto thefact that their construction, operation,
and mai ntenance have been managed with due responsibility.

4.4.3 Preliminary analysis

Fedvidtswill bemadejointly with thelocd health and environmental authorities.
For these visits it is advisable to have the urban maps of the region, on a scale of
1:10,000 or 1:25,000, so that possible sites can be evaluated in relation to the principal
roadsentering and leaving the urban area, the nearest watercourses, and the distribution
of soilstypical of theregion.

Once back in the local planning office, the project designers will consult the
land-use plan to verify land uses and restrictions, and locate on the maps the future
urban expansion zones. The compatibility of the most promising sites with the
requirementsfor the sanitary landfill eventualy to be constructed in the areais analyzed
at this stage.

4.4.4 Field research

The best sites visited will be researched in greater detail. For example, it will
be necessary to find out whether there are drinking water wells in the area, and to
determine soil characteristics and thelevel of thewater table; in addition, landmarks,
geographical features, water sources, roads and important constructions will be
identified.

An urban map on ascaleof 1:2,000 or 1:5,000 will show these detailsand make
it easier to weigh up the advantages and disadvantages of each site, and to make the
preliminary calculations on the useful servicelifeand costs. Thisinformationwill be
submitted to thelocal authoritiesfor their consideration, sinceit isthey who will make
thefinal decision.

Remember that one of the first decisions to be made refers to the integration
of the M SW treatment and final disposal systems, which will obviously influencethe
location and size of the site. However, in this case the selection criteria for the
construction of the landfill will be the determining factors. These criteriaare:
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Main road

Figure 4.3
The sanitary landfill islocated close to a main road

? Access roads

The site should be close to amain road for easy access and to keep down the costs
of hauling the M SW and constructing theinternal penetration road. Theseroads should

permit easy, safe, and rapid entry of the collection vehicles at all times of the year
(Figure 4.3).

For the construction of manual sanitary landfills, in view of the small

amount and variety of M SW that will be disposed of (Chapter 5, point

5.1.3), exceptions can be made to the requirement of making the site
impermeable.

In other words, it is considered unnecessary to water proof the terrain in
the following cases: in areas where there is little rainfall (the coast of
Chile and southern Peru) or therainfall rarely exceeds 300 mm/year; in
places where the climate is very dry or solar radiation is high and where
the little moisture contained in the waste is easily lost through
evaporation (the Atlantic coast of Colombia); in places with landfills
already built where thereis no apparent production of leachates or
biogas or where the depth of the water tableis greater than 30 m.
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? Hydrogeological conditions

Before negotiating the purchase of the land it isimportant to analyze the type
of soil on which the sanitary landfill will be constructed. It should be impermeable,
clayey soil, otherwise it must be made impermeable with alayer of compacted clay
0.30 mthick or, asalast resort, with ageomembrane of PV C (polyvynil chloride) or
high density polyethylene. In some casesit is advisableto test the permeability of the
soil that will serve asabasefor thefuturelandfill in order to prevent the contamination
of the aquifer (see Annex 1).

The above is possible since, if there is no water in the waste, the process of
bacterial decompositionisvery slow (if it occursat all) so only very small quantities
of leached liquid and biogas are produced, and these areretained in theinterior of the
landfill. It should be recalled that the field capacity of the cover soil and the waste
also haveaninfluencein preventing liquidsfrom being released, especially when the
compaction in these manual landfillsis considered weak. (Chapter 5, point 5.91)

It is also necessary to evaluate the depth of the water-bearing stratum or
groundwater. A distance of at least 1.0 m between the water table and the solid
waste is recommended when there is silty clayey soil.

The ideal site, that is, one that meets all the requirements for the
construction of a sanitary landfill, does not exist; in practice, it will be
necessary to choose the best of several alternatives, after giving due

consider ation to the conditions of each locality.

? Useful life of the site

Itisdesirable that the selected site will belarge enough for aminimum of five
years use, to justify the management, and the expenses of preparation and
infrastructureworks. However, thisdoes not mean that if siteswith asmaller capacity
are available, they should be rejected as a matter of course. These small lots often
servetoinstall pilot projectsthat will gain the trust of the inhabitants, with aview to
later acceding to larger sites with alonger useful life.

Table4.2illustrates the area of land required for the construction of a manual
sanitary landfill for a small population, based on the following data: the daily per
capitaproduction of MSW, the density of compaction of thelandfill, the volume of the
cover material, the depth or height of the landfill, and the additional areas for
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infrastructure and setbacks such as buffer zones for environmental impacts. For

larger populationsit will probably be necessary to make more detailed calculations, as

indicated in Chapter 5.

For the calculations in Table 4.2, the criteria summarized in Table 4.1 were

applied.

Table 4.1
Criteriafor the example of calculation of the area required for a manual
sanitary landfill in a small community

: Density Height or Additional
Co(;rggn:mn Cover of the depth of areafor
pRC ofthewaySe material stabilized |[thesanitary | infrastructure
landfill landfill and buffer zone
kg/cap/day kg/m? m? kg/m? m m?

20% of the

0.2t00.5 500 volume 600 3to6 30% of thearea

of MSW of thelandfill
compacted
Table 4.2

Population, production of MSW, area required, and useful life
of the sanitary landfill

Paopulation
(inhabitants)

Useful life (years)

ppc
kglcapid | 3

4 5

6 7

10

Areaof thesite (hectares)

250

500

1,000

2,000

3,000

4,000

5,000

7,500

10,000
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? Cover material

Thesite should preferably have abundant cover material that can be easily
extracted and has high clay content, because clay has low permeability and a
high capacity to absorb contaminants. If thereis not much clayey soil at the site,
anearby source must be found that guarantees a permanent supply in sufficient
guantities so that the cost of moving it to the siteis not too high. If no such source
isfound, it will be better to reject this site becauseit runs the risk of becoming an

opendump.
? Conservation of natural resources

The site should belocated downstream from any intake structure where water
is extracted for human consumption, and from surface water sources in general.
Idedlly it should bein anisolated arega, of little commercial value, inamarginal zoneor
wasteland, where the landfill will not have a high contamination potential.

? Climate conditions

Thedirection of the prevailing wind isimportant because of the nuisance caused
by the unloading of waste, extraction of soil, and covering; papers and other light
material in the waste are blown by the wind, dust is raised, and the wind can aso
carry noxious odorsto neighboring areas. Thus, the sanitary landfill should belocated
downwind from the urban area; otherwise, to counteract this nuisance trees and thick
vegetation should be planted al around thelandfill. The vegetation, in addition, actsas
ascreen to prevent the neighbors and passers-by from observing the MSW disposal
operations and gives a more aesthetic appearance to the site.

Rainisanother vitally important factor; it is recommended that the records of
rainfall and dry periods be obtained, in order to estimate the amount of water that falls
on the area under study. National meteorological institutions or water and sewerage
service companies can provide thisinformation. Even when rainfall isexpressed in
mm/year, it isadvisable to consult the monthly records of several yearsfor thesizing
of the perimeter drains and the leachate collection and disposal system.

? Ownership of the land

Work should start on asanitary landfill project only when certain conditionsare
in place: when the municipality or town council hasinits possession thelegal document
of land ownership; when the project has been authorized by the pertinent authorities;
and also when it has been accepted by the majority of the community members, with
awareness of its future use.
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Legal ownership of theland is a fundamental requisite before a start
can be made on the construction of the infrastructure and operation of
the sanitary landfill.

s = I
; -
== | landfill -

-

Figure 4.4
Direction of the prevailing wind

? Cost of the land and of the infrastructure works

Once the most appropriate sites have been pre-selected for the construction of
the sanitary landfill, the priority isto find out who ownsthe property, whether it isfor
sale, or whether it can be negotiated, and —most important— the value of the land.
It often happens that the owner will want to speculate with its value when he finds
out about the municipality’ sinterest in purchasing the land. The mayor could resort to
the legal remedy of “declaration of public purpose,” in which case the land will be
valued at the rate recorded in the official land registers.

Another aspect for consideration is the cost of the infrastructure for entering
and preparing the terrain and making it ready to receive thetown’ swaste. Itisaways
advisable to calculate the value of the works and compare it with the funds the
municipality hasat its disposal, to ensure that the project will not be abandoned in the
future for lack of funds. If the investment required is too high and it appears to be
beyond the reach of the municipality, it isbetter to look for another site.
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45 End use of the site

In every sanitary landfill project the use that the site will be given once its
servicelifeisover should be considered from the outset, with plansto integrateit into
the natural environment, transforming it into agreen area, sportsarea, garden, nursery
or forest. In the case of the manual sanitary landfill, the end useislimited by the size
of the site —which rarely exceeds two or three hectares— the low degree of
compaction, proximity to the town, and the cost of the transformation process.

A good strategy for presenting the project is to submit the engineering design
planstogether with the artistic landscape design for the site once its useful lifeisover
and, if possible, a scale model, because the three-dimensional forms are more easily
understood, especially by thelocal inhabitants.

Figure 4.5
End use of the manual sanitary landfill

Site selection is just as important for small towns, or even more so.

4.6 Schedule of activities

Table 4.3 isasample guide for scheduling the activities and works leading to
theinstallation of amanual sanitary landfill.
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Table 4.3
Schedule of activities for the process of installing a sanitary landfill
. month | month | month | month | month | month
Adtivity 1|2]3| 4|5 |6

Preliminary measures

Local authorities take the decision
Sanitary education program for the inhabitants
Consultation with financia institutions

Identification of the site and its surroundings

Presentation of aternatives to the local authorities
Selection of the site and negotiation

Legalization of land ownership (officia registration)
Topographical survey and preparation of the plan

Studies and design (including budget)

Presentation to the authorities and the community
Obtaining of loan for the investment

Preparation of the land

Clearing and cleaning
Preparation of the support soil
Cutting of slopes

Construction of the peripheral infrastructure

Access road to the site
Rainwater drainage
Diversion and isolation of possible water courses

Construction of the landfill infrastructure

ECEEC RN RN}

Internal roads

Peripheral and interna rainwater drainage
Drainage of leached or percolated liquid
Drainage of gases

-~

Auxiliary constructions

B RN RN I

Perimeter fence

Planting of trees around the perimeter
Control building (with sanitary facilities)
Site identification board

Monitoring wells

-~

Closure of local dump(s)

ECEEENEEENEEEN

Extermination of rodents and arthropods
Covering with soil and packing

Sealing of the dump

Press releases and board informing of closure

Beginning of the operation of the manual
sanitary landfill
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4.7 Basic project

One of the basic tools for the successful development of a manual sanitary
landfill project or an integrated system for treatment and final disposal of MSW isa
topographical survey of theterrain, which produces a plan summarizing the extension
of theland and differencesin height; another tool isthe set of plans* with the design
and the details of the project.

4.7.1 Topographical survey

Once the site has been selected and the land acquired by the municipality or
town council, atopographical survey will be commissioned, requesting aplan with the
original terrain at ascale of 1:250, 1:500, with the el evations represented by contour
linesfor each meter, dimensioned every five meters. The boundary, theidentification
of neighboring lands, thelocation of the main road, the accessroad, the natural drainage,
thelocation of the material bank and other special features can be shown on thisplan.

If there are no personnel trained for this activity, the municipality can hire a
topographer with the assistance of the specialist technician or request this service of
the Ministry of Health or Public Works or the regional branches of these ministries.

Invery small communitieswhereit isimposs bleto have topographic equi pment,
such asthetrangit or precision levelsto determinethe areaof theland anditsvolumetric
capacity, the measurements can be made with a measuring tape and hand level. In
extreme cases of simpler projects, a hose-pipeis sufficient, because these works do
not require greater precision.

4.7.2 Design of the sanitary landfill

Thedesignisthe material expression of the concept of the landfill project. Its
purposeisto guidethe project and plan its construction; it is atangible document that
can be presented to the municipal authorities or town council and the community
when promoting the project and seeking fundsfor it.

The basic design will show the delineation of the total area of the site and of
the terrain to be filled. It will indicate the method of construction, the origin of the
cover earth, and the layout of the infrastructure works. In addition, the project
specificationswill include the cal culation of the useful life of the landfill, itsend use,
and the global estimated cost of the project.

4 Plansaretechnical drawings used to present the details of the existing site conditions and features, as
well asthe proposal for developing the project works, and thelocation and details of theinfrastructure.
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4.7.3 Project details

Thedesign should be presented in amaximum of 10 to 12 plans (in compliance

with the technical standards of each country) that include at least the plan layout and
the various profiles of the project, such as:

?

?

configuration of the original terrain and the delineation of thetotal area

initial preparation of the terrain and layout of the infrastructure works and
support facilities

details of the accessroads, principal drainage, and support facilities
the order of the construction processto orient the operation of the landfill

partial landfill layouts asthe work progresses (by thefirst year, the third year,
etc.); and thefinal landfill layout, including the landscaping process.

To make this document easier to read, the details regarding certain stages,

namely, study of basic information, calculations, and design of the landfill and its
infrastructure, will be presented in Chapter 5. The subsequent chapters describe the
site preparation and the infrastructure work necessary for receiving the MSW, as
well asthe sequence of construction, operation and maintenance required.
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4.8 Graphs of the steps necessary for design, construction and operation

4.8.1 Field studies and design
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Verification of the wz;t_er table
1. Identification of the siteto befilled 2. Anaysis of the hydrogeological
and its surroundings conditions

3. Topographical survey

Project costs

Initial invastment

- Studies and design
: Land

~ Necessary works

Operatian

Maintenance

5. Cost analysis 6. Presentation of the project
to the Authorities

Figures 4.6
Field studies and design
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4.8.2 Preparation of the site and construction of the works

1. Clearing 2. Construction of the 3. Sedling of
and cleaning direct access road the site

4. Planting of trees 5. Construction of the 6. Preparation of
around the perimeter peripheral drainage the support soil

7. Construction of 8. Preparation of 9. Construction of the
internal drainage gas drainage control building and
sanitary facilities

10. Excavation of 11. Design and location of 12. Visitswiththe
monitoring wells the site identification board leaders of the
neighboring community

Figures 4.7
Preparation of the site and construction of works
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4.8.3 Operation and maintenance

2. Purchase of safety equipment
for the workers
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3. Beginning of landfill operation 4. Closure of the dump(s)
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2 Administration and supervision
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Figures 4.8

Operation and maintenance
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Once the land ownership has been legally registered, the studies and designs
of the sanitary landfill and itsinfrastructure can be commissioned. For these studies,
the project engineer or contractor will need to gather the basic information and make
one or several field trips to become acquainted with the terrain.

When evaluating the site, the technician will take with him the topographic
plan, which should contain the original description of the terrain (heights and
depressions), agraph or table indicating the amounts of waste accumulated and the
estimated volume of earth to be used as cover material for thenext 5to 10 years. The
field visitisimportant in order to identify thefill areaand its surroundings, aswell as
to locate the works for the infrastructure and support facilities, such as the access
road, drainage system, maneuvering yard, and control building. At thisstage the method
of landfill, the source of the cover material, the distribution and design of the waste
embankments are also evaluated in order finally to begin defining the sequence of
construction.

5.1 Basic information

5.1.1 Demographic aspects
? Population

The project designer needs to know the number of inhabitants and the rate of
population growth in order to determine the amounts of MSW to be disposed of . It
should be noted that there is a difference between rural and urban production of
waste. Rural MSW will make fewer demands since it is not plentiful, although it is
moredifficult to collect. On the other hand, urban production is more problematic for
reasons of concentration, increase in population, and technological and urban
development. Urban waste production thus merits special attention.

? Population projection

Itisof the utmost importanceto estimate the future popul ation of the community,
at least for the following five to ten years, in order to calculate the quantity of MSW
to be disposed of daily and annually during the useful life of the sanitary landfill.
Table5.1 suppliesbasic information in this respect.

The population growth can be estimated by mathematical methods, or by entering
census datain a graph and making an extrapolation of the resulting curve.
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Thefollowing isan example of the mathematical method relating to geometric
growth, that is, to biological populations in expansion, for which a growth rate is
assumed to be constant. The equationis:

Pf = Po(1+n)" [5-1]
where:

Pf = Future population

Po = Present population

r = Rateof population growth

n = (tind — tinitia) interval in years

t = timevariable(inyears)

However, it isrecommended that the results obtained be compared with those
of other methods of projection.

5.1.2 Production of MSW in small towns

With referenceto the generation and composition of the wastesto be managed
in small communities, the residential sector ispredominantly used for the calculation
of waste production, all other activitiesbeing so incipient that they do not appreciably
affect the total quantity of MSW, except for the waste from markets, and also from
visitorsin places where there are tourist attractions.

In any case, when asystem of collection, treatment and final disposal of waste
isrequired, the amounts of waste produced by the population need to be estimated.
With aview to saving funds, we suggest using indirect methodsfor these analyses, as
described below.

? Per capita production

The per capita production of MSW can be estimated globally thus:

DSr en una semana
Pop x 7 x Cov [5-2]

ppc =
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where:
ppc =  Production per capitaper day (kg/cap/day)
DSr =  Quantity of MSW collected in one week (kg/wk)®
Pop =  Total population (inhab)
7 = Days of the week
Cov =  Coverage of the urban cleaning service (%)

The coverage of the serviceisthe product of dividing the population served by
thetotal population:

Population served (inhab)

Total population (inhab)

Coverage of the service (%) = [5-3]

Theamount of MSW produced can also be linked with the number of homes,
that is, kg/home/day, since the garbage is produced per home. This method has the
additional advantage of facilitating the counting of households.

MSW sampling in some small towns and rural and marginal areasin LAC
countries, for the characteristics analyzed in this publication, has revealed that the
ppcrangesfrom 0.2 to 0.6 kg/cap/day. Thesefiguresaretypical of such communities,
and they are worth noting or keeping in mind, because in most cases exhaustive
sampling is not warranted.

In tourist resorts or destinations, the production of MSW can increase
significantly during vacation periods, making its management and disposal somewhat
more complicated.

In somerural communities, for exampleinthe Amazon jungleor in agricultural
areas, the production per capitaof MSW can reach valuesranging from 0.6 to 1.2 kg/

cap/day.
? Total production

Oncethetotal production of MSW isknown, decisions can be made regarding
the most suitabl e collection equipment, the number of workers, routes, frequency of
collection, the areaneeded for treatment and final disposal, costs, and thetariff to be
paid for the service.

5 For calculation purposes, it is recommended to take as a minimum the production and collection data
of a whole week, since the figures vary according to the different activities of the population. If
possible, the amount of waste should be determined by weighing al the collection trucks for one
week, or estimating their load volume.
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Tota MSW productionisfound by thefollowing equation (cf. Annex 4, example 1):

DSy = Popxppc [5-4]
where:
DSy = Quantity of MSW produced per day (kg/day)
Pop = Totd population (inhabitants)
ppc =  Production per capita(kg/inhab.-day)

? Projection of the total production

The annual production of MSW should be estimated from projections of the
population and production per capita.

Asaready mentioned in this chapter, the projection of the population can be
calculated mathematically, but for the growth of theppcit isdifficult to obtain figures
that give anideaof annual variation. Nevertheless, to obviate this point and with the
certainty that the production indices increase with development and urban and
commercial growth, it isrecommended that thetotal per capitaproduction (Table5.1)
for each year be calculated with an annual increase of 0.5 to 1 %.

5.1.3 Characteristics of MSW in small towns

The most important parameters we need to know for the proper management
of the MSW produced in atown are the production figures and specific features of
thewaste (origin, physical composition, and density).

? Origin

Municipa Solid Wastein urban areas of small towns can be classified according
toitsorigin: residential, commercia, industrial, sweepingsfrom roads and public aress,
market and institutional (Table5.2).

a) Residential sector

Residential garbage, or domestic solid waste, is composed mainly of paper,
cardboard, cans, plastics, glass, rags, and organic matter.

In studies carried out on the production of garbage in small towns (fewer than
40,000 inhahitants), no great differences have been found between the different
socioeconomic strata of the population.
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b) Commercial sector

With some exceptions (populations in border areas and tourist sites), thereis
not ahigh production of commercial MSW in small communities, becausetradeis so
little devel oped that any commercial activity isusually conducted from the home.

The composition of the waste from commercial activity in these communities
is similar to the residential waste, although packing materials predominate (paper,
cardboard, glass, plastic, textilesand wood).

C) Industrial sector

Industria activity, if any, isusualy of theartisan type, compatiblewith residential
use; thus, industrial solid waste in small towns is not expected to have any unusual
characteristics. Indeed, with very few exceptions, it isinsignificant for the analysis of
these small towns.

d) Marketplace

The market area has a more clearly defined character, since this is where
meat, fish, vegetables, fruit, groceriesand other itemsare sold. A large proportion of
thewasteisorganic, and only avery small part is packing material. Composting using
manual methods could be recommended for thistype of waste.

e) Sweepings from streets and public areas

The service of street sweeping and cleaning of public areas —such as the
principal park, the area around the marketplace, fairs and beaches— contributes to
the production of wastes. These sweepings are mainly leaves, grass, fruit pedl, in
addition to papers, plastics, cans, glass, sticks, and a high content of earth.

f) Institutional sector

In the case of special establishments such as schools, we can safely assume
that the production of solid waste is relatively insignificant, and its composition is
similar to that of the waste from the above-mentioned sectors.

The hospitals or medical centersin these small towns are usually classified as
primary hedlth carefacilities, which are not very specialized and usualy haveaminimal
number of beds, although in some casesthey are of medium size. Consequently they
do not have asignificant effect on the total production of solid waste. Neverthel ess,
with regard to the type of waste they produce, the distinction must be made between
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Table 5.2
Projection of the production and origin of municipal solid wastes
(t/year)
Popu- ppc
Year| tion Average | Residen- | Comer- | Mar- | Indus | Swesp-
inhabi- total tial  |[mercial| ket | trial ings | Others| Total
tants | kg/cap/day
1
2
3
4
5
6
7
8
9
10
Totd

thewastethat is classified as being of residential origin (cleaning, cooking, common
garbage); and the waste resulting from their specific activities, which are potentially
infectious: sharp instruments and material used for treatment, viscerafrom surgery,
etc., al of which are classified as* biological-infectiouswaste.” For thistype of waste,
special management, treatment, and final disposal are suggested.

In the medical center, this waste should be separated and presented in closed
red polyethylene bags. Care should be taken not to spill the contents of these bags.
Collection personnel must not come into contact with the contents, even if they are
wearing gloves and protective clothing. The treatment and final disposal of infectious
wastes can be by incineration and/or burial in aspecial pit within the establishment.
Inthelatter case, this pit should be of clayey soil, and its bottom should be at |east 1.0
m from the water tablein order to prevent contact with thewater. For further details,
see Annex 6.

If infectious wastes are collected by the municipality, appropriate protection
measures should be taken. Their final disposal can bein the manual sanitary landfill,
preferably placing them in aspecia cell assoon asthey arrive, similar to that indicated
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in Annex 6 or, if not available, at the toe of the slope or in thelower part of thecell, to
be immediately covered with soil and the rest of the solid waste.

? Physical and chemical composition

Typical of the physical composition of MSW in Latin Americaand the Caribbean
isitshigh percentage of organic matter (50 to 70% of thetotal waste), which trandates
into a greater moisture content with values between 35 and 55%; the rest is paper,
cardboard, glass, metals, plastics and inert material, among others.

The municipal solid wastes of small communities do not have
significant differencesin their physical composition such as to warrant
the expense of exhaustive studies, so they can usually be assimilated

as domestic wastes.

The physical composition of the MSW of these small townsisimportant for
evaluating the feasibility of setting up recycling and treatment programs, since the
chemical composition needslittle attention and the final disposal method isthe sanitary
landfill technique, which seeksto minimize the production of |eachates.

? Density

Thedensity or weight per volume of the M SW isanother important parameter
for the design of thefinal waste disposal system. Inthe LAC Region there are values
of between 200 and 300 kg/m?® for loose waste, that is, garbage in the trashcan; these
values are higher than thosein industrialized countries.

In order to calculate the dimensions of the daily cell and the volume of the
landfill, the following densities can be estimated.

Table 5.3
Density of daily cell design and manual sanitary landfill
Design Density kg/m3
2 Dally cdl
(waste recently compacted manually) 400 - 500

2 Volume of thefill
(waste stabilized in the manual landfill) 500 - 600
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These densities are reached by homogeneous compaction, and in the measure
that thefill isstabilized, all of which hasan effect on the stability and useful life of the
site.

Theincreasein thedensity of themanual sanitary landfill isachievedin particular
by thefollowing means:

? Manual tamping, with daily use of theroller or the hand tampers.

? Thetransit of the collection vehicle over the already filled cells.

? The segregation and recovery of paper, cardboard, plastic, glass, scrap metal,
wood and other voluminous materials. With the practice of recycling, lessMSW
will be disposed of inthelandfill, sothe sitelifewill be prolonged.

? Other mechanismsthat increase the density of the solid wastes are: the process
of decomposition of the organic matter, and the weight of the upper layers or
cells themselves pressing down on the lower ones and, obviously, reducing
their volume.

5.1.4 Site characteristics

The geology and specific features of the soil of theterrain are among the most
important factors to be considered when selecting the site. Thanks to these data,
information can be obtai ned about possible displacement of water filtration and potential
contamination of surface and ground waters. The soil study isalso used for evaluating
the stability of the site and the location and quality of the bank of cover material.

There can be no question that these analyses are of great importance in sanitary
landfill projectsfor large cities, and should be abasic requirement in any study; but in
the case of very small communitiesit is not necessary to be too rigorous, as already
mentioned, considering the small scale of the works and the type of waste produced.
Asfar as possiblethe services of ageologist or other professional with knowledge of
these matters should be sought.

Field studiesfor townswith apopulation of 5,000 or less can consist of simple
percolation testsand soil analysesonly.

Thefollowingisabrief description of the principal parametersthat should be
taken into account in the analysis and evaluation of any terrain:

? Type of soil: a sanitary landfill should be located preferably on aterrain of
sandy-silty-clayey soils (loamy coarse sand, predominantly clayey loam); also
suitable are silty-clayey soils (heavy predominantly silty, predominantly silty
clayey, light clayey silty) and clayey-silty ones (heavy clayey silty and clayey).
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It is better to avoid sandy silty soils (predominantly sandy) because they are
very permeable.

? Soil permeability: the greater or lesser ease with which water seeps through
asoil. The permeability coefficient (k) is an indicator of the greater or lesser
difficulty with which asoil resists seepage of water through its pores. In other
words, it is the speed with which the water crosses different types of soil.

To illustrate these parameters better, we present Figure 5.1, which shows the

type of soil and itsrelation to the permeability coefficient.

Permeability coefficient k (cm/s)
(Logarithmic Scale)

( crﬁ s 10?| 10*| 1.0|10*| 102| 10| 104| 10°| 10°| 107 | 10®| 10
- Practically
D Good Bad
rainage impermeable
it
Sanitary Extremely bad Good
Clean Very finesand, organic | Impermeable
C sand, and inorganic soils, mix soil, for
Typeof soil 0arse | oand of sandy silt and clay example:
gravel | mixed homogeneous
with Impermeable soil, for clay under the
gravel | example: homogeneousclay weathering
under the weathering area area

Source. Adapted from CETESB. Industrial solid wastes. 2¢ enlarged edition. S&o Paulo, 1993, p. 91.

Figure 5.1
Relation between the type of soil, the permeability coefficient, and its
acceptability for drainage and sanitary landfill

The permeability coefficient (k) of soils can be determined in thefield, if itis
desired to know with certainty whether or not a sanitary landfill can constructed
there (Annex 1).

? Depth of the water table: the height of the water table or the dominant height
of the groundwater level. Preference will be given to well drained land, where
the water table is more than one meter deep the whole year round. Poorly
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drained land —that is, siteswhere the water tableis|ess than one meter down
for most of the year— will haveto bedrained artificially. It isbetter to discard
sites such asthese, especially those that are prone to prolonged flooding.

? Availability of cover material: flat land with a silty clayey soil and a water
table deep enough to prevent contamination of groundwater by the disposal of
wastes can offer a good quantity of cover material, especialy if the trench
method is selected. On the other hand, if the land has sandy soil or a shallow
water table (less than one meter deep), it will first be necessary to waterproof
the terrain and then bring the cover material from elsewhere, which would
greatly increase costs; this kind of site should therefore be rejected.

Land with depressions and gently rolling terrain can be good sources of cover
material when theterrainisleveled and cuts made in the sides of the depressions.

5.1.5 Climate conditions

Rain, evaporation, temperature, and wind direction arethe most relevant climatic
data to be gathered to work out the design specifications for the sanitary landfill
infrastructure and a so to gain a better knowledge of the conditionsfor the construction
ingenera (Figure5.2).

l l v v l v P Final cover

h>3m k< 10" cm/s
W.A. M&x ‘
= Aquifer P - Mean annual precipitation - mm
Ev - Mean annual potential evaporation
Ev-P > 500 mm W.A. Max - Water table

Source: Adapted from: CETESB. Industrial solid wastes . 2™ enlarged edition. Sdo Paulo, 1993. p.91.

Figure 5.2
Favorable climatic and hydrological conditions
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In Chapter 4, point 4.4 (site selection), reference was made to the need to
investigate thewind direction, and above all, therecords of rainfall inthe areafor the
design of the different drainage systems for water and leachate.

5.1.6 ldentification of standards in force

Another aspect not to be overlooked by the designer of asanitary landfill isthe
need to consult with the standards currently in force for the design and construction
of thelandfill and infrastructure works, and also for the issue of environmental impact
(constraints on the project in order to prevent or mitigate possible negative effects
from the construction and operation of the landfill).

Nevertheless in the case of amanua sanitary landfill, the local governments
and environmental and health authorities should bear inmind that it isasmall sanitation
project and not alarge-scale city project. Inthe LAC Region it often happensthat the
officials of surveillance and control agencies—who are either unaware or dismissive
of the enormous differences between these two types of projects— merely supply
the consultant or technician in charge of the studies and designswith the sameterms
of reference that have been drawn up for large metropolitan sanitary landfills. This
effectively bringsto a halt the execution of the manual sanitary landfill from lack of
resources and even of information.

“The adoption of the standards of industrialized countries can be an
obstacle against improving the processes in developing countries, or
even prevent progress in the management of MSW unless such
standards are adapted to local conditions.”

5.2 Calculation of the necessary volume
The spatial requirementsfor the sanitary landfill are governed by:

? Thetotal production of MSW

? The coverage of collection (Thecritical design condition isto receive 100% of
the waste produced.)

? The density of the stabilized MSW in the manual sanitary landfill
? The amount of cover material (20-25%) in the compacted volume of MSW
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5.2.1 \Wwlume of solid waste

With thefirst two parameterswe have the daily and annua volume of compacted
and stabilized MSW that must be disposed of (Table 5.1, columns 6, 8 and 10,
respectively), namely:

DS
daily = D—mZN [5-5]
Vcompacted annually = Vda..Iy x 365 [5-6]
where:

Vagaily =  Volumeof MSW to be disposed of in one day (m3/day)
Vannua =  Volume of MSW in one year (m3/year)
DSp =  Quantity of MSW produced (kg/day)
365 = Equivaent to oneyear (days) 5
Dmsw = Dengty of the recently compacted MSW (400-500 kg/m™) and

of the stabilized landfill (500-600 kg/m’)

5.2.2 Wolume of the cover material (column 9)

where:

cm = cover materia equivalent to 20 or 25% of the volume of the recently
compacted wastes

5.2.3 Wlume of the sanitary landfill

With the results obtained from the equations [5-6] and [5-7] the volume of the
sanitary landfill for the first year can be calculated thus:

VSL = Vabilized anually + C.M [5-8]
where:

Vs

c.m

Volume of the sanitary landfill (m3/year)
cover material (20 to 25 % of the recently compacted volume of
MSW)
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The dataobtained areentered in Table 5.1, column 11. To find thetotal volume
occupied during the useful life of the site, thefollowing equationisapplied:

Vay = P Vs (5-9]
i=1
where;

Vv

n

Volume of the sanitary landfill during itsuseful life (m3)
Number of years

SLul

which would be the data that appear in Table 5.1, column 12, that is, the amounts
accumulated annually.

5.3 Calculation of therequired area

Once the volume is abtained, the area required for the construction of the
sanitary landfill can be estimated with the depth or height thelandfill would have. This
can befound only if one has agood general idea of the topography.

The manual sanitary landfill should be projected for a minimum of five years
and amaximum of ten. However, sometimesit is necessary to design it for lessthan
fiveyearsinview of thedifficulty of finding availableland. The duration of thelandfill
is called the useful life or design period.

The arearequired for the construction of a manual sanitary landfill depends
mainly on factors such as:

Quantity of MSW to be disposed of
Quantity of cover material
Compaction density of the MSW
Depth or height of the sanitary landfill
Additional areasfor support facilities

NN ) ) N

From equation 5-8 we can estimate the area requirements thus: (Table 5.1,
column 13)

Ay = [5-10]
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where
Vg = Volume of the sanitary landfill (m3/year)
Ag. = Areato befilled successively (m”)
hg = Mean height or depth of the sanitary landfill (m)

and thetotal arearequired (Table 5.1, column 14) will be:

Ar = FxAg [5-11]

Total arearequired (m?)

Factor of increase in the additional arearequired for penetration
roads, border setback areas, control building and sanitary facilities,
maneuvering yard, etc. Thisis between 20 and 40% of the area
to befilled.

The parameters mentioned for the calculation of the volume of the sanitary
landfill areincluded in Table 5.1 The areafor each alternative site will be estimated
when the average depth of thefill isknown (see Annex 4, example 2).

5.4 Design of slopes
5.4.1 Earthworks

Sanitary landfills for urban wastes are engineering works built in the ground,
and many of their structures —or parts of them— are earthen.

Among the principal works of alandfill are: the construction of embankments
or containment dikes, the construction of berms, the excavation of trenches, the
excavation of drainage canals, the construction of dirt roads, and of layers of compacted
soil for waterproofing or protection.

In the construction and operation stages, one of the most important aspectsto
be taken into account for manual sanitary landfillsisthe stability of the earth slopes
and of thefill banks.

5.4.2 Designation of slopes

The surface that defines the grading laterally is called the slope. In cuts, the
slopeisincluded between the chamfer and the bottom of the channel. In embankments,
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the slopeisincluded between the chamfer (foot of the embankment) and the edge of
the berm (Figure 5.3).

The convention used to designatethedopeisintheformof “ S’ unitshorizontally
by oneunit vertically.

Natural ground

¥ - o \ Chamfer
—
-

—
- -—

' -
e a

L]

L]

1] .

; ! Cut line

L]

1)

L

' \ Bottom of the canal

i Cut

]

h Edge of berm

L] /_,‘7

L

L Chamfer
.._:- — -

- —
— e —
Fill

Figure 5.3
Designation of slopes

5.4.3 Design of slopes
? Slopes in cut

Taking into account that for the construction of amanual sanitary landfill itis
recommended that the terrain be of a relatively impermeable material (fine sand
mixed with silt, clay) and that the heights of the cut (H) be less than 5 m, it can be
established as a standard that stability studies are not required in order to define the
most appropriate slope.
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For alow cut a single slope can be recommended; for greater heights two
different slopes could be necessary; in some cases the construction of intermediate
berms or banquettes will be suggested (Figure 5.4).

Thefollowing guide, based on the experience of several countries, will be useful
for the definition of cut slopes (Table 5.3).

Table 5.4
Slopes recommended in cut
Recommendable
Typeof material slope S height of the Observations
cutH (m)upto5m
1 Silty sands and 12 k =107 cm/s. Level 1:1themore
compact silts weathered upper part. In the case of
easily eroded materias, the slope
should be 1:1
2. Silty sands and 14 k =107 cm/simpermeable
non-compact silts counterdrain (intercepting ditch at
thetop of aslope). Level to 1.5:1
in the most weathered part.
3. Silty sands and very 14 k =107 cm/s. Level theloose
compact silts upper part.
4. Not very sandy 12 k =10%cm/s. Level 1:1the
clays, firmand weathered part. If thereisaflow
homogeneous of water, build subdrainage.
5. Bland, expansive 1 k=10%cm/s
clays

Source. Taken and adapted from Secretariat of Public Works, Department of Antioquia, Colombia.

? Slopes of embankments

In embankments, because of the control over the extraction, selection and
placing of the material that formsthelandfill (fill in soil), the value commonly usedin

slopesis1.5:1.

With regard to the slopes of waste for forming embankments in the manual
sanitary landfill, 2:1 or 3:1 isrecommended. Stability is guaranteed by good manual
compaction of thewastes and the construction of compound slopeswith an intermediate

berm.
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Natural ground

Single slope

i S2

* Compound slope and intermediate berm

Figure 5.4
Slopes in cut

5.5 Selection of the fill method

Asalready mentioned, the design of the sanitary landfill depends on the method
adopted —trench, area or acombination of the two— whichever isthe best suited to
the topographical conditions of the site, the soil characteristics, and the depth of the
water table.



Design of a Manual Sanitary Landfill 99

d

130 20

Height (m)

¥ ¥ T T ™ T 1] T T T T T T
020 30 40 51 60 TO B2 90 100 W0 120 130 140 150
Profile Distance (m)

Figure 5.5
Layout of the original terrain

The design should present a series of plans that will be followed in the
construction of the sanitary landfill:

? Layout of the original terrain
Thelayout of the original terrain isobtained from the topographical survey of

the site of the future sanitary landfill. Thisinformation is necessary for the project
calculationsand design (Figure5.5).
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Figure 5.6
Initial layout of the foundation

? Initial layout of the foundation or base material

The selected site will usually need to be prepared for construction of the
necessary infrastructure and to give an adequate support base to the sanitary landfill,
as well as to obtain the cover material on-site. These changes are presented in a
topographic plan that will be used to guide the builder in the earth movement (Figure
5.6).
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Figure 5.7
Final layout of the sanitary landfill

? Final layout of the landfill

Thisisthelayout of thesite onceitsuseful lifeisover. Itisimportant to include
thisin atopographic planin order to show the maximum levelsthat the landfills will
reach as anticipated by the project designer (Figure 5.7).
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? Partial layouts of the landfill

A partial landfill layout showsthe progress of the construction and servesasa
guideto the constructor for the corresponding controls. There may be more than one
of these plans drawn at different stages of the project.

5.5.1 Ditch or trench method

Since small towns usually do not have a track-type tractor or a backhoe, it is
recommended that this equipment be rented or borrowed for the periodic excavation
of the trenches (which should have auseful life of 60 to 90 days), thus avoiding the
constant use of the machinery. For thisto be afeasible option, the excavation of the
trenches should be planned for the whole year, to coincide with the avail ability of the
equipment. Therental costs should beincluded in the general budget.

Beforetheperiod of useful lifeof thetrenchisover, the equipment for excavating
the next trench should be in place, to ensure the final sanitary disposal of the MSW
and protect the environment. Otherwise, the service will be interrupted and the site
runstherisk of becoming an open dump.

? Advice on trench location

In the case of uneven land —for example, gradients of 5% in several
directions— if optimal useisto be made of the terrain to facilitate the excavations,

Future cut for

internal road + 6m .
Original ground surface

——
Gradient of the slope Gradient 202 e
of the terrain — - . N
Ditch .- O R e Gradient 2% - e
Temporary | —_——— : S
internal road 1 Suﬂ 3|_| 2|_| 1r
Figure 5.8

Trench location, excavation process over time, and combination
with the area method
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thetrenches should be dug following the contour lines. Thiswill ensureamore effective
management of the excavated earth, both for stockpiling it to one side of the trench
and for its subsequent use as cover material. It is advisable to start opening the
trenches at the lowest point of the site and to ascend progressively as the lower

trenches arefilled (Figure 5.8).

Inview of thedifficulty of acquiring new sites, it isrecommended that this
trench method of operation be combined with the areamethod, that is, raising the
terrain some meters above the original ground level. Inthisway it will be possible
to take advantage of the surplus soil for daily cover material and for the final
covering of this new stage of the landfill. Surplus earth can sometimes be used to
make akind of screen around the siteto block visibility from the outside (Chapter

6, number 6.4.2).

Fote i

100 m I

Circulation of collection vehicles

100 m
88m

Figureb.9
Distribution of trenchesin the site



104 Guidelinesfor the Design, Construction and Operation of Manual Sanitary Landfills

A land-use program for the excavation of trenches over time and a
program for the management of the surplus soil, which can be up to
50%, are fundamental for successful landfill management.

? Trench excavation volume

The excavation volume and thetimethemachinery will berequired are cal culated
from the useful life of the trench using the following equation (see Annex 4, example
3):

Vv, = txD% X c.m [5-12]
msw
where :
V; = Volumeof thetrench (m3)
t = Timeof useful life (days)
DSr = Quantity of MSW collected (kg/day)
cm = Cover materia (20 - 25% of the compacted volume)
Dmsw = Density of the MSW inthe landfill (kg/m?3)

? Dimensions of the trench

For the effects of manual operation, the dimensions of thetrench will belimited

? The depth of the trench, which should be from two to four meters depending
on: the water table level; the type of soil; type of equipment; and excavation
Costs.

? Thewidth of the trench, which should be from threeto six meters (the width of
the equipment). Thisisadvisablein order to avoid long-distance hauling of the
waste and cover material, thereby improving work output. Thus, the operation
can be planned leaving one side for the accumul ation of soil and the other for
the unloading of the M SW. Depending on the degree of compaction and on the
climate, the surface of afinished trench can be used for the unloading of wastes.

? Thelength depends on the duration time or useful life of thetrench. Thus:

Vz

vz 5-13
ax hg [ ]
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where:

I Length of the trench (m)

2 Volume of the trench (m3)
w = Width(m)
h, = Depth(m)

? Machinery time

Thetime required for the excavation of the trench and movement of earth in
general will depend agreat deal on soil type, the type and power of the machine, its
traction system (wheels or tracks), and the skill of the driver (see Annex 4, example
3).

t — L
oc @ — R x J [5_ 14]
where:
texe = Machinery timefor the excavation of the trench (days)
Vz = Volumeof thetrench (m3)
R =  Excavation output of the heavy equipment (m3/hour)
J = Daily work day (hours/day)

? Useful life of the site

From Table 5.1, column 13, we can find the arearequired only if the average
depth of the sanitary landfill is known. However, in practice we find we need to
calculate the useful life of the site (see Annex 4, example 4).

In the trench method, once the volume has been calculated, we assume a
factor for the additional areas (separation between trenches®, circulation roads,
isolation, etc.) and then the number of trenches that can be excavated at the siteis
estimated. Thus:

no= A [5-15]

6 A separation of one meter between trenches is recommended, for greater stability. This separation
depends on the type of soil and the shape of the trench (square or trapezoid), among other factors.
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where:
n = Number of trenches
Ay = Total areaof theterrain (m?)
F = Factor for additional areasof 1.2to 1.4 (20 - 40%)
A; = Areaof thetrench (m?)

Thereforethe useful lifewill befound by:
Lu = (t, xn)/365 [5-16]
where :

Lu
tz

Useful life of the terrain (years)
Service time of the trench (days)

5.5.2 Area method

As already mentioned, the area method is used for constructing the sanitary
landfill on the surface of theland or for filling depressions. Point 5.6 describes methods
for evaluating the volumetric capacity of the site.

5.6 Calculation of the volumetric capacity of the site’

The volumetric capacity of the siteisthe total volume of the terrain available
for receiving and storing waste and the cover material, that together make up the
sanitary landfill. 1nother words, it isthe volume between the surface of the foundation
and the final surface of the landfill, for which it is indispensable to determine the
volumetric capacity of the terrain.

There are two main methods for carrying out thistype of calculation:

? Long, narrow volumes
? Volumes of great extension (in both directions)

5.6.1 \Very long volumes (around an axis)

The field work in this category of determining volumes usually includes the
obtaining of cross- sections at regular intervals all along the axis of the project

7 Taken and adapted from IRVINE, William. Topography. Areas and Volumes. McGraw Hill.
Chapter 15. 1975
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(polygonal). First the areas of these sections are cal culated and then, using Simpson’ s
rule for volumes or the prismoid rule, the volume of the material to be removed or
placed can be calculated.

Method 1. Calculation of the volume by Simpson’s rule
Once the area of the different sections has been cal culated, the volume of the
material inthe cut or fill can be found by means of Simpson’ srule, whichisthe same

asthat used for areas, although the areas of the sections replace the ordinates in the
equation (Figure 5.10 and Annex 4, example5).

Volume = - [A, + Ag +2 X Ayt 4 (A + AJ] [5-17]

If “M” isthe mean section, the volume by the Simpson’ srule will be:

Volume ig (d/2) [A,+ Ay + 2 (cero) + 4 M] [5-18]

Volume % [A+ Ay + 4M] [5-19]

400 m

Figure 5.10
Longitudinal volume around an axis
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Equation [5-19] represents the prismoid rule, which can be used to find the
volume of any prismoid, providing that the area of the middle cross-section isknown
(Annex 4, example 6).

Note: the area “M” is not the average of areas A, and A,

Method 2. Calculation of the volume by the prismoid rule

A prismoid is defined as a solid that has two flat, parallel faces of regular or
irregular shape, joined by flat or warped surfaces, on which can be drawn linesfrom
one of the parallel faces to the other. Some examples of prismoids are shown in
Figure5.11, the equation of which isequivalent to [5-19].

(a) (b)

Figure 5.11
Prismoids

In order to find the volume by Simpson’s rule, it is necessary to divide the
figure in such away as to give a number of equidistant sections: three is the least
number that fulfillsthis condition.

Method 3. Wolume from the outer areas

From the axis of the landfill project and from theleveling of aterrain by strips,
the volume between two consecutive cross-sections can be calculated, multiplying
the average of the areas of the sections by the distance that separates them (for
greater accuracy, 20 m stretches are recommended). (Figure 5.12).
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The volume between sections A and A isfound by:

AL + A2) xd -
Volume = ( > ) [5-20]
where :
Arand A = Areas of the cross-sections (m?)
d = Distance between sections A; and A,

This formula will be more precise in the measure that A, and A, tend to be
equal. Theaccuracy of thismethod isusually more than sufficient, sinceitisassumed
that the terrain will beleveled uniformly between the two sections, even thoughitis
known that the real volumeis somewhat different (Annex 4, example 7).

Figure 5.12
Volume of atrench

5.6.2 Volumes of great extension
Method 1. Mesh

When trying to find the volume of asite of great extension and little depth, the
field work consists of covering the foundation surface areawith a squared mesh and
finding the levels of its vertices. The total volume can be calculated as the sum of
volumes of all the prismoidsthat have as transverse area one square of the mesh and
as height the distance to the final surface of thefill. This height will be given by the
average of the distances between the surface of thefinal outlay of thelandfill and the
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vertices of the square. That is, if the elevations of the vertices of a square are e, e,
e, and e, the height of thefinal surfaceise, and the area of each square of the mesh
iSA. Thus, thevolumewould be:

Vi = A(ef —(ep+ e+ e3+ey)/4) [5-21]

The smaller the squares of the mesh, the greater will be the degree of precision
obtained (Annex 4, example 8).

Method 2. From the contour lines

This method consists of finding the existing capacity between the horizontal
planes of theterrain. The areas of the intersections of these planes with those of the
terrain are calculated and multiplied, after taking their average, by the differencein
height that separates them. Using equation 5-20 we find:

vy = fatAd oy [5-22]
2
where:
Y = Volume between two contour lines (m?3)
A, and A, = Areasof the horizontal planes (m?)
?h = Difference in height between the planes (m)

The smaller theincrement D h, the greater will be the precision of the method.
Inaddition, it will be easier to useif the topographical survey isavailablewith contour
lines at every meter and if a planimeter is used for the calculation of the areas. This
isthe method most commonly used for large sanitary landfills.

Thereforethe volumetric capacity of thesiteisgenerally obtained by thefollowing
equation:

v BR) L A RICRTORCRNERS

?h ?h2
When the areas taken are equidistant:

?

n n-1
> A1+2’§ A+ A, [5-24]

vV =
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Figure 5.13
Plan and section of aterrain

When the contour linesare widely separated, if it isdesired to obtain acertain
degree of precisionin the calculation of the volume, the prismoid formula can be
used. On applying thisformulathe planes of the contour lines should be considered to
divide the depression into aseries of prismoids. The volume of each one of them can
be found by the successive application of the prismoid rule or, in favorable cases,
directly using Simpson’srule.

On using the prismoid formulathe areas of three curves are taken at once and
the center oneis used asthe middle cross-section. The precision of the result depends
above all on the difference of level between the curves. In general, the smaller the
interval, the more accurately the volume can be calculated.
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5.7 Calculation of the useful life

The volume of the landfill, that is, the volume between the initial and final
layouts of the site, calculated by either of the above methods, will give the total
volumeavailable. Tableb.3facilitatesthe collection of thisinformation. Thecalculation
of the useful life can be estimated thus:

Thetotal available volume of the siteis compared with thevaluesin Table5.1,
column 12 (the accumulated volumes of the landfill) to find the same value or one
dlightly higher. Column O of the samelinewill indicate the number of yearsequivalent
to the useful life of thelandfill.

5.8 Design of a canal to divert surface water runoff

It isimportant to study thelocal rainfall figuresto decide on the characteristics
of the perimeter drainage system and necessary works. By diverting runoff water,
we minimize leachate production and the potential for groundwater contamination.

The rainwater that falls on areas adjacent to the sanitary landfill often drains
onto it, hampering thelandfill operation. A perimeter ditch around the sanitary landfill
for the collection and diversion of rainwater runoff is, therefore, an essential element
of thelandfill infrastructure, which will contribute to reducing the volume of leachate
and improving operating conditions. Theditch, trapezoidal in shape, should be constructed
in earth or cement-soil; its dimensionswill be determined taking into account thelocal
rainfall figures, thetributary area, soil characteristics, vegetation, and the gradient of
theterrain (Figure 5.14).

—

Trapezoidal Circular

N

Triangular

— —  — _—

Square Parabolic

Figure 5.14
Cross-sections of drainage ditches for runoff waters
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For a small drainage area a ditch with the dimensions of Figure 5.15 is
recommended.

Original
ground surface

Water surface

Cut

Figure 5.15
Detail of the cross-section of a trapezoidal canal

If greater precision is required owing to the characteristics of the place, the
flow contributed by the drainage area can be calculated using the rational method,
and the dimensions of the drainage ditch according to the following equation:

Ki x Aqg

@ = Zexio [5-29]

Flow that enters or maximum runoff [m?¥sec]
Runoff coefficient

Intensity of rainfor an equal period [mm/hour]
Area of the drainage area [

t. Concentration time[min].

O]
©
I

The drainage canal should be along the highest contour line reached by the
border of the sanitary landfill and should guarantee a maximum speed of 0.5 m/s,
which does not cause excessive erosion; the size of the canal section can be calculated
using the following equation:

A = [5-26]
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where:

A
v

Area of the trench section [m?]
Maximum average velocity [m/sec]

Once the area of the section is found, the dimensions can be decided upon,
based on the previous recommendations.

5.9 Leachate generation
5.9.1 Calculation of leachate generation
Thevolume of leachatein asanitary landfill depends on the following factors:

Rainfall inthe landfill area

Surface runoff and/or groundwater filtration

Evapotranspiration.

Natural moisture of the MSW

Degree of compaction.

Field capacity (Capacity of the soil and the MSW to retain moisture)

NN Y ) ) N

Thevolume of leachate depends basically ontherainfall. Leachateisproduced
not only by runoff but also by rainfall in the area of the landfill, which increasesthe
guantity, either by direct precipitation on the waste deposited there or by increasing
the amount of filtration through cracksin theterrain.

Owing to the different conditions of operation and location of each landfill, the
expected rates can vary, so they will need to be calculated for each individual case.

Sinceitisdifficult to obtainlocal climatologic information, thevolume of leachate
produced is often determined by using coefficients that correlate the previously
mentioned factors.

The Swiss Method?, for example, enables us to make asimple, quick estimate
of theflow of leachate or percolated liquid by using the equation:

Q:+PXAXK [5-27]

8  Adapted from: Lima, Luiz Mario Queiroz. Tratamento do lixo. S&o Paulo. Hemus. 1991.
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where:
Q = Meanflow of leachate (I/9)
P = Meanannual precipitation (mm/year)
A = Surfaceareaof the landfill® (m?
t = Number of secondsin ayear (31,536,000 s/year)
K = Coefficient that depends on the degree of compaction of the waste,

the recommended values of which arethefollowing:

? For weakly compacted landfills with a specific gravity of 0.4 to 0.7 t/m?, the
estimated production of leachate is between 25 and 50% (K = 0.25 to 0.50) of
the mean annual precipitation for the landfill area.

? For strongly compacted landfillswith aspecific gravity > 0.7 t/m3, the estimated
production of leachateis between 15 and 25 % (K = 0.15 to 0.25) of the mean
annual precipitation for thelandfill area.

Observations made at several small landfills have confirmed that leachate
generation occurs chiefly during rainy periods and for several days afterwards, and
stopsduring dry periods. It would therefore be agood ideato use an adaptation of the
above method to calculate leachate generation from precipitation during the rainy
months and not during thewhole year. Thiscriterion isimportant when estimating the
leachate drainage or storage system for manual sanitary landfills.

Therefore, it issuggested that in equation [5-27] the preci pitation records used
bethose of the month of maximum rainfall, expressed in mm/month. Thismethod will
give agood approximation of the flow:

Q, = P xAxK [5-28]
where:

Mean leachate flow generated (m¥month)

Maximum monthly preci pitation (mm/month)

Surface area of the landfill® (m?)

Coefficient that depends on the degree of waste compaction
10° mm

R X>»UTO

9 ltis important to note that the “area’ is that in which the waste is deposited, that is, the area of the
platforms or embankments, not the area of the whole landfill site. In other words, it is the area
covered with waste.
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5.9.2 Design of the leachate drainage system

Thefirst recommendation, in view of the small surface areaof manual sanitary
landfills, it isto minimizetheinflow of rain waters. In addition to controlling runoff
waters by means of perimeter drainage ditches, it isalso possibleto prevent therain
from falling directly onto thefill banks or trenches by constructing aroof to keep the
rain off, rather like an umbrella. In thisway the amount of |eachate tends to be null,
thus preventing one of the biggest problemsin thistype of landfill, especially inrainy
areas.

Secondly, it is advisable to construct a herringbone shaped system of storage
for theleachatein theinterior of thelandfill, specifically in the basethat will serve as
support for each platform. The system can be connected.

Preventing or minimizing the increase of leachates (thereby also
preventing the contamination of the rainwater) is technically and
environmentally better and far more economical than designing and
installing artificial waterproofing systems, building drainage systems,
or carrying out conventional treatment for these highly contaminated

waters, especially in the case of small municipalities.

? \blume of leachate

If the above measures are not sufficient, the greatest possible quantity of
leachate generated will be stored in ditches inside the sanitary landfill, asin afalse
bottom, and the rest will be stored in other ditches outside the landfill so that it can
evaporate. More ditcheswill be dug progressively, asthe need arises. The volume of
leachate is estimated by the equation:

V = Q x t [5-29]
where:
V = Volume of leachate to be stored (md)
Q = Meanflow of leachate (m*month)
t = Maximumnumber of consecutive monthswith rain (month)
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? Length of the system of ditches for leachates

Oncetheflow isobtained, the dimensions of the system of ditchesfor storing
leachate can be calculated, asindicated in the following equation. The ditches should
have awidth of at least 0.6 m and adepth of 1 m, providing that the water tableisone
meter farther down and the soil has the conditions of impermeability previously
recommended.

| = Via [5-30]
where:

I = Length of the storage ditches (m)

V = Volume of leachate to be stored during periods of rain (mq)

a = Surface areaof the ditch (m?)

5.10 Monitoring water quality

Before, during, and after the construction of the sanitary landfill it isimportant
to take aseries of measuresto prevent potential risksto the quality of the environment.

Althoughitisasmall project, amanual sanitary landfill must comply with certain
environmental and safety standards, especially with regard to surface and underground
waters. It would be advisableto install monitoring wellsin order to prevent any risk
of flooding.

We should not forget that a large portion of the MSW of small towns is of
domestic origin, so the environmental demandsand controls should aso bein accordance
with the size of the problem and the avail able resources. In addition, if thereisasilty
clayey soil, with a permesability coefficient of k < 107cm/sec, and if the thickness of
the soil above the water table is greater than 1 m, there is even less likelihood of
contamination of groundwater.

5.10.1 Location of the monitoring wells

The monitoring wells should be situated at least 10, 20 and 50 m from the
landfill areaand from the exterior drainage of leachate; some three or four wellswill
be sufficient. For the collection of groundwater samples, if the water-bearing strata
are near the surface (approximately 4 m down), these wells can be dug manually
(Figure5.17).
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Sanitar
- Iandfilly Water table

Depth (m)

Figure 5.16
Location and characteristics of the water monitoring wells

5.10.2 Parameters for the analysis of water and leachate

Table 5.2 liststhe most representative parametersfor the analysis of the quality
of groundwater, surface water, and |leachate of a sanitary landfill.

The laboratory analyses of the samples of nearby ground and surface waters
can be intensive during the early months and less frequent once constant values are
recorded in the results.

5.11 Calculation of the daily cell

Thedaily cell ismade up of the M SW and the cover material. It isdimensioned
with aview to economizing on soil, without damaging the cover, and with the purpose
of offering aworking face sufficient for the unloading and maneuvering of the collection
vehicles.

The dimensions and the volume of the daily cell depend on factors such as:

The quantity of MSW to be disposed of daily
The degree of compaction.
The cell height most comfortable for manual labor

The working face necessary to enable the collection vehiclesto discharge the
MSW

NN )N



Design of a Manual Sanitary Landfill 119
Table 5.5
Parameters for measuring the quality of water and leachate
S Surface | Ground- | Leachate
Water water

pH X X X
Biochemical oxygen demand (BOD) (mg/l) X X X
Chemical oxygen demand (COD) (mg/l) X X X
Temperature (°C) X X X
Tota iron (mg/l) X X
Total organic carbon (TOC) (mg/l)
Nitrates (mg/l) X X
Chlorides (mg/l) X
Sulfates (mg/l) X
Total colony count , (colonies/ml) X X
Conductivity, (umhos/cm) X
Tota suspended solids X X
Heavy metals (Hg, Cd, Pb, Cr, Fe, Zn, Cu, Ni) X

A height between 1 and 1.5 m is recommended for the daily cell, because of
the low degree of compaction achieved with a manual operation, and the need to
provide greater mechanical stability to the construction of the embankments of the
sanitary landfill. The advance and width of the cell will be calculated from the daily
volume of compacted wastes, taking into account the limitationswith regard to height,
and maintaining aworking facethat isas narrow as possible, on the basis of equations

[5-31] —[5-33].

5.11.1 Quantity of MSW to be disposed of

For thedesign of thedaily cell, the quantity of waste can befound in two ways:

From the quantity of garbage produced daily, that is,

DSy = DS, x (7/d,)

[5-31]
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where:
DSy = Meandaily quantity of MSW in the sanitary landfill (kg/day)*
DS, = Quantity of MSW produced per day (kg/day)
d, = Workdaysinaweek (normally d, =5 or 6days, andevenlessin
smaller municipalities)

5.11.2 \olume of the daily cell

D
v. = 2% yem [5-32]
Donew
where:
Ve = Volumeof thedaily cell (m3)

Dmsw= Density of the MSW recently compacted in the manual sanitary
landfill, 400-500 kg/m?3
cm = Cover materia (20-25%)
It should be noted that the density used for the recently compacted waste is
less than that of the stabilized waste that is used for the calculation of the volume.
5.11.3 Dimensions of the daily cell

? Area of the cdl

A he [5-33]
where
Ac: = Areaof the cell (m%day)
Ve = Volumeof thedaily cell (m3)
he = Heightof thecell (m)—Ilimit 1.0 mto 1.5 m. Flintoff reports heights

of 1.5 to 2.0 m for manual sanitary landfills, whereby the cover
material is reduced.

10 |t should be considered that the daily volume of MSW will increase yearly and, consequently, so will
the cdll size, implying that it may be necessary to make an annual reassessment of the labor required.
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? Length or advance of the cell (m)

A [5-34]
T w
w = Width, fixed according to the working face necessary for the

collection vehicles to unload the waste (m). It should be noted
that in small communitiesonly oneor two vehicleswill beunloading
at once, which will set the width between 3 and 6 m.

Since the slopes (perimeter) also have to be covered with earth, the relation of
the width to the length of the cell that will require the least cover material would be
that of a square. This means, therefore, the square root of the area of the cell:

w =1 = PA [5-35]

When this does not occur because the resulting width is too narrow for the
vehicles to unload, the width is fixed first and then the advance is calculated, as
explained with equation [5-33].

5.12 Calculation of labor
The labor necessary to form the daily cell dependson:

The quantity of MSW to be disposed of

Theavailability and type of cover material

Number of work days at the landfill

The duration of the working day

Climate conditions

The unloading of the waste at the working face according to distance
The performance of the workers

Y Y ) ) N N

Thefollowingisaguidefor calcul ating the number of workersrequired in the
manual sanitary landfill. A working day of eight hoursis assumed, with an effective
working time of six hours. These performances are under normal working conditions
and can vary from place to place depending on factors previously described (Table
5.6).
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Table 5.7
Calculation guide for estimating the number of workers required
OPERATION PERFORMANCES Man/day
Movement of wastes Solid waste (/day) X 1
(0,95%/man — hour 6 hours
Compaction of wastes Surface area (i) X 1
(20?r?/man — hour 6 hours
Earth movement Earth X 1
(0,35 a 0,70)m*/hora — hom. 6 hours
Compaction of thecell Surface area (i) X 1
(20)%m?/man — hour 6 hours
(Total number of men)

(*) Tobe adapted to each region. Annex 4, example 11.
Mode for calculation to obtain performances.

Flintoff reportsthe following requirements of labor from three sites, in which
the sanitary landfills are operated manually (Table5.7).

Table 5.8
Performances reported from other experiences
Site t/day Performance
1 30 2 men /15 t/man-day
2 50 6 men /8 t/man-day
3 100 10 men /10 t/man-day

The densities of the wastes distributed in these places were between 250 and
400 kg/m?; thus, for agiven tonnage, the volume to be managed could be similar to or
greater than that in devel oping countries.

Table 5.8 indicates the probable scale of requirements for labor and cover
material with arate of waste production and density typical for Latin America.
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Table 5.9
Probable labor requirements
Volume (m3/day)
i Loose Compact Cover
Polpnur::; . (PPc=0 5t/ Igglycap/day) waste HEEE material | Men

' ' (330 kg/m3) | (500 kg/m?) m3
20,000 10 30 20 4 4
50,000 5 75 50 10
100,000 50 150 10 0 o

In addition to the number of menwho will carry out thework of construction of
thelandfill, another person is needed to direct and steer the operationsin the manual
sanitary landfill as supervisor. Taking into account that to have aprofessional trained
in the management of M SW would be costly in some municipalities, anindividua with
the following characteristics can be hired:

? atechnician with high school education, who knows how to do mathematical
operations, or

? ahealth promoter who knows how to carry out mathematical operations and
has some experiencein the field.

It should be noted that the presence of the supervisor at the sanitary landfill is
important during practically the whole workday in the early months. As he gains
experience, histime present at thelandfill can be reduced to two hoursdaily: one hour
in the morning and another in the afternoon. He could spend the rest of the day
supervising the urban cleaning servicein general.

As alast resort this work of supervision can be carried out by the Head of
Public Works of the municipality.

The supervisor is very important!
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5.13 Landscaping project

Another aspect of the manual sanitary landfill is its final landscaping, for
aesthetic reasons, so that once its useful life is over it can be integrated into the
natural environment and madeto blend with its surroundings.

The final compacted cover of 0.4 to 0.6 m as a minimum and the drains for
runoff waters and gases are essential for the vegetation on the landfill, which is
restricted to specieswith short roots whilethe landfill isbecoming stabilized.

The planting of bushes with short roots that do not pass through the cover is
recommended, althoughit isalso possibleto plant in holesfilled with fertilized soil and
grass, in order to prevent erosion and the increase of leachate. Cover grass should be
planted on finished areas of the landfill as each part becomes completed, rather than
waiting until the whole surface of the platformsor fill banksisfinished.

5.14 Analysis of environmental impacts

Environmental impact analyses serve to anticipate the positive and negative
effectsthat every sanitary landfill project hasduring itsdifferent stages. site selection,
construction, operation, and closure.

The measurement of these impacts should be interdisciplinary and should be
carried out on the natural components (water, soil and air), of the siteand surrounding
area as well as on the project-related economic and social variables.

Table 5.9 shows the main social and environmental aspects of the different
stages of the sanitary landfill project.
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6. SITE PREPARATION
AND CONSTRUCTION
OF THE INFRASTRUCTURE
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6.1 Site preparation

The terrain will need to be prepared for the construction of the basic landfill
infrastructure with aview to receiving and disposing of MSW in an orderly way and
with the least possible impact, as well as facilitating complementary works and a
subsequent landscaping process.

Thefollowingworksare of vital importancefor the preparation of the site; they
are simple, low-cost works that can be executed rapidly by the municipal workers,
complying with sanitary requirements.

6.1.1 Clearing and cleaning

An area should be cleared to serve as the foundation or base material for the
embankments that will form the landfill; it will sometimes be necessary to cut down
trees and shrubs that would hinder landfill operations. This clearing will be done by
stages as the project advances, to prevent soil erosion. (Figure 6.1).

6.1.2 Treatment of the base material

? Leveling

After the clearing, the landfill project continues with the removal of the first
layers of soil, depending on the quantity of cover material available. It is sometimes

Figure 6.1
Clearing and cleaning of the site
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advantageousto leavetheterrain intact, to take advantage of its capacity of absorption
and filtration to remove contaminants from the leachate.

It is recommended that the surface of the base of the waste platforms have a
negative gradient of 2 or 3% with respect to the bottom and side slopes, to guarantee
the fast runoff of percolated liquids and their storagein the drainage ditches.

height (m)

107 — Cut

106 — Natural terrain
105 —
104 —
Foundation
Gradient 2 %

103 —
102 —
101 —

100 —

9 —

98 —

T T T T T T T T T T T T T T T
10 20 30 40 50 60 70 80 90 100 110 115 120 125 130

Distance (m)

Figure 6.2
Gradient of the surface of theterrain or base of the landfill

For theleveling of the base material and the cuts of the dopesit isrecommended
that the earth movement be done by stages during the site life; this will prevent the
rain from eroding the terrain and carrying away the earth intended for use as cover
material. The plant cover of the initial areas will need to be stored and conserved,
sinceit will servefor the progressive landscaping of the site asthe different areas of
thelandfill are completed.

For leveling the base material of the fill banks and excavating the trenches or
ditches, heavy machinery should be used (track-type tractor and/or backhoe), because
manual excavation is too inefficient. The same equipment will be used for the
construction of the accessroad and theinternal roads or the extraction and storage of
cover material; the latter activity should preferably be carried out only in dry periods
(Figure 6.3).

Through the Secretariat for Public Works, the municipal authority can request
the machinery onloan or rent it from the central or regional government or even from
a nearby municipality. One type of loan agreement could involve the municipal
authority’ scommitment to pay for the fuel used aswell asthe wagesand food for the
operator for the number of days necessary.
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Figure 6.3
Earth movement for site preparation

The earth moving activitieswill not usually last more than one week, since the
preparation of the land for amanual sanitary landfill isdonein stages.

One of the greatest difficulties in small towns, besides the acquisition of the
land for the sanitary landfill, isthe borrowing or renting of the heavy machinery for the
initial earth moving to open the accessroad for the collection vehicle and prepare the
base soil. Negotiating such aloan tests the management skills of the civil servant in
charge of the administration.

? Drainage

Avoid constructing the sanitary landfill “over” any small stream or spring of
water.

When the only land available is waterlogged or swampy, it can be used to
construct a manual sanitary landfill only if the water table is permanently lowered.
Thisisdone by using thefollowing procedure (Figure 6.4):

? Dig oneor severa drainage ditchesin thelowest part of the land, with the depth
required in each case, until it is confirmed that the first levels of waste at the
base of the site are at least 1.0 m. above the highest water level and that the soil
is clayey.

? Set perforated concrete pipesin place and fill the ditcheswith stonesand gravel,
to act as afilter.

? Cover the stone and gravel drain with geotextile fabric or asimilar material to
prevent silting up. Polypropyleneisappropriate, and can be obtained from used
sacks.
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? Place alayer of 0.3 to 0.6 m of compacted clayey matter over the material to
ensure isolation between the upper surface of the drainage and the MSW to
prevent possible contamination of the water.

? Be careful not to cross the leachate drainage system with the drainage ditch to
lower the water level.

Secondary drain

Ground surface

»
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I Water table
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o A
0.6 to 1.0 of cl
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iyl s
v lay

Polypropylene Jjerrr==
sacks Geotextile ™ fla®: [
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Drainage filter

|Losme 1.5 cm perforations
every 20 cm

Figure 6.4
Drainage for land with a high water table

6.1.3 Cuts and dopes of the site

Because of thevariationsin thetype and layout of thematerials, it isindispensable
to analyze the stability of the terrain to define the most appropriate slope. A good
standard to establish in this reference is that for a cut of more than seven metersin
height, a stability study should be made based on geotechnical principals. For lower
heights, the slope can usually be determined from the classification of the rocks and
soilsand the consolidation of the cut materials.

For alow cut (lessthan five meters) asingle slopeisrecommended; for greater
heights it will be better to have two slopes; while in some cases the construction of
intermediate berms or banquetteswill be necessary (See Chapter 5, Figure 5.4, point
5.4.3).

The slopes of theterrain areleft in such away that they will not cause erosion
and can give good stability to the landfill. These can range from vertical to type 3:1
(horizontal:vertical), depending on the soil type.

The surface of the terraces or embankments should have a slope of 2% with
regard to the interior slopes, in order to conduct the |eachate waters to the drainage
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Figure 6.5
Sections of the slopes and the foundation

ditches and to prevent ponding when used as temporary access roads. This measure
also contributesto landfill stability.

The ditches may be trapezoidal, square, or rectangular, depending on the soil
conditions. The separation between them will be from 0.5 to 1 m, as required to
ensuretheir stability while they remain empty (Figure 6.5).

6.1.4 Infrastructure requirements and equipment for a sanitary landfill

Table 6.1 will help to identify quickly the main infrastructure works and basic
equipment for asanitary landfill.
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Table 6.1

Infrastructure and basic equipment for a sanitary landfill

Aspect Infrastructure/equipment Usefulness

1. Control of Ditches for collection and Prevent surface water from penetrating into
water diversion of surface runoff the site of the sanitary landfill, thereby
pollution waeter. reducing the generation of leachates?.

Drainsfor collection and Limit infiltration of leachates to groundwater

evacuation of leachates. and reduce the risk of surface discharge of
leachates.

Leachate treatment plant or Reduces the contaminating power of the

pumping station. leachate to dispose of it in a collection
system.

Monitoring well. Facilitates monitoring of the quality of
groundwater to detect possible failures in
the system.

2. Control of Gas vents. Permits the controlled evacuation of gases,
odorsand preventing risks of fires, explosions, or
gases release of gasin neighboring aress.

Spreading and compacting This is the essence of the sanitary landfill

with appropriate machinery method, which makes it possible to confine

(com-pactor, tractor, etc.) or in | solid waste (Figure 7.3).

the case of manual operations,

roller and tampers.

3. Reduction of Perimeter fence, preferably Isolates and delimits the site; reduces
impact on the using native vegetation. spreading of odors; catches M SW blown by
landscape the wind.

4. Labor safety Control building. Helps to control the quantity and type of
and hygiene residues entering the site.

Storehouse, changing rooms,
and washrooms.

Facilitates the hygiene of the workers and
the storage of their working clothes,
equipment, and tools.

Occupationa safety and
hygiene equipment (gloves,
mask, €tc.).

Protects the personnel from diseases and
minimizes impacts of work accidents.

as afilter.

! Leachate: Liquid that filters through the solid waste picking up contaminants, and which can then
travel to the surface or infiltrate toward deeper layers polluting the groundwater.

2 Theleachate can also be re-pumped (recirculated) to the same sanitary landfill so that thiswill act

Source: Adapted from the methodology guide for drawing up M SW management plansfor cities.
OPS/CEPIS, 2000 (in edition).
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6.2 Peripheral infrastructure
6.2.1 Access road

Themanua sanitary landfill should be near an all-weather main public highway.
It should be emphasi zed that the time spent hauling the waste from the popul ated area
tothesite of the sanitary landfill and making thereturn trip, ismoreimportant than the
distanceitsalf.

Theinternal access road should meet basic requirementsfor the easy and safe
entry of the waste collection vehicle(s) at all times of the year.

For cases in which vehicular traffic isminimal, the access road can be a small
four-meter-wide packed-dirt road, with good maintenance throughout the year. It is
helpful to sprinkle the road with burned oil from time to time to prevent dust from
accumulating (Figures 6.6 and 6.7).

Themaximum gradient of thisroad can be 7% if the collection vehicle hasto go
uphill loaded, and 10% if the road is above the landfill, that is, if the vehicle will be
traveling downhill to the working face when loaded. The same applies if more than
one collection vehicles are used.

6.2.2 Peripheral drainage of rainwater

As soon as possible, any water sources or small veins of water existing in the
landfill area should be diverted and channeled before the operation starts. Besides
hampering the landfill operation, the passage of thiswater through the mass of wastes
will contribute to an increase in the volume of |eachate.

Drainage ditch Cut slope

Packed
dirt load

Source: (Adapted from Orth, Maria Helena de Andrade and Takeda, Kiyoshi: Aterros sanitérios. (Sani-
tary Landfills). CETESB. Course on the Management of Solid Waste Systems.

Figure 6.6
Cut of theinternal road of the landfill
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b :
Source: (Adapted from Orth, Maria Helena de Andrade and Takeda, Kiyoshi: Aterros sanitérios. (Sani-
tary Landfills). CETESB. Course on the Management of Solid Waste Systems.

Figure 6.7
Access road to the manual sanitary landfill

Thisinterception and diversion of the surface rainwater runoff outs de the landfill
greatly helpsto reduce the volume of |eachate, thereby improving operating conditions.
The canal or drainage ditch should always be constructed following the contour lines,
to make for maximum speed without causing excessive erosion (Figure 6.8).

6.3 Infrastructure of the landfill
6.3.1 Leachate drainage and management

Management of the percolated or leached liquid isone of the major problemsin
asanitary landfill. Evenif thelandfill has peripheral canalsthat intercept and divert the
runoff waters, the rain falling directly on the surface increases the volume of the
leachate (Chapter 5, point 5.9). Thefollowing paragraphs describe some methods for
alleviating thisproblem.
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Figure 6.8
Perimeter drainage for runoff watersand leachate

It is of utmost importance to build a drainage system that will serve as abase
for the sanitary landfill before any waste is deposited; this system should retain the
leachate inside the landfill for storage during an indefinite period. Such asystem will
largely reduce seepage to the exterior and remove the need for leachate treatment —
whichisvery costly, complex process, and hardly feasiblefor small municipalities.

A more efficient solution is to build these drainage systems at the bases of all
the interior and exterior slopes of the terraces or levels that make up the sanitary
landfill. This prevents both runoff from the surface of the lower slopes of the fill
banks, and interconnection with the vertical evacuation of gases.

Construction of the internal leachate drainage system

The system for the collection and storage of |eachate consists of a horizontal
network of stone ditches, interrupted with “screens’ that are earthen walls of the
terrainitself or mud-and-wood walls. Oneway of constructing thedrainsisasfollows:

? The line along which the drainage will be located is drawn on the site. The
layout can be similar to that of a sewerage system (e.g. herringbone) (Figure
6.9).

? The 0.6 m. by 1.0 m ditches of the principal drain are dug, and the earthen
screens are installed at intervals of five or ten meters, with awidth of 0.20 to
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Figure 6.9
Layout of the leachate drainage system

0.30 m., or elsethese small blocks of earth are simply left intact in theditch. To
ensurethat theleachate will remain stored inside thelandfill without overflowing
the ditches, afree margin of some 0.30 m will be |eft between the screen and
the ground surface level (Figure 6.10).

For greater storage capacity, the ditches are filled with stones measuring 4 to 6
inches (not gravel). Once this has been done, it is advisable to place material

over these stones that will permit the infiltration of the liquids and retain fine
particlesthat might cause silting; as previously mentioned, polypropylene sacks
can be used — or dry ferns, and even grass.

Ditches made with used tires have a greater storage capacity for the percolated
liquid; and at the same time this is a way of making use of bulky material

I
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Figure 6.10
Details of the leachate storage ditches

difficult to handlein thelandfill. If used tires are not disposed of properly they
can end up as a mosquito breeding ground. Once the tires have been buried
vertically, one beside the other, a0.20 a0.30 m thick layer of stonesis spread
over them, and they are covered with polypropylene sacks or dry branches as
inthe previous case. Theditch will have a special conformation for reception of
thetires. (Figure 6.11).

Polypropylene sack

Screen _

Figure 6.11
L eachate ditch ready for used tires to be installed



140 Guidelinesfor the Design, Construction and Operation of Manual Sanitary Landfills

? When there are long periods of rain and the quantity of |eachate exceeds the
landfill’ s internal storage capacity, the drainage ditches should be prolonged
and, in addition, anetwork of drying ditches should be constructed outside the
sitethat will makeit possibleto storethisliquid during such times (Figure 6.12).
(see Chapter 5, point 5.9.2).

? In these external drainage ditches, alternate stretches can be left empty of
stones between one screen and another. This has several purposes, among
which:

? To estimate the volume of the leachate |eaving the landfill.
? To determine the amount of sediments and decide when the ditches will
need to be cleaned

Minimization of leachate in rainy regions

In regions with extreme conditions of rainfall (more than 3,000 mm/year), the
rainfalling directly on thefilled areacan produce alarge quantity of leachate that will
exceed the storage capacity of the different landfills.

The most effective way of controlling the rain is to cover the whole surface
area of the trenches or fill banks with a light roof made of palm, straw, or plastic
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Figure 6.12
Network of external ditches for leachate storage
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Straw roof

3.0m

Figure 6.13
Light cover or roof to prevent rainwater from entering the landfill

(similar to greenhouses); thiswill prevent therain from falling directly on the finished
areas and the working face. This method can reduce |leachate generation by 90 to
95%. In some small landfillsit could solve the leachate problem completely (Figure
6.12).

L eachate control and storage
? Overdimension the network of drainage ditchesinside the sanitary landfill.

? Construct the landfill in such a way that there are narrow work areas. It is
preferableto superimpose the cells one on top of the other, supporting them on
the slope of the site and the finished cells; in other words, the landfill grows
vertically instead of spreading over the site.

? Introduce as a daily routine the practice of covering finished cells and areas
temporarily with plastic material. This will prevent rainwater from filtering
through the waste and reduce the volume of Ieachate. Only a little amount of
plastic material will berequired, in view of the small area of thelandfill and the
work method. The plastic discarded from large greenhouses could be used.

? Assoon asalandfill areaisfinished, thefinal cover isapplied and made ready
for immediate seeding with grass.
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Usually, in regionswherethe annual rainfall does not exceed 300 mm and there
isacana to intercept and divert the rainwater, leachate is not a significant problem.
However, it is still advisable to build smaller ditches for the internal storage of the
small quantity of leachate generated by the moisture of the organic waste matter.

6.3.2 Treatment of the leachate

If we cover the areasfilled with waste and the working face with alight roof of
palm leaves, straw, or plastic, therain will not get into generate leachate. Inthiscase,
there will be no need for a costly treatment system which in any case isuncertain in
these places.

In landfills of small towns the generation of leachate must be prevented
at all costs, but if despite everything a little is generated, it must be kept
insde the sanitary landfill since it is not practical to treat it.

It is important to have impermeable soil —otherwise it must be artificially
waterproofed before the system of ditches is built to retain the leachate inside the
landfill (cf. Chapter 4, point 4.4.4, on hydrogeol ogical conditions)

Another practice that minimizes the problem of leachate is to sow grass and
plant small short-rooted shrubs as soon as each section of the sanitary landfill is
completed —or in any case when the whole landfill has cometo the end of itsuseful
life. The grassand plants, suited to the conditions of the site, should be sown both on
the finished surface and all around the filled sector; evapotranspiration can be very
effective and in some cases even prevent the generation of leachate.

In extreme cases where |leachate generation cannot be controlled, in view of
thefact that the MSW of small communitiesissimilar to domestic waste water in that
it has a high percentage of biodegradable organic matter difficult to settle, biological
treatment can be applied to improve the quality of this liquid as much as possible.
Examples of treatment methods are percolating filters and stabilization ponds.

6.3.3 Gas collection and venting

A gas venting system consists of stone-filled ditches or perforated concrete
piping lined with stonethat function aschimneysor vents, penetrating thewholelandfill
vertically. Theseventsare built to link with the leachate drainage at the bottom of the
landfill, and they are projected to the surface, for more efficient drainage of both
leachate and gases (Figure 6.13).
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Figure 6.14
Interconnection of the systems for drainage of gases and leachate

Theseventsarebuilt vertically asthelandfill advances, to ensure that the material
around them iswell compacted. It isrecommended that each vent have a diameter of
0.30 to 0.50 m. and they be installed at 20 or 50 m. intervals, as determined by the
technician (Figure 6.14 ).

Barbed wire or
chicken wire

I

With wooden stakes, barbed wire, or
chicken wire and stones

Figure 6.15
Construction of gas drains or vents
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Figure 6.16
Details of construction of gas collection and venting system

When thelast cell isabout to be completed, two concrete pipesare set in place.
One of the pipes is perforated to facilitate the intake and drainage of gases. The
second oneis not perforated, to allow methane gasto be burned on exit; thisburning
eliminates the odors produced by other gases at the sametime. To facilitate the burning
of the methane, a metal pipe cap should be installed and awick to light the gas as it
comes out of the pipe. (Figure 6.19).

Gasvent

- - o ey,
o i 3 e o

Retention
embankment
in the earth

Storage and
drainage of
leachate

Figure 6.17
Layout of ventsin the landfill
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Proposals for the structure of final evacuation of gases from the landfill
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Figure 6.19
Metal pipe-cap and lighter flame for the protection of the gas vent and
lighting of the gas as it is released, respectively



146 Guidelinesfor the Design, Construction and Operation of Manual Sanitary Landfills

When pipingisused, it should belined with stone or gravel like ajacket, so that
the solid wastes or the cover soil will not obstruct the perforations of the pipes (Figures
6.17 and 6.18).

6.3.4 Monitoring wells

Asaresult of the mechanisms of decomposition of solid wastes that occur in
thelandfill, liquids, gases, and intermediate products are generated. Some areretained
inthe sitewells, while others can be carried and/or solubilized by the liquidsthat seep
through the layers of earth and waste to reach water sources.

Therefore, although monitoring wellsare not strictly necessary in small manual
landfill projects, they are nevertheless recommended as a means of detecting the
probable pollution of groundwater resulting from the construction of the sanitary landfill.

These wells can be dug manually and, depending on the type of soil, measures
will be taken to prevent cave-ins during excavation. Once the water table has been
found, granular material is placed at the bottom and an 8” diameter pipeisinstalled,
wide enough to permit the entry of aplastic bottle or flask for the collection of water
samples. When the piping has been installed, the rest of the well is filled with the
excavated earth (Figure 6.20).

Protective lid

Perforated
piping
—-

? %" ¢/20 cm

Gravel

Figure 6.20
Construction process for a water monitoring well
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In placeswherethewater tableismorethan 4 m deep, it isadvisable to determine
whether there iswater below the landfill or identify the closest well that isworking.
Only then will samples be taken from those sources to assess any possible impact.

6.3.5 Internal roads and rainwater drainage

At the planning stage, a study should be made of theinternal circulation roads
within the landfill, since there can be problems during the rainy season due to the
continuoustraffic of refuse collection trucks.

Although in amanual sanitary landfill the access road to the working face and
control area can be made of stone and demolition rubble, it should always be kept dry
and in agood condition if we are to prevent vehicles from getting stuck or turning
over.

6.4 Support facilities
The support facilities proposed are small and low-cost. They are designed in

keeping with the anticipated servicelife of the sanitary landfill, alwaysin aframework
of maximum economy and labor-intensivework on all thelandfill activities.

Figure 6.21
Perimeter fence
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6.4.1 Perimeter fence

The site should be enclosed with a paddock fence 1.5 m high, made of five-
strand wire (galvanized, caliber 12, with 10 barbs per linear meter), with an entry gate.
Theideaisto prevent cattle and other animalsfrom wandering into the landfill, asthis
hinders the operation and destroys the waste cells, especially after the workers have
gone home. The gate also restricts the entry of unauthorized people, thus enhancing
thediscipline and security of the landfill (Figure 6.21).

6.4.2 Buffer area and protection

In many cases it will be necessary to leave a 5 to 20 m strip of land free
between the site border and the area of waste embankments or trenches, to serve as
abuffer zone that will mitigate any possible negative impact of the waste operations
on neighboring properties. Inthisbuffer areait isimportant to plant ahedge of shrubs
and trees that will prevent neighbors and passers-by from seeing the MSW and the
landfill operation. Surplus earth excavated from the trenches can sometimes be used
to raise a screening berm for the same purpose.

This zone improves the aesthetics of the landfill and provides litter control by
stopping blowing papersand plastic. For obvious reasonsfast-growing treesand shrubs
are suggested (pine, eucalyptus, laurel, bamboo, etc.) (Figure 6.22).

Figure 6.22
Planting trees in the perimeter buffer area
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Figure 6.23
Control building and storage of materials

6.4.3 Control building

Itisimportant to construct acontrol building with an approximate areaof 12 to
15m? Thiswill beamulti-use facility: checkpoint for entry control; storage place for
small tools(roller, wheel barrows, shovels, pickaxes, etc.); washrooms, changing rooms
and lockers for the workers; a kitchen area where food can be heated up; shelter in
the event of rain. This control building should have atable or desk and one or more
chairs, so that the supervisor has a suitable place to update the records of activities.

A prefabricated hut can be used or a container can even be adapted for this
purpose. Themunicipal administration could request these asadonation or |oan (Figure
6.23).

In special cases it may be appropriate to construct a small rural house where
one of theworkers may live permanently with hisfamily, and where the project tools
can be kept, and even the excavated earth so that it can be used for cultivation in the
future.
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Figure 6.24
Sanitary facilities
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6.4.4 Sanitary facilities

The landfill must have the necessary facilitiesto ensure the comfort and well-
being of the workers. Water will have to be taken to the landfill for the workers
washrooms. In the dry season some of this water can be used to sprinkle on the
surface of thelandfill to improve compaction and prevent the accumulation of dust. A
septic tank or latrine will aso have to be constructed (Figure 6.23).

For the congtruction of the sanitary facilities, technical ass stance can berequested
from the health authorities.

6.4.5 Maneuvering yard

There will need to be an area of some 200 n? (10x20) so that the collection
vehicle(s) have plenty of room to maneuver and unload the waste at the working face.

iy Municipality of Hoyo Rico | l

MANUAL SANITARY LANDFILL

Palo Bonito

“Health is our heritage
Let’s look after it!”

Source: Mexico. Secretariat of Health and Assistance. Sanitary guidelines: water, housing, waste. Mexico,
DF, 1980.

Figure 6.25
Identification board of the sanitary landfill
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6.4.6 Site identification board

An identification board should be put up at the sanitary landfill in process of
construction so that the public will be ableto identify the project.

The sign can be made of two sheets of zinc and a wooden framework, all
undercoated first with anticorrosive paint, and then painted in the desired color. The
sgnwill havethe namesof themunicipality and of the sanitary landfill, abrief description
of the project and amotto allusiveto protection of the environment (Figure 6.25).

From the outset a name should be chosen for the sanitary landfill. This name
will then be used on all the documents and correspondence referring to the project.
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7.1 Construction

Once the sanitary landfill has been designed, the next step is to execute the
project. A good designisnot sufficient: there hasto be political-administrativewillingness
to allocate the necessary funds so that the project can be properly executed. Sound
construction practices are even more important for a sanitary landfill than for other
public works, because of the duration of the landfill operation and the permanent
maintenance it requires.

When planning the construction and advance of the sanitary landfill aseriesof
drawings need to be availablefor consultation, namely: the project design, the genera
works location plan, modifications to the terrain (initial site layout), and details of
infrastructure works. Also required are the plan and profiles of the trenches or fill
banks, which indicate the form of excavation of thetrenches and the layout of thefill
of the embankments; these will be used to guide the partial and final layouts of the
landfill. All these drawings indicate how the working face isto be programmed and
how it will advance, cal culating the volumes occupied and the heights in accordance
with the design.

7.1.1 Method

The method of construction of amanual sanitary landfill depends mainly onthe
topography of thesite, although it isalso influenced by the type of soil and the depth of
the water table.

The areamethod is used on flat terrain, abandoned quarries, depressions, and
low parts of ravines. The features of each individua site will determinewhether itis
possibleto extract the cover soil from the site or whether it will haveto be hauled from
nearby places. The area method consists of depositing the wastes on the surface and
laying them againgt the d ope of theinclined terrain; they are then compacted in sloping
layersto form the cell that will afterwards be covered with earth. Thefirst cells are
built at one end of the areato befilled and the work advancesto its completion at the
other end (Figure 7.1).

The trench method is used when the water table is deep and the gradients of
the terrain are gentle. The trenches can be excavated with earthmoving equipment.
Thismethod consists of depositing the waste at one end of theditch, placing it against
the slope; the workers then spread and compact the waste in layers using masonry
toolsuntil acell isformed which, at the end of the day, will be covered with the earth
from the excavation.
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Figure 7.1
Location of the cells and progress of the landfill construction
using the area method

The two methods are used in combination when the geohydrological,
topographical, and physical conditions of the site selected for the sanitary landfill are
suitable. For example, the method used initially isthe trench method and subsequently
the operations continuein the higher part with the areamethod. This combined method
is considered the most efficient one, since it permits savings in the hauling of cover
material (providing thisis present at the site) and increases the useful service life of
the site. Figures 7.2 and 7.3 illustrate these methods.
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Figure 7.2
Trench method and start of the filling
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Figure 7.3
The area method in a natural hollow

7.1.2 Plan for landfill construction

The construction of the sanitary landfill should be plannedin such away that it
ispossibleto control its progress based on its design and end use (Figures 7.4 t0 7.8).
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Source: Flintoff, Frank. Management of solid wastes in developing countries. New Delhi, WHO, 1984.

Figure 7.4
Construction plan for aflat site
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The complexity of each project depends on the circumstances, the
size, the funds, and the end use of the sanitary landfill.

Internal access road

Main road

Surface of first level

1% level

Plant

Level curves

Terrain profile

i 2" level -
1% level ;

Internal road

Section A-A’

Source: Flintoff, Frank. Management of solid wastes in developing czountries. New Delhi, WHO, 1984.

Figure 7.5
Construction plan for adeep quarry
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Figure 7.7
L and management plan for the construction of the manual sanitary landfill
using the trench method



Construction, Operation and Maintenance 163

Figure 7.8
Completed sanitary landfill constructed combining the trench and
area methods

7.1.3 Construction of embankments

To ensure the stability of the manual sanitary landfill constructed with the area
method, several terraces or embankmentsthree metersin height should be constructed.
They will each by made up of two or three 1.0 to 1.5 meter cells (Figures 7.9 and
7.10).
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Each terrace will correspond to one stage of landfill construction. Between
each pair of terraces a two to four meter wide berm or corridor is left to provide
greater stability.
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Figure 7.9
Sequence of the construction of embankments for filling the site
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Figure 7.10
Types of sequence in the construction of embankments

7.1.4 Construction of cdlls

Thedaily cell isthe basic construction unit of the sanitary landfill. It ismade up
of the amount of waste buried in one day and the earth needed to cover it.

? Dimensions

Thedimensions of thedaily cell vary in each case and are defined, in theory, as
a parallelepiped; the width is equivalent to the working face necessary so that the
collection vehicles (usually not more than two) can unload the waste at the sametime.
Thelength (or “advance”) isdefined by the amount of waste arriving at thelandfill in
oneday; and the height islimited to one meter or ameter-and-a-half, to ensure greater
compaction. In order to save earth, the cell should be square (Figure 7.11).

? Conformation of the typical daily cell
Thewasteisunloaded at the working face; then the workers spread it over the

surface of theland at the toe of the slope or of the cellsthat are already completed, in
successive layers of 0.20 to 0.30 m; for this work they use forks (three-pronged),
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Figure 7.11
Typical daily cell

rakes (with eight or ten prongs) or picks, Next, the upper surface is leveled and
compacted with the roller; and the lateral surfaces are compacted with hand tampers
until auniform surfaceisobtained.

Gradient (%) :h\o/%% :§:0.5:50%
: _3_1_
Gradlent—6—2—12

Thematerial isspread and compacted in horizontal layersor sloping layerswith
agradient of 3:1 or 2:1 (advance:height), which provides abetter degree of compacting,
better surface drainage, less consumption of soil, and better retention and stability of
thelandfill (Figure 7.12).

At the start of the landfill construction, containment must always be provided
for thefill, by supporting each cell on the natural slope of theland or onthewallsof the
trench and, as the operation advances, on the completed cell.
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Ways of representing the gradient of a site

? Covering the cdll

To complete the cell, it is covered with a 0.10 to 0.15 m layer of earth. This
earth isspread with the hel p of hand trucks or wheelbarrows, shovelsand hoes, and it
iscompacted with aroller and hand tampers, following the same procedure asfor the
waste. The daily cover keeps away insects, rodents, and scavenging birds, aswell as
burning and bad odors; it preventswater from entering the landfill and looselitter from
blowinginthewind.

The cells should be covered daily after the entry of the last load of waste. At
the end of the day, there should be no M SW uncovered, especially prior to the weekend.

There isno point in being choosy about the quality of the cover material for a
manual sanitary landfill; the most accessible earth can be used. The main thing isto
cover the waste. The amount of cover material necessary is 1 m® of earth for each 4
or 5 m? of MSW, that is, from 20 to 25% of the volume of the compacted waste.

Thefinal cover will be0.30to 0.60 mthick, and it will be applied in two stages,
using layers of 0.15 to 0.30 m. The second layer is placed after an interval of one
month, to alow for the settlement produced in the surface of thefirst cover layer.

Thefollowing are some proceduresfor covering the landfill:
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Table 7.1
Cover of thetypical daily cell and of the sanitary landfill
Ratio
Cover material Thickness of the
(earth) layer of earth Earth Compacted M SW
m m?3 m?3
Dally cdll 0.10t0 0.15 1 4t05
End of landfill 0.30t0 0.60
Sanitary landfill — area type

If the cover material is excavated on-site, the cost of moving the earth for
covering the cellsisminimal. This earth should be taken from the slopes of the site,
forming terracesto prevent erosion, with the advantage that thiswill increasethe site
capacity and prolong itsuseful life. It isalso agood ideato use surplus earth left over
from excavationsmadefor buildingsin the urban area. Thiscan beobtained by publicizing
the fact that earth is needed at the landfill, or by making contact directly with local
building firms. The haulage cost should be paid by the builders.

In the dry season, it is advisable to extract and accumulate earth for cover
using atractor or backdigger —in thisway better yields are obtained. The earth can
be stockpiled on top of afinished cell and from thereit will be moved downto the cell
that isyet to be finished.

In the rainy season, the opposite istrue: accumulated material islost by being
swept away by rain, and the moistureit absorbs makesit heavier, and therefore more
difficult to move. Under such circumstancesit is advisableto extract only the amount
of earth required for covering the cell.

Sanitary landfill — trench type

When using this method, there is a guaranteed supply of cover material from
the excavation of the trench; it can be piled up at one side of the trench or on top of a
trench that has already been filled.

? Compaction

This basic sanitation work has been designed to make use of local resources

and local unskilled labor, so the forming of cellsand compaction of the wastewill be
done manually with masonry tools.
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The densitiesreached in amanual sanitary landfill are relatively low (400-500
kag/m?), but sufficient for the proposed purposes Some of the main mechanisms
influencing the compaction of MSW inamanual sanitary landfill are:

? The transit of the collection vehicles over the finished cells; so this should be
morefrequent during dry periods.

? The process of decomposition of the MSW, dueto their high organic content.
? The weight of the upper cells themselves on the lower ones.

? The storage of cover material on the finished cells.

7.2 Operation

7.2.1 Plan of operations

The sanitary landfill is executed following a pre-established general plan of
operations or with the guidance of an operations manual, which should be flexible
enough for the supervisor to act on hisown initiative when unexpected situations have
to be dealt with, such as climate changes, or emergencies.

As far as possible, all infrastructure works should be completed
before any waste is unloaded in the new sanitary landfill.

The waste and the cover material should be placed at the authorized working
faceonly, and unlike the operation of aconventiona landfill, which uses heavy equipment,
it is recommended that the waste not be deposited in the lower part of the slope, but
rather at thetop of thefinished cell, to facilitate the work and form the new cell inthis

way.
Stepsfor forming thefirst daily cells

? Mark out on the site the areato be occupied by thefirst cell that will receivethe
day’ swaste, with the dimensions estimated from the expected volume of waste
entering the landfill site and the degree of compaction to be obtained.

? Unload the waste at the working face, in such away that asingle, small area
remains uncovered during the day, and the waste will not need to be moved
over long distances.
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? Spread the waste in thin layers of 0.20 to 0.30 m and compact it manually to
obtainacell height of 1to 1.5 m, forming agentle gradient in the external slopes
(per vertical ¢/m the horizontal advance will be 2 or 3 m).

? Cover the compacted waste completely with a layer of earth 0.1 to 0.15 m
thick once the cell has reached maximum height.

? Compact the cell until auniform surface is obtained at the end of the working

day.

Oncethefirst cell hasbeen completed, the second can be constructed immediately
beside or on top of it, alwaysfollowing the landfill construction plan. Indry periodsit
isrecommended that the vehiclesdriveover thefinished cells, to give greater compaction
(Figures 7.13 to 7.36).

Landfill operation using the area method

e lllqh_.-_\_"':d |1
e ———_Internal access roa =l
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#Advance of the landfill

Foundation

Figure 7.13
Terrain prepared for landfill construction
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._._.-~"“'F1-""—-'1—-——’”___ -~ Location of the first cell

Figure 7.14
First discharge of MSW for formation of the daily cell

Figure 7.15
Spreading MSW in the area delimited for the daily cell
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Figure 7.16
Compacting M SW with a hand tamper

Figure 7.17
Extracting earth to cover the M SW
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Figure 7.18
Covering MSW with earth

Figure 7.19
Compaction of thefirst finished cell with roller and hand tamper
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Figure 7.20
Compaction of the finished cell with roller and hand tamper

Figure 7.21
Construction of the second cell to one side of the first one
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Construction of the first embankment or terrace of the landfill
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Figure 7.23
Final layout of the sanitary landfill
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Figure 7.24
Process of filling a trench from one end

Landfill operation using the trench or ditch method

Earth is brought in
a wheelbarrow

Figure 7.25
Unloading of the MSW and forming of the first cell
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Figure 7.26
The collection vehicle passes on top of the cell to unload fresh waste
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Forming of the upper layer of cells
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Figure 7.28
Finished trench
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Figure 7.29
Unloading of MSW to one side of the trench

Figure 7.30
MSW israked down into the trench and leveled
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Figure 7.31
Earth hauling and covering of the waste

Figure 7.32
Manual compaction of the MSW in thetrench
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Figure 7.33
Advance made filling the first trench

Cover_material

Figure 7.34
Unloading of waste at the opposite side of the trench from that used for
storage of the cover earth

Excavated earth
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Figure 7.35
Sequence for filling the first two trenches

Stop
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7.2.2 Labor

The work at the sanitary landfill can be done by municipal workers or by a
small construction firm (workers' cooperative) hired for the purpose; the number of
workers needed depends on the amount of MSW to be buried, the climate conditions,
and the method of operation of thelandfill. Therewill haveto beapersonin chargeor
supervisor, who hasthe knowledge required for the operation and control of thelandfill.

It isimportant that all the cleaning service personnel betrained in the practices
of construction, operation and maintenance of the sanitary landfill, aswell asin the
whole process of MSW management, with emphasis on the importance of each task
and therole they should play to make sure the work iswell done.

7.2.3 Supervision
One of the most important elements at the sanitary landfill is the “boss’ or
supervisor, whowill organize, direct, and monitor the operations; this person should be

given thefull support of the municipal administration.

If the manual sanitary landfill does not have good administration and supervision,
sufficient funds, and effective technical maintenance, it will become an open dump.

All administrators or supervisors should remember that a worker will
give a much better performance if he is motivated and is given good
working conditions.

7.2.4 Work tools

The equipment for operating amanual sanitary landfill isreduced to a series of
masonry tools, such as: wheelbarrows or hand carts with pneumatic tires, shovels,
pickaxes, hoes, iron bars, shears, wooden tampers, forks or rakes, picks and a
compacting roller (Figures 7.36 to 7.40).

Thequantity of toolsrequired will depend onthe number of workers, andthis, in
turn, depends on the amount of MSW to be buried in the landfill.

It isagood ideato place aline of wooden planks over the surface of the cells
already constructed to make it easier to move the cover material or the waste in the
wheel barrows, especially during the rainy season, thereby improving theyields of the
operation.
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Figure 7.36
Work tools for the manual sanitary landfill
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Pneumatic tire

Figure 7.37
Wheelbarrow with pneumatic tires, 120-liter capacity

Cleaning blade
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Figure 7.38
55-gallon barrel adapted for use as a compacting roller
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Figure 7.39
Earth movement and formation of the daily cell

7.2.5 Personal safety equipment

Because of the type of work they do at the sanitary landfill, and their direct
contact with the waste, the workers are exposed to accidents and to infectious and
contagious diseases.

Itisthereforeimportant to protect theworkers safety and health by providing
them with gloves, boots, caps or hats, dust masks, and at least two uniforms a year.
Other factors to be taken into account are local customs and the weather (Figure
7.41).

7.2.6 Operation in the rainy season
Themost serious problemsin landfill operation occur inrainy periods, namely:

? It isdifficult for the collection vehicles to pass over the already formed cells,
and the vehicles can get stuck because of thelow density obtained with manual
compaction.

? Difficulty in extracting and moving the cover material; and it is harder to form
the cells in wet weather. These factors lead to lower performance on the part
of the workers.
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Figure 7.40
Safety equipment for the workers

The waste and cover material have to be unloaded on the terrace, leaving the
forming and compaction of the cells pending. If the right measures are not
taken in time, the dispersed waste and the presence of scavenging birds will
detract from the appearance of the landfill.

More leachate is produced, because of the rain falling directly on the filled
areas.

Thefollowing precautions should therefore be taken:

Cover the surface of the sanitary landfill totally or partially with aroof of palm
leaves, plastic, or other local material.

Reserve some areas in the places least affected by the rain, with access roads
conserved, so that operations can continue under bad weather conditions.
Construct an artificial road using wooden logs or small-sized rubble from
constructions.

Schedul e earth movement (extraction of the cover material and excavation of
trenches) for the dry periods. The only activity in the rainy season will be the
waste disposal.

The cellsshould routinely be covered with plastic material to prevent rainwater
from seeping through the garbage.

Keep the work areas narrow, supporting the cells on the slope of the site and
superimposing three or more cells near the internal road so that the progress
will be vertical rather than horizontal (Figure 7.42).

For one or more days aweek, reinforce the labor with an extrateam of two or
threeworkers, to keep thelandfill in agood condition while the adverse factors
remainin place.
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Figure 7.41
Reservation of areas and upward cell construction for operation
in rainy periods

Construction of the artificial road:

Build a timber road using 3-meter trunks tied together with a 1/8”-diameter
wire. Thisroad is constructed in modules 3 m long by 3 m wide, depending on the
needs and the advance of the landfill. Once the access road isin place, it should be
covered with gravel to prevent the vehicles from slipping on it. These timber roads
should bebuilt on site, and for this purpose theland must be well compacted and have
good provisional drainage (Figures 7.43 and 7.44).

Rubblefrom the demolition of old buildings can be used to build and maintain
some provisional internal roadsin the landfill, especially on the waste platforms.
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Figure 7.42
Details for making the timber road module

Figure 7.43
Artificial road for the waste to reach the working face
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7.3 Maintenance
7.3.1 Tools

Oncetheday’ swork isover, thetool s should be put away clean. Any damaged
tools must be repaired or replaced as soon as possible.

7.3.2 External infrastructure and landfill infrastructure
? Access road and internal road

Theaccessroad tothelandfill and internal road to theworking face, therainwater
drainage systems, and the finished surface of the landfill must be kept in good working
condition.

The cost of giving maintenance to the access road and the internal road is
lower than the cost of repairing damaged axles and suspension or other deterioration
of the vehicle caused by the bad condition of the road or an overturn. It istherefore
advisableto have boulders, demolition rubble, logs, and other implementsat hand for
road maintenance work. The working face should be kept tidy and free of looselitter.

? Perimeter drainage

The perimeter rainwater drainage system (ditches around the site and gutters
beside the access road) should a so be kept in good condition, aswell asthe surface of
thelandfill. Astime goes by, these ditches become obstructed owing to the erosion of
the earth slopes, material swept along in therainy season, or litter blown by the wind
(paper, plastic, etc.).

? Loose litter

It isimportant to keep the areas adjacent to the daily working face clean. When
papers blown by thewind are alowed to accumul ate, the landfill startsto look scruffy.
At theend of theday’ swork, one of theworkers should collect all such looselitter and
deposit it wherethe daily cell is constructed. (Figure 7.45).

? Drainage of the leachate.

Because of the great quantity of fine materia carried by the water that seeps
into thelandfill, the drainage system and internal and external storage ditchesgradually
silt up and can become blocked in time. It is hardly feasible to remove this material
inside the landfill, but the external ditches can be cleared by extracting all the fine
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Figure 7.44
Collecting loose litter from the surface of the landfill and adjacent areas

material silting them up, to renew their capacity of storage and evaporation. This
material is deposited again in the landfill and can be used as cover material for the
daly cell.

? Drainage of gas

Landfill settlement and the vehicular traffic over the finished cells and
embankments cause the gas vents to become deformed and bent, so it is necessary to
make surethey are kept vertical asthelevel of thelandfill rises, to prevent them from
becoming obstructed or completely deteriorated.

? Facilities

The infrastructure and other facilities, such as the enclosing fence, the site
identification board, the control building, and the sanitary facilities, should be given
good maintenance so as not to detract from the image of the landfill.

? Final cover and settlement

The spreading of the final layers of cover material and the sowing of grasson
the finished landfill, which will not be receiving any more waste, require great care
because they contribute to the good working of thelandfill and improveitsaspect. Itis
agood ideato speed up the grass-sowing process by planting turf on at least 10% of
the areaso that the sitewill quickly blend in with the natural landscape (Figure 7.46).
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Figure 7.45
Planting vegetation on the surface and slopes of the finished earthworks

It isawell-known fact that as time goes by the MSW decomposes into gases
and liquids, with the result that the cover earth and the moisture penetrate into the
empty spaces of the landfill, causing it to settle. After two years, the settlement is
greatly reduced, and it practically disappears after five years. Since this processisnot
uniform, depressions are produced in the surface of the landfill, and rainwater
accumulates there. It must be made sure that the surface of the siteis kept level and
that it has good drainage, with agradient of 2 to 3%.

The municipal administration or landfill management should make sure that
oncetheuseful life of the manual sanitary landfill isover, thefinal landscaping and all
the maintenance required are provided, so that thesitewill beenjoyed by thecommunity
asintended at the beginning of the project. If thisisnot so, the affected popul ation will
probably reject the construction of new landfills, which would make it necessary to
construct them farther away, thereby increasing the hauling costs and the costs of the
public cleaning servicein general.

At theend of the useful life of asanitary landfill, anew siteidentification board
or sign should be put up to inform all the neighboring popul ation and passers-by that
the landfill is out of service. After a prudent length of time in which the landfill has
been successfully stabilized and turned into a recreational area or green area, it is
recommended that asign be put up with the information that the new project has been
constructed on top of aclosed sanitary landfill.
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Theauthorities have discovered, unfortunately too late, that it can bevery difficult
and costly to close sites that have been used as municipal dumps. Most of these
dumpswere opened and used without any technical, environmental, or social criteria,
and with no control whatsoever.

The closure of the municipal garbage dump isusually neglected in the planning
of the sanitary landfill. However, if thelandfill isto be successful the municipa dumps
will have to be closed, as well as any other sites where garbage is being dumped
informally. To meet this objective, the necessary funds must be put aside, help must be
givento the peoplewho maketheir living from the dumps, and two basic goals must be
kept in mind: first, that the site must be provided with minimal infrastructureto prevent
future damage to the environment; and second, that the measures taken should be
technical, practical, and inexpensive.

8.1 Informing the public of the closure

Theenvironmental and health authorities or the regulating ingtitution, aswell as
the general public, in particular those living near the site, must be informed about the
closure of the dump and the start of operations of the sanitary landfill. In these cases
itisappropriate to do thefollowing:

? Keep the municipal council informed, with the support of the health and
environmental authorities, and even that of the parish priest; thisisagood strategy
to ensuretheviability of the project.

? Prepareaprogram of sanitary and environmental education for thelocal schoaols,
and a series of activities for the community at large on how important it isfor
their community and everyoneinit to havethe benefit of agood waste collection
and final disposal service, pointing out the need for all the inhabitantsto help
maintain it by paying their urban cleaning servicebills.

? Explain, through al the local mass media (newspapers, radio, newsletters, or,
where appropriate, town-criers), that it is urgent to eradicate the irresponsible
practice of throwing garbage into open dumps or rivers and streams, and
emphasi ze the advantages of having aproper sanitary landfill.

? Inform the public that the open dumps have been closed and it is no longer
permitted to throw garbagein those places. The sanctionsthat will be appliedto
people who infringe the rules and regulations established in this respect should
be madepublic.

? Inform the public of the existence of the manual sanitary landfill to put an endto
the practice of using the open dump.

? Request, and even demand, that the owners or managers of stores, warehouses,
bars, canteens, etc., givetheir waste to the operator of the municipal collection
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service or that they themselvestakeit to the sanitary landfill. In small communities
these people usually hirethird partiesto take away the M SW produced in their
establishments, and they do not care where the waste is deposited.

8.2 Steps and activities for closing the dump
8.2.1 Garbage scavengers

In Latin American countries a large number of poor people find a source of
incomefor their survival intherecovery of waste by-products. Althoughincommunities
distant from the great urban centersthis phenomenon may not occur, sincethereisno
market there for these materials, in the majority of municipalities it is a common
phenomenon because of the high unemployment rate and extreme poverty inthe Region.

Theindividual swho work sorting waste at the municipal garbage dump survive
under conditions of extreme poverty, and it isimperativeto help them by all possible
meanstoimprovetheir living conditions. Inthisreference, the engineersand technicians
will haveto makeway for expertsin the social sciences (sociologists, social workers,
and anthropol ogists), whose professional skillsenablethem to talk and coordinate with
these people who, because of their low social condition, are usually suspicious of the
rest of society and even resentful toward them.

One of the main strategiesfor hel ping them out of their state of marginality isto
organizethem in cooperatives and associ ationsthat are managed like companies; this
enables them to be in a better position to negotiate terms with middlemen for the
materials recovered or already sorted. They will aso be able to offer other services
depending on their original trades and the needs of the community.

It cannot be stressed too much that a project for a sanitary landfill and closure
of open dumpsincludes not only technical and economic aspects, but also social and
environmental ones.

8.2.2 Remedial measures

To protect human health, and reduce the nui sance and the environmental impact
caused by the M SW and itsby-productsin the neighboring community, abrief planfor
the closure of open dumps should contain the following at least: alist of remedial
activities; thefinal design of the dump layout, and the specification of the works, the
equipment and personnel required; a work schedule; and the estimated costs. The
following are the main jobs that can be done by municipal workers or other hired
persons:
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Figure 8.1
Extermination of rodents
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Source: Banco Mundia; PNUD; HABITAT. Desechos sdlidos, sector privado/rellenos sanitarios. Quito,
PGU, 1996.

Figure 8.2
Stepsfor thefinal covering of a garbage dump
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Figure 8.3
Containment and rehabilitation of a garbage dump

? Put up afenceto restrict access of personswho might want to continue disposing
of their MSW in the dump; and to prevent animals from entering.

? Set up aboard, sign, or posterstoinform thelocal population that the dump has
been closed, indicating the location of the new sitefor disposal of MSW.

? Collect any loose litter scattered around the dump and place it with the mass of
waste.

? Conduct a program to exterminate rodents and arthropods, for which the
assistance of the health authorities and the environmental sanitation department
will berequested. If thisisnot done, it isvery likely that the vermin will moveto
neighboring homesin search of shelter and food (Figure 8.1).

? Complete the leveling and compacting of the surface and the slopes of the
dump before unloading the cover earth. Ideally, the fill banks should have a
gradient of 3:1 or 4:1 (horizontal :vertical) (Figure 8.2).

? It will sometimes be necessary to provide the mass of M SW with containment
from the base of the slopes of thefill banks. Thisisdone by constructing awall
of gabionsor asmall embankment of compacted earth. It isimportant to ensure
that it isfirmly anchored to the ground, to prevent overturning (Figure 8.3).

? Wherejustified, dig aseriesof 0.20to 0.50 mwellsand fill them with stonesor
gravel so that they can work as gas drains. As far as possible these wells
should have the depth of the existing fill bank.

? Also, at the bottom of the embankments, excavate alongitudinal ditch at thetoe
of the slope and extend it afew meters. Any |leachate generated can be stored
hereand it will evaporate during dry periods while the mass of waste is being
stabilized.
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Figure 8.4
Closur e of a garbage dump

? Put down baitsfor rodents and fumigate the site. Afterwards, cover with earth
and compact the whole surface and the slopes of the dumps firmly with a0.20
to 0.40 m thick layer for 8 to 15 days, forming a 3% gradient, to ensure good
drainage of any rainwater falling on the surface.

? Install perimeter drainage to prevent infiltration of the surface water into the
mass of MSW deposited there.

? Sow grass. This will give a better appearance to the site, reduce leachate
formation, and prevent erosion. It will also beaclear signtothelocal community
that the garbage dump hasfinally come to an end.
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8.3 End use of the closed dump

The recommendation for closed garbage dumps in small communitiesis that
they be turned into green areas with grass and short-rooted shrubs only, because of
the lack of stability of the fill banks, which were not duly monitored during their
construction.
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9.1 Administrative management

If the sanitary landfill is to be constructed and operated following the
specifications and recommendations of the project study or final report, good
management isindispensable. Only if thelandfill isproperly managed can we be sure
that the goals are being met. Since the final disposal of MSW is the |ast operational
activity of the cleaning service, thelandfill isthe responsibility of the administrator of
this public service. The personin chargeisusually an official of the municipal office
for cleaning or other public servicesor works. Nevertheless, the construction, operation
and maintenance of a sanitary landfill can also be entrusted to a private operator.

Themanager of the sanitary landfill should make public relationsapriority both
during its construction and after itsclosure, since public opinion playsadecisiverolein
promoting this basic sanitation work and its advantages.

The administrator or person in charge of public cleaning should be
awar e of the operations of the urban cleaning service at all times and
monitor the quality of the sanitary landfill.

9.1.1 Resources

In small municipalities, one of the most common administrative problemsisthe
absence of aplan for the supply of materials, on which depends the effectiveness of
any good sanitary landfill construction, operation and mai ntenance project.

The administrator must therefore include the required resources in the design
of theannual municipal budget. The budget should includethe cost of thetools, spare
parts, and other equipment required to work the sanitary landfill, aswell asaheading
of small expendituresfor special situations and contingencies.

9.1.2 Supervision

Toimprovethequality of thecleaning servicein small municipdities, itisadvisable
to hire a sanitation technician or promoter who will act ashead or supervisor of public
cleaning.

Thispersonwill be responsiblefor coordinating the operations of the sanitary
landfill and the cleaning service, serving asliaison among the users, the workers, and
the administration.
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If the manual sanitary landfill does not have good supervision for its
operation and maintenance, or the necessary resources, it will very
soon become an open dump.

Some of the activities of the cleaning supervisor arelisted below:

? Giveinstructions and assign tasks in accordance with the program defined by
thedirectorsfor each part of the service (collection, hauling, and final disposal
of the waste).

? Ensure the efficiency and quality of the service, planning the supply and
maintenance of the materials, tools and equipment necessary for the efficient
performance of the work.

? Apply the pertinent controlsin the collection and hauling of thewaste and at the
sanitary landfill itself.

? Report periodically on the progress of the work and any anomalies that may
arise.

We must try to keep for the service those individuals who have
received training in the different urban cleaning activities, especially in
the construction and operation of the sanitary landfill; otherwise, the
absence of trained personnel will transate into low efficiency and
higher costs.

9.1.3 Health and safety of the workers

Thefact that the workers come into contact with MSW meansthat full attention
must be given by the landfill manager to the protection of the health and safety of his
personnel.

There aretwo main causes of risk: unsafe working conditions, and negligence
on the part of the workers themselves.

Themain unsafeworking conditionsare:

? Using their bare hands to collect the waste, which can produce cuts if the
garbage contains broken glass or sharp objects.

? Working excessively long hours, which causesfatigue.

? Not having appropriate clothing or personal safety equipment.

? Not showering or washing at the end of the day’ s work.
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NN ) N ) NN

Having to eat at the working face without washing their hands with soap and
water.

Themost commonly found acts of negligence on the part of theworker include:

Failureto use protective clothing or personal safety equipment.

Drinking liquor during the working day, or coming to work drunk.

Lifting heavy objectsin thewrong way.

Not taking care when the waste collection vehicleis unloading.

Not giving good maintenance to the equi pment and tools.

Permitting the entry of peoplewho have nothing to do with the sanitary landfill.
Receiving wastes not included in the sanitary landfill project, which because of
their hazardous nature can affect the workers and the local environment.
Using their protective clothing or personal safety equipment outside the work
site.

Burning the MSW.

Using the MSW to feed animals.

Smoking while they work.

All unsafe conditions and the most common causes of work accidentsto which

the worker is exposed must be carefully identified, in order to find an appropriate
solution.

Recommendations to minimize the problems mentioned above:

Evaluate the most common causes of accidents and adopt preventive measures.
Draw up safety standards, including instructionsfor the use of equipment.
Provide the personnel with changing rooms and showerswherethey can shower
and change their clothes after the day’ swork, so that they will not be carrying
any kind of contamination to their homes.

Set up a program of medical check-ups to identify, prevent, or treat possible
diseaseslinked with their activity.

Improvethe quality of the equipment and tools.

Provide the workers with basic personal safety equipment, such as: gloves,
boots, cap or hat, and at least two uniforms per year.

Keep asimplerecord of accidents and emergency situations, noting their causes,
in order to prevent similar occurrencesin the future.

The supervisor will monitor compliance with safety standards
on the job.
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9.1.4 Indicators of productivity

For successful management of the different activities, the manager of the cleaning
service will need to analyze two basic aspects: costs and productivity.

In the case of the public cleaning service, certain indicators should be applied
that will make it possible to establish productivity comparisons, and gauge the
improvement achieved in the different tasks. The sanitary landfill, as a project

Table 9.1
Some indicators for the management and final disposal of
municipal solid waste

I ndicator Units

Coverage of collection service
Population served (inhab)
Total population (inhab)

1. Total production of MSW
= Population (inhab) x per capita production (kg/cap/day) kg/day

x 100 %

2. Percentage of financing of the sanitary landfill
Initial investment for the sanitary landfill %

Total municipal budget x 100
3. Coverageof final disposa
_ tonsdisposed of in the sanitary landfill % 100 %

tons collected

4. Volume or weight of MSW received daily at the
sanitary landfill m? /t
5. Workers' efficiency infinal disposal

_ tonsdisposed of in the sanitary landfill x day
B number of workers at the landfill

6. Cost of final disposal
_ cost of operation of the sanitary landfill x year 100 it
B tons disposed of x year X

x 100 | Uman-day

7. Cost of capital per ton of waste
= estimate in column (g) of Table 9.1

8. Total unit cost of thelandfill %
TUC = formula[9-10] year

$it
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permanently under construction and permanently in operation, also needs a set of
indicators as an administrative tool for assessing productivity and costs and to make
sure that the best possible use is being made of the resources available.

A series of measures and controls will need to be applied to detect failures,
apply remedial measures, and assess the effectiveness of such measures, in order to
reach optimum productivity and provide agood service at the lowest possible cost.

Table 9.1 showssomeindicatorshelpful inthedirection and administration of a
sanitary landfill.

9.2 Controls of the sanitary landfill

No matter how small the manual sanitary landfill may be, M SW management is
very important in any community, so it needsto be assessed periodically to ensure that
it isoperating under the best possible conditions.

9.2.1 Control of the construction

Itisimportant to maintain the alignment and height of the platformsaswell as
the levels indicated for the cell heights, which can be controlled from the project
design drawing or by smple observation with the help of stakesat the site. The gradients
of the slopes should provide the stability required depending on the site topography
(Figure9.1).

9.2.2 Control of operations

Entry of MSW and earth.

Quantity (estimated weight and volume).

Origin (sector of the urban area).

Type of waste (domestic, commercial, market, efc.).

Type of transportation (compactor, dump truck, horse-drawn cart, etc.).

NN ) ) N

MSW not authorized by the management or administration of themanual sanitary
landfill will not bereceived.

Vehicles and visitors entering the site.

Schedul e of working hours of the employed workers.

Maintenance of tools.

Unusual occurrences (collection vehicle getting stuck, fire, downpours of rain
etc.).

NN ) N
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Cut in the terrain

Waste fill

Figure 9.1
Stakes at the site to control the construction of the fill banks

To keep arecord of thetools and implements supplied to theworkers, Table 9.2
can serve as aguide.

9.2.3 Control of costs

Oneof the aspectsthat municipal administratorstend to neglect isthe collection
and analysis of data on the productivity and costs of the cleaning service. Thisisa

Each worker is responsible for the tools and implements he
uses on the job.
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serious omission because the cleaning service isasubsidy that often devoursalarge
portion of the municipality’ slimited budget.

It must therefore be stressed that it is very important to gather this type of
information, both during theinvestment stage and during the construction, operation,
and maintenance, since the analysisof thisinformation will point usin the direction of
maximum productivity with greater savings.

Theamount invested by amunicipality inthemanual sanitary landfill fluctuates
between 10 and 20% of the overall budget for public cleaning, soin practicethe costs
of thiswork are not so high as many local administrators believe.

It is essential to keep separate accounts of each municipal public
service and, as far as possible, of each activity corresponding to urban
cleaning. In thisway the value of the cleaning tariff can be calculated
based on the real costs. Thisis vital to guarantee the economic
solvency, the quality, and the sustainability of this service.

Factors for estimating operating costs

? Operation and mai ntenance (personnel, infrastructure, maintenance of equipment,
tools, support facilities, etc.).

? Tools (procurement and replacement).

? Hauling of cover material.

? Rental of equipment for preparing the site, opening the access road, and
excavating ditches.

? Stones, wire, construction materials, water.

? Indirect costs (administration, supervision, etc.).

All users of the urban cleaning service should pay a tariff in
keeping with their socioeconomic level. This service should not be
free under any circumstances.

9.2.4 Control of the environment

? Quality control of groundwater and surface waters. It is advisable to set up
awater quality sampling program. The samples can be collected monthly and,
if possible, before and during operation, and one year after the useful life of the
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landfill has come to an end. If after the first year of operation it is confirmed
that there is no contamination, the sampling frequency may be reduced, or
sampling may be suspended altogether. The parameters to be analyzed will be
thoseindicated by thelocal or regional authoritiesin charge of monitoring water
pollution (cf. Chapter 5, point 5.10.2).

? Release of gases. The gas vents or chimneys must be permanently observed
to make sure they are working correctly.

? Harmony with the natural landscape. The sanitary landfill should have a
good appearance so that it will not spoil the local scenery.

? Control of burning and fires. At the sanitary landfill the burning of combustible
materials such as paper, cardboard, plastics, rubber, or any other element must
be avoided, since this can cause fires, besides spoiling the look of the landfill.
Fires should be extinguished with earth. (Figure 9.2).

It should be recalled that the decomposition of the waste produces methane,
which isacombustible gas, and when fireislit near gas vents and leachate drains, or
if people smoke in such places, there can be serious accidents.

Garbage

Wind

Earth for cover material
to isolate the fire

Waste and

Terrain earth compacted

Ty

Figure 9.2
Controlling fires
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Figure 9.3
Control of vectors of sanitary interest

? Control of insects, rodents, and birds. Insecticides or rodenti cides contaminate
the environment and eventually lead these vermin to devel op greater resistance
to the chemical agents, whichin thelong term makesit difficult to control them.
For these reasons, the use of such products must be minimal and only those
authorized by the health sector should be used. The best way to control these
vectorsisto cover them with earth (Figure 9.3).

Cracks

Source: Mexico. Subsecretariade Desarrollo Urbano 'y Vivienda. Manual paralarehabilitaciony clausura
de tiraderos a cielo abierto. Mexico, DF, 1996.

Figure9.4
| dentification of dopefailures



210 Guidelinesfor the Design, Construction and Operation of Manual Sanitary Landfills

Fliesand rodentsusually arrive with the garbagein the waste collection vehicles,
so it is recommended to fumigate and place rodenticides in the landfill area. The
presence of these insects and rodents, as well as scavenger birds that feed off the
waste and carrion, is an indicator of a lack of earth cover and poor quality in the
mai ntenance of the sanitary landfill.

? Control of slope stability. The embankments made of the waste and the earth
cover tend to move downward by the force of gravity, and this can be seen by
simply observing the slopes (Figure 9.4). Therefore, if loss of cover isdetected,
or waste appears on the slope, if lumps are seen on the slope surface, or an
advance of the fill bank at its lower base becomes apparent, this must be
remedied by removing theloose material and proceeding to cover and compact
the slope again. In some cases awall of gabions can be used, or old tirestied
together with plastic ropes, and also plants can be sown (Figure 9.5).

Plastic rope

~_—"Leachate storage

/ Mainage
o

Retaining wall of
used tires Former

~ garbage

Leachate storage
and drainage

Figure 9.5
Controlling slope stability with car tires
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Control of differential settlement and cover conditions. This activity will be
carried as each embankment or trench is finished, or when the whole landfill
has been completed, to identify any fault (slide) in the stahility, or cracking or
depressions on the surface. Depressions and cracks favor the accumul ation of
rainwater onthe surface of thelandfill and permititsinfiltration, which contributes
to generating leachate. If such situations are detected, the surface must be
leveled and vegetation restored.

9.3 Cost analysis

Asin any other design, an estimate or a budget should be presented as part of
the basic information for the project. Costs are divided into investment costs and

operating costs.

Inthe case of theinvestment costs, each concept or itemwill need to belinked with
theuseful servicelife (inthiscase, of the sanitary landfill), sincetheinfrastructureworks

will be constructed for thedesign period.

9.3.1 Investment costs

?
?
?

Studies and designs (including site selection and topographic survey).
Acquisition of theland.
Preparation of the site and support facilities.

Clearing and cleaning.

Earth moving (machinery rental).
Internal and external access roads.
Perimeter drainage.

Drainage of leachate.

Enclosure of the site.

Perimeter fence of trees.

Control building.

Sanitary facilities.
Siteidentification board.

Others.

CI osure of open dumps.

Study and design.

Elimination of arthropods and rodents.
Machinery rental.

Purchase of earth (if none available at the site).
Covering and compacting of the site.

Sowing of plants.
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9.3.2 Operation and maintenance costs

2 Labor.

? Tools.

? Safety equipment.

? Venting of gases and secondary drainage.
? Maintenance.

? Periodic adaptation of the Site (roads, drainage systems, excavations, €fc.).

9.3.3 Costs of final closure of the sanitary landfill

? Final closure.
? Drainage systems.
? Grass or plant cover.

? Landscaping project.

9.4 Preparing the budget

Theproject designer or person who hasdesigned thelandfill shouldfirst prepare

an investment budget for submission to the mayor or to theinstitution in charge of the
work. Table9.3listsin column (a) theinvestment items, and in columns (b) and (c) the
costs for each one. The sum in column (c) will give the initial investment or capital
necessary for starting the works. The project items are described below.

?

Studies and designs. The preliminary studies and the executive project of the
landfill will imply aseries of costsfor the municipality, whichwill vary depending
whether an expert is hired or the project obtains the support of an institution
that provides thistype of technical assistance. In some cases, the municipality
will pay only for per diem expenses or the topographic survey or other studies
asrequired.

Acquisition of land. The cost of theland isplaced In column (b) if itisprivate
land; if itismunicipal land, the cost will be zero. Another possibility isthat the
land isrented, in which case the value in column (b) will be zero and the cost
should betransferred to recurring costs or operating costs.

Site preparation and complementary works. This item is estimated by
guantifying the volumes of works of each of the components, such as: clearing
and cleaning, earth moving, accessroads, etc., which should be placed in column
(b) of Table 9.4 (thisis used as an auxiliary table to facilitate filling out Table
9.3). To estimate the quantities of works, the construction drawings are used,
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mainly those similar to the one shown in Figures 5.4 and 5.5, as well as the
detail drawings.

The units with which the volumes are usually measured have been placed In
column (c), but these may be changed if necessary.

In column (d) the unit costs of the work are entered. These costs are usually
known to local engineers, construction foremen, and other individualsinvolved
inthe construction of public or private works. Many secretariats, devel opment
corporations, etc., have catalogs of unit costs, which are periodically reviewed.
If these dataare not available, they will have to be cal culated using manuals or
manufacturers’ data.

Finally, in column (e) of Table 9.4 the cost of each component isentered, which
is the same as the product of columns (b) and (d). The costs obtained are
placed in column (b) of Table9.3.

? Closure of the open dump. Closing an open dump is relatively easy if the
machinery and the cover material required are available. However, to estimate
the quantities of worksand prevent any harmful environmental impact or health
risks, it isindispensable to draw up a plan for the subsequent use of the site.
Table 9.4 will be used for this purpose. Additional items may be added to it if
necessary.

Finally, once Table 9.4 has been completed, theresultsare transferred to Table
9.3, where the sum of column (c) will givetheinitial investment that will need to be
obtained. Thisinvestment could be obtained through aloan which, inevitably, would
include interest.

9.4.1 Estimation of the unit costs of investment

First, the unit costs of investment are cal culated (including interest), and these
are then added to the total costs of the sanitary landfill, and to the calculation of the
tariff that the user will have to be charged. For this it is necessary to calculate the
annual or hourly cost and afterwards the unit cost according to the production or
productivity, that is:

C total
c, = = [9-1]
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Table 9.3
Cost of opening the landfill and closing the open dump
Quantity Unit Unitcost | Cogt
Item of works (USHunit) | (USH)
@ (b) (© (©) (€)

a) Opening thelandfill

»  Clearing and cleaning m?

> Earthmoving m?

> Access road m

> Rainwater drainage m

» Leachate drainage m

»  Gasdrainage m

> Fence m

»  Entry gate unit

> Treeplanting m

> Control building m?

> Sanitary facilities unit

> Siteidentification board unit

> Others -
b) Acquisition of equipment and tools unit
¢) Closing themunicipa dump

> Studiesand design unit

> Machinery rental / labor hours

»  Sanitation (fumigation of the site) unit

> Cover material m?

> Planting vegetation m?

Ctotal
n

yearsfor asanitary landfill)

For the unit cost:

Annual cost or hourly cost depending on unitsof n
Tota cost of the item
Useful life of the work or the item (for example, from 5 to 10

[9-2]
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where:

C

u

R

Unit cost (for landfills US$/ t)
Productivity for one year or per hour (e.g. for a 10t/day manual
landfill working 300 days ayear, it would be 10x300 = 3,000 t/year)

Table 9.3 shows the total costs in columns (b) and (c). The times “n” of the
equation [9.1] appear in column (d) of the same table. Usualy “n” coincides with
useful life of the sanitary landfill; however, there are certain elementsthat could have
ashorter duration. It isgenerally recommended to depreciate everything in the useful
life of the landfill. The annual cost, also called annual depreciation, is calculated in
column (e) using equation [9-1], that is, dividing column (c) by column (d).

Column (f) of Table 9.3 shows the annual average interest that alows the
invested capital to be recovered. The interest can be calculated thus:

AAl = Ciotal (I”I—-;l)i [9-3]
n
where:
AAIl = Annuad average interest (US$/year)
o = tota cost of theitem
n = Useful lifeof theiteminyears (useful life of the landfill)

[ Annual interest

The sum of columns (e) and (f) gives column (g), that is, the annual cost of the
capital. Thiscan also be calculated directly from thetotal cost (d) and using the tables
or the equationsfor capital recovery. In economic engineering booksthere are tables
that give the capital recovery factor (CRF), based on the annual interest and useful
servicelife. Thefollowing equations can also be used:

Cc = Goa (CRF) [9-4]

L [9-5]



Administrative Management and Control 217

where:
C. = Costof capital (US$lyear)
Ciotas = Tota cost (US$)
[ = Annua interest on theloan or municipal bank interest (if theinterest
is13%,i=0.3)
n = Useful lifein years

Once the cost of the capital has been estimated using any of the above methods
(column(g), Table9.3), itisdivided by the production or annual productivity R (seecolumn
5, Table 5.1) to obtaintheunit cost in column (i) of Table 9.3. 1t will beseenthat theannua
productivity —that is, the quantity of tonsreceived by thelandfill— will increaseyear by
year, whilethe unit cost of capital will decrease annually. If the administration wishesto
avoid this, aproductivity factor R can be taken asthe averagefor the whole useful life of
the landfill.

9.4.2 Estimation of the operating costs

The operating costs or recurring costs serve to estimate the annua budget
required to run the sanitary landfill well and charge afair tariff.

9.4.2.1 Annual labor costs
The number of people working at the sanitary landfill will be calculated as

indicated in Chapter 5, point 12. The productivities proposed there may be modified
according to the specific experiences and conditions of each site:

A. = 12N(FsbSm) + 12P (Fsb ) [9-6]

Annual labor cost (US$/year)

N = Number of workersat thelandfill, asin point 5.12

S,, = Local legal minimum wage (US$/ month)

Fy =  Factor of social benefits, usualy between 1.4 and 2.0. This includes
socia security, pension fund, vacations, etc.

P = Proportion of timeor of theworking day which the supervisor spends

onthelandfill (from0.2t00.25insmall landfills)
S, = Monthly salary of the supervisor (US$/ month)
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9.4.2.2 Tools and safety equipment

The quantity of tools used will depend on the volume of MSW entering the
sanitary landfill. The tools are described in Chapter 7, point 7.2.4. They can last for
about one year, although that will depend on the use they are given.

The safety equipment could consist of two or three uniforms per year, boots,
goggles, masks, and gloves. The cost of these items will be calculated from local
prices.
9.4.2.3 Drainage, roads, machinery, and others

Each year thefollowing will haveto be evaluated from the drawings and project
advance: cost of the drainage and roads needed; equipment rental s (hours-machine);
and the materials and | abor temporarily required for these works.

The sum of these three items will give us the annual operating cost or annual
operating budget:

Aoc = Alc + Ct + Cm + Others [9-7]
where:

Aoc Annual operating cost (US$/year)

Alc = Annua labor cost (US$/year)

Ct = Annual cost of tools (US$/year)

Cm = Annua cost of machinery (US$/year)
Others=  Other annual costs (US$/year)

9.4.2.4 Unit operating costs

The unit operating cost will bethe previously calculated annual cost divided by
the volume (in tons) buried during the year.

Aoc
Uoc = R [9-8]
where:
Uoc = Unit operating cost (US$H/t)
Aoc = Annual operating cost (US$/year)
R = Annual productivity (t/year)
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9.2.3 Total costs and tariffs
9.4.3.1 Total costs

Thetotal annual costs and total unit costs would be:

Tac = Cn + Aoc [9-9]

Tuc = Cu + Uoc [9-10]
where:

Tac = Tota annual cost (USH/year)

Tuc = Totd unit cost (US$H)

Cn = Annual capita costs, by equation [9-1], (US$/year)

Cu = Unitcapital costs, by equation [9-2], (US$/t)

Aoc = Annua operating costs, by equation [9-7], (US$/year)

Uoc = Unit operating costs, by equation [9-8], (US$/t)

9.4.3.2 Tariffs

The cost structure makesit possible to calculate the real value of the different
activities of the urban cleaning service. In all cases, aredlistic estimate of the degree
of payment arrears and the percentage of the population who do not pay for the
cleaning service is necessary. The tariffsto be applied vary according to the policies
established by the municipality. They may be:

? Total recovery without cross subsidization

Here the families pay the real cost of the service, regardless of their economic
situation. The average monthly tariff would be:

Trt = 12 Ecs [9-11]
where:

Tt = Total recovery tariff, monthly per family (US$/fam-month)

Tac = Total annual cost of the service, equation [9-9], (US$/year)

Fcs = Number of familieswith servicein the town or community
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? Total recovery with crossed subsidy.

In this case the families with the highest income pay more and those with the
lowest income pay less, but in such away that the total revenue from tariffs covers
the operating and investment costs (“Tac”). One way to achievethisisby linking the
collection of thetariff with another service (preferably electricity, which hasawider
coverage). The percentage that would have to be applied on the cost of the other
serviceisobtained thus:

_ Tac [9-12]
Inc = Tos (fcc) (100)
where:
Inc = Increase in the household tariff (%)
Tac = Annual costs of the cleaning service (US$/year)
los = Annual income from household collection of the other service
Fcc = Factor of the cost of tariff collection, that is, the costs that should

be charged by the other service for additional personnel, etc.

The other services nearly always include cross-subsidization. The collection
for the cleaning service from industries and special centers would have to be made
separately, especialy in the case of the big generators and consumers of the other
services. For example, industriesthat consume agreat deal of electricity and produce
little garbage would be affected if public cleaning were charged as a percentage of
electric power consumption.

? Recovery of operating costs

Municipalities have often obtained support or a subsidy to cover initial
investments. In thiscase, the annual costs of the service would be the operating costs;
consequently, intheequations[9-11] and [9-12] “Tac” would be substituted by “Aoc”.

The average tariffs of the population can also be calculated according to their
production:

30 (ppci) (Tuc) (N) [9-13]

Tmf = 1000
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where:

Tmf = Monthly family tariff for the “i” socia stratum (US$/month-
family)

ppc, = Production per capita in the “i” socioeconomic stratum (kg/
cap/day)

Tuc = Total unit cost ($/t) (can be substituted by “Aoc” if the service
issubsidized)

N = Average number of persons per family.

30,1000 = Dimensional parameters in (day/month) and in (kg/t),

respectively.

9.4.4 Tariff collection

Asindicated, thetariffs per item of the urban cleaning service and, in particular,
of the sanitary landfill should be collected together with those of another service. The
cost of thetariff collection service, which isadded to the tariff for the waste collection
and for the sanitary landfill, isusually 10 to 20% of the total tariff. An advantage of
collecting payment in thisway isthat if the user hashiselectricity or water cut off for
lack of payment, hewill befar more concerned than if heis suspended from the waste
collection service.

On the invoices in which several public services are charged, it will be
obligatory to indicate separately the amount for each of the services.

9.4.5 Failure to comply with payment of the tariff

As aready mentioned, if the collection of the cleaning item isincluded in the
invoice of another public service, non-compliance by the consumer or user can give
riseto asanction, such asthe suspension of other services; otherwiseit will be almost
impossibleto use coercive collection methodsfor the payment of the cleaning service
only. Sanctionsfor failureto pay should be combined with promotional actionsfor the
userswho pay punctualy.
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Aeraobic. Relativeto life or processes that can only occur in the presence of oxygen.

Anaerobic. The condition under which no free oxygen exists. Therequirement of the
absence of air or oxygen for the degradation of organic matter.

Berm. Space between the toe of the slope and the external slope of the embankment.

Biodegradable. A quality of organic matter meaning that it can be metabolized by
biological means.

Biogas. Mixture of gases of low molecular weight (methane, carbon dioxide, etc.),
that are the product of anaerobic decomposition of organic matter.

Carbon dioxide. A colorless gas, heavier than air, the formula of which isCOz. Itis
highly soluble in water, where it forms corrosive weak acid solutions. Not
flammabl e dueto its anaerobic metabolism.

Cell. Geometric conformation given to the MSW and to the cover material duly
compacted by means of mechanical equipment or by theworkersin asanitary
landfill.

Commercial solid waste. The waste generated in commercial establishments
(warehouses, hotels, restaurants, cafeterias and markets).

Compaction. The action of compressing any matter in order to reduce the empty
spacesinit. The purpose of compaction in the sanitary landfill isto reduce the
volume occupied by the M SW to obtain greater stability and alonger useful life.

Contaminant. Any element, matter, substance, compound, as well as any kind of
thermal energy, ionizing radiation, vibration, or noisewhich, on beingincorporated
into, or acting upon, any element of the physical environment, alters or modifies
itsstate and composition, or which affectsflora, faunaor human health. Soil, air
and water should be understood as physical environment.

Control. Surveillance and application of the measures necessary for compliance with
established regulations,

Contral building. The construction located at the main entrance to the sanitary landfill
that serves as gatehouse and as aplace to keep tools; it al so houses the sanitary
facilities.
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Cover material. The surface layer of earth in each cell, the purpose of which isto
isolate the waste from the external environment, control infiltration, and keep
harmful faunaaway.

Cubature. The determination of the volume of any material or spacetaking the cubic
meter as a unit.

Cut. The action of lowering a material by mechanical or manual means, in this case
the terrain where a sanitary landfill will be constructed.

Degradable. The quality certain substances or compounds have of gradually
decomposing by physical, chemical or biological means.

Density. The mass or quantity of matter of MSW contained in a unit of volume.

Design. Drawing or outline of a work or figure. The term is applied to the basic
project of thelandfill.

Domestic solid waste. Thewaste that by its nature, composition, quantity, and volume
is generated by activities carried out in homes or in any other establishment
with similar characteristics.

Drain. A structure that serves to clear soils of excess moisture.

Embankment. The mass of earth that is used to fill ahole or that israised to build a
defense, aroad or similar work.

Environment. The set of elements, either natural or man-made, that interact in a
certain space and time.

Environmental impact. Modification of the environment caused by the action of
man or of nature.

Final disposal. The definitive depositing of MSW at a site in appropriate conditions
to prevent damage to the ecosystems.

Flow. Situation in which each particle of water movesin adirection parallel to that of
any other.

Garbage. Garbageisunderstood to be all solid or semisolid waste (with the exception
of human or animal excreta) that has no value either for those who produce it
or for those who possessit. Included in the same definition are refuse, ashes,
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street sweepings, and wastesfrom industry, hospitalsand markets, among others.
It isasynonym for waste or solid waste.

Generation or production. The quantity of MSW originating from a source during a
specific period.

Gradient. Theslope of aterrain or any element, expressed astheratio of the horizontal
length to the vertical.

I mprovement. Increase in quality.

Industrial solid waste. The waste generated by industrial activities, as a result of
production processes.

I nstitutional solid waste. The waste generated in educational, governmental, military,
penitentiary, and religious establishments; also in air, bus, river or maritime
terminals, and in offices.

Invoicefor public services. Thebill that the municipality or provider of public services
submits to the users for said services.

Leachate. Theliquid produced mainly by rain filtering through the cover material and
percolating through the layers of garbage, carrying significant concentrations
of decomposing organic matter and other contaminants. Other factors that
contribute to leachate generation are the moisture content typical of wastes,
the water from decomposition, and the seepage of groundwater.

Migration of biogas. The movement of particles of biogas through and out of the
sanitary landfill.

Monitoring. Sampling and a series of measurements to determine the changes in
levels or concentrations of contaminants in a certain period and place. In a
restricted sensg, it is the periodic examination of levels of contamination in
order to comply with standards or to evaluate the effectiveness of a control.

Monitoring well. The deep well madein asanitary landfill to measure the quantity of
biogas and the quality of the leachates generated there.

Pathogenic solid waste. Waste that because of its characteristics and composition
could beareservoir or vehicle of infection.
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Permeability. The capacity of the soil to conduct or transport aliquid whenitisina
gradient. It varies with the density of the soil, the degree of saturation, and the
size of the particles.

Precipitation. Atmospheric water that fallsto the groundinliquid or solid state (rain,
snow or hall).

Prevention. Set of regulations and measures adopted in advance to prevent the
deterioration of an element.

Protection. The group of policies and measures for preventing and controlling the
deterioration of the environment aswell asfor improving it.

Recovery. The activity relating to obtaining secondary materials, by separation,
unpacking, collecting or in any other way removing them from the rest of the
MSW for the purpose of recycling them or reusing them.

Recycling. The process by which certain materials from the garbage are sorted,
collected, classified, and stored in order to reincorporate them into the productive
cycle as raw material.

Reuse. Thisisthereturn of agood or product to the economy to be used in the same
way as before, with no change in its shape or nature.

Runoff waters or runoff. Water that does not penetrate the soil or that does so slowly
and that runs on the surface of land after rain.

Sanitation. The control of all thefactors of man’s physical environment that have, or
may have, aharmful effect on hisphysical development, health and survival.

Separation of solid wastes. The activity that facilitates the integrated management
of the MSW, since it divides them into organic and inorganic, hazardous and
non-hazardous.

Slope. Theinclination of adike, embankment or cut.
Socioeconomic stratification. The classification of the residential buildings in the
jurisdiction of amunicipality pursuant to factorsand procedures determined by

law.

Subscriber. The person or legal entity with whom acontract to receive apublic service
has been entered into.
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Subsidy. The difference between what ispaid for agood or service and its cost when
this cost is greater than the payment received for it.

Terraces. The shaping of very steep slopesfor the purpose of creating horizontal lots.

Treatment. The process of physical, chemical or biological transformation of theM SW
to obtain sanitary and/or economic benefits and to reduce or eradicate their
harmful effects on man and on the environment.

Useful life. The period during which the sanitary landfill will be apt for receiving
waste continuoudly.

User. The person or legal entity benefiting from the provision of a public service,
whether asthe owner of abuilding whereit isprovided or asthe direct recipient
of thisservice.

\ectors. The living beings that intervene in the transmission of diseases by carrying
them from a sick person or areservoir to a healthy person.

Vermiculture. The farming of worms of the species Eisenia foétida, used in the
production of animal feed and of humusfor improving soils.

Water table. The depth of the groundwater level. Thislevel descendsin dry periods
and risesin rainy seasons.
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APPENDIX A

Percolation test!

A.1 Underground exploration

Underground exploration will have to be madein agiven area. In some cases,
the observation of cutsin roads, river terraces or excavationsfor buildingswill yield
useful information.

Records of wellsor of thedrilling of wells can also be used to obtain information
about the groundwater level and substratum conditions. In some areas, the substrata
vary widely over short distances, and drilling will have to be carried out at the site
where the system is to be located.

A.2 Test procedure

The greater the porosity of the soil, the greater will betherisk of infiltration of
leachate and possi bl e contamination of groundwater. Terrainsformed by large pores
are not effective for retaining small particles, and those formed by very small pores
are practically impermeable. In order to determine the area necessary for treatment
systems, thefollowing test should be performed (Figure A.1).

B A 30-centimeter-square pit will be dug to a depth to which the excavation will
be made for the system of ditches for leachate storage and drainage
(approximately 60 centimeters).

B |twill befilled with water to saturation point for one hour.

B Thewater will be allowed to drain completely and the pit will befilled again
immediately with clean water to aheight of 15 centimeters (6 inches). Thetime
it takes for the water level to go down the first 2.5 centimeters (one inch)
should be noted, for which a ruler will be necessary, or the average can be
taken of thetime it took to go down 15 centimeters.

1 Taken and adapted from Empresas Plblicas de Medéellin. “ Sistemas elementales para € manejo de
aguas residuaes, sector rural y semirura”. Revista, vol. 10, no. 2, April-June 1988. (“Elementary
systems for waste management, in the rural and semi-rural sectors’).
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For example, if during 30 minutes the water level descends 2 centimeters, the
percolation rate will be 30 min/2 cm = 15 min/cm = 37.5 min/2.5 cm.

Thisrate of percolation is frequently expressed in min/2.5 cm because thisis
equivalent to min/inch and many tables and design standards are expressed in
min/inch. It isclear, then, that a percolation rate in min/2.5 cmis equivalent to
oneinmin/inch (tableA.1).

B Theratesof filtration found from the percolation test will be used to gauge the
possibilities of theterrain in terms of suitability for solid waste disposal. After
satisfactory tests, work will continue on the design of the sanitary landfill.

%
s0n depth 60 m,
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‘ .
(e 30 cm =,
Riller Reference board :

’ he hole is filed f d

4 b 2'_5 cmx2.5 cm Ioﬁr ifO neefeelz:ary :rt1edr acl)lz)\?/r;d
: A f to drain completely

15 cm of water
L]

Figure A.1
Percolation test
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Table A.1

Porosity of the terrain according to the rates of filtration

Rateof filtration (time
required for thewater to
descend 2.5 cm in minutes)

Porosity of theterrain
Absorption of theterrain

Typeof soil

lorless Rapid absorption Coarse sand or gravel
2

3

4 Medium absorption Finesand,

5 predominantly sandy
10 Slow absorption Predominantly clayey
15

30&

45 Semi-permeable land

50

60° or more Impermeableterrain Compact clay

If over 30 min/2.5 cm, the terrain is unsuitable for absorption wells.

If the rate of percolation is greater than 60 min/2.5 cm, the terrain is unsuitable for treatment systems
that use the soil as an absorption medium. The terrain is appropriate for the disposal of solid wastes

in a sanitary landfill.
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APPENDIX B

Simplified soil analysis?

The observation and eval uation of the characteristics of the soil are very important
whenit isto be used asthe base material for the disposal of solid wastes. It ispossible
that the soil characteristics may be such that they make the terrain unsuitable for the
construction of asanitary landfill, and costlier technical solutionswill haveto beresorted
to.

The most important aspects for evaluating soil characteristics are discussed in
thefollowing pages.

B.1 Drillings

The characterigtics of asoil can be determined from drillings performed manually
or withdrilling equipment. Fromthesedrillingsit will be possibleto identify the different
strataand soil types. It isbetter to carry out several drillingsfor amore representative
picture of the soil. They should be deep enough to permit observation of the different
strata.

Thedrillings should be doneinside and outside the landfill supporting area; that
is, the site where the trenches will be excavated or the embankments of waste and
earth will be constructed, and the ditchesfor storage and evaporation of the leachates
will be dug. Once the samples have been taken, the wells should be filled again with
the same material, and the soil should be firmly compacted.

B.2 Soil texture

Texture is perhaps the most important physical property of the soil because it
hasto do with the size, the distribution of size, and the continuity of the pores.

Soil texture is determined in the field by rubbing a moist sample of the soil
between the thumb and forefinger. The texture of the soil depends on its composition.
It can be:

2 Taken and adapted from Empresas Publicas de Medellin. “Sistemas elementales para el manejo de
aguas residuales, sector rural y semirurd”. Revista, vol. 10, no. 2, April-June 1988.
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Texture Principal component

= Rough Sands

s Silky Siltsand light clayey soils
= Sticky Clays

After analyzing severa samples, the experiencegained inidentifying thedifferent
textures makes|aboratory analys s unnecessary, with the consequent significant savings
in money and time, especially inisolated communities. To test thetexture, around soil
sample 1 to 3 centimetersin diameter is moistened to a putty-like consistency.

If thesampleismadetoo moigt, it will becomevery sticky and difficult towork.
Once the sampleismoigt, it should be crushed and squeezed between the fingers so
that it startsto form aribbon (figure B.1).

TableB.1 and Figure B.2 give avery general description of the appearance and
feel of different soil textures.

Once the drilling is completed and the soil texture has been determined, the
different layers should be marked and their thickness measured. With thisinformation
achart can be made as shown in Table B.2.

B.3 Soil structure

Soil structure hasasignificant influencein the control of leachatesin the sanitary
landfill. Soil structurerefersmainly to the aggregation of particlesof soil in groupsthat
are separated by cracks or weak surfaces. The pores formed between the aggregates
can modify theinfluence of the texture on the movement of water in the soil. In soils
with many poresthe movement of water ismorerapid than in soilswithout structure,
compact or massive. These latter have low percolation rates. Soil structure is
summarized in Table B.3.
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Table B.1
Texture properties of mineral soils
Appear ance and feel
Texture . . .
Dry soil Moist soil
Sandy Breaks into single, rough-feeling grains. | When squeezed between thefingers,
When pressed between thefingers, themass | it forms a ball that breaks when
disintegrates. touched. Does not form a ribbon
when rubbed between thumb and
forefinger.
Predominantly Breaks easily. At first the texture appears | Forms a mass that permits careful
sandy soft, but when rubbed, a sandy feel | manipulation without breaking.
predominates. Does not form aribbon when rubbed
between thumb and forefinger.
Loamy (soils The aggregates break under moderate| A mold or ball of loamy soil can be
with pressure. The clods can be firm. When | manipulated carefully without
characteristics pulverized, this soil feels velvety, turning | disintegrating. Has adlight tendency
of sand, silt, sandy when rubbed. When this soil is| to form a ribbon when rubbed
and clay) molded, it withstands careful manipulation | between thumb and forefinger. The
rubbed surfaceisrough.
Predominantly Theaggregates are very firm, but canbreak | A mold of predominantly silty soil
silty under moderate pressure. Theclodsarefirm | can be manipulated without
to hard. When the soil ispulverized, it feels | breaking. Has a tendency to form a
like flour. ribbon when rubbed between thumb
and forefinger. On being rubbed, the
surface takes on a rippled
appearance.
Predominantly Very firmand hard aggregates, very resstant | A mold of this soil withstands much
clayey to being broken by hand. When pulverized, | manipulation without breaking.
the soil feels rough to the touch, due to the | When rubbed between thumb and
small aggregates that persi<t. forefinger, it forms a ribbon the
surface of which feels somewhat
rough. The soil isplastic and sticky.
Clayey Very hard aggregates, extremely hardmolds| A mold or ball of this material

or balls of the materia, very resistant to
being broken by hand.

When pulverized, has an apparently sandy
surface due to the persistence of small

aggregates.

withstands considerable
manipulation without breaking.
Formsaflexibleribbon when rubbed
between thumb and forefinger and
retains its plasticity when the stress
is removed. The surface takes on a
satiny, very soft feel when rubbed.
Sticky when moist.
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B Moistening the sample

B Molding

B Formingaribbon

Figure B.1
Preparing the soil for a texture test
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Dry sample Moist sample

:

]
L

Sand Does not form ribbon
Loose consistency

Silts Hardly forms ribbon
Moderately hard to hard consistency L

Clays Forms ribbon
Hard to very hard consistency

Figure B.2
Determination of the texture of a soil by hand
Appearance of textures
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Table B.2

Chart of the texture, structure and color of the soil from
observations in a drilling

Depth
Texture Structure Color
(m)
0.0 Predominantly silty Granular Brown
Laminar (coffee)
10 Clayey-silty
From brown
20 Clayey Blocky to yellowish-
brown
3.0 Clayey-sandy Laminar
4.0
Table B.3
Degrees of soil structure
Degree Characteristics
Without structure (non-plasticif | No aggregation observed

sand, plastic if massive)

Wesak Poorly formed and difficult to see.
When manipul ated, does not retain its shape.
Moderate The aggregates are well-defined.
Moderately durable when manipulated.
Strong Well-defined aggregates.

Very durable when manipulated.

B.4 Color of the soil

Although the color is not an important property in itself, it is an indication of
other, moreimportant properties. For example, yellowish and reddish shadesindicate
that a soil has undergone severe weathering, since those colors are due to the iron
oxides that have been formed. A dark brown color, between black and dark brown
(coffee), often indicates the presence of organic matter. If during an excavation a
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change of color isfound, thisisfrequently an indication that a different soil stratum
with different properties has been reached. Usually, color isthe property of the soil
most readily used for itsidentification by personswho do not have experiencein soil
mechanics. Itis, indeed, apractical method for distinguishing soil characteristics. Soil
colors are described visually with the help of color charts.

B.5 Hydraulic conductivity

Hydraulic conductivity is the parameter used for determining how well a soil
absorbs and percolates leachate. This capacity is measured with a percolation test
(describedin Appendix A). Although percolation tests have been widely criticized for
their variability and lack of precision, in practice they arethe only smple, inexpensive
way to calculate hydraulic conductivity.

Table B.4 gives some very general figures and rangesfor the permeability and
percolation of soils.

Table B.4
Hydraulic characteristics of soil
: Permeability |Percolation ;
Soil texture cm/hour | min/2,5 cm Observation
Sand > 15 <102 Very permeable, unsuitable
for constructing asanitary
landfill
Predominantly sandy
Predominantly
silty-porous 0,5t015 10to45 |Unsuitablefor disposal of
Predominantly solid wastes
clayey-silty
Clayey-compact
Predominantly silty <05 > 60 Impermeabl e, good for
Predominantly disposal of solid wastes
clayey-silty

a Very permeable or permeable terrain is not suitable for the disposa of solid wastes.
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APPENDIX C

Notions of scale drawings and topography

C.1 Scale drawings

A measurement ratio is used to draw real objectsin their exact proportionsat a
reduced sizeto facilitate thework of the project engineers and construction engineers.

A scale drawing could be defined as the accurate representation of an object at
areduced size.

Different scales can be used to establish the proportional measurements for
drawing the natural objects:

11
1.2
15
1:25

onetoone 1:50
onetotwo 1:100
onetofive 1:200
oneto twenty-five 1:1000

onetofifty

oneto ahundred
oneto two hundred
oneto athousand

The first number is the unit, and the second one is the times by which it has

been divided to give smaller proportional dimensions.

Examples:
Scale Each meter in the field equals = on the plan it is
1:20 1/20 0.05m 5cm
1:50 /50 0.02m 2cm
1:100 1/100 0.01m lcm

CZ Tracing and measuring alignments3

u Stakes are placed at each end of the line to be measured, and on them are
placed polesor rods.

| The observer stands behind one of the rods or poles, at a distance of
approximately four meters, so that he sees the two poles merged into one.

3 Mexico. Secretaria de Salubridad y Asistencia. Instructivo sanitario. Mexico, DF, Limusa, 1980.
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u Then two “chainmen” will take the ends of the tape; the chainman at the back
will place the beginning of the tape at the base of the first rod, and the front
chainmanwill stretch the tape aong theaignment fixed by thetwo poles, following
theindications of the observer standing behind thefirst pole. The chainman at
the front will take with him several wire hooks that he will place at the end of
each tape so that, when making the next measurement, the back chainman will
place there the end he is carrying (Figure C.1).

Alignment &*
.ﬂ" g

= Front
chainman

-

Tape meaure

10
chainman

Figure C.1
Alignment

This operation is repeated as many times as necessary until the far end is
reached.

C.3 Tracing a perpendicular line from a point outside the alignment4

A personisplaced on the alignment, facing the point whereit iswished to trace
the perpendicular, with both his arms extended, pointing towards each end of the

4 Mexico. Secretaria de Salubridad y Asistencia. Instructivo sanitario. Mexico, DF, Limusa, 1980.
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Location

_’,f’ Point outside
o e alignment
: <§\_,.-—" =
o
f,’
-
—
ST
—

Alignment =i,

Verifyng When CB is the same

as BD, point P will be
half the distance CD

Rectified

= pérpendicular

90* a0*
] Right angle

®

Figure C.2
Tracing a perpendicular

Alignment

alignment. Then he closes his arms and extends them straight forward. The desired
point should bein thedirection in which hisarmsare now pointing.

If agoniometer isavailable (Figure C.2), the observation is simply madethrough
thedlots.
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C.4 calculation of areas®

The area of any figure can be calculated using:
B Fiednotes
B Theplandrawn

C.4.1 Areas deduced from field notes

B Using a tape measure

Using atape measure, the areais subdivided into triangles. The three sides of
each triangle are measured and the area of each one isfound using the equation:

Area = [s(s-a)(s—b)(s—c)]"

Where:
S = semi-perimeter; that is:
S atb+c
2
ab,c= sidesof triangle
Example 1:

Figure C.3 shows a simple measurement with tape measure, partly composed
of triangle PQR, whose sides measure:

PQ = 600m
QR = 1046m
RP =  700m

The area of PQR isfound thus:

5 Adapted from: Irving, William. Topografia Mexico, DF, McGraw Hill, 1975. Chapter 15.
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PQ = 60.0m _d
QR = 1046m e

RP = 70.0m R L
‘,\:‘73;\4./ w7

Figure C.3
Measuring a terrain with a tape measure

a Intriangle PQR: PQ = r = 60.0m
QR = p = 104.6m
RP = o} = 70.0m
Perimeter of PQR = 234.6m
hence, the semi-perimeter S = 117.3m
b. S - r = 57.3
S - p = 12.7
S - o} = 47.3
Checking = 117.3 = S

c. Areaof triangle PQR = ? s(s—r)(s—p)(s—0Q)

= ? 1173 x 57.3 x 12.7 x 47.3

= 2,009.3 m2

Theborderswere found by diversionsfrom the alignments.
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In Figure C.3 the area between the line and the stream is made up of aseries of
triangles and trapeziums, whose areas can be calculated separately thus:

OnthelineRQ:

Areaof triangle (1) = ¥%x19x 4 = 38.0
Areaof trapezium (2) = % (4+8)x(38-19) = 1140
Areaof trapezium (3) = %(8+45)x(55-38) = 106.25
Area of rectangle (4) = 4.5 x (72-55) = 76.5
Areaof trapezium (5) = Y% (45+7)x@87-72) = 86.25
Areaof triangle (6) = % (104.6-87)x 7 = 61.6

4826 m?

The area between the line PQ and the road is also made up of triangles and
trapeziums. However, in this case, the diversions are at regular 10-meter intervals.

Calling each diversion Y, the area between any two consecutive diversionsis
calculated thus:

Area between abscissa 20 and abscissa 30 = YA(Y,,+ Y4) x 10
Therefore:
Total area= Y%2(Yy,+ Y0 X 10+ %2 (Y g+ Yyo) X 10+ %2 (Yq+ Y4) X 10 + ...

+ % (Ygy + Ygp) X 10

Yox 10 (Yo + Yoo+ Yo+ Yoot Yoo + Yoo oo+ Yoo + Y

Yox 10 (Y + Yg + 2Y 30 + 2Y 0 + 2Y 5 + 2Y 1o + 2Y )

= 10w+Y10+Y20+Y30+Y40+Y50)

Thisisthe trapezium rule of the that is usually expressed thus:
Area = Width of the band x (average of the first and last diversions + the sum of the others)
d. In Figure C.3 the areais asfollows:

4+ 4 2
Area = 10 (T5 —+ 4.5+51+6.5+63+51)=3150m
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Theareacan befound slightly more precisely with Simpson’ srule, which may
be expressed thus:

Area = 1/3of thewidth of thebands (first + last diversions + double the sum of the
odd diversions + four timesthe sum of the even diversions).

Note : ()  Therehasto bean odd number of diversions.
(i)  Thediversionsmust occur at regular intervals.

Using Simpson’ s rule, the area between the line PQ and the road will be:

Area 1—39[YO+Y60+2(Y20+Y40)+4(Y10+Y30+Y50)]

%‘3 [4+4+2(51+63)+4(45+65+51)]

%‘3 [8+2(114) + 4 (16.1) ]

= 317.3m 2

e. Finally, the area between the alignment RP and the woods is calculated. The
area should be calculated with the trapezium rule, because there is an even
number of diversions between R and P at regular intervals of 10 meters.

The area between abscissas 70 m and 74 mis calculated separately. The area
between RP and the woods will be:

Area = 10(3;2'5 + 8+ 10 + 95 +92 + 7.1 + 45)
= 5105 + 50
= 515.5m 2

Totdl area = 20003 + 4826 + 317.3 + 5155

= 3,324.7m 2
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C.4.2 Calculation of the areas from the plan
There are several methodsfor finding the area of afigure on aplan. The areas
of contour lines can be measured with a planimeter, graphically, or using Simpson’s
rule or the trapezium rule. These methods are described below, since they are easy to
apply in these cases.
B With a planimeter

The area of any irregular figure can be found on a plan using the mechanical
apparatus for measuring areas that is known as a planimeter.

B With graph paper

A sheet of transparent graph paper or millimetric paper isplaced over the plan,
and the squares are counted to deduce the area.

B With Smpson’srule or the trapezium rule

Theareaissubdivided into aseries of bands of the samewidth, the corresponding
ordinates are measured, and one or the other ruleis applied.

Example 2:

Figure C.4 shows an irregularly shaped area on a 1:500-scale plan. Calculate
the area of the upper part of the landfill using the graph method, the Simpson’srule
and thetrapezium rule.

Y7 Y6 Y5 Y4 Y3 Y2 Y1

~. -

2

FigureC.4
Calculation of area using the graph method
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Solution
a. Graph method

The transparent millimetric paper laid over the plan has squares measuring 5
millimeters per side and therefore each square represents an area on the ground of:

(5 x500) mm? = 25x 0,25 m? = 6.25m>
Area = (6.25 x number of squares) m?

= 6.25x89

= 556.25 m2

b)  Smpson’s rule and the trapezium rule

We take the straight line marked xx as the base line and every second vertical
line of the graph paper asan ordinate Y —of which therewill beseveninall (Y, toY.).
Thelengths of these ordinates, read on scale, are 16 m, 18.3m, 20m, 22.5m, 23.8 m,
15.3 mand 0 m, and their separation is5 m along the base line.

Using Simpson’srule:

Area = %[16 + 0+ 2(20 +238) + 4(18.3 + 225 + 15.3)]

- 546.67 m?2

Using thetrapeziumrule:

Area = 5(162Jr 0

) + 183 +20 + 225 + 238 + 153
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APPENDIX D

Design of a manual sanitary landfill

Examples of calculations

D.1 Example 1. Calculation of daily generation of waste

Find the daily quantity of solid waste produced by the 40.000 inhabitants of a
city whose production per capitais estimated at 0,5 kg/cap/day.

Swd
Swd

Pop x ppc
40,000 x 0.5 = 20,000 kg/day = 20 t/day

If the landfill is to operate six days a week, how much waste will have to be
processed every working day?

SWd working day =

! X 20 23 3t/day

D.2 Example 2. Calculation of required landfill volume

The municipal administration of a city has a project to construct a sanitary
landfill asasolutionto thefinal disposal of itswaste. Theinformation needed prior to
site selection isthe amount of waste produced, required volume of thelandfill, and the
required area. Thefollowing informationisavailable:

B Population intheurban area 30,000 inhabitants
® Population growth rate 2.6% per year
m \olume of solid waste collectedinthe collection vehicle 252 m®/week
® Coverage of the solid waste collection service 90%
® Density of the solid waste
In the collection vehicle (not compacted) 300 kg/m°
Recently compacted at the manual sanitary landfill 450 kg/m°

Stabilized in the manual sanitary landfill 600 kg/m >
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Solution

For easier handling of theinformation, Table D.1 will be used to summarizeall
thefindings. The column numbers mentioned in thistext thereforerefer to Table D.1.

D.2.1 Population projection
Geometric growth will be adopted for the cal cul ation of the popul ation projection

with arate of 2.6% per year (equation 5-1), to estimate the needs of the next 10 years,
column 1.

Year
P, = P (+n) =
P, = = 30,000 1
P, = 30,000 (1 + 0.026) = 30,300 2
P, = 30,000 (1 + 0.026)2 = 31,580 3
Pig = 30,000(1 + 0.026)2 = 37,796 10
D.2.2 Production per capita
Production per capitais estimated applying equation 5-2.
_ SWeoll/wesk 252m ®/week 300 kg/m®
PPC = “Bopx7xCov ~ 30,000inhab x 7 daysiweek x 0.9

ppc, = 0.4 kg/cap/day (first year)

It is estimated that production per capita will rise 1% each year. So for the
second and the third year it will be:

ppc, =  ppc, + (1%) = 04x(1.01)
ppc, = 0404 kg/cap/day

ppcg =  ppc, +(1%) = 0.404x(1.01)
ppe, = 0.408

and so on, to calculate the ppc for more years (column 2).
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D.2.3 Quantity of solid waste
Thedaily production is cal cul ated using equation 5-4 (column 3).

swy =  Pop x ppc = 30,000x0.4%

SW 12,000 kg/day

The annual production is calculated multiplying the daily production of solid
waste by the 365 days of the year (column 4).

_ 12,000 kg 365 days 1ton _
= = 4,380
SW_ a day X year X 1.000 kg ,380 t/year

D.2.4\blume of solid waste

B Volume of annual waste, compacted (equation 5-6, column 8). With adensity of
450 kg/m,, dueto the manual operation.

12,000 kg/d
Vannual compacted = SWand X 365 :W;}r/n?y x 365 dayslyear = 9,733 m®/year

W msl

B Volume of stabilized annual waste (equation 5-6, column 10). We take the
estimated density of 600 kg/m,, for the calculation of volume of the sanitary
landfill.

SWarn 12,000 kg/d
Ve skiized =gy X 365 = W?nlfy x 365 dayslyear = 7,300 m3/year

B Volumeof sanitary landfill stabilized. Comprising the stabilized solid wasteand
the cover material.

. Cover material. The earth needed to cover the recently compacted waste,
calculated as 20% of the volume of recently compacted waste (equation
5-7, column 9), thus:

cm=V x 0.2=7,300 m*/year x 0.2 =1,947 m° of earth/year

annual of compacted waste
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B \blume of sanitary landfill (equation 5-8)

Vg = Vannua stabilized X C.M = 7,300 m3/year + 1,947 = 9,247 md/year

Notethat column 10 presentsthefill volume accumul ated annually, which enables

ustoidentify theuseful life of thelandfill by comparing it with the volumetric capacity
of the site.

D.2.5Calculation of the required area

Calculation of thearea to befilled. Using equation 5-9, assuming an average
depth of six meters, the area requirements will be:

Inthefirst year

3
Ag = \h/i - 9'2‘%“ lyear _ 1 541 m2 (0.15 ha)

Inthethird year
3
Ag = -2B103M° _ 4794 m2 (0.48 ha)

6m

In column 13 the arearequired for 2, 3, or more years will be seen, working

from the data gathered in column 12.

. Calculation of the total area. An factor of increase (F) is used for the
additional areas (column 14). In this case, a 30% increase is assumed.

Thus
For the first year
AT =Fx ASL = 130x1541m2 = 2,003 m? (0.2 heb)
For three years of useful life:

A; = 13x4,794 m = 6232m2 (0.62ha)

6

1ha = 10,000 .
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D.3 Example 3. Calculation of the volume of a trench

A municipality hasaflat piece of land on which to construct amanual sanitary
landfill using thetrench method. To open thetrenches, abackhoewill be rented which
has aproductivity of 14 m3/hour of cut.

B Find the volume of a trench and its dimensions for a duration of 60 days.

B For how many days should the machinery be rented?

Basic information

Population to be served 30,000 inhabitants

ppc 0.4 kg/cap/day

Coverage of waste collection service 90% of the population
Solution

B Quantity of solid waste produced

: 0.4 kg kg
=P = 30,000inhadbx ———= = 12,000 —=
SWp 0op X ppc , inhab x caTday , day
B Quantity of solid waste collected
SWeoll = SWpxCov = 12000-K2 x 090 = 10800 -9
coll = pxCov = , W X 0. = , d—ay

| Volume of the trench

If the cover material isestimated at 20%, the useful life at 60 days, and density
at 500 kg/m3, then:

v, . X SWecoll x c.m _ 60 days x 10,800 kg/day x 1.2 - 1555m3
Swmdl 500 kg/day

That is, to deposit the solid waste of one day, it will be necessary to excavate
1,555/60 = 26 m 3
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Fotoss

100 m }

Circulation of collection vehicles

100m
88m

Figure D.1
Trench layout and distribution in the site

| Trench dimensions

hz = depth = 3m
w = width = 6m
I = length = ?
Therefore:
hz = 3m
w = 6m
I = 86m
B Machinery time
Vv 1,555 m3
foo = —2 = m = 139 = l4days

RxJ 14 m3/hour x 8 hours/day

This means that to make the trench completely ready, fourteen days will be
needed to excavate it. However, it should be noted that at least five days before the
trenchisfilled, the equipment should be brought to the site to open anew one. Good
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scheduling of the use of the machinery must be maintained, to ensure that thewasteis
disposed of without delay.

D.4 Example 4. Calculation of the useful life of a trench landfill

The siteisrelatively flat and has an area of 2.3 hectares. We need to find out
how long the sanitary landfill will last if trenches like those calculated above are
excavated, 86 meters long.

Solution

After reserving 0.3 hectares for complementary works, 2 hectares remains to
befilled. Each trench has aone-meter separation from the next one: So,

Since each trench occupies 6 meters, plus a meter of separation —that is, a
total of 7 meters— the number of trenchesin one hectare will be:

Number of trenches= 100/7 = 14.2o0r 14

If each trench has a useful life of two months, the 14 trenches will last 2.4
years. The site should measure 2.5 hectaresiif it isto have the required useful life of
five years.

The trench method can be combined with the area method to make full use of
theland; that is, the sanitary landfill is raised some meters above the original ground
level by constructing embankments of waste and earth, making use of the surplus
earth from the excavation (80% in this example).

//'-’- —{= fE=f— @ =} np—f-

Figure D.2
Layout in a stretch of abandoned highway
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Volume of an area method sanitary landfill
D.5 Example 5. Calculation of volume using Simpson’s rule

Let us assume that there is a manual sanitary landfill project in a stretch of
abandoned highway, with cutssimilar to those shownin thefigure. Wewill also assume
that levels have been taken on transverse axes every 100 meters, with an average
height of 8 meters.

The landfill will have awidth of 6 meters at the bottom, avariable gradient in
each stretch, and thefollowing:

Abscissa (m) 0 100 200 300 400
Cross section (m?) Aq A, Aj Ay As
Gradient (n) 1.2 11 13 11 1.2

Average height at axis  8m
Thelargest base of the trapezium will be:

Width of landfill surface
in each abscissa (w = 6)

(w + nc + nc) meters
[ 6+ 2(nc) ] meters

Therefore, the area of the section in each abscissa (trapezium) will be:

_[6+2(c)]+6 xC

5 (6+nc)xc
Areaat 0 = (6+2x8)x8 = 176 m?2 A
100 = (6+1x8)x8 = 112 m?2 A2
200 = (6+3x8)x8 = 240 m?2 A3
300 = (6+1x8)x8 = 112 m?2 A4
400 = (6+2x8)x8 = 176 m?2 A5

Applying Simpson’ srule (equation 5-17):

100
Volume = —3— [ 176 + 176 + 2 (240) + 4 (112 + 112) ] = 57,600 m3
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D.6 Example 6. Calculation of volume using the prismoid rule

The Figure shows amanual sanitary landfill project in alarge ditch, of which
thefollowing dataare known:

I. length of ditch 100m
. width of lower base 6m
iii. initid depth 8m
iv.  final depth 5m
V. slopes 11

Calculate the volume of thelandfill using the prismoidal formula:

"t . —Ad

Figure D.3
Sanitary landfill in a large ditch

Solution
I. SectionAy:

width of the base = oem

total width = (6+2c)m

depth at axisc = 8m

Therefore, total width = 6+16)m = 2m
. Section A,

width of the base = oem

total width = (6+20)

depth of axisc = 5m
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D.7

Therefore, total width

6+10)m = 16m

Mid-Section M:

width of the base = 6m

total width = (6+2c)m

depth of axisc = average depth in A { and A,
= % (8+5)m
= 6.5m

Therefore, total width = 6+13m = 19m (average of the widths

inA;and Ay)

Area of the sections and trapeziums

Ap = %(6+22)x8 = 112m?

A, = %(6+16) x5 = 55m?

M = %(6+19) x65 = 81.25m2

100
Volume = —g= [112 + 55 + 4 (81.25)] = 8,200 m3

Example 7. Volume from the extreme areas

Using the same data provided for the previous example, we have:

Ai+A, xd
V %(m%
Aq = 112 m?2
A, = 55 m 2
d = 100 m

Hence, the volumewill be:

volume = 22220 % 100(m) = 8350m?

Note that the result is approximate.
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D.8 Example 8. Wblume calculated from a grid

TheFigure showsasmall part of agrid. Theareashould befilled to the elevation
of 100.0 metersto obtain the final surface. The slopeswill be considered vertical.

The solid with its base in each square of the grid isatruncated vertical prism.
That is, a prism whose bases are not parallel.

10m

Final surface

91 93 94

FigureD.4
Embankment in the form of a truncated vertical prism

Volume of each prism = average height x area of the base

The average height of each truncated prism below the elevation 100.0 miis:

prism 1 = (9+7+8+8) / 4= 8m

prism 2 = (7+6+8+7) [/ 4= m

prism 3 = 8+8+7+9) / 4= 8m

prism 4 = 8+7+9+8) / 4= 8m

Area of the base of each truncated prism = 10X 10 = 100 m?2

Therefore :

Volumeof 1 = 100x 8 = 800 m3
2 = 100x 7 = 700 m 3
3 = 100x 8 = 800 m3
4 = 100x 8 = 800 m3

Tota availablevolume = 3,100 m 3
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Thevolume can aso befound asfollows:
Volume = average height of the landfill x total area

The average height of the landfill is the average of the average heights of the
prisms and not the mean of the heights at the bench marks.

Average height of thelandfill = (8+7+8+8)/4 = 7.75m
Tota area = 20x 20 = 400 m?2
where:
Total volume = 7.75 x 400 = 3,100 m3
Point of the grid Height to project Number of times Product
level used

A 9 1 9

B 7 2 14

C 6 1 6

D 8 2 16

E 8 4 32

F 7 2 14

G 7 1 7

H 9 2 18

| 8 1 8

Addition 16 124

Observing thisprocessin detail, we seethat level A wasused only onceto find
the average height of thelandfill, level B twice, and E four timesin all. Consequently,
the average height and the volume can be found in the simplest way tabulating the
operationsasin the previous Table.

The heights at the bench marks are tabulated in column 2 and the number of
times used are tabulated in column 3; column 4 lists the products of the numbers of
columns 2 and 3; the mean height is found dividing the sum of column 4 by that of
column 3.

124/ 16 m
7.75 m as before

Mean height of the landfill
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D.9 Example 9. Volume found from contour lines

The procedure consists of determining the existing capacity of the site, between
the horizontal planes of the waste banksthat can be built on theterrain, for whichitis
necessary to calculate the horizontal areas, obtain the average of the sum of the
areas, and multiply them by the difference of height between the horizontal planes.

Therefore, the volume of thelandfill isfound by the equation:

V = %L(Ac+A)h+%(A1+A)h+ ... +% (Ah—1+Aph
+

Vo= {M FAL AL+ o + An—1} h

Procedure;

1 A plan of thesiteisdrawn using ascale of 1:250, 1:500 or 1:1.000, depending on
the size of the site, with the contour lines of each meter.

2. The topography of the site is drawn, after the initial preparation and the final
topography of the sanitary landfill, making sure of the gradient of the surface (2
to 3%) to facilitate rainwater drainage.

3. A horizontal axisis traced at the appropriate point and then the terrain is cut
with the horizontal planesAg, A1,A5, As.....and An, with aheight (h) between
them. The recommended distance between the horizontal planesis 3, 5, 10 or
15 m, depending on the size of the site.

4. Areas Ay, Aq, Ay, As..... and A, are calculated, using the initial and final
topography maps and the maps showing the advance of the landfill stages.

5. The volumetric capacity of the siteis calculated, using equations 5-19, 5-20,
5-21 or 5-22, taking the areas calculated in point 4.

D.10 Example 10. Calculation and design of the daily cell
For the same population of 30,000 inhabitants, with a production of 12 t/day

and a 90% coverage of the waste collection service, calculate and design the daily
cell in the manual sanitary landfill, assuming that this operates six days a week.
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Original topography of the terrain

4|8°

Scale (Reduction)

Horizontal  1:1000
Vertical 1:200

a: distance

Section Ai

Ai, = 12(0 +5)a, + 12(5 +10)a, + é (10 + 15)a, + é (15 + 20)a,

Figure D.5
Plant and profiles of the terrain and landfill for calculation of the volume
from the contour lines or horizontal planes
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Solution

A.  Theamount of waste produced, which will go to the sanitary landfill iscalculated
using equation 5-31.

SWyg = SW, x—)7( = 12,000 kg/day x %z 14,000 kg/working day

However, aswe know, only 90% of the solid waste actually reachesthe landfill.

swe = 14000 — <9 4090 = 12600 — K9
working day working day

B. Thevolumeof thedaily cdl isfound with equation 5-32, bearing in mind that the
cover material is 20% of the volume of the recently compacted waste, whose
density in this case is estimated to be 450 kg/m3.

Ve = i\:\::] X cm = % x 120 = 33.6 m3/ working day

C. Thedimensionsof the cell arefound inthe example by fixing the height of the
cell at one meter. So, the areawill be equal to:

Ve 33.6 m3 :
— f— g 2
Ac = he = 1 33.6 m?4/ working day

The length or advance of the cell will be subject to the normal variations in
entry of waste, while the width, in this case, can be kept at 3 meters, which is a
suitable width to enable the vehicle to discharge the waste:

Ac 33.6 m?
= W = 3m = 112 m/day
Therefore:

| = 112ma = 3mhc = 1.0m
A sguare section can also be chosen:

| = 58ma = 58mhc = 1.0m
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D.11 Example 11. Calculation of labor

For 12,600 kg/day, in each of the 6 days that the sanitary landfill is working,
with aworking day of 8 hours, considering 6 effective hours of work per day, how
many workerswill be required assuming theyields proposed in Chapter 5, point 5.12

Solution

Daily cell = Volume of solid waste + cover material (20%)

Volumeof SW =

Volume of earth

12,600 kg/day
450 kg/m 3

x 0.20
day

= 28m3/ day

Volume of daily cell = (28 + 5.6) m3/day = 33.6 m3/day (hc = 1.0 m)

Now, according to the various operations and productivity figureswe have:

Operation Productivity Man/day
Waste movement 12.6 t/day 1 221
0.95 t/hr—man 6hr
Waste compaction 33.6 m? 1 0.28
20 m2/hr—man 6hr
Earth movement 5.6 m3 1 252
0.37 m3/hr— man 6hr
Cell compaction 33.6m?2 1 0.28
(20) m2/hr—man 6hr
Total men 5.29
Sanitary landfill 12.6 t/day 5men 2.5t/man/day

The above meansthat this sanitary landfill can be operated with atotal of five
workers (equal to aproductivity of 2.5 t/man/day). Asnoted, the number of workers
depends on how close the waste discharge point and the cover material discharge
point are to the working face; it also depends on the climate (rainy season); and,

naturally, on the quantity of waste received at the landfill.
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It must not be forgotten that supervision plays akey role, both in the effective
operation of the sanitary landfill and in the productivity of theworkers.

D.12 Example 12. Calculation of costs®

We need to find out the investment, operating, and maintenance costs of a
manual sanitary landfill, and also to establish the tariff for users. The sanitary landfill
will receive 12 tons of waste daily, from Monday to Saturday, in a Site estimated to
haveauseful life of 9 years. Thefollowing information isavailablefor the analysis:

D.12.1 Investment cost (US$)

B Studiesand designs (contract with consultant) 4,000
| Purchase of the land 8,000
Site preparation and complementary works 7,000
Total investment costs US$ 19,000

D.12.2 Operating and maintenance expenses
B Labor

It has been determined that 4 workers are required, with a salary of US$
90.00/month each, and abenefitsfactor of 1.6; and 20% of the salary of a supervisor
at US$ 150/month.
B Other operating expenses

Materia (stone for drains, wire, tools) US$ 300/year

Rental of track-typetractor (excavationsand internal roads), 20 hours, twicea
year at US$20/hour.

Solutions

Solution to D.12.1 (Calculation of the unit cost of capital recovery [cu] for a
period of 9 years, with interest of 20% p.a.):

6  Costsare calculated in US$ dollars.
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Using equations (9-4) and (9-5):

Cc = Gi(FRC) = Gt |
- (1+i)
0.20
Cc = 19000 x ———%
1-1/(1.2)
Cc = 19,000 x 0.248079 = 4,7135 US$lyear

Annual productivity will be:

R - 3393 o 5 U _ 3756 L
year day year

So:

annual amount of capital recovery  4,713.5 USHlyear

(Cu) = tons disposed of per year © 3,756 tlyear

=125 U%/year

Solutionto D.12.2. Calculation of the unit cost of operating and maintenance (cuo):

D.12.2.1 Labor costs, equation (9-6)

B Direct = 4x12x 90x 16 = 6,912 US$Hlyear

B Indirect = (1 x 12x 150 x 16) x 0.2 = 576 US$Hlyear
L abor subtotal = 7,488 USSlyear

D.12.2.2 Other operating expenses (Ch + Cm)

B Material and tools = 310 USHlyear

B Equipmentrenta = (20 x 20) 2 = 800 US$Hlyear
Subtotal other operating expenses = 1,100 US$lyear
Total operating and maintenance costs (Cao) = 8,588 USHlyear

Total operating and maintenance costs 8,588 USHyear
Tons disposed of per year ~ 3,756 tlyear

(CUO) = = 229 U%/t

The total unit cost will be: C; = 1.25 + 2.29 = US$ 3.54 per ton.
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D.12.3 Calculation of tariff
D.12.3.1 Tariff with recovery of capital, plus operating and maintenance costs

Cost of providing the service, when aloan isreceived and the debt service has
to bepaid for out of tariff collection.

B Unit cost of recovery of capital pert = 1.25 US$H/t
B Unit cost of operating and maintenance = 2.29 USHit
Total to be recovered = 3.54 USHit
t days t
Amount of waste collected per month = 12— x 26 = 312
day month month
Monthly cost for final disposal = 312mor:th X 3'54U_t$ = 1,104.5ﬁ

month

If every household (user) averages five members, who each produce 0.5 kg/
day of waste, and bearing in mind that 12 t/day are collected 6 days aweek, the daily
production of wasteisasfollows:

Daily production of waste = 12,000 x % x—$ = 10,250 kg/day
Then, the number of usersis:
No. of users = 10,250 kg/day : = 4,100 households (users)
= kg <5 inhab
"~ inhab/day house
o
. 1,104.5 US$/month
Monthly tariff per user = 4100 Ua'S = 0.269 US$H/user/month

D.12.3.2 Tariff based on operating and maintenance costs

The cost of providing the service, not including the debt service in the tariff
(only the operating and maintenance costs are included):

Unit cost of operating and maintenance = 2.29 USHit
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Monthly cost of final disposal = 312nTr:th X 229 US$ =714.5 US$H/month

714.5 US$/month

4,100 USSrS = 0.174 US$user/month

Monthly tariff per user =

D.124 Municipality's annual budget allocation
The municipal administration should allocate from its budget an annual sum of:

B Annual amount for debt repayment 4,713 US$Hlyear
B Operating and maintenance costs 8,588 USPHlyear

Total annual allocation 13,301 US$lyear
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APPENDIX E

Problems resulting from inadequate solid waste management
Press Reports

Every now and again, the local and international press publish reports about
diseases or epidemics, under surprising and disconcerting headlines. Wetend to forget
that non-sanitary conditions breed the vectors which cause these diseases. A selection
of press articles are quoted below:

? “El Heraldo” —Mexico: “GarbagePiling Up In Residential Ared’. Huixquilucan,
Mexican State. In the middle of a residential area where a plot of land averages
US$350 per square meter, thereis ahuge garbage dump, with itsfoul odors, harmful
vermin, and toxic fluids spilling out only a few meters away from the houses.
Householders have to keep their doors and windows closed 24 hoursaday. Saturday,
September 27, 1997.

? “El Heraldo” — Mexico: “PAHO Decides To Intensify Its Fight Against
Hantavirus’. Washington (Reuter). The Pan-American Health Organization has
decided to intensify its fight against hantavirus (a non-curable disease), which is
transmitted by mice and which has surfaced in Argentina, Chile and Paraguay [...].
“We are tremendously concerned”, stated Alex Figueroa, Chile’'s Health Minister,
where 27 persons have been infected by the virus, 14 of whom have died.

Sinceit first appeared in South Americain 1992, there have been 122 cases of
hantavirus pulmonary syndromein Argentina, with adeath toll of 48; and 35 casesin
Paraguay, with 13 deaths, said PAHO. Brazil, Bolivia and Uruguay have reported
sporadic cases. The hantavirusis carried in the rodents' urine, saliva and excrement
and it istransmitted to human beingsthrough theair, normally indust particles. Saturday,
September 27, 1997.

? “ El Colombiano” - Medellin, Colombia. “Mysterious Epidemics Sweep Through
Latin America’. Miami. Editing Bureau (Reuter). Mosquitoes and rats have become
the animals posing the greatest health hazardsfor peoplein Latin America, awildlife-
rich continent. This statement will seem strange to those who associate the region’s
tropical jungles and savannas with pumas, tigers and poi sonous snakes, but not to the
hundreds of Latin Americans who suffer from inexplicable ailments involving
hemorrhages and diarrhea, on adaily basis.
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The latest outbreak of strange viral diseases of unknown origin occurred in
Nicaragua, where an ailment produced by a yet to be identified virus (highly
transmissible) has so far claimed thelivesof at least 12 people. People affected by the
disease show symptoms similar to those of hemorrhagic dengue: high fever, headaches,
and muscle and joint pains, aswell as rapid hemorrhaging [the diseaseis assumed to
be transmitted by rodents).

Three decadesago in Bolivia, it was also rats that carried the mortal Machupo
virus, which left adeath toll of approximately 100.

? “Strange Outbreak In Peru”. In Peru, 137 personsin aremote villagein northern
Peru had to receive medical treatment this week, as they were affected by a strange
epidemic outbreak. Bagua Province' s Director of the Territorial Health Unit reported
that the disease, with symptoms including diarrhea, was located in the village of
Tolopampa. “It isarare epidemic outbreak. We fear that it may be awidespread viral
infection|...], otherwiseit could be para-typhoid”, explained the physician.

Last month, Venezuelaand Colombiareported the outbreak of another strange
hemorrhagic disease which produced high fever, and which turned out to be equine
encephalitis, transmitted by the so-called “ super-mosquito.” Dozens died from the
disease, most of them children. Meanwhile, the Aedes aegypti mosquito continuesto
transmit dengue to thousands of peoplein countries near the Equator.

PAHO expertshavelinked the increase in unknown ailmentswith theinvasion
of jungle areas, dropping sanitation levels, and lower levels of investment in healthin
the region. October 29, 1995.

? “El Heraldo” - Mexico. “Two Cases Of Encephalitis Confirmed In Florida’.
Melbourne (Reuter). Two casesof St. Louisencephalitisin human beings have been
confirmed in the State of Florida, announced health officials in the United States
[...].Hedlth authoritiesin the State of Florida, which obtainsalarge part of itsrevenues
from tourism, issued amedical alert two months ago dueto the threat of encephalitis,
a alevel similar to that of 1990. At that time, there were 226 persons infected, of
whom 11 died. The aert was issued after it was discovered that several animals
exposed to mosquitoes were affected by the disease [...]. Symptoms include fever,
headache, tense neck muscles, dizziness, disorientation; and in the worst cases, death.
Normally, thisvirusisfirst spotted in wild birds, and it istransmitted to human beings
by mosquito bites. Saturday, September 27, 1997.

? “El Tiempo” - Bogota, Colombia. Geodatos. “What Is The Black Plague?’
Plagues, responsiblefor more deaths during the past millennium than wars, continue
to cause panic throughout theworld. Thousands of peoplefled Surat, in India, when
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pneumonic plague affected thisport city last September. Pneumonic plague, ahighly
contagious pulmonary infection, can kill aperson within three days. Bubonic plague,
slower and less mortal, attacks the body’s lymphatic system. These two plagues
devastated Europe in the 14" century.

The plague arrived in the Old World in 1347. In only five years it killed 25
million people. In those days it was known as the Black Death, because the victims
skinturned very dark. Originating in Asia, the Black Desath killed 50 million Europeans
up to 1771 [...]. Produced by the Yersina pestis bacteria, the plague is frequently
transmitted to human beings by fleas from infected rats.

In the United States an average of 15 cases occur every year, mostly in the
Southwest, among the aboriginal inhabitants. But at |east 50 people died during the last
epidemicinindia [...] Originating in Y unnan, China, in 1855, the plague had reached
Hong Kong by 1894. It took only six years for the plague to spread throughout the
entireworld, carried by merchant ships. National Geographic Society, 1994.

? “ El Colombiano” - Medellin, Colombia: “ The Rebellion Of The Rats”. Silent
Invasion In Santafé de Bogota. A small beast with dusky eyes, thick hair and very
strong teeth is having the time of itslife in Santafé de Bogoté. Rats are invading the
city, especially places where the garbage collection service does not work aswell as
it should[...].

The proliferation of ratsin certain areas of the city ismainly dueto thefact that
garbageisnot picked up ontime; and whenit is, residents are not cooperating, because
afew minutes|later the streetsare again filled with bags of trash. All of thisis compounded
by the sporadic garbage collectorswho have turned empty lots and cornersinto garbage
dumps, without the residentsbeing ableto do anything about it. [...] Situationsinvolving
rats attacking and disfiguring newborn babies are more common than many people
may imagine. Between 60 and 100 attacks on human beings are reported each year
only in the Capital District. Even so, the problem continues and is on the increase,
because of the scanty cooperation of the public, who fail to understand that lack of
proper hygiene and poor waste management are the main causes of the proliferation
of largerodentsin thecity. Thursday, April 13, 1995.





