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EVALUACION DEL CURSO
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3. ') "GRADO DE ACTUALIZACION LOGRADO EN EL CURSO

—

"4, | CUMPLIMIENTO DE LOS OBJETIVOS DEL CURSO

5. | CONTINUIDAD EN LOS TEMAS DEL CURSO

G. |- CALIDAD DE LAS NOTAS DEL CUSO

-..7.--| "GRADO DE MOTIVACION LOGRADO EN EL CURSO
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1.- &Que le parecid el ambiente en la Divisién de Eduacién Continua?
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3.- Medio de transporte utilizado para venir al Palacio de Mineria
AUTOMOVIL
. . PARTICULAR B

“ QTRO" MEDIO

1
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4.- iQué’cambios haria en el programa para tratar de perfeccionar el curso?
'

SI NO

5.- iRecomendaria el curso a otras personas?

6.- iQué periddico lee con mayor frecuencia?




7.- {Qué cursos le gustaria que ofreciera la Divisién de Educacién Continua?

L

8.- La coordinacién académica fué:
) EXCELENTE _ BUENA

REGULAR ' PooMALA T

9.-"Si estd interesado en tomar algln curso INTENSIVO iCua! es el hoFario
inds .conveniente para usted?
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SABADOS DE 9 a 13 H.
DE 14 a 18 H.

10.- iQué servicios adicionales desearia que tuviere la Divisién de Educacion
. 7 Continua, para los asistentes?

11.- Otras sugerencias: . _ '
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The cells are designed based on the quantity of wastes requiring disposal. The basic
elements of a cell are:

* height

+ length

« width of working face

* slope of side walls

« width of daily cover

* height of finished fill

The height of a cell is a function of the quantity of waste, thickness of daily cover,
stability of slopes, and degree of compaction. As the height decreases, the need for cover

material for the entire fill increases. Typical heights vary between 2 and 4 m.

The minimum width of the cell or minimum working face depends upon the type of
vehicle used. Itis generally recommended that the minimum width be about 2 to 2.5 times the
width of the blade used for building the cell. Recommended cell widths as a function of

guantity of waste are given in Table 5-1.

The width of the cell or working face also is impacted by the maximum number of
vehicles arriving at the peak hour. The width of the working face (in meters) can be calculated

_-by muitiplying the maximum 'number of vehicles arriving at the peak hour by 4.

The slope of the cell is the inclined plane upon which the wastes are distributed. The

maximum recommended slope is 1:3. '

The trench method only has one working face. On the other hand, the area and

combined methods may have two working faces.



Table 5-1. Recommended Cell Widths as a Function of Quantity of Wastes

Quantity of Traxcavator " Bulldozer Front-End Loader Minimum Wic

Wastes (TPD) (HP) (HP) (HP) Blade Width (m) of Cell {m)
"20-50 - <70 <50 <100 up to 4.0 8
25-130 - 70-100 80-110 100-120 upto &5 | 10
130-250 100-130 110-150 120-150 up to 6.5 12
250-500 | 130-190 150-180 150-190 upte7.5 - ' 15

5-6



5.1.2.1. Trench

As the name implies, the trench method involves the excavation of a trench into which
the waste is disposed, i.e., spread and compacted (Figure 5-4). The waste is deposited on the
slope of the trench (slope 1:3). The excavated material (spoils) serves as cover material.
Spoils not used for the daily cover is stockpiled for later use in a subsequent area fill that might

be constructed on top of the completed trench fill.

Sidewall stability is a critical factor in trench designs. Sidewall stability is a function of
the chafacteristic strenéth of the soil, depth of the trench, distance between trenches, and
sIopé of the sidewall. Maximum depth and steepness of sidewall slope are compatibie with
clays, glacial till, or other ﬁne-grainéd, well-graded, consolidated soils. Weaker soils require
gentler sidewall slopes. Other factors that may affect soil stabflity and permissible steepness of

sidewall slope are the weather and the length of time the trench is to remain open.

Because a suitable distance should be maintained between the bottom of the fili and
the groundwater table, compatibility with groundwater safety places another constraint on

trench depth.

Since the amount of required cover material is a function of width of trench,
thecretically the trench should be as narrow as is possible. However, because width must be
adequate to permit dumping and accommodate the ;:ompaction equipment, feasibility
(practicality) demands that the trench be sufficiently wide 1o accomﬁodate the number and
types of vehicles that use the ﬁil. Generally, the indicated width is twice that of the largest

piece of equipment that will work in the trench.

Depending upon the projected size of the fill, excavation may either be done

continuously at a rate adjusted to landfilling requirements, or periodically on a centract basis.

5-7



Figure 5-4. Canyon Fill



Alignment of the trenches relative to the prevailing wind exerts a significant influence on
amount of blowing litter. The alignment most effective in terms of reduction of amount of

"blowing is one that is perpendicular to the prevailing wind.

To ensure drainage, the bottom of the trench should be sloped away from the active fill.
Water that may collect at the bottom of the trench should be pumped out of the trench,
because refuse should not be deposited on standing water. Surface water can be diverted

from the trench by constructing temporary berms on the sides of the excavation,

5.1.2.2. Area

Unlike the trench method, the area method involves no excavating (Figure 5-3).
Instead, a layer of waste is spread and compacted on the surface of the ground (on the
inclined siope). Cover material is then spread and compacted over the layer of waste. The
area method is used on flat and gently sloping land. It can be adapted to quarries, strip mines,
ravines, valleys, canyons (Figure 5-4), other land depressions, and excavations made for the

tandfill,

5.1.2.3 Ramp

The ramb or progressive slope method consists of spreading and compacting the solid
waste on a slope, as is illustrated in Figure 5-5. Cover material obtained diréctly in front of the
slope is spread and compacted over the compacted waste. Because it does not involve the
importation of cover, the ramp method promotes greater efficiency of site usage only when a

single lift is constructed.

5.1.2.4, Combination

Both the area method and the trench method might be used if the site has varying
thickness of topsoil and receives a large amount of wastes. The trench method would be used

where the topsoil layer is thickest. Spoil not used for cover on the trench fill would be reserved
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for the area fill. Through the use of the area method and stockpiled cover material, additional

lifts (layers) can be constructed upon a completed lift.

5.1.3. Covers
The main aspects of the design of a cover are its individual layers. The schematic in

| Figure 5-6 shows eight different layers that can be considered.

The most basic design of a final cover contains two layers: 1) the surface layer, and 2)

* the hydraulic layer.

In a developing country, it is advisable to use a thickness of 60 cm for the surface layer
and 20 cm for the hydraulic barrier. This design would be acceptable in areas with high

evaporation and low rainfall, (i.e., warm and dry) and it is depicted in Figure 5-7.

In other climates and where situations demand additional protection such as with a

humid climate, it may be necessary to include other layers.

In order to prevent the downward flow of water, the cover must be designed such that
the major fraction of rainfall and melting snow become run-off. This can be accomplished by
building a cover having a slope between 1% and 2%. This inclination promotes flow off the
cover and at the same time reduces erosion. Erosion also is reduced by esta‘blishing
vegetation. Vegetation, in turn, promotes evapotranspiration (moisture form the soil is released
to the atmosphere through uptéke and evaporation. Thus, slope and vegetation play an

important role in the performance of the cover.

In a basic design, the hydraulic barrier is below the vegetative support. The hydraulic
barrier essentially is the first component of the cover specifically designed to prevent the

passage of liguids into the waste.
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In the event that the layer of top soil (vegetative support) does not have a sufficiently
low permeability to prevent percolation, then the waste will be subject to infiltration and thus the
potential. generation of leachate. Infiltration can be substantially reduced by the incorporatioh
of a lateral drainage layer above the hydraulic layer as shown in Figure 5-6. The introduction of
the drainage layer into the design brings about additional degrees of safety, compiexity, and
cost. All of which may not be acceptable to a less developed country. This is because the
drainage must be accompanied by a filter zone. The filter zone consists of a layer of carefully
selected cohesionless soil. This layer, as its name implies, serves the purpose of preventing
downward motion (filtering) of small soil particles from th;e vegetative fayer into the drainage

layer. These particles would eventually clog the drainage layer.

Finally, if brush and tree growth is promoted and burrowing animals are present, it
would be necessary to include a biotic barrier. This barrier generally is located between the
fiter and drainage layers. The biotic layer is designed to prevént damage to the hydraulic

barrier due to tree roots or animals.

Surface (Vegetative) Layer: This layer is needed to protect the cover from erosion due

to wind and water flow. This layer should be made up of nutritive and dense top soil in order to
support plant growth. This material can be mixed with composted yard debris, sludge, or

animal manures.

Filter Layer: Any time fine soiis are placed above coarse soils there is potential for the
migration (pipiﬁg) of the fine soils into the voids of the layer of coarse grains. This
phenomenon results in the plugging of the coarse layer. Filter layers are used to remove fine
particles from infiltration and to allow upward flow of landfill gases. Soil or non-soil particulate

filters can be used. In the event they are not available, geotextiles may be used.

Biotic Barrier: The integrity of the hydraulic barrier must be maintained in the design of

the final cover. Plants and animals can perforate the hydraulic barrier and thus ruin the design.
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One method of contralling this potential problem is through frequent mowing and pruning the
ﬁl_ants and through the use of rodenticides. Another method of control is through the
installation of a biotic barrier. A biotic barrier consists of a layer of construction debris of

crushed rock of such size to prevent the movement of plants and animals.

Drainage Layer: The design of final covers should, in most cases, incorporate the
design of a drainage layer. The few exceptions would be in very dry areas where precipitation
is very low. The only purpose of this layer is to intercept the downward flow of infiltration and

to remove it before it can penetrate the hydraulic barrier.

A schematic of a drainage layer is shown in Figure 5-8. As shown in the figure, the layer
must slope in the direction of collection points on the perimeter of the landfill. The layer should

be made up of porous material.

Hydraulic Barrier: This is the most important layer of a final cover. The main function of -

the hydraulic barrier is to prevent infiltration of precipitation into the solid waste.

In industrialized countries, these barriers are made up of fine-grained soil carefully
compacted. The soil can be mixed with other materials such as bentonite clay and fly-ash in
order to attain the desired permeability. The success of the final cover depends upon the

maintenance of the hydraulic barrier's integrity.

The integrity of the hydraulic barrier can be impacted through three mechanisms:
chemical, mechanical, and environmental. Chemical impacts are the least troublesome and .
relate to vapors and gases. Mechanical impacts involve, primarily, damage due to construction
such as excessive overburdeh, high compaction, and coarse materials punctures.

Environmental impacts are those related to drying, Wetting, and root penetration.

Synthetic membranes can be used in place of soil as hydraulic barriers. These

materials can be prohibitively expensive for these applications in some less developed
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countries. if synthetic membranes are used, they must be properly protected from mechanical
damage (both during construction and maintenance) by installing adequate underlaymeht and
a protective layer such as sand on top.

Foundation Laver (Buffer): The foundation layer is designed to serve as a buffer

between the final cover and the wastes as well as to support the load from the cover. This

layer is made up of compacted coarse-grained soil placed on top of the uppermost waste lift.

One of the main concerns in the design of a final cover is subsidence or settiement due

"to decomposition of the wastes. Thus, one of the most effective means of protecting the

fouhdation iayer and therefore the final cover is by ensuring that the wastes are thoroughly

compacted.

Gas Control: Landfil gas (biogas) is a product of decomposition of organic matter in
the landfill. The gas is primarily composed of methane and carbon dioxide. The quantity and
composition of the gas depends upon a number of variables including: nature of wastes,

climate, and moisture content.

Gas control mechanisms typically utilize a porous layer placed as close to the waste as

possible. The layer may be part of a static or dynamic gas coilection system (See Section 6.3). -

5.1.4. Customized Methods

~ If the intention is to use sanitary landfilling for some specific purpose in addition to
wa§te disposal, it may be advisable to adapt ("customize”) the landfill design to fit both the
waste disposal and the desired use. Examples are topographical contodring, land reclamation
for agricultural use, strip mine reclamation, and gas (methane) recovery. Other uses are

discussed in Section 9.3.
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5.1.4.1. Topographical Contouring

An example of topographical contouring is the construction of a fill that becomes a hill
in a land area unrelieved by variation in elevation prior to completion of the fill. An advantage
of such an approach is more efficient usage of land area, i.e., more waste can be disposed

within a given area,

Basically, the completed fill would be a vertical series of more or less circular lifts
tapered to achieve the contour of a hill. The area method would be used in the construction of
the lifts. Permissible steepness of the slope is determined by the angle of repose of the soil
cq§er, the climbing capacity of the equipment, and the angle of slip (slide) and tip (roli over) of
the equipment when operating at normal loading. The design specifications should be low
enough to provide a comfortable margin of safety with regard to these items. In summary, the
maximum grade of the slope must be one at which several requirements (e.g., spreading,
compaction, covering) for a satisfactory fill can be met without endangering the safety of the

workers, and at which the eventual landscaping of the hill can be done.

It shouid be emphasized that constructing such a hill is difficult. Among the many
factors and items that intensify the difficulty are the following:

* ltis inherently easier to operate equipment on level ground than on a slope; and
certainly, equipment “wear-and-tear” is less.

= Even though the slope may be within the angle of repose, some slippage takes place
during normal operation. The slippage intensifies the difficulty of achieving the
degree of compaction required for the refuse and cover material.

« Blowing of litter is accentuated,

+ Abrasion of soil cover by wind and erosion by downflowing surface water during
rainfall easily reaches problem levels.

* To the usual problems encountered in establishing a vegetative cover on a

completed fil! (Section 9.3.) must be added those of planting and maintaining
vegetation on a hillside.
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5.1.4.2. Land Reclamation for Agriculture

Sanitary landfilling designed to accomplish land reclamation for agriculture combines
satisfactory waste disposal with very practical land reclamation. The approach is applicable to
a wide variety of situations. Examples are abandoned quarries, problem canyons, strip mined
areas, agricultural lands no longer workable because of excessive soil erosion, and other land

areas severely damaged through exploitation.

Despite the considerable diversity suggested by the preceding list of examplés, the

" method of'sanitary landfili followed in all cases is essentially the area method adapted to fit a
particular situation. Fo} nonworkable agricultural land, a single lift may be sufficient; whereas
several lifts wpdld be required for abandoned duarries, canyons, and exhausted strip mines. In
all cases, the depth of the final cover (i.e., of the topmost lift) should be such that piant roots do

not enter the buried waste mass before the wastes have been sufficiently stabilized. Required

depth and type of soil will vary with type of crop to be grown on the fill.

Measures must be taken to prevent or minimize unfavorable impacts upon the
environment which otherwise would be exerted by the landfill. Precautions against
groundwater pollution by leachate intrusion are the same as those applicable to all sanitary
landfills in general. Design concepts addressed to minimize or prevent adverse environmental

impacts from leachate generated are described in Sections 4.2 and 6.2,

Because of the safety hazards (fire apd explosions) associated with accumulations of
bicgas, steps must be taken to prevent or diésipate accumulations. In addition to the safety
hazard, accumulated biogas is likely to inhibit root development. An approach other than
simply dissipating the gas to the atmosphere, consists in recovering the gas and using it as a

fuel. Gas management is treated in Section 6.3.
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5.1.4.3. Reclamation of Aquatic Environment

Refuse is often dumped into rivers on the pretext that it is land reclamation. Solid waste
should not be disposed near potential sources of water supply. In some cases it may be
acceptable to rectaim marshes and areas with pockets of water with higher salinity. In these
situations, the water should be remerd or allowed to evaporate and the appropriate
evaluations carried out (geclogical, hydrological, etc). Consideration should be given to the

ecological conditions of the site.

5.2.. PROVISION FOR MATERIAL RECOVERY
5.2.1. Introduction

Since sanitary landfilling is the subject of this manual, the pr;sent section deals only
with material recycling (scavenging) done at the landfill site. This ;ioes not include scavenging
at the point of waste generatior:n, during collection, or during transport. Presently, the sequence

most commonly followed for scavenging at the disposal site is as follows:

1. Incoming refuse is dumped as usuai at or near the working face, i.e., immediately -
behind or at the foot of the working face. ,

2. Scavenéers sort through the dumped load.
3. Machinery spreads and compacts the residues from the scavenging activity.
4. The rest of the procedure is conventional landfilling.

5. The scavengers sort their materials into organized lots.

-

Although the coverage of scavenging in this section of the manual is restricted to that
which takes place at the disposal site, it does not affect fundamental arguments for and against
the practice as a whole. Typical materials recycled this way include unbroken bottles, any type
of metal, plastics, cardboard, paper products, textiles, and glass.

5.2.2. Associated Problems
Thé case for the necessity of scavenging must be strong enough to counterbéi_ance the

many objections that can be raised against scavenging at the site. These objections stem from
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the safety hazards to the personnel of both the scavenging group and landfill employees énd
from the interference caused by the scavenging activity that brevents the efficient conduct of
work at the fill. Scav'enging activities have severe negative impacts on the productivity of the
equipment and the efficiency of overall process. The hazards caused by the intermingling of
the manual scavenging activity and the equipment-oriented sanitary-landfilling activity increase
- when heavy equipment is involved, as is the case with landfills on a municipal scale.
Furthermore, scavenging results in delays and often interferes with compaction and application
of the soil cover. Therefore, the problem is essentially one of developing a safe interface

- between scavenger and landfill equipment that aliows for efficient operation of the landfill.

5.2.2.1. Designation of Scavenging Site

The problem of developing an interface between scavenging and efficient landfill
operation can be lessened or even eliminated by treating the scavenging 'activity as a first step
in a sequence of steps that make up the landfill activity. Such an approach makes feasible a
spatial separation of the two activities. Unfortunately, such a s'patial separation adds a step to
the overall operation. The step has two parts: 1) discharge the incoming wastes at the
scavenging portion of the disposal site, and 2) transfer the residue remaining after scavenging

to the burial site.

If the scavenging site is kept relatively close to the burial site, the transfer from the one
site to the other méy be done q-uick!y by means of a bulldozer. Such an arrangement would
demand that the scavenging site be movable. Of course, the two sites must not be so close as
to promote mutual interference between man and machinery. The scavenging area couid a}!so
be located about 1 to 2 km away from the working face. In this case, the waste to be disposed

could be transported by means of dump trucks.

A fixed scavenging site for the life span of the fill would be indicated when transfer by

bulldozer is no longer feasible. A fixed scavenging site would be neither feasible nor advisable
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for a small disposal site. Dedication of a fixed portion of the disposal site to iscavenging takes
on many of the characteristics and advantages of a transter station. For instance, scavenging
done in a fixed area can be sheltered from the elements (wind, rain, etc.) and an undesired
impact upon the environment can be avoided or minimized. The operation itself can be kept
more orderly and closely controlled, and abuses can be discouraged. Furthermore, efficiency
can be improved by including a certain amount of mechanization {(e.g., conveyor belts and
screens). Best of all, encounters between scavengers and fandfill equipment could be more
easily avoided. These several advantages combine to enhance efﬁcie_ncy. This alternative
would also ailoﬁ for the provision of mueh needed sanitary facilities and a better working

environment for the scavengers.

Perhaps the strongest objection to qesignating a fixed site is the fact that the added
step of pick up and transfer mentioned earlier becomes a necessity. This objection does not
come into play until the distance between the scavenging and burial sites becomes great
enough to render transfer by bulldozing no longer feasible. Of course, the capital expenditure
associated with the erection of a building and introduction of added equipment would be
ancther disadvantage. The scavenging area can be located about 1 to 2 km away from the
working face. In this case, the waste to be disposed would be transported by means of a
truck. From the preceding discussion it can be seen that the size of the disposal site is the
decisive factor regarding a;jvisability and necessity for dedicating a portion solely to
scavenging. In general, a minimum life span of 10 years would justify the incorporation of a
fixed scavenging area.

5.2.3. Management of Scavenging Activity

Important factors when managing scavenging activities are the relative priorities of the
scavenging and the burial activities. Burial should have precedence over scavenging since the
reason for the fill is the disposal of wastes. Therefore, scavenging must be managed in a way

that does not unduly interfere with- the main activity of the landfill site burial, or disposal, of
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waste. On the other hand, consideration must be given to the loss income to the scavengers

as well as the loss of secondary materials to the local industry.

5.2.3.1. Traffic

Unless carefully managed, traffic to and from the disposal site can be one of the more
disruptive of the interfaces between scavenging and burial (disposal). Among the more
obvious causes of disruption are the increase in number of vehicles using the same road and
the different moving speeds that result from the different tybes of vehicles involved.
Scavengers’ vehicles may be as small as a pushcart or as large as the vehicles used 1o
transport the larger loads of scavenged material. On the other hand, waste collection and haul
vehicles would surpass the scavenger vehiclies in terms of size, weight and speed. In some
instances, long delays are brought about by the_ discharge of recyclable materials from the
waste collection vehicles. Waste hauling traffic will move at a much faster pace than would
scavenger traffic, and would be materially slowed both by intermingling with scavenger traffic
and by the increase in traffic density. Unfortunately, the best way to separate the traffic would
be to provide separate access roads, and this probably would be the most expensive way.

Hence, the decision as to separation of access would rest upon economic feasibility.

The-amount of access by scavengers to the disposal site dépends upon the degree of
separation between scavenging traffic and disposal traffic. If-separation is complete, the
access could range from unlimited to somewhat limited. On the other hand, if the two traffics
are not separated, uniimited access is immediately ruled out because of the excessive
interference with disposal traffic. If access is to be restricted, the question becomes one of
which individuals are to be excluded. In arriving at decisions, it should be remembered that

political and social expediency would inevitably enter into any decision that would limit access.
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5.2.3.2. Supervision

The scavenger activity should be under the direction of a supervisor whose principal
function is to see to it that the activity proceeds efficiently and fairly and does so with a
minimum of interference with the disposal operation. Accomplishing the latter implies working
closely with the director of the disposal operation. The latter should have the final say in
decisions that affect the disposal operation (landfilling). The supervisor of the scavenging
activity may be assisted by subordinates, if efficiency of operation requires such a provision.
Efficiency and safety demand that good housekeeping be rigorously enforced - the

supervisor would see to it that this is done. .

5.2.3.3. Guidelines

A relatively fixed set of guidelines should be established that ranges from general for all
participants to specific for the individual parties involved in the scavenging activity. Among the
subjects that could be reguiated are:

1. Assignment of spaces, refuse loads, etc., to individual scavengers or groups of

them. :

2. Removal of scavenged material from the site — i.e., how socn, how often, and

how it is done — everything from separation of scavenged material to loading it
‘and hauling it away — cart, motorized vehicle.

3. Ideally, the municipality should be responsible for the sale of the recovered

materiais.

The laborers should be proQided with uniforms and safety equipment, bathrooms,

showers, eating facilities, and first aid equipment.

5.3. PROVISION FOR SPECIAL WASTES

5.3.1. Baled Wastes
Because of the technology involved and the high costs, baling municipal wastes

generally would not be a practical disposal option for a developing country. However, itis a
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remr;gposgbrility that baling might be adopted. Therefore, this section briefly describes

landfilling baled wastes.

A

Type and moisture content of the waste determines the cohesiveness and density of the
bales. With respect to those two characteristics, the optimum moisture content is between 15%
and 25%. With the present baling technolegy and suitable moisture content, densities of bales
range from 850 kg/m? to l1130 kg/m3. Bale dimensions range between 0.9 and 1.2 in the
minimum dimensions and from 1.2 1o 1.8 m in length. To keep recoil {(expansion after pressure
is released) at a minimum, baling pressure should be greater than 1.4 x 107’N/m2. Even under

optimum baling conditions, the volume of the bales eventually expands 10% to 15%.

The bales are tightly stacked in the fill. In the United States, efficiency apparently
dictates that each lift be no higher than three layers of bales. Maximum stability is attained by
arranging the layers in a manner similar to bricklaying in which each layer is offset so that
abutting ends of bales in one layer are directly under tho.se in another. Each lift should consist
of three layers of bales and is covered with a thin layer of soil to accommodate truck and
equipment traffic. The contours of the floor of the site should reflect the contours desired for

the completed site. A photograph showing a bale fill is presented in Figure 5-9.

Proponents of baléﬁlling (landfilling baled wastes) claim that the following advantages
can justifiably be attributed to the use of baling in MSW disposal:

1. Baling ensures a higher effective density, thereby reducing the land requirement.
For example, the wet density of refuse in a conventional landfill was approximately
133% greater than it had been originally. In a high-density landfill, the density was
about 143% that of the original; and in a balefill, about 192% denser.

2. Apparently, use of on-site equipment and personnel is less intensive in a balefill.

3. Damage to the environment is diminished. Judging from United States experience,
balefills do not have environmental problems to the extent characteristic of
conventional fills. The experience thus far is that leachates from balefills have fewer
contaminants than do those from conventional fills, The reason advanced for the
fewer contaminants is the tendency for infiltrating water to be diverted to the spaces
between the bales because of the low permeabilities of the spaces.
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4—_Problems related-to-vectors; dust-blowinglitter; traffic;-and moisture-are

considerably reduced in number and severity. Of course, all of these advantages
are contingent upon the balefill being operated in an environmentally safe manner.

5.3.2. Co-disposal
As the term implies, "co-disposal® involves the mixing of one type of waste with another
and the subsequent disposal of the mixture. Although the-co-disposal described in this section
applies to most types of non-industrial sludges, the séction is directed pﬁmarily to sludges
- associated with the storage, treatment, and disposal of human body-wastes (primarily, the fecal
wastes). Examples of the latter sludges are those produced by a conventional wastewater
(sewage} treatment facility, septic tank pumpings, sludge from the storage pits of unsewered

public toilets, and nightsoil in general.

Despite the many hazards to public health and nuisances attributed to the practice,
* untreated nightsoil frequently is co-disposed with municipal solid‘wasies in developing
- countries. These hazards and nuisances are amplified by the prévalence of the open dump
method of disposal. Although perhaps not as pronounced, the same hazards attend the open
dump co-disposal of primary (i.e., raw) sewage sludge from a sewage treatment facility. The

hazards can be substantially reduced by resorting to sanitary landfilling.

In an operation involving co-disposal by sanitary landfilling, an approach is to deposit -
the sludge (20% to 30% éoiids) on top of the refuse at the working face of the fandfill. The
sludég and refuse are thoroughly mixed. The mixture is then spread, compac_ted, and co‘veréd
in the manner usual to the sanitary Iandﬁiliﬁg of refuse. Liquid in the sludge is absorbed by the
refuse. In the United States, municipal refuse has a considerable moisture absorption capacity
-~ as much as 60 to 180 kg of moisture per 100 kg of refuse. With such refuse, the weight of
water in the sludge should not exceed about 50% of the weight of the refuse to which it is
applied. Because the moisture and organic contents of refuse generated in developing

countries.are much higher than those in United States refuse, the absorption capacity of
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developing country refuse would be correspondingly lower. Hence, the maximum weight of the

water in the sludge should be much lower than 50% of the weight of the refuse.

Sludges having a low solids content (2% to 4% solids) may be spray-applied from a
tank truck to a layer of refuse at the working face. The refuse serves as a bulking agent. For
example, with United States refuse, the buiking ratio for a 3% solids sludge would be at least 7
Mg of refuse to 1 Mg of sludge. [ the solids content of the sludge were 20% or more, the
bulking ratio of-refuse to sludge could be as low as 4to 1. In a developing éountry, the ratio of
refuse to sludge would have to be much higher. In practice, application of sludges having a
solids content approaching 3% should be avoided because of the likely development of
operational and environmental problems. In this particular option (co-disposal), scavengers

shouid not be permitted to come in contact with the wastes.

A different approach.involves the use of sludge/soil mixture as an interim or final cover
over completed areas of the refuse landfill. The approach has some advantages:
1. Sludge is removed, or reduced, from the working face of the fill.
2. Because of the nitrogen and phosphorus contents of the sludge, the mixture
promotes the growth of vegetation over the completed fill area, thereby reducing
fertilizer requirements.

3. The development of sanitation and erosion problems might also be mitigated.

| A major disadvantage is the limitation of the approach to well-stabilized sludge (i.e.,
digested). The limitation arises from the incompiete burial of the s;ludge and its resulting
exposure to the hazards and nuisances associated with pockets of incompletely stabilized
sludges.

5.3.3. Hazardous Wastes {Secure Landfill)

5.3.3.1. Introduction

Hazardous wastes are equally dangerous and toxic in developed and developing

countries. Locale of origin or occurrence has no bearing on the degree of hazard inherent in a
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'particular hazardous waste. At the most, there is the possibility that a given hazardous waste
might pose a greater danger in a developing country, since “legal* definitions, standards, and
safeguards tend to be more relaxed in developing countries. The result is that: 1) measures
required in the disposal of hazardous wastes in developing countries should not differ
materially from those imposed in developed countries; and 2) the "secure landfill" approach
describéd in this section applies equally in developed and developing settings. The only

differences would be those arising from conditions peculiar to the individual settings.

5.3.3.2. Definition and Specifications

A “secure landfil" is a sophisticated engineered earthen excavation especially designed

to contain hazardous wastes such that they cannot escape into the environment. Therefore, a

genuinely secure landfill must have the following features: -

1. Waste disposed in it is completely enclosed by a layer or liner of impervious
- material.

2. The distance between the bottom of the liner and the groundwater is sufficient to
prevent contact between the two.

3. Leachate and all other liquids are not allowed to accumuiate inside or outiside the
containment layers.

4. Groundwater is monitored such that leakage from the fill can be detected.
5. The fillis located such that it is isolated from surface and subsurface water

. supplies; is free from flooding, earthquake, or other disruptions; and its site is not
needed for other uses after the facility is closed [1].

5.3.3.3. Design
As with all sanitary landfills, design is largely dependent upon the hydrogeological

characteristics of the site. Thus, if the distance to the water table is substantial and the scils
are very impermeable, compaction of the sails at the site coupled with the placement of single
liner either of natural or of synthetic material would be sufficient. In such a case, soil or

bentonite could serve as a natural material and polyviny! chloride, high density polyethylene, or
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chiorinated polyethylene could serve as a synthetic ma'teriail. if conditions are not ideal, but do
meet minimum standards, it would be necessary to excavate the soil presently at the landfill site
and replace it with a sand/gravel layer followed by a compacted clay finer, a synthetic liner, and
a final layer of compacted clay. In all cases, provision should be made for preventing the
various wastes from mixing together and thereby triggering a chemical reaction (e.g., highly
caustic waste w.ith a strong acid waste). This is done by separating different areas from one

another by forming subcells using earthen dikes.

Arrangements must be made for collecting and withdrawing leachate as it accumulates
in the basin. This is done through. a network of piping installed in the fill. Quality of the
groundwater sﬁould be monitored by means of monitor wells placed along the perimeter of the
fill. Monitoring of groundwater should be begun prior to the initiation of the deposition of

wastes and be continued thereafter untii chances of poliution become non-existent.

The design, operation, and monitoring of a secure fill is a highly sophisticated process

which requires the participation of skilled professionals.

The various elements of a secure fill are diagrammatically indicated in Figures 5-10 and

511,

5.3.3,4. Closure of the Fill .

Obviously, the operation of the fill is terminated when it s capacity has been exhausted.
The closure operation must be designed such that total and complete decontamination of the
facility is assured, and that the completed fill does not pose a threat to the public safety and the

environment. This objective is attained by adhering to the following procedure:
1. Attermination, cover the upper surface of the completed fill with impermeable soils.

2. Cover this layer with a synthetic liner (if available) to effectively seal this Iayer and
underlying wastes from rainfall.
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- 3.~ Cover the synthetic liner with topsoil and sed.the topsoil.to-produce vegetation to—

complete the closure operation. Leachate and gas collection pipes should
protrude through the final cover.
Finally, it is extremely important that the completed fill not be excavated in any way
since most buried hazardous wastes continue to be dangerous long after their burial. The

consequences could be disastrous, as has been amply demonstrated in the past.
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Section 6
FACILITY DEVELOPMENT

6.1. SITE DEVELOPMENT

This section deals with the wide variety of steps invoived in preparing a site for an or-
derly and sanitary operation. Steps of major interest are:

« terrain upgrading (clearing, grubbing, etc.)

* construction of access and on-site roads

* provision 6f scales

* installation of facilities

» erection of necessary structures

= erection of fences
6.1.1. Terrain Upgrading

First, remove objects that may impede the free operation and movement of vehicles and
equiprﬁent. Thus, trees, shrubbery, and other interfering vegetation should either be cleared
from the site, or be restricted to its periphery. Due to chronic shortages of household fuel, in
most developing countries the site might be without combustible vegetation long before being

considered a landfill site. Therefore, this step may be irrelevant for some sites.

Second, grade the site so as to eliminate interfering surface (contour) irregularities. The
surface of the site should be contoured such that a cpntrolled runoff is promoted and ponding
is prevented. Measures for minimizing erosion, the generation of dust, and sedimentation
problems should be taken. To avoid aanger of erosion and scarring of the land and allow
closer supervision, large sites should be cleared in increments.

6.1.2. Roads |
All-weather (permanent) access roads from the public road systerh to the site should be

provided. With large sites, these access roads would be extended from the site's entrance to
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the vicinity of the working area. The roads should be designed to support the anticipated vol-
ume of pedestrian and vehicular traffic. Adequate drainage should be provided to prevent the
roads from fiooding during wet seasons. Ideally, the roadway should consist of two lanes
(minimum total width, 7.3 m) for two-way traffic. Grades should not exceed motorized equip-
ment limitations (uphill grades, less than 7%; downhill grades, less than 10%j) [1]. Although the
initial cost of on-site permanent roads may be higher than that of temporary roads, the differ-

ence is more than compensated by savings in equipment repair, maintenance, and time.

Because the location of the wc;rking face is constantly changing, roads for the delivery
of wastes from the permanent road system to the working face usually are temporary in terms
of nature and construction. Temporary roads may be constructed by compacting the natural
soil already present and by digging drainage ditches. The roads may be topped with-a layer of
tractive material, such as gravel, crushed stone, cinders,; broken concrete, mortar, or bricks.

Lime, cement, or asphalt binders would increase the serviceability of the temporary roads.

If the expected truck traffic is only 25 to 50 trips per day, a graded and compacted soil
usually would suffice. Traffic consisti.ng of more than 50 trips per day probably would justify the
use of calcium chioride as a dust inhibitor, or of binder materials such as soil cement or as-
phalt. Traffic consisting of more than 100 to 150 round trips per wouid necessitate a base

course plus a binder,

The preceding specifications would have to be modified to fit the condition peculiar to
the level of local developmeﬁt, and more specifically to those of the community being served.
As stated earlier, it can be expected tﬁat construction of a facility in a developing country would
be mostly confined to relatively large communities, metropolitan areas, and capital cities ~ at
least for the near future. Theretore, it can be expected that sanitary road systems would have
to accommodate conventional garbage collection trucks. Moreover, since all urban centers,

even the most advanced, have sizeable economically depressed areas, it also is likely that traf-
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fic to, from, and on fhe landfill will include'a range of transport vehicles that extends from the
very primitive to the relatively modern. This wide variation would add to the complexity of road
planning and designing and regulation of traffic. The special provisions needed to accommo-
date additional traffic brought on by the inclusion of a scavenging operation at the disposai
site, are discussed in Section 5.2.3.1.

6.1.3. Meaﬁurement of Weight (Scales)

An accurate knowledge of the gravimetric and volumetric amounts of wastes de[ive‘red
to the disposal site is an essential element in the development and implementation of solid
waste collection and landfilling strategies, as well as in the regulation and controi of the landfill
operation. Therefore, to the extent feasible, all incoming wastes should be weighed. Weighing
the emptied vehicle (i.e., determining tare weight) would not be necessary if its weight we.re al-
ready known ~ as would be true if standard conventional vehicles were used. Manutacturer's
specifications for such vehicles incl.udle vehicle weight. However, such standardization may not

exist.

Types of scales range from highly automated electronic scales down to simple, portable
beam versions. The platform, or scale-deck, may be constructed of wood, steel, or concrete,
The scale should be able to weigh the largest vehicle that will come to the landfill on a routine
basis. Thirty to sixty tons probably would be adequate. Ideally, the platform should be long
enough to weigh all axles simultaneously, although separate axle-loading scales {portable ver-

sions) would suffice. A schematic diagram of a truck scale is presented in Figure 6-1.

The accuracy of the scale should be checked periodically. This can be done using one
of the following ways:

« Check for a change in indicated weight as a heavy load is moved from the front to
the back of the scale,

* Look for irregularities in the action (motion) of the dial during weighing.

* Use test weights.
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Figure 6-1. Schematic Diagram of a Truck Scale



_~_ &.1.4. Utilities-(Electricity; Water, Etc.)

f——— e —

ideally, electrical, water, and sanitation services should be provided. However, the like-
lihood of all three being available at a disposal site in a developing country is unlikely. Electric-
ity cén be used for illumination and power. These two uses are almost essential if equipment
maintenance.and repair are to be done at the site. Electricity can be generated at the site by
means of a portable generator. Water should be available for drinking, fire fighting, dust con-
trol, and employee sanitation. In the absénce of access to a sewer, ventilated latrines should
be buit.
6.1.5. Structures

If technical and economic feasibility permit, a structure or structures should be erected
to provide office spacé; to house employee facilities; to provide a sheltered area for equipment
storage, maintenance, and repair; and to serve as a scale house.- The office space is needed
for record keeping and required clerical activities. Employee morale, well-being, and efficiency
would be immensely benefited by providing a structure that includes a health clinic; provisions
for workers' washing, changing, and toilet facilities; and a canteen. The equipment structure
serves as garage and repair shop. Buildings that will be used for less than ten years should be
temporary types and preferably be movable. The design and construction of all buildings
should take into consideration landfill gas movement and differential settlement of the fill. If
these facilities are not provided, operation of the landfill will be impeded.
6.1.6. Fencing

Access to the landfill operation can be controlled by erecting a fence around the site.
The fence does the following: V

* keeps out children, as well as dogs and large animals

* screens the landfill

* delineates property lines

Type and height of the fencing are determined by the avaitable resources and -

conditions prevailing at the site.



Litter fences may be erected in the immediate vicinity of the working face to control
blowing paper and other litter. A low (about 1 m) fence usually suffices at a trench operation;
whereas a 2 to 3 m height may be necessary at a windy, area-type operation. Litter fences
should be movable. A diagrém of a screen as well as a typical installation are presented in

Figures 6-2 and 6-3.

6.2. WATER MANAGEMENT (WATER RESOURCE PROTECTION)

The two principal types of water resources to be protected are the surface waters and

the .groundwater. Surface waters may be polluted by runoff from the landfill; whereas ground-
water may be contaminated by Iéachate from the fill. These relations are indicated in Figure 6-
4. The aim is.to directly and indirectly prevent the landfill from adversely influencing inputs to
the water resource. This is best accomplished by excluding from the water resources inputs
that originate in the landfill. '
6.2.1. Surface Water

The first step is to minimize surface waters entering thé sanitary landfill. Upland
drainage can be accomplished by means of pipes through fills that aré located in gullies,’

ravines, and canyons. Runoff from areas surrounding the fill can be excluded by excavating a

series of channels or shallow ditches to divert it (i.e., the runoff).

All runoff from the disposal site and the fill itself must be excluded from all unatffected
water resources. This is done by channeling the runoff 1o a collection and storage site where it
can be treated, Ultimately, however, the best recourse is to exercise careful control over the
amount of water retained on the fill site and the Iength of ime the runoff is retained there. The
longer the retention time, the greater the opportunity for the water to be contaminated before it
leaves the fill site. Since runoff from the fill itself occurs only when the upper surface of the fill is
as high or higher than the level of the surrounding land, an effective means of minimizing the
extent of degradation of the runoff is to shorten the time it is retained at or on the fill. ‘This is

done by grading the landfill cover to promote runoff of rainfall. The grade of the cover shouid



Figure 6-2. Portable Litter Fence (2 m high, 3 m wide)
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be determined on the basis of the planned use of the completed site and of the ability of the
cover material to resist erosion.

Surface water that runs off stockpiled cover material should not be aflowed to enter
watercourses without having been previously intercepted and ponded to remove settleable
solids. A complete surface water plan must be developed with other site preparatory planning.
6.2.2. Groundwater

The basic premise of protection of groundwater quality is that landfilled solid wastes
and any leachate from the wastes not be allowed to contaminate groundwater. Leachate and
leachate formation are described in Section 3. Leachate is generated by the passage of water
through the solid waste in a fill. If it is moisture already present in the fill, it is termed 'primary
leachate.” If the moisture comes from rainfall infiltrating into and percolating through the fill, the
leachate is termed "secondary leachate. In both cases, the eventual composition of leachate
is dependent upon thg type of solid wastes deposited in the fill, age of the fill, and several other

factors.

The degree of required separation of fill from groundwater is determined by the poten-
tial of the leachate for contaminating the groundwater. The potential for contamination is
greatest when the leachate contains toxic and hazardous compounds and/or when underlying
material is highly permeable, The degree of separation necessary to protect groundwater in-
creases with the potential for contamination. One should not plan on the leachate being di-
juted in the groundwater because thé usually laminar pattern of groundwater flow allows very

little mixing to occur in an aquifer.

An earlier step in protecting groundwater quality is to ensure that a suitably thick layer
of soil is between the bottom of the fill and the groundwater. The interposition of the layer
permits the attenuation 6f leachate that percolates through the layer (i.e., providing a soil
column). Required thickness of the layer depends upon the nature of the §oil and other fac-

tors. These factors, as well as the phenomenon of attenuation itself, and the other factors that
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also have a bearing on groundwater protective measures are all discussed in Sections 4.2.4.

through 4.2.5.7.

In the early days of sanitary landfilling (1930 to 1939), attenuation by way bf the under-
lying soil layer wés the principal measure being advocated (Figure 6-4). However, in recent
years, the fund of knowledge and the depth of the understanding of leachate and its contami-
nation characteristics became sufficiently great to reveal the limitations of natural attenuation
that takes place in the soil layer. This inadequacy has become more pronoupced as MSW
began to contain increasing concentrations of toxic or hazardous substances. Consequently,
it became evident that more effective méans would have to be developed for accomplishing the
needed protection. Probably the best approach to controlling the movement of fluids into and
out of landfilled solid wastes and establishing leachate collection systems in a fill is to enclose

the fill with an impermeable liner or liners. The enclosure may or may not include the fill cover.

6.2.2.1. Soil and Clay Liners

Soil liners are used in single liner systems and in composite liner systems. In situations
that require secure containment, such as hazardous waste containment, double and composite

liners should be used. A single liner system may be the choice in a developing country.

A soil liner may either be the sole liner (single liner system) or the lower component of a
composite liner system. Used as a single liner, a soil liner reduces or may even prevent
leachate from migrating from the fill into the subsurface environment. As the lower component
of a composite liner, a soil liner constitutes a protecﬁve bedding for the overlying flexible mem-
brane liner (FML) and it serves as a béck-up for breaches in the FML. A useful function of all

soil liners is to serve as a long-term structurally stable base {or overlying facility components.

6.2.2.1.1., Materials: To adequately serve as a liner, a soil must have a low permeabil-
ity (less than 1 x 10-7) when compacted under field conditions. After compaction, the liner

should be able to support itself and the overlying facility components. The liner material should
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yield to handling by construction equipment. Finally, 5 liner constructed of tﬁe material (i.e.,
the soil) should suffer no significant Iﬁss in permeability or strength when exposed to waste or
leachate from the waste. A soil that is deficient in a particular characteristic may be rendered
suitable by blending it with another soil or with a soil additive. An example is the addjtion of
bentonite cement to decrease permeability. Ideally, the compaction and permeability charac-
teristics of the selected soil liner material should be determined by laboratory tests, so as to
provide necessary information regarding the interrelationship between moisfure content, den-
sity, compactive effort, and permeability.

Of the available materials, well-compacted clay soil is one of the most commonly used.
A clay liner usually is constructed as a rnembrane 0.3to 1 m thick. To function as a liner, the
clay membrane must be kept moist. if sufficient clay is not available locally, natural clay
additives (e.g., montmonllonne) may be disked into it to form an effective liner. The use of ad-

ditives requires evaluation to determine optimum types and amounts.

If it meets the necessary specifications, the native soil at the facility site would best sat-
isfy cost and convenience considerations. Otherwise, a suitable soil must be imported. Obvi-
ously, cost becomes an important consideration when off-site material is used. In developing
countries, the distance would depend upon local conditions. In most cases, a haul of any dis-
tance would be impractical. The liner material, whether excavated locally or imported, usually

is stored as a borrow pile established at the site.

6.2.2.1.2. Design and Installation: Standard geotechnical practices adjusted to the

geology and landfill operational requirements are followed in the design of the individual landfill
liner. The soil liner must underlie the entire landfill. The liner should be pérmeab!e enough to
impede leachate fiow and thick enough to providé a structurally stable base for overlying com-
ponents. With allowances for leachate collection pipes and sump, the liner should be uniformly
thick. However, the toes of sidewall siopes should be somewhat thicker to prevent seepage

and to adequately join the bottorn and sidewall liners (see Figure €-5).

6-12



Drainage Leachate’

. Layer ~ Collection ' '
z —
D E R~ == = A = ;r,.gt;?i"ﬁz’w’—;-%
| : ﬁ( ‘ 1 Tope
' d P e—Clay
r___Liner. -

Figure 6-5. Schema'tic of Liner Design

6-13



P

In general, soil Iinérs afe constructed of compacted soils installed in a series of layers of
specified thickness. Although the use of thinner increments (and consequently, more layers)
facilitates compaction, it adds to construction costs because the number of layers per unit of
liner thickness is increased. Generally, thickness of liner layers prior to compaction is on the

order of 15t 22 cm.

Liner Installation (Construction): The liner is installed (constructed) by placing the liner

material (soil) with the use of scraper pans or trucks. The soil is spread evenly over the site
and then is broken up and homogenized through the use of disk harrows, rotary tillers, or
manually manipulated implements to facilitate compaction. If soil additives are used, they are

applied evenly over the site and then are thoroughly mixed into the soil.

The liner may be constructed in sections or in one piece. With a small facility, the liner
may be constructed in one piece over the entire facility. Sectional (segmented) installation
probably would be more suitable with large facilities or in continuous operation facilities. In the
latter operations, the wastes are placed as portions of the liner are built. It is important that the
sections (segments) be installed such that no break occurs betwéen them. This can be done
by bevelling or step-cutting the edge of a section as soon as it is installed so that the suc-

ceeding section can be tied in with the previously installed section (Figure 6-6).

Because the necessary degree of compaction is dependent upon a proper moisture
content, any required addition of moisture should be made prior to placement of the liner mate-
rial. Care should be taken to distribute the moisture uniformly throughout the soil. This is done
by éliowing adequate equilibration time after the moisture addition. The time may require days

or even weeks if the soil is very dry or certain additives are used.

Practices followed and equipment used in earthwork construction are suitable for com-
pacting a liner. The success of the compaction effort depends upon the individual liner layers

being properly tied together. Tying together the layers can be accomplished by scarifying the
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surface of the last installed layer prior to adding the next one and ensﬁring that the moisture
contents of adjacent layers are similar. Hf sidewall slopes are not very steep, they can be com-
pacted in layers continuous with the bottom liner layers. Steeply sloped sidewalls may have to
be compacted in horizontal layers because compaction equipment cannot operate on steep
slopes. Tying together is especially important for steep sidewalls, because separation between
layers can serve as pathways for the migration of leachate through the liner.

Because climatic conditions strohgly influence activities related to soil liner construction,
steps must be taken to minimize climate-related problems. For example, precipitation may in-
terfelre with construction operations by eroding or flooding the site or by over-moistening the
liner material. A preventive step would be to seal-roll the compacted layer so that water will
drain and not puddle or pond on the liner surface. Conversely, desiccation can cause cracks
to develop and thereby seriously increase the liner permeability. Desiccation cracks can be
remedied only by disking, adju;ting the moisture content, and recompacting the affected por-

tion of the liner. Liners must not be constructed of frozen soils, and constructed liners must be

protected from below-freezing temperatures.

6.2.2.2. Flexible Membrane Liners

The constituent material of a flexible membrane liner (FML) is prefabricated polymeric
sheeting. A flexible liner may be used in many ways. For example it may be used as a single
liner installed directly over the foundation soil. On the other hand, it may be part of a compos-
ite liner placed upon a soil liner. Finally, it may be placed above or below a leak detection

system in a double-lined landfill.

FMLs either may not be available in developing countries. However, should they be

available attention must be given to cost as well as installation.

Major steps to be taken in the use of a flexible membrane liner are selection of the FML

material, designing of the subgrade, and planning the installation. The last step includes the
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design of subcomponents, such as sealing and anchoring systems an:j vents. ‘Among the
types of membranes commonly used for lining sanitary landfiils are high-density polyethylene,'
chlorinated polyethytene, chlorosulfonated polyefhylene. and polyvinyi chloride [2,3]. Impor-
tant criteria to follow for selecting a FML include:

» chemical compatibility with the leachate to be contained

» possession of appropriate physical properties such as thickness, flexibility, strength,
and degree of elongation

* resistance to weathering and biological attack

» availability and cost

In the absence of testing facilities, judgments as to compatibility will have to be made
on the basis of specifications listed by the manufacturer. Regarding mechanical properties,
FMLs having high strength and low elongation are best suited where high stresses are ex-':
pected (e.g. sidewalls steeper than 2.5:1).. Lower strength and higher elongatidn FMLs (e.g.,
polyvinyl chloride, chiorosulfonated polyethylene, rubbers) are best used for applications likely
to involve large deformations such as differential settlement and local subsidence. Other me-
chanical properties to be considered are: |

» stiffness or flexibility at various temperatures, resistance to puncture

thermal expansion

seaming characteristics
* resistance to weathering

* resistance to biological attack

instability of material on the service impoundment

Weathering may take the form of deterioration by ultraviolet light, ozone reactions, and
plasticizer migration. Agents of biological aftack include bacteria and fungi and rodents. Here
again, reliance is on data provided by the manufacturer. Although some published literature is

available, such information may be difficult to obtain in a developing nation.
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The subgrade upon which a FML rests is a key factor in the maintenance of its integrity.
it does this by serving as a supporting structure and by preventing the accumuiation of gas
and liquid beneath the liner. The gas could be produced by microbes in the underlying soil. 1t
may be either the air entrapped during liner installation or that which is being forced through
the soil by a rising groundwater table, Regardless of its origin, the gas can lift up the mem-
brane, thus imposing a stress on it (i.e., the membrane), Liquid may accumulate as a conse-
quence of leaks in the liner and of infiltration of groundwater from surrounding soils. Conse-
quences of the accumulation can be uplift stress and reduction of the strength of unde;’lying
" soils. Leachate that escapes from the fill through breaks in the membrane can contaminate
surrounding soils. In addition to those resulting from gas and liquid accumulation, mechanical
stresses may be caused by subsidence beneath the liner. Other mechanical stresses may take
the form of tangential stresses due to differential movements of the subgrade, of concentrated
stresses that lead to punctures and tears, and of repeated stresses fhat fatigue or abr_ade the
liner. All of these faiiure mechanisms can be preventéd or minimized by:

 taking general foundation design measures to prevent settlement, subsidence, slope
failure, and other undesirable occurrences

* determining foundation configuration
* appropriately designing protective bedding layers

« specifying proper surface preparation measures.

Among the foundation design measures are configuration of the subgrade to be free of
abrupt changes in grade and as plane and regular as is possible. Sidewall slopes should be
such that tangential stresses do not exceed the tensile strength of the liner. Important design
features of protective bedding layers are the provision of drainage to prevent the accumulation
of gas or liquid and the protection of the liner from being punctured. The drainage layer may
consist of sand, gravel, or other comparable granular material. Alternatively, it may take the

form of a geotextile (a fabric designed to provide tensile strength and serve as a filter).
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Arnonig the problems associated with granular dfainage layers are the following:
« difficult to install on slopes

* not stable on steep slopes

» wvuinerable to disturbance by workers during construction

* can be erbded by wind or water during construction

» possibility of the liner being punctured by damaged or displaced pipes

These problems are avoided by resorting to gectextiles. Moreover, geotextiles protect

the liner from mechanical stresses.

Surface preparation should include removal of rocks (larger than 25 mrh), roots, and
other debris from the surface. Organic material sl;xou[d be removed‘so as to minimize setlle-
ment and gas production under ihe liner. Soils that expand or shrink excessively should be
avoided because of the repeated stresses imposed on the iiner by the shrinking and swelling.
Finally, the substrate soil surface should be compacted to provide a firm and unyieiding base

for the liner.

Because the actual installation of a flexible membrane liner is @ complex and critical
task, it shouid be done by a qualified and competent company under the supervision of the

manufacturer or one designated by the manufacturer.

6.3. GAS MANAGEMENT
6.3.1. Origin, Composition, and Volume of Gases

Gases (biogas) constitute one of the more important groups of products generated in
consequence of the biological degradation (bicdegradation) of the organic fraction of the
wastes disposed in the landfill. For a brief period after burial and covering, sufﬂcieﬁt oxygen is

contained in the air entrapped in and with the buried wastes to permit the initial biological



degradation to be largely aerobic. The predominant gases synthesized during this stage are

carbon dioxide (CO,) and water vapor,

Compaction of the wastes and of the Iandﬁll- cover should effectively block the entry of
air into the fill. As a result, the oxygen in the entrapped air is gradually depleted, and eventually
bicdegradation becomes anaercbic. The shift to anaerobiosfs is marked by the production of
methane (CHq) and CO., as well as an assortment of trace amounts of reduced carbon and
sulfur compounds. The ratio of CHs to CO2 varies, generally, the composition of the gas will be
on the order of 40 to 50% CHa, 30 to 40% COg, 10 to 20% nitrogen (N2), 1% oxygen (O;), and
traces of sulfides and volatilized organic acids. Typical composition of the gas is presented in
Table 6-1. The gés may also contain volatile organic compounds that may have been dis-
posed with the refuse. A sample of the type of organic compounds found in a landfili is

California, United States, is given in Table 6-2.

The transition from aerobic to anaerobic decomposition and the latter’s attendant
methane production proceeds as a series of phases. The first phase is the aerobic phése. its
duration is the time required to use up the entrapped O,. This may be days or weeks. The
second phase begins as conditions shift from aerobic to anaerobic, obligate aerobes die off
and faculta{ive aerobes shift tb their anaerobic mode, angd CO3, and to a lesser extent, hydro-
gen (Hz), are the principal gases produéed. The third phase is marked by the gradual appear-
ance of CHa. Within the range of th_e ratio named in the preceding paragraph (40 to 60%

CHa:60 to 40% COz), methane production becomes constant in the fourth phase.

Rate and volume of gas production are functions of wastes disposed and of the partic-
ular conditions prevailing in the landfill. Other factors that affect gas production in a fandfill in-
clude temperature, pH, moisture content, and size of the wastes as well as age of the landfill,
Because wastes and conditions vary markedly from one region to another, it follows that re-

ported rates and volumes encompass a wide range of values [5,7,8]. Thus, repérted gas pro

6-20



" Table 6-1. Typical Composition of Landfill Gas [5]

Component Percentage

Component {dry volume basis)
Methane | 47.5
Carbon dioxide 47.0 |
Nitrogen ' 3.7
Oxygen ’ 0.8
Paraffin hydrocarbons 0.1
Aromatic and cyclic hydrocarbons | 0.2
Hydrogen ‘ 0.1
Hydrogen sulphide-: 0.01
Carbon monoxide 0.1
Trace compounds® 0.5

& Trace compounds include sulfur dioxide, benzene, toluene, methylene chicride,
perchloroethylene, and carbonyi sulphide in concentrations up to 50 ppm.
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Table 8-2. Trace Organic Compounds in Raw Landfill Gas, Mountain View Landfill, 1980 [&]

Concentration
‘Compound (mg/m3)
1,2-Dichloroethylene 52
Trichloroethylene _ _ 10.4
Methyl isobutyl ketone 5.1
Chlorobenzene 0.4
Toluene 4.0
Tetrachloroethylene 4.5
Ethylbenzene : ‘. 4.0
Xylene 23
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duction in landfills in deveioped countries ranges from 0.064 to 0.44 m3/kg of refuse disposed
(1 to 7 scf gas/lb). Reported rates range from 1.19 to 6.8 m? gas/Mg/yr of waste disposed (42
to 240 scf/ton/yr). Most of the production occurs during the 20 years following landfill closure,

although production is most active during the first 5 years or so. Gas production, in gradually

dwindling amounts, may continue as long as 50 years.

Several modeis have been developed to predict the production rates of gas from land-
fills. Most of the mod'els, however, require actual measurements of gas production in order to

determine the values of constants far the models.

A relatively rigorous stoichiometric approach (i.e. relative to other approaches) for esti-

mating landfill gas production is described in Recovery, Processing, and Ulilization of Gas from

Sanitary Landfills {4). This approach takes into consideration the two major classes of material

that decompose to produce landfill gas. The first class consists of the easily biodegradable
fraction {e.g., food waste or garbage, garden debris). The second class includes the less

easily biodegradable fraction (e.g., paper, textiles, etc.).

The variables me-nzioned in the preceding paragraph, as well as others, have an effect
on the accuracy of models developed for predicting rates of landfill gas generation, especially
rates of methane production. Among the variables for rates of methane production are volume
of gas that escapes the fill, percentage of carbon that passes through the methane fermenta-
tion route, and percentage of carbon that becomes a part of microbial protopiasm. Conse-
quently, such models should be regarded only as being approximate indicators of expected

gas production trends.

Although most municipal wastes in LDCs have a high concentration of organic matter,

the wastes ﬁsually are not adequately covered and thus the gases readily escape.
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6.3.2. Disposition of Gas

Gases generated in the fill may be allowed to disperse and migrate Eeyond the con-
fines of the fill without any effort being made to control, or they may be collected. Collected
gases may be put to some use, may be flared, or may simply be vented into the environment.
However, the colléction and use of these gases entails significant capital and operating costs

that must be compared to other energy sources.

Accumulated gases and uncontrolled dispersal and migration can lead to the develop-
ment of hazardous situations due to flammability, asphyxiating properties, and trace organic
composition of the gases. The slightly positive pressure usually existing within a landfill permits
gaées to flow uncontrolled from the fill to areas of lower gas pressure by convective gas trans-
port. Furthermore, gases with higher concentrations of CO; and CH4 can diffuse into gases
with lower concentrations of the two gases. Finally, accumulated-biogas (i.'e.. in the fill) is likely

to be inhibitory to roots of plants grown on the cover.

In the absence of adequate gas control, landfill gases migrate to the atmosphere
through the landfill cover; or, they can migrate laterally thr‘ough the sail around the fill until they
reach areas from which they cannot escape and as a resuit, accumulate. As long as the con-
centrations are relatively small, the gases only pose a nuisance; but when the concentration
(accumulation) reaches a critical point, explosive levels of methane may be reached. (The ex-
plosiQe concentration level-of methane is between 5 and 15% by volume. At higher concentra-
tions, methane simply burns.}) Because of the possibility of gas accumulation, buildings on or
near landfills should not have underground structures. If such structures are present, they

should be thoroughly and continuously ventilated.

Accumulation of gases in the fill can be avoided through the use of a porous final cover.
Migration from the fill and the attendant hazards can be averted by providing an area of high
permeabitity vented to the atmosphere. Gases flow to the surface of the vented areas where .

they are diluted in the atmosphere to harmless levels (Figure 6-7). The areas take the form of
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boreholes, of gas wells, or of interceptor trenches installed around the borders of the fill (Figure

6-8). A more useful measure is to recover (coilect) the gas and use it for fuel.

6.3.3. Collection, Upgrading, Utilization of Landfill Gas

6.3.3.1. Collection

i methane recovery is planned for a new facility, certain features should be incdrpOo
rated into the design of the fill. Some of the features are characteristic of modern landfill design
regardless of whether or not the methane is to be recovered: For methane recovery, the fill
must be effectively sealed off from the land and water environments. The steps involved in
providing such sealing are the same as those described in Section 6.2. Old or existing fills

should be sealed to the extent economically and practically feasible.

Gas recovery involves designing the fill such that the migrating gas can be controlled
and collected. Collected gas either can be used directly as a low-heat fuel, or can be pro-
cessed (puriﬁed) to form a high-heat fuel. Collectibn is made possible by providing a combi-
nation of strategically spaced wells and areas of high permeability through which gases are
channeled to collection points. This is done by installing underground venting pipes and é
gravel layer between aliner and the waste'. or gravel filled trenches. The gas is removed (i.e.
extracted) from the landfill by way of a piping or header system to transport the gas, and a suc-

tion pump to pull the gas from the fill through the headers [3,4,5] as shown in Figure 6-9.

Proper functioning of the gas collection system is ensured through the use of blowers.
The blowers are operated such that a partial vacuum is created in the headers and collection
system and the gas is pulled from the tandfill. Although seme gas wili ﬂoﬁ unassisted into the
colleﬁtion wells because of the slightly elevated internal pressure of the landfill, the fiow rate is
too low to ensufe proper collection performance. Blowers both increase the flow of gas from
the landfill and broaden the effective landfill area serviced by each gas well. The blowers can

be adjusted either: 1) to pull gas from the fill and discharge it at atmospheric pressure fbr dis
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persion, flaring, or combustion; or 2) to compress the gas to higher pressures for distribution
or for turther processing.

Gas can be recovered from a landfill not originally designed for that purpose by way of
drilling a number of boreholes into the landfill at selected gas collection points, it the landfill has
been properly operated during its lifetime. The boreholes should be 0.66 to 1 m in diameter.
Their depth should be from 50 to 90% of the refuse depth. The boreholes are fitted in the same
manner as collecﬁon wells used in fills designed for gas recovery. These collection wells are

described in the following paragraph.

Collection wells are gravel-packed wells equipped with casings that extend the full
depth of the fill. The casings are perforated in the section exposed to the contents of the fill.
The casings must have telescopic connections between pipe segments such that connections
between segments are maintained despite the significant and nonuniform subsidence

characteristic of landfills.

The wells are built by progressively backfilling gravel around the gas collection pipe.
The backdilled gravel (or a coarse substitmé) serves as a high'ty permeable collection zone
through which the gas fiows into the collection pipe for removal from the well. The gravel area
is covered With a gas-tight seal topped by backfilled scil to form a barrier against intrusion of
external air into the well., Air intruding into a wel! {or into any part of the fill) would dilute the
collected gas and thereby lower its heating value and complicate purification. Moreover, in-
truding air can lead to the development of serious problems. With respect to dilution, the con-
centration of nitrogen in the collected gas would be increased and the quality of the gas would
be lowered correspondingly. A second, and perhaps more serious problem would come from
the presence of oxygen in the air thus introduced. The oxygen would inhibit the activity of the
methane-forming microorganisms. More importantly, it may raise the CH4 and O; to explosive

levels.
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The arrangement of the collection wells is determined by their respective capacities as
well as by the characteristics of the soil cover and provisions for directing gas movement in the
fill. The dimensions of the fill area affected by a well is a function of the rate of pumping. For
example, in a 12 m California fill having a gas well which was 6 m deep and was being pumped
at 2.83 m3/min the negative pressure ranged from -5.1 cm of water at the well to less than -0.8
cm .at a distance of 30.5 m from the well. Advancing the pumping rate to 8.5 m3/min brought

the respective negative pressures to -17.8 and -2.54 cm [9].

it is important that the gas not be withdrawn at a rate great enough to pull air through
the cover and into the fill, especially if the cover material is relatively porous. Air thus intro-

duced into the fill leads to the problems described earlier.

6.3.3.2, Upgrading and Utilization

Unless the gas is to be used for simple space heating and household cooking, it should
be upgraded before being pui to use. Upgrading is ‘especially essential if the gas is to be
used as a fuel for an internal combustion engine, or is to be injected into existing transmission

lines.

Qualify and content of landfili gas does not compare favorably with those of natural gas.
Moreover, its composition and other characteristics are more variable. Wq.h regard to the latter, ‘
the heat and moisture contents and oxygen concentration of landfill gas may vary as fnuch as
50% from day to day and season to season. The heat content of landfill gases ranges from
7,450 to 22,350 kJ/m3; whereas the lowest heat content of natural gas is 37,260 kJ/m3. Mois-
ture content is another problem. In landfill gas, it may be as low as 5% and as high as satura-
tion. Oxygen content varies from trace leveis to levels that are potentially explosive. However,
the latter levels are reached very infrequently. Finally, the usually sizeable CO, and N con-

tents of landfill gas materially lower its heat content, and hence, the quality of the gas.
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The utility of landfill gas can be increased significantly by upgrading it (the gas). Among
the uses for upgraded gas are on-site generation of electricity and/or injection into a public util-
ity transmission line. With respect to on-site generation of electricity, the gas can be used to
fuel an internal combustion engine or to drive a gas turbine. if the gas is to be used in an in-
ternal combustion engine, it is compressed to about 5 psig. For a gas turbine..the pressur/e is

increased to 150 psig.

Procedures are available for removing HpO (dehydration), COz, and Nz from landfill gas,
and thereby considerably raising its heating value. For example, dehydratioﬁ brings about an
10% increase in heating value. Dehydration accompanied by CO; and hydrogen sulfide (H2S)
removal results in a heating value of 22,360 to 26,000 kJ/m3. Among the dehydration proce-
dures are in-fine gravity outflow; filtering; use of special solvents (e.g.-, glycol, polyethyl—ene); '
passage through molecular sieves or permaselective membranes; and subjection to heating,
air cooling, and refrigerant cooling. Of these procedures, passage through a'molecular sieve

combines a relatively low cost with high efficiency.

The triethylene glycol system (TEG system) is widely used for gas dehydration. Rea-
sons for its extensive use are the high degree of hygroscopicity of glycols, their excellent
thermal and chemical stability, low vapor pressures, and moderate cost. Briefly, the system
cperates as follows:

* Gas entering the system is compressed and bulk contaminants are removed in a
"knockout” drum. ‘

* Afer compression and cooling to remove the greater part of the water, the gas is
passed through a triethylene glycol absorber/separator tower.

.+ Free liquids in the gas are removed as it (gas) passes through lower part of the tower
(separator section) and begins to ascend to the upper or absorber section of the
tower. ' :

* In the upper section, the gas stream comes into contact with lean triethylene glycol
on bubble-cap trays. .

+ Water, COg, and HS can be removed in a single operation by coupling the
Triethylene Glycol system with a hot potassium carbonate scrubbing system.
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A diagram of a dehydration process is shown in Figure 6-10.

Certain uses (e.g. space heating, household cooking) only require that HzS be re-
moved. Hydrogen suifide can be removed by passing the gas through a dry-gas scrubber that
contains a mixture of ferric oxide and wood shavings (Tiron sponge'); The removal capacity of
the mixture is 105 kg of sulfur/m3 mixturé. The mixture can be regenerated by exposing it to
air. Doing so converts the ferric sulfide formed in the scrubbing operation to ferric oxide and

elemental sulfur. A schematic diagram of an iron oxide process is given in Figure 6-11.

6.3.3.3. Economic Feasibility Factors

In terms of economic feasibility, several factors have a decisive part in determining the
a&visability of recovering gas from a landfill and putting it to use. Among the more important
factors are size and location of the fill, permeability of cover rﬁaterial and surrounding soil layer,
climatic conditions, and proposed use of the gas. With regard to permeability of surrounding
-soil layer, it is far more feasible to provide for an impermeable barrier between the landfill con-
tents and the surrounding soil while the fill is as yet in the design stage than to install one after
" the fili has been completed. If the latest sanitary landfill design criteria are followed, permeabil-
ity of cover and surrounding soil layer should not be a problem. Nothing much can be done
about the size and location of a completed fill or of one presently in use. The same can be
said of climatic conditions. Regarding utilization, i it involves a top quality gas, cost of up-
grading may be prohibitively high and technological infrastructure may be inadequate — as well

they could be in a developing country.

The mass of waste in the fill should be sufficiently great to ensure an eventual total gas
output that would have a monetary and energy value in excess of that expended on necessary
departures from conventional fill practice. The size of the fill must be great enough to ensure
gas production over a period sufficiently long to warrant the installation of equipment needed

for collecting, upgrading, and using the gas.
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it would not be advisable to utilize a fill that is less than 13 m deep. The completed fill
should contain at least about twe million Mg of municipal solid waste at least [3]. In the same
reference it is stated that at the peak rate of generation, raw gas production from such a fill

would be from 23 to 34 m¥/min or 759 mmkJ/day.

It is readily apparent that the proposed use of the gas exercises a dfecisive influence on
ecdnomics_ and energetics. In a developing country, a safe use might be as a fuel in steam
generation or for an internal combustion engine after a minimum of cleaning. Because of the
relatively high moisture content and presence of corrosive elements in raw fandfill gas, on-site

usage of the gas is to be recommended.

6.4. PEST CONTROL

A carefully planned and conscientiously applied pest control program is a key charac-
teristic of an acceptable sanitary landfill operation Pests not only are nuisances, they also are
potential hazards to public health. They are hazardous to human health because as a group,
_pests function as vectors for several éerious and not-so-serious diseases. Because of this
function, they often are referred to as “vectors." Vectors likely to be encountered at landfills in-
clude several types of fies, mosquitoes, and rodents (e.g., rats, mongeese). The unfavorabie
impact of the vectors is not limited by the boundaries of the landfill operation, it can extend
over an appreciable distance beyond the fill. For example, an improperly managed landfill

could support a rat population within a radius of 5 miles (8 km) beyond the confines of the fill.

Since the working face is the only area in which uncovered waste can be found with a
well-managed landfill, it (working face) also is the area most attractive to and supportive of all
types of vectors. Consequently, every effort should be made to reduce the size of this area.
To prevent fly emergence, the thickness (depth) of 2 daily cover consisting of adequately com-

pacted soil should be about 15 cm. In addition, it is essential that the landfill be subjected to a
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_regular inspection and a fiy control program. The program should take local and regional

reguiations into consideration.

Mosquito abatement is best accomplished by eliminating all standing water due to the
fact that the larval stage of mosquitoes takes place in stagnant water. Consequently, a pro-
gram of grading should be maihtained for eliminating low spots on the cover of the fill. Waste
mateﬁais that hold water should be covered immediately so as to keep them from serving as
breeding sites for mosquitoes. Common examples of such materials are food and beverage
containers and discarded automobile tire casings. |
6.4.1. Birds

Although they may not be classified as “vectors” in the strict sense of the term, birds are
discussed in this section because certain types become pests when taken in the context of a
landfill operation. Birds attracted to landfills for food can become a hazard to aircraft and
create a nuisance for operating personnel and neighbors. On rare occasion, certain species
(for example, seagulls) can serve as vectors for certain diseases by way of their droppings or
by serving as hosts to insectivorous vectors. As is true with problems arisiﬁg from other prests,
the bird problem is best met by rapidly and completely covering all wastes. Although a number
of physical and chemical measures have been employed for controlling birds at a landfill, none

as yet have been found to be consistently successful.
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Section 7
EQUIPMENT SELECTION

7.1. INTRODUCTION
7.1.1. Basic ancepts

The construction of a sanitary landfill requires proper equipment, suited to the work to
be done, and typically involves a large capital investment. Equipment acquisition accounts for
a large fraction of this investment. Furthermore, equipment operation and maintenance usually
accounts for a large portion of the operating costs. Equipment selection must be in
accordance with the landfiling method, and with the amount and efficiency of the rﬁachingry to
be used in order to ensure successful operational and least cost procedures, The
requirements must take into account the handling, compaction, and covering of the solid
waste, as well as the construction of cells and the completion of general earth work. These
activities must be in accordance with thg sequential scheme of the work scheduled. The
following basic items will be considered: a) spare equipment, b} multi-purpose equipment, and

¢} maintenance and repair.

a) Spare equipment: The recommended rate of backup equipment capacity is about 30%.
This percentage is applicable to the total amount of work hours resulting from the
design of the landfill operation, considering a maximum of 20 hours per day for the
performance of heavy machinery. For instance, if the design specifies two machines
operating a total of 36 hours per day, it is recommended to increase the number of
machines to three. Although the purchase of spare equipment will strain the capital
costs, it will also assure the continuity of service and extend the usefui life of the
machines. The backup capacity suggested is related to the type and frequency of the
maintenance and repair operations.

b) Multi-purpose equipment: One way of balancing the cost of spare equipment is
through the use of multi-purpose equipment that is able to perform more than one task.
An example is a landfill compactor that can be utilized for either compaction or covering
of solid waste, and to build haul roads. Another example would be a track-type loader
with a multi-purpose bucket, which can be used for earth-moving and/or to push and
compact solid waste. This strategy demands that the time requirement for each
particular task and equipment be carefully recorded, supplementing the requirement for
the spare equipment until the maximum useful hours for each piece of equipment is
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completed according to each specific task. The careful description of the methodology
and schedule to be used will ultimately determine the equipment requirements. The next
step would be the selection of the different pieces of equipment, considering first all the
possible multi-purpose ones. '

¢) Maintenance and repair: This itern requires detailed planning in order to satisfy the
need for continuous service. It is recommended that these tasks be performed in the
field in order to avoid the inconvenience of hauling the equipment to the workshop.
Proper washing of all the rolling stock assigned to the handiing of solid waste is
required on a daily basis. Washing will help increase the useful life of that equipment
and decrease potential friction resulting from solid waste blockage of the different
mechanical components of the equipment. Inspection, cleaning, and washing of the
machines’ radiators is another task that shall be systematized for aill equipment that
comes into direct contact with solid waste. This operation must be performed at least
once a week. The rest of the normal maintenance operations, described in the
corresponding equipment manuals and/or catalogs, must be programmed in advance
and performed according to the manufacturer's specifications. The repair operations
should include light mechanical jobs (that require no more than two days to be
completed). For that purpose, it is very important that all the necessary tools and a
complete set of minimal spare parts be readily available at the site. The latter might not
be necessary if a reliable supplier is able to provide the required parts within a
reasonable period of time. |

7.1.2. Factors

In addition to the obvious factors of suitability of particular equipment to [andﬁli
construction and operation and the probable multiple use of that equipment, three important
factors enter into equipment selection:

1) amount of waste to be landﬁl[ed and the type of materials to be handled

2) economic feasibility ' |

3) availability of maintenance and repair facilities and skilled personnel.

Economic feasibility and maintehancé and repair are especially important in developing
countries. However, failure to take into account any one of the three factors makes it virtually
impossible to operate a successful landfil.

The importance of maintaining a steady flow of waste into the fill for the success of the
oberation is fairly obvious. Maintenance and repafr are important as well, with the exception of
the smallest of operations, a landfill involves a relatively large amourit of ﬁaterials handling (soil

and municipal waste). The handling begins with site preparation, continues through operation



-c_af thé ﬁll, and endéﬁwith the .closin.g of tﬁe fill. Because practicality sharply limits the amount of
\;vastes and soils that can be handled manually, most operations must rely on mechanization.
Under certain conditions, it is possible to rely on manual labor and on suitably modified farming
equipment (i.e., tractors). Under the rigorous conditions characteristic of landfill operation,

even the most rugged equipment breaks down frequently unless it is conscientiously

maintained.

ﬁe need for conscientious maintenance takes on added significance in developing
countries because replacement parts often are difficult to obtain. The problem is increased
due to scarcity of skilied personnel.
7.1.3. Functions Served by Equipment

Basic functions served by landfill equipment fall into the following three categor'i‘es:

1) functions related to soil (excavation, handling, compaction)

2) functions related to wastes (handling, compaction)

3) support functions

Based on the size of the operation, the same piece of equipment can be used for more than
one of the three categories. Versatility becomes an essential consideration in equipment
selection for situations in which equipment is likely to be used for more than a single function.

7.1.3.1. Relative to Soil

The excavation, handling, and compaction of soils used as .Iiner and cover material are
considerations when determining the funétion of ihe landfill equipment. Procedures and
equipment for accomplishing those tasks ditfer only slightly from those used in other earth-
moving operations. Consequently, the degree of mechanization and sophistication of
equipment suitable for sanitary landfilling in a given situation would not differ markedly from
that which is characteristic of other earth-moving operations in that area. This limitation
extends to the procedural and equipment variations to meet specific requirements due to local

topographic and soil conditions. For example, wheeled equipment usually is satisfactory for
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excavating soils in which sand, gravel, clay loams, and silt loams are the predominant
constituents. On the other hand, tracked equipment would be indicated for the less workable
soils. Other variations may reflect seasonal changes in soil properties. H soil is to be moved
over distances shorter than about 100 m, loaders, dozers, etc. used to move waste in the fill

can serve the purpose. Other equipment must be used for distanceés longer than 100 m.

Spreading and compaction have been discussed in other sections. Types of equipment

are discussed in Section 7.2.

7.1 .3'.2. Relative to Wastes

’

Functions served by equipment relative to wastes are distribution, spreading, and

compaction. With small-scale operations, and those sharply constrained by inadequate
economic resources.. equipment used for earth-moving is adequate for the waste hand-ling '
functions. Distribution can be accomplished by conﬁning the unloading of collection vehic!-es
to the immediate vicfnity nf the working face, and thefeby c.om.bining distribution and |
spreading. This dual function can be done by means of the bulldozer used to move, spread |

soil, and for compaction.

The compaction function demands full attention because of its many short- and long-
term effects on the operation of the landfill and rate and extent of settling, but mostly because it
is an important determinant of landfill capacity (Figure 7-1). Heavy equipment specifically
designed for compaction would be more effective and efficient for this function than would be a
piece of lightweight equipment ;esigned primarily for earth-moving. However, weight can be
significantly compensated by increasin§ the number of passes of lighter equipment over the
waste mass. Spreading the waste in thin layers in addition to increasing the number of times
the machine passes over the layers compensates for weight, also. The number of passeé

required to attain sufficient compaction also depends upon the moisture content and

composition of the waste.
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Landfill equipment must be rugged because operational conditions for equipment used
at the fill are far from ideal. Radiators tend to become clogged and damaged, and the body
and operating parts of the equipment can be damaged by protruding or dislodged wastes.
Tires, even heavy-duty types, can be punctured or cut, which results in a short life span. This
combination of unfavorable factors emphasizes the nécessity of maintaining a parts inventory

and an adequate repair and maintenance facility convenient to the fill.

7.1.3.3. Support Functions

With respect to the initial and subsequent construction phases of a landfill, support
equipment would be needed for the installation of environmental control measures such as

flexible membrane liners and covers, a leachate collection facility, and gas vents.

Support functions during the operati.onal phase include extension and maintenance of
roads to the working face of the fill, dust contrel, and fire protection. Unless the collection and
transport vehicles are equipped with self-unloading features, support equipment might be
needed to assist unloading. If labor is abundant, the unloading can be done manually. This
would be the case with more primitive collection vehicles. Generally, some of the support
functions (such as road extension and maintenance) during the operational phase can be

supplied by the machine used for spreading and compaction.

7.2. EQUIPMENT TYPES: DESCRIPTIONS AND SPECIFICATIONS
7.2.1. Considerations

Factors which will be écnsidered in this section are closely related to types and
characteristics of earth-moving machines themselves. One characteristic that should rgceivé
careful consideration in equipment selection is the ability of earth-moving machines to perform
multiple fuhctions. More importantly, the selection should be based upon the primary function
of each piéce of equipment and its ability to handle those functions under the conditions

peculiar to the site. Considerations related to primary function include those imposed by the
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soil, topographical, and climatic characteristics of the site; by waste characteristics, quantity,
and delivery rates; and by budgetary constraints. Possible off-site use is another

consideration.

7.2.2. fypes of Equipment

The following paragraphs will deal with the main functions and characteristics of the

different types of equipment used at sanitary landfills.

- 7.2.2.1. Track-Type Tractors with Push-Blades (Bulldozers)

Function: To distribute and compact solid waste, as well as 'to perform site preparation,
provide daily and final cover, and general earth work. A photograph showing a
bulldozer is presented in Figure 7-2.

Characteristics -

Buildozers are equipped with metal tracks having variable standard widths, such as 457

mm (18 in.), 508 mm (20 in.), 559 mm (22 in.) and 610 mm (24 in.). The tracks must be high
enough to allow for better size reduction of the solid waste and to avoid possible sliding. The
pressure exerted on the solid waste is achieved by distributing the weight of the machine over

the .contact surface. The following table presents some typical values for these machines.

Area of Contact
Power Weight with Refuse Pressurze :
HP) . (Kg) (m<) (Kg/em<)
140 11,750 2186 0.54
200 16,100 2.76 0.58
300 24,770 3.19 0.78

The degree of compaction of the solid waste depends on the pressure exerted. As
mentioned before, the thinner the layer of refuse, the more effective the pressure. Tracked

machines are not very efficient at compacting solid wastes due to their low ground pressure.
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“In order to obtain maximum efficiency from a track-type machine, it is very important -
that it be equipped with an adequate biade to push the material. The density of solid waste is
about 3 times less than that of soil; therefore, it is possible to increase the capacity of the '
blade. The capacity of a blade can be increased by increasing its height. A steel screen can
be used to increase the height of th.e blade. A screen avoids interfering with the operator's
visibility. The dimensions of the blades vary with each model. For example, a typical 140 HP
machine v;vouid have a blade with the following dimensions:

- Width (straight): 3.2 m.
- Height (without screen): 1.13 m.

- Height (with screen): 1.80 m.

The push-blade is controlled through a hydraulic mechanism. The estimated .
productivity for a typical 140 HP model, on flat surfaces, is on the order of 50 tonnes of %olid
waste per productive work-hour. On sioped surfaces the production will obviously decrease; '
thus, for a recommended maximum siope of 30°, production will be reduced to 30 tonnes p'ef

hour for the same 140 HP model. ' *

i
%

7.2.2.2. Steel-Wheeled Compactors

Function: Spreading and compacting the incoming solid waste. A photograph of a
- steel-wheeled compactor is presented in Figure 7-3.

haracteristics

Compactors are typically equipped with a either a standard or turbo diesel engine. The
metal wheels usually have alternated inverted V-shaped teeth that allow them to concentrate
" the weight on a smaller contact surface (;than that for a track-type machine} and to exert a
greater pressure on the solid waste. The following table indicates the average pressure for two

types of machines.



-Wheeled Compactor (Courtesy of Ingersoli-Rand)

7-3. Steel

Figure
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Power Weight Average Pressure

(HP) Kg) (Kg/em®)
150 16,000 75
175 26,000 120

! .
Compactors are more versatile and faster than bulldozers. A typical 150 HP model will

have a productivity of approximately 75 tonnes per hour on flat surfaces. The productivity .

decreases to about 50 tonnes per hour for a 30° slope.

Steel-wheeled compactoré are equipped with a hydraulicélly controlled blade. The
blade has an additional metal screen to increase its capacity. The common dimensions of the
blade are as foilows:

. Width: 3.04m. | -

- Height (with screen): 1.88 m.

7.2.2.3. Wheel Loaders
3

%

' Function: To excavate soft ground (i.e., ground offering little resi‘stance). load the
excavated material onto trucks, and pick up or transport that material to distances not
greater than 50 m to 60 m (for optimum efficiency). A photograph of a wheel loader is
presented in Figure 7-4,

Characteristics
Wheel loaders generally are equipped with a diesel engine and four-wheel drive. The
front axis is fixed and the rear axis can oscillate. Models vary in power, ranging from 65 HP to

375 HP. The capacity of the bucket varies from 0.8 mS to 6 mS. The most commonly used

models are those falling in the range of 100 HP to 150 HP.

Some characteristics of these models are presented in the following table:
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Power Weight Cap%cny
(HP) - (Kg)

100 9280 1.34-1.72
130 11,550 1.72-2.68

On soft ground, a 130 HP machine with a bucket capacity of 1.91 m3 would be abie to
excavate and load a dump truck at a rate of about 160 mS3work-hour. On tougher ground, the
production would decrease, and this machine would probably need to be replaced with a more

suitable piece of equipment to perform the excavation work.

Wheel loaders are also able to perform efficient earth work with clay-like soil, such as

cell covering operations and preparation of sites to be landfilled.

7.2.2.4. Track-Type Loaders

.
'

Y
I
*

Function: These machines can perform similar functions as the wheel loaders. Track-
type loaders are also able to excavate tougher ground. Their optimum material
transport distance does not exceed 30 m. :

in emergency cas;és, track-type loaders can be used to handle (i.e, to spread and
compact) solid waste. They can also be utilized to contour and level the cover material.

Characteristics

Tracked loaders are equipped with a diesel engine having power ranging from 65 HPto

275 HP. The following table presents some typical values for this type of equipment.

Area of Contact Bucket
Power Weight with Rsfuse Cap%c:ty
(HP) (Kg)
85 12,340 1.54 1.34
130 13,700 ' 1.79 . 1.34-1.74

190 21,300 , 2.48 1.80-2.48
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The bucket in track-type [oaders is easily and quickly operated through a hydraulic
mechanism. Better efficiency and fiexibility can be achieved with this equipment when it is
equipped with multi-purpose bucket. This type of bucket performs four different operations

according to the position in which the bucket is operated.

The bucket has a stationary section and a moving section. Movement can be
controlled by the operator with the same lever control. The bucket can act as a:

a) Loader: opening the grapple will allow the material within the bucket to be totally .
discharged.

b} Dozer: lifting the moving section will allow pushing and leveliing of the material.

¢) Scraper: in soft and/or clay-like soils the cutting action can be controlled with the
grapple opening.

d) Clamp bucket: ¢an be used to lift materials like trunks and branches of trees. This
can be accomplished by holding the material between the grapple and the edge of
the bottom part of the bucket.

The versatility of this equipment is necessary in sanitary landfills; especially when the

availability of equipment is limited.

7.2.2.5. Track-Type Excavators

Function: To excavate soil and load trucks, and to apply the daily or primary cover of
solid waste (for the trench method). This equipment can also be used for certain tasks
in earth work operations,

" Characteristics

The excavator is equipped with a diese! engine and a hydraulic system to control the

movement of the loading arms and that of the bucket.

The excavation cycle is composed of four phases:
a) Loading of the bucket.

b) Oscillation when loaded.
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7:.'-.)7 Discﬁarge of the bucket.

d) Oscillation when unloaded.

The length of time (in seconds) of the excavation cycle depends on the size of the
equipment and on the site conditions. Thus, when the excavation is more difficult or the trench |
is deep, the excavation procedu.re w’iil be slower. The cdmmerciai literature of the different
manufacturers available on the market indicate the calculation and/or estimate of the cycle
time, according to the equipment model and each particular site condition (e.g., type of soil,
excavation depth). The excavation depth (measured from the ground level) depends on the

reach of the loading arms. The following table provides some typical values for this type of

equipment:
Maximum
Length of Bucket Depth of
Power .©  Weight Loading Arm Cap%city Excavation
(HP) (Kg) {m) (m) (m)
135 22,680 244 0.75 6.4
195 34,020 280 1.18 7.3
325 56,200 3.20 1.94 8.5

7.2.2;6. Front-Shovel Excavators

Function: To excavate trenches for the placement of solid waste, and to perform the

daily or primary cover of these cells (without compaction nor levelling of the solid
waste). ‘

Characteristics
Front-shovel excavators are mounted on tracks and equipped with a diesel engine

having power ranging from 140 HP 1o 168 HP. The tracks are formed by shoes having a width

ranging between 666 mm (26 in.) or 762 mm (30 in.).
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These machines are equipped with a boom that is operated mechanically. The length

of.the boom can vary from 10 m to 15 m. The operational tuming radius varies according to

the equipment from 6.1 m to 13.7 m. Depths of excavation of up to 7.5 m can be reached,

depending on the type of soil and on the size and use of the bucket. The buckets generally

have a capacity of either 0.57 mS or 0.76 m°.

table:

The weight of a 140 HP equipment in operational conditions is about 20,500 Kg.

7.2.2.7. Motor Grader

Function: ' The construction and maintenance of hauling roads, embankments,
drainage ditches and the profiling and levelling of cover material.

Characteristics

Graders are equipped with a diesel engine, rubber wheels and power steering.

Typical weight and power for this type of equipment are presented in the following

Power Weight
(HF) (Kg)
125, 12,000
220 ' 18,280

The standard blade for these machines has the following dimensions:
- Length: 3.962 m.
- Height: 0.71 m.

- Thickness: 25 mm.

The blade can reach a maximum slope of 90°, and is able to adopt different positioné.
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These machines can carry a scraper as an additional equipment. The scraper is used

to rip the ground or to mix soils. It has 11 teeth shaped as hooks, with replaceable ends.

The scraping depth varies according to the model from 0.15 m to 0.22 m.

The approximate earth moving capacities for loaders and scrapers are presented in

Table 7-1,

7.2.2.8. Sheeps Foot Compactors

Function: Compaction of soils and embankments.

Characteristics

Sheeps foot compactors can be either self-propelled or pulled by tractors (1 BS_HP). :

Basically, they are formed by two cylindrical drums with “feet” that convey pressure to

the soil to be compacted. The drums can be ballasted with water. The average pressure

depends on the type of “foot’ used. There are several designs. Thus, for the case of two

cylindrical drums having the following dimensions:

Diameter: 1.3 m

'Flolling width (2): 3.4 m

Number of “feet" per drum; 120

Weight of drum with water ballast: 12,600 Kg

The pressures exerted on the ground, according to the type of Moot" would range from about

27 to 82 kg/emz.

Since these machines have a mechanism that allows oscillation of the drums, uniforfn

compaction can be achieved even on irregular layers of soil.
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Table 7-1. Approximate Earth Moving Capacities for Average Soils

Capacity of Units One Way Haul Distance - Ft.
(Cubic Yards) 0 100 200 300 400 500 600 800 1000
Cubic Yards/Hour

Tracked Loader

11/4 40 30 25 20 15 -
11/2 50 35 30 25 20 15
2 80 60 45 40 35 30

Pulled Scrapers

14 180 170 150 125 100
12 165 145 125 100 75

7 S0 80 75 60 55
Self-Propelled Scrapers

20 400 380 340 300

14 250 ° 240 210 180
1 170 160 140 - 120
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7.2.2.9. Pneumatic Tire Compactors

Function: Adapted to the compaction of topsoils and sub-layers, especially when
loamy material is present. High and uniform densities can be obtained throughout the
thickness of the layers.

Characteristics

These machines can be either self-propelled or hauled by tractors. The load is
transmitted to the ground through the contact surface of the tires, which form the rolling unit.

Typically, these compactors have seven tires.
N s

The ballasting of the equipment is done with wet sand (density = 2,000 Kgfrna) which
can reach weights ranging from 13,000 Kg to 35,000 Kg. The operation is as follows_:

- Initially, low tire pressures are used in order to have greater contact areas and tess
compaction resistance.

- During the compaction process, the tire pressures are increased, reducing the
contact area and, therefore, the compaction pressure.

These machines have a device that allows proper control of the pressure of the tires.

7.2.2.10. Self-Propelled Vibratory Drum Compactors

Function: Adapted to effectively compact soils, cover material formed by normal soils,
_ granuiated or clay-like.

Characteristics

Vibratory drum compactors have a metal drum on the front. The approximate
dimensions of the drum are: width, 2.15 m; diameter, 1.5 m. The compactors have pneumatic

tires on the back.

The vibration system is operated by a hydrostatic engine directly connected to the

vibrator, allowing variations in amplitude and frequency, independent from the speed of the
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propelling engine. The vibration frequency can be regulated to reach a maximum of up to

2,000 vibrations per minute.

The weight of the equipment varies according to the model (9,000 Kg to 12,000 Kg).

7.2.2.11, Drainage of Ditches

There are two types of equipment that can be used to perform this task:

a) Centrifugal pumps driven by internal combustion engines: Power of the englnes varies
between 8 HP and 15 HP. Itis possible to obtain flows from 6 m /h upto30m /h,
depending on the efficiency of the system. A

b) Submersible pumps with electric motors: These pumps are recommended for the
handllng of leachate. The range of flows for these pumps varies between 8 m3/m and
15 m3/n.

7.2.2.12. Rubble Shredders

The purpose of these machines is to shred large soil particles in order to obtain

adequate size distribution of the cover material.

These machines usually have power of 6 HP and a production rate of 2 m3/h.

Shredders usually are operated by an internal combustion engine or an electric motor.

7.3. INSPECTION AND MAINTENANCE

As previously indicated, the costs associated with operation and maintenance of the
equipment used in landfills account for a major portion of total operation costs. Disregard to
both frequent inspection and a systematié maintenance program can lead to severe problems.
The problems can take the form of machinery breakdbwns, inadequate compaction or
insutficient cover material. Breakdowns can be costly. Poor compaction aﬁd lack of cover

material can cause negative environmental impacts.

Consequently, it is extremely important to institute a program tor inspecting the

equipment used on the landfill. Some of the equipment may require daily inspection and
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“others _r_nay only need weekly inspection. In addition, continuous operation and iow frequency |
of breakdowns can only be achieved through the implementation of preventive maintenance
program. The maintenance program should be based on guidelines provided by the

equipment manufacturers.

Facilities must be provided for carrying out the various maintenance procedures.
Facilities include garages, tools, testing equipment, and a stock of replacement parts.
Equipment manufacturers should provide a list of basic replacement parts and the name and
location of a source for additional parts. ideally, the source should be located within the

country. -

A summary of fypical equipment needs as a function of waste generated per day is

presented in Table 7-2.
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Table 7-2. Equipment Needs as a Function of Waste Generated

Daily Equipment
Tonnage Quantity Type . Weight (ib) hp
0-20 1 CD <15,000 - <08
CL <20,000 <70
RTL <20,000 <100
SWC N/A N/A
20-50 -1 CD © 15,000-20,000 80-110
CcL 20,000-25,000 70-100
RTL 20,000-22,000 100-120
SwWC Smallest Available
50-130 1 CD 20,000-25,000 110130
CL 25,000-32,000 100-130
RTL 22,500-27,500 120-150
SWC As Availabie 150
130-250 1 CD 30,000-35,000 150-180
CL 32,500-45,000 150-190
RTL 27,500-35,000 150-180
SWC . 30,000-42,000 150-190
250-500 1-2 cD 47,500-52,000 250-280
' CL Combination
RTL Combination
sSwC . Combination
S
DL
WT
CD: Crawter dozer S: Scraper

SWC: Steel wheeled compactor
WT. Water truck
CL: Crawler loader

RG: Road grader
RTL: Rubber tired loader
DL: Dragline



Section 8
OPERATION

8.1. INTRODUCTION

This section presents an approach for the efficient operation of a solid waste landfil. A
detailed outline of all daily activities ig the basis of an effective operating plan. The plan must
be sufficiently flexible to encourage managerial ingenuity in reaching the objectives, and rigid
. enough to support proper operations. An efficient operating p-lan implies equipment that is
coﬁpatible with the characteristics of the solid waste, the site conditions and the -Iandﬁlling

method.

In this section, site operation is divided into two parts: 1) operational procedures that
do not depend on the method of landfill used; and 2) operational procedures that are specific

to the method of landfilling.

8.2. GENERAL OPERATING PROCEDURES

Operations factors that must be considered for all types of landfilling include:

Operating hours

Site preparation and maintenance

inciement climate

« Environmental control
8.2.1. Operating Hours

Operating hours typically are set by the collection schedules. It is possible, however, to
modify collection practices to accommodate site operations. Generally, sites in the U.S. are
open from about 6:00 a.m. to approximately 6:00 p.m. The hours of oberation should take into

consideration local traffic conditions.
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Operating hours may be modified based upon the quantity of Qvéste produced during a
certain time of the year. If the site is not open 24 hours per day, the gates should be closed
sufficiently early to allow for waste covering and cleanup. Containers {dumpsters) may be
placed outside the gate to allow for the disposal of small quantities of wastes after operating

“hours.

Personnel should arrive at the facility early enough to prepare the equipment and the
site prior to the arrival of collection vehicies. Some of the tasks that are carried out before the
arrival of the collection vehicles include: snow plowing (where aphropriate), relocation of wind
fencing, maintenance of equipment, fueling,-preparation of unloading areas, and cleaning of'
roads.

8.2.2. Site Physical Maintenance

8.2.2.1. Site Preparation

As the working area gets filled and additional areas are required for filling, those new
areas should be cieared, excavated, and lined.. Similarly, as the working areas are filled, a final

cover should be applied on them as soon as possible.

The sites must be prepared and constructed according to design specifications. Site
preparation and construction include:

* clearing and grubbing

* installation of liners and leachate collection systems

’ erection‘ of building structures

* installation of utilities

* constructions of roadways

* soil stockpiling



"8.2.2.2_ Road Maintenance
“Maintenance of access roads at andfill sites is a continuous process. Road mainte-
nance can be, and often is, an expensive operation. Regardless of the type of surface (soil,
gravel, or pavement), the roads must be inspected and repaired frequently. Typical repairs in-
clude cleaning, adaing or grading soil and gravel, filling holes, and cieaning drainage ditches.
Since road maintenance can be a c;astly operation, it often is neglected. Lack of proper road
maintenance leads to equipment damage, unnecessary delays, and safety problems. A few

sections of well-marked rough areas can be left on some roads in order to control excessive

speed.

8.2.2.3. General Maintenance

All waste treatment and disposal sites require continuous maintenance. The site man-
ager should prepare a detailed maintenance schedule. Specific dates should be scheduled for

the performance of tasks. The types of tasks that are required include:

* the removal of litter
* maintenance of gate, fence and building
'+ maintenance of drainage system and final cover

+ the preparation and upkeep of final site maps

As areas of the site are finished, a series of maps indicating phased filling should be
maintained and updated. The maps should identify areas used for special wastes, the fill depth
of the various areas, as well as other site specific features. An example is given in Figure 8-1.
8.2.3. Inclement Climate

The weather plays an important role in the successful operation of a landfill site. Long
periods of excessive rainfall, fréezing temperatures, or extreme heat can disrupt routine opera-
- tion of a landfill. The relative amount of rainfali during site preparation has a direct impact on

the moisture content of the soil as well as on groundwater saturation levels. Both of these pa -



Sequence 1 Sequence 2

P e
[N

Excavation

==
== Fi11 and Cover

Operation

/. Seeding and Maintenance

(:) Storage of Cover

Figure 8-1. Sequence of QOperation



rameters are important in the control of soil strength and permeability during construction of a
clay liner or oiher compacted soil components. Extremely low temperatures (i.e., freezing con-
ditions during construction of the landfill site) also impact soil workability and permeability.
Temperature levels also affect the installation of flexible membrane liners (FML) in particutar

seaming requirements.

Climate can aiso have an impact on the performance and operation of the facility. This
is particularly true in less developed countries where heavy rainfali often results in extremely
muddy access roads and unloading areas thus leading to long delays. Extremely high precip-
itation also has an impact on the water table. An excessively high water table may increase the
groundwater pressure on the sidewalls of a trench operation resulting in unstable conditions.
One of the most effective means of dealing with high rainfall is to construct and maintain
drainage canals on the periphery of the site to divert water away from the ‘waste_s. In the event
that the site is relatively fiat, leachate collection systems help to reduce some of the problems
associated with incréased precipitation. However, if the collection system does not have the
capacity to deal with the extreme conditions, liquid pressure in the facility will increase. High
liquid pressure may result in migration from the site. Decreased soil density, which may cause

liner instability, may also result from heavy precipitation.

On the other hand, very dry conditions may make the soil hard to excavate or compact.
in addition, in the absence of moisture, organic matter does not readily breakdown. In arid
areas, evaporation .from the ground is greater than rainfall, Consequently, very little or no
leachate is formed from the MSW after disposal. Landfills in arid and semi-arid regions may.be
operated without liners and leachate collection systems. In fact, it has been indicated that the
best sites for landfills are in arid regions [10]. Dry soil may also lead to the formation of cracks
and increase the permeability of the soil. Freezing temperatures may cause stockpiles soil to
freeze and become unusable. In extreme cases, very low temperatures may affect the proper

operation of site equipment as well as main components of the leachate coliection system that
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are located above the frost line. Efficient operations require that operationat problems of this
nature be anticipated and contingency plans be developed in order to address the problems
satisfactorily. In Table 8-1 are listed problems due to inciement weather and their potential
solutions.
8.2.4. Waste Receipt and Vehicle Routing

Every landfill site should maintain a controlled gate. A gate would enable operators to:
1) keep records of weights or volumes of incoming loads, 2) direct incoming véhicies, and 3)
reject materials that can not be disposed on the site. A sign which clearly indicates site regula-
tions, operating hours, user (tipping) fees, emergency telephone numbers, permit information,

and other relevant data should be placed on the gate.

Monitoring the weights, or volumes, of residues received at the site allows operators to
assess the efficiency of the operation in termé of land use and compaction. These records;'
. would also allow the -operator to predict, with a certain degree of accuracy, remaining site life.
Remaining site life can be caiculated in conjunction with aerial surveys. Aerial surveys maybe
unnecessary and too costly for certain locations. In addition, user fees can be properly and
‘ accurately assessed by monitoring the quantity of waste received. There are various methods
to monitor the quantities of waste received. Most large, modemn landfills utilize a truck scale.
Although it is preferable to monitor weights, small sites may opt to record volumes. In the ab- |
sence of a scale, weights may be recorded over a short term using a scale located away from
the site. The results of the survey can be used to develop user fees and evaILjate waste receipt
over a year. This method does not take into consideration any changes in the waste stream.
8.2.5. Environmental Control

In most situations, regulations are established which require the inclusion of environ-
mental controls to protect the environment from the potential negative impacts of landfills. The
most commonly used types of environmental controls include impermeable barriers (liners),

leachate collection systems, and cover systems. The proper design and construction of these
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I == ; Table 8-17Inclement Weather Practices

~ Problem

Solution .

Access roads (muddy)

Unloading area (muddy)

Soil is wet/unworkable
Soil permeability/density varies from design

Leachata collection system clogging
from runoff >

Dry soils — unable to excavate and
increased permeability

Sail {freezes)

Wet Weather

* Add cinders, crushed stone, or demaliticn
debris .

« Maintain a special working area that has
permanent roads -

+ Stockpile well-drained soils and apple as
necessary

» Keep compactive equipment off area by
unicading and moving refuse perpendicular
to area

. * Grade unloading area slightly to permit

runoff

+ Maintain compacted, sloped stockpiles
and/or cover with tarpaulin

» Do not compact soils in overly wet weather
* Cover sail

* Add barriers for fines
* Periodic cleaning of pipe network

Dry Weather
+ Cover soil to pravent drying

* Wet soil

Coid Weather

* insulate stockpiles with leaves, snow, or
straw

Salt soil .

Continually strip and cut soil

Maintain weil drained soil/sand

Uss hydrauiic rippers on frozen sail -

»




controls were discussed in Section 5. Environmental controls are necessary to protect the en-
vironment during landfill operation and during closure. These practices are described in the

following sections and are outlined in Table 8-2.

8.2.5.1. Leachate

Leachate is a liquid that results when rainfall or other type of liquid enters a waste dis-
posal facility and percolates through the wastes. Leachate typically contains high concentra- -
tions of suspended and soluble chemicals that were. eriginally part of the waste. The charac-
teristics of leachate vary from site to site and depend on several factors, such as the type of
waste, moisture content, quality of the cover, climatic conditions, and others. The characteris-

tics of leachate from municipal solid wastes are presented in Tabie 8-3.

The preduction and control of leachate' is an important aspect of landfill operatfons be-
cause the liquid may migrate from the boundaries of the fa_cility and contaminate both ground
and surface waters {1]. The rate of leachate production can be substantially reduced by cov-
efing the sol.id waste during facility operation with a material having a low-permeability.

" Leachate production can be controlled after closure by installing a final cover system that
minimizes the amount of liquid that penetrates the waste. Low-permeability liners (i.e., com-
pacted soil, flexible membranes) serve two main purposes in the controi of the quantity of
leachate. A discussion on permeability and covers is presented in Section 5.

1) Liners prevent groundwater from entering the facility and contributing to the

leachate volume. -

2) Liners prevent the leachate.from migrating outside of the disposal area.

In most cases, leachate will be produced in municipal solid waste disposal facilities. Therefore,
these facilities generally are required to be equipped with leachate collection systems to pre-
vent the accumulation of leachate pressure on the liner. Leachate production, collection, and

treatment system operation are discussed in references 2, 3, and 4.
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Table 8-3. Summary of Leachate Characteristics from Municipal Solid Wastes [9]

Componeants

Range of all values {mg/L)

Alkalinity (CaCo,)
BQOD (5 day)
Calcium

CcQoD

Copper

Chlioride (Ch)
Hardness {CaCos)
Iron - Total

Lead
Magnesium
Manganessa
Nitrogen-NH;
Nitrogen-Kjeidahl
Nitrogen-NC;
Potassium
Sodium :
Suffate (SO,7)
TDS

TSS

Totai Phesphate
Zinc

pH

0-20850
9 -54610
5-4080
0 - 89520
0-99
34 - 2800
0 - 22800
0.2- 5500
0-5.0
16.5 - 15600
.06 - 1400
0-1106
0-1416
0-1300
28-3770
0-7700
1-1826
0-42276
6 - 2685
0-154
0-1000
27-8.5

s£xcluding incinerator residue.
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8.2.5.2. Siltation and Erosion

Improper grading generally leads to production of run-off containing high concentra-
tions of silt. Grades with a slope of 2% to 5% should be maintained, if possible, where feasible
to promote surface drainaga and at the same time minimize flow velocities. Denuded areas
should be kept to a minimum during site operation. Ongoing construction and maintenance of
sediment control devices (e.g. grass waterways, diversion ditches, rip-rap, sediment basins} are
critical for an environmentally sound operation. During final closure, proper final grading,
‘ seeding and maintenance of a final cover system help prevent long-term erosioﬁ and siltation

problems. -

Heavy rains and snow mett during the spring can resutt in the production of mud. In
order to reduce the negative impact that mud can pose on daily operations, access roads
should be paved or graveled. Anocther alternative is to mix soils of large particle size such as
sand and gravel into clay soils in roadways where vehicle traffic is heavy. Mud can be tracked
onto public roadways by landfill equipment 'or collection veﬁicles and can result in significantly
poor public relations for sanitary disposal facilities [5]. Ideally, an area for washing should be
installed near the gate to the facility in order to remove the mud from transport vehicles. In
some cases, landfill sites have specific areas that are used only during poor weather conditions
and when conditions in oth‘er areas of the facility are muddy and would make operation diffi-
cult. Wet weather operation areas should be located as close to the main gate as possible in

order to reduce on-site travel.

8.2.5.4. Dust

Dust Ain a landfill site is generated by coliection vehicles, and heavy equipment moving
over dry dirt roads and by the wind. Dust can also be generated during, the discharge, place-
ment, and compaction of dry waste materials or during the excavation and movement of dry

soils. In order to reduce the amount of dust generation, access roads should be graveled or -
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. paved. As an alternative, water or other environmentally acceptable dust control chemicals can
be applied to dirt roads on a continuous basis. The relatively common practice of applying
waste oils to roads should be discontinued. Excavating or moving soils when they are damp
will limit dust production. Similarly, dry waste materials should be slightly moistened prior to
disposal. Another means of reducing the total amount of dust generated from a particular

facility is to revegetate completed areas as soon as possible.

Landfills should be equipped with a water truck or trailer to meisten dirt roads and

working areas for dust control.

8.2.5.5. Vectors

. Fiies, mosquitos and rodents may be present at landfill sites. Vectors can be controlled
by frequently placing an adequate quantity of compacted soil ove} the wastes. it has been
demonstrated that a daily cover consisting of 6 in. (15 cm) of compacted soil having a low clay
content will prevent the emergence of flies. However, even under the best conditions, a landfill
should have a regular inspection and fly control program. Mosquito control is best accom-
plished by preventing the accumulation of stagnant water anywhere on the site. The accumu-
lation of stagnant water can be prevented by filling low spots and placing cover soil over waste

materials.

Occasionaiiy. rats and mice may be delivered to the s_ite with the solid waste. If harbor-
age is available in areas adjacent to or in some neglected portion of the site, extermination by
thé local health department will be nrecessary. Employees at the landfill shouid be trained to
recognize burrows and other signs of the presence of rats and mice so that appropriate

measures can be taken.

8.2.5.6. Odors

‘There are several potential sources of odor at a landfill. Odors may be generated in the

following situations:
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* when the waste is delivered
» from decomposing waste in place at the landfil

* from storage ponds and treatment systems

Odors generated by the refuse can usually be mitigated by rapidly covering the wastes and
ensuring that the cover is maintained intact.

Occasionally, loads of particularly malodorous materials may be delivered to the landfill.
Deliveries of these matelrials should be schéduled such that sufficient manpower and equip-
ment are available to immediately cover the waste. i not possible, malodorous loads can be
mixed or covered with other wastes in order to alleviate the problem. In extreme c'ases, lime

and/or chemical masking agents can be used.

8.2.5.7. Noise

There are several sources of noise at landfills. These sources include operating equip-
ment and collection vehicies. Typically, the noise is very similar to that generated by any heavy o
construction activity, and is limited to the site and to the streets used to transport the solid
waste to the site. In order to reduce the total number of individuals exposed to the noise, every’
effort should be made to route traffic through the'least populated areas. In additicn, the site
can be isolated or surrounded by a buffer zone such that the noise cannot disturb anyone.

The installation of noise barriers such as earthen berms, walls, and trees can be very effective.

8.2.5.8. Aesthetics

In order to reduce environmental impécts and make the |andﬁ||'ac.ceptable, thg site
should be designed to be as compatible with its surroundings as possible. During site prepa-
ration, it is important to leave as many trees as possible to form a visual barrier. Berms can
also be used to form visual barriers. The use of architectural.effects at the entrance, confining

/s
disposal to designated areas, and the use of attractive landscaping will assist in the develop-
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ment of a sound operation. Additionally, every attempt should be made to minimize the size of

the working area.

8.2.5.9. Birds

Birds, especially in landfills located in coastal areas, are attracted to landfills for food.
Birds can pose a serious hazard to aircraft and creéte a nuisance {o operating pérsonnel and
neighbors. In the U.S., criteria for the classification of waste disposal facilities and practices in-
dicate that if a solid waste facility is sited within 10,000 ft (3,000 m) of an airport serving turbo-
-‘ jets or within a 5,000 ft (1,500 m) of any airport used by piston-type aircraft, the landfill shall be
operated so as not to pose a hazard to air traffic [6]. The most effective control practice is
rapid and complete covering of all refuse. Noise production, distress calls, or similar measures

can provide some temporary control.

8.2.5.10. Litter

One of the most frequent complaints from residents living near landfills concerns

blowing litter. Blowing litter can be substantially reduced by:

. Discharging the waste at the toe of the working face
-+ Frequent and thorough cover of the face and completed portions of the ceil

* Appilication of water or damp waste to loads containing a high concentration of
paper

* Installation of portable or stationary fencing around the working face.

Generélly, despite the operators best efforts and control measures, the accumulation of
some litter is inevitable at a landfill site. The installation of a fence around the site will help to
contain litter and keep it from reaching adjacent property. Daily cleanups, particularly at the

end of the working day can limit the quantity of litter that can reach other property.
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'8.2.5.11. Fires
1gn‘rtjon of combustible materials (open burning) should not be permitted at ianqﬁlls.

However, there are several potential sources of fires at landfills. Some of these sources include
receipt of hot wastes, sparks from vehicles, equipment fire, vandalism, and purposefu‘t incinera- |
tion for salvaging (i.e., removal of insulation from copper wire). A good security program com-
bined with alert spotters can mitigate most of the problem. Hot and highly flammable wastes ‘
should be directed to specific areas in the landfill and wéned down or smothered with soil oir
water prior to disposal. All landfill vehicles should be equipped with fire extinguishers to limit

damage resulting from equipment fires.

in the event that pumped water is not available, a water truck or trailer equipped with a
gas-powered. pump should be on-hand. There are several techniques available for dealing -
with fires. Fires near the surface of the fill can be excavated and extinguished with soil and/or
water. Deep fires cén sometimes be smothered by placing damp soil on the surface of the fill.
More commonly, however, deep fires will have to be thoroughly excavated and smothered at
the surface. Particularly large fires may have to be dealt with by experienced personnel.
8.2.6. Self Haul

Most disposal sites allow the transportation and discharge of wastes by private
individuals. Typically, small vehicles comprise a considerable portion of the traffic. These
users (either small haulers or private individuals), usually unfamiliar with practices at the site,

can damage their vehicles, can cause delays at the working face, and may cause accidents.

There some options for dealing with self-haul vehicles. Sel-haul vehicles can be di-
rected to specific areas in the working face away from large collection vehicies. Alternatively,
transfer systems can be used. Transfer systems commonly used are large self-dumping trailers
(which are periodically towe.d to the workinQ face), dump trucks, and roll-off containers. Nor-

mally, a piatform is constructed to unload small volumes of waste into the large containers.

8-15



The transfer point should be located inside the g'ate and adjacent to a good road. This
area should be located at a'point where it can be watched by site personnel. If utilization i$
high, an employee may need to supervise and operate the facility. A res'ou;'ce recovery
operation can also be added if supervision is available. These areas have a certa.in amount of
problems, especially from abuse by the users. Litter is a common probiem and fires may take
place in the container. Nevertheless, the value of some type of transfer system usually is
. justified in reduced roadway costs, simpler and safer operations at the working face, and
improved public relations.

8.2.7. Salvage/Scavenging

Scavenging or uncontrolled sorting through raw wastes to recover materials that may
be reusable is a common practice in most less developed countries. This practice is strictly
prohibited at the working face of a landfill in developed countries because there is a high risk of
injury and a potential health hazard to the scavenger. Where regulatioris allow controlled sal-
vaging, it can be conducted away from the working area by individuals under direct supervision
of the operator. Salvaging operations and storage must be confined to a specific area or facil-
ity so that they will not interfere with the landfill operation. Strict controls must also be estab-
lished on the types of materials, storage, and removal frequencies so that nuisance conditions
do not deveiop. It is highly recommended that the individuals working in the salvaging area be
provided with uniforms, hard hats, masks, boots, and basic sanitation services. Additional in-

formation is provided in Section 5.

8.3. LANDFILL SPECIFIC.OPERATIONAL PROCEDURES
There are three basic operaticnal procedures that depend on the method of landfilling.

They are:

1) site preparation

2) traffic flow and unloading
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“3) waste compaction and covering

These Procedures are presented as a function of the two basic methods of landfilling— area or
trench. _ |

The sequence and method of operating a sanitary landfill is dictated by severai factors
that are specific 10 a site. Some of the most important factors include physical site charactefis-
tics, types of waste, and the raie of refuse receipt. However; there is not an "optimum" method

that is applicable for a given disposal site. .

As has been previously indicated, the two basic operational techniques are the trench
énd. area methods. The primary difference between the two is that the trench operation em-
ploys a prepared excavation and as such, confines the working face between the two side
walls. The area method, on the other hand, does not uﬁe extensive surface preparation.- The
width of the working face is, in theory at least, unlimited. A common approach of landfills is. to
use both methods at different locations or times. For example, initia! disposal operatiohs may .
employ a trench design and subsequently the area method méy be used on top of the trench.
There are some variations to the two basic methods. Some of these variations include pro-
gressive siope, progressive trench, and the cut and cover approach.

8.3.1. Area Method

. The area method typically is used in natural depressions, in prepared areas, or on top
of filled trenches. The subgradé may consist of either natural soil, a prepared surface using
liners or compacted soil or soil supplements. The use of either of these materials depends
upon local regulations and design preferences. A typical afea fill operations shown in Figure 3-
4. Area fills usually utilize the land more efficiently than trench opera;ﬁons. Area fills, on the

other hand, require imported soil for liners and covers.

B.3.1.1. Site Preparation

The primary objective in preparing a site for an area fill is to utilize most of the available

soil that meets the design requirements. At the same time, site preparation should keepto a
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minimum disturbance of natural soil and vegetation. In order to accomplish these objectives, it

is necessary to conduct a comprehensive inventory of the amount and type of soil available.

Excavations should follow a particular sequence such that the soil that is removed can
be used elsewhere on-site without stockpiling. This procedure eliminates double handling and
increased costs. A model has been developed to provide assistance in the planning of soil
movement [7]. However, it is frequently necessary to stockpile a certain amount of soil in order
to take full advantage of the various types. For instance, topsoil should be stockpiled for use
on roads, as daily cover, or for the construction of leachate collection sy.;.tems or surface
drainage systems. Clay may be selectively excavated and used as liner material, dikes, interim

and final cover or, if necessary, used to supplement subgrades.

Soil that is stockpiled should be placed fn appropriate areas, compactéc}, and appropri-
ately sloped to keep it as dry as possible. Soil should be stockpiled as close to the location
where it will be used as practical. Stockpiles should never be-placed in areas where they will
interfere with traffic, cover soil that might be needed for other functions, or impede the function

of drainage control systems.

8.3.1.2. Traffic Flow and Unloading

The Qeneral procedure for managing the receipt of solid waste at the gate is discussed

elsewhere. This procedure is applicable to both methods.

The spreading, compacting, and covering of waste can be facilitated by controlling the
position of the collection vehicles while unloading. If fhe collection vehicles are directed over
previously filled areas, the areas should be well compacted. When possible, demolition debris
and other dense rubble should be placed to take advantage of the drainage plan. Roads

should be designed and built such that they do not interfere with stockpiling or seil handling.
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The working face should be as narrow as possible without interfering with normal oper-

ations. To facilitate this, an operator (spotter) should be at the face of the fill during operating
hours using a whistle, a bullhorn, or flags to direct incoming vehicles to the appropriate section
of the working face. Barricades and markers may be used to delineate the area that is used a

given day.

it is preferable to keep the unioading area at the toe of the working face. ‘This is be-
cause spreading and compaction are easier and generally more effective when pefformed from
the bottom (see Figure 8-2). If the unloading is carried out from the top, care must be taken to
prevent the refuse from being pushed over a steep workir;g face and little or no compaction is
applied until the end of the day. Unloading at the toe generally reduces blowing litter. The |
unloading area should be kept clean and level to prevent vehicles from being damaged or
ti;ﬁped. In small sites it may béﬁnecessary to provide an unloading area that is wider than the
working face. At large sites, or at sites that process large quantities of wastes in relatively short .
time spans, a portion of the unloading area should be set aside for unloading trucks manually.

if the face of the fill is not sufficiently wide to allow for this process, manually operated vehicles

may be routed to the top of the lift.

8.3.1.3. Q_o_mpacﬁna_and Covering Solid Waste

Spreading and compaé:tion operations should be aimed at maintaining proper cell den-

sity, height, slope, and width throughout the day.

The compacted density of the solid waste depends upon two main variables. Com-
paction is a function of the thickness of the layers and of the number of passes made by
equipment. Usually four to six passes with wheeled or tracked equipment will provide sufficient
degree of compaction. Although additional passés do result in higher compaction, the return
for the effort diminishes beyond six passes. An expérienced operator shéuld be -able to know

when additional passes will result in greater compaction. In order to prevent soft spots in the
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il area, excessively wet loads should be separated and mixed with dry materials before and

during spreading. The compaction sequence is demonstrated in Figure 8-2.

The final height of lifts usually is determined by the grade plan for the facility, soil usage,
and operational limitations.- In extremely deep fills with a large number of lifts, the height of the
lift may be limited by the equipment. For instance, a lift may be limited to the maximum height
at which a scraper can provide compléte coverage with one pass. Typical heights for lifts

range between 8 and 16 ft (2.4 to 4.5 m).

The relationships between density and the number of passes as well as the thickness

iayer are presented in Figures 8-3 and 8-4.

The siope of a cell should not exceed 20° or about 3:1 (horizontal:vertical). The slope
should be established with initial loads and maintained constant throughdut the day. Some
sites may oﬁerate effectively by using horizontal cells. However, sloped cells require less soil
for cover, reduce the area of exposed wastes, facilitate épreading, and encourage proper

compaction of wastes.

There are three types of soil cover: 1) daily, 2) intermediate, and 3) final. Each type de-
pends upon the thickness of the cover and the duration of exposure to the elements. Sug-

gested thickness for a range of exposures are presented in Table 8-4.

The stockpiling of soil and the method of application of the soil should be carried out

~ such that the cover will not be iinered with refuse. This situation can be prevented by deposit-
ing the soil at the top of the cell or adjacent to the face. At the time that the coveris appl'ied,
the soil sbreading equipment should only travel over the soil. The spreading equipment should
not travel through refuse onto fresh soil because this tends 1o draw waste on top of the cover
material. The tires for the various types of equipment should be cleaned before_applyi_né or

compacting soil.
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Table 8-4. Thickness of Cover Soil and Exposure Time

Cover Material Minimum Thickness . Exposure Time?)
(in.) (em) '

Daily 6" 15.2 - 0-30days

Intermadiate 12 30.4  30-365days

Fina

24 60.8 > 365 days

a) Length of time cover material will be exposed to wind and rain.
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Scrapers and draglines are the most frequently used types of equipn'ien_t for the appli-
cation of cover material. Scrapers reduce the amount of double handling. Unfortunately, the
tires may be damaged by the waste materials. Dfaglines can also be used for the application
of cover material. The use of draglines, however, requires additional grading and compacting
of soil. Regardiless of the placement memod, the cover should be compacted and smoothed.
Typically, two passes using appropriate equipment will provide sufficient compaction for daily

cover soil.

The main purposes for applying daily cover are to control vectors, litter, odor, water in-
filtration, and, to some extent, fire. The solid waste should be compacted immediately prior to
placing the daily cover. Compaction of the waste will level the site and facilitate both covering
and subsequent operations by providing a smooth surface. Typically, a minimum compacted
thickness of 6 in. (15 cm) of daily cover soil is sufficient to accomplish the objectives. The
thickness may exceed 6 in. (15 em) if a greater depth is required to cover all of the waste.
Cover should be applied to the top and side slopes as ﬁell construction pro'gresses. This pro-
cedure prevents the litter and only the working face would need to be covered at the end of the

working day {9].

Intermediate soil cover has the same general function as daily cover. The intermediate

cover, however, remains exposed to the elements for a longer period of time. The intermediate
cover may also serve as aiemporary surface for traffic movement. The minimum compacted
depth for an intermediate coveris 1 ft (0.3 m). This cover should be placed as soon as possi-
ble on the lift surface, but kept a sufficient distance away from daily activity to prevent littering

from equipment moving over it.

Completed areas should be covered with a final layer of soil as soon as possible. it is
generally recommended that the final cover have a minimum thickness of 2 ft (0.6 m). The

depth and type of soil to be used and the compaction requirement; must be specified in the
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" 'faci'l'ity design 'and operatidn plan. All butthe upper 1ew-inchés should be compacted in order
:to reduce the soil permeability. Topsoil can be added to the surface of thé final cover. Seed-
ing, mulching, fertilizing, and pH adjustment should immediately follow final covering. A recent
EPA.publiéaﬁon provides useful information on standard procedures for planting vegetation on
final covers [8]. A discussion on covers is presented in Section 5. Soil used as final cover |
should not be applied when it is too wet or frozen. A certain amount of soil should be saved
after site compietion to facilitate any grading that rﬁay be required to maintain an even surface.
Completion should be phased such that once the final cover is applied, no additional traffic will
be permitted to go over the completed area. ' ' ' - '
8.3.2. Trench Method

The trench method is most applicable on flat or gently rolling ground with deep soils.
The widths and depths of the trenches can vary substantially from site to site. A typi'c-alltrench
operation is illustrated in Figure 3-3. Trench operations usually result in surplus soil and pro-
vide lateral confinement at the operating face. Trench operations may require more land and .
equipment than area operations. In addition, trench operations may need extensive soil

stockpiling and hangling.

8.3.2.1. Site Preparation

Generally the depth and width of the trench are specified in the design and operation
plans. The excavation of the first trench and even portions of later trenches may require stock-
piling of large quantities of soil. The stockpiling must be conducted such that it will allow the
soil to be available for use as liner and/or cover material and to avoid inteﬁering with

operations.

As previously indicated, the size of unexcavated areas between trenches depend upon
the depth of the trench and the characteristics of the soil. In general, the more cohesive the
soil the less area that will be required between the trenches. On the other hand, as the depth

of the trench increases, the more area between the trenches will be required.
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The amount of soil handlihg and stockpiling can be reduced by following either of two
approaches. The first approach is called the phased fill and covering. This approach uses soil
from a trench being excavated to provide'cover for an adjacent trench that is in the process of
being filled. Soil from the first ﬁench must be stockpiled. The second approach is known as
the progressive trench. The progressive trench method uses soil excavated from one end of

the trench as cover material for waste deposited at the other end of the same trench.

8.3.2.2. Traffic Flow and Unloading

4

The working face in trench operations usually is more sharply defined than in area op-
erations. In the trench method, waste may be discharged from the side or from within the
trench. Operational procedures must be developed according to the fandfill method. Stability
of the sidewall is extremely important if the unloading is going to take place from the side of the
.trench. in addition, allowances must be made to prevent the vehicles from entering the
trenches. Typically, logs or poles are placed near the edge of the trench. A spotter shouid be
present during unloading operations. it is preferable to unioad the waste from within the
trench. In this particular case, a ramp leading to the base of the trench should be built and
maintained at a grade appropriate for vehicle traffic. Contingency plans should be provided
during wet weather or when other situations rﬁake the ramp hazardous or difficult to use. The
same considerations dealing with traffic control for unloading in the area method also apply to

trench operations.

Waste handling practices presented for the area method also are common to trench
procedures. The walls in the trench help control the width of the face width and size of the cell.
On the other hand, the walls of the trench can interfere with compaction if the side slope is too

steep for the wheels or. tracks to reach the side and still maintain blade clearance.

Narrow trenches may have a rapid build up of refuse during peak periods. In this par-

ticular case, adequate compaction cannot be obtained if the refuse is discharged on the face.
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in order to prevent this situation, it is best to at least loosely compact the refuse in the bottom

6f the trench, and spread and compact it thoroughly when time permits.

8.3.2.3. Covering and Compacting Solid Waste

Soil cover should be placed at the same times and depths as specified for the area

| method.‘ When an area fil is placed on top of a trench fill, the operation should be phased
such that the area fill is completed as soon as possible after trench fill. This procedure will he!b
in preventing soil loss and achieve the desired ratio of soil to refuse. Sufficient soil for cover

should be available so that area lifts on top of trenches will have adequate cover.
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Section 9
LANDFILL PROCESSES

9.1. CHARACTERISTICS
Characteristics of a completed fill can be grouped acéording to three general headings:
» type and nature of wastes in the fill

* phenomena associated with physical, chemical, and biological processes that occu
in the buried wastes ! oo

« fill design and conduct of the fill operation

The three characteristics are closely interrelated with respect to their effects on the
completed fill. .For example, type and nature of the wastes determine the quantities and char-
acteristics of products associated with physical, chemical, and biological processes whiﬁh are
influenced by fill design and conduct of the fill ope;ration. Moreover, théy also d;eterrﬁine thé .
extént and the course of the processes. Because of fhis interrelationship, all three are dis- |

cussed under the single heading, “Processes".

Section 9.1 is closed with a discussion of characteristics that exert a major influence not
only on the impact of the completed fill on the public weifare and quaiity of the environment, |
but also on the use intended for the completed fill and the attention that must be accorded.
Characteﬁstics of concern may be grouped under the headings, "density”, “settlement”, “landfill
emissions®, and "corrosion”. |
9.1.1. Processes

Physical, chemi'cal, and biological processes are discussed in this section. Of the thrée'
types, the biological processes probably are the most significant. However, the biological pro-

cesses are strongly influenced by the physical and chemical processes.



9.1.1.1 Physical

In general, significant physicat reactions in the fill are in one of three very broad forms:
compression (compaction), dissolution, and sorption. Because settlement is an invariable ac-
companiment of compression, the two usually are discussed under the hyphenated heading,
";:ompression-settlement.' Similarly, dissolution and transport are closely associated phenom-
ena, but, not to the same degree as compression-settlement. All components of the buried fill

are subjected to the three reactions.

Compaction is an on-going phenomenon that begins with compression by machinery
ope'rating in the daily fill activities and continues after the wastes are in place. The continuing
compression is due to the weight of the wastes and that of the soil cover. Sifting of soil and
other fines is responsible for séme consolidation. Settling of the completed fiil is an end result
of compression. This settling is in addition to the settiement brought about by other r'eactidns

(e.g., loss of mass due to chemical and biological decomposition).

The amount of water that enters a fill has an important bearing on physical reactions.
Water acts as a medium for the solution of soluble substances and for the transport of unre-
acted materials. The unreacted materials consist of animate (living} and inanimate particulates.

Particulate sizes range from colloidal to several millimeters in cross section. '

In a typical fill, the broad variety of components and particle sizes o‘f the wastes provide
conditions that lead to an extensive amount of adsorption. Of the physical phenomena, ad-
sorption is one of the more important because it brings about the immobilization of living and
noniiving substances that could pose a problem if allowed to reach the external enyironment.
Adsorption is the adhesion of .mclecules to a surface. Adsorption could play an important part
in the containment of viruses and pathogens and of some chemical compounds. Adsorption

does have its limits, one of which is its questionable permanency. One or several factors can

8-2



alter permanency. For example, it can be aftered by the effect of biological and.chemical

decomposition on adsorption sites.

Abso?ption is another of the physical phenomena that takes place in a fill. It is signifi-
cant in large part because it immobilizes dissolved pollutants by immobilizing the water that
could transport them and suspended pollutant particulates out of the confines of the fill. Ab-
sorption is the process whereby substances are taken in by capillarity. The absorption poten-
tial of a fill is a function of its fiber content. In deveIOpéd countries, most of the absorption po-

- tential of landfilled municipal waste is attributabie to its paper content, whereas that due to the -
presence of other fibers (cotton and wool) is relatively insignificant. In developing countries, !
absorption due to fibers in general wouid be minor in extent. However, céertain crop residues
may provide some absorption potential. Of course, chances are that those fibers would-be re-
claimed before they reached the waste stream. Finally, it should be recognized that eventually
all absorbent material in a fill becom.es saturated. Consequently, absorption may be regarded '

as being only a delaying action as far as pollutant release is concerned.

9.1.1.2. Chemical

Oxfdation is one of the two major forms of chemical reactions in a fill. The other form
includes the reactions that are due to the presence of organic acids énd carbon dioxide (CO,) -
synthesized in the biological processes and dissolved in water (H20). Obviously, the extent of -
the oxidation reactions is rather limited, inasmuch as the reactions depend upon the presence
of oxygén trapped in the fill when the fill was made. Ferrous metals are the components likely

to be most affected.

Reactions involving organic acids and dissolved CO; are typical acid-metal reactions.
Products of these reactions are largely the metallic ions and salts in the liquid contents of the’

fill. The acids lead to the solubilization and hence mobilization of materials that otherwise
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would not be sources of pollution. The dissolution of CO; in water deteriorates the quality of

the water, especially in the presence of calcium and magnesium.

'9.1.1.3. Biological

The importance of biological reactions in a fill is due to the following two resuits of the
reactions:
* The organic fraction is rendered biologically stable, and as such, no longer consti-
tutes a potential source of nuisances. ‘
* The conversion of a sizeable portion of the carbonaceous and proteinaceous materi-
als into gas substantially reduces the volume of the organic fraction.
At this boint, it should be remembered that a fraction of the nutrient elements in the
waste is transformed into microbial protoplasm. Eventually, this protoplasm will be subject to

decomposition; and hence it makes up a reservoir for breakdown in the future. _

The wide variety of fill components that can be broken down biologically (biodegraded)
constitute the organic fraction of MSW. This fraction includes the garbage fraction, paper and
paper products, and "natural fibers” (fibrous material of piant or animal origin), Although tl.1e'
organic fraction is the primary substrate for the biological'reactions, certain inorganic compo-

nents may be indirectly affected.

Biological decomposition may take place either aerobically or anaerobically. Both
modes come into play sequentially in a typical fill, in that the aerobic mode precedes the
anaerobic mode. Although both modes are important, anaerobic decomposition exerts the

greater and longer lasting influence in terms of associated fill characteristics.

Aerobic: The greater part of decompeosition directly after the wastes are buried is
aerobic. It continues to be aerobic until all of the oxygen (Oy) in the interstitial air has been re-

moved. The duration of the aerobic phase is quite brief and depends upon the degree of com-
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) ﬁéction of the wastes and the moisture content (moisture displaces air from the interstices).

Microbes ‘active during this phase include obligate as well as some facultative aerobes. During .

this phase, temperatures as high as 45 to 55°C may be reached in the interior of the fill.

Because the uitimate end-products of biclogical aerobic decomposition are “ash,” CO»,

and H;0, adverse environmental impact during the aerobic phase is minimal. Although inter-

mediate breakdown products may be released, their amounts and pollution contribution usually

are small. v \

Anaerobic: Because the oxygen supply soon is depleted, most of the organic matter in
a landfill eventually is subjected to anaerobic breakdown. This anaerobic decomposition is bi-
ologically much the same as that in the anaerobic digestion of sewage sludge. Microbial or-
ganisms responsible for énaerobic c_iecomposition include both facultative and obligate anaer-

obes. A noticeable difference between the aerobic phase and the anaerobic phase is the ab-

sence of a discernible rise in temperature in the latter phase. Because of this absence, tem-

perature in the buried (landfilled) mass gradually drops to that of the ambient.

Unfortunateiy. the breakdown products of anaerobic decomposition can exert a highly
unfavofab!e.impact on the envirohment uniess they are carefully managed. The products can
be classified into two main groups: volatiie organic acids and gases. Most of the acids are
maio_dorous and of the shont-chain fatty-acid type. Examples are forrmic, acetic, propionic, and -
isovaleric acids. In addition to chemical reactions with other components, the acids serve as

substrates for methane-producing microbes.

Finally, the two principal gases formed are methane (CH4) and COz. Gases in trace
amounts are hydrogen suifide (H,S), hydrogen (Hz), and nitrogen (N2). The adverse effects of
CO; are discussed in Section 9.1.1.2. Methane production, management, and recovery are

discussed in considerable detail in Section 6.3.
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Environmental Factors: The nature, rate, and extent of biological decomposition in a fill

are greatly influenced by the environmental factors that afect all biological activities. The na-
ture of biological decomposition determines the nature of the decomposition products. Among
other things, rate determines the length of time during which the completed fili must be moni-
tored and which must pass before the"'reclaimed' area (i.e., completed fill} can be put to use -

whether it be for recreation, agriculture, construction, or other purposes.

~ One of the ways in which decomposition affects use of the completed fill is through its
~ effect on rate and amount of settlement {reduction in elevation), in that settlement is a major
constraint on the use of the completed fill. Sétt!ing continues until biological decomposition’
has run its course. Therefore, the obvious conclusion is that the higher the rate of

decomposition, the sooner can the site be put to use.

The principal factors that influence biological decomposition in a conventional fill are
moisture, temperature, and the micrbbial nutrient conteﬁt and degree of resistance of the waste
to microbial attack. An ideal moisture content in terms of decomposition is one that ap-
proaches saturation. Moisture is a limiting factor in a fill at moisture content levels of 55% to
60% or lower, because microbial activity is increasingly inhibited as the moisture drops beiow
the 55% level sludge can be added to increase moisture. For practical purposes it ceases at

12%. Therefore, decomposition can be expected to proceed very slowly in fills in arid regions.

The activity of most microbes increases with rise in temperature until a level of about

~ 40°C is reached. For some types of microbes, the upper temperature is on the order of 55 to
65°C. The former are/termed “mesophiles,” and the latter known as "“thermophiles®. Somig
mesophiles are high temperature tolerant (facultative thermophiles), and some thermophiles
are tolerant of temperatures in the mesophilic range {facultative mesophiles). Because temper-

atures in tropical regions are more favorable, decomposition proceeds very rapidly and to a

greater extent in those regions.



With respect to nutrients, waétes characterized by a high percentage of readfly pu-
trescible organic matter approach the ideal in terms of decomposition. Among the wastes that
fall in such a category are green crop debris, food preparation wa.ste, marketplace produce
waste, and animal and human manures. An interesting point is that one is likely to find such a
combination of ideal decomposition factors in developing countries in humid tropical regions of
the world. |
9.1.2, In-Place Density, Compéction, Settlement - The Interrelation

9.1.2.1. Density

Representative densities of raw wastes are discussed in Section 5. Among the factors
that determine or influence in-place density (i.e., density after the wastes have been déposited

in the fill) are:

* composition of the wastes

* operational procedure

* end-products of decomposition

« compaction .'fpplied by machine during fill coﬁstrucﬁon

» weight of cover material

* progressive settlement of the entire mass, resulting from the further increase in den-
sity brought about by consolidation of landfill components, by the weight of the up-
per strata of wastes and the cover material, and by the decomposition of the wastes -

Because of the effect of settlement, increase in dens;lty becomes a continuing phe-

nomenon. Tﬁe in-place density of a properly conducied, relatively deep fill can be on the order

of 900 kg/m?3; whereas that of a poorly compacted fill would only be about 300 kg/m2. In the

U.S.A., the usual range of density directly after compaction is on the order of 475 to 712 kg/m3
)



9.1.2.2, Settlement

Settlement is manifested by a decreass in volume of the affected mass and subsequeﬁt
reduction in elevation. For several reasons, the drob in elevation is not uniform throughout the
fill. The lack of uniformity may be a serious constraint on the use of the completed fill. Un-
doubtedly, the larger the organic fraction and the deeper the fill, the greater will be the extent of
seflling. Rate of settling depends in large part upon that of tﬁe decomposition of the wastes,

and hence upon the factors that affect decomposition.

Because of the variations in the apove factors and wide differences between operational
_procedures encountered in sanitary landfill practice, it is not surprising that a similarly wide

variation exists between reported rates and the extent of settlement. Of the total slettling, usu-
ally about 90% takes place during the first year [1]. Another report mentions settlement of a
20-ft landfill was greatest during. the first month, and uniformly very small after the third month.
As for extent, a report on a fill in a region of moderate rainfall (>11 cm/yr) and average temper-
ature, a 6-m fill settled 1.2 min year;1_. On the other hand, a fill in a region of modest rainfall
(<6 cm/yr) but somewhat warmer average temperature, a 23-m fill had settled 6nly 0.7 mby
year-3, and a 14-mfill, only 0.4 m [1]. In "Settlement of Landfill,"* A. C. Cheney [2] states that
whereas no physical settlement will occur if the initial density exceeds 1,060 kg/m3, neverthe-
less a theoretical settlement of 40% due to waste decomposition processes is possible. How-
ever, he points out that with wastes 650 to 1,200 kg/m?® placement density, annual rates of 0.55

to 4.7% have been measured in practice,

9.2. MONITORING

Ultimately, the rationale for monitoring is to detect adverse impacts of the landfill on the |
adjacent air, water, and soil environments so as to be able to take the remedial measures
needed to counteract the impacts. This is done by: 1) establishing baseline environmental
data and characterizing the nature, extent, and magnitude of the impact; and 2) developing a

remedial course of action. Impacts are indicated and identified by differences between the pre-
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| I;xhdﬁlliénd bogt-i_andﬁil quralxiﬂtativ'é and qua;;itéii;e- t-'.-'haramer'istriésr of the threew éﬁvif&nments, or
by the existence of gradations in quality and quantity with respect to proximity to the fill. Pro-
grams and methods for monitoring can range from minimal to quite extensive in terms of ex-
tent, complexity, type, and costs. The minimal Vcategory would be sufficient for situations in
which the ﬁeed for monitoring does not warrant an extensive program. The only exception
might be situations in which technical and financial resources are seriously limited, such as
may be true in rhany developing regions.
9.2.1. Groundwater
According to the general principles mentioned in the preceding paragraph, impact on
groundwater quality can be evaluated on the basis of difference between groundwater quality
(e.g., pH, dissolved solids concentration, chemical composition, presence, identity, aﬁd con-
centration of microorganisms before and after construction and completion of the fill). Impact
of an existing fill on groundwater flowing under and around the fill can also be evaiuated on the
basis of difference between the quality of the groundwater before it reaches the vicinity of'the
fill and after it has move‘d beyond the fill. Estimates depending upon groundwater flow presup-

pose a knowledge of the direction and velocity of the groundwater flow. Groundwater flow is

discussed in Section 4.2.6.

-Potential impact on groundwater quality can be estimated 0;1 the basis of the composi-
tion and quantity of leachate generated in the fill. Knowledge of leachate composition and rate
of production would also be of use in the identification of contaminants attributable to the land-
fill and in predicting the intensity of the contamination. To obtain such kﬁowledge. it is neces-
sary that the fill be provided with a leachate collection and sampling system. The problem is
that even in developed nations, such installations are few and far between. If a leachate col-
lection system is available, then monitoring would consist in measuring rate of leachate pro-

duction and analyzing the leachate for items of interest. Examples of such items are physical



characteristics, the identity and concentration of toxic chemicals and chemical coqstﬁuents ad-

verse to water quality, and of pathogenic organisms.

9.2.1.1. Monitoring Wells

Because sampling -(collection and analysis) is a key element in a groundwater monitor-
ing program, method of sampling must be carefully considered. In this connection, networks of
monitoring wells have an important part. A diagrammatic sketch of .a monitoring well is
presented in Figure 8-1. The extent and sophistication of this network are determined in pan
by the purpose of the program and by the economic and technological resources of the region
that is to be serQed by the network. With regard to purpose, a monitoring well network for
gross groundwater quality in;licators differs drastically from wells intended for detecting toxic
erganic compounds or heavy metals. The wells must be installed at proper horizontal and

vertical positions near the landfill.

Appropriate methpds for installing the wells are determined on the basis of anticipated
nature of subsurface aquifer materials, site accessibility, availability of drilling water, desired di-
ameter and depth of the well, the nature of subsurtace contaminants, and ecbnomic and time
constraints. (A list and evaluation of the many methods may be found in "Guidelines for the

Land Disposal of Solid Wastes” [3].)

Of the various applicable criteria, ail wells should at least meet these two criteria: 1)
water must flow freely into the well; and 2) downward. migration of surface water or upward mi-
gration of undesired groundwater to the well-intake zone must be prevented. Basic elements in
the design of monitoring wells are the casing, filter pack, seal, annulus backfill, and grouting.
The elements are indicated in Figure 9-1. Installation is completéd by well-development. Well-
development accomplishes two tasks: 1) the well is cleared of foreign materials introduced

“during drilling, and 2) the natural formation adjacent to the well screen is restored. Develop
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ment may be accomplished by way of bailing, pump surging, air lifting, and combined air lifting

and baiiing.

Among the several methods for drilling a meonitoring well are hand-augered boring,
auger drilling, mud-rotary drilling, air-rotary drilling, and cable-tool percussion drilling [4]. Of
these.methods, hand-augered boring is the least expensive. However, it is best suited for
shallow borings (less than 4 m deep) that are only.510 15 cm in diameter. Auger drilling is

suitable for depths of about 45 1o 50 meters.

9.2,1.2. Collection and Analytical Methods

With the use of the installed and developed wells, it is possible to obtain samples that
are chemically répresentative of the water taken in by the well. Consequently, attention must

be directed to:

* The physical extraction of the water from the well

* The preservation of the chemical integrity of the sample in transit to the place of
sample analysis

* The _ar_tainment of analytical results that are accurate and have a high degreé of
precision
Among the several means of collecting samples from the wells are;
. Down-hole collection devices
+ Suction-lift, positive displacement, the gas-lift, and the gas-drive methods
* (Gas squeeze or bladder pumps

* Jet or venturi pumps [1].

Among the pertinent sample parameters for analytical determination are:

pH

Specific conductance
Total dissolved solids
Total dissolved iron
Nitrate
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Chloride

Total organic carbon
Total organic haiogens
Heavy metals
Hardness

i
- [ ] [ . ) L I

The pH level and specific conductance should be determined in the field.

Most of these tests can be carried out by laboratories at universities or those that

- typically analyze potable water.

9.2.2. .Surface Water

The necessity or adﬁisabitity of monitoring surface water quality depends ufaon: 1) the
proximity of the landfill to surface water; and 2) the drainage patterns between the fill and the
sui‘face water. The approach followed in the selection of sampling stations, equipment, and
procedures should be similar to the approach used in the selection process for groundwater
monitoring. The stations should be located in areas that have the greatest potential fo_r con-

tamination. These afeas include the pathways through which !eachate can enter a surface

| body of water. Flow patterns and seasonal variatic_:ns should also be taken into consideration.
Equipment used for sampling surface water and the methods used to analyze the samples
should be consistent with procedures selected for testing groundwater samples.
9.2.3. Landfill Gas and Migration

As stated in Section 6.3, landfill gas can escape by vertical and lateral migration. Obvi-
ously, if the landfill cover is sufficiently permeable, gas can exit vertically, i.e., through the cover.
If the cover is impermeable (e.g., rain-saturated cover soil, pavement, or a clay or synthetic
membrane cap) this escape route is blocked. Because of this blockage, lateral migration be-
comes the only avenue of escape. The distances involved in lateral migration can be signifi-

cant, especially if the fill is adjacent to permeable soil strata.

Sampling devices should be located near the property boundary and offsite on the

landfill side of structures in pathways most susceptible to gas migration. Simple gas probes
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can serve as gas sampling devices. The technique used in the collection of the samples is
determined by the type of sampling probs. Methane usually is monitored by means of a
portable meter. Methane gas concentration in facility structures, -- and in structures not on the
facility -~ should not exceed 25% of the lower explosive limit. (The lower explosive limit is 5%

methane.)

9.3. USES

Use of the completed fill as a "green area,” for recreational purposes, and for agricuiture
was discussed in Sections 5.1.4. This section, therefore, deals only with use for construction
and urban development. |
9.3.1. Canstruction and Urban Redevelopment

Because of the many and often severe constraints associated with the construction and
utilization of structures erected on a bompleted fill, the use of completed landfills as sites fof
construction and particutarly for urban development generally should be discouraged in devel-
oped countries [S]. However, a growing land shortage is prom'pting‘a more favorable recon-
sideration of the potential of such sites. The situation is different in developing countries, es-
pecially in those in which the migration of populations from rural to urban is extremely great.
Because of the migrations, all unoccupied land has become attractive. Such being the case,
the only recourse is to apply to the fullest possible extent, precautionary measures designed to
lessen associated hazards. Examples of proposed use of completed fills are described in two

Worid Bank Reports. They are: Swamp Reclamation in Tropical Monsoon Regions by Appro-

priate Refuse Landfilling: Case Study Evaluaﬁons in Thailand [6] and Study of Landfill and Re-

source Recovery in Metropolitan Colombo, (Draft Final Report), prepared for the World Bank by

Environmental Resources Limited, June 1987 [7].

Constraints mainly take the form of problems associated with use of the site. Conse-
quently, a sizeable share of these probléms are geotechnical in origin and nature. Of equal

importance is a group categorized as "potential hazards”.
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9.3.1.1. Geotechnical Problems

Settlement, a major geotechnical problem characteristic of all waste landfills, is ad-
dressed in Section 9.1.2. Not discussed, however, is the problem posed by the relatively low
bearing capacity of a completed fill. Despite thé high degree of uncertainty characteristics of
determinations of the bearing capacity of compieted fills, the fact remains that reported values
do indicate the prevalence of very low bearing capacities. Reported vaiues range from 2443 to ‘

2906 kg/m2. These rather low values apparently would restrict the construction of buildings on

the completed fills to light-weight, single-story structures.

Solutions: The best course of action is to suspend the fioor slab on sulfate-resistant
cement piles. (The cementis of Class 4 or 5 (BRE 1981)). If the piles are made of materials
other than concrete, they should be protected by corrosion-resistant material so as to cope

~ with corrosive decomposition products in the fili.

A light one-story building designed to accommodate settling may not require piling.
However, its foundations should be reinforced to bridge gaps formed by differential settling.

Continuous fioor siabs reinforced as mats also ¢an be used

Roads, parking areas, and walkways should be constructed of flexible and eaéily '

repaired material.

9.3.1.2. Potential Haza_rds ,

An important feature of the hazard potential of landfills is the fact that the potential per- .
sists as long as decomposition processes continue. This persistence is due to the decompo-
sition processes that take place in a fill. Unfortunately, the decomposition processes continue

long after the site has been closed.

The three broad categories of potential hazards are landfill gas prbduction, chemical

contamination, and corrosion, |n addition to the attention given in this section, gas production
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receives considerable attention in Sections 5.1.3.3, 6.3 (Gas Management), and 9.1.1.3.

Chemical contamination also is addressed in Sections 3.2.1.1, 6.2, and 9.1.1.

Landfill Gas Production: As stated earlier, the rapid depletion of O; entrapped within

the mass of buried wastes results in a rapid shift in the composition of the landfili gas from a
preponderance of COx to one of CHs. The significance of this shift stems from the combustible
and under some conditions, explosive nature of CHs. The gas becomes explosive if its con- |
centration is from 5 to 15% CHs in air at tﬁe time of ignition. Because the rate of methane gen-
" eration is extremely slow, methane production, per se, does not constitute a hazard. Conse-
quently, methane becomes a combustible or explosive hazard only when the gas accumulates
in.a confined space within the fill itse!f or within a structure erected either on the fill or close to
it. In some cases, pressure exerted by the buildup of landfill gases has been high enough to

force the gas through permeable strata in soil adjacent to an unlined fill.

Although not necessarily hazardous, the malodérous nature of some trace constituents
of landfiil gas can be sufficiently intense as to constitute a problem. Examples of malodorous
constituents are esters and organqsulfurs. However, high dilution factors and low generatiofn
rates combine to keep malodorous gases from 'posing a probiem in the use of the completed

fill.

Corrosion: The hazard posed by corrosion is to building materials, utilities (pipes), and
other items related to construction. The corrosion potential is in the many highly chemically
active breakdown products found in decomposing municipal wastes. For instance, the mech-
anisms of attack on concrete include leaching of soluble m'aterials, degradation of the binding
capacit’ies of cehent by chemical change, disruption caused by expansion of reactioﬁ pr'cad-
ucts, and crystaliization of salts within the concrete pores. With respect to utilitiés, metals are

subject to attack by the acids generated within the fill as products of anaerobic'decomposition.

(Of course, steel reinforcement rods are subject to the same acid corrosion.):
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" Solutions: Procedures for preventing gas production from becoming a hazard at the fil

and its environs are described in Section 6.3. Measures described in this section are specific

to the use of the fill for construction and urban redevelopment. With regard to construction on

a fill, the following measures should be taken:

(8}

« Install the floor slab carefully so as to prevent cracking and to keep the concrete
from becoming porous.

* Do not allow cavities to develop under the slab.

* Install an impermeable plastic membrane within or beneath the floor slab.

» Lay the slab on a layer of gravel or crushed stone. The layer may be actively or
passively ventilated.

* Build the structure above the surface of the landfill and incorporate a well-ventilated
subfloor area. Active ventilation involves the use of a pump capable of ensuring
several air changes per hour. Passive ventilation (i.e., “naturally occurrlng“) is suffi-
cient in situations in which the rate of gas evolution is low. ‘

» Do not install utilities by penetrating the floor slab. Therefore, piping, conduits, etc. -
enter the structure above floor-level.

» Strategically located methane alarms should be installed in the structure.

9.3.1.3. Recommendations for Construction on Compieted Fills

The following recommendations are based on criteria listed by Stearns and Petroyan

* Construction and urban redevelbpment should not be allowed on a newly completed
deep fill that has a large concentration either of industrial wastes or of freshly
deposited highly organic wastes. :

* The fill should have been completed ten years prior to redevelopment.

* The completed fill should not be deeper than 10 m.

* The fill site should have a stable, low water table.

» The fill itself should contain no toxic or hazardous wastes, particularly liquid wastes.

* The development should be in keeping with the site conditions.

» Expenditures on the development should be in keepmg with the intended use of the
development.
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Redevelopment need not be approached solely on a cost-effective basis. The ap-
proach also must be equally satisfactory on an environmenftal basis. Thus, adequate safety
measures must- be taken into consideration in the design of structures.

9.3.3. Summary of Potential Uses

As stated in the other sections, all uses of completed landfills are subject to certain
constraints that remain in force until the biodegradable fraction of the buried wastes has been
almost completely decomposed, and chemical and physical processes going on in the fill have
reached a relatively high degree of stability, i.e., are approaching equilibrium. Among the more
important of the constraints are those that arise from:

* The low-bearing capacity of the fill cover

Extensive settling (especially the uneven settling)
* Presence of combustible and explosive gases
* The corrosive character of decomposition products and the internal landfill
environment in general .

These processes and their associated constraints continue long after the fill has been
compieted. The duration of this period is a function of climate (rainfall, temperature), nature of
the buried wastes, and design and operational features of the landfill. For exampie, it may be
as brief as two or three years in a developing country located in a humid, tropical setting and

longer than ten years in an arid environment.

The uses may be divided into the three general categories: open space, agricultural,

and urban developmental.

9.3.3.1. Open Space and Recreation

Although “recreation” and "open space” can be treated as separate entities, they can
also be regarded as mutually inclusive. Many reasons can be given for regarding recreation as
being the most beneficial of the potential uses of a completed fill. In some cases, the com-

pleted fill probably provides the only site that will be available for recreation within the foresee-
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able future. The list of potential recreational uses is extensive. The types of uses largely re-
flects culture (e.g., cricket vs baseball), ‘although open space would appeal to the widest spec-
trum. R is important to note that all constraints_attending the construction and use of structures
apply to structures erected for recreational purposes. A photograph of a completed fill is

shown in Figure 9-2.

9.3.3.2. Agriculture

The completed fill can be used as pasture or cropiand when reservations concerning
this use are taken into consideration. Among the agricultural uses are grazing, crop produc-
tion, tree farms, orchards, nurseries, etc. In all_ cases, the cover should be deep enough to en-
sure that roots do not cofne into contact with the buried wastes. Not only would such penetra-
tion be inhibitory to the crop plant(s), whether it be grass or trees; it may also serve as an av-
enue for introducing harmfu! substances into the food chain and the environment. The precau-
tion becomes especially important when food crops are concerned. (Examples of depth are:.
grasses - 0.7 m., shrubs, corn, alfalfa - 1.3 m, trees with laterally branching root systems - 1.3 -

2 m, trees with tap root systems — >4 m)

9.3.3.3. Construction and Urban Redevelopment

Even though construction and urban development are low priority uses, it is highly likely
to occur in developing countries, especially in regions undergoing rapid or accelerated urban-
ization. For example, in Cairo, apartment buitdings for the poor are built on landiills. In these
regions, vacant ﬁpace for residential and commercial construction is becoming increasingly
| scarce. -Every effort should be made to observe necessary constraints associated with this

use.

e
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Figure 9-2. Completed Fill
(Repeat Figure 2-2)
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S - — s —~§action 10

MANAGEMENT AND RECORD KEEPING

10.1. MANAGEMENT RESPONSIBIUITIES

Quality management is one of the more important factors that determine whether or not

a landfill operation will be a successful undertaking. Regardless of size of the landfill operation

and its technological level, the responsibiiities of management are quite diverse and the spe- -

cialties required are correspondingly numerous. The responsibilities cover three areas: opera-

. tional, social, and fiscal. The operational responsibilities include:

Maintenance of conformity with design and regulations
Conduct of routine and other daily operations
Prévision of security -

Supply of maintenance

Replacement of equipment

Social responsibilities include:

Public relations
Assurance of safety

Hiring and training of personnel

The fiscal responsibilities include:

Equipment and personnel record I;ceeping
Operational record keeping
Environmental reporting

De;/eIOpment and observation of budgets

Financing
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Generally, the size of the operation is the deciding factor regarding the advisability of
investing these responsibilities in a single individual or of entrusting them to a management
team headed by a single leader or authority. it is essential that functioning either as the sole
manager or as the head of a team, the leader should be adept and forceful in the management

functions, and especially be above reproach ethically.

For a large-scale sanitary landfilling undertaking at the technological level of developed
regions, personnel and equipment are the two major management items of concern in terms of
importance and expense. Conversely, with small- and large-scale landfill unde'rtakings ata
technological level befitting the resources of a developing nation, personnel becomes the key
itemn. The reason is that, in developing regions, labor usually is abur)dant and equipment is
scarce and ekpensive. ) ' |
10.1.1. Personnel

Number and types of personnel (jobs and positions) required for a sanitary landfill op-

eration are function of size and level of technology employed. The smaller the size of the oper-

ation, the fewer the number and types of personnel required. The number of personnel in-

creases almost proportionally to the size of the fill. But the ﬁp_eg of personnel are not only de-

pendent upon size of operation but upon technology also. Therefore, as the size of the opera-
tion and the level of technology increases, the need for trained operators and position types for
those operators (mechanics, bulldozer operators) increases. As a result, both the number and

types of personnel increase. But, if the level of technology is low, lesé equipment is used,

hence fewer trained operators are needed, thus reducing the number of types of operators.

10.1.1.1. Types

In moderately and in fully industrialized settings, types of personnel positions are for the
most part a function of the size of the facility. Thus, for a facility handling less than 50 to 70 Mg
per day, a single full-time operator probably could carry cut the necessary operation of equip-

ment, recording of waste input, and performance of administrative and maintenance functions.

10-2-



At the ebposiie end of the sizems.p-ectrum, Varfacil.itigr(:eﬂcrcomnr'hedating inputs .in the hundreds of
Mg/day would require one or more supervisors, equipment operators, mechanics, laborers,

and check station attendants. However, ina developiﬁg-region setting, equipment operator
and mechanic could be combined to constitute a single position, and the number of positions
mvoived correspondingly becomes but a fraction of that in a developed setting. The number of

Iaborers required obviously would increase in proportion to size.

Supervisor: Responsibilities 6: a supervisor extend to all aspects of landfill operation,
particularly those pertaining to its management. Time not spent on supervisory duties can be
directed to other positions. The supervisor should have had experience in landfill operations
and should be fully conversant with all that sanitary landfilling involves, such as aims and goals
and relevant governmental regulations and guidelines. The supervisor should be femiiie_r'with'
the use, servicing, and maintenance of ail heavy equipment that may be used. in non-devel-
oged regions, the ideal would be that the supervisor be acquainted with basic engineering
principles of Iandﬁlling design and construction, and be conversant with environmental protec-

tion principles, es;ﬁecially those regarding sampling and analytical procedures.

Equipment Operator: An equipment operator not only shouid be experienced with the

uses and ca‘pacities of the types of equipment used in the operation, but also should be able to .
operate a variety of equipment. Familiarity with methods and techniques used.in solid waste
landfill operations would be a distinct advantage -~ if not a requisite. Such an operator may be
difficult to find in a developing ceuntry, although the chances are improved by the fact that op-
erations involving even moderately advanced technology would be limited to metropolitan

settings.

Check Station Attendant: ‘Although the position, check station attendant, is a common
feature of landfill operations in developed settings it is much less common in developing set-

tings. Nevenheless, a check station attendant could be an impontant functionary - perhaps a
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minor bureaucrat - in a developing country. The reason is that in practice, such a functionary
not only may collect fees and keep a record of traffic and material entering and leaving the site,
but also can enforce regulations concerning ingress and egress of individuals, vehicles, and

materials.

Skilled and Unskilled Labor: The category, "labor,” appiies to the male and female

members of the work force {employees) engaged in the physical and manual aspects of the
routine operation of the fill. Among the many functions of labor are collection of litter, installa-
" “tion of drainage lines, performance of landscaping tasks, routine maintenance on buildings and

other facilities, and serving as “spotter" at the working face.

Mechanics: Evenin a developed country, the full-time services of a mechanic genérally
are not required at small fills. However, one should be available for providing needed equip-
ment maintenance without undue delay. The latter is particularly important in a developing
country. In such a setting, the uninterrupted operation of a fill Mmay depend upon tﬁe function-
ing of a piece of equipment for which no replacement is available. Mechanics should be well

versed with maintenance and operation of heavy equipment.

Number: Employee requirements are site specific. Thus, number of employees re-
quired for the satisfactory operation of a landfill is mdstly a function of the size and technologi-
cal level of the operation. The lower the technological level, the more direct is the preportion
between labor-need and size of the operation. In other words, a low-level operation is more
- labor intensive than is a high technology cne. For a developed country.setting. it has been es-
timated that one employee is needed for every 65 Mg of solid waste received each day [1].
With respect to type of landfill, trench operations generally are more labor intensive than are
area fills. Other factors are size of the operation, type of wastes received, site characteristics,

and operating hours.
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10.1.2. Equipment
The selection of equipment is discussed in Section 7. In this section, we deal with cost

categories relative to purchase, and with operation, maintenance, and record keeping.

10.1.2.1. Costs and Cost Recovery

ftems of cost pertinent to equipment are those of owning and operating the equipment
and down-time cost. Resale value is the major determinant in the recovery of equipment costs.
Owning costs include the price of the equipment, related interest charges, taxes, and insurance
premiums. Due to mark-ups, shipping costs, import and export duties (fees), commissions,
etc., owning costs in developing countrieg generally are substantially higher tﬁan those in de-
veloped countries. .Although the financial burden may seemingly be lightened in a developing
country through the purchase of obsolete or of used equipment, scarcity of {eplacement parts
and increaseﬁ maintenance and down-time costs render the savings illusory. Scarcity of parts
and increase in maintenance and down-time also considerably diminish the benefits of being -

the recipient of donated pieces of equipment,
A range of costs for landfill equipment is presented in Table 10-1.

Operating costs include those for fuel (powering the machine), for prei/entive mainte-
nance, for repairs, and for associated labor. The item “fuel costs” includes the price for the fuel

itself {i.e., diesel, gasoline) and that of lubricants.

Because the landfill operation must be continuous {(uninterrupted), functions not being
filled by a maltunctioning piece of equiprhent must be performed by standby equipment. This
is true because, by-'rts nature, landfilling - depends upon equipment. .Even where it is plentiful,
manual labor cannot entirely compensate for basic equipment. Unfortunately, standby equip-

ment is an unaffordable luxury in most developing' countries. Therefore, the entire operation

deteriorates during equipment downtime,
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Table 10-1. Capital Cost per Landfill EQuipment

Approximate

Type Power ~ Weight Cost
{hp) (kg) (Us.s) .

Compactor <200 <18,000 | 140,000

200 - 300 : 23,000 - 27,000 . 220,000

Track Dozer <100 ’ 8,000 : 70,000
: 100 - 200 14,000 - 20,000 138,000 - 189,000
210 - 300 20,000 - 28,000 200,000 - 260,000

Wheel Loader <100 9,000 66,000
100 - 200 10,000 - 15,000 106,000 - 140,000

<200 20,000 153,000

Track Loader <100 9,000 78,000
110-130 14,000 - 16,000 102,000 - 115,000
140 - 200 , 20,000 - 23,000 172,000 - 185,000
Wheel Tractor 300 - 400 11,000 - 27._000 130,000 - 218,000
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Resale is probably the major avenue of cost recovery. Resale value is the rate of de-

preciation and potential market value of a piece of equipment.

10.1.2.2. Operation and Maintenance

The full potential of a piece of equipment cannot be realized without a competent and
weli—qualiﬁed operator. Inasmuch as landfill operation is heavily dependent upon equipment,
an efficiently functioning and environmentally sound operation. depends on the realization of
that potential. Ultimately, the competency and qualification of the equipment operator is a
major factor in a well-run landfill. Ideally, the operator should have extensive experience in
equipment operation. New operators should undergo an adequate tréining program. In addi-

tion, all operators should have access to operation manuals for the equipment.

The cost for maintaining heavy landfill equipment is on the order of 15% of the original

capital cost per year.

The cost of equipment maintenance is an expensive item that can be substantially low- |
ered by the institution of a prograh of daily preventive maintenance. Equipment maintenance
is a criticat aspect of landfill operations. Unfortunately, maintenance is a task that often is
overlooked, and in some cases ignored, in many LDCs. The life span of equipment can be in-
creased by performing periodic and thorough maintenance procedures. Daily routine mainte-
nance‘ involves_ suc'h activities as checking water and oil levels, lubricating moving parts, keep-
ing bulldozer tracks and radiator clean, etc. This maintenance can be done by the equipment
operator, except in a very large operation. For a large opération, a full-time or part-time

mechanic may be assigned this duty.

A comprehensive, daily repont should be completed for each piece of equipment and be
readily accessible. The report can take the form of the one shown in Figure 10-1. Such daily
record keeping is an assurance of better maintenance and consequent lower maintenance

costs.
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Manutfacturers generally supply the equipment with a list of maintenance procedures
and their frequency as well as a suggested list of replacemént pants. Very small jurisdictions
can rely on private enterprises for the maintenance and repair of the equipment. On the other
hand, medium to Iarg‘e (larger than 300 to 500 tons/day) sites should consider having a full-
time mechanic on staff for performing routine maintenance and minor repairs. Furthermore, it
is strongly recommended that the landfill include a garage and repair shop‘equipped with, at

the very least, basic tools and some spare parts.
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Section 11
ECONOMIC CONSIDERATIONS

11.1. BACKGROUND

The economic costs of individual disposal operations vary substantially from country to
country and‘within each country. The variations are impacted by local conditions, regulations,
as well as other factors r;ot related to landfilling (i.e.,. assessm.ents for funding recycliqg,
groundwater protection, etc.}). Therefore, the coverage discussed in this section is limited to

the costs of the general components of landfill costs. An example of the extent of the variation

as a function of time in the U.S.A. is shown by the data in Table 11-1.

The data in Table 11-1 show how the costs for landfilling have varied over time. In the
1970s, the major fraction of the costs for landfilling was that associated with site operation.
Since a iarge number of LDCs do not have regulatibns_which require closure and post-closure
care, these costs wquld be similar to those currently experienced in LDCs;. As regulations and
other conditions changed, in 1986 construcltion costs increased and operation costs de-
creased. In addition, post-closure care was added to the overall cost. More recently (in 1980),
the costs due to construction and 6peration have been kept relatively constant. On the other

hand, a'new item unantiéipated) has begun to make an impact on the cost of landfilling.

Cost of landfilling depends in part upon the type of waste dis posed, size of the opera-
tion, availability of fill and cover material, and whether or not construction was phased. Phased
landfill construction is cheaper than construction of the landfill all at once. Varying site condi-
tions and regulatory requirements for landfill construction are important factors in the variability

in landfill construction costs.

As for accurately determining the landfill costs in a particular area, the best approach is

to examine past and current landfill operations in that area. In each area, cost of landfill
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Table 11-1. Changes in Landfill Development Costs?)

Typical Cost (%)
ltem 1975P) 1986°) 18509

Predevelopment 5.9 5-10 7.0
Construction 123 25-35 35.0
Operation 75.7 40 - 50 36.0
Closure 6.1 1-5 3.0
Post Closure Care f 0 10-15 11.0
Unanticipated _0 _0 8.0

100 100 100

a) Profit is not included, 16-ha site, 1 million tons, 15-year sits life.

b) Includes 117 cm soil liner and leachate collection system.

¢) Includes 150 em clay liner {available on site) and 30-year post-closure.
d) Includes 150 cm clay liner (available on site), 30- mil synthetic liner, leachate collection

system, increased monitoring, $1.50 U.S./ton fee.

Adapted from Reference 2.
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disposal depends upon the cost of the land upon which the facility is sited, the design of the

landfill, cost of laber, and governmental regulations that must be met.

Not only do landfill costs directly affect the total cost of waste management, they also
have a bearing on the extent and nature of the processing to which the wastes might be sub-
jected prior to ultimate disposal. In other words, the way that wastes are managed by commu-
nities generating the wastes is determined to a considerable extent by the cost of disposing of
those wastes. Regardiess of the developmental level of a nation, landfill construction and op-
eration costs are only a relatively small fraction of the total disposal cost when and where land
suitable for landfilling is available at a low cost. Obviously, under such a circumstance, land-
filling the wastes without pretreatment usually would be the least expensive, although not nec-
essarily the best disposal option. On the other hand, some form of waste processing to reduce
amounts and volumes of wastes destined to be landfilled most likely would be economically

justified in areas where land is expensive or unsuitable for landfilling.

In most communities in developed countries, the cost of operating the landfili is recov-
ered by means of a user fee. The fee typically is known as “tipping fee." Tipping fees generally
vary as a fuﬁction of weight, type of waste, and availability of landfill space. |
11.1.1. Landfill Costs vs Total Cost of Solid Waste Disposal

The total cost of waste disposal is the sum of the costs for each component of t};|e
waste disposal operation. The disposal operation begins with the collection of waste from
residential and industrial generators and ends with final management of the landfill site after
closing (i.e., closure and post-closure). The total cost of each component of the waste dis-

posai operation is the sum of its capital and operating costs.

An outline showing the positions of the major operations that precede the landfill opera-

tion is presented in Figure 11-1. The three leading cperations are collection, hauling, and

v

processing. Processing is optional. Collection involves the pickup of discarded materials from



Refuse collection

f

Haul in collection vehicles

| \ Transfer

station
Processing !
Haul in transfer venicles
4
Landfilling Landfill construction

Figure-11-1. Waste Management Components
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residential and industrial areas. Hauling is the transportation of the collected wastes either to
the fandfill or to central collection or to processing locations. The actual burial of the wastes at
a landfill constitutes landfill disposal. in developing nations, collection represents the major

!

fraction of the costs for waste management.

11.1.1.1. Effect of Processing on Cost of Waste Disposal

Shredding and baling are two of the more common examples of processing. Either
process increases the density of the collected waste, thereby reducing the volume of the
waste. This expands the total capacity of the fill. Additionally, less cover soil is required. Ex-

panding landfill capacity and easing cover-soil requirements obviously lower fandfill costs.

Removal of recyclable materials (e.g., scavenging, composting) is a form of waste pro-
cessing that equals shredding and baling in terms of reduction of amount of waste destined to

be landfilled. The scavenging may take place before, during, or after collection.

One way pr‘ocessing can reduce costs other than by volume reduction, is by upgrading
of the quality of the waste to a level at which exceptional landfilling measures are not re;.'quired.
Examples of exceptional measures are those prescribed for "secure" landfill (see Section 5.3.3.,
Hazardous Wastes). Among the approaches to upgrading are detoxiﬁ_cation of toxic wastes,
encapsulation or solidification of hazardous or toxic substances, and removal of particularly

objectionable characteristics of putrescible wastes.

The most typical unit processes used in LDCs include shredding and screening. Size
reduction and screening usually are associated with preparation of the waste for composting.
Size reduction is an energy- and maintenance-intensive process. The process should be

carefully designed and operated so that it does not become a burden to the overall process.

‘Waste processing, in order to recycle and reduce the quantity of waste landfilled, may be justi-

fiable in areas where landfill capacity is low and alternate sites are far away (i.e., more than 50

km away).



11.2. CAPITAL AND OPERATING COSTS

Among the principal capital costs are those of land, buildings and construction, and ve-
hicles. These ;:apital costs usually are fixed costs in that as a rule, they are set, or fixed, during
the course of the landfill operation. Labof required for maintenance, fuel costs, and cost of |
cover material emplaced during the operation of the landfill are all classified as operational
costs. Operational costs are variable in that they generally' increase with increase in the rate
and magnitude of waste disposal.
11.2.1. Landfiil Cost Models

The relative costs asscociated with development, operation, and closure of a sanitary

landfill in the U.S. are presented in Table 11-2. ;

A major difficulty in developing a landfill cost model that reflects conditions and costs in
a deveioping country is the small amount of available data, and the few data to be found have
a questionable reliabijity. Such being the case, the logical approach is to develc;p and accu-
mulate reliable data on costs. This task can be considerably facilitated by following a suitabie
model for calculating the costs involved in sanitary landfilling. Such a guide or model is pro-
posed by L.E. Joyce [1]. The model is presented in the form of a worksheet for calculating the

real cost of waste disposal. A worksheet is presented in Table 11-3.

Although the model and worksheet are based on U.S.A. conditions, it can be adapted
for use in developing countries. It can be adapted because it is based on generic rather than
specific principles. Costs as listed in the table can be interpreted as being “indicators” of

relative costs.

The worksheet in Table 11-3 covers the development, operational, and closure costs
under specific headings: |

. 'Pre-Devélopment Costs”

* “Initial Construction costs” \

* “Annual Operational Costs*
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Table 11-2. Individual Component Cost Relative to _Total Landfill Costa)

Component Percent of Total Cost
Predevelopment 3.6
Construction Costs : 35.5
Operation Costs | 46.0
Closure 0.9
Long-term Care ‘ ‘ 11.5

Other ‘ ‘ 25

a) Adaptad from References 2, 3, and 4.
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Table 11-3. Worksheet for Estimating Landfill Costs
(620 ha, 200 torvday facility)

Pre-Development Costs

Siting the facility (engineering, logal fees
& preliminary geotechnical investigations) $ 75,000
Site mapping (topegraphic/boundary surveys)
& finai geotechnical investigation 75,000
Enginearing design & regulatory
permit application 100,000
Legal & public hearinge 50,000
Land purchase (520 ha) 250,000
Regulatory permilting fees §,000
Administrative suppor services 25,000
Contingency ' 50,000
&Total Pre-Development Cost $630,000
Inftlal Construction Costs
Entrance & access roads $ 100,000
General site excavation & land clearing 750,000
Erosion & sediment controi facilities 50,000
Liners & liner cushion system $§50,000
Leachate collection & {andfill gas
venting system 50,000
Leachate treatment system 100,000
Site landscaping 50,000
Scale system 50,000
Scalshouse & office building 20,000
Equipment maintenancae facility 75,000
Public convenience area 30,000
Miscellansous site paving 30,000
Miscellanecus (lighting, gates, signs, eic.) 50,000
Construction engineering & guality
control testing _ 50,000
Subtotal 1,955,000
Contingancy 45 000
BTotal Inttial Construction Cost $2,000,000
Annual Operational Costs
Site personnel & management $200,000
Faciiity overhead {including building & .
grounds, site mairtenance, slectricity, etc.) 50,000
Equipment operations & maintenance §0,000
Equipment rental 150,000
Road maintenance '25.000
Routine environmental monitoring (ground
water, surface water & landfill gas) 25,000
Engineering services 30,000
Site & squipment insurance/closure bonding 50,000
On-going development & construction costs 250,000
Leachats treatmant at & municipal sewer system 10,000
Pre-troatmant ¢f leachate prior to disposal
into municipal sewer system 50,000
Unanticipated costs 50,000
STotal Operational Costs $540,000

Adapted from Reference 1.

Closure and Fost Closure Costs

This assumes the final cap on the landfill is pant of the cost
while the landfill is operating. The annual amount should be
sot aside during the operational years of the landfill. '

Costs include the following:

Enginesring fees for preparation of a ciosure plan
Regulatory approvals of the closure plan

Final sits grading & re-vegetation

Maintenance of ercsion & sediment control facilitiss
Maintenance of landfill gas system

Operation & maintenance of leachate collection and
traatment system

Laachate treatment at offsite troatment plant

dAnnual Closure/Post-Closure Costs $50,000
Annual Cost
$Capital costs (a + b) $2.630,000
famortization of capital costs - straight B
line depreciation over 20 years at 9% 285.000
- SAnnual operating cost (c) 940,000
?‘Annudizod closure & postclosure costs {d) 50,000
Motal annual cost f + g + h} 1,275,000
lannual tons per year (200 tons/day x
6 days/week x 52 weekslyear) 62,400 tons
kCost pertonfi+ ) 20on
IHost community fee for capital improvements -
MState or local fee -
NTotal Tipping Fee (k + | + m) $20/ton
Cost per Household per Month
SAnnual cost () $1,275,000
PPopulation 100,000 people
SCost per person (o + p) $12.75/year/person
$1.06/month/person
"Parsons per househoid ) 4.0
3Cast per household (g x 1} $4.25/month/household
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. 'Clo.éure and Pr;;e.t-CIosufe Costs"

* "Cost Per Household Per Month*

The costs listed in the worksheet assume é 200-ton/day facility designed to serve POp-
ulations of 80,000 to 100,000 people, operating in the U.S.A. The facility is situated on a l‘:éft} ha
site, of which 61 ha will be used for disturbed and non-disturbed buffer, 18 ha of which will be
designated as “non-disposal areas” {roads, etc.) The average excavation depth is about 3.1 m.

The costs also include a double lining system and a leachate collection and detection system.

The facility operates 6 days per week, 52 weeks per yea\r.

]

Although costs estimated by way of a model in which survey data are used may be in-
accurate, they do indicate potential magnitudes of construction and other landfill costs. As
such, they are useful in making design decisions and comparisons between various disposal

options.

Additional costs for landfilling are provided in Table 11-4. The data in the table are prle-
sented for landfill sites having 100, 200, 300, and 400 ha in total area. The items included in
Predevelopment are given in Table 11-5. Similarly, the tems included in Closure and Post-Clo-
sure Care are presented in Table 11-6. These items are described in Tables t11-5 and 11-6 so

that users of this document can get an indication of the requirements of each phase.

11.3. LANDFILL EQUIPMENT COSTS

Capitél costs of heavy equipment used for landfilling refuse constitute a major cost
component for the development of landfills. An indication of the magnitude of this component
may be gained from the data presented in Table 11-7. Because of the costs associated with
sanitary landfilling, the acquisition of a sufficient number of the appropriate equipment for the

efficient operation of a fill often times is not carried out in developing countries.
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Table 11-4. Summary of Landfill Development and Annual Operating Costs in 1980

(U.S. Dollars)

ACTIVE LANDFILL AREA

ltem 100 ha 200 ha 300 ha 400 ha
* Predevelopment 340,000 410,000 480,000 550,000
Site Preparation
‘Clay (on-site) 6,840,000 14,300,000 23,100,000 33,100,000 -
Clay {16 km haul) 8,300,000 17,100,000 27,100,000 38,600,000
Membrane/Clay (on-site) 9,300,000 19,100,000 30,200,000 42,600,000
Membrane/Clay (16 km haul) 10,100,000 20,700,000 32,700,000 45,900,000
QOperations 175,000/yr -300,000/yr 415,000/yr 455,000/yr
Closure 1,100,000 2,200,000 3,300,000 4,500,000
~ 1,800,000 3,600,000 5,500,000 7,300,000
Past-Closure 133,000/yr 241,000fyr 350,000 457,000 .
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Table 11-5. .tems Included in Predevelopment Costs?

i

. Environmental Impact Statement
. Feasibility Report
. Design and Plan of Operation

. Administration

a) Land costs have been purposely omitted.

r
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Table 11-8. ltems Included in Closure and Post-Closure

Closure
* Earthwork
» Seeding

* Gas Collection
Past-Closure

*  Monitoring (groundwater', gas, leachate)
* Leachate Treatment

+ Site Maintenance

» Liability Insurance
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Table 11-7. Equipment Capital Costs

Approx. Approx.

Machine Type Flywheel Weight Weight?) CostP) Comments
(kW) (Mg) (Mg) (US.$)
Crawler Dozer <60 <6.8 8.6 25,000 Landfill blade
82 - 87 9.0-11.3 14.4 45,400 Landfil blade
186 - 209 21.4-23.4 30.2 83,600 - Landfill biade .
Crawler Loader <52 <9.0 8.5 25,000 arPec) 0.8.md
75-97 11.3-19.6 14.0 35,800 GPB: 1.5m°
75 .97 11.3-14.6 14.4 38,200 mMPY): 1.3 m3
119-142 14.6 - 20.1 20.3 54,900 GPB: 2.3m°>
119 - 142 14.6 - 20.1 212 58,600 MPB: 1.9 m°
Rubber-tired <75 9.0 7.7 25,000 GPB: 1.3m3
Loader <75 . 9.0 8.1 25,000 ‘MPG: 1.1 m3
89-119 10.1 - 12.04 85 39,500 GPB: 3.0 m°
BS - 119 10.1-12.4 1.7 43,000 MPB: 1.7 m3

a} Basic machine plus engine sidescreens, radiator guards, reversible fan, roll bar, and either a landfill blade,
general-purpose bucket, or multiple-purpose bucket as noted.

b) December 18S0. ;

c) General-purpose bucket.

d) Muitiple-purpose bucket,

Source: Reference 7.
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As was mentioned in Section 7 "Equipment Selection”, the two principal uses for landfill
equipment are to move and compact wastes and to move and compad soil. Waste movement
and compaction are accomplished by spreading the wastes in layers on the working face of
the landfill and in doing so, compacting them to the desired density. The same piece of
equipment is employed for both taéks. Soil must be excavated and transported to the working
face of the landfill for daily cover. Immediately upon dumping the soil onto the working face, it

must be spread and compacted into a relatively uniform layer.

Under U.S.A. conditions, the life span of mobile landfill equipment is generalily estimated

to be about 5 years.(i.e., about 10,000 hours of operation) [7].

In an industrialized nation, annual cosf of maintaining heavy landfill equipment
(lubrication, tire repair, parts, etc.) is estimated as being 16% to 18% of the original capital cost
of the equipment. The actual cost in a developing country would depend very strongly upon
the age of equipment, type of equipment, maintenance procedures, as well as on the various
factors peculiar to a developing country. However, the maintenance cost to capital cost ratios

in the two settings probably would be similar.

As with maintenance costs, fuel costs vary with type and condition of the equipment.
Obviously, they also depend upon the prices locally charged for various components of main-
tenance costs {e.g., fuel, parts). Nevertheless, an indication of fuel consumption may be had
from the data repoﬁed in Reference 6. According to those data, total fuel consumption aver-

. ages about as liters fuel/Mg waste disposed. At that réte of consumption, the fuel consumption

per piece of equipment probably would be on the order of 100 liters per day.
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by way of ‘radlio brbadcasts, and public (official) announcements, and to some extent, by way
of the printed media and 'p;.:biic education* programs. |
Loss of Living Space — Because of dense urban sprawl brought about by mass migra-
tion from rural to urban areas, vacant land in the urban areas has become extremely scarce.
Preferable areas have been taken over by business and the economically advantaged seg-
ments of the population to the extent that either no space is left for the poor, or the space is
undesirable for some reason. Inasmuch as the landfill must be sited not too far from the waste
generators, it often happens to compete with landfill. Regardiess of the unsuitability of such
low-grade land areas, they are the last recourse for living areas for a significant fraction of the
poor. Nevertheless, it may well happen that these unfon;.lnates have to compete with a Iaﬁdﬂli
undertaking for those sites. Itis not surprising that a strong antipathy against any proposed

landfill is aroused in those individuals.

Dispelling such a source of antipathy will bé a difﬁcult'task. An obvious way is to find
| other |and for the dispossessed individuals, but this task is not always carried out, for various
reasons. A more realistic way to cope with the problem is to design and operate the landfill
such that when completed, the site can provide living or recreational space, even though its
_ promised remedy is postponed to a somewhat distant future (Section 9.3.1.3). "Selling” that
remedy to the affected individuals undoubtedly would be an almost insuperable task, despite
" reliance upon the conventionai means of making such an attempt. About the only course re-
maining is to keep the number of those pdtentially affected at a minimum. Motivations in the
form of sacrifices for the common good, preservation of the public health, patriotism, efc. have

little weight among a group for the members of which mere survival is a pressing problem.

12.1.2.2. "Middle Class”
A middle class, as the term is defined in a developed country, either may be non-exis-
tent or may be very small in a developing country. As used in this section, the term is one of

convenience and is intended to encompass a wide segment that neither fits within the category
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“poor*”, nor is financially endowed sufficiently to be categorized "wealthy". Thus, it includes in-
dividuals and professionals who are at the management and/or decision-making levels of the
organizations for which they work. Examples of the organizations are businesses and gll
branches of government. Also included are members of the educational system, of the health

care professions, informed concemed citizens groups, etc,

Causes of the antipathy, and hence opposition of the middle class are not as basic as
those of poor nor as widespread. They are not as basic in that they do not concern survival.
However, some are not far removed from that extreme, in that they relate to loss of living space
- space which already is extremely scarce. They are less widespread in that they are mostly
confined to individuals living or involved (e.q., own property) in the immediate neighborhood of
the proposed landfill. The opposition lessens in proportion to distance from the fill. _Most of
the causes are in the form of perceived threats to :

* Health through contamination of resources, primarily water, and fostering the
generation of insect and animal vectors (g.9., flies, rats)

« Aesthetically and visually lowering the quality of life

* Adversely affecting property values in general

The opposition arising from concerns about health and quality of life could be consider-
able if not entirely eliminated by showing that a properly designed and operated sanitary fandfill
would not be a threat. However, the fears. regardiné reduction of living spaceiand lowering of
property values would not be as easily allayed. The matter of the reduction of living space
could be taken care of to some extent by way of the same measures prescribed for the poor.
Adverse effects on value of surrounding property would be much more difficult. Of course, the
~ difficulty would be considerably lessened if the proposed fill were to replace an open dump

operation.
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The best course of action is to publicize the advantages of a sanitary landfill. Because
the greater percentage of the middle class is literate, "spreading the word"* would be much
easier than it would be among the poor class. The printed media as well as the radio and

television could also be put to use.

12.1.2.3. Wealthy
Antipathy on the part of the wealthy probably would neither be as deep-seated nor as

strong as among the other two classes. Moreover, chances of members of this class having
any immediate contact with a fill usually would be remote. Any antipathy would arise from a
concern about deterioration of the quality of water resources in the area, endangerment of the
health of the public at large (i.e., beyond the vicinity of the fill), or of any nearby property mem-
* bers may chance to own., Members of this class would dwell in the developed areas of the
community in which the quality of the environment would appfoach that in a developed'
country. Because the cultural (social and attitudinal) characteristics would be comparable to
those generally encountered in developed nations, measures taken to attract and engage their

participation in a present or proposed sanitary landfill undertaking would also be comparable.

Objectives: Although some of these objectives may be difficult to attain in many LDCs, -
they are included here to guide the more advanced developing countries and to serve as a
model for those less developed. Among the objectives of a public pénicipation program for

this group and to some extent, for the middie or intermediate group, would be the foliowing:

1. Making centain that the public has the opportunity to understand official programs and
proposed actions, and that the government gives due consideration to the public's
concerns ‘ :

2. Assuring official decisions on significant activities are not made without consulting
interested and affected segments of the public

3. Making certain that government action is as responsive as possible to public concerns

4. Informing the public about significant issues and proposed project or program changes
as they arise’
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5. Providing opportunities for public participation and stimulate and support participation.

These objectives can be accomplished through the maintenance of communication

between the landfill planners, designers, operators, and the public.

Advantages Associated with Public Participation: in addition to the advantages

mentioned earlier, are these:
* ltincreases likelihood of public agreement with the final plans

* ltis an effective method of providing useful information to decision makers, especially
where values or factors that are not easily quantified are concerned

-+ |t constitutes assurance that all issues are fully and carefully considered
* It ensures accountability by decision makers
* Itis an effective mechanism to force decision makers to take into consideration issues

beyond the project, but which nevertheless have an influence on it, albeit indirectly

As would be expected, public participation is not without it disadvantages. Among

o

\

them are:

* A potential is created for confusion of the issues because many new perspectives may
be introduced

* Some uninformed participants may disseminate erroneous information
* Public involvement will add cost to the project
* Delays in the proiect' because of public opposition and involvement of additional parties

* There is a strong possibility that the program might not involve the appropriate people
or that citizens will not develop an interest in the project until it is too late for changes to
be initiated '

None of this list of disadvantages is great enough to outweigh the many benefits asso- -

ciated with an effective public participation program. The benefits are such that they facilitate

the formation of an effective decision making proceés essential to publicly accepted landfill.
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Participants: Among the potentially more useful participants would be grouhs and indi-
viduals likely to be directly affected by the landfill. They would be strongly motivated because
they would have a personal stake in the succes.s of the project. Other useful participants would
be those who have demonstrated a serious interest in environmental affairs. In fact, their par-

ticipation should be encouraged in the process. 7

Among the organizations and individuals that could have a part of the program are the
following: |
. Any interested members of the public
» Representatives of consumer, environmental, and minority associations
. Représen’tatives of trade, industrial, agricultural, and labor organizations
« Civic associations
» Pubilic officials

« Governmental and educational associations

Identifying and contracting these groups is only a first step. Although some of these
grdups are traditionally p;rceived as intransigent, gaining the support of these groups is not
easily accomplished at the planning stage of the landfill, before it becomes and emotional
issue. Moreover, gaining support early in the process can benefit subsequent program

activities.

Extent of Public Input in Relation to Staqge of Project Development: Aithough useful at

all stages in the development of a sanitary landfill undertaking, public input can be c}itical at
certain stages.. For example, the first stage, the planning process, is a critical stage. Ris criti-
cal because it is the stage in which public input has the greatesi potentiai for shaping the final
plan. For that reason it also is the time when involvement should be greates;t. In addition, it is
the time for determining the limits to pub.lic and political acceptability. As a result of this early

input, the public plays a constructive rather than a reactive role in decision making. Appropfi-
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ate mechanisms for shaping and applying this input are public hearings, public meetings, and

workshops.

The site selection and design stage is the succeedin§ critical stage [2]. Although the
number of participants probably will be less than that in the planning stage, it nevenhel;ss isa
very active stage. This stage is marked by tours and field trips in wﬁich special interest groups
can make their concerns known. Additional approaches in this stage are audio-visual presen-
tations, establishments 6f task forces for recommending.design procedures in areas bf partic-
ular public concern. The forces could be part of an advisory committee consisting of residents

near the site. One or more formal public hearings is essential at this time.

A third critical stage is the construction and operation stage. Although utilizable public
input is perforce limited in this stage, the input nevertheless is critical, in that it is a means of

monitoring the quality of construction and operation.
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Appendix |
CLOSING AND/OR PHASING AN OPEN. DUMP INTC A SANITARY LANDFILL

Il.1. BACKGROUND

One of the most common aspects of solid waste management in developing countries,
particularly in small municipaiities, is the open dump. Most of these jurisdictions lack both the
technical and financial resources to develop a sanitary landfill as it is known in the developed |

nations. A possible solution to the severe negative impacts generated by an cpen dump is the

" closure or conversion of the dump into a sanitary landfill.

The financial and technological resources of the country and area where the open

dump is located, determine the extent to which the procedure followed in closing it, or in

-phasing it into a sanitary landfill operation, can or will conform with the "ideal”. If resources are

minimal, the extent of the conformity also is minimal, The rationale is that minimum conformity

is better than no conformity.

Rarely would closure be a two-step operation in which upgrading the dump to the
sanitary landfill level would have to precede closure. The unfavorable conditions

(hydrogeoclogical, topographical, proximity to densely populated area, etc.) that could

‘necessitate conversion into a sanitary landfill before closure, perhaps also would render it more

desirable to transfer the wastes to another site for final disposal. However, both courses (i.e.,
two-step closure, transfer to another site) might be beyond the resources of the area.
Nevertheless, if resources do permit, conformity should be at the ideal level, inasmuch as
benefits to be reached from closing the dump are commensurate with the degree of conformity
with the "ideal". Obviously, there is a range between the two extremes, i.e. both with respect to
degree of conformity and to magnitude of the two resources. Reflecting the two extremes of
conformity and resources, Appendix | is presented under the two headings, *“Minimal* and

“Ideal”.



Closing an open dump can be either the final step of an open dump operation; or, it
can or will be the ﬁr;t step in the upgrading of an on-gbing disposal operation to the status of a
sanitary landfill. In both cases, the basic steps are identical. Howeyer, upgrading an on-going
operation invoives a step or two beyond the basic steps. For convenience, the first case is

termed “terminal ciosure* and the second case is termed “transition ¢closure®.

-

.2. TERMINAL CLOSURE
1.2.1. Minimum Conformity

Minimum conformity involves three main steps. Depending upon the topography, a
fourth step may also be added. The steps are:

1) consolidation

é) compaction

3) covering the wastes

4) construction of systems to divert and intercept run-off waters (When required by

reason of topography)(An example of the bearing had by topography is a dump on
the top or on the side of a hill). -

1.2.1.1. Consolidation

Consolidation involves collecting scattered wastes and concentrating and confining
them with ali the other wastes that had been dumped during the active "life" of the open dump
as a single mass in a defined aréa. This activity is done such that the site is tidied and thereby

rendered less objectionabie. A tracked bulldozer or loader can be used for this activity.

1.2.1.2. Compaction

The reasons that give compaction its importance in sanitary landfilling also apply here
(see Section 2.2). The consolidated wastes are compacted with the use of equipment much
like that utilized in sanitary landfilling. If that type of equipment is ﬁot available, repeatedly
running a bulldozer equipped with tracks or any other piece of equipmeni similarly equipped

with tracks should sutfice. Aside from being much less effective, the problem with using



K equipment not equipped with tracks would be a tendency to sink and stall in the waste mass,
especially if the thickness of the mass exceeds 75 cm (30 in.). This tendency would seriously

lessen the maneuverability of non-tracked equipment.

Of the steps listed earlier, the cover is first in terms of importance. Its importance
centers on its isolation of the wastes from the environment. The isolation sarves to protect the
quality of the environment from being degraded by contract with the wastes. The coveris a
key element in the isolation of the wastes from the environment. As stated previously, the
cover lessens or removes the attractiveness of the wastes to vectors, rodents, and wildlife in
general. It not only removes the attfaction, it also impedes or at least discourages their access
to the wastes. By doing so, it serves to protect public health. Finally, it effectively removes the

aesthetic affront that would be imposed by the wastes if they were not covered.

Cover materials, specifications, and methods for apblying them are the same as those

described in Section 5.

.2.1.4. Diversion and Interception Systems

The purpose of the diversion system is to prevent surface water from reaching the
closed fill. The purpose of the interception system is to prevent leachate and water that has |
been contaminated by contact with the disposed wastes from reaching a water resource. The
water in this case is that which flows off the surface of the fill. Leachate may reach the‘ surface

because of the topography of the site, in that it might drain from its iower perimeter.-

Diversion and interception can be accompiished with the use of ditches. Arrangement of
the ditches is illustrated by the sketch in Figure I-1. Diverted water can be discharged without
having been treated. Intercepted water may have been sufficiently contaminated to require
collection and some treatment prior to discharge. Leachate would require treatment.

Treatment can be accomplished by way of a holding pond.
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1.2.2. ldeal Conformity

For ideal conformity, the contents of the open dump are “re-disposed* according to
conventional sanitary landfill procedure. This involves moving the wastes to a site prepared in
the same manner as for a sanitary landfill. The site preferably would be adjacent to the open
dump. Doing so would reduce the transfer process to a minimum. The wastes could simply be
pushed by means of a bulldozer to the adjoining site. Of course, the adjoining site would have
to meet all necessary conditions (hydrogeologic, etc.). The site Wouid be prepared and lined
as for a new sanitary landfill (Section 5). Of course, if the adjacent site is hopelessly unsuitable,

another site would have to be found.

It the trench method is to be followed, the excavation is done immediately adjacent to
the open dump, such that the con.tents of thé dump can simply be pushed into the trench.
Unless the area and amounts involved are too Iarge, a full layer {of wastes can be deposited at
one time. Otherwise, each layer can be deposited in segments. Following standard sanitary
landfill procedure, each layer is duly compacted and properly covered. At the compietion of

the transfer, the new fill is closed and completed in the manner described in Section 8.

Except for the excavation of a trench, the procedure is much the same with the area
and ramp methods and modifications thereof. In all cases, the procedure described for

sanitary landfilling in the preceding sections of this manual are also followed here.

1.3. CLOSURE AS A TRANSITION TO A CONTINUING OPERATION

Either the minimum or the idéal conformity closure can serve as a transition to a
continuing sanitary landfill operation. 'i'he ideal type of closure would be prejerable to the
minimum conformity closure. In either case, the closed dump (ideal and minimum) is not an
integral part of the continuing operation. In other words, the continuing operation is treated as
anew operation independently of the closed operation. Acceptable sanitary landfill practice is

followed in the continuing operation,



1.4. LANDFILL MINING

Closing an open dump either with or without upgrading it to sanitary landfill status
presents an opportunity to interject landfill *mining®.
l.4.1. Principles

The landfill "mining" concept involves the excavating of completed and closed landfill
sties followed by processing the excavated material to produce a soil conditioner and recycle
other useful materials (e.g., ferrous metal). The rationale is that through the biological
decomposition that takes place in a fill, organic wastes eventually are transformed such that
they can serve as a soil amendment somewhat analogous to compost. This material can be
separated by way of screening and further processed for use as a soil conditioner. t there is a
market for them, ferrous ’metals can be mechanically separated from the excavated material for
recycling. Thus a combination of a screen (preferlably a trommel) with a magnetic belt would
serve the purpose. Residue that can not be put to use i; returned to the fill. Since the volume
of this residue is only a small fraction of that of the excavated material, a significant part of the
original volumetric capacity of the mined fill has been restored. Moreover, useful resources
have been recovered.
1.4.2. Historical Survey

Landfill mining made its first documented appearance on a practical scale in the 1950's
[1]. The procesé took place at a facility operated to dispose of wastes generated in Tel Aviv,
Israel. The plant consisted of a series of convey.ors and a trommel screen. The screen was
about 5.3 m (21 ft) long and ‘i.B m (6 ft) in diameter. The screenj had 2.5 e¢m (1 in.) openings
and had internal vanes. The trommel was rotated at about 13 rpm. The presence of glass

shards in the recovered amendment limited the use of the amendment to citrus orchards.

Although adoption of the “mining" option seemed to have been confined to the Tel Aviv
operation, interest in the option was briefly revived in the 1860's as a result of the efforts of a

solid waste management expert in the U.S.A. In 1982-1983, an adapted version of the concept



was proposed for application to the processing of waste disposed at the Metro Manila

Commission's Balut disposal site in the Philippines [2].

Recently (i.e., 1985), the concept has again begun to receivé serious attention with the
result that several full-scale. adaptations have been proposed, adopted, and are now being
implemented in the U.S.A [3]. The primary incentive for the resurgence of interest is the
potential of "mining” as a means of “recycling" completed landfills — i..e., restoring”their capacity,
at least in part. .

[.4.3. Application to Landfill Closure and to Upgrading an Open Dump Operation

The technology would be very similar to that described for the Tel Aviv operation,
namely transfer of the excavated material via conveyor belt into a rotating trommel. Material
retained in the screen ("overs*) would be moved to a salvaging area for removal of recyclable
materials. If economic resources permit, ferrous material would be removed by way ofa
magnet. Otherwise, it, along with other salvageables, would be seﬂparated by hand. Material
that passed through the screen opening (scil amendment) would be further processed by way
of vibrating, flat-bed screens to remove glass shards, All rejects (residués) would be returned

to the fill.

1.4.3.1. Places for Mining in Closure or Upgrading

" Simple (minimal) Closure of Open Dump: The point at which the mining process could

best be incorporated into a closure operation depends upon: a) whether or not the closure is
terminal or is a transitional step in an upgrading to sanitary landfill status; and b) the extent to
which the procedure followed in the closure conforms to the ideal. With a terminal-minihum
conformity closure, mining would take place at the beginning of the consclidation step. f the
closure is terminal but ideal in conformity, r.nining would be the first phase of the transfer step.
If closure is the first step in the upgrading of an on-going operation to the sanifary landfil

status, mining would be a apart of the transfer step, as is the case with terminal, ideal closure.



Landfill mining is particularly attractive in old disposal sites which have received residential

residues. These residues typicaily contain a high concentration of erganic matter.
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Appendix Il

| SMALL (MANUAL) SANITARY LANDFILLS

I.1. INTRODUCTION

With small operations (up to 20 tons/day), reasonable- modifications can be made in the
application of thé basic principles of landfilling. Reasonable modifications are those that can
be made without significantly adverse. environmental consequences and detrimental effect onl
the public health and safety. The ideal should be to adhere as c!osely_ as possible to the ele-
ments that distinguish sanitary landfilling from open dumping, namely:

1) spread and compact incoming wastes

2) cover the wastes with a 15-20-cm layer of soil at the end each day

3} top completed areas-with a final layer of soil to a depth -of about one meter

4) site and operate the fill such as not to endanger the public health and quality of air

and water resources '

The manual sanitary landfill is a technically and financially viable alternative for small io-
calities. A manual landfill only requires the use of heavy equipment for site preparation, the
construction of internal roads, and excavation of cover material. All other required tasks can be
carried out manually. This would allow small communities to share or rent he_avy equipment.
I.1.1. Permissible Modifications

C1.1.1.1. Site Selection _
Available sites may be limited because of the probable need to select land that is unus-
_able or minimally usable for essential purposes such as housing, farming (food production),
and community facilities. At the minimum, the site should be such that water resources are not 7
endangered in terms of deterioration of water quality, The site should be accessible to collec-
tion and transport vehicles of all types — from pushcarts to trucks. Limitations on distance be-
tweén point of waste generation and site of disposal should reflect this wide latitude of vehi-

cles. .In general, site selection should foliow the basic principles indicated in Section 4.



In the absence of a natural depression on the site, some excavation will be involved.
The dimensions of the excavation should be such as to accommodate the waste output from
the community. The amount of soil needed for covering the waste should be extracted through
manual or mechanical excavation. Otherwise, the soil should be acquired in sufficient quanti-

ties to guarantee continucus coperation.

I1.1.1.2. Other Modifications

Other medifications, particularly operational modifications, involve equipment and

equiphent selection.

Equipment: Eve-n in a developed country, the costs involved in owning and operating
a small bulldozer may be too high for a community that disposes of only 20 tons or less per
day. The same would be especially true for a community in a developing country. However, if
excavation and stockpiling of cover soil are necessary for preparing a site, a piece of heavy
equipment may be needed until the excavation and stockpiling are completed. Equipment can
be rented from another municipality of from a construction company. Daily operation of the fill,
i.e., spreading and compacting solid waste, can be done manually on with the use of a farm
tractor equipped with a blade or bucket. Unfortunately, the degree of compaction will not be
much, even if the wastes are spread in a thin layer before being compacted. Poorer com-

paction means a larger fill area requirement.

Equipment Selection: The machine used in a one-machine operation must not only be
rugged and able to spread and compact the iﬁcoming waste and cover soil, it may also have to
be used to. excavate trenches and cover material. The preferred type of machine would be a
track loader. However, if the machine will be used elsewhere part of the time, a wheeled loader |

would be more suitable because of its mobility.

Dependability of the machine is a'key requirement in a one-machine operation. The

reasons are obvious, Dependability is especially essential, if a replacement machine is not



immediately available in case of a breakdown, as would be the case in a developing country.

For further details regarding requirements, see Section 7.

~

The operation of a manual landfill requires the equipment shown in Figures -1 to II-3.
Typical use of the equipment is shown in Figure I1-4. At the end of the working day, all tools
and equipment should be cleaned and repaired. Equipment that cannot be repaired should be

substituted immediately.

iI.1.2. Methods

The topography of the site determines the selection of either the area, trench, or combi-
nation method. If the trench method is selected, it is advisable that a sufficiently large trench

be excavated each time such that it can hold the wastes produced during a 30 day period.

I.1.3. Access Roads

. The sanitary landfill should be accessible by means of a good public, all-weather road.
This road should be connected to the working face by means of a simple, well packed road
with suitable draihage channels. The internal roads should be carefully planned since tﬁey are
continually moved and p-ériods of wet weather can cause se‘rious problems. Rainy weather can
lead to poor circulation of collection vehicles especially over completed cells since manuai
compaction cannot achieve high densities. A method that has been used to alleviate this
. problem is the construction of artificial roads. These roads can be built using boards or trunks
to form a plank of about 3m by 3 m as shown in Figure lI-5. The trunks should be tied with
wire of about 210 3 mm in diaheter. The planks are then covered with material that would im-
prove traction. The road is built as the fill advances. This allows for re-use of the planks as the

location of the road changes.

Drainage of Surface Water: Guidelines for building drainage ditches should follow
those presented in Section 6. The ditches can be built manually and should be sized to meet

local conditions.
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Figure II-2. Reconditioned 55-gallon drum filled
with oil for use as compactor

Figure II-3. ilheelbarrow



IL.1.4. Construction Method

The construction method to be used for a smail landfill depends upon the same factors
as those indicated in Section 5 of this report. Some of these factors include: topography of
the site, characteristics of the soil, and the depth of the groundwater table. The procedures for
building a fill using the area method are shown in Figures 11-6 through iI-13 and those for the
trench methods re shown in Figures Il-14 through i-17. In either case, the solid waste is dis-
charged from the collection vehicle and distributed over the base of the landfill or over a com-
pleted cell. The distribution in carried out using rakes or pitchforks into successive layers 20 to
50 cm deep. The surface and sides of the layers should be carefully leveled Vand the wastes
kept against the siope of the site or the finished cell. The wastes are then compacted by
means of a hand compactor until the cell is relatively uniform an;\d reaches a height of albout\ 80

cm.

Distribution and compaction of the wastes should be conducted in horizontal layers.
the layers should be piaced with a slope of 1 to 3. Once finished, the cell is covered with a
layer of soil on the order of 15 to 20 cm. The soil can be distributed with wheelbarrows or a

small tractor and then compacted as shown in Figures {l-11 and iI-17.

Typically, one individual can deal with 10 tons of refuse per day. Thus a municipality
that generates 20 tons per day would require two laborers at the fandfill. Since these individu-
als would be in ctose proximity to the wastes, they should be provided with boots, gloves, and

clean clothing (if at all possible). In addition, they should have access to sanitary facilities.
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Una vez aplicada la metodologia para ¢l emplazamiento de relleno sanitario y definido el sitio
propuesto se inictaran como en toda obra, una serie de estudios especificos, los cuales se
realizaran en el sitio seleccionado para la ubicacion del relleno sanitario. EI objetivo principal
de los estudios previos es verificar a detalle la factibilidad del predio para alojar sin rieséo
al ambiente esta obra de ingenieria, asi como recabar la informacién necesaria para la
realizacion del proyecto. Con los resultados obtenidos se definira y sedalaran las

caracteristicas que deben contemplarse en los proyectos ejecutivos de la obra.

Con la finalidad de evitar problemas a los habitantes de las zonas circundantes al sitio
propuesto, por esta razon las autoridades locales programaran los trabajos de campo

informando a las comunidades los objetivos de los estudios que se realizaran en la zona.

Un factor que garantiza el buen desarrollo de los proyectos ejecutivos, es ¢l mantener una
estrecha comunicacién de los profesionales que realizaron los estudios basicos con los

encargados del proyecto ejecutivo del sitio durante la realizacién de este.

Es impoitante que se contemple de manera clara y precisa en los términos de referencia los
alcances que se persiguen en cada estudio que se realice, y se cumplan la totalidad de los

estudios comentados.

Es conveniente se cumplan la totalidad de los estudios preliminares que se detallan en el
presente documento, ya que si no se cuenta con los resultados de los estudios, no se estara

en posibilidad de diseifiar un relleno sanitario confiable.

Una de las situaciones que se deben establecer, es 1a constante comunicacion que se tendria

entre las autoridades locales y las compaiiias consultoras.



1.1 Definicién de zona influencia del Relleno Sanitario

Las "zonas favorables” para la ubicacion de rellenos sanitarios, se subdividen en: zonas con
altas posibilidades en terrenos duros y en zonas con altas posibilidades en terrenos blandos;
esta clasificacion tiene por objetivo, dar una idea previa de las facilidades o no que el terreno
‘brindara a la construccién del relleno. En estas zonas es muy conveniente llevar a cabo
estudios de detalle que concluyan‘si puede existir algin riesgo al implementar en ellos los
rellenos sanitarios y que definan el tipo de estructuras que permitan profundizar en. el
conocimiento del sistema natural, o en la evoluciéon quimica o biolégica que pueden seguir
los lixiviados en el subsuelo, si es que éstos llegan a penetrarlo;, un ejemplo de estas
.estructuras son los pozos, con los cuales se tendrd un conocimiento directo y real de la
posicion que tiene el nivel del agua subterranea, qué tipo de terrenos estan por encima del
material que almacena el agua, qué grado de permeabilidad tienen, la comunicacién que puede
existir entre relleno sanitario y acuifero, etc.; a partir de estas obras (pozos), se deberan
realizar monitoreos periddicos de la calidad fisico-quimica y bacteriologica de las aguas
subterraneas, tanto en la zona saturada ¢omo en la zona no saturada, a fin de conocer cual es
su situacion inicial antes de la implantacion del relleno sanitario y evaluar si estas condiciones
iniciales van variando con el tiempo, estas practicas permitiran evaluar también la capacidad
autodepuradora del terreno, todo lo anterior en el supuesto de que éste permita el paso de los
lixiviados. Estas y otra serie de investigaciones que permitan conocer mejor la estructura del
subsuelo, como los métodos geofisicos, permitiran definir mejor la bondad de un sitio para

ubicar en él, rellenos sanitarios.

Una vez llevado a cabo el analisis donde se establecen los criterios para la definicion de las
zonas favorables, (fig. 1.1.1) que como ejemplo fueron elejidos Tlalnepantla y La Paz, se

define la zona de influencia del sitio propuesto.

Como no todas las ireas contenidas en una localidad presentan las caracteristicas antes
sefialadas es importante tener como objetivo establecer una esquema de servicio con un
enfoque regional que redunde en la optimizacidn y eficiencia del mismo sistema. En la figura

1.1.2 se pueden apreciar, ademas de las zonas favorables elejidas, la zona de influencia de uno
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de los sitios.
1.2 Caracterizacion Fisico-Quimica de los Residuos que se Depositaran en el Sitio.

Durante el disefio de un relleno sanitario, es parte importante establecer y conocer las
caracteristicas fisico-quimicas de los residuos sélidos que seran depositados, asi como de los
productos que se forman por la degradacién de éstos y que pueden migrar fuera de la_-
vecindad de dicho sitio, como es el caso de los lixiviados y del biogas. El contar con estos
indicadores permitira establecer las bases para el disefio de las obras complementarias que

garanticen el control y tratamiento que se aplicara en el sitio de disposicion final.
1.2.1  Cuantificacién de los Residuos Sélidos.

Antes de entrar de lleno en la caracterizacidn intrinseca de los residuos, resulta importante
destacar que dentro de la conceptualizacion de un relleno sanitario deben considerarse y
analizarse 'c.:iertos indicadores basicos de los residuos solidos para su adecuada disposicion
como son el tipo, la cantidad y el volumen de los subproductos que componen la basura

generada en las diversas fuentes municipales.

Con el fin de conocer las caracteristicas cuantitativas de estos indicadores se ileva a cabo una
serie de analisis en campo de los residuos sélidos, relacionados con la cuantificacién de
subproductos, el peso volumétrico y la determinacion de la generacion total y per-capita. La
metodologia empleada para la determinacién de estos parametros se apega a la establecida en

las normas oficiales mexicanas vigentes.

- NOM-AA-61-1985
- NOM-AA-22-1985
- NOM-AA-19-1985 '

La composicion de los residuos ha variado en los ultimos aflos y esto se ha debido

principalmente a los cambios en los patrones de produccion y a los habitos de consumo de



la_poblaciéon. Actualmente la cantidad de subproductos inehes y de lenta degradacion, que

componen la basura y que se depositarin en los sitios de disposicion final, se ha visto

incrementada considerablemente, pero aun asi en la ciudad México como en otras ciudades
en paises en vias de desarrollo, el porcentaje de subproductos organicos de facil degradacion,
como son los residuos alimenticios, alcanza mas de un 40% del total de los residuos sélidos

*

que se genera actualmente.

Referente al peso volumétrico de los residuos, se considera uno de los principales parametros
a identificar, pues la importancia de conocer el volumen de los residuos que se dispondran

en relleno sanitario es esencial para saber o estimar la vida util de estos sitios.

Retomando el punto de los materniales que son resistentes a la degradacion bioldgicas y

ambiental, esto nos lleva a pensar en el volumen ocupado por este tipo de residuos en el

relleno sanitario y que se 'mantendran de esta forma por mucho tiempo.

Por ello la importancia de la recuperacion de materiales para la reduccion del volumen que

se dispone en relleno sanitario y alargar la vida util de estos.
1.2.2 Proyeccion de Generacidn.

Tomando en cuenta todo lo antes mencionado, en relacion a la informacidn arrojada por este
tipo de estudios se puede establecer una tasa de incremento anual de los residuos que seran
depositados en el relleno sanitario en los proximos afios, es importante que con anterioridad
se hubiera realizado la proyeccion de poblacion con la cual se podra estar en posibilidad de

realizar la proyeccion de generacion.

El objeto de las proyecciones de generacion, permitird determinar el volumen y la cantidad
de residuos solidos que seran depositados en los sitios de disposicion final y poder estimar
de esta manera la vida qtil de un relleno sanitario, 1a proyeccion se recomienda se realice en

un periodo de 15 ailos.



1.2.3 Caracterizaciéon Fisico-Quimica,
Considerando la variacion de las caracteristicas que presentan los residuos segun sea la fuente
que los genera, es importante el establecimiento y conocimiento de las caracteristicas fisico-

quimicas de los residuos a disponer.

Este analisis se lleva a cabo en un laboratorio especializado y es complemento de los estudios
mencionados en el inciso anterior. Los principales parametros que se determinan por norma

son los siguientes:

- Humedad ‘ - Nitroégeno total

- Cenizas - Matena organica
- Poder calorifico - Hidrogeno

- Carbono total - Oxigeno

Posteriormente, durante la operacion del relleno sanitario, se toman muestras de los residuos
enterrados a diferentes profundidades, asi como de los lixiviados y del biogas, productos que
se forman durante la estabilizacion y transformacion de los residuos, y que son impactantes
de alto riesgo para el ambiente, por lo cual la importancia de conocer la composicion y'
cuantificar Ia magnitud de estos productos y de otros que se generan durante el proceso de

degradacion.

Inicialmente el proceso es de tipo anaerobio, de corta duracion y en el cual hay una elevacion
de la temperatura y se genera bioxido de carbono, agua, nitratos y nitritos. A medida que el
oxig:no disponibles se va agotando, organismos f:a;cultativos y anaeroblos empiezan a
predominar, volviéndose mas lenta la degradacion y generandose como elementos tipicos de
esta fase anaerobia: acidos organicos, nitrogeno, bidxido de carbono, metano y en menor

proporcion acido sulfhidrico.

Ahora bien, cabe sefialar que uno de los impactantes mas importantes es el biogas, formado

durante la fase anaerobia y cuyos componentes mas significativos son el metano y el bioxido



—de carbono, el cual puede emigrar fuera del sitio y provocar que se presenten incendios y/o
explosiones, ademas de que en combinacién con el agua puede haber produccién de acido

carbonico, el cual es altamente corrosivo.

Otro de los impactantes de importancia, son los lixiviados, la produccién de estos liquidos
percolados se debe principalmente al paso del agua de lluvia a través de los estratos de los
residuos solidos que se hayan en la fase de descomposicidn anaerobia arrastrando
componentes disueltos, en suspension, fijos y/o volatiles. Estos elementos les dan las
caracteristicas contaminantes por las elevadas cargas organicas y catibnicas, asi como de
metales pesados presentes y que son peligrosos pese a la disolucion que tienen al penetrar al

acuifero.

Los principales parametros que se analizan en el laboratorio se muestran en la siguiente tabla.

PRODUCTO PARAMETRO

BIOGAS CH,, CO,, O, N,, "
EXPLOSIVIDAD, TOXICIDAD,
TEMPERATURA, FLUJO

LIXIVIADOS METALES PESADOS,
COMPUESTO ORGANICOS,
OXIGENO DISUELTO, pH, -
CONDUCTIVIDAD,
MICROORGANISMOS




1.3 Estudios de Exploracion de Suelos

Los estudios geoldgico, geohidrolégico, hidrologico y geofisico, se engloban en un sélo
‘apartado dado que Ia explpracién del suelo para determinar las caracteristicas del mismo se

realizan paralelamente.

Este tipo de estudios se realizan por medio de sondeos para la toma de muestras o analisis
realizados con los datos obtenidos del sondeo. Hay sondeos de distinto tipo y para propositos
diferentes, los que a continuacion enlistamos:

[y

Métodos Exploratorios de Caricter Preliminar

a) Pozos a cielo abierto, con muestreo alterado e inalterado

b) Perforaciones con posteadora, barrenos helicoidales o métodos similares
¢) Meétodos de lavado |
d) Meétodos de penetracion standard

e) Método de penetracidn cénica

f) Perforaciones en boleos y gravas (con barretones, etc.)
Métodos de Sendeo Definitivo

a) Pozos a cielo abierto, con muestreo alterado e inalterado
b) Meétodos con tubo de pared delgada
-¢) Maétodos rotatorios para roca

Meétodos Geofisicos

a) Sismico
b) De resistencia eléctrica

c) Magnético y gravimétrico



Los estudios geologicos y geofisicos de detalle se apoyan en el marco geoldgico regional
ademas de la geologia local y geologia superficial, la geofisica permite conocer las
caracteiristicas fisicas y la homogeneidad de las unidades, conformando los datos de la
geologia local. La principal ventaja que representa utilizan métodos geofisicos es el costo en
relacién a los sondeos, el cual, en los estudios geohidrolégicos aportan el conocimiento del
modelo de flujo del agua a través de las formaciones geoldgicas superficiales y del subsuelo

tomando en consideracion el aprovechamiento hidraulico.

Las unidades hidrolégicas correlacionan las rocas que afloran regionalmente, apoyandose en
. los estudios geoldgicos y geofisicos, calculando el tiempo de infiltracion al nivel de saturacion
determiando la profundidad el nivel estatico/flujo de agua subterranea. En la figura 1.3.1.] se
oberva un mapa hidrolégico del aguas superficiales de la precipitacion media anual realizado

a partir de la precipitacion en la zona de estudio.
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La figura 1.3.1.2 presenta una seccion transversal del flujo de agua subterranea en la region.

Informacidn basica que se obtendra para la realizacion del proyecto ejecutivo.
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Figura 1.3.1.2
1.3.2 Mecanica de Suelos

Los trabajo se inicaran con la visita al sitio por parte de un ingeniero especialista con el
objeto de definir el nimero de sondeos de penetracion, la excavacion de los pozos, las calas
exploraterias. Asi mismo, se programaran los ensayos de laboratorio para determinar las

propiedades, indices y parametros representativos del comportamiento del subsuelo.

Los pozos a cielo abierto seran en dimensiones suficientes para que un individuo pueda
acceder a él para extraer las muestras; ésto es, entre 1.5 y 2.0 mts de lado, con profundidades
hasta de 6 m o al nivel de una capa impermeable, si las condiciones lo permiten; ya que estos

apoyardn los estudios geoldgicos.

El nimero de pozos recomendados seran como minimo los siguientes:
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Hasta SHa ' . 3

De 5 a 20Ha ' 5-6
De 20 a 40Ha _ 8-9

Mas de 40Ha 11 -15

En estos pozos se pueden formar muestras alteradas o inalteradas de los diferentes estratos
que se hayan encontrado, anotando los datos necesarios para su identificacion; banco, fecha,
pozo y profundidad. Las muestras alteradas se tomaran de cada uno de los pozos y las

inalteradas se tomaran uno como minimo, de cada uno de los estratos encontrados en el sitio.

Las muestras alteradas son porciones de suelo que se protegeran contra perdidas de humedad
- introduciéndolas en botes o bolsas emparafinadas. Para las muestras inalteradas deberan
tomarse mayores precauciones, generalmente labrando la muestra en una oquedad que se
practique al efecto en la pared del pozo, la muestra debe protegerse contra perdidas de
humedad, envolviéndola en una o mais capas de manta deBidamente impermeabilizada con

brea y parafina.

Derivado del sondeo y la toma de muestra se determinaran los parametros que a continuacioén
se enlistan:

Clasificacion visual y al tacto .

Contenido organico total

Granulometria

Capacidad de intercambio catidnico

Limites de consistencia |

pH

Clasificacion de suelo

Porosidad ]
Humedad ' .
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Permeabilidad

Capacidad de carga
Capacidad de compactacién
Compresion triaxial

Profundidad de los mantos fréaticos
'Estratigrafi'a'.

Estabilidad de taludes

Peso volumétrico

En la figura 1.3.1 se puede apreciar la ubicacion de los puntos donde se ralizaran los sondeos,
cubriendo el sitio con secciones transversales y longitudinales procurando que la ubicacién

de los sondeos cubriran la configuracion del sitio.
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—

figura 1.3.2.2 se presentan algunas secciones transversales obtenidas.a_través.de los—

estudios de mecéanicas de suelos.
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1.4 Informacién Meteoroldgica

Debido a la complejidad de los procesos naturales que intervienen en los fendmenos
meteorolégicos, es dificil examinarlos mediante un razonamiento deductivo riguroso. No
siempre es aplicable una ley fisica fundamental para determinar el resultado meteorolégico
esperado. Mas bien, lo que parece razonable es partir de una serie de datos observados,
analizarlos estadisticamente y después tratar de establecer la norma que gobiena dichos

5uUcCesos.
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Lo anterior establece la necesidad de contar con registros de varios afios de las diversas

componentes que intervienen en los problemas meteoroldgicos.

En la Republica Mexicana las principales fuentes de informacién son la Comisidn Nacional

del Agua, la Comision Federal de Electricidad y la Secretaria de Agricultura y Ganaderia.

En general, cada analisis de una zona es unico y las conclusiones cuantitativas de su analisis
no pueden extrapolarse a otro problema. Esto ha ocasionado que muchas veces se juzgue un
método de calculo en forma equivocada, al no tenerse en cuenta sus limitaciones en cuanto
a aplicabilidad. Conviene establecer primero la bondad del método, ya que, aunque el
problema por analizar no tenga las mismas condiciones para las cuales fue deducido, puede

proporcionar un resultado cualitativo de gran utilidad, siempre y cuando se sepa interpretar.

Meteorologia es la ciencia que estudia los fendmenos que ocurren en la atmésfera, tales como
viento, precipitacion, temperatura, etc. El comportamiento de esos fenomenos en un
determinado lugar y por-un cierto ﬁempo se llama clima. La meteorologia es una rama de
“la fisica, debido a que la atmodsfera es una mezcla de gases, donde la interrelacién entre
temperatara, presion y volumen sigue las leyes de la dindmica y termodinamica. Ademas, esta
relacionada con la geografia, ya que la latitud, altitud, localizacion y topografia de areas de
tierra y agua, afectan las caracteristicas y distribucion de los elementos meteorolégicos sobre

la superficie terrestre.
1.4.1 Caracteristicas fisiogrificas de una cuenca

La cuenca de drenaje de una corriente es el area que contribuye al escurrimiento y que
proporciona parte o todo el flujo de la corriente principal y sus tributarios. Esta definicion es
compatible con el hecho de que la frontera de una cuenca de drenaje y su correspondiente

cuenca de agua subterranea no necesariamente tienen la misma proyeccion horizontal.

La cuenca dé drenaje de una corriente esta limitada por su parteaguas, que es una linea

imaginaria que divide a las cuencas adyacentes y distribuye el escurrimiento, originado por
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la-precipitacion, que en cada sistema de corrientes fluye hacia el punto de salida de la cuenca.
El parteaguas esta formado por los puntos de mayor nivel topografico y cruza las corrientes

en los puntos de salida.

Muchas veces se requiere dividir las grandes cuencas para facilitar su estudio. Las subareas
0 cuencas tributarias estaran a su vez delimitadas por parteaguas interiores. En general estas

subdivisiones se hacen de acuerdo con las estaciones hidromeétricas existentes en la zona.

No necesariamente se analiza con el mismo criterio una cuenca tributaria o pequefia que una
cuenca'grande. Para una cuenca pequefia, la forma y cantidad de escurrimiento estan influidas
principalmente por las condiciones fisicas del suelo; por lo tanto, el estudio hidrologico debe
enfocarse con mas atencion a la cuenca misma. Para una cuenca muy grande, el efecto de
almacenaje del cauce es muy importante, por lo cual debera darsele también atencidn a las

caracteristicas de este ultimo.

Es dificil distinguir una cuenca grande de una pequefa, considerando solamente el tamano.
En hidroiogia, dos cuencas del mismo tamaiio son diferentes. Una cuenca pequena se define
como aquella, cuyo escurrimiento es sensible a lluvias de alta intensidad y corta duracién, y
donde predominan las caracteristicas fisicas del suelo con respecto a las del cauce. Asi, el
tamafo de una cuenca pequefia puede variar desde unas pocas hectareas hasta un limite que,

para propdsitos practicos, Chow considera de 250 km”.

El escurrimiento del agua en una cuenca depende de diversos factores, siendo uno de los mas
importantes las éaracteristicas fisiograficas de la cuenca. Entre estas se pueden rﬁencionar
principalmente su area, pendiente, caracteristicas del cauce principal, como son longitud y
pendiente, elevacion de la cuenca y red de drenaje. A continuacion se describiran las formas

de calcular las caracteristicas fisiograficas, segun su uso.

En algunos casos, como por ejemplo al valuar la pendiente de la cuenca, se indican diversos
criterios, no con el fin de resaltar el concepto, sino con la idea de obtener diversos resultados.

Esto es de gran importancia, pues, como se vera posteriormente, muchas veces se requiere
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determinar una relacion entre las caracteristicas del escurrimiento y las caracteristicas
fisiograficas de una cuenca y, conociendo varios valores, se escoge el que broporcione mayor
aproximacion a la relacion. Lo antenior implica la inconveniencia de agrupar, por ejemplo, los
meétodos para valuar las pendientes, ya que cada uno proporciona un resultado diferente. Es
necesario tomar .cada criterio como un Ifactor mas de las caracteristicas fisiograficas de una
cuenca. A partir de la definicion del sitio se realizara la restitucion fotogrameétrica con la cual
se podra realizar la configuracion del sitio con respecto a la cuenca en la figura 1.4.1.1. En

la cual se oberva un modelo de configuracion del terreno por computadora.

. Figura 1.4.1.1

Area de una cuenca

El area drenada de una cuenca es el drea en proyeccion horizontal encerrada por el parteaguas.

Generalmente esta area se determina con un planimetro y se expresa en kilometros cuadrados.
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Pendiente de una cuenca

Existen diversos criterios para valuar la pendiente de una cuenca, dependiendo del uso

posterior que se le vaya a dar al resultado o bien al criterio que lo requiere.

Criterio de Alvord

Para obtener la ecuacion que proporciona la pendiente de la cuenca por este criterio, se
analiza primero la pendiente existente entre curvas de nivel. Analizando la faja definida por
las lineas medias que pasan enire las curvas de nivel, se tiene que para una de ellas la

pendiente de su area tributaria es:

donde:

A: area de la cuenca, en km”

D: desnivel constante entre curvas de nivel, en km

L: longitud total de las curvas de nivel dentro de la cuenca, en km
S.: pendiente de la cuenca

Criterio de Hoiton

En este criterio se traza una malla de cuadrados sobre el plano del area de la cuenca en
estudio, la cual conviene orientar en el sentido de la corriente principal. Si la cuenca es de
250 km" o ‘menor, se requiere por lo menos una malla de cuatro cuadros por lado, si la cuenca
es mavor de 250 km-, debera incrementarse el numero de cuadros de !a malla, ya que la

aproximacion del calculo depende del tamaio de esta.

Una vez hecho lo antertor, se mide la longitud de cada linea de la malla comprendida dentro
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de la cuenca y se cuentan las intersecciones y tangencias de cada linea con las curvas de

nivel. La pendiente de la cuenca en cada direccidon de 1a malla se valua como:

donde

desnivel constante entre curvas de nivel

cuenca

cuenca

con las curvas de nivel

con las curvas de nivel

pendiente de la cuenca en la direccion x

pendiente de la cuenca en la direccion v

longitud total de las lineas de la malla en la direccion x, comprendidas dentro de la
longitud total de las lineas de la malla en la direccion y, comprendidas dentro de la
N,: numero total de intersecciones y tangencias de las lineas de {a malia en la direccion x,

N.: nimero total de intersecciones y tangencias de las lineas de la malla en la direccion vy,

Finalmente, Horton considera que la pendiente media de la cuenca puede determinarse como:

donde
L. L +L,
N: N _+ N’).

NDsecH

L

8: angulo entre las lineas de la malla y las curvas de nivel
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Como resulta demasiado laborioso determinar la sec 8 de cada interseccion, Horton sugiere

——=—\usar—un-valor-promedio—de—1-57—~En—la-practica;-y—para—propositos—de"comparacion; es

tgualmente eficaz ignorar el término sec 8, o bien considerar el promedio aritmético o

geométrico de las pendientes S, y S, como pendiente de la cuenca.

Criterno de Nash

Analogamente al criterio de Horton, se requiere trazar una maila de cuadros sobre el plano

topografico de la cuenca, de manera que se obtengan aproximadamente 100 intersecciones.

En cada interseccion se mide la distancia minima entre las curvas de nivel y la pendiente en
ese punto se considera como la relacion entre el desnivel de las curvas de nivel y la minima
_distancia medida. Asi, se calcula la pendiente de cada interseccion vy su media se considera

la pendiente de la cuenca.

Cuando una interseccion ocurre en un punto entre dos curvas de nivel del mismo valor, la

pendiente se considera nula y ese punto no se toma en cuenta para el calculo de la media.

Al emplear este criterio, es posible construir una grafica de distribucién de frecuencias de las
pendientes medidas en cada punto, mostrandose asi la distribucion total de la pendiente en la
cuenca. Conviene hacer esta distribucion sobre papel semilogaritmico, donde en el eje
logaritmico se tiene la pendiente de la superficie, y en el otro, el porcentaje de area con

—
pendiente igual o mayor que el valor indicado.

Elevacion de una cuenca

La variacion en elevacion de una cuenca, asi como su elevacion media, puede obtenerse
facilmente con el método de las intersecciones. El mapa topografico de la cuenca se divide
en cuadros de igual tamafo, considerando que por lo menos 100 intersecciones estén
comprendidas dentro de la cuenca. La elevaciéon media de la cuenca se calcula como el

promedio de las elevaciones de todas las intersecciones.
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Red de Drenaje

Otras caracteristicas importantes de cualquier cuenca son las travectorias o el arreglo de los
cauces de las corrientes naturales dentro de eila. La razén de su importancia se manifiesta en
la eficiencia del sistema de drenaje en el escurrimiento resultante. Por otra parte, la forma de

drenaje proporciona indicios de las condiciones del suelo y de la superficie de la cuenca.

Las caracteristicas de una red de drenaje pueden describirse principalmente de acuerdo con

el orden de las corrientes, longitud de tributarios, densidad de corriente y densidad de drenaje.

Orden de las Comientes

‘

Antes de hablar del orden de las corrientes, conviene ver su clasificacion. Todas las corrientes
pueden dividirse en tres clases generales, dependiendo del tipo de escurrimiento, el cual esta

relacionado con las caracteristicas fisicas y condiciones climaticas de la cuenca.

Asi, una corriente puede ser efimera, intermitente o perenne.

Una corriente efimera es aquella que solo lleva agua cuando llueve e inmediatamente después.
Una corriente intermitente lleva agua la mayor parte del tiempo, pero principalmente en época
_de lluvias; su aporte cesa cuando el nivel freatico desciende por debajo del fondo del cauce.
La corriente perenne contiene agua todo el tiempo, ya que aun en época de sequia es
abastecida continuamente, pues el nivel freatico siempre permanece por arriba del fondo del

- cauce.

Densidad de Drenaje
Esta caracteristica proporciona una informacion mas real que la anterior, ya que se expresa

como la longitud de las corrientes por unidad de area, o sea que:



donde

A: area total de la cuenca, en km~
. . . . R 7/
L: longitud total de las corrientes perennes e intermitentes en la cuénca, en km

D, densidad de drenaje por km
Pendiente del Cauce

El perfil de un cauce se puede representar llevando en una grafica los valores de sus
distancias horizontales, medidas sobre el cauce contra sus cambios de elevaciones respectivas.
En general, la pendiente de un tramo se considera como el desnivel entre los extremos del

tramo dividido, por la longitud horizontal de dicho tramo.

_donde

H: desnivel entre los extremos del tramo del cauce, en m

L: longitud horizontal del tramo del cauce en m

S:  pendiente de!l tramo de cauce

1.4.2 Precipitaciéon '

La precipitacion es una componente fundamental del ciclo hidrolégico y se ha tomado como
el inicio del analisis de dichas componentes. En este inciso se explican las nociones de
meteorologia, con el fin de mostrar la diversidad de elementos que influyen en la

precipitacién, lo que, en la mayoria de los casos, no permite generalizar métodos de analisis.
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para zonas ajenas a las que los originan. Ademas, se examinan diferentes métodos de

procesamiento de los datos de precipitacion para lograr su utilidad practica.
Tipos de precipitacion

Precipitacion es el agua que rectbe la superficie terrestre en cualquier estado fisico,
proveniente de la atmosfera. Para que se origine la precipitacion es necesario que una parte
de la atmoésfera se enfrie hasta que el aire se sature con el vapor de agua, originandose fa
condensacion de vapor atmosférico. El enfriamiento de la atmosfera se logra por la elevaciéon
del aire. De acuerdo con la condicion que provoca dicha elevacion, la precipitacion puede ser

por conveccion, orografica y ciclénica.
Aparatos de medicion

La precipitacion se mide en términos de la altura de Ia lamina de agua y se expresa

comunmente en milimetros. Los aparatos de medicion se basan en la exposicion a la

intemperie de un recipiente cilindrico abierto en su parte superior, en el cual se recoge el agua

producto de la lluvia u otro tipo de precipitacion, registrando su altura. Los aparatos de

medicion se clasifican .de acuerdo con el registro de las precipitaciones en pluvidmetros y
\

pluviografos.

Los registros de pluviografos se pueden transformar y obtener el hietograma de las diversas
tomermentas medidas. El hietograma es una grafica que indica la variacién de la aitura de
[luvia o de su intensidad con respecto a. un intervalo de tiempo, el cual se escoge

arbitrariamente, siguiendo ciertas convenciones,

Actualmente se emplean pluviégrafos de registro directo en cinta magnética, pudiendo
combinarse la recopilaciéon de datos con el uso de las maquinas electronicas. Aun mas, se
estan empleando aparatos que trasmiten directamente sus registros a una estacién central, sin
que se registren en los aparatos. También se han desarrollado técnicas para usar el radar con

el objeto de determinar el area de la distribucién de la intensidad de precipitacion, combinado

J
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con estaciones pluviométricas o pluviograficas.

Para conocer la distribucion y la precipitacion media de una tormenta en una determinada

zona, se requiere de varias estaciones pluviométricas o pluviograficas, localizadas convenien-

temente.

Precipitacion media sobre una zona

En este caso se requieren conocer la altura de precipitacion media en una zona, va sea durante

una tormenta, una época del afio o un periodo determinado de tiempo. Para hacerio se tienen

tres criterios.

a)

Promedio aritmético. Para calcular la altura de precipitacion media en una zona
empleando el promedio aritmeético, se suma la altura de lluvia registrada en un cierto
tiempo en cada una de las estaciones localizadas dentro de la zona y se divide entre el

numero total de estaciones.

La precision de este criterio depende de la cantidad de estaciones disponibles, de’la
forma cmo estan localizadas y de ia distribucion de la lluvia estudiada. Es el criterio mas

impreciso, pero es el Unico que no requiere del conocimiento de la localizacion de las

estaciones en la zoha en estudio.

Métodc; de Thiessen. En- este criterio, es necesario conocer la localizacidon de las
estaciones en la zona bajo estudio, ya que para su aplicacion se requiere delimitar la zona
de influencia de cada estacidn dentro del conjunto. Para determinaria, primero se trazan
triangulos que ligan las estaciones mas proximas entre si. A continuacién se trazan lineas
bisectoras perpendiculares a los lados de los triangulos, las cuales forman una serie de

poligonos; cada uno de ellos contiene una estacion,

Cada poligono es el drea triburana de cada estacidon. Entonces, la altura de precipitacion

media es



z hpi A i
i= n Al
A =1 A

donde
A area de la zona, en km-*
Al area triburaria de la estacion i, en km-
hpt: . altura de precipitacion registrada en la estacién 1, en mm
hpm: altura de precipitaciéon media en la zona en estudio, en mm
n: ' numero de estaciones localizadas dentro de la zona

¢} Meétodo de isovetas. Para emplear este criterio se necesita un plano de isoyetas de la
precipitacion registrada en las diversas estaciones de la zona en estudio. Las 1SOyetas son
curvas que unen puntos de igual precipitacion. Este meétodo es el mas exacto pero
requiere de un cieno‘criterio para trazar el plano de isoyetas. Se puede decir que si la
precipitacion es de tipo orografico, las isovetas tenderan a seguir una configuracion
parecida a las curvas de nivel. Por supuesto, entre mayor sea el numero de estaciones
dentro de la zona en estudio, mayor sera la aproximacion con la cual se trace el plano

de 1soyetas.
Para calcular la altura de precipitacion media en una determinada zona, se usa la ecuacion
anterior, pero en este caso Ai corresponde al area entre isoyetas, hpr es la altura de
precipitacion media entre dos isoyetas, n.el numero de tramos entre isoyetas.

Deduccion de datos faltantes.

Muchas veces se requieren los registros de una determinada estacion, los cuales estan

incompletos_por uno o vanos dias, o inclusive por afios.
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S—izé-ﬁéésftafcompletar~un—registro-a]-*que—le-fa]ta*unb-‘O‘varios‘dias,"seﬁe‘de'emﬁlear uno
de los dos criterios que se basan en registros simultaneos de tres estacioﬁ\es que se encuentran
-distriburdas lo mas uniformemente posible y curcundando a la estacién en estudio. a) Si la
precipitacion anual normal en cada una de las estaciones auxiliares difiere en menos de 10
por ciento de la registrada en la estacion en estudio, para estimar el valor o los valores
faltantes se hace un promedio aritmético con los valores registrados en esa fecha en las
estaciones auxiliares. b) Si la brecipiraci()n anual normal de cualquiera. de las tres estaciones

auxiliares difiere en mas del 10 por ciento de la registrada en la estacion en estudio, para

valuar un dato faltante se usa la ecuacion
3

_lopx, , PX DX
hpx== [ EX hpa+ £X hppe £X R
DX [pA jo +po +pC' pC]

hpA, hpB, hpC: altura de precipitacion registrada en las estaciones auxiliares

hpx: altura de precipitacion faltante en la estacion en estudio
pA, pB, pC: precipitacion anual media en las estaciones auxiliares
pX: precipitacion anual media en la estacidon en estudio

Ajuste de registros de precipitacion

Cuando se desee saber si el registro de una determinada estacion ha sufrido modificaciones
que pueden ocurrir por una alteracion en la localizacion de la estacion, en sus condiciones
adyacentes, o bien al cambiar de operador, se puede usar el método de la curva masa doble.
Este método permite ajustar los registros de precipitacion de tal manera que se puede
considerar que la estaciéon medidora no ha sufrido cambio alguno desde el inicio de su

operacion.



El método c'ie la curva masa doble compara la precipitaciéon anual acumulada en la estacion
por analizar con la precipitacion media anual acumulada en un grupo de estaciones cercanas,
de preferencia del orden de diez. En un plano coordenado, en el eje de las abscisas se lleva
el valor acumulado de la precipitacion anual de la estacion en estudio, y en el eje de las

ordenadas el valor acumulado de la precipitacion media anual de las estaciones circunvecinas.

La acumulacién puede hacerse del ultimo afio de registro hacia adelante. Uniendo los puntos
se obtiene la grafica llamada curva masa doble. Sie el registro no ha sufrido ninguna
alteracion, se obtendra una linea recta; un cambio de pendiente indicard que se debe ajustar

el registro, siendo dicho ajuste proporcional al cambio de pendientes.

Aunque el metodo se basa en precipitaciones anuales, en zonas donde exista una marcada

variacion durante las diferentes estaciones del afio, conviene hacer el analisis para las mismas.
1.4.3 Evaporacion

El agua regresa a la atmosfera a través de las acciones combinadas de evaporacion
sublimacion y transpiracion. Estas acciones son esencialmente modificaciones de un solo
proceso. La evaporacién es el procéso por el cual las moléculas del agua, en la superficie de
un recipiente o en la tierra‘hnmeda, adquieren suficiente energia cinética debido a la radiacion

solar, v pasan del ¢-:ado liquido al gaseoso.

Un aumento en la temperatura del agua origina una mayor evaporacion, ya que se incrementa

la velocidad de las moléculas del agua y disminuye la tension superficial.

La sublimacion difiere de la evaporacion solo en que las moléculas del agua pasan
directamente del estado solido al gaseoso. La transpiracion es el proceso por el cual el agua

absorbida por las plantas regresa a la atmésfera en forma de vapor.

Durante la evaporacion, el movimiento de fas moléculas de la superficie del agua produce una

presion, denominada presion de vapor. Esta es una presion parcial del vapor de agua en la
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————atmosfera;ya-que en una mézcla de gases, cada gas ejerce una presion parcial,‘la cual es

indispensable de la de otros gases.

Si en un espacio cerrado se considera a p como la presidn total del aire himedo contenido
en ese espacio, y a p' como la presion debida al aire seco, la diferencia e = p - p’ sera la

presion de vapor ejercida por el vapor de agua.

Para propésitos practicos, la maxima cantidad de vapor de uzua que puede existir en cualquier
espacio dado es una funcion de la temperatura, y es independiente de la coexistencia de otros
gases. Cuando un espacio dado contiene la maxima cantidad de vapor de agua, para una
témperatura dada, se dice-que el espacio esta saturado, y la presion ejercida por el vapor de
agua en ese medio se denomina preston de saturacion. La temperatura a la cual se satura un
espacio donde se conoce con el nombre de punto de rocio. Cualquier disminucion de esa

temperatura origina la condensacion.

Tratando de ver el proceso en conjunto, puede considerarse que parte del vapor de agua
liberado por evaporacién de la superficie del agua, puede retornar a esta, una vez que se
condensa. Cuando el numero de moléculas que escapan de la superficie libre del agua es
igual al numero de moléculas que retorna a esta, el espacio se satura y se alcanza un
equilibrio entre la presion ejercida por las moléculas que escapan y la presion atmosfeérica,

Esto implica que la evaporacion es mayor que la condensacion si el aire sobre la superficie

del agua no esta saturado.

Factores que afectan a la evaporacion

De acuerdo con lo anterior, se puede decir que la evaporacion esta relacionada con la
diferencia entre la presion de vapor de la masa de agua y la existente en el aire sobre la
superficle de la misma, temperaturas del aire y agua, velocidad del viento, presion

atmosferica, y calidad del aire,



Diferencias en la presién de vapor

Si1 se considera que e, es la presion de vapor del agua, y e, la presion de vapor del‘aire sobre
la superficie del agua, se puede decir que la evaporacion es proporcional a e, - e,.
Cuando ¢l aire es mas caliente que el agua, su presion de saturacion e, es mayor que la de
la superficie del agua (e, > e.), y la evaporacién continua hasta que e, = e_, lo cual ocurrira
antes de que el aire llegue a saturarse. Sin embargo, si el aire es mas frio que el agua, se
tendra que e, < e, y la evaporacion continuara hasta que e, = e,, lo cual ocurrira antes de que
el atre llegue a saturarse. " Ademas, se el aire es mas frio que el agua, se tendra que e, = e,

existira un estado de sobresaturacion (e, > ¢,), o la condensacion ocurrira en el atre.
Temperatura -

Este aspecto y el anterior estan intimamente relacionados ya que la presion de vapor depende
de la temperatura. La cantidad de emision de moléculas de la masa de agua esta en funcion
de su temperatura, ya que a mayor temperatura, mayor sera la energia molecular liberada. La
evaporacion no depende de la temperatura de la superficie del agua, sino del resuitado directo

del incremento en la presion del vapor con la temperatura.

En la siguente figura se muestra la variacion entre la temperatura del aire y la presion de

saturacion,
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Viento

El viento es un elemento efectivo para remover las moléculas que se desprenden de la
superficie del agua debido a la evaporacion, lo que origina variaciones en las caracteristicas
de la masa de aire que se envcuentra sobre esta. Puede, asi, traer masas de aire caliente, lo
cual origina un aumento de evaporacion; si la masa de aire es frio, puede disminuir la

evaporacion e, inclusive, favorecer la condensacion.



El efecto del viento sobre la evaporacion es mayor en grandes masas de agua que en
pequenas. Esto se debe a que una vez que el viento desplaza el vapor de agua que se
encuentra en el aire sobre la superficie del agua y se altera la evaporacion, se requieren
variaciones ,muy grandes de velocidad para que se altere apreciablemente la evaporacion
existente. En el caso de pequefios recipientes, un incremento pequefio en el viento puede ser
suficiente para remover el vapor de agua que se esta generando. En extensas areas de agua,
pueden requerirse velocidades grandes y movimientos turbulentos de aire para que se

incremente la evaporacion.
Presion atmosférica

L a presion atmosférica estan tan intimamente relacionada con los otros factores que afectan
la evaporacidn, que es practicamente imposible estudiar los efectos de sus variaciones bajo

condiciones naturales.

La evaporacion puede disminuir con el incremento de altitud. El numero de moléculas de atre
por unidad de volumen aumenta con la presion. Consecuentemente, ante presiones altas hay
mas oportunidad de las moléculas que escapan de la superficie libre del agua choque con las

del aire y retomen al liquido.
Calidad del agua

La cantidad de evapéracion, menor en agua salada, disminuye conforme se incrementa el peso

especifico.

Medicion de la evaporacién

Como la evaporacion es de gran importancia dentro del ciclo hidrologico, se han hecho
grandes esfuerzos tendientes a establecer un método que permita medirla en forma directa.
Obviamente, lo primero que se ocurre para determinar la evaporacion en lagos y recipientes

es usar la ecuacion de equilibrio, y medir el gasto que entra y sale, la lluvia y el agua que se
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infiltra. Sin embargo, el agua que se infiltra no se puede valuar, y los errores al medir los

otros factores pueden exceder a la evaporacién. Por o tanto, este procedimiento no se puede

aplicar para valuar la evaporacién.

La medicion del grado de evaporacion de una region se puede hacer en forma directa usando
un evaporimetro. El evaporimetro mas usual consiste en un recipiente circular de {amina

abierto en su parte superior, de aproximadamente 1.20 m. de diametro y 0.26 m. de alto.

El recipiente se llena de agua hasta un nivel arbitrario y se mide la variacion del nivel
después de un cierto tiempo, usualmente un dia. Para medir el nivel del agua se introduce
dentro del recipiente un cilindro de reposo que contiene un tornillo con vernier. La diferencia

de.niveles proporciona un indice de evaporacion en la region.

Como la evaporacion esta relacionada con los cambios atmosféricos, ademas del evaporimetro
se acostumbra Instalar otros aparatos que permitan registrar distintos datos meteorologicos.
Los elementos meteorologicos mas importantes son el movimiento del aire, su temperatura

y la de la superficie del agua, humedad atmosférica y precipitacion.

El problema que plantean las mediciones de evaporacion efectuadas con el av‘aporimetro es
su explotacion a la zona donde se quiere conocer esta componente. En el caso del almacenaje
en una presé o un lago, el principal problema es la variacion de la masa de agua almacenada
con respecto a la contenida por el avaporimetro. Puede decirse que 1a evaporacion registrada
por un evaporimetro es mayor que. la evaporacion que puede sufrir una masa adyacente de
agua La relacion de evaporaciones se conoce con el nombre de coeficiente del evaporimetro.
Este coeficiente es variable y, usualmente, mas alto en invierno que en verano, ademéis, los
coeficientes de evaporacion mensual varian mas que los de evaporacion anual, pudiéndose

considerar que lo coeficientes medios oscilan entre 0.70 y 0.80.

Formulas de evaporacign

Exite una gran diversidad de ecuaciones para valuar la-evaporacion, las cuales se pueden
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agrupar en:

a) Ecuaciones empiricas obtenidas a partir de relaciones entre datos de evaporimetros y
elementos climaticos.

b) Ecuaciones basadas en consideraciones tedricas de cambios de energia.

Las ecuaciones del primer grupo se basan en la fey de Dalton, modificandola de acuerdo con

los factores que afectan a la evaporacton.

Las del segundo involucran hipotesis basadas en evidencias experimentales o coeficientes, los

cuales se deben valuar empiricamente.
Ecuaciomes empinicas

Como se vio al principio, la evaporacion es proporcional a la diferencia entre la presion de
vapor de agua, e, v la presion de vapor del aire, e,, que se encuentra sobre la superficie del

agua. Esto se puede expresar, segun la formula de Dalton, como:

E = ke, -e)

donde k es un coeficiente de proporcionalidad. Esta ecuacion es valida, cuando el agua v el

aire estan a la misma temperatura,

Esta ecuacion se ha usado como base de una gran variedad de expresiones. Asi, para

evapotraciones mensuales se puede usar la formula de Meyer, la cual se expresa en la forma:

v,

E = cfe,-e) I+ :
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donde”

¢:  Constante empirica que tiene un valor aproximado de 38 para evaporimetros y pequefios
depodsitos, y de 28 para grandes depositos

E: E‘vaporacién mensual, en cm.

.. Presion de vapor del aire basada en la temperatura media mensual del aire y en la
humedad relativa en la cercania de los depositos pequefios. Para depdsitos grandes, los
datos se deben recabar a 10 m sobre la superficie libre del agua. La presidn de vapor se
expresé en pulgadas de Hg.

e,. Presion de saturacion del vapor correspondiente a la temperatura media mensual del aire
si. se trata de depdsitos pequefios, y a la temperatura media mensual del agua, para
depositos grandes. Se expresa en pulgadas de Hg.

V,: Velocidad media mensual del viento registrada a 10 m sobre la superficie, en Km/h.

Para evaporaciones diarias, Horton propone la ecuacién
E - 1.016 (We, -‘e,)
donde
Yo 3. @001V

Las variables tienen el mismo significado que en la formula de Meyer, solo que ahora se usan

valores diarios en lugar de mensuales.

Esta ecuacion sélo sirve para pequefios depositos. Para grandes depdsitos, el valor encontrado

de E se multiplica por

Y.
(1-P)+P
¥ .h
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donde:

h: Humedad relativa
P:  Fraccién del tiempo durante el cual el viento es turbulento

¥: Factor de viento, ec. 6.4

Basandose en un correlacion grafica coaxial, Linsley encontro, para valuar la evaporacion en

funcitén de parametros meteoroldgicos, una relacion general de la forma:
§ . E = c(e -e)baV",)

donde a, b, ¢ ¥y n son constantes a determinar basandose en los valores conocidos de los

parametros meteorologicos, que en este caso son e,, e, y V., y el valor de la evaporacion E.
Ecuaciones basadas en cambios de energia

Siendo el movimiento vorticos-o el principal mecanismo por el cual el vapor de agua es
removido de la \'eciﬁdad de la superficie sujeta a evaporacion, existen numerosas expresiones
para determinarla basandose en consideraciones de transporte de masa por cambios
-turbulentos. De estas expresiones, la ecuacion de Thornthwaite-Holzman ha dado resultados
satisfactorios. Suponiendo una condicion atmosférica adiabaticay una distribucion logaritmica

en la vertical de la velocidad del viento y de la humedad, esta ecuacion puede expresarse

como
210.43(e, - &)(Va: - V)
E = .
(T - 459.4) In (h/h))
donde
E: Evaporacién, en cm/h
e, e  Presion de vapor, en altura inferior h, y en la superior h., respectivamente, sobre la
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————superficie del agua, en pulgadas de Hg. ~
T: Temperatura media del aire entre h, y h,, en °F

V.., V... Velocidad del viento para h, y h., respectivamente, en Km/h.

Otro enfoque para calcular la evaporacion se conoce con el nombre del método del balance
del calor, y aunque existen diversas expresiones,. estas son dificiles de aplicar por los

problemas que se presentan al tratar de valuar algunos de los parametros que intervienen. .

1.4.4 Infiltacion

Infiltracion es el proceso por el cual el agua penetra en los estratos de la superficie del suelo
y se mueve hacia el manto freatico. El agua primero satisface la deficiencia de humedad del

suelo v, despueés, cualquier exceso pasa a formar parte del agua subterranea.

La cantidad mdxima de agua que —puede absorber un suelo en determinadas condiciones se
ltama capacidad de infiltracion. Durante una tormenta solo se satisface ia capacidad de
infiltracion mientras ocurre la Huvia en exceso. Antes o después de la [luvia en exceso, la
capacidad de infiltracion esta ligada a [a intensidad de lluvia.

Factores que afectan a la capacidad de infiltracion i

La infiltracion puede considerarse como una secuencia de tres pasos: entrada en la superficie,
trasmision a través del suelo, y agotamiento de la capacidad de almacenaje del suelo. Ademas
de estos factores, se deben tener en cuenta el medio permeable y el flyjo.

Entrada en la superficie

La superficie del suelo puede obstruirse por el lavade de finos y el impacto de gotas de agua.
lo cual evita o retarda la entrada del agua dentro del suelo; por este hecho, un suelo con una
buena red de drenaje puede tener baja capacidad de infiltracion. La vegetacion tiene una

influencia importante en este aspecto. .
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Trasmision a través del suelo

La rapidez con que el agua penetra en un suelo depende de su capacidad de trasmision, la
cual varia para los diferentes horizontes del perfil del suelo; una vez que este se ha saturado,
la capacidad de infiitracidn esta limitada por la menor trasmision del agua infiltrada que tenga

el suelo.

Si la entrada del agua en la superficie del suelo es menor que la trasmisién mas baja de

cualquier horizonte del suelo, la infiltracion quedara supeditada.
Agotamientp de la capacidad de almacenaje del suelo

El almacenaje disponible en cualquier honzonte depende de su porosidad, espesor vy contenido
de humedad. La naturaleza y magnitud de la porosidad del horizonte del suelo depende de su
textura, estructura, contenido de materia organica, penetracion de las raices y muchos otros

factores.

La infiitracion que ocurre en el inicio de la tormenta esta controlada por el volumen, tamafio
y continuidad de los poros no capilares, ya que proporcionan faciles trayectorias para ell
movimiento del agua La capacidad de almacenaje afecta directamente a la cantidad de
infiltracion durante la tormenta. Cuando esta Gltima cantidad esta controlada por su trasmision
a través de los estratos del suelo, esta ira disminuyendo conforme se agote el almacenaje de

los estratos superiores al estrato que tiene la menor trasmision.

Caracteristicas del medio permeable

Para el suelo, la capacidad de infiltracion esta relacionada con.el tamafio del poro y su
distribucion. En las arenas, los poros son relativamente estables, aunque durante una tormenta
se puede formar una mezcla mas densa; sin embargo, este cambio en las arenas es

relativamente lento comparado con las arcillas y los limos.
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—En-suelos en-estado seco con cantidades apreciables de imo 0 arcilla, es posible tener poros
relanvamente largos que pueden desintegrarse durante una tormenta. Dichos suelos
normalmente contienen material coloidal, el cual se hincha cuando esta humedo; asi, un
cambio en I'a permeabilidad de la masa es mds frecuente que en las arenas. Por otra parte, el
tmpacto de las gotas de agua compactan el suelo y ocasionan que particulas muy pequenas

de limo y arcilla penetren en los poros del material, seflandolos y reduciendo la infiltracion.

Las modificaciones del tamafo del poro y su distribucion son comunes en el campo, dependen

principalmente del contenido de materia organica del suelo.
Caractenisticas del flujo

Otros grupos de factores que afectan a la infiltracion, aunque en grado menor, son aquellos
que modifican las caracteristicas fisicas del agua. Uno de los cambtos mas importantes en el
agua infiltrada es su contaminacion, que, en la mayoria de los suelos, ocurre en menor o
mayor escala, debido a las arcillas finas y los coloides. Esto afecta en forma directa a la
infiltracion,. ya que el material en suspension que lleva el agua infiltrada bloquea los poros
del suelo por los cuales pasa.

La temperatura y viscosidad del fluido también afectan a la cantidad de agua que se mueve

a traves del suelo.

Medicion de la infiltiaciéon

Para medir la infiltracion de un suelo se usan los infiltrémetros, que sirven para determinar
la capzcidad de infiltracion en pequefias areas cerradas, aplicando artificialmente agua al

suelo.

Los in{iltrometros se unen con frecuencia en pequefias cuencas o en areas pequefas o

experimentales dentro de cuencas grandes.



Cuando en un é4rea se presenta gran variacion en el suelo y vegetacion, esta se subdivide en
subareas relativamente uniforme, de las cuales, haciendo una serie de pruebas, se puede

obtener informacion aceptable.

Siendo la infiltracién un procese completo, a partir de los infiltrometros es posible inferir la
capacidad de infiltracion de cualquier cuenca en forma cualitativa y no cuantitativa. La
aplicacion mas favorable de este equipo se obtiene en zonas experimentales, donde se puede

valuar la infiltracion para determinar tipos de suelos y contenido de humedad.
Infiltrometros de carga constante

Estos infiltrometros permiten conocer la cantidad de agua que penetra en el sueio en un area
cerrada, a partir del agua que debe agregarse a dicha area para mantener un tirante constante,

que generalmente es de medio centimetro.

Los infiltrometros de carga constante mas comunes consisten en dos arcos conceéntricos, o
bien en un solo tubo. En el primer tubo, se usan dos arcos concéntricos de 23 y 92 cm de

didmetro, respectivamente, los cuales se hinchan en el suelo varios centimetros.

El agua se introduce en ambos compartimientos, los cuales deben conservar el mismo tirante.
El objeto del aro exterior es evitar que el agua dentro del aro interior se expanda en una zona
de penetracion mayor que el area correspondiente. La capacidad de infiltracion del suelo se
determina a partir de la cantidad de agua que hay que agregar al aro interior para mantener
su tirante constante. E] segundo tipo consiste en un tubo que se hinca en el suelo hasta una
profundidad igual a la que penetra el agua durante la medicion, lo que evita que el agua se

expanda. En este caso se mide el agua que se le agrega para mantener ¢l nivel constante.

Aunque estos aparatos proporcionan un meétodo simple y directo para determinar {a cantidad
de .agua que absorbe el suelo con estas condiciones, sélo considera la infiftracion del uso del
suelo, vegetacion y algunas variables fisicas. Esta forma de medir 'la infiltracidén puede

cambiar con respecto a la real, porque no toma en cuenta el efecto que producen las gotas de
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lluvia.sobre-el suelo, como son la compactacion y el lavado de finos. Por otra parte, tampocs

considera el efecto del aire entrampado, el cual se escapa lentamente. Ademas, es imposible
hincar los arcos o el tubo sin alterar las condiciones del suelo cerca de su frontera; el area

afectada puede ser un porcentaje apreciable del area de prueba, ya que esta es muy pequeiia.

Métodos para Calcular la Infiltracién

¢

Todos los métodos disponibles para determinar la capacidad de infiltracién en una cuenca
estan basados en el criterio de la relacion entre lo que llueve v lo que escurre. En la practica,
resufta complicado analizar detalladamente ¢l fénomeno y sélo es posible, con ciertas

limitaciones, para cuencas pequefias donde ocurren tormentas sucesivas.

Los. métoddsque permiten obtener la infilrtacion de una cuenca, para una cierta tormenta,
requieren del histograma de la precipitacion media y de su correspondiente hidrograma. Esto
implica, que en la cuenca donde se require valuar la infiltracién, se necesita, si desean hacer
analisis horarios, por lo menos un pluvidgrafo y una estacion de aforos en su salida. En caso

de contar tnicamete con estaciones pluvigmétricas, sélo se podran hacer analisis diarios.

Los criterios que se analizan en este inciso permiten conocer la infiltracion producida por una

tormenta, una vez que ha terminado el escurrimiento. Debido a esto, se considera que
P = Q -+ F ' -
-donde

F:  volumen de infiltracion
P:  volumen de precipitacion

Q: volumen de escurrimiento directo

En esta ecuacion se considera que en F también estan involucrados la intercepcion y el

almacenaje por depresiones ya que no es factible medirlos; ademas, en esta forma se valua
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todo el escurrimiento directo, que es de interés fundamental, ya que permite determinar la

cantidad de-agua que escurre con respecto a la de lluvia. -

El primer criterio que se vera esta relacionado con los coeficientes de infiltracion. El uso de
tales indices no constituye una aplicacion racional de la teoria de la infiltracion, pero los
resultados, que son de tipo empirico, son de gran utilidad practica; aunque existen diversos
indices, aqui sélo se vera el indice ¢. el cual puede considerarse como de inlfiltracién media.
A continuacion se presenta un criterio debtdo a Horner v Lloyd que permite obtener la curva
de la capacidad de infiltracion media en cuencas pequefias cuando se dispone de una serie de
tormentas sucesivas, Finalmente, se analizara el criterio de Horton para obtener la capacidad

de infiltracidon media en cuencas grandes.
Indice de Infiltracién Media .

Este indice esta basado en la hipotesis de que, para una tormenta con dete;minédas
condiciones iniciales, la cantidad de recarga en la cuenca permanece constante a traves de
toda la duracion de la tormenta. Asi, se conoce el histograma de la tormenta, el indice de la
infiltracion media, ¢, es la intensidad de lluvia media sobre la cual el volumen de lluvia es

1gual al del escurrimiento directo observado.
Para obtener el indice ¢ se procede por tanteos, suponiéndose valores de ¢ y deduciendo la

lluvia en exceso del histograma de la tormenta. Cuando esta lluvia en exceso sea igual que

la registrada por el hidrograma, se conocera el valor de ¢.
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o, e0 mm

hp

t, en horas

Determinacion del indice

Segun la figura, el valor correcto de ¢ se tendra cuando

1

ZA}IGI = hE
donde
h,. [luvia en exceso, deducida de volumen de escurrimiento directo, V_, dividido entre el
area de la cuenca, A.
<l

ah, . liuvia en exceso en el intervalo de tiempo at,, deducido del histograma de la tormenta

Debe sefialarse que, como la lluvia varia con respecto al tiempo y el indice ¢ es constante,
cuando la variacion de la lluvia ah en un cierto intervalo de tiempo at, sea menor que ¢, se
acepta que todo lo llovido se infiltro. El problema se presenta cuando se desea valuar el

volumen de infiltracion, ya que si sé valua a partir del indice ¢, se obtendra por este hecho
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un volumen mayor que el real. Para calcular el volumen de infiltracién real, se aplica la
ecuacion siguiente

F=(h, -h)A

donde

A: area de la cuenca
h,: altura de Huvia en exceso

[

h.: altura de lluvia a la tormenta, la cual es la suma de los ah,

Obtencion de la curva de capacidad de infiltracion media.

En una cuenca pequefa, si se tiene una serie de tormentas sucesivas y se dispone del
hietrograma e hidrograma correspondientes, es posibie obtener la curva de la capacidad e

infiltracién aplicando el criterio de Horner y Lloyd.

Para cada tormenta se obtiene, de su hietrograma, la altura de lluvia, h,, v, segun el
hidrograma, la lluvia en exceso, h,, a que dio fugar. A continuacion se calcula el volumen de
infiltracion, F, expresado en lamina de agua, que, de acuerdo con la ecuacion

F = (hp-he) A

lo mismo que en la ecuacién anterior solo que todos los volumenes estan expresados en altura

de lamina de agua, tenemos que

il

Il
=

L]
=

hf

En la formula h, es una infiliracion media Para obtener la capacidad de infiltracion medta

para cada tormenta, f, el valor de cada h, debera dividirse entre el tiempo promedio en que
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_ocurre la infiltracion en toda la cuenca.

En este criterio se acepta que la infiltracion media se inicia cuando empieza la lluvia en
exceso y continua durante el lapso después de que esta termina. En ese moménto, si la
tormenta cubre toda el drea, la infiltracién continla en forma de capacidad e ira disminu_véndo
conforme al area de detencion del escurrimiento disminuye. Horton considera que el periodo
equivalente durante el cual el mismo volumen de infiltracion residual ocurre sobre toda la
cuenca es igual a un tercio del periodo de tiempo que sucede desde que la lluvia en exceso

finaliza hasta que cesa el flujo sobre tierra, el cual se puede detectar al analizar el hidrograma

correspondiente.

Segun lo anterior, el tiempo promedio en el cual ocurre la capacidad de infiltracion se expresa

comao:

Al
d, + —

—
1]

.donde

d,. duracion de la lluvia en exceso, en h
t:  duracion de la infiltracion, en h
at: periodo de tiempo desde que termina la lluvia en exceso hasta que cesa el flujo sobre

tierra, en h
Por lo tanto, la capacidad de infiltracion media sera.

f = hit
donde

h,: altura de infiltracion media, en mm

t- duracion de la infiltracion, en h
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Una vez conocido el valor de f para cada tormenta, se lleva a una grafica en el punto medio
de cada periodo t. Al unir resultantes se obtiene la curva de capacidad de infiltracién media.

N

Capacidad de infiltracién en cuencas grandes

Para cuencas donde no se acepta que la intensidad de lluvia es uniforme en toda el area,
Horton propone un criterio para calcular {a capacidad de infiltracion media, f,, que se tiene

para una tormenta cualquiera.

Este criterio supone la disponibilidad de registros de lluvia suficiente para representar su
distribucion satisfactoriamente, y que al menos uno de los registros se obtuvo a partir de un
pluviografo. Esto implica estimar que la distribucion de luvia registrada en el pluviografo sea
representativa de la distribucion en toda la cuenca. Por otra parte, considera que el
escurrimiento superficial es tgual a la diferencia entre la precipitacidn v la infiltracion que
ocurre durante el periodo de la lluvia en exceso; o sea que se desprecia la infiltraciéon antes
y después de la lluvia en exceso. Entonces, el valor de f, que se encuentra es tal que

multiplicado por la duracidon de la lluvia en exceso y restado de la {luvia total para el mismo

periodo, proporciona el escurrimiento superficial total.

La estaciton pluviografica recibe el nombre de estacion base y las pluviométricas se llaman
l.subestaciones. Con el fin de tener un criterio de calculo general para la cuenca en estudio,
conviere transformar a porcentajes la curva masa de la estacion base. Una vez hecho esto, se
suponen alturas de lluvia y, a partir de la curva masa en porcentaje, se obtiene la variacion
respecto al tiempo. A continuacion, se inventan capacidades de infiltracion media y se deduce

para cada altura de lluvia supuesta su correspondiente lluvia en exceso.

Lo anterior permite obtener graficas de alturas de lluvias totales contra alturas de lluvia en
exceso, para diferentes capacidades de infiltracion media. Asi, conocida la altura de
precipitacion media en la cuenca para la tormenta en estudio, y su correspondiente altura de
Huvia en exceso a partir del hidrograma del escurrimiento directo, es posible obtener su

capacidad de infiltracién media.
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~Si se observa, este criterio es similar al del indice de infiltracion media, solo que ahora los

————tanteos-se-llevan—a-graficas; que en—el"caso de tener Gna tormenta con una duracion grande

es muy conveniente, ya que se disminuye el tiempo de calculo Por otra parte, permite
disponer de una grafica que relaciona para cualquier tormenta su lluvia en exceso, su lluvia

total y su correspondiente capacidad de infiltracion media.
1.5 Estudios topograficos

Una vez delimitado el lindero del terreno que ocupara el relleno sanitario se procedera a
realizar el levantamiento topografico para obtener una conceptualizacion adecuada: de la

configuracion del lugar.

Los trabajos de topografia son determinantes para la elaboracion del proyecto ya que con ellos

i
se determina la capacidad del sitio, asi como su vida atil, ademas de todos los elementos
necesarios para el disefio y la operacion del relleno sanitario.

En los trabajos de topografia se deberan de considerar las siguientes actividades:

- Localizacion: Se determinara con una poligonal abierta desde el eje de la via que se

tenga de acceso, uniéndola con el area del terreno. Sefalando las vias
principales de acceso desde la poblacion, y su ubicacion con relacidn

a la misma.

- Planimetria; La poligonal cerrada que limite el sitio, se unira a la abierta que se

trazo desde el acceso, dando a las dos orientacién astronomica.

- Alumetria: Para realizar esta fase del trabajo, se determinard un punto que sirva

como banco de nivel, y que se pueda localizar facilmente,

Se colocaran mojoneras en cada uno de los véruces de la poligonal -

para que sirvan de bancos auxiliares de nivel.

Establecidos los bancos de nivel, se procedera a correr una nivelacion,
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Secriones:

Curvas de nivel:

Volumetria

con puntos nivelados a cada 20 m como maximo y. menor en caso de

encontrar algun accidente topografico.

Las secciones se deberan realizar perpendicularmente a las
nivelaciones y abarcando 20 m a cada lado.
Para mayor claridad la representacion grafica de los planos, estara en

escalas verticales mayores que las horizontales,

Las curvas de nivel se haran a cada 0.5 m para terrenos planos a cada
1 m para sitios sinuosos, hondanadas profundas y valles escarpados a

cada 5 mts.

Con base en las secciones se calculara la volumetria del terreno, lo
que dara por resultado la vida util real del terreno elegido. El
procedimiento del calculo puede ser con cualquier método reconocido,

de preferencia con tablas calculadas en computadoras.

- La escala que mas frecuentemente se utifiza varia de 1.100 a 1:500 la definicién de la escala

variara de acuerdo al tamano del previo una vez realizada la topografia se estara en

posibilidad de realizar la ubicacion de las principales caracteristicas del sitio como se muestra

en la figura '1.5.1.
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1.6 Impacto vial : .

Mitigar el impacto vial que pueda ocacionarce al implementar una serie de obras como las

que requiere un relleno sanitario, es un requerimiento indispensable para el optimo

funcionamiento de dicha obra, para ello es necesario tomar en cuenta las siguientes

recomendaciones:

l.- Utlizar en forma adecuada y congruente de la infraestructura vial existente.

2.- Elegir la o las rutas principales que deban utilizar las unidades de transferencia hasta el
sitio dé disposicion final, _

3.- Evitar que el proceso‘ de transportacion de los desechos solidos cause el menor impacto
negativo, tanto en la infraestructura vial existente como en Ia imagen urbana v social.

4.-

Elegir rutas opcionales asi como horanos y tipos de transporte, en funciéon de
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contingencias que puedan presentarse fuera de rutina, como son: eventos civicos,
politicos, deportivos, sociales y de desastre, incluso.
5- Minimizar el impacto vial realizando obras complementarias como son la adecuaciones

geométricas, semaforizacién, sefializacion, etc.

Para solucionar esta problematica, es necesario realizar estudios y mediciones vehiculares,
o . : /
para tener un conocimiento detallado de la infraestuctura existente en la zona, con el fin de

formular las propuestas de solucion mas adecuadas.
1.6.1 Determinacion de rutas

La mininnizacion de impacto vial tiene consideraciones de muchas categorias, como lineas de
trafico, topografia, consideraciones para la poblacion y para el ambiente.

La ruta debe estar de acuerdo con la linea que seguiria la parte principal del trafico como si
tuviera una opcion libre, que no es necesariamente la distancia mas corta entre los puntos.
Puede prefe.rirse. para transitar, una ruta larga que de un buen servicio de trafico a estaciones
de transferencia o finales de ruta de recoleccion a lo largo de la ruta v en la que puedan

circular vehiculos de transferencia.

Con objeto de llegar a {a solucidon precisa y suficiente es conveniente sefialar las rutas de
accesibilidad al sitio, a partir de las estaciones de transferencia o los fines de ruta, anotando
a la vez, un inveterio general de sus secciones, numero de carriles, capacidad, y cruceros
conflictivos suceptibles de modificacion y adecuacion, permitiendo a la vez, establecer el

hortzonte de vida util en cada uno de los casos en particular,

Esta es una consideracion importante para determinar el estado actual de la zona, en donde
aparece la informacién relativa a los arroyos y banquetas, asi como accidentes topograficos
y/o fisicos, existentes, complementandose con la ubicacion de postes, sefiales, arboles v

retornos.
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Posteriormente es indispensable la definicion de la o las rutas principales a seguir a partir de

los centroides_de referencia o de las estaciones de transferencia, ademas del disefio o

“adecuacion de aquellas que sean seleccionadas, ya sea-ciue se encuentren obsoletas o en
deterioro, tanto en su seccion transversal como en sus cruceros conflictivos y hasta su
estructura de pavimentos. Por lo anterior se debe considerar, en algunos casos, la necesidad
de aumentar la capacidad del camino, repavimentar, modificar geomeétricamente, tanto en su
alineamiento vertical como horizontal, verificar y adecuar la sefializacion y semaforizacion,

asi como reforzar el equipamiento urbano existente.

De esta forma se lograra la optimizacion en todos los rubros que se mencionan anteriormente.
Para tal efecto es conveniente la implementacion del plan en varias etapas y en diversos

frentes para obtener el funcionamiento integral que se pretende. °
1.6.2 Estudios de ingenieria de transito. '

Para determinar las condiciones de funcionamiento de las alternativas de recorrido propuesto,
se efectian aforos vehiculares en las principales intersecciones. Los aforos nos'indican el

comportamiento de los movimientos vehiculares y direccionales, en las horas pico.

Estos aforos vehiculares se determinan considerando 16 horas de observacion,
determinandose ia hora maxima de demanda vehicular durante' el dia, con la clasificaciéon de
acuerdo al tipo_de automc"wiles, autobuses y camiones que circulan. Realizando las graficas
de variacidon horaria y determinacion de el volumen vehicular a cada 1S minutos durante las

16 horas.

El resultado de los estudios referidos, es la elaboracion del proyecto de vialidad integral, en
el que se decriben los por menores de las rutas, asi como las graficas de volumenes de
transito y aforos direccionales que representan la cantidad de vehiculos que transitan en las
principales avenidas, su tipo y direccién durante un periodo de tiempo de 1 hora. Como se
bresenta en figura 1.6.1 y 1.6.2 a este comportamiento se le tendria que agregar los vehiculos

de limpia que tendran que circular por estas vias con lo que se determinara el impacto por
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transito’ que ocasionaré el sitio de disposicion final.
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1.7 Impacto Ambiental

El procedimiento de impacto ambiental es el camino a seguir para llevar a la consecucion de
un estudio 0 manifestacion de impacto ambiental que permita soportar la toma de decisiones

respecto a la autorizacion o no del proyecto en cuestion.
Manifestacion de Impacto Ambiental (MILA)

Se elabora previamente a la ejecucion del provecto y se define como el documento mediante
el cual se da a conocer, con base en estudios, el impacto ambiental, significativo y potencial
que generaria una obra o actividad, asi como la forma de evitario o atenuarlo en caso de que

'sea negativo.
1.7.1  Ambito legal ' -

El procedimiento de impacto ambiental como figura juridica, es incluido en la Ley General
de Equilibrio Ecolégico y‘la Proteccion al Ambiente (LGEEPA) el 28 de Enero de 19-88‘ La
~cual hace mencidn sobre la reglamentacion de las disposiciones de la Constitucién Politica
de los Estados Unidos Mexicanos que se refieren a la Preservacion y Restauracion del
Equilibrio Ecologico, asi colmo a la Proteccion al Ambiente, en el Territonio Nacional vy las

zonas sobre las que la Nacion ejerce su Soberania y Jurisdiccion.

1.7.2  Pirocedimiento de impacto ambiental

Definamos ;qué es el procedimiento de impacto ambiental?. Es una serie ordenada de pasos
que habran de seguir tanto las autoridades de gobierno como los responsables de la ejecucién
de una obra o actividad y consultores privados (que contratan estos ultimos), la cual se

describe en el siguiente cuadro.

Las Manifestaciones de Impacto Ambiental, pueden ser de 4 diferentes grados de profundidad.



- Informé Preventivo
- Modahidad General
- Modalidad Intermedia
- Modalidad Especifica

Estos niveies de profundidad dependen de:

.- Las caracteristicas de apoyo, su magnitud, extension, volumenes de obra y de operacion,

procesos, mat.erias primas, en insumos a uttlizar, riesgo de procesos, etc.
2.- Ubicacion del proyecto (caracteristicas del Medio Fisico, Bidtico, Socioeconomico).
Los estudios de Impacto Ambiental se componen basicamente de:
a) La descripcidn del proyecto, describiendo:

l1.- La Etapa de Planeacion

(L]

.- La Etapa de Construccion
.- La Etapa de Operacién

3
4 - La Etapa de Mantenimiento

wn

.- Los Proyectos Futuros y Complementarios

6.- La Etapa de abandono.
b) La descripcidn del Medio

1.- Fisico
2 - Biotco
3 - Socioeconomico

4 - Otros factores (Culturales, Politicos, Econdmicos).

¢) Las regulaciones de uso de suelo y la compatibilidad del proyecto con su entorno.
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d)_La'identificacidn_y_cuantificacion_de Impactos-Adversos_y.Benéficos ——

™,

e) Las medidas de;

- Mitigacion

- Compensacion

f) Los efectos

- Inevitables

Irreversibles

Acumulado_s

Indirectos

Residuales

'g) El escenario ambiental modificado.

h) - Las conclusiones y recomendaciones.

1.7.3 Metodologia de .idenn'ﬁcacién y evaluacion del impa-cto ambiental

Las metodologias de evaluacidon de impacto ambiental son herramientas que ayudan a la
identificacion, medida, interpretacién, y/o comunicacién de los diferentes impactos
ambientales que se asocian a un proyecto a actividad que se vaya a realizar en un cierto
espacio-tiempo. Su implementacion tiene cono finahdad principal la prevision de las posibles
afectaciones negativas que puedan surgir en las diferentes fases de un proyecto y la

evaluacion de las diferentes alternativas del mismo.

Entre las metodologias que mas comunmente se utilizan en esta fase del proceso en esta fase
del proceso de EIA. se pueden sefalar las listas de chequeo, matrices y redes: estas

metodologias deben considerar cuatro aspectos basicos:

(¥,
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- Que incluyan todos los aspectos "clave” del ambiente y del provecto o actividad en

cuestion.

- Que sirvan como guias para la busqueda-generacion de informacidn basica del ambiente

v del provecto.
- Que puedan servir para la evaluacion de alternativas sobre una base comun.

- Que se puedan utilizar en la evaluacién de las medidas de mitigacion en términos de

costo-efectividad, de los diferentes impactos negativos detectados.

Listas de chequeo .- Se pueden utilizar listados de los factores ambientales locales que puedan
ser afectados por el proyecto, los cuales por medio de un signo convencional se pueden
resaltar, otro tipo de lista puede incluir un cuestionario el cual se llena con las respuestas de
la poblacion adyacente, y una variante mas de factores ambientales con informacién relativa

a la evaluacion medida y prediccion de los impactos.

Matrices de Interaccion.- Este tipo de matrices muestran generalmente en un eje horizontal,
las actividades-acciones del proyecto y en un eje vertical los factores ambientales implicados -
en la evaluacion. La matniz utiliza para identificar irﬁpactos al observarse de manera
sistematica, las interacciones entre las actividades del proyecto - elementos del medio: s1 se
infiere que componente(s) de! medio enlistado, se coloca una marca en el respectivo cuadro

de interseccion con la cual se va a identificar al impacto.

Después de la identificacion del impacto (se puede usar una linea diagonal en el cuadro
correspondiente), se puede describir la interaccion en términos de magnitud e importancia,
entendiéndose la primera en un sentido de extension o escala y la segunda en términos del
efecto (ecologico) en los elementos del medio.

Impactos en las diversas fases del proyecto (preparacion del sitio, construccion, operacion,

etc.). La matriz producida finatmente puede contener a manera de resumen a los diferentes
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_._.__.lmpactos ldentaﬁcados y a algunas de sus caracteristicas-categorias nominales tales como

impactos: benef'cos o adversos; reversibles o irreversibles; reparables o irreparables de corto,
mediano o largo plazo; temporales o continuos; locales, regionales o globales; directos o
indirectos; sumatorios, sinergisticos o antagonicos, etc. Estos juicios de valor o caracteristicas

se deben establecer con el trabajo de un equipo multidisciplinario en interdisciplina.

Redes.- Se consideran como variantes de las matrices de interaccion anteriormente sefaladas,
mediante estas se intenta integrar las causas y consecuencias de los impactos al identificar y

manejar interrelaciones entre acciones causales y factores del ambiente alterados.

Los analisis por medio de redes en la E1LA., son particularmente utiles para identificar
impactos secundarios, terciarios y de orden superior que pueden surgir a partir de un impacto

inicial.
Para intentar hacer una evaluacion lo mas objetiva posible es necesario considerar: .

1 - El estudio detallado de las caracteristicas del medio y As.u equilibrio dinamico antes de la
presién ejercida por el proyecto (estadio cero).
-r
2.- El estudio de la evolucidon de las caracteristicas ambientales con la supuesta

implementacidn del proyecto.

3.- El estudio del "eventual” equilibrio tras la operacién del proyecto.

Matriz de impacto ambiental

La elaboracton de matrices de impacto ambiental es una técnica desarrollada por Leopold vy
cuva funcion es identificar los impactos que podria ocasionar la implementacién de una obra

o actividad.

Las técnicas de analisis son varias y ésta se presenta como ejemplo a ser utilizado por el
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proponente: su ejecucion no es obligatoria ya que, como se ha mencionado para la
identificacion de impactos en la cual se deja abierta la posibilidad de utilizar la metodologia

que mas se apegue a las caracteristicas del proyecto.

El primer paso para la elaboracion de la matriz consiste en identificar las interacciones
existentes, para lo cual se deberan tomar en cuenta todas las acciones necesarias para el
desarrollo del proyecto, asi como los factores ambientales que puedan resultar afectados para

cada una de las acciones previstas.

Su formacion se lleva a cabo colocando en columnas (forma vertical) las acuividades previstas
en las diferentes areas que puedan sufnir efectos ambientales. Esto puede hacerse sobre un
papel cuadriculado de manera que se facilite la interseccion de las actividades con las areas,

e 1dentificar en el cuadro respectivo el posible impacto ambiental.

Las alteraciones sobre el medio ambiental pueden ser positiva o negativa y varian en cuanto
a la magnitud del mismo. Por lo tanto, en la elaboracion de la matriz es importante evaluar
qué impacto es mas importante que otro; la evaluacion de este tipo se lleva a cabo usando
técnicas numéricas en donde se aplica una escala de | a 10, representando este ultimo la
magnitud mayor y el 1 la menor; asi como criterios ponderativos en donde se asignan
categorias .como: significativo, poco significativo, considerable, etc. e incluso el

desconocimiento del efecto.

Con el fin de que el proponente elabore la matriz de impacto ambiental a continuacién se
-enlistan una serie de acciones y areas que podrian verse afectadas, sin que ello ifnplique que
se deberan aplicar a todas las acciones mencionadas. Es importante que se elabore la misma,
considerando las caracteristicas propias de cada proyecto, ya que incluso puedé darse el caso

que el presente listado no incluya efectos peculiares inherentes al proyecto en cuestion.



_COLUMNA-VERTICAL-— ————

ETAPA DE SELECCION DEL SITIO

Prueba de suelo
Pruebas geolodgicas
Pruebas geofisicas

Pruebas topograficas

ETAPA DE PREPARACION DEL SITIO

Deslindes

Limpieza
Excavaciones/dragado
Demolicién

Despiedre

Colocacién de escolleras y diques
Campamentos provisionales
Maquinaria y equipo
Almacenamiento
Emisiones de humos y polvo
Residuos liquidos

Recursos humanos

ETAPA DE CONSTRUCCION

Infraestructura

Bancos de material
Lineas de transmision
Canales, revestimientos de

Escolleras y diques

- Desmontes

- Quema

- Nivelaciones/relleno
- Desecacion

- Uso de explosivos

- Obras sobre corrientes
- Caminos de acceso

- Servicios

- Puentes provisionales
- Residuos sohidos

- Ruidos

- Otros

Servicios

Emplazamientos industriales y de edificios
Barreras incluyendo vallados
Modificaciones al drenaje

Cruce de corrientes
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Eétn.;turas en altamar
Estruturas industriales
Recursos humanos
Requerimiento de energia
Residuos solidos

Ruidos

Des:ino final de infraestructura

ETAPA DE OPERACION

Dragado de mantenimiento

Requerimiento de energia
Utilizacion de recursos
naturales del area

Equipo de transportacion
Desplazamientos del personal
Servicios }

Manejo y disposicion final de
residuos liquidos

Emisiones a la atmosfera
Fugas vy derrames

Creacion de zonas verdes

Estruturas en altamar

Tuneles v estructuras subterraneas

Bodega de almacenamiento

Operacion de maquinaria y equipo

Requerimiento de agua
Residuos liquidos
Emisiones de humos v polvos

Rehabilitacién

~ Mantenimiento

de estructura y equipo
Requerimiento de agua
Operacion de maquinaria
v equipo

Recursos humanos
Infraestructura
Almacenamiento

Manejo y disposicion
final de residuos séiidos
Fallas de operacion

Explosiones accidentales

ACTIVIDADES CONSECUENTES AL PROYECTO
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Comunicaciones y transportes
Urbanizacion
Desarrollo tecnologico

Reforestacion

Infraestructura
Desarrollo industrial

Empleos y recursos humanos



T _COLUMNA-HORIZONTAL

MEDIO NATURAL

AGUA
SUPERFICIAL
- Alteracion del lecho - Caracteristicas gravimeétricas
- Flyjo - Calidad del agua
SUBTERRANEA ,
- Fluyo - Interaccion con la-superficie

- Calidad del agua
MARINAS

- Variaciones superficiales - Variaciones en la batimetria

- Cahdad del agua

SUELO

- Caracteristicas geologicas - Caracteristicas geomorfologicas
- Caracteristicas topograficas - Asentamientos y compactacion
- Calidad del suelo : - Uso actual
- Uso potencial - Area inundable

ATMOSFERA
- Microclima _, - Calidad del aire
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PAISAJE

Cualidades estéticas
Valor ecolégico

Valor cultural
FLORA TERRESTRE

Estrato herbaceo
Estrato arboreo

Especies de interés ecologico
FAUNA TERRESTRE

Invertebrados
Aves

Especies de interés ecolégico
FAUNA ACUATICA

Zooplancton
Peces
Repnles
Mamiferos

Especies de interés comercial

FACTORES SOCIOECONOMICOS

Tenencia de la tierra
Empleo y recursos humanos

Salud ptblica

Atractivo turistico

Valor historico

Estrato arbustivo
Asoclaciones vegetales

Especies de interés comercial

Reptiles
Mamiferos

Especies de interés comercial

Invertebrados
Anfibios
Aves

Especies de interés ecologico

Economia regional

Infraestructura y servicios publicos

Educacion



———-——-Costumbres-y-calidad-de-vida——————-——Centros-recreativos- - e
- Areas de interés cientifico, - Migraciéon poblacional .
cultural o patrimonial - Reubicacion poblacional

- Peérdida de valores culturales.
Monitoreo ambiental y de salud
A. INTRODUCCION

Un tema de creciente importancia dentro de la evaluacion de impacto ambiental y salud (EIA)
incluye la conduccion de estudios de monitoreo ambiental tanto previos como posteriores. El
monitoreo ambiental se refiere al grupo de actividades que proporcionan informacion
ambiental quimica, fisica, geologica, bioldgica y otras requeridas por los especialistas en este

ramo.

Debido a que se ha adquirido mayor conciencia de la importancia del monitoreo ambiental
-a lo largo del tiempo de vida de un proyecto, se ha enfatizado la planeacién e implantacion
de programas de monitoreo. |
Los componentes incluidos en la amplia definicién del monitoreo ambiental abarcan:
planeacion de recoleccion'de informacion ambiental que cumpla con los objetivos especificos
y con las necesidades de informaciéon ambiental; el disefio de sistemas y estudios de
monitoreo; la seleccion de sitios de muestreo; recoleccion y manejo de muestras; analisis de
laboratorio; el almacenamiento y reporte de los datos; el asegurar'se de la calidad de los datos;
asi como el analisis, interpretacion y el poner la informacién al alcance de aquellos que toman

las decisiones.
B. DEFINICIONES

Existen varias definiciones de monitoreo. Una de las mis ampliamente aceptadas corresponde

a la reunion intergubernamental de 1971, preparatorio de la conferencia de Estocolmo de



1972. En esa reunion se definio el monitoreo como "un sistema continuo de informacion, de
mediciones y de evaluaciones para propositos definidos”. El hecho mas importante a notar
bajo esta definicion, es que el monitoreo debe llevarse a cabo para "propoésitos definidos”.
Estos propc').sitos deben ser vistos dentro del contexto de la administracion ambiental.

Existe con frecuencia cierta confusion en cuanto a la diferencia entre monitoreo y vigilancia.
En ciertos casos, la vigilancia se toma como el monitoreo llevado a cabo para observar
tendencias, mas que como apovo de objetivo administrativo especifico. sin embargo, en
estudios epidemiologicos, la vigilancia ambiental o de salud, tiene un significado mucho mas

especifico.

Harvey (1981) Hevo a cabo una analisis extenso de la terminologia usada en relacion a
monitoreo. Ha demostrado que los terminos monitoreo y vigilancia pueden significar cosas
bastante distintas para diferentes usuarios. El uso mas comun aparenta se amplio, abarcando

tanto el monitoreo descriptivo, orientado a problemas, como el monitoreo reglamentario.
C. OBJETIVOS DEL MONITOREO

-Los principales objetivos que persigue un sistema de monitoreo ambiental, posterior a la

implementacion del provecto, incluven (Marc‘us, 1979):

. Proporcionar informacton para la documentacion de los impactos que resultan de una
accion propuesta. Con esta informacion es posible hacer una prediccion mas confiable

de los impactos con otras acciones similares.
2. Advertir a las agencias involucradas v/o al grupo tomados de decisiones, de rmpactos
adversos no anticipados en el estudio de la EIA o de cambios bruscos en las tendencias

de los impactos previamente evaluados.

3. Proporcionar un sistema de informacion inmediato, cuando un indicador de impactos,

previamerte seleccionado, se acerca a su nivel critico.
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4 __ Proparcionar-informacién—para-determinar-la-localizacion;—riivel-y-tiempo—en—que-se ~———
presentan los impactos de un proyecto. Las medidas de control involucran una
planificacién inicial y, a la posible instrumentacion de reglamentos y medidas, para

asegurdr su cumplimiento.

5. Proporcionar informacién que pueda usarse para evaluar la efectividad de las medidas de
mitigacion instrumentadas y para verificar los impactos predichos y, por lo tanto

validar, modificar y/o ajustar las técnicas de prediccton utilizadas.
D. NIVELES DE MONITOREO

Se pueden cubrir extensiones geograficas diferentes dependiendo de la naturaleza del
A :

problema en cuestion y de la jurisdiccion, estos niveles pueden ser los siguientes:

- Locales: Se extienden entre 0 y 100 Kilémetros como la contaminacion del
aire. |

- Region.ales: Se extiende entre 100 y 1,000 Kilometros, como la contaminacion de '
rios.

- Continentales: Se extiende entre 1,000 a 10,000 Kilémetros como la contaminacic’mh
del mar.

- Globales: Se extienden méls de 10,000 Kilémetros como el calentamiento de la

atmésfera por la acumulacion de monoxido de carbono y otros gases.
"E. PERIODOS DE MONITOREO

Una caracteristica del ambiente es una variabilidad en espacio y tiempo y esto con frecuencia
dificulta separar, los diferentes procesos que pueden estar funcionando, cada uno con sus
propia escala de tiempo y variacic’:ﬁ. Probablemente el ejemplo menos comprendido y el mas
lcomplejo sea el de la evaluacion de los cambios climaticos. Existe un numero de ciclos en

operacion: estacional, anual, manchas solares, cambios en el campo magnético, etc.
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Tomando en cuanta algunos.de los aspectos mencionados y las etapas de desarrollo de un

provecto podemos diferenciar los siguientes periodos de monitoreo dentro de una EIA.

- Previo a la construccion del proyecto
- Durante la etapa de construccion y montaje de equipo
- Mientras se opera y mantiene la gbra

- Postertor a la vida uul del proyecto
F. CLASES DE MONITOREO

Varias clases de monitoreo ambiental v de la salud se han estado poniendo en practica entre

ellas se mencionan las siguientes:

&

- Monitoreo de identiﬂ.cacidn
- Monitoreo de asociacion -
- Monitoreo de trayectoria
- Monitoreo de exposicion
*  de alimentos
al agua potable
a la contaminacion del aire -
de la piel

*  de objetivos (6rgano blanco).
G. TIPOS DE MONITOREO

Dentro de los tipos de monitoreo se incluyen los vinculos a las fuentes de contaminacién del

ambiente fisico y del natural.

- Monitoreo de fuentes de contaminacion
*  Monitoreo de emision

*  Monitoreo de proceso
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~———-——Monitoreo-biolégico— — — s e

- Monitoreo Organismos bioaculadores

H. PLANIFICACION DEL MONITOREO EN UNA EIA
El monitoreo descriptive que apoya la identificacion y estimacidn, de riesgos o impactos, se
encuentra en una etapa relativamente temprana de su desarrollo y se requieren esfuerzos de

importancia para asegurar el progreso en esta area.

Para planificar el monitoreo dentro. de fa EIA, se recomienda tomar en cuenta las siguientes

situaciones y acciones:

- Recopilacion de diversidad de datos provenientes del monitoreo ambiental, recolectados
en forma rutinaria por parte de agencia gubernamentales y por el sector privado. Estos
datos necesitan ser identificados, compilados e interpretados.

- Como los programas de monitoreo ambiental son costosos, debe hacerse el esfuerzo por

utilizar programas de monitoreo existentes y modificarlos apropiadamente.

- Debido a la superposicion de responsabilidades en muchas agencias gubernamentales, en
cuanto al manejo y monitoreo ambientales, resulta necesario coordinar 1a planificacion

del monitoreo ambiental.

- Una necesidad basica en programas de monitoreo ambiental, es la interpretacion cientifica
de la informacién recolectada. Frecuentemente la informacion se compila pero nunca se

interpreta en relacion a la calidad del ambiente sujeto a monitoreo.
- Nunca se podra recopilar la suficiente informacion para responder a todas las preguntas

que puedan presentarse en un programa de monitoreo ambiental. Es necesario extender,

por lo tanto, los datos del monitoreo por medio del juicio profesional.
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También debe definirse con anticipacion quienes seran los responsables en llevar a cabo

el programa de monitoreo elaborado.



PREDICCION DE BASURAS Y ESPACIO PARA RELLENO SANITARIO
PARA EL MUNICIPIO DE "EJEMPLO"

ANO HABIT. | K/H/D [COBERT| T/D M3/ANO | M3 ACUM.
1993 650,000 | 0.90 0.60 351 136,013 136,013
1994 666,250 | 0.91 0.65 394 152,541 288,553
1995 682,906 | 0.92 0.70 439 170,065 458,619
1996 699,979 | 0.93 0.75 487 188,636 647,255
1997 717,478 | 0.94 0.80 538 208,304 855,559
1998 735,415 0.95 0.85 591 . 229,125 1,084,684
1999 753,801 | 0.96 0.90 648 251,155 1,335,839
2000 772,646 | 0.96 0.90 671 260,008 1,595,847
2001 791,962 | 097 0.90 695 269,173 1,865,020
2002 811,761 | 0.98 0.90 719 278,662 2,143,682
2003 | 832,055 | 0.99 0.90 744 288,484 2,432,167
2004 852,856 | 1.00 0.90 771 298,654 2,730,820
2005 874,178 | 1.01 0.90 798 309,181 3,040,001
2006 896,032 | 1.02 | 0.90 826 320,080 3,360,081
2007 918,433 | 1.03 090 [ 855 331,363 3,691,444
- 3,691,444
NOTAS: 1. SE SUPONE UNA POBL_ACION METROPOLITANA DE 650.000 HAB EN 1993,

2. SE SUPONE UNA GENERACION PER CAPITA PROMEDIO DE 0,9 K/D,
CRECIENTE EN 1% ANUAL.
3. SE SUPONE UNA COBERTURA PROMEDIO DE 60%, CRECIENTE EN UN 5%

4.

ANUAL HASTA ALCANZAR UN 90%.

SE SUPONE QUE ILA DENSIDAD DE LA BASURA EN EL RELLENO ALCANZA

0,8 T/M3.




Section 12
PUBLIC PARTICIPATION

12.1. INTRODUCTION | | -

Recent developments and trends have made the public realize that its weil-being is inti-
mately tied to the quality of the environment, and that attaining and maintaining a quality com-
patible with its well-being requires the elimination of all offenses to the environment. One of the
serious offenses is the indiscriminate disposal of society's wastes. Because the environment
has such an important bearing on the public's well-being, and indiscriminate waste disposal is
detrimental to environmental quality, it is beginning to demand a more active role in waste
management. As a consequence, the public has significantly expanded its formerly ne_gligible
role in decision-making regarding landfills, as well as other waste management facilities. Con-
sequently, attention is being given to the exploration, adaptation, and adoption of pub!ic in-
volvement mechanisms and activities. [deally, therefore, a pbe]ic participation program should
be established to actively involve citizens in all phases of developing publicly owned or oper-

ated landfiils, including site selection, design, operation, completion, and use after closure.

Some social and political structures may not allow or be accustomed to the active par-
ticipation of the pubilic in the decision making process. Institutionally, many LDCs are not or-
ganized fof active public involvement. Nevertheless, it is recommended that the public take
part'in the landfill development process or at the very. least by kept well-informed of the pians.
Unintormed groups can disrupt the de\l.relopment of waste management facilities (i.e., transfer
stations and landfills) which can have severe negative impacts on the overall waste
management system.

12.1.1. Definition and Principles of Public Participation
Public participation can be best explained, and perhaps even be defined by describing

the relation between public attitude and public manifestation of its attitude. The relationship is
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diagrammed in Figure 12-1. In part A of the figure, the gradation of attitude from one extreme
to another (i.e., from antipathy through néutra!ity to favorable (desirable}), is separated by the
horizontal line from the corresponding gradation of manifestation (i.e., from opposition through
indifference to promotion). The close interrelation between the gradations is indicated by con-
necting (broken line} arrows. The relation between aﬁitude and manifestation is further ilius-
trated in parts B and C of the figure. As illustrated in part B, there is a direct refationship |
between opposition and antipathy. In part C, promotion is also shown to be directly related to

favorable.

From the relationships diagrammed in the three parts of the figure, it appears that an |
effective way of securing public participation in a landfill project is to prevent the development
of antipathy to the project. Any existing. antipathy should be dissipated. On the other'hand,
only removing antipathy is not enough, inasmuch as it would merely be replaced by the
intermediate stage, indifference or disinterest. Although with regard to a landfill project,
indifference or disinterest would mean no opposition, it would also mean no positive input for
bringing the project to fruition. It is at this point that motivation and incentive come into play.
They constitute the moving force needed for advancing public attitude to the favqrable level. If
its attitude towards the landfil project is favorable, the public is willing to provide the input

necessary for the success of the project.

Although the presentation that follows is geared to developing countries, much of it is
- also applicable to developed countries.
12.1.2. Dissipation of Antipathy
In this section, the "public® is divided into three groups entirely on the basis of position
in the economic hierarchy and relative influence on decision-making regarding public under-
takings — specifically those concerned with scolid waste disposal. The three groups are:
* Financially Distressed (the Poor or Impoverisrjed)

* Middle (Intermediate)
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* Financially Secure {(Moneyed, Weatthy)
- We emphasizé that our division has no implication regarding importance td or in the
social fabric. For convenience of presentation in the discussion that follows we refer to the: first
class as “The Poor’, the second class as 'Middle', and the third class alternatively as the

"Wealthy" and the "Moneyed".

12.1.2.1. Financially Distressed

Of necessity, survival is the major concern of the poor. Consequently, any perceived
threat to survival arouses antipathy to the source of that threat. The threat may be in the form
of. an increase in danger to life and limb, a serious hazard to health, and/or a loss or diminution
of livelihood and essential living space. Thus any undertaking, existing or proposed, can

arouse antipathy if it is perceived as constituting one or more of these threats.

The threat perceived in a landfill operation is not so much against life and limb, as it is

against 'means of livelihood, essential living space, and possibly, health.

Loss of Livelihood — For individuals whose principal means of livelihood is scavenging,
another iandfill is a threat, and hence cause of antipathy, if it eliminates or even curtails scav-
enging in any way other than to regulate it. The obvious way to remove that cause is twofold: -

bl

* Do not prohibit scavenging at the site other than to confine it to a designated area and
impose regulations needed to ensure accident prevention and prevent interference with
the efficient operation of the fill (Section 5.2).

* Assure the scavengers that aside from the regulation needed to protect the safety of the
workers and the public-at-large and to efficiently operate the fill, no steps will be taken
to eliminate scavenging.

it may be difficult to dispel the suspicion almost universally held by the general public regarding
governmental regulations. Suspicion can be dispelled by showing the scavengers the plans

and designs, and/or requesting input from their leaders. Word of that assurance can be spread

by word-of mouth, by way of scavenger associations, contractors, and others in the industry,
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DETERMINACION DE PARAMETROS DE DIiSENO PARA LATINOAMERICA

1. GENERALIDADES

No obstante la importancia que en todo el mundo han cobrado los asuntos ecologico-ambientales;
y a pesar de la mayor utilizacién que en la 1ltima década, el relleno sanitario ha tenido en
Ameérica Latina como método de disposicién— final de residuos sélidos; el "tifadero a cielo
abierto", sigue siendo la forma mas comin de disponer los résiduos solidos, como informa la
Oficina Panamericana Sanitaria dependiente de la Organizacion Mundial de la Salud (OPS/OMS),
la cual reporta que Gnicamente el 30% de la basura genefada en América Latina, se dispone
sanitariamente (alrededor de 75,000 Ton./dia) (1). Asi mismo, con base en un estudio realizado
en 17 ciudades de esta region con mas de un miilon de habitantes, seiiala que tan sélo el 35%
de la basura generada, se dispone en rellenos sanitarios de buena cahdad el resto se dispone en
smos controlados y en tiraderos a cielo abierto (1) Sin embargo, a pesar de cifras tan poco
alentadoras, se debe mencionar que para la misma region de Latinoamérica, dicho organismo
reporta para la década 1980-1990 un avance sustancial en la utilizacion del relleno sanitario (2),

ain cuando se haya dado mayormente en las grandes concentraciones urbanas.

Por otro lado, en paises con mayores recursos, problematicas ambientales diferentes y con niveles
tecnolégicos mucho mas desarrollados; el relleno sanitario, sigue siendo un elemento fundamental
en sus sistemas de control. de residuos sélidos, como lo demuestran las cifras de la Tabla No. I,
donde se observan las tendencias de utilizacion que en paises con alto desarrollo en el manejo
de los residuos solidos, tienen las diferentes alternativas de tratamiento para el aprovechamiento

de estos residuos, en relacién con el uso del relleno sanitario.



TABLA No. 1

TENDENCIAS DE UTILIZACION DEL RELLENO SANITARIO Y DE LAS TECNICAS
MAS COMUNES PARA EL APROVECHAMIENTO DE RESIDUOS SOLIDOS, EN
PAISES CON ALTO DESARROLLO EN MATERIA ABIENTAL

PAIS

RELLENO
SANITARIO

OPCIONES DE APROVECAMIENTO DE LOS
RESIDUOS SOLIDOS

INCINERA
CION

COMPOS
TEO

RECICLA
JE

OTRO

COMENTARIOS

EUA.

73 %

14 %

1%

12 %

ALTA DEMANDA DEL
RELLENO SANITARIO.

JAPON

27 %

25%

2%

46 %

GRAN PARTE % DEL
RECICLO SE UTILIZA
PARA INCINERACION.
SE INCLUYE EN RECI-
CLAJE ESCOMBROS Y
OTROS MATERIALES.

ALEMANIA

52 %

30 %

I%

15 %

UTILIZACION [IMPOR-
TANTE DEL RELLENO
SANITARIO Y ELEVA-
DO % DE RECICLO

FRANCIA

48 %

40 %

10 %

<3%

IMPORTANTE UTILIZA-
CION DE COMPOSTA E
INCINERACION

SUECIA

40 %

2%

5%

<4 %

INTENSIVA  UTILIZA-
CION DE LA INCINERA-
CION

REF.: (2), 3) y (4)




Con base en las cifras de la Tabla-No. 1, se pueden establecer los siguientes comentarios:

"a) El relleno sanitario es todavia utilizado en Francia, el cual tal vez sea el unico pais donde el
compostee ha encontrado su mejor y mas importante utilizacidén; y en donde la incineracién

I
€s una practica importante para el tratamiento de los residuos.

b) En Japén y Suecia, paises lideres en el empleo de la incineracion de residuos solidos para

generacién de energia eléctrica, el retleno sanitario es todavia utilizado.

c) En paises considerados "Campéones del Reciclaje”, como son Alemania y EUA, es

curiosamente donde el relleno sanitario tiene un altisimo porcentaje de utilizacién.

Considerando los comentarios antes sel’ialadds, queda claro que un relleno sanitario, es obra de
ingenieria no exclusiva de paises altamente tecnificados, ni dependientes de economias bien .
desarrolladas; por otro lado, es posible conjugarlo sin ningin problema con las diferentes
alternativas de tratamiento que existen en la actualidad. Por consiguiente, es posible concluir que
leyos de que la utilizacién del relleno sanitario haya entrado en decadencia, 0 que esté siendo
sustituido por las distintas alternativas de tratamiento empleadas en la actualidad; se debe
considerar como una infraestructura que puede ser compatible con cualquier esquema de control
de residuos soélidos, propia de paises en vias de desarrollo, o con alto nivel de tecnificacién y
desarrollo.
.

Ahora bien, considerando la variacién de las caracteristicas que presentan los residuos sélidos
segun sea la fuente que los genera; a partir de su composicién, se definira la vocacién o el tipo
de aprovechamiento que deben darseles. Es decir, seria muy costoso y poco racional incinerar la
basura de mercados, mientras que los residuos generados en tiendas de autoservicio donde abunda
el' plastico, el papel y el cartén, no son los mas adecuados para la fabricacién de composta. Lo
anterior invita a establecer un sistema integral para el adecuado control de los residuos sélidos,
donde se conjuguen las alternativas de tratamiento mas adecuadas para los tipos de basura que se

generen, puesto que es racionalmente imposible, que una sola opcion de tratamiento se aplique por
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igual a'los diferentes tipos de residuos sélidos. Partiendo de este concepto, se puede afirmar que
el relleno sanitario viene a ser la columna vertebral de cualquier sistema, ya que por cuestiones
de diversa indole, no siempre es viable la implementacién de todas las alternativas de tratamiento .
que se requieren, por lo que sé debera contar con un sitio que reciba aquellos excedentes de
residuos que no sea posible darles algun tratamiento para su aprovechamiento, amén de que las
propias opciones de tratamiento que se apliquen, siempre generaran un cierto rechazo que también
debera ser dispuesto; de manera tal que el contar con un relleno sénitario, permitira ordenar
paulatinamente los sistemas de control de residuos, hasta el nivel de organizacién que se pretenda
alcanzar, ya que siempre se tendri un sitio para recibir todo aquel residuo que no pue&a ser

manejado de otra manera.

Tomando en cuenta todo lo antes comentado, en el futuro, el relleno sanitario sera vital para el
ordenamiento de los sistemas de control de residuos solidos; por lo que para su aceptacién plena
por la poblacion en general y las agrupaciones civiles, quienes normalmente son sus principales
detractore., debe contemplarse no como un sitio que genere problemas de contaminacién
~ ambiental, sino como una instalacién controlada que confine tanto al biogas como a los lixiviados,
para que no puedan migrar mas alla de su vecindad, buscando siempre mejorar su funcionalidad
operativa y aprovechar el combustible que genera acelerando su estabilizacion. Es por todo esto,
que cualquier relleno sanitario debera contar con los sistemas operacionales y con los mecanismos
y dispositivos de control que le permitan operar en forma segura y adecuada, evitando alterar su
entorno, contaminar el ambiente o dafar la salud puablica en general; amén de crear entre la
poblacién, una percepcién favorable y por ende una buena opinién de la funcion que cumple un_

relleno samitario.



2. CRITERIOS RECTORES PARA UN DISENO ADECUADO.Y UNA. RACIONAL FUNCIO-W .

"NALIDAD DEL" RELLENO SANITARIO |

La buena o mala operacién de un relleno sanitario, depende de las medidas de control que se estén
aplicando, amén de ser en muchos casos indicador del nivel de afectacidn ambiental con el que
se esté deteriorando la vecindad del sitio. Por tanto, para evitar o disminuir la alteraciéon que los
impactantes generados en un relleno sanitario puedan tener sobre su entorno, es imprescindible
aplicar en las diferentes etapas que demanda el emplazamiento de este tipo de obras, una serie de
criterios rectores cuyo objetivo fundamental sea prevenir la contaminacién por residuos sélidos.
Estos criterios, deben establecer el sendero pdr donde debe dirigirse el disefio, la funcionalidad
conceptua. y los programas de control y monitoreo que necesita un relleno sanitario para operar

adecuadamente.
Para el disefio, los criterios rectores que deben cumplirse son los siguientes:

- Definicion de las secciones més adecuadas para la preparacion del sitio, que aseguren una
minima estabilidad en las zonas mas criticas.. h '

- Considerar en el disefio, el tipo de impermeabilizacién mas adecuado para la base y las paredes
del sitio.

- Determinacion de la capacidad de campo de los residuos sélidos por dispon'er.

- Calculo de la produccién de lixiviados (potencial y real).

- Calculo de las necesidades de agua para la estabilizacion via anaerobia de los residuos.

- Estimacién de la produccion de biogas. _

- Determinacién de los gastos de disefio de los escurrimientos pluviales, para el dimensiona-

miento de la infraestructura hidraulica necesaria para su manejo.

Tomando en cuenta que la aplicacién de los "CRITERIQOS RECTORES" antes seiialados, son el
camino mas viable para propiciar una urgente mejoria en la tecnologia aplicada actualmente para

el disefio y operacién de rellenos sanitarios; se debe iniciar la implementacion de tales criterios,
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justamente a partir de la fase de planeacién y disefio, para que tengan continuidad en la operacién

y también durante el monitoreo ambiental.

Ahora bien, considerando que los impactantes de mayor riesgo que puede generar un relleno
sanitario, son el "biogas" y los "lixiviados", cobran mayor importancia los Criterios Rectores que
dentro del disefio se refieren al control de tales impactantes. Por esta razdn a continuacién se
describen los Lineamientos Técnicos mas significativos que deben ser tomados en cuenta en el
disefio del relleno sanitario. Estos Lineamientos se presentan en dos vertientes, una que se refiere
a la Estimacidn de pardmetros para la medicién de estos impactantes; y la otra que establece las
recomendaciones de mas importancia para el disefio de los sistemas de impermeabilizacién

necesarios para mantener confinados dichos impactantes, dentro del relleno sanitario.

A) DETERMINACION DE PARAMETROS BASICOS DE DISENO.

a) Calculo de la Capacidad de Campo de los Residuos Sélidos.

La capacidad de campo se define como la cantidad de agua que pueden retener o absorber los
residuos sélidos antes de lixiviarla. Para la determinacién de la capacidad de campo
experimentalmente, los residuos sélidos por disponer en el relleno deberan empacarse dentro
de un lisimetro, compactandolos en capas hasta alcanzar el peso volumétrico deseado. A
continuacion se agrega agua al lisimetro hasta alcanzar el nivel superior de los residuos ya
compactados, con el fin de saturar su capacidad de absorcion. Después se realiza un drenado
del lisimetro, hasta que se alcance un escurrimiento minimo, lo cual ocurre normaimente hasta

después de 48 horals de drenado.

La capacidad de campo de los residuos solidos, se determinara entonces mediante el empleo

de la siguiente expresion:



= V, * PV, * (1 - (H/100}))
Donde: j
C: Capacidad de campo de los residuos soélidos, (% de humedad/base seca).
H:  Humedad de los residuos solidos antes de realizar la determinacién de la capacidad de
campo, (% en peso). _
PV,: Peso volumétrico de los residuos empacados al inicio de la experimentacion, (Kg/).
"Si: Volumen de agua de saturacion del lisimetro, (litros).
Di:  Volumen de agua drenada del lisimetro, (litros).
v. Volumen ocupado por los residuos solidos compactados dentro del lisimetro, (litros).
Densidad del agua, (Kg/l).
F: Factor de ajuste de la capacidad de campo, debido a la disminuciéon que en algunos

b)

casos puede sufrir este parametro, por efecto de la compactacién de la basura en el
relleno sanitario. En ocasiones este factor puede despreciarse cuando la humedad y
contenido d'e materia organica no son representativos. Aunque hay experiencias en .
Latinoamérica donde se ha observado que la capacidad de campo disminuyé por Sfecto
de la compactacién en el relleno sanitario hasta en un 30%, debido a que la.E‘J_‘asura
generada en esta’ gran region, presenta un contenido importante de materia organica

y un alto % de humedad.

Calcalo de las Necesidades de Agua para la Estabilizacion Via Anaerobia de los Residuos.

No se considero en este analisis, la humedad generada por la descomposicion anaerobia que

se da al inicio de la biodegradacién, debido a que el porcentaje de materia organica que se

liega a estabilizar es menor al 1%.

Para el calculo de la humedad requerida para llevar a cabo la descomposicién anaerobia de

los residuos solidos, es necesario considerar la reaccion estequiométrica siguiente:



CaHbOcNd+(4a-b-2c+3¢)/4H,0 » (4a+b-2¢-3d)/SCH,+
H(4a-b+2cH3d)/BCOMANH, . oo ec. (2)

Para balancear esta ecuacion, se consideraran los coeficientes incluidos en la Ref. No. 1, los

cuales se listan a continuacién:

C=4302%

H= 596% ’
T 0=4909 %

N= 193 %

Tomando al carbono como base, se obtienen los siguientes coeficientes relativos:

C=1

H=166
0 =10286
N = 0.038

Afectando la ecuacidn No. 2 por los coeficientes anteriores, se tiene:

CH(1.66)0(0.86)N(0.04)+(0.19)H,0 » (0.52)CO,+
HOA8)CH,HO.0NH, . . oo ec. (3)

De esta ecuacién No. 3, se obtuvo la siguiente relaciéon entre el "CHON" y las necesidades

de agua para el proceso anaerobio:

(0.19)H,0 : 3.42

CH(1.66)+0(0.86)+N(0.04) 27.98



Donde

k: % de maieria organica en bas2 seca contenida en los residuos.

Por otro tado. la fraccion de materia organica en base seca. contenida en la basura esta dada

por la siguiente expresion:

MO = [(M,fl00*Pv*v)-(p\'*v*H*o.s,fl00))-(1-(zf.-00))] o ec. {4)
Ro; Requerimientos de agua para la degradacién de los residuos solidos.
Ro,:  Requerimientos de agua para la denradamon de la materia organica en base seca

contenida en los residuos solidos,

Donde:

M:  Fraccion organica presente en la basura, (% en peso).

PV: Peso volumétrico de los residuos solidos en el relleno sanitario, (Ton./m?).
Vi Volumen unitario de relleno sanitario, (1 m?).

H: Humedad propia de los residuos sélidos, (% en peso).

Z:  Fraccion de cenizas contenida en la Mat. orgamca en Base seca, (% en peso)

MO: Materia organica en base seca, contenida en 1 m® de basura.

Considerando la relaciéon "Ro,", asi como la ecuacion No. 4, 1a cantidad de humedad necesaria

para ia digestidon anaerobia, se describe a continuacion:



H = [M0] , [Re, ] 0 o0 ec (5)
%Ton. M. orgénic;% iTon. de H:Cﬂ
/0 base seca con | irequerida -- |
lenida en i m® [ jpara degradar
gz basura 11 Ton de M. l>
lorgénica en
{base seca. _ji
H=H,/d . T ec (9)
‘Donde:

H,: Toneladas de H.O, para degradar la materia organica en base seca contenida en 1 m°
de basura.

H': m® de H.O, para degradar la materia orgénica en base seca presenta 1 m’ de basura,

d: Densidad del agua, (fon./m3)_
¢) Calculo de ta Humedad Lixiviable Proveniente de la Precipitacion Pluvial.

Este parametro, podra obtenerse mediante la aplicacion del Méiodo de Balance de Agua

desarroliado por C.W. Thornthwaite, segin se describe a continuacion:

c.1} Determinacidén de las Evapotranspiraciones Potenciales Corregtdas.

Se determinarin mensualmente, a partir de las temperaturas mensuales promedio,

empleando para ello la siguiente formulacion:

EPj = 1.6 (10 TJ/D)® ... e ec. (7)
= (IS5 e ec. (8)
12 '
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T=Z0j e e ()=

=

J=— e —— N — S

o = 0.49239 + 1,792 * 10E - 05 (I) - 771 * 10E - 07 (I*2) + 675 * 10E - 09 (I"&. (10)
Donde:

EP). Evapotranspiraciéon potencial mensual sin corregir, (mm).

Tj. Temperatura media mensual, (°C).

I Sumatoria de los indices mensua_les de calor, (adimensional).

]}  Indice mensual de calor (adimensional).

«: Coeficiente que esta en funcién de la sumatoria de los indices mensuales de calor
(adiménsionaf).

j. No. del mes considerado.

Los valores de "EP;" calcuiados para cada mes, se corrigen por medio de un coeficiente
mensual "K", que toma en cuenta el numero de dias y el niumero real de horas entre la

salida y la puesta del sol.
¢.2) Calculo de la Humedad Potencial de Infiltracion.

También se hara mensualmente, realizando el siguiente balance, para cada uno de los

meses del afo:
IPj=Pj-(CEj*P))-EPj ............. [P ec. (11)

Donde:

[Pj: Humedad potencial de infiltracion mensual, (mm).
Pj : Precipitacién media mensual, (mm).

CEj: Coeficiente de escurrimiento mensual (Adimensional).

11



c.3) Establecimiento del Balance de Agua.

Se realizara a lo largo de los meses del afio, para la cubierta diaria del relleno sanitario,

a partir de las siguientes consideraciones:

- Cuando la precipitacién mensual es igual o superior a la evapotranspiracion potencial
mensual, se producira un exceso enel aporte de agua a la cubierta de suelo, exceso

que al ser absorbido, alimentara la reserva de agua almacenada por el mismo suelo.

- Si la altura de precipitacion mensual es inferior a la evapotranspiracion potencial
mensual, sucedera que la evapotranspiracion real, consumira totalmente la
precipitacion, generandose por tanto, un cierto déficit el cual es cubierto con las
reservas de agua del suelo hasta su agotamiento. Si la reserva del suelo es suficiente
para satisfacer dicho déficit, la evapotranspiracion real sera igual a la
evapotranspiracion potencial, por lo que se cae dentro de la consideracidn anterior;
mientras que si por el contrario, [a reserva de suelo resulta ser insuficiente, entonces
la evapotranspiracidn real queda ligada a las precipitaciones mensuales, agotandose
las reservas de suelo y estableciéndose por tanto, un déficit en el almacenamiento de

agua en el suelo.

El parametro resultante de este analisis, se expresa en los siguientes términos:

W= [mmHO/ai0 ] ............ . ... ... ... ec. (12)

d) Calculo de la Produccion de Lixiviados.
Este calculo se realiza basicamente a partir de la tasa de humedad lixiviable proveniente de

12
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——=la précipitacion pluvial, la cual se obtendra a partir del balance descrito en el inciso anterior.

N

De acuerdo con lo anterior, se tendra:

L= [su*w+*10]

Donde:

SU: Superficie del relleno sanitario expuesta a la lluvia, (Hés.).
W: Humedad lixiviable proveniente de la precipitacion pluvial, {mm/afio).

L: Produccién anual total de lixiviados (m* H,0/aiio).

La expresién anterior No. 13, se aplicara cuando la basura haya sido totalmente degra-_dada
y cuado la capacidad de campo de la masa de residuos haya sido agotada, por ]o‘que
cualquier cantidad dg‘agua que penetre a la masa de basura, se infiltrara sin que sea
retenida por esta altima, hasta aparecer en el fondo del relleno sanitario. Cuando no se de
la condicion de‘estabilizacion total de los residuos solidos, la expresién No. 13, tomara la

forma siguiente:

n m
L'=L-{Z £ (Pij* ((M/100)-(H*0.8/100))*
i=1 j=1

* (1-(/100)) * Ro/d *Fjj }} ...... S e ec. (14)

Donde:

P, = [PV * (5, * 1000 * Ej)]: Factor para identificar las secciones constructivas del
relleno sanitario.

13



Superficie de la Etapa "i" del relleno santtario, expuesta a la lluvia, (Has.).

Espesor de la capa ";" del relleno sanitario, (m.).

F.. Porcentaje que engloba el remanente de materia organica por estabilizar, que se halla
en la fracciéon "1,)" del relleno sanitario. (Decimales).

L Produccién anual total de lixiviados, (m* H,O/afio), para cuando e! relleno sanitario

no esta totalmente estabilizado.
e) Determinacton del tiempo en que aparecera el lixiviado.
Para este calculo, se hara un balance de los siguientes parametros: capacidad de campo de'los

residuos, humedad propia de los residuos, humedad para la degradaci()n anaerobia y humedad

lixiviable debida a la precipitacién pluvial.

CAPACIDAD HUMEDAD HUMEDAD PARA
DE CAMPODE - PROPIADE + DEGRADACION
LA BASURA LA BASURA ANAEROBIA
TIEMPO EN . {CC) (HB) . (HD)
QUE APARECERA
LIXIVIADO =
(T) ;
HUMEDAD
LIXIVIABLE
(HL)

Desarrollando cada uno de los términos indicados, se tendra:

CAPACIDAD DE
CAMPO DE LA = [ PV*A*(1-(H/100))*C.] ; en (Ton. H,0/'m. basura)
BASURA

(CC)

HUMEDAD

PROPIADE = [ PV*A*H/100 ] ; en (Ton. H,0/m. basura)

LA BASURA
(HB)

14



HUMEDAD PARA . S

DEGRADACION =[PV‘A'UALHUOL\H’OSHOOH'(L(ZIOOH‘RO].en(Ton H.O/m. basurgs)
ANAFROBIA '
(HD)

HUMEDAD - ' o

LINIVIABLE = [ W1000%A |: en (m’ H.Ovafio)
(HL)

Donde:

A:  Superficie unitaria de relleno sanitario, (1 m*)

Agrupando los terminos se llega a la siguiente expresion:

T=[ (CC-HB+HD)/HL] ... ... .. .. .. . ... ... ... .. ... .. e

Por tanto, [T] estara dado en (afios/m. Basura), va que nos indicara el tiempo que le tomara

al lixiviado recdrrer un espesor de Im. de basura.

f)  Estimacion de la Produccién de Biogas.
Para determinar la cantidad de biogas que se genera por la descomposicion anazrobia de los
residuos solidos, se debe utilizar la reaccion estequiométrica va balanceada identificada como
ecuacion No. 3, la cual describe dicho proceso de descomposicion. De dicha ecuacion, se
obtienen las siguientes relaciones entre el "CHON" y los principales subprodiictos generados

a partir de la reaccion.

- Relacion-para el metano.”

15



(0.48) CH, ' 768
R. = - - - = . 0 )
CH{L.o&)+=O(0. 861 - N0 ©) 27.9%

[ 2]
N )
4]

- Relacidn para el bidxido de carbono

(0.52) CO. 22 8%
R. = = ———— =8]8
2708 2788

Con base en estas relaciones, la expresion para el calculo de los volumenes de metano (CH))

v bioxido de carbono (CQO,) contemdos en el biogas, se desarrolla a continuacion:

Bew,= [ MO | ~ [ R ] ... R ec. (16)
i“Ton‘ Mat. organica _Ton. CH, pro
len Base Seca que ducido por |
ﬁcontiene I m' de -{ {Ton. de Mat.
LBasu.ra ' Organica en -
Base seca
Ba.= [ MO ] ~ [ r ) .. ec. (17)
|_T0n, Mat. organic —Ton, CH, pro-?
len Base Seca que ducide por 1
contiene 1 m* de - <Ton. de Mat. 5
Basura , Organica en -
Base seca

B) ESFUERZOS DE TRABAJO A CONSIDERAR EN EL DISENQO DE SISTEMAS DE
IMPERMEABILIZACION. ' '

Los esfuerzos de trabajo mas comunes, que se presentan en los sistemas de
impermeabilizacion con membranas artificiales que a Oltimas fechas se consideran como parte
fundamental de un relleno sanitano, se ilustran en la Fig. No. 2 y se describen a

continuacion:

16
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a)  Esfuerzo de Tensién porel Peso Propio de la Membrana.

A partir del Detalle No. 1 del Diagrama de Definiciones de la Fig. No. 2, se establece el

siguiente sistemas de fuerzas:
E,=F, -R,=0 ... .. e ec. (18)
Desarrolando los términos de esta expresion, se tiene:

Ry,=Rsen @ .. ... . . . e ec. (19}

F, = R, tan KO, = (R cos « ) tan \65 .............................. ec. (20)
R=yqy,*"H*sena)*e . ...... .. ............. JE ec. (21)
Donde:

e: Espesor de la membrana artificial, (m.).

Y.: Peso especifico de la membrana artificial, (Ton./m,)

s Angulo de friccién interna del suelo que sustentara la membrana artificial.

17



Fig. No. 2
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El esfuerzo de tensién estara dado por la siguiente expresion:

Donde:

th: en Ton./m,
E; en Ton./m
e enm

Cabe aclarar que este tipo de esfuerzos. de tension, presenta su mayor solicitacion, justo
después de haber concluido la instalacion de membrana y antes de iniciar con la disposicion

de los residuos.

b) Esfuerzos de Compresion Debido al Peso de los Residuos sobre la Membrana.

Considerando el Detalle No. 2 del Diagrama de Definiciones de la Fig. No. 2, el esfuerzo

de compresion quedara definido por la siguiente expresion:

Vc = B e e ec. (23)
Donde:
E,= [vo*@&H) | +[yoH ] +[ yra-qimoonss, ] ... ... ec. (24)
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Yz: Peso volumétrico de los residuos sélidos dentro del relleno sanitario, (Ton./m’).

¥.: Peso volumétrico de los lixiviados, (Ton./m’). -

Ys: Peso volumétrico seco de los residuos sélidos, (Ton./m?).

h:  Humedad propia de los resiudos solidos, antes de su disposicion dentro del relleno

sanitario, (% en peso).

Este tipo de esfuerzos alcanzaran su condicion de trabajo mas critica, justo al término de la

vida- util del relleno sanitario, que es cuando se trendra una mayor carga de residuos sobre

la membrana.

Esfuerzo de Tension Generado por la Friccion Debida al Crecimiento Vertical del Relleno

Sanitario.

Con base al Detalle No. 3 del Diagrama de Definiciones que se presenta en la Fig.

se puede formular el sistema de fuerzas siguiente:

Desglozando los términos de esta expresion, se tiene:

F;=R,tan p,=(Rycosg)tan p, ........... ... ... ......
F,=R,tan ps=(R,cos @)tan pg ....... L
Ry= ye* (M*L*L) ............... S

Donde:

(7% Angulo de friccién interna de los residuos solidos.

No. 2,

.(25).

- (26)
@27
. (28)



M N . . . -
El esfuerzo de la tension quedara definido-por-la-siguiente-ecuacion:——

”

Donde;

“tzz en Ton./m,

E;: en Ton./m

el en m.

Se debe mencionar que este tipo de esfuerzos, se presentaran casi permanentemente durante
toda la operacion del relleno sanitario, incrementando su magnitud y haciéndose mas criticos

conforme se incrementen los paquetes de basura.
Esfuerzo Cortante Debido al Asentamiento del Relleno por la Estabilizacion de los Residuos.

El Detalle No. 4 del Diagrama de Deftiniciones de la Fig. No. 2, muestra la fuerza que se

deben considerar para el calculo del esfuerzo cortante.

e =Ey=Pitan G =(Peosa)tanl ... ... ec. (30)
P= vy (H- H) ec. (31)

Este tipo de esfuerzos, normalmente se presentan una vez que la vida util del relleno sanitario
ha concluido, pero sobre todo cuando dicho relleno se encuentre en plena fase de
estabilizacion.

Esfuerzo de Flexién por Asentamientos Diferenciales que se Presentan en el Piso del Relleno..

Consultando el Detalle No. 5 del Diagrama de Definiciones de la Fig. No. 2, se puede
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establecer el siguiente sistema de fuerzas:

(Es®cos &) - (S, +S)=0 ... .. ... L. ec (32).
S, +8,

Eg = ——————— e ec. (33)
cos «,

Desglosando los términos, tenemos:

S, =(yz* H) tan\f)R- .......... b. EREEEEREEE R ec. (34)
S, = (ys* H) tan \es ......................................... ec. (35)

El esfuerzo de flexién quedara expresado por la siguiente ecuacion:

§5=E5*L ................................................ ec. (36)

Donde:

Vr: en Ton./m

E,: en Ton./m’

L: Longitud de la membrana que se ve afectada por la fuerza de flexion.

Estos esfuerzos, aunque pueden presentarse en cualquier momento, incluso al iniciar la
operacion del reileno sanitario, es mas factible que se presenten al término de la vida Gtil de
esta obra, debido a que la carga de los residuos sélidos sobre el suelo sera mucho mayor.
Estos asentamientos, normalmente son debidos a fallas en la compactacién de los materiales
que soportaran al relleno sanitario, aunque en ocasiones estos asentamientos tienen su origen’

en fallamientos de capas mas profundas, sobre todo en zonas con suelos calcareos.
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= MITOSTY REALIDADES ENTLOSTRESIDUOS SOLIDOS =

Los vendedores de soluciones magicas
al problema de los residuos sdlidos

parardn en el basurero de la historia

T.- INTRODUCCION

Es importante aclarar desde este inicio el'significado que
estoy utilizando de la palabra mito, es la. propuesta de una
solucidn que esta.basada en una serie de mentiras, con o sin
conocimiento de ello, gue ocasionan esperanza y que terminan
en frustracidén o en resultados contrarios a los que se

buscaban 1nicialmente.

La idea de elabofar este documento nace de la infinidad de
comentarios que he escuchado acerca de la frustracidén de
- muchos colegas del 4drea de los residuos sdlidos y de mis
experiencias de mds de 20 anos, en el sentido de que muchas
"spluciones magicas", - sobre todo copiando patrones
e#tranjeros de otras sociedades con otro tipo de problemas,
son escuchadas por personas que tienen el poder de decisiodn y
que al final de la jdrnada adguieren un mito regularmente a
costos muy elevados, limitando los recursos para el avance en

el control de los residuos sélidos v peligrcsos.



——En—fin;—este “documentoc  recopila—una serie de mitos gue

. v L. ) .
revolotean en cada camblo de gebierno, con las  nuevas
it

auteridades y algunos nas persistentes que duran mas alld de

unc o varios periodos gubernamentales.

aAqul se comprueba el porgue se le ha otorgado el nombre de
mitc en el sentido vya aclarado en el primer parrafo,
agradezco a un sinndmerc de colegas gue me han dado la veta

de la inspiracidn para la ccnsecucidn cde este documento.

Quisiera dedicarlo a todas aquellas personas que envueltos en
un afan de participacidon ecologista verdadero y a las
auvtoridades de buena fe que se ven sorprendidos por las
argucias de los vendedores de '"soluciones magicas" al
problema de los residuos sdlidos y peligrosos, sin mas
finalidad que 1la de proporcionar una voz de alerta para
eliminar ilusiones, elefantes blancos y endeudamientos en el

futuro.

Agradezco a todos aguellos amigos y enemigos gue pof el paso
de la vida me han dado la oportunidad por sus cbnsejos o)
criticas participar «con aciertos y errores en esta
ultrainteresante-area de los residuos solidos y peligrosos,

para ellos este documento a manera de extremauncidn.



L1l _docunento—presenta—los—mitos—mas=cenocidos—que han hecho

dano en paises en vias de desarrollo y la realidad que hay

atras de los mismos.

Con carino y recuerdo para mis amores, amigos y maestros.

Cesde mi primer contactoly hésta la fecha me ha tocado vivir
wna serie de procesos Yy situaciones que se han desarrollado
dentro del area de los residuos soélidos, mas en los de tipo
hQnicipal que en los péligrosos hasta ahora, estos procesos
en su 1nayofia estdn encaminados a implantar soluciones de
socliedades desarrolladas a nuestros paises, estos procesoé
solo han dejado frustraciones, endeudamientos y han impedido
avanzar de forma rdpida en la aplicacidén de soluciones

acordes a nuestros recursos.

Asi, me he topado con una serie de propuestas de "soluciones
mdgicas'", algunas, gue han sido llevadas a la practica, han
resultado en fracasos gue en néda ayudan y como perjudican
con el tiempo, desgraciadamente la memoria de los eventos
negativos no perdura, en ocasleones dichos eventos se repiten

y se alcanzan los nismds resultades desgraciadamente.



~

—T"PoY 1o ”téﬁfo no queda otra oportunidad gue divulgar los
errores, (horrores), cometidos y los' resultades de esas
"soluciones mdagicas", que en este documento las presento como
mltos, siempre con la esperanza de que en el futuro se evite

ia venta de estos mitos a costa de la tributacion de tedos.
.iII.— RAZON DE LA EXISTENCIA DE LOS MITOS

fon tres las razones principales para que se produzca o
genere un mito en el drea de los residuos sélidos, la primera
el afan ecoldgico puro, sin analizar la factibilidad técnica
o} ecoﬁémica de la propuesta por parte de algunos grupos
ecologistas; la segunda, la voracidad econdmica desmedida de
compradores y vendedores; y'la tercera, el desconocimiento de
algunas varilables , que 1ntervienen en la propuesta que

acarrean consecuencias funestas.
IV.- PRINCIPALES MITOS Y SUS REALIDADES

Uno de los temas principales que encierra una serie de mitos
que giran alrededor del drea de los residuos solidos en los
Ultimos cinco anos es sin duda el relaciocnado con el
reciclaje, sobre todo cuando es enfocado de wuna manera

simplista.

Cesde ese tiempo se ha desatado un furor por el reciclo de

los subproductos, algunos grupos ecologistas han apoyado la




_idea—y—la—ven—como—una—solucién—at—problema, &in “embargo

desde uno de los punteos de vista que se enfoca, que "la

‘hasura es dinero" es una falsedad gue se ha demostrado con el

tiempo.

+In las siguientes cuartillas tocaremos los principales nitos

(jue a continuacidén enlisto:

i1.- La basura es oro
2.- La separacidn domiciliaria como fuente de ingreso
3.~ Toda la basura es reciclable
4.~ Las plantas de reciclo composta
5.- El1 abuso de la informacidén y otros mitos
4.1.- La basura es oro

Por mucho tiempo, se ha mencionado que la basura es oro, esta
aseveracion por lo regular se ha basadc por la rigqueza que

algunas personas han amasado durante su vida en el manejo de

los residuos sdélidos.

-

Esta situacion ha sido extrapolada sin razdén a todo el ambito
de los residuos sdélidos, sin embargo. la realidad es que los:
residuos se convierten en oro cuando existe en su
aprovechamiento la explotacidn del hombre por el hombre o
esta incorporada la ﬁtilizacidn de bienes gubernamentaies

para beneficio de terceros.



T6T2TT Ta separaciodn domiciliaria como fuente de ingreso

mzta punto es el gue mas ha =ido utilizads por los grupos
acologistas, si bien es cierto vy estoy <onvencido gue el
aumento del reciclaje de los subproductos provenientes de los
rasiduos sdlidds ayuda en mucho a la preservacidn de los
recursos naturales y trae otros beneficios, el enfogue que en
ocasiones sz le ha dado, que seria una fuente de ingresos
sara los habitantes de la casa habitaciodn es un mito mas del
ambiente.

A continuacidn presento un andlisis de esta situaciég,
consideremos los siguientes batos bdsicos, seis habitantes
nor casa, 650 gramos por persona por dia de generacidn, que
los reciclables representen un 30 porciento del total
generado, c¢abe aclarar que estoy considerando todos los
reciclables con demanda en el mercado o sin demanda, por 1lo

tanto tendremos lo siguiente:
6 hab/casa X 650 Gr/hab-dia X 7 d/sem. X 0.30 de reciclables
Generacion semanal de reciclables = 8.190 Kilogramos

El precio poenderado para la venta de los subproductos en
México es de 0.12 Muevos centavos por kileogramo por lo gue
tendriamos un ingreso total por semana de 0.98 = 1.00 nuevo

veso, que llevandolo al ano tendriamos 52 nueves pesos, este



_ingreso-.anual—representaun—ingreso=de un 12 porciénto de un
salari minimo mensual, lo anterior denuestra que 1o0S
subprodnctos en forma unifamiliar no tiens ningin atractivo

econsnico.
1.3.~- Todos los residuos cdlidos son reciclables '

lesde hace tiempo alguncs grupos ecologistas han propalado la

versisn de la "no generacidén de basura® en la casa

habitzcién, esto por supuesto es un mito, primero porgque no
todos los residuos solidos en la actualidad es reciclable, vya
gque eso que llamamos basura esta compuesta por mas de 70
elementos de muy variadas caracteristicas, los promotores.
argumantan gque todo lo no organico es reciclable y lo

orgénico hacerlo composta.

e pregunto en una ciludad de un millén de habitantes se
generan solo por residuos sdlidos domiciliarios 650 toneladas
diarias, de estas un 55 porclento es orgdnica, por lo que
tendremos 357.50 toneladas diarias de composta una vez que se

4

inicie la produccidn.

La experiencia recomienda un promedio de 10 metros de &dreas
verdes por habitante, por lo que necesitariamos 1000
hectdreas .en una ciudad de este tamano, si lo recomendable es
colocar 10 toneladas de composta por hectdrea en pastos dos

veces por  ano, necesitaremos 20,000 toneladas por ano, Vv si



—generanos por ano 130,000 toneladas, cgue vamos hacer con el

—

For ctro lado viendo desde el punto de vista optimista que
ol lo demds es reciclable, tendriamos 292.5 toneladas
diarias de subproductos, las gue se convierten en 166,000
onzladas anuales, me pregunto, <Jesta 1la industria con l1a’

apacidad de absorber para reciclar esta cantidad anual?,

Ammal vale la pena hacer varias reflexiones, hasta la fecha 1la
separacidn de los subproductos por parte del generador, no
tiene un atractivo econdémico, solo puede resultar cuando -

aviste una gran participacién de 1los habitantes de una

comunidad completa, esto es muy dificil de alcanzar.

Por otra parte es muy comuin y por cilerto nmuy atractivo el
llamadc ,de la conciencia ecoldgica del reciclo, sin embargo
@5 necesario ver y analizar las posibilidades de mercado en
la zona donde se realizard ﬁn programa de reciclo, ya que si
el programa tiene éxito, sera muy comin gque la oferta del
subproducto en un tiempo corto rebase la demanda del mismo,

derrumbando los precios de éstos por la sobreoferta.

No todos los subproductos en la actualidad tienen una demanda
eh el mercado donde existen las industrias recicladoras, los

de mayor demanda son: el cartdn, papel limplo, periddico,



————napel  d& archivo y computadora, vidrio, aluminio y otros no

nl

Y

tdlicos y filerro,.

Todos estos subproductos en los residuos sélidos generados en
la c2sa habitacidn solo representa en el nejor de los casos
unr 15 porciento del total vy no el treinta con los que efectus
ics andlisis para estar en el lado mas optimisfal

Cace 1a pena de tomar ejemples de algunos paises
desarrolladés, en los que se tiene que subvencionar el
reciclaje, .pagando mayores costos del programa gue 1o gue
perciben por la venta de los subproductos y en muchos casos
éstos van a.parar a un relleno sanlitario.

Por lo tanto antes de iniciar un programa de reciclaje en una
localidad es de suma importancia el elaborar un estudio gue
tome en consideracidn todos los factores involucrados, con la
finalidad de establecer las dimensiocnes del mismo de forma
correcta vy no llegar a resultados gque todavia nuestros

pueblos se pueden dar el lujo.

Por supuestc gque el reciclar tiene una serie de ventajas
entre. las que destacan, preservacion de materiés primas
virgenes renovables o no, ahorro de energla, ahorro en los
costos de produccidn y creacion de fuentes de trabajo, estas
éon algunas de las principales y conunmente son utilizadas

por los vendedores de "soluciones magicas".



io

1

——==——Cabe—mencionar que uno de 10s grandes benzaficiarics en el

pro

{1l
in

eso del reciclaje ha sido la industria, ya que con la
incorporacién de  lecs  subproductos ccomo  materia  prima,
disminuyen sus costos de produccidén, situacidén que no se
refleja en la disminucidn de los costos al consumidor y ha

T End

ol
6]

nido un monopolio ¥y un férreo control de precios de los
itiznos para su beneficio, no cbstante algunas veces se visten

G2 benafactores Ultimos del ambiliente.
4.4 .- Plantas de reciclo composta

Las plantas de reciclo composta fueron a principios de la
dz2cada de los setentas la '"panacea" en México, se instalaron
tres con tecnologia suiza y otra con tecnologia italiana, en
las Ciudades de Toluca, Monterrey, Distrito Federal vy
Guadaiajara y a finales de 1la década de los ochentas, se.
instalaron otras cuatro, localizadas otra véz en Guadalaijara,
ya gque la  anterior fue cerrada, en Oaxaca, en Merida y en
villahermosé, de todas ellas han cerrado, con excepcion la de

Guadalajara, la que trabaja con numeros roJjos.

Los vendedores de estas piantas fueron mwmuy habiles en la
presentacion de las bondades de las plantas, sus anadlisis
principales se basaron en una recuperacion alta de
shbproductos, usando los resultados de los andlisis fisicos

que proporcionan las cantidades de subproductos reciclables
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en - 1ITE residuos solidos y por supuesto a la venta total de la

ceomposta.

i gancho fue precisamente ese, sin enbargc nunca se
consideraron los factores reales de recuperacion de locs
subproductes en bandas y gque la demanda por el composta nunca

£2 lgualo a la oferta de producciodn del misno.

“es resultados fueron similares en todos los casos, altos
costos de operacidén y mantenimiento; altos porcentajés de
rechazo, bajos factores de recuperaciodn de subprodﬁctos Yy
practicamente nula demanda del composta, todo lo ahteriér
convirtid en pozos sin fondo a las plantas ya que siempre!

trabajarcon con nimeros rojos.
4.5.~ Abuso de la Informacidn

Otra parte importante de los mitos es el abuso de la
informacién sobre los residuos solidos desde el punto de

vista técnico como politico social.

Ihu% de los problemas graves a que se enfrenta el area del
control de 1los residuos sodlidos es los miles de "expertos"
que nos encontramos cada dia, opinando con gran autoridad
schre el problema vy sus soluciones, las cuales estan basadas

en una o varias vivencias que han tenido con una visita al
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————gnivaNjero U hojeando un libro regularmente editado en el

eaxtranjero.

= lo anterior salen.muchos ﬁorrores gue eh ocasicnes ponen
&n peligro un buen proyecto o echan a andar un mal proyecto,
asl pcdemos encontrar a los que opinan gue en el ‘mundo
czsarrolilado no hay rellenos sanitarios, gue la incineracién
2: la mejor - solucién porque viajaron a Japdén, gque todos los
materiales contenidos en los residuos sdlidos son'reciclables
¥y ultimamente que la generacidén de energia y la pirolisis es

lo recomendable.

Por otro lado cada quien dice sus cifras sobre la generacion
de los residucs solidos, asi se puede unc encontrar
generaciones desde 500 gramos por persona por dia haéta los
gue mencionan 1500 gramos, en lo gue respecta a los residuos
peligrosos todévia es peor el asunto vya que te puedes
encentrar variaciones en la generacién del pais de hasta el

100 porciento.

Otro problema del abuso de la informacidén es en la
informacidn técnica Ya gque las opiniones faciles que en
ccasiones se proporcionan son derivadas de experiencias de
'oidas, asi podemos encontrarnos gque dan informacidn sobre
pesos volumeétricos en los rellencs sanitarios de 650
Yilogrames por metro cublco, siendo gue es facll alcanzar

nesos volumeétricos de mas de 800 kilogramos por metro cubico.
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————00@tra—Informacidn comuncente utilizada es c¢ue los veniculos &

. - f
razolectores de carga lztsral rectangular ¢ tubular 'lievan de

cintco  a  sels  toneladzs  por viaie, nunca en mwmi vida

pirofesicnal los he visto de mas de cuatro y media toneladas.

Lz todo el punto antericr se puede desprender la realidad de

i

2 falta de informacidn confiable y estadisticamente valida

1=

v

&

2

rermita acercarnos 1o mas posible a la verdad con la
finalidad de que los resultados de las acciones tomadas

resuelvan el problema planteado.

A ultimas fechas esta muy de moda las plantas de tratamiento
para la fabricacidng de pellets para posteriormente
incinerarlos y generacién de electricidad, el gancho

principal es gque el cliente compra la electricidad a precios

mavores gue lo que ofrece la gubernamental.

Finalmente una reflexion sobre este tema, no siempre todo es
verdad o todo es mentira, se debe hacer una recopilacidn de
la informacidén, analizarla vy evaluarla detalladamente vy

resolver en consecuencia.
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ASPECTOS._SOCIALES DEL MANEJO DE_LOS RESIDUOS SOLIDOS -

Lic. Rosalba Cruz Jiménez
El manejo de los residuos sélidos es un conjunto de servicios de intrinseca naturaleza
social. Esto es, pocos servicios publicos pese a su composicion "publica™ presentan
y requieren tan altos niveles de participacién social. El manejo de la basura conlleva
un hecho social. Cada persona, cada familia, una colonia..una ciudad, participan
directa o mdurectamente en la génesis, desarrollo y posterior disposicién de sus
desechos.

La generaciéon de residuos es un hecho individual que deriva en un proceso
acumulativo que involucra a la sociedad en su conjunto. Todos los elementos de la
sociedad tienen roles y funciones bien definidas de participaciéon en torno al manejo
de los residuos sdélidos tanto individual como colectivamente. De los patrones de
comportamiento personal se afectan las magnitudes, de las conductas de grupo se
definen sus componentes y de todos depende su impacto en el ambiente.

Pese a esta cualidad social inherente, el manejo de los residuos sélidos no ha
mostrado una orientada participacion de la sociedad de manera generalizada. Diversas
son las modalidades y manifestaciones de participaciéon que se requieren. De manera
individual, es necesario actuar para generar menos residuos

En la casos cuando se han dado manifestaciones importantes, éstas se refieren a
aspectos particulares con caracteristicas muy especificas, que convendria analizar
como estudio de caso a fin de identificar modalidades que han dado resultado y bajo
que condiciones éstas se han generado.

Por io anterior se concluye que todo elemento de politica de mejoramiento dei manejo
de los residuos sdlidos debe tomar como uno de los elementos béasicos la orientacion
de participacion soccial.

Se pueden distinguir tres etapas en la participacién ciudadana en relacién al manejo
de los residuos soélidos. La forma mas avanzada de estas etapas es la participacion
individual, la actitud conciente de cada persona en favor de una racionalidad en la
generacidn de residuos, buscando -generar la menor basura posible o quiza
orientandose hacia el ideal ecologista de no generar residuos. En esta etapa se
encuentra ubicado también el proceso de seleccidn o separacion en la fuente.

Esta etapa en la actualidad tiene pocas posibilidades de éxito si se le considera como
un hecho generalizado. En la mayoria de las ciudades en las que ya se puede hablar
de esta etapa se manifiesta como hechos poco sistematicos y mas bien de caracter
zonal, regional ¢ local, sin poder extender todavia su alcance al entero de las
iocalidades.



Una- segunda ‘etapa de transicién, pero muy ‘importante ejercicio cuvnco urbano;"lo

constituye la participacién social ‘de grupo, orientada a fortalecer y mejorar los
vinculos de la ciudadania como grupo con los servicios inherente al manejo de los
residuos sélidos. En general esta etapa se orienta a superar el reto que representa la
aceptacion de la infraestructura del servicio en un entorno determinado. El fenomeno
mundial relacionado con las siglas NIMBY, no en mi patio, ha sido uno de los factores
que mayormente han condicionado la evolucién del servicio o en su caso han
incrementado su costo a limites que ciudades de economias en desarrollo dificiimente

pueden sufragar.

Este nivel como paso intermedio en la actualidad constituye la forma de participacion
social mas importante, en ciudades gque como la nuestra que empiezan un proceso de
desarrollo, en donde la infraestructura bésica se convierte en |a plataforma de
despegue de toda politica o de la instrumentacion de acciones de mejoramiento.

Esta etapa representa un reto a las autoridades e implica transformacionées de fondo
tanto en los conceptos como en la definicién de sistemas y procedimientos. .

Lo anterior significa un cambio en las practicas administrativas y una revision a las
condiciones del manejo de los residuos soélidos.

El primer obstaculo que enfrenta la participacidén ciudadana es la asociacién peyorativa
de la basura en su manejo. Efectivamente, a lo largo de |los afos en nuestras ciudades
el manejo se habia mantenido en condiciones de rezago con respecto a otros servicios
urbanos. Presupuestal, administrativa y operativamente no se consideraba como
servicio prioritario, io que institucionalmente condiciond su manejo y sus impactos en
el entorno social y en el ambiente.

En el caso de la ciudad de México fa memoria urbana registra hasta hace muy pocos
anos las grandes montanas de basura en los tiraderos, el desprendimiento de olores
y gases, la proliferacidn de fauna nociva en su alrededor, las escenas de ventas de
subproductos. Situaciones semejantes se grabaron en la poblacién en torno a las
antiguas estaciones de transferencia.

Ante este panorama toda accién de exhortacién de cambio se enfrentaba a la
resistencia natural de la ciudadania, convirtiéndose la participacion de grupo en un
rechazo total a sus nuevas construcciones y a 1a operacién de las ya existentes.



--mPor-otra parte existia una firme conviccion de-cambio-Los-grandes requerimientos

~ambientales de la Ciudad de México, la dindmica urbana y |a existencia de grandes

déficits a nuevas formas de manejo y administracién, en donde la conformacién de
infraestructura bésica representaba el papel més importante. Y éste constituia
paradojicamente el mayor concepto de oposicion de la ciudadania.

Derivado de lo anterior, fué necesario instrumentar politicas o0 acciones concretas para
lograr el apoyo ciudadano para estas acciones que actualmente constituyen uno'de
los elementos variables mas importantes en el manejo de los residuos sélidos de ésta
capital.

Esta concepcién implicéd lo siguiente:

- Considerar el manejo de los residuos sélidos como prioritario, eliminando
ta asociacidn peyorativa de la basura a las practicas institucionales,
presupuestales, administrativas, etc.

- Conferirie al manejo de la basura caracteristicas ambientales, sanitarias,
de funcionalidad y de imagen urbana.

- Iniciar acciones para conformar casos ejemplos de operacién controiada
con las caracteristicas antes senaladas para contar con efectos
demostracién efectivos.

- Establecer compromisos y responsabilidades especificas de las
) autoridades; y derechos y obligaciones de los habitantes.

- Establecer un mecanismo de trabajo social urbano para atender las
demandas, dar respuesta a dudas y en general explicar el contenido vy
alcances de las acciones especificas a diferentes niveles, individual,
familiar, grupal, regional, etc.

- Formar comites de vigilancia ciudadana para controlar los impactos al
ambiente, los efectos en el entorne urbano, la funcionalidad vial y la
imagen de las instalaciones. :

Todas esta consideraciones se sustentaban en una efectiva conviccién politica de
mejorar el manejo de los residuos sélidos asumiendo compromisos que definitivamente
deberian instrumentarse, viéndose resultados en el corto plazo que paulatinamente
lograrian la aceptacion de la poblacién a la infraestructura béasica.



Grandes fueron los esfuerzos_de concertacuén,gmultlples demandas_que.- atender_y

responder, pero finalmente, los habitantes de la ciudad de México y las autoridades
han ido ejercitando nuevas formas de relacién en el manejo de los residuos sélidos y
con ello se ha venido conformando la infraestructura bdsica para alcanzar nuevos
estadios de desarrollo y asi contar con la plataforma para atender formas maéas
avanzadas de participacidn social.

Finalmente, |la tercera etapa de participacion se refiere al nivel inicial de ubicacién y
concientizaciéon del problema, a la etapa de conocimiento basico a la aceptacién y
disposicién para conocer ¢l problema.

Esta es una fase que paralelamente se ha trabajado a mvel de unidad béasica y de
alguna forma de comunicacién masiva.

Es por ello que a continuacion se presenta una muestra de los mecanismos utilizados
para estimular la participacion de la pobiacién en el apoyo a la construccion vy
operacion de estaciones de transferencia.

. _ \
Un ejemplo de caso podria ilustrar este proceso, para lo cual mencionaremos la
construccién de la Estacidn de Transferencia Tlalpan.

La Ciudad de México esta constituida por 16 delegaci'ones politicas que en conjunto
suman una extension de 1499 km2 con una poblacién de 8'235,744 habitantes.

Al sur de la ciudad se tocaliza la delegacién Tlalpan, la cual cuenta con una superficie
de 312 km2, que la convierte en {a Delegacién mas extensa, y representa 20.8 % del
territorio del Distrito Federal. Limita al norte con las delegaciones Alvaro Obregén y.
Covyoacan, al este con Xochimilco y Milpa Alta, al sur con el estado de Morelos y al
oeste con el estado de México y la delegacion Magdalena Contreras. Los principales
componentes climaticos como la temperatura y la humedad estan condicionados por
la presencia de sierras Ajusco y Xitle, sitics que por su riqueza forestal constituyen
reservas de fauna y flora y actlan aunque cada vez menos, como equilibradores del
clima dentro de la cuenca del valle de México. Estos sitios son parte de la reserva
ecoldgica considerados como parques nacionales.

La delegacidon comprende 8 pueblos, 7 barrios, 143 cclonias, que integran 104,292
viviendas. El 70% del territorio pertenece a comuneros, el 17% a particulares, el 10%
al Gobierno Federal y el 3% a ejidatarios. Tiene una poblacién de 484,866 habitantes
gue generan alrededor de 681 toneladas dia de residuos sdlidos.



—En_la.década-de los 80’s esta delegacién presentaba una problematica de gran--

—envergadura alalbergar un tiradero a cielo abierto en las inmediaciones del Ajusco, lo
que condiciond por anos el manejo de los residuos; ademdas de contar con una
recoleccién ineficiente motivada por los largos recorridos que realizaban los camiones
recolectores - hasta 34 km de ida y vueita -, ya que por carecer de una estacién de
transferencia, se veian obligados a depositar sus residuos en las estaciones de

Xochimilco y Coyoacén.
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En este sentido, las autoridades de Departamento del Distrito Federal iniciaron un
analisis sobre la problematica existente en donde se determind la necesidad de
construir una estacion de transferencia.

Es asi como se realizan los estudios preliminares que  permiten identificar que la
ubicacién més adecuada para la construccién de la estacion, es en el kilémetro 5.5 de
la carretera Picacho-Ajusco por las caracteristicas topograficas que presenta este
lugar, como son: un gran sistema de elevaciones de arigen volcanico con un alto
grado de fractura, acumuiacién de roca volcanica que forma depdsitos de gran espesor
y en general las texturas son del tipo francoarenoso, la consistencia suelta
pulverulenta y friable cuando los suelos estan muy secos.

No obstante en sus inicios de edificacién se empiezan a dar manifestaciones sociales
en contra de su construccidn, participando en estas desde asociaciones de colonos,
padres de familia hasta grupos ecologistas que pertenecer: a £stratos socioecondémicos
distintos y la existencia de Lunad escuela privada que condicionaba su instalacion.



.

—Esta-situacién-obligé-a-las-autoridades-a-llevar-a-cabo-un.amplio-programa-de-difusion
y concertacién con los distintos grupos sociales, que consistid desde platicas
personales, visitas a escuelas, programas de radio y juntas locales con apoyo de
material did4ctico: Idminas, maquetas, tripticos, entre otros, explicidndoles claramente
en que consistia la instalacién de este tipo de infraestructura. Asimismo, se les otorgo
informacién respecto a los beneficios adicionales que obtendrian con obras
complementarias como pavimentacion de calles, incorporacién de un tercer carril vial
en la carretera Picacho-Ajusco, dreas arboladas, estacionamiento para el Colegio de
México, etc; ademéas de concientizarlos de que se requeria mejorar los sistemas de
'manejo de los residuos que se estaban convirtiendo en un grave problemaen la zona.

Derivado de lo anterior se cre6 un comité de vigilancia integrado principalmente por
representantes de los distintos grupos involucrados, el cual tenia como finalidad llevar
a cabo la supervisién y vigilancia de las emisiones al ambiente, el funcionamiento vial
y los aspectos al entorno.

Bajo este contexto se definié la construccion de la Estacién de Transferencia Tlalpan,
con fos criterios y especificaciones acorde a los requerimientos de operacién y a las
demandas ciudadanas.

La Estacién de Transferencia Tlalpan con una capacidad instalada de 700 toneladas
dia, comprende una superficie total de 25,000 m2 de los cuales 15,000 m2 se
destinaron a areas verdes y a la creacién de un pequefio bosque que, junto con los
arboles de la zona, demandaron la plantacién de 1,000 arboles asi como de cientos

de plantas y flores.

’

Para evitar posibles encclamientos de vehiculos recolectores fuera de la estacion asi
como para agilizar el trafico vehicular, se construyeron 5,000 m2 de vialidad interna.

La estacidon cuenta con instalaciones totalmente cubiertas con lamina multipanel;
muros de biock para amortiguamiento de ruidos; tolvas para la descarga de residuos
con dispositivos atomizadores para contrarrestar la emisién de polvos y olores;
sistemas de depuracidon de aire; sistema hidroneumatico para lavado y riego y
cisternas de agua potable y de agua tratada para riego y lavado, elementos técnicos
y ecolégicos de avanzada que le d4 una presencia urbanistica mas estética acorde a
las caracteristicas de la zona. '

Ademas, cuenta con barda perimetral, rampas de entrada y salida de recolectores,
taller de mantenimiento, drea administrativa, estacionamiento y sanitarios.

Posterior a la Estacién de Transferencia Tlalpan, y siguiendo los mismos criterios
empleados, se construyeron las estaciones Alvare Obregdny Central de Abasto I, asi
como la rehabilitaciéon de las existentes en Coyoacan, Venustiano Carranza, Miguel
Hidaigo y Central de Abasta .
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Average, minimum and maximum concentrations in
feachate, the number of analyses, the number of

landfills and the period of analyses.

Component unit average range
S o mg/l 5424 1 -68330
pH - 6.8 4,7 - 8,4
Cl mg/| 743 26 - 7122
NH,-N mg/! 237 6 - 1410
NO, mgl . 218 0 - 1740
Kijehldahl-N mg/l 438 3 . 2250
SO, mg/!l 842 36 - 5885
As pag/l 31 0 - 499
Cd 1g/ 4 0 - 140
Cr pg/l 67 0 - 1750
Cu ug/l 30 0O - 830
Hg pg/l 1 0 - 26
Ni * g/l 92 0 - 1050
Pb pg/t - 394 0 -30300
Zn ug/l 720 0 -30000
Ba ug/! 556 o - 7810
Fe mg/l 417 1 - 2300
Ca mg/i 787 33 - 3677
Mg mg/| 177 20 - 723
Na mg/l 2988 1640 - 4335
K mg/! 1813 1450 - 2190
PAH ug/l 2 0o - 10
EOCI ugl - 29 0 - 450
Stis O\L mg/l 1386 0 -30200
Ar. solvents pg/ 1042 7 - 2550
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Breakthrough curves:

1) convective flow;

2) convective flow + diffusion/dispersion (CI);

3) 2 + adsorption; 4) 8 + microbiological degradation;
5) A+ precipitation.

C=effluent concentration; C_=influentconcentration; V=total

effluent volume: V =total watervolume in the column.



Distribution ratios of Cd, Fe and Ni in poor humic sand and rich humic
sand

Metal Humic-poor sand Humic-rich sand

Cd ' 0.21 1.86
Fe 0.73 1.59
Ni 0.38 2.47




effective (pore)flow velocity of groundwatér (m/yr)
hydraulic head gradient in the aquifer

vV =
i =
k = hydraulic conductivity (m/d)

Next the transport of a pollutant along a streamline in the aquifer can be
calculated. For the migration of a solute front the following equation is

used:

1
1 +Fi,.)

v, = v(

v, = migration velocity of soiute front (m/yr)
R, = distribution ratio, representing the distribution of solute i over

solid phase (adsorption) and soil solution (1 + R, = retardation
factor)



Average-, minimum- en maximum concentrations of some psrameters In groundwater near

landtill gites :
Parameter Unit no. Average Minimum  Maximum
ca mg! 3978 335.26 0.70  18200.00
- }-cop— — mg/l 3650 202.01 000  57756.00
EC uS/cm 3378 1238.37 5.00 30400.00
N -kjeldahl mg/l 3028 20.53 0.00 125.0..00
pH 2986 7.60 2.50 711.00
Sulphate - mg/l 2544 109.51 0.00 4550.00
Nitrate mg/l 2430 5.79 c.00 760.00
Total phosphate mgd 1863 2.50 0.00 325.00
NH,-N mg/l 1796 17.29 0.00 1170.00
Zn pg/l 1693 18360 0.0 34000.00
Ni [TeTH 1661 2581 0.00 1360.00
Cr ug/ll 1592 38.81 000  34000.00
Cu ug/l 1579 2472 0.00 3500.00
Pb ug! 1550 15.43 0.00 700.00
Na mg/! 1422 102.91 2}40 1500G.00
K mg/t 1418 23.70 0.00 1720.00
Cd ug/l 1390 179.13 0.00 45300.00
As ug/l 1338 26.92 0.00 2350.00
Hg pugdt 1135 1.18 0.co 211.30
! Bicarbonate (hardness) mgid 1131 415486 0.00 18000.00
ECC! ug/l 907 3.80 0.10 395.00
Total hardness mg/l 828 559.94 0.00 3575.00
Ca pg/t 685 24726.54 _1.60  620000.00
Mg mg/l 680 448.48 0.10  150000.00
Nitrite mg/l 679 1.80 0.00 670.00
re ugh 610 10791.31 0.00 350000.00
Mn. pg/t 475 71224 0.00 18000.00
Fluoride my/! 431 0.16 0.01 .24.00
Benzene pg/! 372 413 0.00 23110
Toluene ug/l 364 2554 0.00 3500.C0
Ethylocenzene pgl 359 6.08 0.0¢ 231.30
Cyanide (total) CN uy! 352 14.05 0.00 1000.00
¢-, M- gn p-xylene uglt 348 15.16 0.00 800.00
Naphtalene ug/l 286 499 © 001 270.00
BOD mg/l 279 519.24 0.01  20300.00
Ammonia as N mg! 225 24 .86 0.01 1250.00
Ba ug/l 224 197.76 5.00 2750.00
Alpha-HCH pa/l 217 1.08 0.00 ° 30.00




Averoge-, minimum- en maximum concent

landfill sites

rationsg of some parlmoters‘In groundwater naar
b

Parameter

Unit no. Average Minimum  Maximum
Fluoranthene py/l 217 2.78 0.00 220.70
Gamma-HCH ug/l 215 1.82 0.00 60:00
HCB ug/l 213 1.02 0.00 5{1.00
Bénzo(b)fluoranthene ug/l 212 1.49 0.00 221.10
Benzofa)pyrene ug/! 21 1.50 0.00 221.30
Benzo(g.h.ijperylene pg/! M 1.43 -0.00 22150
Benzo(k)fluoranthene ug/l 208 1.43 0.00 221.20
Tetrachioroethene (per) Cpgt 207 462 0.0 232.70”
Indeno(1,2.3-cd)pyrene pg/l 199 1.85 0.00 221.60
Dibenzo{a h)anthracere pgt 181 1.61 0.00 221.490
Total organic carbon mg CA 181 56.44 0.00 39200
Benz{a)anthracene ug/l. 180 1.89 0.00 220.90
Chrysene ugh 179 1.72 0.00 221.00
Trichlorosthene (tri) ugl 178 4.83 0.00 232.60
Pyrene ' ugl 175 1.72 0.00 220.80
Anthracene pgt 171 3.00 OI.OO 22060
Phenantrene pa/l 170 1.89 0.01 220.50
dtrate - Nitrite ug/ 163 0.16 0.c0 4.30
Acenapghiene ug/! 162 202 . ¢.00 220.20
Fluorzne ug/l 162 1.98 0.01 22040
Dichlorcmsthane g/t 161 1.50 0.10 22.00
Mineraf oif (iotal) mg/| 152 37347 0.01 16600.00
Trichloromethane (chlorooform) pg/l 147 5.64 0.09 232.20
Tetrachlorocarbon (fetra) ngi 143 595 0.10 232.30
Acenarchiviane Lgfh 134 217 0.01 220.30
Beta-HZH g/l 132 0.43 0.00 2.00
DDD pg/l 132 .21 0.00 1.00
DDE pag/l 132 0.24 0.00 3.80
DD ug/l 132 0.21 0.00 1.00
1.1 2-trichlorcethane ugl 126 3.07 0.20 232.52
Endrin pgt 126 0.45 0.00 2.00
Propylbenzene pg'l 122 4 61 0.00 231.40
1.1.1-trichloroethane eyl 117 5.20 0.20 232.51
Phenaol ugll 108 365 020 _ 67.‘00
Alpha-endosulfan pg/l 105 1.33 0.00 -5.00
Co ug/l 105 - 36.18 - 1.00 700.00
| P-number 105 0.16 C.00 2.20
Dieldrin pgd 104 0.54 0.00

2.00




Averegs-, minimum- en maximum concentrations of some parameters in groundwatgr Rear

[andfill sites
Parameter . Unit no. Average  Minimum - Ilaxlm_um i
-Dichlorophenol ftotal) " pgh—— 4— Q01— 001 001
| Phenitrothion ug/ 4 2.00 200  2.00
Ci0-arcmates o g/l 3 13.33 5.00 30.00
Camphor ug/ 3 26.00 1.00 47.00
Chicrophenols {total) pgl 3 0.50 0.50 0.50
Dichteroethene T01j] 3 0.50 0.50 0.50
Organochloro-pesticides (lotal) pg/t 3 0.50 0.50 0.50
o- m- and p-cresol ug/l 3 0.50 0.50 0.50
PCB's {polychlorobiphenyles) ng/l 3 0.40- 0.40 0.40
Trimethyl bicyclo heptane ug/l 3 101.00 47.00 200.00
Plasticizers (total) pg/l 3 0.30 0.30 0.30
Acetone pg/l 2 117.05 0.00 23410
Cineole ug 2 2050 0 17.00 24.00
I-butanci ugl 2 177.31 120.00 234.61
Li ugl 2 0.10 010 0.10
Methylpropanol pg! ] 46.00 2500 67.00
Trimethyl cyclohexanemethanc! ug/l 2 190.00 50.00 330.00
Trimathylcyciohexanol pai 2 550 1.00° 10,00
2 (3H) benzothiazolen pait i 60.00 £0.00 60.00
Benzenegropanoicacid ul 1 3000.00 9000.00 9000.00
Borium ug/l 1 77 .00 77 00 77.00
Butanone {total) gl i 1300.00 1500.00 1500.00
Cichicrostnans {1otal) nglt 1 23240 232.40 232.40
Cimetnvicentanone ugil 1 15.00 15.00 15.00
Endcsulf‘an {total) na 1 0.01 0.03 0.01
Formaldshyde ug/l 1 0.07 0.07 0.07
1 Hexanol ug/l 1 70.00 70.00 70.00
m- and p-ethyltoluene pg't 1 0.07 0.07 0.07
tMethana, lh‘iobis 11/l 1 85.00 85.00 85.00
Methanamine. N.N-dimethyl L] 1 34 00 34.00 3400
f\.‘fethyle(hylkeFone (= 2-butancne) ngl 1 500.00 500.00 500.00
p-isopropy toluene pa’l 1 0.12 0.12 0.12
Pentanone ugl 1 120.00 12000 120.00
Pesticides and PCR's ugl 1 o.M 0.01 0.01
Sulphite mg/l 1 99.00 99.00 — 99.00
Free carbon dioxide mg! 1 130.00 130 00 130.00




Average-, minimum- en maximum concentrations of some parameters in groundwater near
landfill sites

Paramater Unit | no. Average Minimum  Maximum
Trichloroethane (total) T oug/l 13 " 18.81 " 1.00 23250
Tetrachiorobenzenes ng/l 12 0.03 0.01 010
2.3.4-trichlorophenol ug/l 11 0.0 0.01 0.08
2.3.5-trichlorophenol ' py/l 11 0.01 0.0 0.08
2.3.5.6-tetrachlorophenot ug/t 11 .03 0.01 0.10
2.3.8-trichlorophenal pg/t 11 0.05 0.01 0.40
2.5-dimethylphenol pg/l 11 1.19 0.10 12.00
3-chlorophenol ug/l 11 0.21 0.10 1.20
3.4-dimethylphenot pg/ i 0.59 0.10 5.00
3.4 5-trichlorophenol wgl M 0.01 0.01 . 0.06
Sediment 11 3.20 c.20 19.00
m-cresol syl 1 027 020 050
p-cresol : _ | ug 1 0.18 0.10 0.50
2.3-dimethyiphenol pal 10 012 . 010 0.30
3.5-dimethylphenol pl 10 0.10 0.10 0.10
Epsilon-HCH ugt 10 0.01 0.01 0.01
m-ethylphenot - pg/l 10 0.10 0.10 0.10
o-ethyiphenal ng/l 10 032 0.10 2.30
p-ethylphenol Hg/! 10 0.10 0.10 0.10
Suspended solids 10 142.74 2.90 590.00
Trihalomethanes Tl ] 1.63 1.00 380
2-chloroethylvinyl uey! 7 0.57 0.50 1.00
2.3-dichlerophenol ng/l 7 0.04 0.01 0.10
2.5-dichlorophencl ! 7 0.02 0.0 0.10
2.6-dichlcrophenol ugl 7 0.02 0.01 0.10
3.4-dichlorophencl pg' 7 Q.07 0.0t 0.40
3.5-dichlorophenol ‘ gl 7 0.14 10.01 0.90
Bromoform nel 6 0.20 0.20 0.20
Bromodichloromethane pg."l. 6 0.22 0.20 0.20
Dibromochloromethane ug/l 6 020 0.20 0.20
Tetrachloroethane ug/l 6 .0.20 0.20 0.20
Tetrahydroturane ug/l 6 133.82 2.40 450.00
Trichloretluormethane ug/l 6 .20 0.20 G.20
Ag ng! 5 13400 - 110.00 190.00
Be Cugh 5 3825.94 570  11900.00
Co-aromates pgl 5 14,60 10.00 23.00
Phenthion ug/l ) 0.05 0.05 0.05
Sn ' ) pg/t 5 18.00 10.00 50.00




landfill skes

Average-, minimum- en maximum concentrations of some parameters in groundwater near

Parameter Unit ne. Aveféée Minimﬁm H-n]mum
~Ortho-phosphate———"""~ "~ T mgl___ 32— 032———0.01 75—
"1.1-dichlorcethene pg/l 30 Q.84 0.20 1.00
1.3-dichloropropene (trans) py/l 30 084 0.20 1.00
1.2-dichioroethene (trans) ug! 29 0.86 0.20 1.00
Mevinphos pg/l 29 1.97 0.05 5.00
2-methyl-4 6-dinitrophenol ng/l 26 10.00 10.00 10.00
4-nitrophenol pg/l 28 10.00 10.00 10.00
Azinfos-ethyl pg/t 28 10.00 10.00 10.00
Azinfos-methyl pg/l 28 5.00 5.00 5.00
Enthion pg/ 28 2.00 . 2.00 2.00
Methidathion p/t 28 2.00 2.00 2.00
Methylphenol {cresol) g/l 28 5.14 5.00 8.00
Sultide . myl 28 1.20 . 000 8.95
4-chiorophenol ugl 27 26.32 G.10 220.00
Aromatic solvents (total) ug/l 27 1.55 .13 14.40 .
2.6 dimethylphenol pol 26 6.19 0.10 78.00°
Cimethylphenol (total) uyl 26 6.19 0.10 78.00
.Disulfolon ug! 26 - 1.83 0.05 200
1.2-dichloroethene (cis}) pa/l 25 3j36 0.20 54:00
2.4-dinitrophenol gl 25 2000 20.00 20.00
Chloropyrifcs . pal 25 ’ 4.01 0.05 5.00
1.2-dichloropropene ug/l 24 1.00 1.00 1.00
1.2-dichlerogropene (cis) ug/l 24 1.00 1.C0 1.00
1.2.3.4-tatrachlorobenzene ugll 24 G.50 0.50 0.50
1.2.3.5-tetrachiorobenzene Kt 24 l 050 0.50 0.50
1.2.4.5~.le:rachlorobenzene pg/l 24 . 0.50 " 0.50 0.50
Endosulfansulphate ng/l 24 2.00 2.00 2.00
Endrin aldehyde ug! 24 500 5.00 5.00
Nitrcphengl {total) ug/l 24 ‘ 1.32 0.5C 5.00
Qily components “pgi 24 100.00 ‘ 100.00 100.00
Dimethylethy! benzoate ngh 20 16.67 2.00 100.00
Cholinesterase inhibitors g/t~ 19 0.10 0.02 0.90
Oxygen mg O,/ 18 6.91 0.30 12.50
Phenols (watenvapour-volatiles) ugl A7 26.01 0.50 205.01
AOCH ' ugl 16 23.44 5.00 75.00
Cr -VI g 15 T0.70 0.50 a.00
PAH. 6 of Borneff pgf! 14 .15 0.10‘ 0.50
Organcphosphor-pesticides (totai) ug/ 13 - 0.27 0.05 1.00




Aversge-, minimum- en maximum concentretions of some pnnmbrs in groundwater near

iandfitl sites

Parameter Unit no. Avaraga

Delta-HCH ug/l 39 1.44 0.01 2.00

PCB 28: 2.4-4 -trichlorobiphen. pg/t 39 0.72 0.0t 1.00

PCB 52: 25-25'  -tetrachlorobiphen. pg/l 39 0.72 0.01 1.00

PCB 101: 2.4.5-2'5' -pentachlorobiphen. ug/ 39 0.72 0.01 1.00

PCB 118: 2.4-34'5" -pentachlorobiphen. pg/l a9 0.72 0.01 1.00

PCB 138: 2.3.4-2'4'5" -hexachlorobiphen. ng/l 39 0.72 0.01 1.00

PCB 153: 2.4.5-2'4'5" -hexachlorobiphen. pe/l 39 0.72 0.01 1.00

PCB 180:2.3.4.5-2'4'5 -heptachiorobiphen. ug! 38 0.72 0.01 1.00

Pentachlorophenol ugl 39 3.59 0.01 5.00

1.2 3-trichlorobenzene pg/! 38 0.43 0.05 1.00

1.2.4-trichlorobenzane pa/l 38 0.43 0.05 1.00

1.3.5-trichlorobenzene ugi 38 . 043 0.05 1.00

Alpha-methy! styrene ng 38 0.64 0.50 2.00

Mesithylene pgt 38 0.83 0.50 5.00

Monochlorobenzene Tug/l 38 0.56 Q.50 1.00

1.2 3-trichloropropane pg/l 37 1.43 1.00 5.00

Dichlorovos ug/l 37 2.06 0.05 5.00

m- and p-cresol ng/ 37 -1050 0.25 160.00

2.4-dichlorophenol ug/l 35 4.00 0.01 5.00

Phenols g/l 35 64 41 0.10 1000.00

Noa-volatile hydrocarbon fraé:ion mg/! 35 020 0.10 2.30

1.2-dichloropropane ug/l 34 c.86 0.20 1.00

Alrazine pg! 34 1.43 0.05 200
Propzazine ug/t 34 1.43 0.05 2.00

Simazine ug/l 34 1.43 0.05 2.00

Terbutryn pg/! 34 1.43 005 2.00
Vclatile hydrocarbon fraction my/| 34 0.09 0.05 0.90

1.3-dichloropropane Hg! 33 1.00 1.00 1.00

Bromophos (-ethyl) ug! 33 1.70 0.05 2.00
Bromophos (-methyl) ug/! 33 1.70 0.05 2.00

Diazinon pg/l 33 1.70 0.05 2.00
Dimethoate Hgy/l 33 1.70 0.05 2.00
talathion ngll a3 1,70 0.05 2.00

Parathion-ethyl ug/l 33 1.70 0.05 2.00
Parathicn-methyl ug/l 33 1.70 0.05. 2.00
Pentachlorobenzene g/l 33 0.37 0.01 0.50
PAH { 10 "Leidraad tbs") ng/! 33 0.36 0.03 3.77
Al ug/l 32 1893.92 0.30 19700.00




Avergge-. minimum- en maximum cencentrations of some parsmeters in groundwater near
landfiil sites

Parameter Unit no. Average ﬁinimum_ ~ Maximum_|.
W;@C——mz ———0:55 70.00 200
Heptachloro /'l 101 0.56 0.00 2.00
Anorganic carbon mg C/l 99 169.08 53.00 478.00
Isopropylbenzene pel 92 0.92 0.0 15.00
Styrene ug/l g2 0.61 0.01 360
Sb . pgl 89 9.85 0.02 21220
PAH (total) pg/l 81 BERE 0.04 220.00
Y g/l 79 54.54 1.00 580.00
Se g/t 70 8.63 2.00 212.30
Chlorobenzenes (total) pg/t 69 0.27 0.01 10.00
Beta-endosuifan pal 68 2.06 0.00 5.00
Temperature C 68 12.63 7.00 18.50
1 2-dichlorobenzene ' Cug/ 61 0.49 . 0.01 6.90
1.3-dichlorobenzene pgt 61 0.45 0.01 4.00
1.4-dichiorobenzene ugh 61" 0.44 ) 0:01 3.40
isodrin ! 58 0.00 0.00 0.01
1.2.4-tnmethylbenzene | - ug/l 56 3.74 0.08 51.00
EOX syl 56 232 0.10 36.00
1.3 5.-trimethylbenzene -ugd - 55 R R3] 0.02 12.00
Dichlorocbenzenes ng'l 53 0.39 0.05 7.50
1.2-dichlorosthane pal 4% 10.53 0.20 232.42
hio ug/l 49 3.18 2.00 14.00
1.1-dichloroethane ng/i 48 572 0.20 232.4%
o-crescl pg/ 48 0.9 0.25 3.90
2 6-dichloroobenzonitri{dichlobenil) . pg/l 47 0.00 0.00 0.00
Cil (with IR) ug/l 46 277.24 50.00 7400.00
Telodrin ug! 46 . 0.00 0.00 0.01
Volatile halogens (VOX) g/t 46 26.01 0.00 265.00
2-nitrophenol pell ' 44 6.45 0.25 10.00
ethylphenoles ugl 41 1.99 0.25 15.00
2.4-dimethylphenol ugh 40 5.29 0.10 20.00
2-chlorophenod Mg/l 39 3.83 010 5.00
2.3.4 5-tetrachlorophenol ugl 39 359 0.01 5.00
2.3.4 6-tetrachlorophenol ugll 39 3.59 0.01 5.00
2.4.5-trichlorophenol gl 3a 3.59 0.01 500
2.4 6-trichlorophenal ug| 39 359 0.0 5.00
4-chloro-3-methylphenal ugf 39 4.07 0.10, 17.00

Aldrin . g/ 3g 1.44 0.01 2.00




Landfill site

Start: 1980

Yearly tonnage: 100.000 ton

Area filled with waste; 15 ha

Waste composition: 34 % MSW, 45 % Demolition waste, 17% Industrial waste, 4% Sludges
Distance between waste and groundwater: 70 centimeters
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A -1- - .
vwante - —. _
rubble I T I CI_T T T 1 ‘?""
m
Claay X
N Do
e a
v 4.0 m
samncl
105
Cha oy
LR EINE 2Y
]

L LR N




Reference values for groundwater in the Netherlands.

Parameter Concentration in ~ Concentration in ~ Concentration
groundwater, groundwater, _ in
: groundwatar
A-level B level C lovel
BOD, mg/!
CQOD, myg/l
Cl, mg/i 100.00
pH
NH,-N, mg/l - 2.00 100C.00 3000.00
Nitrate, mg/| 5.60
N-Kjeldah!, mgA -
P-total as PO} . mg/t 3.00 200.00 700.00
As, pg/ 10.00 30.00 100.00
Cd, pg/ ' 1.50 250 10.00
Cr, pg/l 1.00 50.00 200.00
Cu, ug/ 15.00 50.00 200.00
Fe, ug/! |
Hg. ug/ 0.05 0.50 2.00
Ni, ug/l 15.00 50.C0 200.00
Pb, pg/l 1 15.00 50.00 200.00
Zn, ug/l 150.00 200.00 800.00
EQCI, ug/ ' 1.00 15.00 70.00

A-level: "Background concentration”
B8 level: Concentration which requires further investigation
C level: Concentration which requires an investigation for remedial action




Concentration of some parameters in leachate and groundwater near a landfill site
{1980-1988).

Parameter Concentration in  Concentration in ~ Concentration
groundwater, groundwater, in

upstream downstream leachate

BOD, mg/ 3.30 3.49 . 392.50
COD, mg/ 69.33 92.13 1111.25
Cl, mg/! 1641.50 " 2504.79 699.75
pH | : 6.88 6.84 7.43
NH,-N. mg/! 21.33 22.86 100.00
Nitrate, mg/l - 0.13 006 0.09
N-Kjeldahi, mg/l 21.50 - 2388 113.50
P-total as PO} . mg/! 0.53 1.28 1.41
As. ug/l , - 8.15 11.57 46.60
Cd. ug/ | 0.40 : 0.48 0.53
Cr. ug/! 9.20 12.00 16.63
Cu. ug/! 144.10 198.35 3490
Fe, ug/ 55.40 68.58 5.95
Hg. ug! : 0.20 0.20 _ 0.17
Ni, ug/l 15.17 20.27 65.07
Pb. ug/l 51.45 31.16 17.00
zn, ug/l | 49.30 158.62 709.33

EOCI, ug/l | 050 0.38 B2.55
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/\ Corcentration

) Alarm for 1 observalion
xedg—— — o ———— -
Alarm for 2 consecutive observations
x+2s#—-—-——————————-n--———-ﬁ-——-———————-—
' ) Alarm for 5§ consecutive observations
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O
O 0 .
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[ d
O 0 Expected average
n naffected well
. Tme (year}
Period of gstablishment Control period
>- >

An example of a control chart for a specific well and parameter; X=average background
concentration; S=standard deviation. |



. With the use of these wells, it is possible to obtain samples that

are chemically representative of the water taken in by the well.
Consequently, attention must be directed to:

physical extraction of the water from the well

~ preservation of chemical integrity of the sample in transit to the |

place of sample analysis
attainment of analytical results that are accurate and have a
high degree of precision

Among the means of collecting samples from the wells are:

down-hole collection devices :
suction-lift, positive displacement, gas lift, rand gas-drive
methods .

gas squeeze or bladder pumps
jet or venturi pumps.’

Among~ the pertinent sample parameters for analytical
determination are: ' _

pH

specific conductance
total dissolved solids
total dissolved iron
nitrate

chloride

total organic carbon
total organic halogens
heavy metals
hardness
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lllustration of the time phase of a groundwater control monitoring programm; the time
estimates presented are.given for illustration purposes only.
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lllustration of the action phases related to a groundwater monitor programm.
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Monitoring Well (not to scale)



P 0
trap
Building ﬁ
- Gastraatment H E

{optional) .

Tempersture controlled
flame trap

L
i }
. Gasflow control PR N
. asa .
flame barrier
& —3

Explosion
LPloved

High spead
slide-valve

Temperature 4
manitoring I ]

.

—_—— e — s e b

¥Gascooling with

[, . i

TYewatering
| S—

Ditferential pressure 4638 . —-— Methane monitor
monitoring - =

Gascollectian
with dewatering

igure 1. Example of a safe

ty concert for a landfill gas utilization plant (Miilter
nd Rettenberger, 1986).



Smelling compouhds
Propane

Gas meter & monitor

Purified gas
Prefilter

PERERTEDGs §

il RS sthEtingt

. Figure I1.47.
Upgrading of landfill gas to natural gas and end-use as vehicle fuel

Adapted from Hennch and Ross, 1983.
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_ _..____ . Table_IL.2} : S

———Major- ~landfill-gas- end -uses;-their-limitations-and the" reqmred landfill ‘gas

treatments

Landfill gas applicaton Required landfill gas Limitadons -
_ treatment (1) - :

DiEect heat buimer) §

giRcfuel . - POEERAOR e ] §

E: ------ - + halocarbon§)
Dehydration (lhorough) * Can be transported (moderate
Parnal CO7 removal distance) and mixed with natural

. (+ halocarbons) gas at low ratios
Turbine fuel : Dehydraton (raw) Can be transported via pipeline .
— ’ (modr:ratc distance)

Dehydration (raw) Can be transported (moderate
Parial COzremoval ~ distance) and mixed with narural

gas at low ratios

WS o el G WEESAiCntgmaniateas |

(1) besides partcle removal

Modified from Ham et al., 1979.



Gas drain

o Leachate drain Bbllom liner
2% .

Figure 2. Possible design of a horizontal gas extraction systom (Boll et al., 1988).
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2. SITING

Many of the above-described problems can be avoided il the landfill is located in an appropriate

area. Of course adcquate siting may be difficull in countries with a specific geological situation

(e.g. high ground watcr tables, mountains). But il should be aimed at the following rccommenda-
tions 1o be respected.

- No dumping of waste into lakes, rivers, ponds or into the sea. The water will be polluted
due to dissolving of different components ol the waste supported by biological proccsses.
These may take place under acrobic and/or anacrobic conditions, where the anaerobic
processes may stay for a certain period of time in the acid phase. The inorganic
componcats may ¢ither be oxidized or reduced. Up 10 a certain degree, with the ditferent
stages of biological degradation the amount of soluble components increases. Also under
optimum dcgradation conditions humic- and fulvic-like components are produced and
solubilized. Organic nitrogen is converted tnto ammonia which may be oxidized inic .
nitrate.

- Landfills should not be located in vallevs where the slopes of the hills and the botlom of
the valley are the borders of the landfill. As a consequence of such a location the surface
water from the mountains or hills may flow into the landfitl. Under this condition also wa-
ter out of the mountain may penctrate into the landfill. Although a lot of twcehnical

. measures can be taken 10 avoid these problems as drains on the slope and the channeling
of the river/ditch by means of a pipc underneath a landfill, 1t has been shown in many
cases that on a long term these measures do not work satisfactorily and remcediation is very
difficult to achieve if at all.

- Landfills should not be located on steep slopes where sliding of the landfill may occur.

- Landfills should not be located in arcas where ground waler is used for drinking water
supplv. '

- Landfills should be sited in areas of low precipitation rales.

- Landfills should be located in arcas with appropriawe naturat soil qualitv,

As a conclusion those arcas should be favored where the subsoil is of low permeabihty, where no
surface water can enter the landfill and where the ground water tabie is either very low and/or the
quality of the waler is 100 poor to use it for drinking walcr (e.g. high natural salt content). Landfills
should preferably not be built in pits but as maunds so that a natural drain of the leachate out of the
landfill can take place.

"Of course often not all these aims can be met duc to specilic area situations. But it should be kept in
mind that a land{ill stays at its position forcver and long-term problems will occur.

3. LANDFILL DESIGN

If the natural soil is not of low permeability it should be tried 1o build in a layer of clay or similar
material or 1o upgrade the existing quality of the soil by mixing it with appropriatc material (e.g.
bentonite) 1o decrease the permeability. If there are significant fissures in the natural soil of low
permeability, if possible, the surface layer (30-50 ¢cm) should be removed and built in again under
controlied conditions. In any way the low-permceable natural sotl should be adequately sloped so
that the water has the chance to drain off on the bottom of the landfill site by gravity (sce Figure 1).

On top of the graded soil coarse inert material should be ptaced in order to function as a dewalering
system. If this kind of material is not available and also pipes cannot be emplaced rigoles shquld be
placed on the bottom of the landfili that transport the lcachate outside the landfill. The distance
between these rigoles should be as short as possible; at least they should exist every 30 m. The
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Figure II.39.a + b -
Condensed water collection in a landfill gas recovery header

Adapted from Rovers ¢ al., 1977.
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leachate is collected either in manholes connceted by pipes.or - if this is not possible - in a diteh
that surrounds the tandfill. These measures can be realiced much casier if the tandfill is a mound.

Surface waler should be captured by means of ditches in order to avoid its contact with the waste.

If virgin soil had been removed at the land i1l base this soil should be stored aside the landfill. After
the land{ill is completed this matenal can be used as final cover.

The slopes of the landfill mound should not exceed 1:3 atherwise shiding or foundation failure may
take place. In areas with high precipitation rates (duning the year or day) possible crosion problems
should be avotded by covering the surface with grass or other adeguate plants; in addition ditches
should be built in supported with gravel or stones to transport the surface water out of landfill; no -
mixing with the leachate should take place.

4. LANDFILL OPERATION

4.1 Emplacement of a taver of composied refuse as o lirst il

Enhancement of anacrobic processes can be achieved il landlills are operated aerobicly for a cerain
period of time. This can - partly - be achieved i the refuse is not compacted or 1s placed in thin
layers without cover (highly compacted). Enhancement is documented by the carly decrease of
organic concentrations in the leachate.

As a result ol ditferent investigations (Sicgmann and Spendlin, 1989) the tollowing concept for a
full-scale land (il has been developed. The tisst layer ol fandfill should be prepared in such a way
that the polluted leachate from the litts above can be anacrobicly treated in this ares. In ordes 0
achieve this the first layer of refuse (1.5-2 m height) must aot he compacted, so that readily
degradable organic waste components can decompose acrobicly. Leachate recirculation should be
practiccd in a controlled way. The rate of recirculation should be moderate in order to avoid
anacrobic contitions. Alter 1 oyear ol placement, the usual landtilt operation can start. The disad-
vantage ol this procedure is that a high leachate production rate will result during the {imst year; in
addition, odors may occur and vermins may develop. For these reasons it is much more cffective of
already composted MSW is emplaced as a first it ol about 2 m. This is a normal procedure-for
new landlills in Germany today: if this has been done, the operation of landfill can proceed
immediately after the laver of compost has been built in, On top ol the compost from MSW, the
refuse should be compacied in thin layers (230 em) so that the MSW s cgually wetted 2nd some
acrobic processes mayv take place in the surfice arca. ‘

As a consequence ol this kind ol aperation, the Tollowing results can be expueeied:

- The concentration ol the organics 1 the leachate is expected 10 be very low, so that cnergy
requirements lor the acrobic leachate treanment are reduced.

- Gas s produced due 1o the anacrobic degradation ol the feachute inside the compaost Jayer,

- Contiolled leachate recirculation witl result in cgual weiing of the MSW and in an
cvaporation loss ol leachate, ;

- I leachate of this quality Icaves the Jandfill in an unconirolied way the cavironmenta
damagc is signilicantly lower,

4.2 Leachate recirculation

Rcci_rculalinn-nl' the Teachate on wp of the land!ill with the aim o evaporate as much leacheie as
passible should be considered. In this case the proportion ol the leachate that evaporates may unly
be partly treated (for odor control); il leachate originates from an old landlill, pretreaiment may not
be necessary. For this procedure the climatic situation is ol great importance. If there is a large
lagoon available (c.g. for biological leachate treatment) waler can be stored and recirculation
should only take place during times of high cvaporation rate. During recireulation the distribution
of the leachate should be done cqually over the landfill surface. The amount of leachatc heing



Figure 1I.33 '
Flowsheet of well spacing according to the equilateral triangle method
{

From -Sh'en, 1980b, by courtesy of the author.

r = radius of influence
S=2a=2(rcos30°=1732r
Assume r =351 25 m depending on the properties of the in-place wastes
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Head for landfill gas extraction well with flexible coupling to the gas
collcction header

From Blanchet, 1974, by courtesy of the author and with pcrmjssmn from Penn Well
Publishing Co.



Unpolluted soil shoutd not be landfilled unless it is necessary for intermediate and/or final cover., if
soil cannot be used it should be intermitiedly stored separately. Rubble should not be landfiileg
together with MSW. It should be aimed al reusing as much of this material as possible for road
construction, ctc. by means of simple sicving and crushing techniques. The non-usable fing;
fraction could also be used as cover maierial for low-density landfills.

Sewage sludge should be recycled- on land if the quality is appropriate. If the sludge i
contaminated and has to be landfilled, it should be biologically stabitized (aerobicly or anacrobicly)
and if possible dewatered. The sludge should then be landfilled in casselles in order notl to
negatively influcnce the stability. The sludge may also be thoroughly mixed with the waste in
adequate proportions (not more studge than waste related lo the inhabitants).

Julky waste should only be landiiled after the reusable paris have been selected. This can be done
by unloading the bulky wastc on an arca adjaccent Lo the landfill where people and/or the operator
and/or organizations clc. may have the possiblity of sclection. The non-usable residues can then be
landfiiled at the end of the day, so thal the "reeycling arca” looks clean.

Very often wood is fandfilled. This should be avoided by separating it from the waste stream, The
wood can be reused for cooking or be shredded and used for different purposes (e.g. as an additive
1o organic waste lor composting, [or landscaping). Woud pretreated by means of fungicides ete. has
to be tandfifled if it cannot be incinerated in MSW incincrators. ‘

6. CONCLUSIONS

Land{ills in cconomicaily developing countrics are oflen in a very bad condition. A main reason for
environmental impact is often bad siting. In addition, emission control is not practiced and the
operation of the landfill is poor. Landfills in cconomically developing countries should be planncd
and operated in a controlled way, where low cost procedures should be implemented; the specific
situation in the country has always 0 be respected. Landfill operators should have a cooperation
with a University or Rescarch Institute especially for monitoring assistance. The. following mai
aspects should be respected:

- Landlilis should be located in appropriate arcas {no surface- and ground water infiliration,
low rainfall rates, not on steep slopes, preferably low soif permeability, elc.).

- Landfills shouid preferably be built as a mound, so that leachate can leave the land[ill by
natural gravity. ‘

- The base should preferably be ol fow permeability with adequate slopes and drainage
syslem,

- The installation of a first lift of composted MSW results in refatively low organic leachate
concentrations.

- Leachate recirculation should be practiced in a controlled way; simple leachate treatment
systems ds lagoons may be uscd.

- MSW should be adcquately compacted or covered with adequate material in order 1o avoid
fires.

- LFG has to be controlled and can be utilized for energy production.
- Landfill design has 10 respeet the stability of a landfill, |
- Revegetation of completed landfills and surface watcr control have to be implemenled.

- There are also in cconomically developing countries many possibilitics in waste avoidance
and recycling 1o which should be given high prionty.
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recircutated should be similar 1o the average weekly natural L'vapnrali(m rate, Leachate reerreulation
should not be prALuLLd in the working [)hd\L durmb the vperation hours. For ihe distribution also
tank vehicles - as they are uscd in agricullure 1o distribule manure on the ficlds - are appropriate.
Since Lthere may be trace Organics in the leachate that should not be incorporated in the human body
spraying should be avoided. In many ciimatic cones controlled recirculation of the biologicatly-
treated lcachale may be very advamascuwu. )

4.3 Leachate treatment

If no specific requirements have 1o be respected (e, residual COD) the collected eachate should
be treated biologicatly. As alrcady mentioned, dL[)LndLnl upon the climatic situation cortrolled
leachatc recirculation should be considered. :

If a first lft of composted reluse was emplaced the concentrations of degradable organic
components will be relatively tow (BODs concentrations ol about <100 - {000 me/l) with COD
concentrations  around  SUU - 3000 myg| (degradation rale about 90%). but the ammoniy
concentrations will be relatively high (around 1000 me/1) (see also Stegmann and Spendling 1989).
These values are common in undiluied lescheie from lindfills in Gerny iny.

Biological [cachate treatmoent con tike plice in actvated sludue plants or in lagoons (see also
Christensen, Cossu and Stcgmann (uds). 1992) Lagoons mav he appropriate in cconomicully
devedoping countnes {or leachaie trentment since this s w0 sunple weehnology thit can be used in
most cases. Dependent upon the size ol the Land T as wedl as climatic conditions and the specilic
sttuation (feachute quality . depth of the tegoon ey the Jagoon may aither be artihicrally acrated or
not. During the treatment in 1|¢L lagoon the BOD: will be further reduced and atiritication miy
occur. In LLDLF]] phosphorus has 1o be zdded 10 the leachate 10 overcome P-deticiency. If theremare
anoxic zones in the Ligoan also deanribicstion mav oceur. In additon the pH \.1|L.L \n.'. rise » 7.3
and the sultides will be oxidiged. There il be ron- and carbon dlL p.Lupml.(m The siee o the
lagoon depends very much on the chimate situations, where in cold chimates the Legoon will frec e
and only very Littde degradation will ke place dunmo those periods.

The elfluent of ihe lsgoen muay be further treaied now controtled wet tand where reed miav be
planted. After this ph\\mi(w.ul upgriding of e quality leachate may be discharged o SRICTTSY
walers wilhout (.J.‘.J\H'IL detrimental cticets,

[n order to controf the leachaice \sm; le mahvucal measurements should be made. gl the i as well

1
as nurate- and ot values can he me m,.\d Py ousing Indicator paper. Hoere the um)cnili(m Wwith u
ncarby University or Rescarch Institeie of 6 seswstae reaiment plant should be simed ot

4.4 Gas extraction. -treatment, and -ctihzedion

Atdarger Lindfills gas extraction systems should be installed and the gis should be used o gain
energy. A very gnod example lor a simple wis utihzation s deseribed h Penido Monteiro (1991).
How a gas extraction system normally is mstilicd is deseribed clsewhere (Anorvmous, 1991). But
these systems might not be dpp'l&..lhlL inevery e so that simpler svstems should be developed.

Important is that the main principles are respected:.
- noair should be sucked into the land hit] or lr;mspurlaliun ppes;

- landfitls settle during their hiletime by more thun 200 % dependent upon the k rnd of retuse
landfitled and the du rec ol initisl compaction reached;

- Jand Bl gas is corrosive:
.- landfil) gdas s water-saturated and condensate will be produced due o the temperatere
drop of the landtill 84y,



o *w, the.optimum._gas extraction rate (m3 h:l),

D, the refuse density {dimensionless), and
h, the height of the refuse layer.

Extraction well

z Permeabie cover
Gas flow:

- 4 o : \-_ -
lines , efuse

i §\ A,,_X\ 3D ellipsoidal
c . M -]

iso-pressure contours
a) ~— = Screen ‘
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d '
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- R : ) )
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Figure I1.31
Isc pressure curves upon landfill gas pumping from the extraction well
a. Zone of sucking influence in unconfined conditions
b. Zone of sucking influence in confined conditions

From Clement, 1981, by courtesy of the author.
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neither for intermediate nor for the final cover of the landfill. This rule should also be obeyed at
small landfills; othcrwise a andfill gas extraction system should be installed and operated, where
the gas is sucked by means of a blower.

Simple technigues should be used also for analyzing LFG-quality. Again there should be a
cooperation with a University or a Research Institute. On the land{ill simple devices as the "Orsal”
should be installed instead of sophisticated gas chromatographs. '

4.5.Codisposal

This subject will not be discussed in detail in this paper. It is obvious that in economically
developing countries codisposal might be necessary duc to the lack of sccure industrial waste
incinerators and/or landtills. But it should be kept in mind that no toxic, hiquid and volatile wasie
should be codisposed. Whenever it 1s practiced it should be done in a controlled way, so that no
industrial waste concentration takes place; in most cases a mixture of MSW with selected industrial
waste is the best solution. IT the industrial waste is biodegradable no major problems are expected if
it1s somehow mixed with the MSW (see also Anonymous, 1991).

4.6 Waste Disposal Techniques

Fires are very often observed on landfills, where the waste is not compacted o high densitics by
means of compaciors. Air entering the landfill will initawe composting processes; 48 a result
lemperatures up o 70°C may develop. Inside the lendfill snacrobic degradation takes place where
methane 1s produced. In combination with catalviie processes self-ignition may oceur and the fire
may peactrale into the land il where due o the high wmpceratures and the absence of air pyrolysis
processes mity take place. These fires cannot be extinguished by water. In contrast, dut o un
INCrease In moeisiure contenl anacrofuc diological processes may be cenhanced with increasing
meifhane production rates. As a consequence high compaction of the waste should be achieved: if
no adequale ¢quipment is available, so that only low compaction rates can be reached, measures
should be Liken o aveid air penetration nte the landfiil. This can be achieved if daily cover is used:
as cover material soil, compost and rubble and under certain circumstances slags from power piants
may be uscd. Of course no new problems should be initiated, ¢.g. if clav-like muaterials are

emplaced ditficult driving in wet conditions, or dest tormation during dry periods may ke place.

5 WASTE AVOIDANCE AND RECYCLING

Also 1n ceonomically developing countrics there is a great potentizl for waste avoidance and
iecyeling. This can be concluded from the people olien seen on fandiills selecting materials. For
several reasons (accidents, emissions, fires, cte.) landlilis should not be open for the public.
Perhaps this kind of waste recycling could be practiced in a controlled way, where ‘zuthorized
people select the reusable materials out of the waste before it is landfilied. Site-specitic simple
systems should be developed. The selection of reusable materials may te much casier if the MSW
18 sieved so that the fines, which in general contain no reusable materials, are separated.

Another option may be the installation of small and simple recycling arcas distributed all over the
ity and countryside, where people bring materials as boules, plastic material, metals, cic. and may
get paid for it. Doing so, a separate collection takes place and a secondary market may develop.
Such a system was in operation in a simple but cffective wav in the former DDR (GDR). If possible .
also containcrs can be used, where people bring materials for recycling.

Non-polluted vegetative waste from homes, food indusiry, etc. should not be disposed of in
landfills but separalely composted using simple windrow sysiems. By this means in many countries
great amount of waste can be reused as compost in agriculture etc. Again this should be donein a

controlled way where University and/or Research Institutes may analyze the compost for poliu-
tants, ‘ ’
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Table 1. Concentration range of halogenated hydrocarbons in Iandflll ga:
(Miiller and Rettenberger, 1987).

|
Gas Formula Concentration rang‘leE
Trichlorofluoromethane CCl4F 1-84 '
Dichlorodifluoromethane CCl,F, 4119 [
Chlorotrifluoromethane CCIF, 0-10 :
Dichloromethane CH,Cl, 0-6
Trichloromethane CHCl, 0-2
Tetrachloromethane -~ CCl, 0-0:6
1,1,1-Trichloroethane C,H,Cl, (.54
Chloroethane C,H,CI 0-264
Dichloroethene C,H,Cl, 0-294
Trichloroethene C,HCl, 0-182
Tetrachloroethene C,Cl, 0.1-142
Chiorobenzene CeHsCl 0-0.2
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equation (4):

(4)

. .
Ggp = Gg * (l-e~K'T)
Ggp = gas sum at the time T [m3(STP)/t MSW]
Gg = total gas amount
T = time in years
k = coefficent = - 1n (0.5)/Tq .5
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. wasser einer Siedlungsabfalldeponie erreicht werden (Baccini und Belevi,
1992)
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_ Processos pe _roroList @

(CeHip0s) +nH0 — nlGHizOc

PROCESSOS FERMENTATIVOS
Cc Hy20¢c + HaO —» 2CHLCOOH + H, + co,

Ce'H.; Os —> C3 H; COOH + 2H, +2COz
-Cé thoé — CszOH

® PROCESS0S ACETOGENICOS
C,Hs COOH 4+ 2 H,0 —» CHyCOOH + (O, + 3Hy
C, Hy COOH +2H,0 —» 2CH,cOOH + 2 H,
| CHs OH +H,0 —= CHscood + 2 Hz

Co Hs CooH- T*H22 scu,cooH + H

o PROCESSOS METANOGENICOS
| 4 Hz + COZ — CH4_ -+ 2HZO
CHs COOH —_— CH4_ + COz

RIDUCCION DE SULFATES
4 H, + 0, + H* — HS™ +4H,0
CH3 COOH  + S02 —» (0, +RS 4+ HC05 + H,O
 C3H, COOH +8D,* " +H"—> 4 CHy COOH +HS™
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Chemical and Biological Characteristics of Landfill Leachate : 67 . @

Gos composdon, vol %
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Phase 1 i m Y
ﬁgm:e 1. lHlustration of developments in leachate and gas in a landfill cell
(Christensen & Kjeldsen, 1989).






Tabella 8. Parametri caratteristici della qualitd del percolato in relazione alla fase di
degradazione del rifiuto (Ehrig, 1989)

Parametn Fase Acida Fase Metanigena Subile
pH 435+1.5 T.3+9
" BODS(mg/l) 4000+40000 - 20+550
COD(mgh) 6000+60000 500-+4500
SO4(mg/) 70+1750 10+420
Ca(mg/) 10+2500 - 20+600
" Mg(mg/) 50+1150 40+350
Fe(mg/) 20+2100 3+280
Mn(mg/) 0.3+65 0.03+45
Zn(mg/h) 0.1+120 0.03+4
Sr(mg/) 0.5+15 0.3+7
Tabella © Parametni caratteristici della qualitd del percolato che non presentano

differenze fra le fasi di degradazione del rifiuto (Ehrig, 1989)

Parametn Unitd di misura

A

Intervalli di vanazione

a (mg/) 100 = 5000
Na (mgN) 50 + 4000
K (mgA) 10 + 2500
Alcalinid  (mgCaOOyN) 300 + 11500
NH4 (mg/) 30 + 3000 .
Norg (mg/) 10 + 4250
Niot -(mg/) 50 + 5000
NO; (mgh) 0.1 + S0
. NOz (mgh) 0+ 25
Prot (mg/l) 0.1 + 30
CN (mgN) 0.04 + 90
AQX* MgV 320 + 3500
Fenoli (mg/)) 0.04 + 44
As k) 5 + 1600
Cd g 0.5 + 140
Co wgn) 4 + 950
Ni (ugh) 20 « 2050
' Pb (TP} -8 + 1020
Cr wgh) 30 + 1600
Cu () 4 + 1400
Hg (g 0.2 + 50

*Composti organici alog

enati
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Figura 4.- Andamento della conduttivitd idraulica in funzione dell'umiditl e del peso di

volume secco dell'argilla (Farquhar, 1992)
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Figure 5. Example of a manhole for final leachate collection.
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Figure 6. Trend in the identified fraction of leachate TOC versus landflil
age (Chian & DeWalle, 1977).



ASPECTOS SOCIALES DEL MANEJO DE LOS RESIDUOS SOLIDOS

El manejo de los residuos solidos es un conjunto de servicios de intrinseca naturaleza social. Esto
es, pocos servicios publicos pese a su composicion "publica" presentan y requieren tan altos
niveles de participacion social El manejo de la basura conlleva a un hecho social. Cada persona,
cada familia, una coloma. una ciudad, parucipan directa o indirectamente en la génesis, desarrollo

y posterior disposicion de sus desechos.

La generacion de residuos es un hecho individual que deriva de un proceso acumulativo que
involucra a la sociedad en su conjunto. Todos los elementos de la sociedad tienen roles y
funciones bien definidas de participacién en torno al manejo de los residuos solidos tanto
individual como colectivamente. De los patrones de comportamiento personal se afectan las
magnitudes, de las conductas de grupo se definen sus componentes y de todos depende su

tmpacto en el ambiente

Pese a esta cualidad social inherente, el manejo de los residuos sélidos no ha mostrado una
orientada participacion de la sociedad de manera generalizada. Diversas son las modalidades y
manifestaciones de participacion que se requieren. De manera individual, es necesario actuar para

generar menos residuos.

En los casos cuando se han dado manifestaciones importantes, estas se refieren a aspectos
particulares con caracteristicas muy especificas, que convendria analizar como estudio de caso
a fin de identificar modalidades que han dado resultado y bajo que condiciones éstas se han

\
generado.

Por lo anterior se concluye que todo elemento de politica de mejoramiento del manejo de los
residuos sélidos debe tomar como uno de los elementos basicos la orientacion de participacién

social.

Se pueden distinguir tres etapas en la participacion ciudadana en relacidon al manejo de los

residuos solidos. La forma mas avanzada de estas etapas es la participacion individual, la actitud
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consciente de cada_persona en_favor_de una racionalidad_en la_géneracion_de residuos, buscando

generar la menor basura posible o quiza orientandose hacia la idea ecologista de no generar
residuos. En esta etapa se encuentra ubicado también el proceso de seleccion o separacion en la

fuente.

Esta etapa en la actualidad tiene pocas posibilidades de éxito si se le considera como un hecho
generalizado. En la mayoria de las ciudades en las que ya se puede hablar de esta etapa se
manifiesta como hechos poco sistematicos y mas bien de caracter zonal, regional o local, sin

poder extender su alcance al entero de las localidades.

Una segunda etapa de transicion, pero muy importante ejercicio civice urbano, lo constitﬁye la
participacion soctal de grupo, orientada a fortalecer y mejorar los vinculos de la ciudadania como
grupo con los servicios inherentes al manejo de los residuos solidos. En general esta etapa se
orienta‘a superar el reto que representa la aceptacion de la infraestructura del servicio en un
entorno determinado. El fenémeno mundial relacionado con las siglas NIMBY, no en mi patio,
ha sido uno de los factores que mayormente han condicionado la evolucidn del servicio o en su
caso han incrementado su costo a limites que ciudades de economias en desarrollo dificilmente
pueden sufragar.

Este nivel como paso intermedio en la actualidad constituye la forma de participacion social mas
importante en ciudades que como la nuestra que empieza un proceso de desarrollo, en donde la
infraestructura basica se convierte en la plataforma de despegue de toda politica o de la

instrumentacion de acciones de mejoramiento.

Esta etapa representa un reto a las autoridades e implica transformaciones de fondo tanto en los

conceptos como en la definicion de sistemas y procedimientos.

Lo anterior significa un cambio en las practicas administrativas y una revisién a las condiciones

del manejo de los residuos solidos.

El primer obstaculo que presenta la participacion ciudadana es la asociacion peyorativa de la



basura en su manejo. Efectivamente, a lo largo de los afios en nuestras ciudades el manejo se
habia mantenido en condiciones de rezago con respecto a otros servicios urbanos. Presupuestal,
administrativa y operativamente no se consideraba como servicio prioritario, lo que

institucionalmente condiciond su manejo y sus impactos en el entorno social y en el ambiente.

En el caso de la ciudad de México la memoria urbana registra hasta hace muy pocos afios las
grandes montarias de basura en los tiraderos, el desprendimiento de olores y gases la proliferacion
de fauna nociva en su alrededor, las escenas de ventas de subproductos. Situaciones semejantes
se grabaron en la poblacion en torno a las antiguas estaciones de transferencia.

Ante este panorama toda accion de exhortacion de cambio se enfrentaba a la resistencia narural
de la ciudadania, convirnéndose la pamcipacidn de grupo en un rechazo total a sus nuevas

construcciones y a la operacion de las ya existentes.

Por otra parte, existia una firme conviccion de cambio. Los grandes requerimientos ambientales
de la Curdad de México, la dinamica urbana y la existencia de grandes deficits a nuevas formas
de manejo y administracion, en donde la conformacion de infraestructura basica representaba el
papel mas importante. Y este constituia paraddjicamente el mayor concepto de oposicion de la

ctudadania.

Derivado de lo anterior, fue necesario instrumentar politicas o acciones para lograr el apoyo
ciudadano para estas acciones que actualmente constituyen uno de los elementos variables mas

importantes en el manejo de los residuos sélidos de esta capital.
Esta concepcion implico lo siguiente:
- Considerar el manejo de los residuos solidos como prioritario, eliminando la asociacion

pevorativa de la basura a las practicas institucionales, presupuestales, administrativas,

etc.



-—Conferirle-al-manejo-de-la basura-caracteristicas-ambientales sanitarias; de funcionalidad

y de imagen urbana.

- Iniciar acciones para conformar casos ejemplos de operaciéon controlada con las

caracteristicas antes sefialadas para contar con efectos demostracion efectivos.

- Establecer compromisos y responsabilidades especificas de las autoridades; y derechos

y obligaciones de los habitantes.

- Establecer un mecanismo de trabajo social urbano para atender las demandas, dar
respuesta a dudas y en general explicar el contenido y alcances de las acciones

especificas a diferenies niveles, individual, familiar, grupal, regional, etc.

- Formar comites de vigilancia ciudadana para controlar los impactos al ambiente, los
efectos en el entorne urbano. la funcionalidad vial y la imagen de las instalaciones.

Todas estas consideraciones se sustentaban en una efectiva conviceidn politica de mejorar el

manejo de los residuos solides asumiendo compromisos que definitivamente deberian

instrumentarse, viéndose resultados en el corto plazo que paulatinamente lograrian la aceptacion

de la poblacion a la infraestructura basica.

Grandes fueron los esfuerzos de concentracion, maltiples demandas que atender y responder, pero
ﬁnalmente,- los habitantes de la Ciudad de México y las autoridades han 1do gjercitando muevas
formas de relacidn en el manejo de los residuos sélidos y con ello se ha venido conformando la
infraestructura basica para alcanzar nuevos estadios de desarrollo y asi contar con la plataforma

para atender formas mas avanzadas de participacion social.

Un ejemplo de caso podria tlustrar este proceso, para lo cual mencionaremos la construccion de

la estacion de Transferencia Tlalpan.

Finalmente, la tercera etapa de participacion se refiere al nivel inicial de ubicacion vy



concientizacion del problema, a la etapa de conocimiento basico a la aceptacion y disposicion

para conocer el problema,

Esta es una fase que paralelamente se ha trabajado a nivel de unidad basica y de alguna forma

de comunicacién masiva.

Es por ello que a continuacion se presenta una muestra de los mecanismos utilizados para
estimular la participacion de la poblacion en el apoyo a la construccion y operacion de estaciones

de transferencia.



CURSO INTERNACIONAL SOBRE DISE!

DEL 14 AL 19 .2 MARZO DE 1994

7 OPERACION DE RELLENOS SANITARIOS

HORARIO / LUNES MARTES MIERCOILES JUEVES VII{RNI-'._.‘{ SADAIX)
DIAS (14-MARZO) (13-MARZLY) (16-MARZOY (1 7-MARZ() (1B-MARZ()) _(|:9.Mnu7,:_))
900 . 1000 DIENVENIDA METODOLOGIA PARA L IMPEEMENTACION DEL DETEEMINACION DE PARAMETROS DE | DESARROLLO INSTHUCIHONAL VISITA AL
EMPLAZAMIENTO DI RELLENOS DISERGO Y S CONSTRUCCION | DISENO PARA LA HINOAMERICA RELLENG
(ORGANISMOS SANITARIOS (LIC. JESUS BARRIRA SANTARIO RORDO
COORDINADORES) ) (MR, N.C. VASUKI) LozaNo) PONIENTE
(900 4 930 (ING. JORGE SANCHIZ :
GOMILZ) (ING. JORGE SANCHIZ GOMEZ)
WO - 110 SITUACION ACTUAL FACTORES SOCIALES Y CONTROL Y MITOS ¥ KEALIDADES SORRE
MUNDIEAL ECOLOGICOS APHOVEHCAMIENTO DE 1.OS RESIDUOS SOLIDOS

(DR. LUIS F. DIAZ)
LATING AMERICA
(ING. FCO. ZITTDA
PORRAS)

{910 411 00)

{LIC. ROSALBA CRUZ
JIMENEZ)

IMOGAS

(DR, DFK BLKIR)

{ING. ARTURO DAVILA
VILLARLAL)

CONTRO, Y TRATAMMINTO DI

o0 - 1100 FLINDAMENTOS DEL, ESTAIDIOS PREVIOS DISENUY DEL RELLFNO SANITARIOY MUESTRED, ANALISIS E
RELLENG SANITARIQ LINIVIADGY OHHRAS cuMi-l.l-',m-;_MHlAS INTERPRETACION DR i
{(ING. RICARDO ESTRADA PARTE | RESULTADOS DE PRUEBAS DE |
(DR. GEOFFREY BLIGHT) NUNEZ) (DR. RAINER STLGMANN) (ING. FLLITE LOPEZ SANCHEZ) LABORATORIO
(ING. ALVAROD
CANTANHITDE)
1200- 12w I Y e 0
1240 - 14002 ) LEOISLACION INTERPRETACION DI LAS PROTECCICIN T AULIA JHSENGCE DEL RELLENO SANITARIO Y IMPACTUY ¥ MINGTOR LY
S USA CARACTERISTICAS DEL SITIO EN SUBTERRANEA OHRAS COMPLEMENTARIAS AMBIENTAL
(DR. W. FORESTER Y EL DISERG DE UN RELLENG PARTE Il
DR. LUIS F. DIAZ) SANITARIO (OR. RAFTAELLO COsSU) (ING. JELIPFTE LOPEL SANCHEZ) (ING. DOMINGO COBO
- LATINO AMERICA PIREZ)
(ING. KO, ZEPEDA (CR. ROBERT K. HAM)
PORRAS) .
- MEXICO
(ING. GUSTAVO
SOLORIANG OCHOA)
1400 - 1430 M F s A R k. [ LI N D A
1430 - 17 C (8] M 1 D A
1700 - 1800 CARACTERISTICAS DE LOS GENERACION ¥ CUANTIFICACION [ OPERALUION DEL RELLENG MOUELOS DE PREDICCION DE MOV
RESINIOS SOLIDOS ¥ DE BIOUAS SANIFARIO EQUIPO Y . R '
DE CONTAMINANTES .
COMPATIHILIDAD PERSUNAL . ' MESA REDONDA
(DR. LEON VAN (ING. HUMBERTO VIDALES A.)
ARLNTDONK) ENRIK
Rt (M. H ORNTR/IRG) | (DR. ADRIAN ORTIGA) *LA PARTICIPACION DE LA
1800 - 1900 SELECCION DE SITIOS, PALANCE DE AGUA ¥ CANTIDAD | SISTEMAS DE CONTROL EN LA | ANALISIS DE COSTOS INICIATIVA PRIVADA EN 1.OS
ASPECTOS NO QEOLOQICOS DE LIXIVIADOS OPERACION DEL RELLENO - SISTEMAS DE ASEO URPANO®
{DR. MICHAEL J. SANITARIO (ING. FCO. ZEPTDA PORRAS}
rHILPOTT) (DR. PETER LECHNIR) (ING. ARTURO DAVILA
VILLAREAL ) i
1900 - 10 00 SELECCION DE SITIOS, ACEPTACION O RECHAZO DE CLAUSURA DEL RELLENO IMPLICACIONES A LA SALUD
ASPECTOS OEOLOGICOS RESIDLKIS SOLIDOS Y RESIDUOS SANITARIO Y SU CUIDADO A PUHLICA
ESPECLIALES LARGO PLAZO
{DR. SARELLE A. PARIS) | (DR. LEON VAN ARENGONK) | (DR LUIS . DIAZ) CONSULTOR O.P S / PENCIENT)
7090 - 20 MW M E S"'A R K D O N D A
COORDINATION NG CONATANTING GUTIEREZ ] ING PALILA NORENA FRANCO ING| FELIPE LT 3

INCGH INES SEMATIENE MORA J INUO GUSTAVO SOLORZANG O | 1IN RICARDO ESTRADA NETNIZ




DESCRIPGION DEL CURSO ISWA-Y-DE LOS MATERIALES INSTRUCCIONALES-SOBRE —

LA DISPOSICION FINAL DE RESIDUOS SOLIDOS (RELLENQS SANITARIOS)

El propésito de las notas del curso es el de proporcionar material de apoyo a las conferencias que
_se dictaran como parte del.curso ISW A sobre disposicion final de residuos sélidos, para los paises
en desarrollo. En ellas se define a los rellenos sanitarios y su practica para diferentes niveles de
calidad y proteccion ambiental Por razones claras, 1a practica de disposicién de residuos solidos
en los paises en desarrollo debe ser economica y reflejar las condiciones de la localidad.
Conforme 2 ello, las notas estin orientadas hacia una practica de disposicidon de residuos
implementable bajo una variedad de situaciones, muchas de las cuales implican una severa
carencia de equipo o recursos financieros y quizas falta de interés publico en relacion a la calidad

del relleno sanitario.

El concepro general del relleno sanitario abarca una amplia gama, basicamente desde un tiradero
abierto, en el cual hay muy poco insumo de ingenieria, hasta el mas riguroso de los disefios,
como los requeridos bajo algunas de las regulaciones ambientales actuales mas avanzadas del

mundo.

Propiamente, el término relleno samitario no deberia usérse para describir las operaciones mas
rudimentarias, pues por definicion, un relleno sanitario requiere el control de todas las emisiones
e impactos esféticos a niveles aceptables Los requerimientos para una practica aceptable pueden
cambiar de acuerdo al tamaiio del relleno, los tipos de residuos y la practica local en relacién a
su aceptablidad ambiental y estética. En este sentido, el curso considera la practica del reileno
sanitario aplicable a la situacién predominante y no sélo los requerimientos del relleno sanitario

clasico.

El tamafio del relleno sanitario deber ser tal que sirva para alojar la cantidad de desperdicics
generados por las personas para un periodo de, al menos, 5 a 10 aflos. Los desechos solidos a
ser manejados deben conocerse o proyectarse en relacion a su cantidad y composicién, de tal

manera que el volumen a llenar con los desperdicios sea suficiente, asi como el material para su
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cobertura, el equipo v los procedimientos de manejo. La geclogia y localizacién del sitio son
factores importantes. El espectro de la geologia puede variar desde suelos muy porosos que
pueden permitir el flujo de gran cantidad de gas v lixiviado proveniente del relleno sanitario, v
no proporcionar virtuaiments ningﬁna proteccién ambiental al agua subterranea, o & las Areas
circundantes, hasta suelos relativamente impermeables tales como arcillas, las cuales limitan el
flujo de gas y lixiviado y de esa manera permitir que é€stos sean manejados en el lugar. El sitio
debe estar localizado apropiadamente con respecto al agua de la superficie y areas inundables.:
de manera tal que el agua superficial no resulte afectada por ninguna contaminacion que surga

de las operaciones dal relleno sanitario.

En el disefio de un rellzno sanitario’se debe tener en consideracion el tipo de suelo disponible.
la canudad vy caracteristicas de los residuos, la geologia del lugar, su accesibilidad, y otras
factores que permitan la disposicion de desechos, libre de molestias, v de una manera légica v
continua. Esto se logra por medio de la adecuada ubicacién del relleno sanitario en relacion a las
carreteras, cuerpos de agua superx_'lcxa]es, colinas, estratos rocosos, aguas subterraneas y los tipos
de suelo del lugar, a fin de aprovechar al maximo las propiedades anicas de cada lugar. De-ia
misma manera, algunos sitios pueden ser tan inadecuados por cualquiera de las consideracioneas
mencionadas, que sencillamente no deberian usarse a menos que fuera absolutamente necesario.
En este curso se describirdan las condiciones de ubicacion v métodos empleados para minimizar

problemas.

El sitio debe funcionar y ha <2 proporcionzs:: :zmbién el equipb y el personal necz:: o a -
de que se de la operacion diaria bajo todo tipo de condiciones climaticas v para manejar el flu' -
de desechos. Muy a menudo se cree que son necesarios grandes equipos para tener un buen
relieno sanitario. Esto no es necesariamente el caso, pues con frecuencia el uso optimo del equipo

disponible puede proporcionar una buena operacion del relleno sanitario.

Se presenta en el curso la manera de determinar las cantidades ¥ la composicion del gas y el
lixiviado, incluvendo los principales factores para su control. Los sistemas para cubrir el relieno

son especialmente importantes a este respecto. En algunos casos se requeriran controles de gas
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y_lixiyﬁihdg,fEl_primer,método,,para_controiar_el,gas_y_la,migracién,de_lixiyiados_del_rellenoA_

sanitario y que se discutira, es a través de sistemas de revestimiento (liners).

Los revestimientos pueden hacer uso de suelos del lugar o suelos importados para minimizar el
flujo de emisiones y gas provenientes del relleno. Los sistemas de revestimiento se discutiran
en relacion a su necesidad, y se presentaran diferentes disefios de acuerdo a las condiciones
locales. Una vez que se retarda el flujo de lixiviados a través de los sistemas de revestimiento
o por el uso de los materiales disponibles naturalmente, se tiene que controlar el lixiviado, lo cual
tipicamente implica su recoleccion y tratamiento. De manera similar si el flujo cie gas se retarda,
tendra que proporcionarse un control de éste en el lugar, el cual pued-e incluir la ventilacion del

gas a la atmosfera o aun el uso del gas como una fuente de energia.

Es necesario disefiar el relleno para su cierre como parte del disefio iniciall. Debe determinarse
asimismo el uso fina! del relleno y su disefio debe cumplir con los requerimientos para ese uso,
incluyendo la topografia o forma. Los recursos financieros y de suelos deben estar disponibles
a la clausura de tal manera que el lugar pueda cubrirse y reforestarse apropiadamente. El hecho
de que ya no se trasladen los residuos y el relleno sanitario haya sido tapado con la cubierta final
no libera de responsabilidad al operador, por lo que no puede abandonar el lugar. Se debe
proporcionar un cuidado a largo plazo que de cuenta, tanto del monitoreo, como de las
reparaciones de cualquier“erosién, asentamiento, agua estancada u otros problemas que pudieran
desarrollarse al paso del tiempo en un relleno sanitario cerrado. El monitoreo debe empezar antes
de la construccion del relleno, para establecer la calidad presente del agua subterranea y del gas.
El monitoreo continua a lo largo de las operaciones del relleno y sobre un largo periodo después
del cierre para estar al tanto de cualquier impacto significativo que pudiera afectar el uso del agua
subterranea, la calidad de} agua superficial o usos potenciales del area. El monitoreo continga

hasta que es claro que el lugar se ha estabilizado y no presenta peligro.

Finalmente, debe disponerse tanto de un financiamiento apropiado como de una voluntad politica
para asegurar que el relleno sanitario pueda continuar operando a lo largo de toda su vida atil,

desde su concepcion y disefio, hasta su operacion, clausura y cuidado de largo alcance. Esto



signtfica que el publico debe apoyar el sitio y el sitio debe estar apoyado politicamente y por las
necesarias organizaciones, para estar seguros gue el lugar cuenta con un adecuado respaldo

. ¢
financiero.

Por lo anterior puede verse que el disefio. operacion, clausura y cuidado de larga du:acidn no son
tareas simples. Para la gente es rutinario subestimar las demandas para minimizar los efectos

adversos de la eliminacion de los residuos.

En resumen, este curso y los materiales que lo acompafan, estan dirigidos a interpretar las
condiciones locales v recursos en la medida en que se puedan disefiar el mejor relleno sanitario
posible y pueda ser operado para munimizar los efectos adversos tanto de la gente de los

alrededores como de! medio ambiente.
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Dear Bill

1. Many thanks for your letter of January 7, 1994 and also for the minutes of the
- WGSL for the Sardinia meeting.

2. I have unfortunately developed a health problem and may not be fit enough to
go to Mexico City in March. ] went to a conference in India (Delhi) in early
January. While there I caught an infection from the hotel airconditioning. The
infection had developed into pneumomia by the ume I got home. So it was out
of the plane and straight into hospital for me. Now, ten days later, I am almost
clear of the pneumonia. However, the infection has “"scrambled” my heart
valves and my heart is beating irregularly and inefficiently. 1 don't know how
long it will take to get this sorted out, but a few months is possible.

3. 1 should have time to rewrite chapter 2 of the instruction manual, and will start |
on this as soon as | feel up to it. However, you should line up someone eise to
give my lecture in Mexico. (By the way, you have not given a deadline for
receipt of the chapters.)

4, I should be able to come to Torbay in June:

5. I am sending you my draft of the "Graded Requirements” paper that [ finished
in December before going to India. Will you please circulate to the WGSL,
asking for their comments.

With kind regards and best wishes for 1994.

Yours sincerely

A

G E BLIGHT
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A SYSTEM OF CLASSIFICATION TO ALLOW FOR GRADED"
STANDARDS TO BE APPLIED TO LANDFILLS IN DEVELOPING COUNTRIES

G E Biight
University of the Witwatersrand
Johannesburg, South Africa

{Written on behalf of the Working Group on Landfilling, International Solid Wastes
Association)

Synopsis

In developing countries, the affordability of environmental control measures for saniiary
landtilling is a key issue. There is no fundamental reason why standards for landfilling
in developing countries shouid me-:h corresponding standards in developed countries.
Also, there 1s no fundamental reason why standards required for landfills serving large
towns and cities should be"the same as those required for small villages. This paper
expiores three factors that can be used to classify landfilis, in order to ailow graded
standards for landfilling to be appiied in a rational way. The three factors are

® the type of waste,
e the size of landfill, and
¢ the climatic condit: s at the site.

The classification is suitabie for use in a dé_veloping country, but could equally well be
used in a developed country, particularlty one in which conditions vary considerably from
one region to another. The classification‘was ariginally developed for South Africa, the
development being initiated and funded by the State Department of Water Affairs and
Forestry. ' '

Introduction

if waéte treatment and dizposal is not carried out by a community to an adequate
standard, a severe risk to health can arise, and serious degradation of the environment
will usually also result. When considering the disposal of sewage and waste water, the
above statement is a self-evident truth to members of all but the least educated of
communities. However, while the environmental degradation resulting from inadequate
disposal of domestic refuse is evident ta all. it is not alwavs plain that inadeouate
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disposal-of-solid wastes can-also pose-a-serious-heaith-hazard—For-example,during-the
politically motivated stayaways and boycotts in South Africa during the 1980's, health
workers such as nurses and sewage treatment works operatives were allowed to
continue working {Nkosana, 1992). Garbage workers, however, were not regarded as
health workers and were forced to stay away from work.

The title refers to "developing countries™. What distinguishes a "developing” country
from a "developed” one? The usual definition (Campbell, 1993} is that a developing
country is one where the gross domestic productis 1ower'than the average for the world.
Thus a developing country is one where the people are poor, on average. However,
there are many countries for which this definition may be inadequate, because
industrialized urban areas in a country may be "developed”, while country areas are still
"developing”. It s rare to find wealth evenly distributed between town and country.

Communities in developing countries, just as in developed countries, can vary in size
from a few hundred to several million inhabitants. Whereas developed countries can
usually afford to apply the highest standards to refuse disposal, regardless of the size of
the community, this does not usually apply in developing countries or deve'loping areas
in developed countries. Communities in developing countries are poor, by definition.
Large cities in a developing country although poor, may yet have a tax base that is
sufficient to enable them to apply adequately higH standards to the disposal of their solid
V\}éste. However, smaller communities can usually not afford 1o dispose of their refuse
10 the standards required in large cities.

There are a number of reasons why it may not be necessary to apply developed-world
standards to the developing worid:

1. The generation rates and compaosition for refuse in developed countries may be
very different to those in developing countries: '

For example Tabie 1 {(based on Rushbrook and Finnecy, 1988 and Mayet, 1993) shows
that the putrescible (vegetable and paper) content of refuse in a developed country may
be much the same as in a city in a developing country (Delhi) or it may be vastly different
{(Wuhan and Soweto). The proportion of dust, ash and other non-putrescibie components
is usually much higher in a developing country than in a developed country. Although
data is not available on this point, it appears from personal observation, that the
putrescible content of refuse in small developing communities is even lower than that
shown in Table 1 for China and South Africa. '
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Most, if not all studies of the decompositian < refuse and the composition of leachate
(e.g. Christensen, Cossu and Stegmann, 1992) have, however, been carried out on
refuse from developed countries, Itis very likely that fow-putrescibie content refuse in
a developing country will produce a less concentrated leachate than high-putrescible
contentrefuse indeveloped countries, and therefore will have a lesser pollution potential.
The lesser concentration of the leachate would be enhanced by the fact that the -field
capacity of a low-putrescible content refuse would be lower than that of a high-
" putrescible refuse.

TABLE 1

Composition of Municipal Refuse in
Deveioped and Developing Countries

Composition in Developed Developing Countries
% by Mass Countries
- USA UK India China South
(Delhi} (Wuhan} Africa
{Soweto}
Vegetable 22 25 47 16 ]
Paper 34 29 6 : p 9.
Metals 13 - 8 1 0.5 3
Giass 2 10 0.6 0.6 12
Textiles _ 4 3 . 0.6 1
Plastics 10 7 0.9 0.5 3
Wood 4 : . 1.8
63
Dust.Ash. other . 4 18 44.5 78
unidentified
Refuse Density kg/m? 100 + 150 420 600 400
{uncompacted) : {estimated)
Refuse Generation Rate 0.65 | 0.65 | 0.14 0.20 0.15
Ton (1000kg) /Person/year




2. As Table 1 shows, refuse generatiOn rates in poor developing countries are smaller
by a factor of 3 or 4 than in developed countries:

Thus a community of a certain size in a developing country will produce far Iess refuse

than in a corresponding community in a deveioped country. Because less refuse is

produced, landfiils will be smaller, or have a longer life, and will therefore represent a

smaller source of potental poliution.

3. The climate in many developing countries is humid and the potential for leachate
production high. However, there are also developing countries that have arid
climates with little potential for producing leachate:

Whereas in developed countries, the same standards can be applied to landfilling

regardless of climate, in developing countries, standards may be relaxed if little or no

leachate is likely to be generated in landfills. This relaxation can make Iandflllmg more
affordable without compromising protection of the environment.

The purpose of this paper is to set out @ method for classifying tandfills that will enable
graded standards 1o be applied, without compromising environmental protection. The
scheme is suitable for either developed or developing countries, but will probably be more.
attractive in developing countries, where affordability is always a key issue.

The paper will deal only with landfilis for domestic and commercial refuse and dry-non-
hazardous industrial wastes. The disposal of hazardous wastes will not be considered.

Components _of the Classification System

The classification depends on an assessment of three components:

1. the waste type,
2. the landfill size, and
3. the climatic characteristics.

The components of the overall classification relating to these three factors will now be
. ’ p
described:

1. Waste Type : For the purpose of the system; waste is classified according to its
putrescible (vegetable and anima!l matter and paper) content. if the content of
putrescible material exceeds 20% by dry mass the waste is classified as"P" or high-
putrescible waste. If the putrescible content is less that 20%, it is classified as "p", or
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low-putrescible waste. While this is unproved at present, it appears reasonable to relax
standards required for p refuse, as compared with these required for P refuse. The
dividing point of 20% of putrescible material between p and P wastes is tentative at
present, and must be refined by future research.

2. Landfill Size : All landfills grow in size with the passing of time. The one
characteristic that has the biggest influence on the 6peration of the léndfill, and
theretfore, the need for facilities, plant and operating skills, is the rate of depositior. of
refuse. A landfill with a small final volume, but a large rate of deposition, should, if
standards are 10 be maintained, be.cperated in exactly the same way, and 16 the same
standards as a landfill with a large final volume and a large rate of deposition. Vice-
versa, a landfill where the rate of deposition is small, can be properiy operated with
lesser skilis, plant and facilities, even if it has a long life and, therefore, will ultimately
occupy a large volume. The ciassification is based on the Maximum Rate of Deposition
{(MBD) in tons of refuse deposited per year. The MRBD is the projected rate of déposition
at the end of the life of the lan_dfill, and is calculated from the Initial Rate of Deposition
(IRD} and the estimated annual growth rate or deveiopment rate for the community that
the landfill is intended to serve. The IRD can be estimated by the amount of refuse
entering the site at present, or in the case of a new site, from the éurrem_ rate of
deposition at the site or sites it is intended to replace. Failing this, a suitable generation
rate (such as those tabulated in Table 1) multiplied by the number of people presentiy in
the community can be used to estimate the IRD. Care should be taken to estimate the
IRD for an appropriate working year. This is usually 260 days {52 weeks x 5 days]) if the
‘andfill is operzted on 5 days of the week.

If D is the annual development rate estimated for a landfill, then the MRD can be
calculated from the IRD by:

(MRD) - (IRD) (1+D)T | "1*

where T is the estimated life of the landfill site in years.

M;, the mass of refuse deposited after T years of operation is then:

’ M, - Q%Ql'[m o)1) (2)
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As an example : A site is required having a life of about 15 years, and (IRD} = 350
Tons/day. D is expected to be 3% per year. What will be {(MRD) and M;?

(IRD) - 350Tons/day - 350 x 260 - 91 000 Tons/year
(MRD) -91 000 (1 +0.03)' - 142 000 Tons/year

91 000
0.03

T [(1.03)'®-1] - 1 692 500Tons

The required total deposition volume, or air space can then be estimated by dividing the
tonnage M; by an assumed compacted unit mass or density. If a unit mass of 0.75
'I_'on/m3 is chosen, the deposition volume required for the compacted refuse will be:

V. (ney) - 1692 500

- 2 257 000m?
‘ : 0.75

) AIIoWing for a ratio of compacted refuse to cover material of 1 to 6, the total air-space
réquired will be '

V(gross) - 1% x 2 257 000 - 2 633 000m?

The compiete size classification is iflustrated by Table 2.

Tabie 2
Size Classification for Landfills

LANDFILL MAXIMUM RATE
SIZE CLASSIFICATION OF DEPOSITION (MRD)
{Tons per year)

‘Communal C | less than 250
Small S|lupto - 5000
Medium Mjiupto 150 000
Large L | over 150 000

In this classification, a "Communal” landfill would be one serving a village, typically of
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1000 to 1500 persons. A "Small" landfill would serve a town of up to 30 000
inhabitants, while "Medium™ and "Large" landfills would serve cities and large towns of
over 30 000 inhabitants. '

3. Climate : It has been well established {e.g. Christensen, Cossu and Stegmann,
1992) that the quantity of leachate generated in a landfill depends on the climate in
which the tandfill is situated. The effects of climate can be quantified by the water
balarce for 2 landfill. The water balance compares the quantities of water entering the
landfill as part of the refuse anc ss infiltrating rain and snow-melt, with the quantity of
water stored in the landfilled refuse, and leaving the landfiil as evaporation or
evapotranspiration. The difference between the net water input and the water stored
in the refuse will be avaitable to form leachate.

In humid climates, the difference between net water input and water stored will be
positive over a year or season. in arid chmates the difference will be negative, whether
-over the compiete year, or seasonally. In other words, in and climates, landfiils wili
either not produce any leachate at all, or will only produce leachate seasgnally.

In cases where no leachate is ever produced, it is possible to reduce the standards
required for the design of a landfill, by omitiing the leacHate collection system and
underliner,

However, even in an arid climate, there are occasional wet years or wetter than normal
wetl seasons. When extr- e weather conditions occur, some leachate may be
generated. If there is no lezcnate collection system, this leachate will be available to
seep into the soil underiying the landfill. Provided that this does not occur maore
frequently than (say) once in 5 years, the consequences of such an escape will not be
serious and can be ignored. '

The classification system uses a "climatic water balance" as a means of deciding on
whether or not a landfill will generate significant quantities of leachate and therefore
whether or not a_leachate collection system and underliner should be provided. The
.climatic water balance is expressed as

B=R-E
where Ris ;he rainfa_ll in mm of water

E is the evaporation from the landfill cover surface.

E is taken as 0.7 x A-pan evaporation or 0.9 x S-pan evaporation.
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To allow for seasonal influences and variable weather patterns, B is calculated for the
" wet season of the wettest year on record. {The wet season would usually be taken as
the wettest six month period in a year, based on long-term averages). If the value of B
is positive the indication is that the landfill will generate leachate in a wet year. Vice-
versa, if B is negative the indication is that the landfill will not generate leachate even
in a wet year,

As the rainfall and evaporation in any one.year do not necessarily correlate, B is re-
calculated for successively drier years to establish if

(i) B is positive in |ess than one year in 5 for which data is avaiiable, or

(i} B is positive in more than one year in 5. (If {i) applies, the site is classified as B’
and a leachate collection system and underliner can safely be omitted from the
landfill. If (i) applies, the site is classified as B*. In this case, regular generation'
of leachate can be expected, and a leachate collection system and underliner
would need to be provided.

The Complete Classification System

Table 3illustrates th- :omplete tandfill classification system. Examples of the application
of the classification are as follows:

1. A landfili receives waste having a putrescible content of 53%. {MRD) is 300 Q00
Tons/year and the landfill is situated in.a climate where B is positive in 4 years out
of five. The landfili would be classified as

- PLB*
and would have to be constructed and operated to the highest standards.

2. A landfill receives waste having a putrescible content of 18% (MRD} is 130
Tons/year and the landfill is situated in a climate where B is positive once in 11
years. The landfill would be classified as

pCB’,
and could be constructed and operated to lesser standards without risks to heaith
or the environment. '

Application of the Classification System

The detailed-application of the classification system would depend on the requirements
and conditions in the country in which it would be applied. For example, the climate in
a country may be such that the entire country would be classified as B”. In such a case,
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the climatic consideration could be omitted, as it would be the same for all sites. A
study of thé types of waste might indicate that all waste would be classified as "High
Putrescible™ or P. In such a case the right hand half of Table 3 could be omitted.

Once the classification has been carried out, the graded requirements can be set under
each of the headings of:

site selection

site investigation

environmental impact assessment
lancgfill design

site preparation and commissioning
operation and operational monitonng
rehabilitation, closure and end-use
posi-closure monitoring

Table 4, for example shows some of the minimum requirements under the heading of
"Landfill Design” for a hypothetical country that does not differentiate between Pandp
waste, but which has both B™ and B climatic zones.
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TABLE 3

LANDFILL CLASSIFICATION SYSTEM

WASTE
TYPE

High Putrescible Waste
. PI '

Low Putrescible Waste

p

LANDFILL
SIZE
AND TYPE

c
Communal

Small

M
Medium

C
Communal

Small

M
Medium

CLIMATIC
WATER
BALANCE
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TABLE 4

Example of Graded Standards Applied to the
Design of a Landfill Receiving Only One Type of Waste

R = Requirement C S M L
NR = Not a requirement Communal Small Medium Large
F = Flat: special consideration to be Landfill Landéill Landfill Landfill
given. by expert

B B B B- B B8 B B
Conceptual design:
Estimate unsaturated zone thickness after NR [ NR { NR R { R R R R
cover excavation
Assess cover volume NR NR R R R R R R
Determine available airspace NR NR R R R R R R
Estimate airspace utilisation NR | KR | R R R R R R
Estimate site life NR KR R R R R R R
Contirm site classification R R R R R R R R
Surface hydrology,desig'n' R R R R R R R R
Cevelopment Fian R R R R R R R =
Rehabilization Plan R R R R R R R ]
Design of>leachate management system NR NR NR R NR R NR R
Ground water monitoring system design NR NR | NR R R R R R
Ena-use and Closure Plan NR NR R R R R R R
Testing of soils and materials NR NR | NR NR F F F F
Technical design:
Validation of Surface hydrology NR NR | NR NR R R R R
Lining system NR NR { NR R NR R NR R
Leachate management system NR | NR | NR R NR R NR R
Gas Management system 'NR NR NR NR F F F F
Final cover design NR NR | NR NR R R R R
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Conclusions

Although it is usual to set standards for solid waste landfilling pfactice that are uniform
for all sizes of landfili and al! climatic conditions {as with the 1993 U.S. EPA Subtitle D
Municipal Waste Regulations}, (Daniel et al, 1993}, there are good reasons why
standards should be graded depending on the type of waste, the size of the landfill and
the climatic conditions in which the landfill is situated. There is a particularly good case
for applying graded landfill standards in developing countries, where affordability to the
community -is an important, and may be an over-riding consideration.

The classification scheme outlined in this paper provides a way of grading standards in
a scientifically sound manner that need not compromise standards for environmental

protection.
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——LEGISEACION-MEXICANA-EN-MATERIA DE RELLENOS-SANITARIOS-

El marco legal para el manejo general de los residuos solidos municipales existe en México en
los niveles federal, estatal y municipal. Sin embargo, a nivel particular, aun resta mucho por
hacer en materia normatividad relativa a la ubicacion, disefio, construccion, operacion vy

monitoreo de rellenos sanitarios.

Por :)tra parte, si bien puede decirse que la normatividad en este ambito no es todavia la que se
requiere, se cuenta con los ordenamientos basicos necesarios, de los que se efectua a continuacion

una breve descripcion para cada uno de los niveles de gobierno antes mencionados.

1. NIVEL FEDERAL

h

1a Constitucion Politica de los Estados Unidos Mexicanos establece en su articulo 115, fraccion
[II que "Los municipios, con el concurso de los estados cuando asi fuere necesario y lo

determinen las leves, tendran a su cargo los siguienies servicios publicos:

a) Apgua potable y aicantarillado;
b) Alumbrado publico;
¢) Limpia;

d) ‘Mercados y centrales de abasto;

En cuanto a un ordenamiento mas especifico que establece criterios relativos al manejo de los
residuos solidos municipales, en el nivel Federal se tiene fundamentalmente a la Ley General del |

Equilibrio Ecolégice y la Proteccion al Ambiente de 1988,

Existen ademas, las normas oficiales mexicanas expedidas por las dependencias del Ejecutivo

Federal.



1.1 Ley General de! Equilibrio Ecolégico y la Proteccién al Ambiente (LGEEPA).

Es;a Ley General, publicada por la extinta Secretaria de Desarrollo Urbano y E’cologia en 1988
(SEDUE) abroga la Ley Federal de Proteccion al Ambiente publicada en 1982, dando asi una

mayor flexibilidad para su aplicacién en el territorio nacional.

La LGEEPA establece inicialmente una delimitacion de responsabilidades que corresponden a la
autqridad federal por una parte, y a las entidades federativas por otra. En forma especifica,
establece las responsabilidades tanto de los estados de la Republica como de! Distrito Federal,
capiial del pais. Asimismo, define una serie de criterios relativos a la prevencion de la

contaminacion del suelo originada por el mal manejo de los residuos solidos.

»A continuacién se citan los articulos mas relevantes de esta Ley en materia de residuos solidos
\ - . ' . . . . -

;municipales, resaltando en negritas las referencias particulares a la etapa de disposicién final
(sefialamiento no incluido en el texto original). Cuando se hace mencion a "la Secretaria”, se

refiere a la ya mencionada SEDUE.
Articulo 3o.- Para los efectos de esta Ley se enuende por:
XXVI. Residuo: Cualquier material generado en los procesos de extraccion, beneficio,

transformacion, produccion, consumo, utilizacion, control o tratamiento cuya cahidad no

permita usarlo nuevamente en el proceso que lo generd.

Ardculo 60.- Compete a las entidades federativas y municipios, en el ambito de sus

circunscripciones territoriales y conforme a la distribucion de atribuciones que se establezcan en

las leyes locales: -

X111 La regulacion del manejo y disposicion final de los residuos sélidos que no sean



peligrosos;-conforme-a-esta-ey-y-sus-disposiciones-reglamentarias;-y— )

Articulo 90.- En e] Distrito Federal la Secretaria ejercera las atribuciones a que se refiere el

articulo anterior y el Departamento del Distrito Federal ejercera las que se prevén para las

autoridades locales, sin perjuicio de las que competan a la Asamblea de Representantes del

D_istrito Federal, ajustandose a las siguientes disposiciones especiales:

A. Corresponde a la Secretaria:

2y

VIII. Expedir las Normas Técnicas para la recoleccion, tratamiento y disposicion de toda

clase de residuos, en coordinacion con la Secretaria de Salud;

Corresponde al Departamento del Distrito Federal:

IX. Proponer al Ejecutivo Federal la expedicion de las disposiciones que regulen las
actividades de recoleccion, tratamiento y disposicion final de residuos solidos no peligrosos,

observando las normas técnicas ecologicas aplicables;

X. Establecer los sitios destinados a la disposicién final de los residuos sélidos a que hace

referencia la fraccidon antenor;

X VIiI. Observar Jas normas técnicas ecologicas en la prestacion de fos servicios publicos de
alcantarillado,- limpia, mercados y centrales de abasto, panteones, rastros, transito y

transportes locales; y



Articulo 134.- Para la prevencion y control de la contaminacion del suelo, se consideraran los

sigulentes criterios:

II. Deben ser controlados los residuos en tanto que constituyen la principal fuente de
contaminacion de los. suelos;,

. .

iII. Es necesario racionalizar la generacion de residuos solidos, municipales e industriales;

e Incorporar técnicas y procedimientos para su reuso y reciclaje; y

axrticu!o 135.- Los criterios para prevenir y controlar la contaminacion del suelo se consideraran,

en los siguientes casos:

1. La operacidn de los sistemas de limpia y de disposicion final de residuos municipales en

reflenos sanitanos;

I1I. Las autorizactones para la instalacién y operacion de confinamientos o depdsitos de

residuos; y

Articulo 136.- Los residuos que se acumulen o puedan acumularse y se depositen o infiltren en

{os suelos deberan reunir las condiciones necesarias para prevenir o evitar: .

-

Articulo 137.- Queda sujeto a la autorizacion de los gobienos.de los estados o, en su caso, de
los municipios con arreglo a las normas técnicas ecologicas que para tal efecto expida la
Secretaria, el funcionamiento de los sistemas de recoleccion, almacenamiento, transporte,

alojamiento, reuso, tratamiento y disposicion final de residuos sélidos municipales, Los materiales
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"y residuos peligrosos se sujetaran a lo dispuesto en el Capitulo V de este mismo Titulo.
Articulo 138.- La Secretaria promovera la celebracion de acuerdos de coordinacion y asesoria con
los gobiernos estatales y municipales para:

1. La implantacion y mejoramiento de sistemas de recoleccion, tratamiento y disposicién final
de residuos sdlidos municipales; v

*

[I. La identificacion de alternativas de reutilizacion y disposicion final de residuos sélides
municipales, incluyendo l!a elaboracidon de inventarios de los mismos y sus fuentes

generadoras.
~.2 Notmas oficiales mexicanas.

En el ambito federal, existen también diversas normas relativas a la determinacion de diversos
;;arémetros de los residuos solidos municipales. La mayoria de las normas relacionadas con los
residuos solidos municipales fueron elaboradas y publicadas por la Secretaria de Comercio ¥
Fomento Industnal (SECOFI) con la ‘denominacidn .Norm'a Oficial Mexicana (NOMY,
posteriormente, la extinta SEDUE elaboro un cierto numero de Normas Técn.icas Ecoldgicas
(NTE), aunque enfocadas fundamentaimente al manejo de los residuos peligrosos. Cabe
mencionar que a la fecha existe una carencia de normas relativas al barrido, recoleccion,
transferencia, tratamiento v disposicion final de los residuos sélidos municipales, debido
posiblemente a la atencion prioritaria otorgada a los residuos peligrosos, campo en el que se

carecia totalmente de normas.

La Ley Federal sobre Metrologia y Normalizacion de Junio de 1992 ha unificado criterios
‘respecto a la nomenclatura de las normas en Mexico, modificando la antigua denominacion
utilizada por la SEDUE. En materia de residuos sélidos municipales, [a SECOFI ha elaborado
y publicado un cierto nimero de normas desde hace unos diez afios, que si bien no se refieren
a'los rellenos sanitarios en particular, se enlistan a continuacion por considerarse de interés y en

estrecha relacion con el tema del presente capitulo:
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NOM-AA-16-1984
NOM-AA-18-1984
NOM-AA-24-1984
NOM-AA-25-1984
NOM-AA-92-1984
NOM-AA-15-1985
NOM-AA-19-1985
JNOM-AA-21-1985
NOM-AA-22-1985
NOM-AA-33-1985
NOM-AA-52-1985
NOM-AA-67-1985
NOM-AA-68-1986
NOM-AA-90-1986

Determinacion de humedad

Determinacidn de cenizas

Determinacién de nitrégeno total

Determinacion de pH. Método potenciométrico
Determinacion de azufre

Metodo de cuarteo

Peso volumétrico "in situ”

Determinacion de materia organica

Seleccion y cuantificacion de subproductos
Determinacion de poder calorifico

Preparacion de muestras en laboratorio para su analisis
Determinacion de !a relacion carbono/nitrogeno
Determinaciéon de hidrogeno

Determinacion de oxigeno



2. NIVEL ESTATAL

Existen diversos ordenamientos que a nivel estatal regulan el manejo de los residuos solidos
municipales. En primer lugar, en practicamente la totalidad de las entidades federativas del pais
se cnenia ya con la Ley Estatal equivalente a la LGEEPA, variando su nombre dependiendo de

la entidad de que se trate.

Ademas de la mencionada Ley Estatal, algunas entidades federativas cuentan con ordenamientos
adicfonales que varian de un estado a otro; queda fuera de los alcances de este manual el efectuar
una revision de estos ordenamientos. Como ejemplo al azar se-puede citar el caso del Estado de
Sonora, que cuenta con la."Ley (estatal) que Regula la Prestacion de Diversos Servicios Publicos
Municipales” del ‘6 de agosto de 1987, asi como la Ley (estatal) Organica de Administracion
Municipal, entre otras (Ley de Hacienda). Estos ordenamientos tienen aplicacion ya sea en forma

~directa o bien indirecta en la prestacion del servicio de limpia en todos los municipios del Estado.

Por su parte, el Departamento del Distrito Federal (DDF), cuenta con el "Regiamento para el
Servicio de Limpia en el Distrito Federa.l'f, publicadc; en el Diario Oficial de la Federacion el 27
de julio de 1989, Este reglamento abroga al anterior,.que data del 6 de junio de 1941. Asimismo,
el DDF cuenta con el "Reglamento de la Ley sobre justicia en materia de faltas de policia y buen

Gobierno”, que contempla aspectos relacionados con los residuos solidos municipales.

Para el caso particular del Distrito Federal, existe 1a "Ley de Salud para el Distrito Federal” del
19 de enero de 1987, que si bien fue emitida mediante decreto del Congreso de la Unién, se
incluye en este apartado ya que su aplicacion se limita al Distrito Federal. Entre otros, esta Ley

establece:

Articulo So.- En materia de salubridad local corresponde al Departamento la regulacién y control

sanitario de:

1v. I_imp'ieza publica;



Articule 21.- Para los efectos de la presente ley se entiende por:

V. Limpieza publica, el servicio de recoleccion y tratamiento de basuras;

. :
Am'c!ulo 39.- El Departamento, por conducto de las Delegaciones, proveera de depositos de
basura en los parques, jardines, paseos publicos y en otros lugares de la via pablica que estén

“dentro de su jurisdiccion, ademas de ordenar la fumigacion periddica de los mismos; asimismo,
fijard lugé:es especiales para depositar 1a basura, tomando en cuenta lo que sobre el particular

iiispong'a ta legislacion aplicable en materia de contaminacion ambiental.

La basura debera incinerarse periddicamente o destruirse por otros procedimientos, excepto que
sea industrializada o tenga empleo unl, siempre que no signifique un peligro para la salud.

.

Auticulo 40.- El Departamento ordenara la construccion de depositos generales y hornos de basura

en los mercados, hospitales y establecimientos publicos que los requiera y se encuentren en su

jurisdiccion.



3. NIVEL MUNICIPAL

En el nivel municipal, un cierto numero de los ayuntamientos del pais cuentan con un .
"Reglamento de Limpia", comd ¢s el caso del Ayuntamiento de Hermosillo, para continuar con
el ejemplo del Estado de Sonora. Péra este municipio, se denomina "Reglamento para el Servicio
- Piblico de Limpia, Recoleccion, Manejo y Disposicién Final de Residuos Sélidos en el
Municipio”, del 29 de julio de 1987 Esta municipalidad cuenta asimismo con el "Bando de
Polidia y Buen Gobierno para el Municipic”.

Estos ordenamientos son la base para el control del manejo de los residuos solidos en el tercer
nivel de gobierno; desafortunadamente es frecuente observar que esios reglamentos adolecen de
carencias o bien no son aplicados como seria de desearse, por diversas razonés cuya discusidn

2 ‘ )
wueda fuera de los. alcances de este trabajo.



4. SITUACION ACTUAL

Si bien existe una carencia de normatividad en México en materia de disefio, construccidn y
operacion de rellenos sanitarios, como ya se ha mencionado, por otra parte actualmente se cuenta
con los avances para que estas carencias puedan satisfacerse gradualmente y en el corto plazo.
En México, el Instituto Nacional de Ecologia (INE), dependiente de la Secretaria de Desarrollo
Social; es la entidad responsable de la elaboracién de normas en materia de proteccidn ambiental.
Den’tro de esta dependencta se cred el Comité Consultivo Nacional de Normalizacion para la
Proteccion Ambiental, tal como lo establece la Ley Federal sobre Metrologia y Normalizacién
de 1992, A su vez, y dependiente de aquel, existe el Subcomité de Residuos Municipales,
Materiales y Residuos Peligrosos; finalmente, este Subcomité'comprende al Grupo de Trabajo
~sobre Manejo de Residuos Industriales No Peligrosos y Municipales. .

N :

‘Este Grupo de Trabajo se reune periodicaments en la sede del IN‘E, de manera tal que el
programa correspondiente a 1994 contempla la realizacion de un total de 18 reuniones de trabajo
en el ambito de la elaboracion de normas relativas a residuos solidos municipales, entre las que
se encuentran contempladas las correspondientes a la ubicacion, disefio, construccion y operacién

de rellanos sanitarigs,

De hecho, se cuenta ya con un avance en la elaboracion de varios anteproyectos de normas,
correspondientes a algunas de las etapas antes mencionadas, por lo que se espera que en el corto

v mediano plazos se logre la publicacion definitiva de estas normas.

Cabe mencionar que en el Comité Consultivo y en sus diferentes niveles, participan instituciones
de indole diversa, tales como universidades, centros de investigacion, camaras (de comercio,
industria, etc.), asociaciones gremiales y otros, con lo que se conforman grupos de trabajo

interdisciplinarios. .

10
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Introduction

Geology, hydrogeolv and hyvdrology are all different subjects which need several
year of study and years of experience before an engineer can practise it with
confidence. The aim of this one hour lecture therefore is not to teach these subject
and even less to be comprehensive. It 1s merely intended as an aid to understanding
the factors that need to be taken into account for assessing potential landfill siting,
their design, operation and monitoring.

The nisks of water and ground contamination due to landfilling depend largely upon

the geology and hyvdrogeology of the site chosen.
L

During the site selection phase, the geology and hvdrogeology of the area must be
thoroughly investigated and taken into account both at the regional and local level.

This knowledge will then be used in two ways :

1) first to select the most favorable areas (where the risks of negative

envirorunental impact are lowest),

2) once a given area is chosen, to design the landfill in order to further mimmize
the potential for contamination.

This lecrure will deal successively with the following ponts

< définition of major relevant geological, hyvdrological and hvdrogeological
concepts,

= why and how waste can contaminate the envirorunent,
= how to conduct a geological-hvdrogeological study,
= description of best case and worse case scenario,

= conclusion.



2.1

Definitions

Geoloovy

Geology can be defined as the systematic study of the matérial, processes,
enviromments and history of the earth.
]

Although the three are complementary, it i1s the nature and structure of the
materials themselves that have the greatest bearing on landfill and which
therefore will be dealt with here.

a) Rock npes

The rocks present on the surface of the earth can be broadly subdivisad
into three categories, each corresponding to it's own mode of formation ;
all three categories being linked to one another through the "geological
cvele” (see figure 1),

orphi
ks

Burial
n’erma! etiect

Fig. 1:The geological cycle N



Sedimentarn: rocks

Sedimentarv rocks are mostly denived from the destiuction (erosion or

chemical dissolution) of preexisting rocks, transport and deposition in
lavers generally at the bottom of seas or lakes and rivers (sometumes

directly on surface as with aeolian sandsiones).

Sedimentary rocks include conglomerate, sandstones, lunestones, chalk,
clay...

[gneous rocks
Ieneous rocks are formed through the rising and cooling of melted magma
up to the swrface of the earth. The original compesition will determine the'
final ¢haracteristics of the cocled rocks and 1t's resistance to weathering
and fracturng.

Rapidly moving low viscosity magma generate the classic volecanic
eruptions {basalts. tuffs). Cooler, thicker magma do not move so easily
and stop below surface where they fornn coarser rocks. These become
exposed on surface through erosion. Granites are formed in this manner,

Metamaornhic rocks

Metamorphic rocks result from the transformation thought heating or
regional pressure of preexisting rocks (igneous or sedimentany). The heat
and’or pressure can results from the burying of sediments into the depth
of the crust, from deformation during the creation of mountain ranges or
from the proximity of rising 1gneous rocks.

Example of metamorphic rocks include schists, marbles (transformed
limestones rocks) and gneisses (transformed igneous rocks).

A very important distinction can also be made between the "hard rocks”
(basalts, limestones, granits, some sandstones) and soft rocks (chalk,
clays,soft sand, gravel, weathered granites or basalts. ).

The hard rock areas are not easily amenable to earth moving equipement
and thus more expensive to deal with than the "soft rocks” which can be
removed using earth moving equipment.

\



b)

Geological hazards

As we have seen before, geology, comprises the study of processes
involved in the development of the earth: Most of theses processes are
slow (erosion, mountain formation). However, some are very rapid and
drastically alter the surface of the earth. The probalility of such processes,
grouped under the term geological hazards, to occur must be assessed

- when looking for a porem:al landfill site. The most common r!eolomcal

hazaxds are hsted below :

= flood,

= avalanches and lahars (for obvious reasions but avalanches paths
can be easily be forconen, as was the case recenty i a french ski-
resort '),

= aclive Se1smic zones,

= fault zones even inactive as these \\ouid act as preferential water
palh\\a\s

Rock permeability '

Permeabilinv is a term expressing the rate at which water passes through a
given bodv. It can be used to describe fluid movement in rocks. cement,
plastics. ..

Permeability is expressed as K, in m’s and the higher the figure, the more
permeable is the subsmate.

For example, & very permeable rock. like a gravel formation, has a :
K=102ms.

At the other end of the specoum, clay 1s poorly permeable, (commonly
termed, incomectly, impenneable) : K = 10-9 ---> 10-12 m/s. Water can
still percolate through but very slowly. |
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Rocks can be broad!v classified on a permeability scale as follows.

Hightly Permeable Poorly | Impermeable
permeable - permeable '
___________ — - - i ———
Gravels Sand Sandv clavs  Clavs -

fractured rocks
weathered rocks

a

Examples of nvpical permeability values are given for these rock tvpes in
figure 2.

However a given rock tvpe cannot be automatically assicned a strict
definite K value. This will depend on its Jocal homogenéiny (clay with
sand lenses or vice versa), it's degree of fracturing and it's state of
alteration. K must therefore alwavs be checked and mesured in situ.

__CRezD!

%A

1
sen 1_..‘ _ SADY GRAVELS
e 818 GRAVELLY SANDS

I .
" [—— ne OORSE SAND
[- S— v o MEIUM SAND

lllﬁ [ L]}

eEER

l 1 T I T  K(m/s)
10710 108 10° 10 102 10

Fig. 2: Examples of permeabilities
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d)  Geolopical history

In order to identify the most favorable area for the siting of a landfill, an
understanding of how and why the present geological features were
developped is necessary. Such an understanding allows the identification .
of the geological hazards previously mentionned.

The unravelling of the geological history of an area is achieved through
the careful analysis of geological maps. and when these are inadequate or
unexistant, through geological mapping and drilling.

Examples :

< The studv of a geological map can show the existence of faults
under a thin sedimeantary cover (not visible on surface).

= Analvsis of sedimentary pattems indicates which zones are likely to
be hemogeneous, permeable, impenneable, ...

= A studv of the geomorphology or nivers terraces and recent deposits
indicate flood plains. .

2.2 Hvydroloev

Hydrology s the science that deals with the processes involved in the depletion
and replenishement of the water resources. Thes processes can lest be
understood by looking at the water cvcele (Fig. 3).

The driving force for this circulation is radiant energy from the sun. This
causes evaporation from water surfaces, the resulting water vapour comprising
part of the atmosphere. With favourable atmospheric conditions, the water will
condense to form clouds from which precipitation may occur. The latter may
retum directly to storage in lakes and oceans, it may accumulate as snow in
high mountains and in polar regions, or it mayv fall as rain over land. In the
lanter case some precipitation may be intercepted by vegetation and retumn to
the atmosphere by evaporation. The remainder of the rainfall may collect to
form surface run off or it may enter the ground as in filtration. The surface run
off may then retum to storage in lakes and oceans. The water that infilmates the
soil will either be taken up by plant roots and transpired to the atmosphere, or
it will percolate downwards through the unsaturated zone to the water table.
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Fig. 3:The water cycle
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This groundwater may then move towards surface discharge points (spring etc)

where it will become a component of surface runoff moving towards oceans
and lakes.

As far a landfill siting and designing is concerned, the following data needs dot
be recorded and assessed :

Climate

Wind, rain or snow, and temperature are climatic conditions that may
mandate the type of operation, amount and placement of soil cover, kinds of
roads needed. and tvpe of structures constructed on a landfill. Hence, 1t is
imperative to have information on the number of days of wind, freezing
temperature, rain or snow, ¢ aid in selecting a site for a sanitary landfill.

Rain or snow

Precipitation must be considered with regards to surface water runoff.
drainage system required for its control, leachate generation, feasibility of
sustaining operations at all times on site, movement of equipment, and access
to and from site. For instance, low lying sites that might frequently flood or

become muddy during rainy weather should not be chosen in areas having
high rainfall. '

Climate and degree of infiltration

Climate is significant because of its direct bearing on the amount of rainwater
that may infiltrate through the unsaturated zone and into a groundwater
system. Degree of infiltration is a function of the amount of precipitation,
volume of surface ponding and runoff. and the evapotranspiration rate.
(Evapotranspiration refers 1o the water released into the atmosphere by plants
- In this case, the vegetation growing on the landfill cover). Ambient
temperature and relative humidity also have an impact on infiltration.
evaporation, and evapotranspiration. The potential for groundwater
degradation from a well-designed and constructed landfill in arid and semi-
arid regilons 1s quite low, whereas the potential is quite high in humid
regions. Another decision factor in selecting a suitable site is the quantity and
seasonality of rainfall. For example, if rainfall is highly seasonnal (e.g.
Mediterranean tvpe climate), the quantity of rainfall during the wet season
may be relatively low,
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Stream Densitv

The likelihood of surface water contamination increases in areas in which an
unusally short underground flow path precedes discharge of contaminants
into an area in which streams are closely spaced. However, the overall extent
of any grounwater contamination may be limited by subsurface media.
Alternately, 'widely spaced streams may also lead to the development of
larger and longer-term groundwaier contamination zones.

Hvdrogeoloav

Hydrogeology can be defined as the study of groundwater, its chemistry,
mode of migration and relation to the environment. The relationship of
groundwater to the water c¢ycle can be seen in figure 3. Therefore the
possible 1mpact of a landfill on the groundwater regime must always be -
carefully answered.

Let us define the mains terms and parameters necessary to understand and
assess the groundwater systems :

= aquifers,

= recharge and discharge zones,
= satwrated/unsaturate’ cones,
= hydraulic conductiv: ..

= porosity and velocity.
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What is an aquifer ?

An aquifer is a body of rocks containing water with sufficient permeability
for the water to flow. Three sorts of aquifer can be distinguished :

1) Sandy aguifers : In these aquifers, water flows through the voids in
between the grains : the intergranular porosity.(Fig.4). Such aquifers
can be found in sands and gravels.

2)  Fractured aquifers : these aquifers occur in fractured poorly permeable
rocks such as sandstones, chalks, limestone, volcanic rocks ... The
water flows through communicating fractures and crad\s : the fissure

porosity. {Fig. 3)

i) Mixed aquifers : Thesss aquifers contain both fissure and intergranular
porosity and occur in Karstic environment. (Fig. 6).

The infiltrated water reaches the "aquifer” more or less rapidly depznding on
the permeability of the rocks it encounters. Through chalk, for example
infiltrated water can take up to one year to reach the undarground water. In
schist and granite. in principle impermeable rocks. water can still pzreolate
very quickly through the fractured or weathered zones.

Differcent configurations of aquifer

Aquifers are classified as unconfined or confined depending how they are
bounded.

A confined aquifer 1s bound by two impermeable lavers. Tha water is undﬂr
pressure and the water level goes up when a bore hole 15 dug in such ar
aquifer or if part of the surface 15 dug out. The leve] to which the water rises
in a bore hole is called the piezométric level. (Fig. 7).

An_unconfined aquifer i1s an aquifer where the water table (or piezometric

level) is free to fluctuate up and down, generally seasonally. (Fig. 8).
f




Fig. 4: Intergranular porosity
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Fig. 5: Fissure porosity
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Recharge and discharge zone

As seen in the water cycle (Fig. 3). aquifers are filled (recharged) up through
the infiliration of rain water through permeable sirata. (Fig. 8).

Upon reaching the aquifer. the water flows under the regional hydraulic
gracdiznt and gets discharged again at springs. from seepages into river and
pumpead wzlls,

Thus, within an aquifer, water is not stagnant but flows from the recharge to

the dischargz zone. Rates of flow vary according to the tvpe of aguifer : jor
example 1,500 m/y in alluvivm and 3.5 to 9 km/y in a karstic system.

Saturated/Unsaturaied Zone

—

n an unzonfined agquifer, two successive zon2s are encountered by the water
colating downwards {rom the surface,

=]

A

The uncatsrated zone when the rock ‘nierstices are partially occupied by
water and parualiv by a gaseous phase (air). In this zones different complex
machanisms  can nteract with a j)CI’L.O]”lH" nwd  (leachate or other
pollutant) - sorblion.  nzutralisation.  precipitation,  exydo-reduction,
biodegradaiion. <

Although these mechamsms have ! 1 ol
guantisied and understood.

served. they are vet to be preciszly

he saturated zone starts at the level of the water 1able when the rock
interstices are entirely filled with water. In this zone, the groundwater flows
under regional hydraulic gradient to the discharge zone.

Hydraulic conducnvity, porosity, velociry

These terms are the most commonly used to characterise aquifers. Before
dzfining them. one must first of all undarsiand the most important law
governing aquifers. Darcy’'s law .

Darcy's law : (figure 9) .
Darcy's law allows the calculation of Lhe discharge (Q) that 1s flowing
through a given cross sectional area of a rock.



The equation 1s :

Q = kSi. ”

Where Q discharge (m3/s or m3/d)
k = permeability {m/s) or hydraulic conductivity (m/d)
S cross sectional area

—

hvdraulic gradient

'Exa'mple of how Darcy's law is applied (Fig. 10) :

It we imagine 2 m of water logged waste over a surface of | km? overlying
5 m of clay with a permeability K = 10-12 mis. the flow of water through
the "tmpermeable” laver is : Q = ksi

3 - .
Q =10t /s x 106 m>x 2

2 = 1.107 mdss =12 mivear.
5 :

Hydraulic _conductivity is synonimous for permeability (K) previously
defined. Tt describes the capacity of rocks to transmit water and is generally
expressed in m/day while K is expressed in m/s.

Porosity is the measure of the interstial pore space. expressed as the relative
volume (in %) of rock occupied by voids. In fact. part of the water present in
the voids 1s retained by forces of molecular attraction. adhesion and
cohesion. So. in terms of real storage potential. the use of effective
porosity (n). ie the free storage space. is more appropriate. For example.
while clay has a high total porosity. it has a low effective porosity. (Fig. 11).
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k=10"12m/s

S=1km2=106m2
2
— . O=10'12xTO*sx?=4.1O'7m3/s
""""""""" | Q=12m3/an

Fig. 10: Application of Darcy's law

CRE=-
—-/— Total Effectiv- | Flow | Saturated hydraulic
Rock type : porosity . poros | type conductivity range
range % range %o m/d
Clay 45:55 1-10 i 10°2-10°5
Chalk .35-50 0.5-5 F+el | 10 -1073
Sand 35-40  10-30 1 10 -1
Gravel | 30- 40 15-30 : 102 - 10
Sandstone 10-20 5-15 Fel 10- 101
Shale . ©1-10 0.5-5 Fel 10°1- 107
Limestone 1-10 0.5-5 F(+1) wide
Igneous and Metamorphic| ( probablylessthan1) { f(+1) . wide
| F = fissure tlow, 1= !nteréranular flow -

Fig. 11: Po}osiry ranges, flow types and saturated hydraulic conductivities
for various rock types '
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III. Risks of wafer‘contamination bv waste

Surface water contamination (Fig. 12)

Thc main risks of surface water contamination are listad below :

1) If a landfill is located below flood level, each flood will penetrate the waste,
flow across the landfill and disseminate poiiuted water and in some case even
waste 1nto the nver system and surrounding area (so flood plain levels must
be identified).

2) A Ia_ndﬂll closz to sea level, similary, can pollute sea water and nearby
beaches during high tides.

3) A landfili close to a river can pollute it with seepage of leachate from the
base of the landfiil to the river.

Groundwater contamination

Several types of situation can result in ground water contamination :

1) A landfill with a permesble base and close to the water table. The
unsaturated zone 1s non existant and the leachate percolates directly nto the
aguiier, crzating a plume of pollution that can be very extensive.

2y A landfill located zbove a fractured zone. Even 1if the rock uself is
unsaturated, lzachate will reach the aquifer directly and quickly through the
fractures.

3) Similary, leachate can reach the aquifer through heterogenities and
_discontinuiiies in an otherwise impermeable zone (for example along a fault
zone, or along a thin limestone layer within a clay hoerizon).

IV. How to conduct a geological’hvdrogeological study
4.1 Regional study
What needs to be known :

= The geology of the arez in order to identify fault zones. impermeable
areas. heterogenzities ...

= The geomorphology of the area, to identify geological hazards such as
flood plains and 1o delineate the water basins, :

I

The hydrology : all the aquifers must be identified ‘together with the
surface water network and the water flowing direction.



fiood level

flood plain

water table normal river ievel

landfiil

\1: _ Hightide e i

A

Y, \<”—\I\andi|ll
SNl ' river
S S

seepage of leachate into the river
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These-informations—can—be-gathered-fromexisting™mapsaetial plioiss,
boreholes, and reconnaissance £ 4 work.

Local study

What needs to be known

= Detatied geology, -

= Aninventory of springs and water boreholes,

= . Ds mled hvdrogeology (depth to aquifers, piezometric lev

quality of water),

(41

i
vy

= Permaability of the differents formations.

Such data is obiained through :

= Detailed geological mapping.

n

Drd ng and careiull logging of the core.

-

1

Instzlling "Piezometers” in several boreholes and monitoring the
water mouvemeni (existing pizzometers can also be used if
available).

n

Anzlvsing the water 1a the pizzometer.

- It must be peinted out that the drilling and installing of a
piezometer nezds 10 be very carefully supervised by a specialits as
if suffisant care s not taken. very costly mistakes can be made
(like mlssmﬂ an aquifer, tapping and thus measuring the wrong
aut.n r...).

= Measure in situ of permeability. on surface and inside boreholes.
These measures miust be made and interpreied by specialists and
the Interpretation must be ldnked to the geological mapping (a layer
of material \nth K= %0 m,s can occur within a formation” of
silistonz (K m/s}) -and a tnick clay formation
(K = 10°¢= mfs) can be locally fracturcd which lowers K
dramatically, or contain sand lenses (K = 103 m/s).



— __SITE SELECTION_-_NON-GEOLOGICAL-ASPECTS

1. INTRODUCTION

The purpose of this section is to work through the process that leads to the development of
a site for landfill. It can be a very long process. It may take five, ten or even more years to
complete the process from first consideration to depositing the first load of waste in the site.
This section is based on the idea that we are in charge of waste disposal in a region of a
country and we have the task of ensuring that its waste disposal needs are met.

2. DEFINING THE NEED FOR A SITE

It may be obvious that new facilities are necessary but it is advisable to follow a logical
process in evaluating the need and the proposals to answer that need.

Different types of waste to be accommodated

First we must define the types of waste that we are going to be concerned_with. Unless there
are special requirements the list of wastes will include the following:

* Domestic or household waste.
Waste from shops or offices.
Yard and gar(_ien waste.
Con_stnjclion and demqlition waste.

* Excavated soils.

Some industrial waste.

* De-watered sludges from waste water treatment.

Local circumstances may add other types of waste to this list. Many industrial wastes will
not be suitable for landfill and will require treatment or incineration.

Measuring the quantities of each type of waste

The next stage is to find out how big the problem is. We need to know how much waste is
being produced now and how much is likely to be produced in the future. The best method
of measuring waste quantities is to weigh vehicles entering existing disposal sites. It is

important to ensure that no scavenging or illegal disposal is taking place before the waste
arrives. :
/



The weighing scales may be permanent scales - part of the site infrastructure - or they may
be portable. If it is impractical to weigh all vehicles then a random sample should be
weighed, preferably over periods of several weeks at different times of the year.

If a well-established disposal system does not exist, then it is probably better to rely on

tackling the problem at the other end - where the waste arises. Again, it will be necessary

to set up a sampling system covering different socio-economic areas, so that quantities per
head of population can be calculated.

Either way, the objective is to arrive at a total quantity of waste to be disposed in
tonnes/year.

We then move on to forecasting the future. Lots of estimates of future waste generation have
been given, but few are based on accurate records because generally such records have not
been reliable. Also, waste generation is very dependent on forecasting the behaviour of the
economy and if we were good at that we probably wouldn’t be involved in waste disposal!

The safest prediction is simply to allow for population change and increase or decrease on
a pro-rata basis. If the population is forecast to double in 10 years then the quantity of waste
1s likely to double as well.

Composition of the waste

Because we are looking at a landfill strategy, composition is less important than where
recycling or treatment by incineration or composting is being considered.

Samples of not less than 100 kg have to be taken and hand sorted and the individual
constituents weighed. The sampling needs to be carried out on at least 2 and preferably 4
occasions during the year to catch seasonai variations. Recent field work has shown that,
over a 5 year period, significant changes :.: refuse composition can take place.

The quantity of waste dictates factors - -2 as volume, frequency and number of vehicles
using a site, land area required and the ount of cover material needed.

The compasition of the waste has an impact on the area requirements for each cell since we
normally try-to deposit waste in small cells which will not become saturated with rainfall.

It also affects the number of passes required to achieve proper compaction and the type of
equipment needed.

3. REVIEW EXISTING FACILITIES

The next stage in planning the strategy and selecting a. suitable site is to review all the
existing facilities.

It is necessary to look at all existing sites and to calculate the remaining capacity.



Some-form~of surveying will_bé_required. _There_should_be_plans-showing-the-extent-of:
‘existing landfills and contour drawings showing the eventual restored landform. If these
don’t exist then they need to be prepared. Surveying for waste disposal landfill sites does not
need to be carried out to the nth. degree of accuracy. Allowing a reasonable degree of
accuracy can save costs and speed up field work.

In some cases, aerial survey may be the most efficient way of measuring volumes particularly
if a large number of sites are involved.

It is common experience that landfills last longer than you think they are going to and then
suddenly they run out! We need to have realistic figures for existing capacity.

When we have carried out our surveys we add the capacity of all our facilities together and
divide by the total quantity of waste produced per year and this should give us the number
of years we have available before a new site is required.

This little sum requires some knowledge of the volume occupied by 1 tonne of refuse. Itis
a figure which varies with type of waste, method of compaction and over time and with depth
in the landfill.. In the absence of better information a figure of between 0.8 and 1.0 tonne
per cu. m. may be used if reasonable compaction is being applied. If not, then densities may
be down to 0.5 tonne per cu.m. )

4. PROGRAMME
Having worked out the life of existing facilities it is useful to draw up a programme of work.
By the time the existing facilities are full we must have our new site 1n operation. There are

several procedures which have to be undertaken depending on-the particular legal and
administrative requirements of the area. Typically:

* We have to select the site.
We have to prepare an application for its use 1o the authorities.
- We have to comply with the permitting procedures.

‘We have to carry out the engineering works.

These procedures can take a very long time!

s. ASSESSMENT OF POTENTIAL LANDFILL CAPACITY
We are now in a position to start looking for our new landfill site.

Firstly we must establish the overall boundaries of our search area. This will be based on
demographic and physical limitations such as political or regional boundaries, mountain
ranges and rivers. '

[
-



Next, we must establish suitable study areas on the basis of haul distance, topography,
geology and surface and groundwater conditions.

Haul distance

The distance of the landfill site from the area where the waste arises and is collected is
known as the haul distance.

If the landfill is close to the collection area then collection vehicles can travel directly to the
landfill.

)

If the landfill is remote from the collection area, some form of transfer station is needed.
Collection vehicles are expensive pieces of equipment and should spend most of their time
collecting waste!

At a transfer station the waste is "transferred" from the collection vehicle to a bulk transport
system.  This is.most likely to be bulk lormes, but in an extreme case could be rail.

A lot of financial factors come into play here. What we are concerned with 1s the total
system cost. That is the cost of collection + transfer + landfill.

Landfill sites benefit greatly from economies of scale and so a very large remote landfill may
be less expensive than a very small local landfill.

Identification of sites

Having identified our study areas, bearing in mind the boundaries and the access constraints
and the physical limitations, we are now in a position to identify suitable sites.

These will be of two types:
* Mineral excavation areas where waste can be used to restore the ground.
* Areas of virgin land where a new landform can be created.

A lot can be achieved from maps and by travelling around looking. We should produce a
list of every potential site with a few notes about its major features.



— 6. PRELIMINARY SELECTION_PROCESS
We are now in a position to start eliminating many of the potential sites.

It is common experience that there are four critical factors in the selection of a potential site:

Availability - If it isn’t going to be possxb!e to acquire the sue there’s not much point
proceeding with it.

Planning Constraints - There may be some form of zoning or special planning
requirements. There may be a water protection zone. Such sites should be rejected.

“Access - It has often been found that access is a critical factor. The public sometimes
seem to be more concerned with lorries than the actual landfill, so there must be an
adequate access. Landfill is the one engineering operation that has to go on
regardless of weather, so access is critical.

Capacity - Because of the long time required and the considerable expense involved
in developing a new landfill site it must have adequate capacity. A minimum of ten
years is often considered desirable.

There may be other critical factors in other situations, but the aim is to get to a position
where there is a short-list of about 4-6 possible sites, which pass the critical factor test.

7. ENVIRONMENTAL ASSESSMENT
The next stage is to carry out an environmental assessment of our preferred sites.

This will require the preparation of designs for each site and we should also calculate the
total system costs of running each site. From this we can identify the effects of each site on
all elements of the environment.

It is useful to draw up some form of evaluation sheet - listing each site and each factor and
assigning a wieghting for each. Different elements of the environment may be ranked as
more or less important. We thus end up with scores for each site and some sort of ranking
order.

8. EVALUATION SHEET

The evaluation sheet needs to identify all the possible impacts of the site together with certain
other information already described such as costs, access, and capacity. The impacts to be
considered include:

»*

The effects on human beings living near the proposed landfill.



The foremost thing municipal officials can do to solicit public support is to convert any
existing bad sites into well run sanitary landfills with a clear useful end purpose.

Objectives of a public awareness campaign

In going public about a new proposal it is necessary to have clear objectives. These
objectives may be as follows:

*

To make certain that the public understands the proposals.
To assure the public that their views will be listened to.
To ensure that the government or public authority is responsive to the public.

To provide opportunities for public involvement in decisions.

I

The advamagés of a campaign with these objectives are:

*

It increases the likelihood of agreement with the plans.
It provides useful information which may have been missed.
It gives assurance that all views have been considered.

It ensures accountability by decision makers.

It provides an effective mechanism to ensure decision makers take into account issues
around the project.

The disadvantages of such a campaign are:

*

There is the potential to create confusion because new issues are introduced.
Uninformed participants may distribute erroneous information.

Public involvement adds cost to project.

~ There may be delays to the project.

The project may become a platform for politicians.

It is considered that none of these disadvantages are sufficient to outweigh the benefits of an
effective public awareness campaign.



1T, STEPS_.IN THE-CAMPAIGN

The following steps are appropriate for a public information campaigh:

»*

Inform the public of all the details of the scheme.

Establish the need for the new site by explaining the situation in respect of existing
facilities and why a new site is therefore needed.

Explain the alternatives that have been considered and why they have not been
selected.

Explain the operations, how the site will be managed, how gas and leachate will be
controlled, and how the site will be restored and managed in the aftercare period.

Be honest about the impacts of the site on the local environment and the people

who may be affected.
. I

Try to understand the concerns of people who live nearby and don’t try to confuse
them with "science". ’

Keep options open so that if new information emerges as a result of the consultation
it may be taken into account and the proposals may be modified.

Review previous assessments of environmental impact as more information is

gathered by talking to people affected by the proposal. \

Finally, we should be able to make our final selection and we are now in a position to
make our formal application to use the site. Much of the work already carried out will
be of use in preparing the final design and operational plans.

Reference: .
Waste Monitoring and Planning - A description of the regional waste planning system
developed for London and South-East England. 1987. '

“t



Waste Monitaring and Planning 1"

WASTE MONITORING AND PLANNING
by M ] Philpott, AKC, CEng, BSc{Eng), MICE, MInstWM,
Assistant County Surveyor (Waste Disposal), Oxfordshire County Council
(This presentation was accompanied by a series of slides. Some of these are reproduced as
Tables or Figures, the content of others has been incorporated into the text).
Introduction
In my presentation, I intend to deal with three aspects of our work in the Waste Disposal
Working Group. Firstly, [ will explain how we developed a comprehensive waste monitoring
scheme for the region. Secondly, I will show how the results of the monitoring are an essential
_part of every authority’s waste disposal planning process. Finally, I will make some observations
on the predominant rele of landfill as the means of waste disposal in the south-east.
The Monitoring Survey
- In 1985 we carmried out our first monitoring survey.* The survey was in two parts. Firstly, we
asked every authority to identify every single existing or potential void space in their area. We
then asked them to make a subjective judgement for each site as to its suitability for waste
disposal. '
We asked officers to assess the sites into six categories:
Category 1 included all sites which have planning consent for disposal;
Category 2 covered sites which were likely to be supported;
Category 3 was for those sites which did not appear to have major problems;
Category 4 comprised sites with severe problems;
Category 5 was for sites where the problems were thought to be insuperable; and
Caiegory 6§ was for sites already committed for alternative development.
So the final three categories were all sites where waste disposal was not {elt to be possible

because of serious or overwhelming problems or because the site was committed for something
else such as an.industrial estate or a hypermarket.

* Footnote: The results of this syrvey are fully reponted in ‘Waste Disposal in the South East Region’ (RPC 555R: May
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We er}t;l_ed up with 500 million cu_bic metres of possible void space, as shown on Table 1. Nearly
300 million cubic metres is in major.consented sites.and-these are-located-in the-areas shown-on

Figure 1. Individual-sites-are-shown-by the-dots-Groups-of major sites are shown within the

shaded areas. It will be seen that there are areas with no major sites such as West Berkshire and
north-west Hampshire and of course, most of London.

Table 1
Void space by category up to 2000 ‘ )
{cubic metres)
Category 1 - consented 295,000,000

2 - potentially supperted 132,000,000
3 - without apparent '
major problems 74,000,000

Total ' 501,000,000

Figure 1

Location of sites with consent for landfill,

'

Bedfordshire

Berkshire

Hampshire

The second part of the survey was concerned with the waste arisings in the region. Table 2
shows the overall figures for the south-east. Public authorities have, in the past, tended to
concentrate very much on the first two figures only. These are the wastes which they have a
statutory duty to dispose of. However, they represent less than 20% of the total. Over half the
total waste is inert waste - that is, soil or waste from the construction industry. The other 30% is
commercial or industrial waste, comprising packaging and paper or waste from industria] =
processes. C



The Mornitaring Survey

N
(% of total)

I§¢] .
28
52

Table 2
Waste arisings in the South East region
o {tonnes/year)
Household 4,852,000
Civic amenity 1,307,000
Industrial and commercial 9,213,000
Inert 16,884,000
Total 32,256,000

100

k )

J

Table 3 shows that nearly half the total waste in the region arises in London. Again the
proporions of waste in the different categories are very significant. When we think of the rail
transfer stations, the river-based schemes and the giant Edmonton incinerator, it is imponant to
realise that all these schemes were designed to cater for just part of one element of the total -
the household waste element. All the rest, the other 80%, is controlled by the private sector and
is hauled out of London each day by thousands of lorries to landiill sites in and around the

(% of total) 1

16
32
52

capiial.
Table 3
Waste arisings in London
. (tonnes/year)
I Household 2,000,000
Civic amenity 360,000
Industria® and commercial 4,820,000
Inert 1,770,000
Total ' 14,950,000

100

Having assembled all this data, what next? If I take my own county as an exampie. In Figure 2,
the upper line represents the void space likely to be available up to the year 2000. The short line
represents the volume of that void space which will be taken up by our own waste - both public
and private sector. The long lower line then represents the theorectical volume which might be

available for imported wastes.

Figure 2

La.ﬁdﬁll resources to 2006 — Oxfordshire
~ Landfill capacity available.

“Surplus” capacity
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.Not all counties are in the same position as us and if | take another example - Hampshire - you
can see_why. Figure 3 shows that.capacity_of available-landiill-space-and-incineration-capacity

met by exporling waste or by using less-favoured sites or by landraising schemes.

Figure 3
Landfill resources to 2000 — Hampshire

Landfili capacity available

Incineration capacity

|
"Deficit” in capacity “W

Figure 4 represents the overall waste disposal situation for the whole of the south-east over the
next 12 years. It shows those areas which will be "in the red” and it shows those counties which
have theocretically available space to accommodate the deficit. It shows very clearly how the
nub of the regional problem is what to do with London’s waste!

Figure 4

QOverall waste disposal situation to 2000

“Deficit” “Surplus”

Beds
Bucks
Oxon
Essex
Kent
Herns
" Surrey
W. Sussex

Berk E. Sussex
erks

Hants
London

falls-short-of the need-in-Hampshire-itself~There-is-a-shortfall of capacity which either hasto be
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Planning for the Future

In 1986 and 1987 it was the next stage of the work that caused the greatest problems. What =
wanted to do was to estimate how much waste would be likely to be imported into each &
year by year.

The way the waste disposal system works in the South East is that waste from those areas in
deficit is transported to those areas which have surplus capacity. Market forces in the private
sector ensure that generally the cheapest, shortest solution is found. So, {or example, waste {rom
London is taken out by lorry to Essex or Hents or other counties bordering London. The public
sector, on the other hand, has somewhat different perceptiens. It is particularly concerned with
security of disposal. Therefore in London we have the large transfer stations and the long-term
contracts transporting waste to massive sites on the edges of the region. As sites near to London
are filled, it is thus the private sector that will have to adapt the most.

How do we estimate how much waste each county is likely to have to dispese of in the next
10-15 years? Following the 1985 survey we put forward one model as a suggestion. Figure 5 is
designed to illustrate this model. The thick line represents a void equal to the total capacity
avatlable within a county. As a pricnty, it is then partially filled with its own waste as shown by
the lower area. The remainder is then filled with imported waste; when no more capacity exists,
the flow of imported waste is diverted to the next nearest area.

Figure §

Model of waste movements

. » Excess to next
nearest area.
Existing
imports
“own” waste

In the view of the Waste Disposal Working Group, that is a reasonable scenario. There are other
ways of looking at the problem but the end result will not be too different. The exercise is a
logical one. Waste is produced every day. It has to be dlsposed of.. It occupies space. That
space has to exist somewhere!’

As a consequence of this exercise we produced a table showing how much waste would need
to be disposed of in each county. Table 4 gives the figures that were produced for my own
county. They show an enormeous growth in imponed waste after 1995. At the moment we take
one train a day from London. the final figure showing impons between 1995 and 2000 is
equivalent to over ten trains a day.

Table 4
( ™
! Waste requiring disposal; Oxfordshire
{ (cubic metres)
i ‘ Local Im})brts

1986 - 90 3,727,000 - 2,482,000

1990 - 85 3,721,000 - 6,410,000

1835 - 2000 3,727,000 22,501,000

7
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Figure 6 shows how such imports would affect the landfill resources in our county. The lower
shaded area represents the space which is already consented. The middle shaded area

sites witliout Tajor problems. If we only consider local waste then we have sufficient consented
capacily to meet all our requirements into the next century. When we add in the extra
competing claims of imported waste then we begin to use up all our readily available space so
that we could need to be thinking about less favoured sites. A similar situation applies in all of
the counties surrounding London since the total quantity of waste 1o be disposed of in the next
12 years is only just short of the total void space likely to be readily available.

Figure 6 Landfill requirement - Oxford:,h.i:e

50 — ’ Total
waste
millions
cu. m.
30
2
Local
waste
L SR ]

1990 1995° © 2000

The regional planning process can be summarised thus:
The WDAs carry out surveys of void space and waste ‘arisings;
SERPLAN estimates the likely flows;
The WDAs consider the implication of these flows;
SERPLAN reporns on any panicular problem areas,

It is intended that this process of monitoring and analysis should be repeated every two years.

. The second monitoring survey has just been completed and we are now beginning 1o analyse
the results. It is intended to report on this survey later this year and then the third monitoring
survey will take place in November 1989. In this way, waste disposal authorities will always have
an up-to-date context within which to plan and make decisions.

1 have spent some time describing the- process that ocourred as we carried through the first
survey. This is the process that is outlined in the Guidelines in paragraph 36. ] now want to turmn
to the way in which this process will be integrated into the formal waste disposal planning
system.

Waste disposal planning is implemented through waste disposal plans as described in the
Conturol of Pollution Act. The waste disposal plan is the means by which each authority ensures -
that sufficient resources exist for the disposal of wastes which will arise or will become situated
for disposal in its area. Nearly all the plans so far produced concentrate on the household waste

which the particular authonty is directly responsible for. -

represents-the space-in-potentially supported sites'and the upper hatchiéd area represents the__
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Planning for the Future

In 1986 and 1987 it was the next stage of the work that caused the greatest problems. What v~
wanted to do was to estimate how much waste would be likely to be imponted into each
year by year. .

The way the waste disposal system works in the South East is that waste from those areas in
deficit is transponted to those areas which have surplus capacity. Market forces in the private
sector ensure that generally the cheapest, shortest solution is found. So, for example, waste from
London is taken out by lorry to Essex or Hents or other counties bordering London. The public
sector, on the other hand, has somewhat different perceptions. [t is particularly concerned with

- security of disposal. Therefore in London we have the large uransfer stations and the long-term
CONtracts transporning waste to massive sites on the edges of the region. As sites near to London
are filled, it is thus the private sector that will have to adapt the most.

How do we estimate how much waste each county is likely to have to dispose of in the next
1015 years? Following the 1985 survey we put forward one tmode!l as a suggestion. Figure 5 is
designed to illustrate this model. The thick line represents a void equal to the total capacity
available within a county. As a pricrity, it is then partially filled with its own waste as shown by
the lower area. The remainder is then filled with imported waste; when no more capacity exists,
the flow of imponed wasie is diverted to the next nearest area. :

Figure 5

Model of waste movements

Excess to next
nearest area.

— et e T 4 o —

“own"” waste

In the view of the Waste Disposal Working Group, that is a reasonable scenario. There are other
ways of looking at the problem but the end result will not be too different. The exercise is a
logical one. Waste is produced every day. It has to be disposed of. It occupies space. That
space has to exis! somewhere!

- As a consequence of this exercise we produced a table showing how much waste would need
to be disposed of in each county. Table 4 gives the figures that were produced for my own
county. They show an enormous growth in imported waste after 1995, At the moment we take
one train a day from London. the final figure showing imports between 1995 and 2000 is
equivalent to over ten trains a day.

Table 4

.f' Waste requiring disposal: Oxfordshire )

i . {cubic metres) )
| Local ’ Imp-orrs

1 1986 - 90 3,727,000 2,482,000

i 1990 - 95 3,727,000 6,410,000 1.
k 1995 - 2000 3,721,000 22,501,000 J
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INTERPRETING SITE CHARACTERISTICS IN

LANDFILE-DESIGN

INTRODUCTION

No single landfilling method is suited for all types of sites, and no single approach is
exclusively optimal for any given site. Selecton of landfill technology depends on the
physical conditions of the site, the amount and types of solid waste to be accommodated,
comparative costs of various options, and the physical and financial resources of the
municipality. This document begins with a general description of basic landfill design
choices, followed by the rather detailed design requirements, which must be considered in
developing a good landfill. The two basic types of landfill methods are the trench (Figure
1) and the area (Figure 2) method. The rench method involves excavation of the site to
obtain cover soil and to provide some of the space for the solid waste. It is best suited for
sites characterized as follows:

. flat or gendy rolling land surface

*  low ground water table (at least 3 meters below ground surface for small landfills;
at least 5 meters in general) :

. soi] layer or depth to bedrock at least as deep as groundwater

The area method involves minimal excavation of the site as cover is obtained elsewhere, _
often from a nearby hill. It is appropriate for most topographies and is the preferred choice
for sites that receive large quantities of solid waste. A combination of the two methods is.

“often used, especially, for large landfills extending more than perhaps 10 meters above the
original ground elevation. In this case cover is obtained both from on-site excavation and
from off-site sources. The trench and area methods will be discussed in detail later.

CELL AND WORKING FACE DESIGN AND CONSTRUCTION

All true sanitary landfills consist of basic units, commonly termed "cells” (Figure 3). A cell
is formed by spreading and compacting incoming solid waste in layers within a confined
area. By the end of each working day, the compacted refuse is covered completely
(including the working face) with a congnuous layer of soil which is also compacted. The
compacted waste and its daily soil cover make up a "cell” (Figure 3L A series of adjoining
cells at'the same height constitute a "lift" (Figure 3). A completed fill consists of several
verucal Lifts, and may extend 30 meters or more above the initial ground surface.

The cells are designed based on the volume of compacted wastes requiring disposal. This
in turn, depends on the density of the in-place solid waste. The field density of most
compacted solid waste within the cell should be at least 595 kg/m3 (1000 1b/yd3). It should
be considerably greater if sizable quantities of demolition rubble, glass, and well-
compacted inorganic matenials are present.

The working face is usually the mosi obvious indication of good landfill operations.
Unfortunately, the reverse is also true, as it is usually also the most obvious indication of a
lack of good.operations, which in turn can then be traced to a lack of professional ability or
concern. There is no excuse for not confining incoming waste to the working face. keeping
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Figure 7
Waste disposal plans

Hampshire

Isle of
wight

Figure 7 shows (shaded) those authorites that have produced plans to date. The hatchea
counties are those that have published limited plans. But the point I want to make is that so far
very few of the plans fully address the problems facing commercial or industrial waste
producers and little attention has been paid to the regional dimension. This is not surprising for
three reasons:

— Section 1 of COPA has not been implemented, and this has taken the pressure off
Waste Disposal Authorities having to consider all wasies in their areas; '

— The time limit which was to have applied for their preduction has been withdrawm -
this was probably done to avoid pressures for additional staff to produce waste
disposal plans;

— Information on the regional fiows of waste was not available,

The Guidelines are designed to supply the information required on inter-authority flows of
waste but they go further than that. In addition 1o the discussion of the issues in waste disposal
that Mr Selfe will describe they also set out a basic format {or analysing the waste disposal
situation in each authority. This format is shown in Appendix 2 of the Guidelines. It is suggested
that each authority should include a section in its plan covering these four headings:

Potential space includes a survey and assessment of the total void plus any additional space
from landraising schemes; s :

Waste arisings covers all wastes arising in the authority’s area together with forecasts of future
arisings; '

The regional context comprises the information supplied by SERPLAN on lLkely imports »
exports; .

The overall situation is obtained by putting all these ingredients together and looking at the
implications for the authority concerned, the private sector, and .also other authorities.

It is hoped that all authorities will adopt this approach in their waste disposal plans.



the working face as small as possible, and in general operating the working face properly.
The working_face.is-the area-of-the-landfill-where-incoming-solid-waste-is-placed-and
compacted;-so-nearly-all-site-activity-is-focused hereItis-also the source of many of the
environmental and aesthetic problems resulting from bad pracrice.

Waste is usally placed at the bottom of the working face. The exception to this practice is if
road access makes it difficult to bring waste to the bottom, in which case waste can be
placed at the top of the working face. A tracked crawler, dozer, or steel-wheeled
compactor, then spreads the waste into layers 30 to 60 cm thick over the entire sloped
working face and moves up and down the face several times to compact waste to 1510 30
cm thick layers. Compaction studies suggest 3 to 5 passes are necessary to achieve good
compaction. Layers are constructed over each other untl the end of the working day, when
daily cover 1s placed and compacted to complete the daily cell. .

The slope of the working face is a compromise between obtaining maximum compaction if
it was nearly horizontal, and minimizing daily cover requirements if it was nearly ventical.
The best slope is no steeper than 3/1 (horizontal to vertucal), and most operators prefer 4/]
or even 5/1 1o give better equipment stability and good compaction. The width of the
working face is that required to accomodate the number of vehicles placing the solid waste,
at any time, allowing approximately 4 meters per vehicle. It is not necessary to have a very
wide working face to accomodate the maximum number of vehicles expected at any time
during the day; some waitng by a few trucks during heavy periods is preferred over having
- a very wide working face, and the problem of maintaining it. All else being equal, the
smaller the working face, the betier the operation and the better the conool of the waste.
The height of the working face or the Lift thickness is then whatever is necessary, within
reason, 1o accept the waste and allow smooth operation of equipment. It generally ranges
from 3 to 5 meters, with 4 10 5 meters preferred for large landfills receiving several
hundreds of tons of waste per day. In pracuce, 3 meters 1s usually best.

It should be emphasized that there should be only gne working face receiving gll of the
waste. The only exceptions would be if conditions are such that certain wastes must be
placed at a different working face. Bad weather can require use of a second working if, for
example, wastes not likely 1o blow can be placed at a working face open to the wind on

windy days and light waste placed in a more sheliered working face. Another reason would ~

be 10 make better use of equipment if, for example, non-compactable inorganic waste is
placed separately so compaction equipment is used only on compactable wastes. A second
working face should rarely be used, and only with clear justification, because in practice it
is very difficult even for experienced operators to divide operations and work properly
moré than one working face.

Once the working face dimensions have been set, the height and width of the daily cells are
also set. The remaining dimension, the length of the cell, is set by the amount of waste
entering per day.

TYPES OF LANDFILLS
Trench Method

As implied, the trench method requires the excavation of trenches into which waste is
disposed by spreading and compaction (Figure 1). The waste is deposited at the working
face, compacted, and covered with the excavated soil. Excavated soil not used for daily
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cover can be stockpiled for later use in upper lifts or for final cover, or may be used for
berms t0.control surface water or visibility.

F BN

r

Determination-of-the-depth-of -excavation-is-an-important-engineering-decision: Clearly,
with a deeper cut, more volume is available for solid waste and more soil is obtained for
cover and other construction acuvities. On the other hand, a deep cut makes it more difficult
to get waste and equipment to the working face, at least initially, and will place the waste
closer to groundwater, increasing the potential for contamination. A deep cut also exposes
more surrounding soil to potential gas migration and can make gas control more difficult.
Finally, side slope stability can become more of a hazard with deep cuts.

Usually the depth of cut is limited by groundwater or bedrock. Even in landfills lined with
relatively impermeable soil such as clay, or located in clay, it is common to leave a
minimum of 3 meters of undisturbed soil above the groundwater to provide some
prqtection against contamination and to certainly avoid placing waste directly in
groundwater even at its seasonal or yearly highest elevaton. Similarly, because bedrock is
often fractured, providing no attenuation of contaminates in leachate, it is common to -
excavate no closer than 3 meters to bedrock. Another geological reason to limit the depth of
cut is to place the waste in the most impermeable soils available. If a clay or silt soil is
located over a sand or gravel layer, it is wise to not excavate into the more permeable soil
because the soils will form a conduit for gas and leachate flow. If it is necessary to cut
through such a permeabie layer, it is necessary to excavate more than needed for the waste
1tself, backfilling with one or more meters of compacted c¢lay at the bottom or side or both
of the excavation to seal off the permeable layers.

If the depth of cut is not limited by geological features, it is necessary to make an
engineering judgment decision by comparing estimated soil requirements to complete the
landfill and the depth of cut to obtdin the soil, considering access difficulties as the trench
gets deeper. Other factors are the value of the land and the difficulty of obtaining new
landfills, proximity to waste generators. and the surrounding land use. If the landfill area is
valuable and it is difficult to obtain a new landfill, one mll want to maximize the space
avallabic by cutting deeper, etc.

Thcrc is a special landfill concept that can arise when determining the depth of excavation
for a wench landfill. If the cut extends into groundwater, below the water table, and the
leachate is not allowed to build up in the landfill by pumping it out, the landfill is called an
inward gradient site. The concept is to control the leachate level within the landfili so it s
always less than that of the groundwater surrounding the site. Groundwater flow will be
into the landfill instead of having leachate flow out of the landfill to contaminate the
groundwater. A leachate collection system is required (along with leachate reaiment and
controlled discharge as to a wastewater geatment plant, etc.), and if such a site is not in silt
or clay soil, a liner of such soil will be necessary to limit the inward flow of groundwater.
This design concept is to be used only after careful study and upon assurance of continued
leachate control over many years.

Sidewall stability is a critical factor in trench design and is a function of the characteristic

. strength of the soil, depth of the trench, distance between trenches, and the slope of the

sidewall. It is best to have a geotechnical engineer determine the sidewall slope to avoid
slippage and the attendant hazard to workers, but in general the slope should be no steeper
than 1/1 in clays and 2/1 (horizontal to vertical) in less stable soils. Other factors that may
affect soil stability and permissible sieepness of sidewall slope are weather, soil moisture
content, erosion potential, and the length of ime the wench is 10 remain open.
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The remaining dimension of the trench is length. Typically, this is a function of the volume
desired, where the volume is such as to accommodate one 1o two years of solid waste per
tench. In this way, most of the excavaton for each trench ¢an be timed to be performed
during the months considered best for excavation (not wet or not freezing, for example) or
when excavation equipment is more available on a regular basis. If the area is subject to
seasonal windy conditions, waste can be placed at the lowest and most protected portions
of the trench during that period, etc. Knowing the approximate volume of landfill space
required per year, the depth of cut, and the width of the working face, the design engineer
can adjust wench width and length to produce a reasonable shape within the overall
dimensions of the site. It is common, but by no means necessary, for the lengthtobe 510
10 times the width of the trench.

Since the amount of required cover material is 2 function of the width of tench,
theoreti¢aliy the mench should be as narrow as possible. However, because width must be
adequate to permit dumping and accommodate the compaction equipment, practicality
demands that the trench be sufficiently wide 1o accommodate the number and types of
vehicles that use the fill. Because of the cost and difficulty of road access to the lower
portons of the tench and in consideration of the cost of excavating deeper trenches to gain
volume if the mench is narrow, it is common for the ench to be several times wider than
the working face. In general, the width of a rench should be an even multiple of the width
of the working face.

~ Alignment of the menches relative to the prevailing wind exerts a significant influence on

amount of blowing litter. The alignment most effective in terms of reducing the amount of
blowing is one that is perpendicular 1o the prevailing wind.

To ensure drainage, the bottom of the trench should be sloped along its length.’If the
climate is wet, the first lift will involve bringing the waste to the top of the working face,
and it is probably best to start landfilling at the higher end of the wench where it should be
drier. This is especially true if reasonably impermeable cover soils promote runoff of clean
water over the completed cells 10 the base of the trench, where it can be collected and
pumnped out to the low end. Water falling on the open working face will be absorbed by the
waste. Any water that is collected at the bottom of the trench should be tested and pumped
out of the trench to surface water if uncontaminated, or perhaps onto the working face, or it
should be treated prior 1o discharge to surface water. Refuse should not be deposited into
standing water. Surface water can be diverted from around the rench by constructing
temporary berms on the sides of the excavaton.

Depending upon the projected size of the fill, trench excavation may be done either
continuously at a rate adjusted to landfilling requirements, or pericdically on a contract
basis. -

The completed trench landfill will typically have 1/2 to 1/3 of its refuse depth below the
original ground surface with the remainder above the original surface. It must project above
the surface to assure slopes to promote surface runoff of precipitation. Accordingly, the last
phase of a trench landfill involves placing waste over portions of the previously filled
trenches to bring the site to its final grade as shown in Figure 1. The designer must assure
that sufficient cover soils are obtained from trench extraction, or from other sources, to
complete final cover and berm requirements.
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Daily cover is used on the working face to seal it until the next operating day. It may also
be used on top and sides of the daily cell if these arcas are to be exposed less than perhaps
30-days.-Since-it-is-a-temporary cover;daily-cover-is-only-a-thin-layer sufficient to-improve

the appearance of the landfill and ontrol the waste to reduce odors and to slow down or
discourage access. Depending on the smoothness of the compacted waste, 15 cm of
compacted soil may be sufficient to hide the waste. Adequate cover in general, but daily
cover in particular, is an obvious indication of a well-run landfill. It reflects the level of
competence and concern of the owner and operator, and greatly affects the morale of
workers and acceptance by the public. It is critical to sustained acceptable Jandfill practice.

If cover is exposed to erosion or traffic, or is meant to protect the waste for more than a
few weeks, additional soil should be used. This cover is called intermediate cover. A
thickness of 30 cm is common. Such cover should be sloped to promote runoff. In dry
areas Or s¢asons, Or in areas not subject to wind erosion, daily cover may provide adequate
protection for longer periods; however, such is usually not the case and intermediate cover
should be used on all waste except at the working face. '

Daily or intermediate cover can use virrually any type of soil, although a silty sand or Joam
is often considered best. Clay or fine silts can be used. but can be difficult to spread and
compact under wet or dry conditions, and access can baceme very difficult under wet
conditions.

Final cover provides the top and sides of the landfill with a seal to protect the solid waste

from the environment "forever”, in other words over geologic time. Accordingly, it must

be carefully designed and placed 1o minimize long-term problems and provide maximum

protection. It can be a complex system of different soil layers, ranging in function to.
support vegetation, minimize erosion, promote surface water runoff, promote moisture or

gas flow and retard moisture or gas flow. Some layers are there simply to protect other:
layers. As suggested from this list of sometimes contradictory functions, final-cover must

be designed based on climate, size of the landfill, surrounding land use, final use of the

site, etc.

One of the most critical functions of final cover is to promote surface runoff and to retard
downward flow of water into the solid waste where it becomes leachate. To minimize
leachate formnation, final cover is designed to minimize doward flow of precipitation.
Figure 4 shows nine different layers that can be considered for final cover, depending on
the situation.. ' :

The most basic design of a final cover, however, only contains two layers: 1) the surface or
vegetative support layer, and 2) the hydraulic bammer layer (Figure 5). It is advisable to use
. a thickness of at least 60 cm for the surface layer and 30 cm for the hydraulic barrier. This
design would be acceptable in areas with high evaporation and low rainfall, (i.c., warm and
dry) and is depicted in Figure 5. In other climates where additonal protection is needed as
in humid areas, it may be necessary to include additional soil or additional layers. In
particular, the hydraulic barrier in wet climates should be at least 60 ¢m thick.

In order to prevent the downward flow of water, the cover must be designed such that the
major fraction of rainfall and melting snow become run-off. This can be accomplished by
building a cover having a slope no less than 5 percent. This incline promotes the flow of
water over the cover; however, this slope is not so steep as 1o promote erosion. Erosion is
also reduced by establishing vegetation. Vegetation, in turn, promotes evapoiranspiration
(where moisture from the soil is released to the atmosphere through plant uptake and
evaporation). Thus, slope and vegetaton play an imponant role in the performance of the

14
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. Although the slope may be within the angle of repose, some slippage takes place

A

during normal operation. The slippage intensifies the difficulty of achieving the
degree of compacton required for the refuse and cover material. ~

. Blowing of lirter is accentuated.
. Abrasion of soil cover by wind, and erosion by downflowing surface water during
_ rainfal] easily rcachcs problcm levels.

. To the usual problems encountered in establishing a vegetative cover on a
completed fill must be added those of planting and maintaining vcgcxauon on a
hillside.

. Scavenging activities will be hindered as access to landfill site is made difficult by

an incline. Also, problems may arise in transporting containers, pushcarts and other
vehicles which may be-used to convey items retrieved from the site.

Land Reclamation Jor Agriculture

Sanitary landfilling designed 1o accomplish land reclamation for agriculture combines
satisfactory waste disposal with very pracucal land reclamation. The approach is applicable
to a wide vaniety of situations. Examples are abandoned quarries, problem canyons, strip
mined areas, agricultural lands no longer workable because of excessive soil erosion, and
other land areas severely degraded through exploitation of natural forces.

Despite the diversity suggested by the preceding list of examples, the method of sanitary -
Jandfilling recommended in ali cases is essentially the area method adapted to fit the specific
situation. For nonworkable agricultural land, a single lift may be sufficient, whereas,
several lifts would be required for abandoned quarries, canyons, and exhausted SITip
mines. In all cases, the depth of the final cover should be such that plant roots do not enter -
the buried waste mass before the wastes have been sufficiently stabilized. Required depth
and type of soil will vary with the crop to be grown on the fill, but a common depth is 0.6
to 1.6 m.

Measures must be taken to prevent or minimize unfavorable impacts upon the environment.
Precautions against groundwater contaminagon by leachate are the same as those applicable
to all sanitary landfills in general. Design concepts addressed to minimize or prevent
adverse environmental impacts from leachate generation are described elsewhere, but note
that landfills in sand or gravel mines or in rock quarries have caused some of the worst
groundwater contamination problems from improper landfill practice in the past. Such sites
must have liners, or otherwise protect against groundwater contamination because of
location in an arid climate or having a large depth to groundwater, etc. A good final cover
with a well constructed hydraulic bamcr layer is especially critical to minimize leachate
generaton.

If the landfill-is to be used for agricultural purposes, the ﬁnal cover should be sloped to
drain properly, and the vegetation layer should be thick to support crops. A thickness of 2
meters or more should be adequate for this purpose. Steps must be taken to prevent or
dissipare accumulations of biogas because of the safety hazards (fire and explosions)
associated with such accumulations. In addidon 1o the safety hazards, accumulated biogas
is likely to inhibit root development. Gas control is presented in more detail elsewhere.
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Reclamation of Aquatic Environments

r

Refuse is often dumped into rivers on the pretext of land reclamation (examples in China
and India abound). Solid waste should not be disposed near potential sources of water
supply. In some cases it may be acceptable to reclaim marshes and areas with pockets of
water having high salinity. In these situations, the water should be removed or allowed to
evaporate and the appropriate evaluations carried out (geological, hydrological, etc.).
Consideration should be given to the ecological conditions of the site. Since this practice
can result in severe contamination of surface water, it should be used only when necessary
and with careful consideration of the design and operation to minimize and conwol impacts.

Surface Water Drainage

L4

Good landfill design and operation requires surface water management. Placing cover and
contouring the land 1o promote surface water runoff will greatly improve operations,
especially in wet weather, and will automatically improve the appearance of the site and
force planning, which will in turn improve other aspects of site management. Access roads
that are muddy, washed out, flooded. or generally inaccessible certainly impair operadon of -
a landfill and may force the use of a separate, unplanned dump area, or even worse, cause
random dumping of solid waste. Mud rracking on nearby public roads will result, with the
danger of accidents on slippery surfaces etc. Water not drained from the working face will
make access to the working face difficult or impossible, and will make i1 difficult 1o place
and compact both the solid waste and cover soil. Ponding of water at the cover soil source
will make excavation difficult. All of these problems can be minimized or avoided with -
good surface water control. - :

The overall requirement in surface water control is that all surfaces in the Jandfill should be
sloped 2 minimum of 1 to 2% on natural, undisturbed soil, and 4 to 5% on surfaces over
solid waste which are subject 10 setiling over.a period of time. Intermediate cover, which
will be exposed for only a few months at most, may be sloped less, but even then should
be sloped at least at 2 to 3% and smoothly graded to promote runoff.

The landfill designer will normally choose to use pre-landfill surface water drainage paths,
and route landfill generated surface water to them. Obviously, they will be at topographic
low points around the landfill property boundary. A check should be made to be sure these
pre-existing streams, channels, culverts, ditches, etc., have the capacity to continue to take
surface water from the landfill propenty, and if the landfill design calls for changing
drainage paths compared to the natural, pre-landfill situation, a careful check on the ability
of these pathways to take additional surface water must be made.

Once off-site drainage locations and capacities are determined, berms and drainage ditches
are designed, cenainly around the base of the landfill but at other areas such as soil
excavation oF gteckpiling areas, berms, eic., to allow pg unplanned ponding of surface
water on-site. Blitches draining large areas and subject to large flows may have to be lined
or protected, and may need rocks or other devices to slow the water velocity and limit

damage. Roads should be graded with a crown or high point in the center and ditches on

. both sides, with culverts under the road as necessary to drain water freely off-site.

One of the most difficult parts of landfill design is to plan surface water drainage every day
of the life of the landfill. At all times the landfill and working face, access roads, soil
excavation areas, and soil stockpiles must be located to promote runoff. When low points
are unavoidable, as when landfiliing below the surface elevation in a wench, or excavating
cover soil below the original surface, slope the excavation so even here surface water will
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run to a low point from which it can be pumped to the nearest (and planned) drainage path.
In order to minimize the amount of water to be pumped, surfaces around the excavation are
sloped away from it so only water falling directly on the wench or excavation needs to be

pumped.

For the portion of the landfill above the surrounding land surface (hill), special care to
minimize surface water contamination and erosion is necessary. In the past it was common
10 have each lift, and its intermediate cover, horizontal. The problem was that if this cover
was less permeable than the solid waste, which is common, or as deachate and its
constituents reduce the permeability of the cover soil, which is also common, water can
accumulate in layers on intermediate cover. This leachate builds up and eventually can flow
out the side of the hill, leading to "leachate seeps” or "leachate weeps”. The result is surface
water contamination, staining of the cover, limited vegetation growth and odors. Once this
happens, it is expensive and difficult to repair, as a subsurface drainage system is required
which may require additonal repairs for many years. To avoid this problem, lifts should be
designed 1o slope towards the center of the hill, keeping any leachate accumulation as far as
possible from the sides of the landfill. Further, it may be useful in wet climates to excavate
some intermediate cover, or use gravel, at designed low areas to promote downward flow
and to limit ponding. :

The other difficulty regarding surface water control in hill landfills is the problem of
bringing large amounts of runoff from upper elevations to the drainage system at the base
of landfill without causing erosion. Experience has suggested that cutoff berms and ditches
be located every 30 meters or so along the sieeper slopes, and that these structures-be

. sloped at 5% or so to gradually collect and bring the runoff down to the base of the hill.

For large landfills, a series of enclosed culvents or lined spiraling ditches with velocity
lowering devices, such as rocks, will be necessary. No one ditch alone spiraling around the
hill will be able to handle the required volumes of water. Even with these runoff control
features, a slope steeper than 4/]1 horizontal to vertcal will likely lead '~ erosion problems
in wet climates and should be avoided.

- The last surface water control device to be discussed is the sedimenta:.on or equalization
pond. Surface water runoff will unavoidably carry sediment, which mayv eventually clog
off-site surface water drainage systems. A simple pond, with removal of sediment as
necessary, will solve the problem. In addition, depending on rainfall intensity pattemns and
the ability of surface water pathways on and off site to handle waier volumes associated
with major storm events, it may be cheaper, or necessary, to promote on-site storage of
surface water. Such a pond should be designed to handle a major storm, perhaps accepting
the runoff from the entire landfill for release over time. Creative planning can place such
ponds at locations where cover soil is to be excavated anyway, and will also locate and
shape the ponds to improve the appearance of the landfill. A good location, if land
topography makes it possible, is near the entrance road, or along a major road, etc. The
pond will need to be designed to allow pumping as well as access for sediment removal.

Phasing

It is not possible to construct the entire landfill over many years with all activities operating
continuously. Trenches are prepared, areas of land are cleared and graded, cover soil
excavations move from location to location, and porions of the landfill are completed
periodically over the life of the landfill. To spread the cost over time, 10 minimize the area
of the site exposed to excavation or filling, and to generally provide better control, the
landfill is constructed in phases. A phase is typically a portion of the landfill taking one to
three years to complete. Two years is common. If climate is seasonal, so one season is
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beter for excavation, for example, this. allows most of the excavation.to.be done.at the best

-———tme-of-the-year; etc: - —

Each phase is designed as a small landfill, coordinating all the activities such as excavation
and base preparation; construction of berms, roads, and drainage systems; waste
placement; soil excavation and stockpiling: and final cover of part or all of the phase within
the two year active lifetime, for example. The phases are designed to work together in
sequence so the entire landfill meets final contours and specifications at closure. Prompt
final covering of each phase seals portions of the landfill as they are completed, promoting
runoff and limiting leachate generation and providing excellent opportunities for visibility
conool and improved appearance during much of the operational life of the landfill. For this

. reason, earlier phases can be placed along major roads or on the most sensitive sides of the -

I

area. Once completed with final cover and vegetation, these earlier phases provide excellent
protection throughout the remainder of site operaton.

Fencing and Entrance Design

-The function of fencing and the entrance area is to limit site access to people and vehicles

with reason or permission to be there, to limit access to the designated entrances, and to

facilitate movement of waffic into the site. It is possible to achieve good and safe Jandfill

operation without limiting access, as in remote sites far from housing areas, but generally

fencing or natural boundaries (such as railroad wracks or steep hills) will be necessary. If

there is a charge for waste disposal, or if the site is open only part of the day, people will

bring in waste after hours or without paying, and will undoubtedly not place the waste in

the working face. This leads to piles of exposed waste around the landfill, and the

accompanying difficulty of maintaining a good operation. Fencing also helps control

blowing litter, providing it is cleaned frequently so litter does not blow over the fence. A3
meter mesh fence around the site is good for both access and liter control.

The access area should be clearly marked with the landfill name, owner or operator, hours
of operation, fee structure, and any special rules regarding acceptable or prohibited waste,
etc. It should have a lockable gate and should have adegquate space for vehicles to wait in
line on-site and not on public roads. The road should be paved to minimized mud tracking
and problems with vehicle movement in wet weather. There will usually be a gate house,
with a scale in some cases, to control access, collect fees and provide instruction. The
entrance area gives a great opporntunity for innovatve design to improve the appearance of
the landfill to the public and 1o promote a sense of pride for persons using or working at the
facility. A clean, well-maintained entrance area is related to the care people will take to
maintain the rest of the landfill. Berms, vegetation, fencing, curved roads, sedimentation -
ponds, and topography should be used to maximum advantage. Gardens and a park-like
atmosphere are common at well-designed and operated entrances, and can be used
innovatvely for special floral displays, etc., if carefully dc51gncd so as to not interfere with
landfiil opcranon and vehicle movement.

The tum-in area from public roads to the landfill should be designed to minimize accidents
and promote maffic movement. Special turn lanes may be needed at some larger landfills.
The on-site entrance road should be at least 8 meters wide 10 accommeodate two-way traffic,
and should be sloped to promote runoff with drainage ditches on one or both sides. It
should be cleaned frequendy, especially on wet or very dry and dusty days.

Roads to the workmg face will range from semi-permanent over portions of the landfill 10

“be used throughout the life of the site, 10 temporary in areas providing only access to the

working face. This presents a design problem, for the road system must allovs easv vehicle
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movement under all weather conditions, yet be financially and technically feasible. Roads
10 be used for several years, especially if they are included in the final use of the site,
should be permanent and will normally be paved. In some cases a gravel road will be
satisfactory, but note that gravel roads are more difficult to clean as mud and din is tracked
onto them. Temporary roads to the working face can be gravel, or in dry areas hard packed
soil.' Semi-permanent roads, between these two extremes, may be used over a period of
months to years, according to the landfill phasing sequence. Depending on weather, the
amount of maffic, and eventual use, if any, they may range from paved to gravel, but
oftentimes may be constructed with selected incoming wastes, sucl' as broken road
pavement, broken concrete, demolition debris, excavated soil, or certain industrial wastes .
such as combustion residues, eic. The designer should evaluate wastes entering the site,
and wastes which could enter the site if necessary, and be sure proper procedures and
adequate equipment are available 1o make prompt and contolled use of such wastes. Piles

of road-building materials stored for later use can be unsightly and shouid be controlled
accordingly. ‘

All roads should be clearly marked to route traffic 1o and from the working face. They
should be elevated and sloped or crowned to promote runoff to ditches on both sides, and
culverts should be placed under them to move surface water to a sedimentation pond or
directly off-site. They should be watered on dusty days, and cleaned, especially nearer the
entrance area, to avoid mud tracking and 1o promote vehicle movement. They should be at
least 3 to 4 meters wide for one-way or small amounts of affic (with passing areas as
appropriate), or 7 to 8 meters wide for two way traffic. Some landfills prone t0.mud
. tracking problems may have special wheel cleaning locations, so trucks don't track mud
from the working face. These devices can include a wash pond, a water spray, mud knock-
off bumps, or a long paved road (which is frequently cleaned). With sticky clays,
however, even these devices muy prove inadequate. Local experience is the best guide for
what will work - - the function here is to simply point out that the designer must consider
. the need for such devices.

Groundwater and Gas Migration Monitoring

Depending on local regulations, groundwater use, the proximity to buildings and built-up
areas, and the types of soil and location of groundwater, it may be important for the
designer to place monitoring probes around the landfill. Monitoring wells should be placed
at least up and down gradient of the landfill, and in the direction of any nearby wells, and
gas probes should be placed in the directions of nearby buildings. The design of wells and
probes is covered elsewhere; the point here is to emphasize the importance of getting
background soil gas and groundwater quality information before any landfill actvity t1akes
place. If problems develop in the future, it will be known whether the landfill is the likely
source, which in turn will help determine who is responsible and how to best solve the
problem. -

PROVISIONS FOR SCAVENGING
Introduction

Since sanitary landfilling is the subject of this course, the present section focuses on
matenial recycling (scavenging) performed at the landfill site and does not include
scavenging at the point of waste generation, during collection, or during mansport.
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Eresent]'y.',t.he,scqucncc.conunonly_followcd_wit.h.rcspcm.to.scav.cn ging.at-the.disposal.site—

is-las-follows:—- T T T Tt T T

1. Incoming refuse is dumped, as usual, at or near the working face, i.e., immediately
behind or at the foot (toe) of the working face.

2. Scavengers sort through the dumped load.

3. . Scavengers scparate the retrieved materials into organized lots.

4. Machinery spreads and compacts the waste remaining after the scavenging activiry.

Although this discussion of scavenging is restricted to that which takes place at the disposal
site, it does not affect fundamental arguments for or against the practice as a whole. Typical
malterials recycled in this manner include: unbroken bottles, metals, plastics, cardboard,
paper products, textiles, and glass. X

Associated Issues

The case for scavenging must be szong enough 1o counterbalance the objections that can be
raised against it at the site. These objections stem from the safety hazards to personnel of
both the scavenging group and the landfill employees, and from the interference caused by
scavenging activity that prevents the efficient conduct of work at th: fill. Scavenging
activities have severe negative impacts on the productivity of equipment as well as the
efficiency of operations in general. Hazards caused by the intermingling of manual
scavenging activity and equipment-oriented sanitary-landfilling activity increase when
heavy equipment is involved. Furthermore, scavenging results in delays and often
interferes with compaction and application of soil cover. Therefore, the problem is

. essenually one of developing a safe interface berween scavenger and landfill equipment that

allows for efficient operation of the landfill.

Designation of a Separate Scavenging Area

The problem of developing an interface between scavenging and landfill operations can be

minimized or even eliminated by treating the scavenging activity as a first step in a sequence
of steps that make up the landfill activity. Such an approach makes feasible a physical
separation of the two activities of perhaps one or more kilometers, Unfortunately, such a
separation adds a step to the overall operation. Solid waste handling now has two parts: 1)
discharge of incoming wastes at the scavenging area of the disposal site, and 2) mansfer of
the residue remaining afier scavenging to the burial site.

If the scavenging area is kept relatively close to the burial site, transfer of residue from one
site to the other may be done quickly by means of a bulldozer. Such an arrangement would
demand that the scavenging area be movable to be close to the working face.
Unfortunately; this is probably so close as to cause mutual interference between man and
machinery. 'H'i&'other extreme would be to locare the scavenging area a kilometer or more
away from the working face. In this case, the waste to be disposed could be mansporied by
means of dump trucks.

A fixed scavenging site for the life span of the fill would be desired when wansfer by
bulldozer is no longer feasible. A fixed scavenging area would be neither feasible nor
advisable for a small disposal site. Dedication of a fixed portion of the disposal site for
scavenging takes on many of the charactenistics and advantages of a transfer station. For
instance, scavenging done in a fixed area can be sheltered from the elements (wind. rain,
etc.) and undesirable impacts upon the environment can be avoided or minimized. The -
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operation itself can be kept orderly and controlled closely, and abuses can be discouraged.
Furthermore, efficiency can be improved by including a certain amount of mechanization
(e.g., conveyor belts and screens). Best of all, encounters between scavengers and landfill
equipment are more easily avoided. Theses advantages combine to enhance efficiency. This
altemative also allows for sanitary facilities and a better working environment for the
scavengers.

The strongest objection to designatng a fixed site is probably the added step of pick up and
ransfer of waste.to the working face. This objection does not come iato play until the
distance between the scavenging and burial sites becomes great enough to make transfer by
bulldozing no longer feasible. Of course, the capital expenditure associated with the
ercction of a building and introducdon of added equipment would be another disadvantage.
From the preceding discussion it can be noted that the size of the disposal site is the
decisive factor regarding the advisability and necessity for dedicating a pontion solely to
scavenging. In general, a minimum life span of 10 years would justify the incorporation of
a fixed scavenging area.

Managément of Scavenging Activity

Important factors when managing scavenging activities are the relative priorities of the
scavenging and waste burial activities. Bunial should have precedence over scavenging
since the main purpose of the fill is the effective disposal of wastes. Therefore, scavenging
must be managed in a2 way that does not unduly interfere with the disposal activity of the
landfill. Alternately, consideration must be given to the potential income from scavenging
for the scavengers, who are generally at the bottom of the economic ladder, as well as the
importance of secondary materials 10 local industry.

Traffic

Unless carefully managed, traffic to and from the disposal site can be disruptive to the
interface between scavenging and burial (disposal). Among the obvious causes of
disruption are the increase in number of vehicles using the same road and the different
moving speeds that result from the different types of vehicles involved. Scavenger vehicles
may be as small as a pushcar or as large as the vehicles used 1o mansport the larger loads of
recycled materials, Conversely, waste collection and hau! vehicles normally surpass
scavenger vehicles in terms of size, weight and speed. Unfortunately, the best way to
separate the traffic is to provide separate access roads, but this could be an expensive
approach, .

The degree of access to the disposal site by scavengers depends upon the magnitude of
separation between scavenging waffic and disposal maffic. If separation is complete, the
access could range from unlimited to somewhat limited. Alternately, if the two traffic
patterns are not separated, unlimited access is immediately ruled out because of the
excessive interference with disposal traffic. If access is to be restricted, the problem arises
as to which individuals are to be excluded. In amiving at such decisions, it should be
remembered that political and social expediency would inevitably enter into any decision
that would limit access. '
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Supervision

*

The scavenger activity should be under the direction of a supervisor who has the
responsibility to see to it that the activity proceeds efficiently and fairly, yet with a
minimum of interference with the disposal operation. Accomplishing the lauer implies
working closely with the director of the disposal operation. The latter should have the final
say in decisions that affect the disposal operation (landfilling). The supervisor of the
scavenging activity may be assisted by subordinates, if efficiency of operation requires
sutgh acgrovision. Efficiency and safety demand that good housekeeping be rigorously
eniorced. .

Guidelines

A relatively fixed set of guidelines should be established. Among the subjccts that could be

regulated are:
1. Assignment of space, refuse loads, etc., to individual scavengers or groups thereof.
2. Removal of scavenged material from the site - - i.e., the promptness, frequency and

manner in which evervthing from separation of scavenged material to loading and
hauling by can or motorized vehicle is performed.

3. Ideally, the municipality should be responsible for the sale of the recovered
matenals.
4. The laborers should be provided with uniforms and safety equipment. bathrooms,

showers, eating facilities, and first aid equipment.

The above guidelines should be enforced by the supervisor in a fair and responsible
manner. As the supervisor may come under pressure to take bribes, however small, from
different groups or individuals, the person in this position should be a scrupulous
individual who is rewarded according to the quality and performance of scavenging
activity. ‘ :

PROVISIONS FOR SPECIAL WASTES

Baling

Because of the technology involved and its high costs, the baling of municipal wastes is
generally not a practical disposal opuon for a developing country. However, because it may
be possible under specific circumstances, this section briefly describes landfilling baled
wastes.

Waste characteristics, in particular, moisture content, determine the cohesiveness and
density of the bales. The optimum moisture content is between 15 and 25 percent. With the
present baling technology and suitable moisture content, densities of bales range from 950
kg/m3 to 1130 kg/m3. Bale dimensions range between 0.9 and 1.2 m in the minimum
dimensions and from 1.2 to 1.8 min length. To keep recoil (expansion after pressure is
released) at-a minimum, baling pressure should be greater than 1.4 x 107N/m2, Even under
optimum baling conditions, the volume of the bales eventually expands 10 to 15 percent.

The bales should be tightly stacked in the fill, usvally with a fork lift, and covered with

cover material. Equipment efficiency dictates that each lift be no higher than three layersof -
bales. Stability is attained by arranging the lavers in a manner similar to bricklaving. in
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which each layer is offset so that the ends of bales in one layer are not direcdy under those
in the next layer. Maximum stability requires that bales be stacked cross-wise from layer 10
layer or lift 10 lift. Each lift would then consist of three layers of bales covered with a thin
layer of soil to accommodate truck and equipment wraffic. The contours of the floor of the
site should reflect the contours desired for the cornplcwd site. i

Proponents of balefilling (landfilling of baled wastcs) claim that the following advantages
can be atrributed to the use of baling in MSW disposal when the snc is designed and

operated properly:

1 Baling ensures a higher effective density, thereby reducing t* = land rcquu'cmcnt and
extending the useful life of a landfill -

2. The use of on-site equipment and personnel is less intensive :n a balefill.

3. Damage to the environment is diminished. For examp. . leachate strength is

«  reduced because some percolating water is diverted to the ¢ :ces berween the bales,
"~ diludng the leachate.

4. Problems related to vectors, dust, blowing litter, &z ic, and moisture are
considerably reduced in number and severity. For exan: :le. vector (birds, rats,
flies, etc.) activity is notably diminished at balefills due to the smaller working face
and the ease of achieving complete daily soil cover.

5. Baling of solid waste improves the future usefulness ¢. :he disposal site by
enhancing foundation - bearing factors. Also, the waiting pe -2 for land to stuabilize
is lesse:.zd.

Co-disposa

As the term - lies, "co-disposal” involves the mixing of one type of waste with another
and the sut. Jent disposal of the mixture. Although co-disposal as described in this
section appli. .2 most types of non-industrial sludges, the following is directed primarily
to sludges associated with the storage, weatment, and disposal of human body wastes
(primanly fecal wastes). Examples of such sludges and wastes are those produced by a
conventional wastewater (sewage) treatment facility, septic tank pumpings, sludge from Lhe
storage pits of unsewered public toilets, and nightsoil in general.

Despite the many hazards 1o public health and nuisances atributed to the practice, untreated
nightsoil is frequently co-disposed with municipal solid wastes in developing countries,
These hazards and nuisances are amplified by the presence of scavengers and the
prevalence of the open dump method of disposal. Although not as pronounced, the same
hazards attend the open dump co-disposal of primary (i.e., raw) sewage sludge from a
sewage treatment facility. Thc hazards can be substanually rcduccd by using good sanitary
landfili pracuce.

In an operation involving co-disposal by sanitary landfilling, one approach is to deposit the
_ sludge (20 10-30 percent solids) on 1op of the refuse at the working face of the landfill. The
sludge and refuse are then thoroughly mixed and the mixture is spread, compacted, and
covered. Liquid in the sludge is absorbed by the refuse. The mixing of the wastes must be
done with care 50 as 10 not exceed the liquid holding capacity of the solid waste, otherwise
a wet, muddy landfill will result. Sludges having a low solids content (2 to 4 percent
solids) may be spray-applied from a tank truck to a layer of refuse at the working face. The
refuse serves as a bulking agent, but once again care must be taken to not exceed the
holding capacity of the solid waste.
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Itis clca: that itis not easy_to_co=dispose sludge's withourgreatly-affecting the success of

the facility as a solid waste landfill. The handling, placement and mixing of the sludge in
reasonable proportions is key, requiring special design and operational provisions. Note
that scavengers should not be permitted to come in contact with the wastes.

A different approach involves the use of sludge/soil mixture as an interim or final cover
over completed areas of the refuse landfill. The approach has some advantages:

I. Sludge is removed or reduced from the working face of the fill. -

2. Because of the nitrogen and phosphorus contents of the sludge, the mixture
' promotes the growth of vegetation over the completed fill area, thereby reducing
ferdlizer requirements.
3 The development of sanitaton and erosion problems may also be mitigated.

A major disadvantage is the limitatdon of this approach to well-stabilized, digested,
sludge. The limitation arises from the mcomplctc burial of the sludge and its
resulting exposure 10 the atmosphere and people

An operational difficulty that may be encountered is vehicle movement problems - due 1o the
presence of and the high moisture content of the sludge. A possible solution is 10 mix
sludge with ash from power plants or similar sources.

Hazardous Wastes (Secure Landfill)

Introduction

. Hazardous wastes {mercury and arsenic based wastes, pesticides, heavy metal waste, acid

wastes, oil-based wasies, cyvanides. etc.) are equally dangerous and itoxic whether in

developed or developing counmies. The place of origin or occurrence has no bearing on the
degree of hazard inherent in a particular hazardous waste. The possibility exists that a given
hazardous waste may pose a greater threat in a developing country, since "legal”
definitions, standards, and safeguards tend to be more relaxed than those specifications
found in a developed country, and because of the accessibility of sites to more people if
located in congested areas or if scavenging is pracuced. The result is that: 1) measures
required in the disposal of hazardous wastes in developing counties should not differ
materially from those imposed in developed countries; and 2) the “secure Jandfill” approach
described in this section applies equally in developed and developing settings. The only
- differences would be those arising from conditions peculiar to the individual sites.

Definition and Specifications

A "secure landfill" is a sophisticated engineered earthen excavation especially designed to
contain and prevent hazardous wastes from escaping into the environment. Therefore, a
genuinely secure landfill must have the following features:

1. Waste disposed is completely enclosed by a layer or liner of impervious material.

2. The distance between the bottomn of the liner and the groundwater is sufficient to
prevent contaminadon of the groundwater.

Leachate and all other liquids are not allowed 10 accumulate inside the containment
lavers. '

Groundwater is monitored such that leakage from the fill can be detected.

The fill is located such that it is isolated from surface and subsurface water supplies:

is free from flooding. earnthquake, or other dlsrupuons and the site is not needed
for other uses after the facility is closed.

w b w -
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Design

As with all sanitary landfills, design is largely dependen: uipon the hydrogeological
characteristics of the site. Thus, if the distance 10 the groundw zier table is substantal and
the soils are very impermeable, compaction of the soils at the site coupied with the
placement of single liner either of natural or of synthetic material would be sufficient 10
contain hazardous wastes. In such a case, soil or bentonite couid serve as a natural material
and polyvinyl chloride, high density polyethylene, or chlorinated polyethylene could serve
as a synthetic material. If conditions are not ideal, but do meet minimum standards, it
would be necessary to excavate the soil presently at the landfill site and replace it with a
sand/gravel layer followed by a compacied clay liner, a synthetic liner, a leachate drainage
layer, and perhaps even a second clay and drainage layer combination to form a so-called
double liner system. In all cases, provision should be made for preventing the various
wastes from mixing together and thereby triggering a chemical reaction (e.g., highly caustic
whste with a strong acid waste). This is done by separating different areas from one
another by forming subcells using earthen dikes.

Arrangements must be made for collecting and withdrawirz !zachate as it accumulates in
the basin. This is done through a network of pipes insiziled in the drainage laver.
. Groundwater quality should be monitored by means of mon::oring wells placed along the
perimeter of the fill. Moritoring of groundwater should < gin prior 10 any disposal of
waste and should be continued thereafier until the chznces ¢! a pollution problem become

. non-exisient.

The design, operation, and monitoring of a secure fill ir a highly sophisticated process
which requires the partcipation of skilled professionals. Ix :&ls of the various requirements
of a secure landfill are given elsewhere.

" The closure of a secure landfill must be designed such that total and complete
decontamination of the facility is assured, and the completed fill does not pose a threat to
the public safery and the environment. This objectve is attained by adhering to the
following procedure:

1. At termination, cover the upper surface of the completed fill with impermeable
soils, ¢.g. clays. This laver should be at least 0.6 m thick.
2. Cover this layer with a synthetic liner, if availabie, and then with at least 0.3 m of

sand to provide horizontal drainage of percolai¢ and 10 protect the impermeable soil
layer and underlying wastes. :

" 3. Cover the sand layer with a minimum of 0.6 m of vegetation support soil, of which
at least the top 10 ¢m is topsoil. Then seed the tepsoil to produce vegetation and to
complete the closure operation. Leachate and gas collection pipes should protrude
through the final cover. '

The functonsef a final cover with respect to hazardous waste containment are as follows:

a. minimize infilradon of precipitation

b. prevent contamination of surface run-off
c. deter wind scatier of waste

d. prevent contact of waste with humans and animals
¢. promote surface drainage

f. minimize erosion '

g. prevent build-up of gas pressures in the fill

h. accommodate settling and subsidence
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i-protectthe-impermeable-or-barrier-layer from-freezing-drying: or-any-other

surface effects, and
j. support vegetation growth.

Finally, it is exgemely imponant that the completed fill not be excavated in any way since
most buried hazardous wastes continue to be dangerous for extended periods of time, and
the consequences of untimely exposure could be disasmous. A properly closed hazardous
waste landfill mav be utilized for general purposes, such as parking areas and open spaces.
However, it is advisabie that 2 hazardous waste site be closely monitored for surface cover
quality, gas emissions, leachate collection, groundwater, erosion and other events for at
least 30 years. This is an arbitrary time period which ¢an be extended or shonened
depending on site characteristics, the wastes disposed, monitoring results, and other
perdnent technical informaton available.
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i. Introduction

As precipitation infiltrates through the landfill leachate is produced.

~ Leachate results from the biological, chemical and physical processes taking place

within the landfill, coupied with a leaching effect as water thrickles through the land-
fill. The product of these processes is a more or less highly polluted leachate whose
constituents are heavily dependent on the condmon of the landfiil. Harmful germs
may also be contained in the leachate (Table 1).

Table 1: Leachate analysis values for parameters with differences between acetic
and methanogenic phase of a domestic waste landfill (EHRIG, 19889).

Parameter Average i Range
Acetic phase
pH . 5,1 45-75
BODg mag/l 13.000 4.000 - 40.000
coD mg/ 22.000 6.000 - 60.000
B0ODg/COD - 0,58 .
SOy4 . mg/l 500 70-1.750
Ca mg/l 1,200 10 - 2.500
Mg mg/ 470 50-1.150
Fe mg/l 780 20-2.100
Mn _mg/ 25 03-65
Zn mg/l 5 0,1-120
Sr : mg/} 7 0,5-15
Methanogenic phase
pH . 8,0 7.5-9,0
BODg mg/l 180 20 - 550
coD mg/l 3.000 500 - 4.500
BODg/COD - 0.06 .
S04 mg/l 80 10 - 420
Ca mg/ 60 20 - 600
Mg mg/l 180 40 - 350
Fe mg/l 15 3.280
Mn mg1 0.7 0.03-45
Zn mg/ 0.6 0,03-4
Sr mg/l 1 03-7
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2. Generation of leachate from landfills in water-
‘deficient areas ‘

Water is a scarce commodity in arid and semi-arid areas and pollution of surface
and underground water resources can be disastrous to communities and households
depending on these sources for domestic supply.

As many states of Mexico are largely water deficient areas concern must arise if
landfills have the potential to cause unacceptable water pollution. Such pollution is
also most costly and difficult to clean up once it has occurred. If nothing is done to
ameliorate the situation, the pollution may persist in the groundwater for a long time,

‘even though the source of the pollution has been removed.

Landfills receiving more than 750 mm of precipiiation per annum will produce
leachate, while in arid regions where annual precipitation is less than 300 - 400 mm,
virtually all precipitation is evapotranspired.

Water Bal f ndfil

- The main tactors influencing the water balance of . a landfill are (see figure 1):

« Precipitation

. Surféce run-off

» Evaporation and evapotranspiration

+ Retention by the cover .

« Storage by the refuse

. (Water production by biochemical processes)
» (Water Idsses through natural gas venting)

« Water output by leachate

Water Idsses through natural venting gas out of the !andfill will condensate to a high
degree in the surface area.



Figure 1:Main factors influencing the water balance of a landfil
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Figure 2: Some meteorological stations with average annual rainfall in millimeters
: (Attas Climatoldgico de México, 1939)

REY



F A

Once precipitation has passed through the cover layer, it will become leachate. it is
a phenomena, that under common landfill practice, precipitation, respectively
leachate migrates on special interconnected zones through the landfill long before
an overall field capacity is reached. The existing of a main wetting front in the land-
fill, anticipated in some water balance models. is therefore not exactly right. Oniy if
the field capacity of the waste is reached - with the age of a landfill it might become
homogeneous - ‘he water content in the refuse will not become lower than this field
capacity.

It must also be recognised that good engineering and management of a landfill can

be used to maintain a perennial water deficit within the fill even though there may
l.actualiy be an excess of precipitation over potential evaporation. This can be done
by

» Maximizing run-off and
+ Minimizing infiltration into the refuse.

A suitably sloping surface and the mstallatlon of a carefully designed impervious
cover layer can achieve this.

The infiltration rate is strongly influenced by the kind of cover material that is used.
Materials with a high field capacity should be preferred, for example waste compost.

Compost is a material with a very high content of organic matter (15 to-30 % DS!),
which enables a very high field capacity (80 to 120 % DS!). On the other hand the
very permeable surface and a possible strong vegetation prevents a good surface
runoff, but forces evaporation resp. evapotranspiration.

Obviously the smaller the precipitation and the larger the evapotranspiration and
runoff, the less the potential for the generation of ieachate. These terms are particu-
larly favourable in water deficient areas.

.Leachate production is high from low compacted landfills without a soil cover. In ca-
~se of highly compacting, at the landfill surface often ponding of rainwater can be ob-

served. Under humid climatic conditions the average difference between precipita-
tion and evaporation - independent from different vegetation types - is positive. The
following figure presents leachate data from ditferent landtills in the northern part of
Europe (Federal Republic of Germany/EHRIG, 1989).



— Figure-3:-Precipitation-(mm/year)-and-leachate-flow (mm/year-and-%-of-precipitation)
at different landfills and years in the middle of Europe (EHRIG, 1989)

{mm/year:

B
10001 n P
l r ﬁliw Vil a
3
! ‘ n : 1 Ei
BGO+ i
[ ]
. } sigm
goa{! [HIHN 0n
1: ? i - i ]
e i1
400141 \
i ¢
i i
oot LR |eE »
= == o
= a \ A
¥ & .
. U4 of precipitaticn) -

=
e
=
=

ﬂ preciplitation % leachate

In water deficit areas, evaporation exceeds precipitation (figure 4).

Studies made in South Africa (BALL & BLIGHT, 1989; BLIGHT, VORSTER & BALL,
1987) produced strong evidence that if climatic conditions are such that a perpetual
water deficit exists at the site of a landfill, no or very little leachate will be formed and
exit the base of the landfill. Hence, if there is an adequate separation between the
lowest level of refuse and the highest level of the regional phreatic surface, no
groundwater poliution may occur (figure 5).




Figure 4: Water balance in water deficit areas
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Precipitation-(Rainfall) -

The most critical situation occurs in the case of low rainfall intensity over a long pe- -
riod of time; cloud bursts, . g. rains of extraordinary intensity result in a quick sa-

turation of the cover material, with the resuit of a high surface run-off, so there is
litle infiltration into the landfill.

Rainfall data should be preferable obtained from measuring on site or alternatively

from the nearest meteorological station (see figure 6).

Surface Run-off

o

The important facts, which influence the surface run-off are:

« Topography of the landfil

» Type of soil cover mate_ria]

+ Morphology of the soil cover

+ Vegetation

A simple method for estimating the surface run-off is based on the general formula:

R=cxP

R ... run-off
P ... precipttation
¢ ... coefficient

Table 2: Run-off coefficients proposed by SALVATO et al. (1971) for different soil

cover materials and different vegetation types

Soil texture

Soil cover Slope Sandy Loamy
. (%) joam clay Clay
Grassed saoil 0-5 0,10 0,30 0,40
5-10 0,16 0,36 0,55
10-30 0,22 0,42 0,60
Bare soil 0-5 0,30 0,50 0,60
5-10 0,40 0,60 0,70
10-30 0,52 0,72 0,82

Evaporation and Evapotranspiration

The vegetation growing on the final cover of the landfill needs water for building
plant tissue and causes a water 10ss by transpiration. In addition, water is evapora-
ted from the soii depending on soil texture and climatic conditions. A distinction
should be made between the period of landfill operating - maybe with intermediate
cover - and the finished landfill with a final cover and revegetation.
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In regions with low annual precipitation (< 750 mm) a leachate circulation system
reduces the quantity ot leachate by evaporation and accelerates the biochemical
decomposition process in the landfill. This leads to a drop in the decomposible or-
ganic content of the ieachate and accelerates the production of methane gas.

3. Free Leachate Flow

Steps must be taken to ensure that under no circumstances - even in the long term -
it will be possible for a build-up of leachate to occur in a landfill. Leachate must be
able to exit from the area of the landfill following the natural gradient (LECHNER et
al., 1993). '

If a pit is completely filled, in other words, if there is no free ieachate flow, there is a
‘build-up of leachate as soon as the pumping system fails, even if the leachate col-
lection system is optimally constructed. In an extreme case, at the relevant depth of
tilling or height of build-up, all the free water in the mineral base liner begins to per-
meate the liner. Permeation is now governed by the relationship v = K x (i-ig). In other
words, there is laminar flow through the liner. The mineral barrier liner is thus no
longer “technically impermeable”.

v ... filter velocity (m/sec)

| S hydraulic conductivity in the linear range (m/sec)
[ hydraulic gradient

ig.---...Start gradient for the linear relation

in case of a free leachate flow the hydraulic gradient results only from the controlled
flooding of the drainage system according to the hydraulic requirements for the ru-
noff of the leachate. The hydraulic gradient will not generally exceed a value of 1,5.
The value of k;_, ¢ relevant for the actual percolation through the base liner is thus
much lower than k,_,,, which is the value used for the determination of the coefficient
of permeability in the iaboratory. At low hydraulic gradients the effect of the binding
forces results in a non-linear relation between the filter velocity (v) and the hydraulic
gradient (i), in mineral materials of low permeability (ka3 < 108 m/sec).

in other words, the resistance to the percolation of leachate is virtually infinitely large
at a low hydraulic gradient. This exponential relationship is explained by the fact that
the adsomiion water only contributes to the flow at an increasing hydraulic gradient.
Only then does cross-sectional area of flow - and with it permeability - increase. As
long as this is not the case, a mineral barrier liner of low permeability can therefore
be described as “technically impermeable®,

This is the reason for the decisive importance attached to free leachate flow, The
necessity for free leachate flow is in most European countries now generally accep-
ted.

Above ground landfill mounds have a potential for erosion of the topsoil layer in the
cover. The appearance of leachate in the drainage system of such a landfill, espe-
cially in water deficient areas will signal the need to mvesngate the cover and, if
necessary, o repair it.



_ Figure 6: Necessity for the free leachate flow
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GENERA CION-Y-CUANTIFICACION-DE-BIOGAS

Generalidades

De todos es conocido que los rellenos sanitarios producen cantidades importantes de biogas
debido a la descomposicion biologica de los materiales organicos contenidos en los desechos

solidos depositados en los rellenos sanitarios.

El proceso de degradacion que ocurre en el interior del reileno es un proceso anaerdbico similar
al que ocurre dentro de un digestor de lodos con proceso anaerobio, siendo la diferencia
unicamente que este Gltimo es operado bajo condiciones optimas, condicidn que raramente ocurre -

en un relleno sanitario.
Composicién del Biogas

La composicion del biogas es muy variada y puede encontrarse en cualquier iibro o publicacion
sobre el tema, pero el componente sobre el que fijaremos nuestra atencion sera el Metano, va que
tipicamente se le detecta en concentraciones del 40 % aproximadamente, el resto es-atribuible al

CO. vy gases adicionales en concentraciones de partes por millon en volumen.

Los gases adicionales que ocurren en concentraciones de ppmv, son tipicamente el H.S formando
Mercaptanos y otros gases sulfurados olorosos, otros alcanos como el Etano y otros Compuestos
Organicos Volatiles siendo los principales dentro de los Hidrocarburos Aromaticos el Benceno,

Tolueno, Etilbenceno, Ortoxileno y algunos Hidrocarburos Halogenados.
Peligrosidad del Biogas
El biogas debido al Metano puede ser explosivo en concentraciones entre 5y 15 % en volumen

con aire atmosférico, es corrosivo por el porcentaje de CO. que contiene, y su condensado

también lo es por el H.S, su olor ofrende al sentido del olfato y afecta a la comunidad que vive



en los alrededores del sitio creando tensiones dentro de las familias, pérdida del apetito,
induciendo ira en las personas y propicia el sentimiento de no desear regresar al hogar al fin del

trabajo, es toxico y puede producir asfixia.

La mayor contribucion al olor del biogas v}ene de dos grupos de compuestos, el primer grupo
esta denominado por Esteres y Organosulfuros incluyendo también ciertos solventes depositados
con los desechos solidos, el segundo grupo incluye Alquilo y Limoneno. La mayoria de los
compuestos mal olientes se forman durante las etapas de descomgosicién nometanogeénica y
anaerobica. Durante las primeras etapas de descomposicion los alcoholes son particularmente
notables. Los olores dulces afrutados y putridos de estos compuestos se hacen menos potentes
con el _tiempo. Los gases formados en la etapa anaerdbica no son olorosos de por si, pero la

presencia de Metano incrementa la percepcién de otros gases molientes.

Existe también una cantidad muy grande de compuestos organicos no metanicos en el biogas,
_entre los que figuran el Benceno, Tetracloruro de Carbono, Cloroformo, Dicloruro ‘de Euleno,

Cloruro de Metileno, Percloroetileno, Tricloroetileno, Cloruro de Vinilo, Cloruro de Vinildeno
_calificados con identificacion peligrosa, que es el paso cualitativo para determinar si la exposicion
. a una substancia dada esta o no asociada con efectos adversos a la salud, en general se les

considera como cancerigenos.

La migracion subterranea del biogas desde los rellenos samitarios hacia terrenos vecinos puede

resuitar en la contaminacion del agua subterranea debido a los Compuestos Organicos Volatiles

si el biogas entra en contacto con el agua subterranea.

Por tanto las emisiones de este biogas por la superficie y la migracidn a través de los lados y el
fondo de los antiguos y nuevos rellenos, cuando no cuentan con cubic_:rta final y membranas
flexibles, causan o contribuyen significativamente a la contaminacion del suelo, y atmosférica
debido a que los Compuestés Organicos no Metanicos reaccionan con los rayos ultravioletas del

Sol generando Ozono.
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~Tasa de Produccion

Una manera de controlar dicha contaminacion requiere primerameénte que se conozca la cantidad

y calidad del biogas generado. A continuacion haremos una reflexion sobre la cantidad posible

de generacion.

Primeramente se ocurre encontrar un volumen de biogas posible de generarse por peso de basura

usando la estequimetria correspondiente a una digestion anaerobia como la stguiente:

C.H.O. N, + (4a-b-2c+3d)'4 HO - (da+b-2¢-3d)/8 CH,

: =  (d4a-b+2¢+3d)/8 CO. + dNH,

Pero los resultados proporcionan valores no reales del biogas producido por masa de basura
debido a que se consideran productos finales y existen componentes de la basura como Ligina,

Celulosa v Grasa que no se biodegradan completamente.

En los ultimos afos se ha medido en varios rellenos samitarios y en lisimetros abiertos, que
aparentemente proporcionan una buena generacion debido a que la eﬁ.ciencia en la recoleccion
del biogas es desconocida, y en lisimetros cerrados donde. se pueden medir las tasas de
generacion de biogés y su composicion, pero no se pueden duplicar las condiciones de los
rellenos sanitarios en lo que al clima en general se refiere .y que usualmente proporciona muy
poco o ningln contenido de Metano; por esto la produccion de biogas generado en ellos y los
valores encontrados para la tasa de produccion han sido muy variados, en un rango que fluctua
entre 0.75 a 34 litros de biogas por kilogramo de basura humeda por afio, pero hay investigadores
que llegan a valores teéricos llamados de ultima productividad, tan altos como 450 It/KG, y
valores medidos en laboratorio de 260.Lt/kg. Esto obedece a los factores que afectan dicha
produccion como son: la composicion de la basura, la temperatura, el pH y alcalinidad y la
cantidad y calidad de nutrientes principalmente Nitrégeho, Fésforo y Potasio contenidos en los

desechos solidos, y finalmente la presencia de algunos inhibidores dentro del relleno.

Es conocido que su tasa de produccion varia con el tiempo por lo que el método estequimetrico

1



requiere de a)}uda interviniendo la cinética de la reaccion y también es'conocido que la
produccién continda por varias décadas por lo que se hace dificil predecir la canudad de gas
generado. Hay investigadores que dan “vidas medias”: a Jos desechos rapidamente putrecibles,
como los provenientes de desperdicios de comida, basura de jardin, etc., entre medio y un afio;

para los desechos solidos refractarios se les asigna una vida media tedrica infinita.

Modelos

En un intento para conseguir lo anterior varios modelos se han programado usando: cinética de
orden cero, es decir que la tasa de generacion de Metano es independiente de la cantidad de

sustrato que permanece, el modelo seria segun Ham'y Barlaz:
- de/dt = k

El modelo de cinética de primer orden establece que la tasa de pérdida de materia putrecible es

proporcional a.la cantidad de materia putrecible que permanece y su modelo seria:
- dc/dt = ke
y finalmente el modelo de cinética de segundo orden puede escribirse como:

- dc/dt = ke*

+

Sin embargo, EPA esta recomendando un modelo muy simple de aplicar y que parece predecir
con suficiente sproximacion a la realidad la cantidad de bibgé.s generado en los rellenos

sanitarios.

Es mi experiencia haberlo aplicado en al menos 8 distintos rellenos sanitarios en el sur y centro
de California y 3 en el area de Phoenix, Arizona, habiéndose comprobado los valores medidos
para los afios 1992 y 1993 en los sitios, debido a que existe 'un sistema de extraccion de biogas,

incluyendo un medidor de flujo en la mayor parte de ellos.

e



La_generacion total de_Metano_del sitio_toma en cuenta_la_masa_de_basura recibida anualmente

aceptando 1a misma tasa anual en el tiempo de operacion del relleno, sin embargo si se conocen
las entradas de basura con el tiempo puede establecerse un promedio anual y con estos vaiores,
variando anualmente, correr el modelo. )

El modelo es como sigue:

Q = Lo R'( exp(-kc) - exp(-kt))

Donde:
Q = Tasa de generacion de Metanc con el tiempo. m'/afo,
Lo = Capacidad potencial de la basura de generar Metano, m’ /Mg, g
R = Tasa de aceptacién promedio de basura durante la vida activa del relleno, Mg/'aﬁo.
k = Tasa de generacion de Metano se supone constante, 1/afio.
¢ =_' Tiempo desde la clausura del relleno, afio.
t = Tiem;;o desde el iqi.cio de colocacion de la basﬁ.ra en el relleno, afio.

Note que_1 Mg = 1,000,000 gramos = 1 tonelada métrica.
En la formulacion no se ha incluido ningun término de vida media o porcentaje de desechos
rapida. o moderadamente putrecibles, pero es evidente que los valores de Lo v k los toman en

cuenta.

El modelo acepta un tiempo de retraso durante el cual las condiciones anaerobicas se éstablecen,
para climas semi-aridos con baja precipitacion y alta evaporacion puede aceptarse 1 afio como
tiempo de retraso, para las condiciones de otros climas, no incluidos los Aridos, con alta
precipitacion, alta temperatura y cualquier condicion de evaporacion; este tiempo tal vez no deba

1

concaderse.

En su ob}igatién EPA indica que en ausencia de informacién usar 230 m/Mg para Lo y 0.02



l/afio para k, sin embargo los ultimos valores recomendados por EPA son:

Climas Semi-Andos Otros Climas

Lo 90 m’Mg 175 m'/Mg
k 0.05 l/afio 0.05 l/afio

Debe hacerse notar que el biogas generado es el doble del obtenido mediante la formula anterior,

va que se acepta que e] Metano y Bioxido de Carbono se encuentran en parte iguales.
Aplicacion de Resultados

Para esta aplicacion se eligié un reileno sanitario en operacion desde 1978 y que recibe basura
en la actualidad, pero se espera clausurarlo al fin de 1994, con duracién desde su inicio de 17

afios recibiendo un promedio de 1,400 toneladas de basura por dia durante este tiempo.

En las tablas y graficas anexas simulando para dos sitios localizados uno en clima semi-ando y
el otro en clima distinto sin ser arido, la misma cantidad de basura recibida, se pueden apreciar
los resultados del modelo para predecir la cantidad de biogas generado y la tasa de produccion

vanando ¢on el tiempo.

En 1984 ocurre la maxima generacion de biogas, la tasa de produccion se incrementa muy

rapidamente al principio y disminuye con el tiempo, alcanzando su valor maximo en los afios 7

y 8.

Se sugiere aplicar este modelo al medio mexicano siguiendo algunos criterios como los

siguientes:

La composicion de la basura mexicana tiene un alto contenido de desperdicios de comida pero

no muy alto contenido de basura de jardin, como es el caso donde este modelo nacio.



Elgagua*de—lluvia—que—se—inﬁltra—en—relIenos-mexicanos-clausurados-ofen-operacic'm—es~muy-'alta

debido a que pocos tienen cubierta final o diaria, o la tienen escasa.

No existe en ¢l medio mexicano un periodo de tiempo prolongado de contacto del agua de

deshielo ocasionada por la nieve con la cubierta del relleno.

S1 bien los valores del asoleamiento en Meéxico son similares a los de Estados Unidos las

temperaturas de invierno son mas benignas y propician la generacion de biogas.

Finalmente la publicacion de la EPA sugiere la manera de obtener los valores de Lo v &k
directamente en el sitio, cosa que podria realizarse en alguno de los rellenos sanitarios

clausurados como San Lorenzo Tezonco o algun otro.
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ESTIMACION DE LA PRODUCCION DE BIOGAS EN UN RELLENQ SANITARIO

Lo = 90 m/ton.

K =005l - -

ARNO DESECHOS DESECHOS ¢ t BIOGAS TASA DE

SOLIDOS ACUMULAD. shos | aflos GENERADO PRODLC.

on o Ton. m’/afto m'ion-afo
1978 43,877 41,877 0 0 0.00E -00 0.00
1979 430,988 474,868 6 ! 2.08E-06 439
1980 158,848 230.711 0 2 4.74E~06 571
1981 $23.028 1353739 0 3 8 49E-06 6.27
1982 687.240 2.040.979 0 4 1.33E-07 6.43
1983 708,836 2,749,815 0 3 1.82E-02 664
1984 694,088 3.443.903 0 6 2.30E-07 6.66
1985 689.009 4132912 o 7 2.7%E-07 6.64
1986 $87.724 4,720,636 0 8 IVE-DT 6.59
1987 616,699 £337.338 0 9 3 48E~07 6.2
1988 $77.040 5914.37¢ (i} 10 I RIE~07 . 6,44
1989 550.%¢% 6.464,944 0 i 4. 10E-07 6.3s
1950 470410 6.915.3%4 0 12 433E-07 6.28
1991 493,536 7.428.890 ¢ i3 4 57E-07 6.1%
1992 £06.382 7938272 0 14 4.79E-07 6.04
1993 498,502 B.434.074 [ 18 . SO1E-07 594
1994 249.4%1 2681624 ] 16 5 06E~07 183
1995 0 8.683.62% ! 17 4.825-07 455
1956 0 8.683.624 2 18 . 4.58E-07 .28
1997 0 8.683.62% 3 19 4.36E-07 02
1998 o 8.683.628 4 20 41SE~UT 477
1999 0 8.683.615 [ 21 3.94E-07 454
2000 [ B.683.628 6 22 3 TS8E-07 432
. w00 | 0 §.683.62% 7 23 3 47E-Q7 4l
2002 0 B.6K1.628 ] 24 3.39E-07 391
2003 0 8.683,62% 9 1% 3.2)E-07 372
2004 0 9.681.628 10 26 3.07E-07 344
2005 0 8.683.62% 1 27 292E-07 3.36
2006 0 8.683.62% i 28 2.78E~07 3.20
2007 0 2.681.625 13 29 264E-07 3.04
2008 0 8.683,628 14 30 215E-07 2.90
2009 0 8.683,628 1% 3l 2.39E-07 2.7%
ﬁgﬂ 0 8,681,625 16 32 2.27E-07 262
wt 0 8.683,62% 17 1 2.16E-07 2.49
092 ¢ 8.683.625 18 34 2106E+07 2.37
2013 0 3.683.625 19 3s 1.96E-07 228
2014 ¢ R.683.62% 20 36 1.96E 07 2.14
2013 0 5,681,623 21 7 1.86E~07 2.04
2016 o B.6R1628 22 38 1.69E~07 1.94
2017 1] 8.683.62% 23 39 1.60E-07 1.85
2018 0 %68 628 24 40 1.52E-07 1.36
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ESTIMACION DE LA PRODUCCION DE BIOGAS EN UN RELLENO SANITARIO

Lo =175 m'/ton.

K =0.05 /a0 '
ANO DESECHQS DESECHOS ¢ 1 BIOGAS TASA DE
SOLIDOS | ACUMULAD. | afos | atos | GENERADO | PRODUC.
ton‘afio Ton. m*afio m’1on-afo
1978 41,877 43,877 0 [ " 0.00E-00 0.00
1979 430,988 474,863 0 1 405E-06 8.43
1980 355,845 830,711 0 2 9.22E-06 11.10
1981 421028 1.343.739 0 3 1.65E-06 12.19
1982 687,240 2,040,979 0 4 1.99E-07 12.69
1983 708.836 2.749.81% 1] 5 JASE-Q2 12.90
1984 694,088 3.441.903 0 6 446807 12.96
1985 689,009 4.132.912 0 l 5 34E-07 12.92
1986 £87.724 4.720.636 o 8 6.05E-07 12.82
1987 616.699 5337338 0 9 6 77E-07 12.68
1988 77.040 5914378 0 10 740E-07 12.£2
1989 80,569 6464944 v 1 7.98E-07 §2.34
1990 470410 6,918,354 0 12 842E-07 1218
1991 453,536 7,428.890 0 13 8 8BE-07 11.94
1992 06,382 2938272 0 14 9.32E-07 1178
1993 498902 3434174 0 15 9 73E-~07 11.84
1998 115487 8583.628 0 16 9 §4E-07 1134
1995 0 8.683.62% 1 17 9.36E-07 10.78
1996 0 5683628 2 18 8.91E-07 10.2
1957 0 8.683.625 3 19 | B47E-07 9.76
1998 0 8.681.62¢ 4 20 8.06E-07 9.28
1999 0 %.683.628 s 21 767E-07 833
2000 0 8.683.625 6 22 7.29E-07 8.40
2001 0 8,683,628 7 23 6,94E-07 1,99
2003 0 863628 8 24 6.60E-07 760
2003 U B.ORI 628 9 . 28 6.18E~07 7.23
2004 0 8.683.62% 10 26 $97E-07 6 88
2008 0 8.683.62¢ 1 27 3.68E-07 6.54
2006 0 8683628 12 8 5 40E-07 4,22
2007 0 2683628 13 29 5.14E-07 1.92
2008 0 86836325 14 30 489E-07 5.63
2009 0 8.683.62% 15 Y 4.6SE-07 36
2010 0 © 8.683.628 16 32 4 42E-07 5.09
2011 0 8.681.628 17 kx} 421E-07 4838
2012 0 8.683.62% 18 3 4.00E+07 46]
1013 0 8.683.62% 19 33 IRIE-Q7 4.38
2014 1] B.683I 628 20 36 1 62E-07 417
201 0 8.683.62% 21 37 1.45E-07 197
2016 0 8.681.628 22 8 3.28E-07 3T
2017 o 8683628 3 39 | 312807 3.39
2018 0 8.6%1.623 4 40 2.97E-07 3.41
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FRENTE DE TRABAJO

DEFINICION: Elfrente de trabajo es el espacio destinado a la recepcion de desechos
mediante distintos vehiculos en el sitio de disposicién final.

Su dimensionamiento debe considerar:

El espacio necesario para las maniobras de los vehiculos.
El espacio necesario para el acamellonamiento del material de cubierta
(dependiendo del método de operacion).

Las dimensiones de |a celda diaria.
. 4
. Dcscarja simullonca & ve

L.if.u[os en lq Lord r;co

La longitud del frente de trabajo se calcula como:

n
L=a
t
donde:
L @ longitud de! frente (m)
a : ancho necesario por vehiculo (m)

n . numero de vehiculos llegando en ia hora pico
t: tiempo necesario para maniobras y descarga

El dimensionamiento del frente debe responder a los siguientes requerimientos:
a) Permitir el movimiento de la maquinaria que cubre desde arriba los desechos con

tierra (se recomienda no disminuir por debajo de 10 m, aproximadaniente 8l ancho
de dos bulidozers).

b) Permitir 'a descarga simuitdnea de vehiculos en la hora pico para evitar
encolamientos. '



DISENO DEL RELLENO SANITARIO

Seleccion del Método de Operacidn
Disefio del Frente de Trabajo
Disefio de la Celda Diaria
Necesidades de Material de Cobertura
Disefio Detallado
. Proyeccion de |la Generacion de los Residuos Sélidos
- Dimensionamiento de la Celda Diaria
- Requerimientos Volumétricos del Relleno Sanitario
- Calculo de la Capacidad Volumétrica del Sitio
- Calculo de la Vida Util del Sitio
-  Calendarizacién del Relleno Sanitario
Curva Altura-Volumen
Superficie Final
Nivel de Desplante
Disefio de Interfase, Analisis de Contaminacion, del Suelo y Acuiferos
Impermeabilizacion
Generacion y Control de Biogas
Generacién y Control de Lixiviado
Drenajes Pluviales
Obras Complementarias
- Caminos Exteriores e Interiores
- Cerca Perimefral y Caseta de Vigilancia
- Bascula y Caseta de Pesaje
- Cobertizo y Taller de Mantenimiento
- - Sefalamientos
- Oficinas y Areas de Servicios



——————CELDA -DIARIA—- - ' —

DEFINICION: Es la unidad de depositacion que cada dia se generard en un mismo
frente de trabajo y'misma que debe cubrirse con material adecuado al
caso. '

El dimensionamiento de la celda diaria partira de:

?

El volumen critico de residuos recibidos al dia en el sitio.
£l frente de trabajo necesario. '

El peso volumétrico de los desechos, considerando la compactacion que reciban
por la maquinaria existente.

La altura que operacionaimente se pueda alcanzar.
Las dimensiones de la celda diaria se pueden expresar como:

v _ peso total de residuos recibidos

+cC con V=

Lh peso volumeétrico
donde:

. desarrollo de |la celda (m)

© valumen de recepcidn de residuos al dia (m°)
: altura de |a celda (m)

. longitud del frente de trabajo (m)

orr g < O

espesor de la cobertura diaria (usualmente 20 cm.)

Adicionamente debe calcularse el volumen de tierra necesario para ia cobertura,
considerando para esto:

a) la geometria de la celda

b) los taludes a emplear

C) el espesor de la cubierta



FRENTE DE TRABAJO Y CELDA DIARIA

CELDA
DIA ANTERIOR



——-—-——Cgqbertura—Dlaria o
La finalidad de la cobertura diaria es evitar los impactos causados por:

Lra proliferacién de fauna nqciva

l.a dispersion de basura ligera por el vie-nto
Los malos oiores

La infiltracidn de agua pluvial

Prasencia de biogas y riesgo de incendios
. Es)fcﬁ}i ca,

El tipo de material a emplear (arcilloso o granular) se propondra de acuerdo a la-funcion
de control de impactantes que tenga mayor jerarquia.

El espesor de la cubierta diaria suele considerarse entre 15 y 25 cm, haciéndose mayor
en zonas en las que no se operara por mas de un mes (unos 30 cm.). La cobertura final
del relleno suele llegar a un espesor de 60 cm.

La relacién entre el volumen de material de cubierta y el volumen de residuos varia entre
el 10 % y 25 %, siendo menor a mayor altura de la celda, aunque esta altura debe
mantenerse dentro del rango de eficiencia operativa.

A



—+ .0 + B0 —4—

€2 0.2 /
- r——r————:
B e
Nt
5.0
L+20.0 ‘
Vol Residos: YWX100X20= 1,000 m®
Vol. cubierta frontal 0.2(1581)200) = 632 m
Vol. cublerta iateral 02(10.00X50)= SooOm
Vol. cutierta superior 02(10.00)200) = 400 m’
1532 m°
153.2
% = ———— x100 =153
1000

4+

25.0 %. 60 —4—

Vol Residos: 20X250X20 = 1,000 m®
Vol. cubierta frontal 0208.32)(200) = 253 m®
Vol. cublerta kateral 020Q5.0)(20) = S00m
Vol. cubierta superior 0.2(25.00)(20.0) = 100.0 m’
1753 m?

1753

%s —— x100mme=1F.5
1000



~ " "Una estimacion del volumen total de cobertura se calcula:
V, = (VedXV.U)+C
Donde:

V,: . Volumen total de cobertura

Ved @ Volumen de cubierta de la celda diaria
V.U: Vida util del relteno (dias habiles)

C: Volumen de la cobertura final

L.a obtencion del material de cubierta es un aspecto fundamental de la operacién de un
relleno. Algunas fuentes son:

a) Compensacién con excavaciones in-situ

b) Despalrhe de la superficie del terreno

c) Cortes en laderas de algun cerro colindante
d) Acarreo desde bancos de material

e) Uso de escombro u otros residuos de construccion.



VIDA UTIL

Altimetria y planimetria del sitio con el objeto de encontrar el
volumen disponible.

Proyecciéon de poblacion para aios futuros.
Generacion pér-capita en Kg/hab-dia (incluyendo los residuos de
origen no domiciliario). Y considerando un incremento del 1%

anual en el valor de ésta generacién.

Peso volumetrico alcanzado por los residuos sélidos en un relieno
sanitario (750 - 900 kg/m?).

Material de cubierta depende de la altura de la celda diaria.
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DISEﬂO DEL RELLENO

Proyeccion de la Generacion de los Residuos Solidos
Dimensionamiento de la Celda diaria

Requerimientos Volumétricos del Relleno Sanitario
Calculo de la Capacidad Volumétrica del Sitio

Céiculo de la Vida Util del Sitio

Calendarizacion del Relleno Sanitario
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1.-PROYECCION DE LA GENEZRACION DE LOS RESIDTOS SCLIDOS

DX PORLATION GENERACTON PRCTECCTN DE LA GENEEATTON (2)

BT, PER-CAOTHA DIARIA  MEASTAL AL
{1) PARCTAL  ACTRTLADO
1992 a4 294,044 65821.32 BCCE26.)  800826.)

1991 sy 10 Z4.326 67329.78  BISI9 1620005
1994 2251035 10200 2296.2771 68RER.12 83B1A.E WS84
1955  228CBE3  1.030301 2MS.975 TO495.26 8STMI  3315e85
1996 2311851 1.04C604  2405.555 77166.65 878C27.6 4193912
1997 234358]  L.051C1  2461.129 73893.88  B9GC4Z.1  B0G2955
1998 2376€13  1.DEIS2  25:2.823 756B4.68  920BIC.Z  E011785
1999 2410868  1.072135 584777 TISALI1 WM4L6 6957228
2000 468 1.082857  649.142 TRIL.26  966936.8  7924:55

BOTAS:

(2}: Ya.ores en toneladas,

H



1,-DINEXS:ORAICENTC DE 1A CELDA DIARTA

1992
1993
19%
1995
1996
1997
1998
1999
200

CRITRACTON DLARTA
0 BASRA (1)

I TS,
294,044
244,336
86,001
349,975
2405.355
2463.129
52,82
3584771

26492

B,
M. 04
THL T
296,771
349,975
pIHERLL
#3129
LR
%84T
648,142

DIS2MO DE LA CTDA DIARDM (1)
AYR:, KO FODC ALY, TOTAL PR

> - £ ()

2.85
1.8
2.5
.85
.85
3.8
2.85
.85
.85

-J-

LEELEE8DEY

15.1968

15.74%¢
16.11418
16.45106
16.88109
17.28512
17.70402
18.13879
18.59047

|

d el Gl far b L s S

0. CLIS

ERCHAREA(4)
12.%971
12.69869
12414
121279
1184758
11.57065
112987
1.0260
10.7582

(l):Imluyetantulultmdehoelda(D),umdspmdehwbieta_diuhdeﬁm(nl.

(¢}: Este nipero de celdss,es por cada capa de rellem sanitario,

’e



3, RECERICENTS VOLNETICCDS DEL RELLIRC SANIYAKCD.

AN VO, REX  SOF. KR, VOL, DIARIC WL, WO REQCERINIRNTOS VOLOYETRICOS ANUACES (1)

DECELOA DECEDA WA, COBIA, IECHDA BASTRA XY, DE CIBIERTA(4) s

“¥i- (1) <A {2) <%~ {1}{3}) ¥~ (1} PARTIAL ACONCL.  PARCIAL ACKCL.  PARCIAL AT,
1992 194044 769.84 177.%901 D72.01 WI526.1 B00B26.1 64966.)7 64566.17 BEITIL.L BAITIL.L
1993 24,16 804828 180.97H A5.3 K917y 1620005  66035.43 13121.8 88534 1751027
1994 229%.211  805.709  184.0562 480327 Q38138.8 Q2iSBL44 71805 1982021 W0EMI8.2 2656346
1995 2349.575 84558 187.20) BN BTHL 3215885 6817 266M4E 9260847 33)
1996 405,255 BALOS4 190.541 2596.0%6 B78027.6 4192912  €9547.5  2360%3.5 WAIIIS 4510026
1967 463,129 864.25%9  193.%57% 2657087 8990421 5092955  IC794.5  4Q6BEE  96ORIE.6 5499843
1998 2522.823  B&s.200%  197.4397 120,32 92080.2 Q1785 720874 478975.4 952917.6 &d92760
1999 2584777  506.9192  201.1%l1 J785.95) S43443.6 B957I28  73429.26 S52404.6 1016873 750963
000 2649.142 929,535 204.99%5 54,137 966936.0 M924l€h  T400.3% 62728 1OMITEC f551393

FOMAS:
{1): Valores er n,

(2): Valores en n2.

{3): 12 cabertura de la celds diaria, incliirs los siguientes elementos:
- Yalu inclinado del freste de trabajo.
- Piso superior de la ceida {superficie superior terxinada}
-mstadodarechedelaceldarspectomauquedalmntedetﬂ:ajo Il otro costade, quedard imli-
citamente cubierto al ejecutar el relleo sanitario e forme adecuad, slgme:dn ¢l petodo operativo
selecsionado.

(4} Debe considerarse un licrenento en los requerizientos de material de cubierta, del 4 &, por Ba. ¥ por
¢capa del relleno, para la cobertmra de los taludes.

Considerese adesds m volumen aproximado de 4050C ). de material de cubierta, para la cobertura o sello
firal del relleno. Bsta cabierta se CompivinpimEnSRNIERRRENR, aphc&‘.snlo e las s~
perficies borizemtales de dicho rallemo, hasts alcanzar w espesar promedio de: .45 B,

Tl



4. QUCTO DR 14 CAPACTEAD VOLIYGTRICA DE. SITIO,

PARA TERCERA
CUA B7 NIVE. ARZ) STPZFICIAL VOO . (1)
BTN RIDI0 DE RELLEX: DISP. DE BASTRA
(2. . PARCAL ACNCL.  PARCIAL  ACKL.
U 5300 0.0 0.0 330 30
U412 54923 0.0 0.0 5300 109200
uUn EZ500 0.0 0.0 55300 164700
UM 56:92 0.0 0.0 56100 2208m
u5- 56700 9.0 2.0 %730 27sNe
4% 57303 0.9 9.0 5T 3M8D)
uN 57909 5.0 0.9 57300 392700
U438 5852 0.0 0.0 58500 4520
bIht ] 59100 0.0 0.0 59100 519300
40 59730 0.0 0.0 5375 51IM0%) -
Uil 60420 0.0 0.9 80400 630450
AL 61000 0.0 0.0 61000 65L430
M4 61639 2.0 0.0 61600 753050
A4 62330 0.0 0.9 62150 - LMD
L5 62900 0.0 0.0 62900 876300
48 §3250 0.0 0.9 63350 SIS0
pITY) 64300 9.0 0.0 64000 1095650
48 64630 0.0 0.0 64600 1070250
Wy E5 0.0 9.0 65200 115459
450 65800 & 00 v 0.0 UUESBY 1208250 .
BTAS:

(1): Los voluzenes de a tabla, tienes camo 1fnite superior em el sitio, la curva de nivel indicada.

Nivel de Desplante, propuesto pars el rellemo sanitario en la etapa que se analisa : 2430 mts.
Elev. de piso mexar, para esta etapa: 2030 mts,

Lev. de piso mayor, para esta etapa: 250 Kis.

Buidistancia entre curvas de nivel: 8 1 ats,

L



5.+CAQUL0 DF ) VIIA O3 [ 8T700

PAEA TIF.’.‘IP'J
DEVANTE VOUVZTRICK FAD CISFONZZ Zh 23534 #¢ QP37 FOLUVZTRICA DT SITIO FARA LA DISPOSICION [ LAS BASIRAS
AND POZLACTON REQUROCINTOS WOLNTTAICOS (i) ¢+ ENACION  CAFA ARCA FROR.  OTTRTA VOLKTTRLCA DL 5ITI0
(EABZ.) DZARIZI(N:.)  ANTALEZ(N:.: # TN (S K. SRBICAL PARTIAL  ATONL.
PARTIAL  ATOVIL. o {v.) L% (Y.}
1957 G1S4CaF 2370004 BESTSZL4 BENTGILE o 43 1 HICL 164740 16470¢
1953 222100 42:.1 BEI2NAL ITELN2T 2426 2 56730 110130 1480
1965 GEBliCZ 2480.327  903319.7 263634t iy 1 5250C 1755CC 510300
1965 ZZBCEy  2530.UR GZECRBLLT 35BN 2442 4 803875 - 1BilEL.D 65L46L5
199 2310691  239€.09¢ 847373 453cce W 2443 5 62300 C 189 B723£2.5
1667 234358 ZST.(RT  GEGRIL.E 5495847 e 44k £ €1587.5 16:880.5 7B
1988 Z3TEELY  THL3iE 9SI91LE B49CTEC ot .
1933 2410585 2783931 10165V TNl #e
2007 Z&LRE3R O XEILCNT O OIMITEY BETLING
KIAS:

{o;: Velores goe Inciuyen tanto &l 3éterizl de ciierse, £omo & 1os residios sdlldss.
(2): La elevezic: corresposde e el sitio, 2l Limize superior de le cape indizzd e la tale.
La cantidad total de baswra y material de cubierta que puste recibir el sitic en esta etapa, serd de: 1070125 .

la captidac tetal de basira gensrada entre: 1852 y 000 , la cial deberd ser dispuests santariazente,
incluyends al meterizl de outierta, sers de: 8351131 10,

‘5



€.- CADCARIIACION D RTZING SANITARIC.

PARL TERCERA

MG QR e, CZLAS VUL LT A CIDE ZIVCION
5. DIARIAS DIARIA(Y:. (M2.}

1953 1 té @i 23]
1931 2 n UL {3
196 3 £l 323.) 133
193¢ 2 | 480,207 L]
1% 4 73 2430307 24482
55 3 15 248,37 443
19 ¢ 0N FiL I it

NOTAS:

Necesitas buscar owro sitlo parz disponer: 6843630 2l. de Desire, gue serdn generados entrer 193¢ y 233

x4



VOLUMEN DE DESECHOS (METROS CUBICOS)

MILLONS

2350

S T . Jon TN S

2400 2450 2500 2550

FIG=3.9.1 CUIRNY A NMNOTLUDNEN - ALTUILA
ALY DKL NO SANPEAI TRV NIC AN

e

"1
- i

1

ALTURA (METROS)

NOTA: SE CALCULA OUE EL 9 PORCIENTO DEL VOLUMEN CONSISTE DE LOS DESECTIOS ¥ EL 10

PORCIENTO CONSISTE DE LOS MATERIALES DIT CORERTURA Y DE BUERMAS,

s
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MECANISMO DE CONTAMINACION DEL SUELO

ADVECCION

DISPERSION

DIFUSION MOLECULAR
INTERACCION HIDROQUIMICA

1

ADVECCION

Transferecia de contaminantes con la misma velocidad v direccién con que
s& mueve el agua que los transporta. Es el principal macanismo de tal
manera que si se eliminan los ofras procesos, el mdédelo casi no se altera.

La adveccidén por el flujo de agua subterranea tiene un rango:

10¢ cm/seg. < V < 107 ém/seg.

DISPERSION
Fendmeno de aspersado causado por las variaciones de velocidad,

La dispersion es funcidn de la accién mecdnica.

1y



ACCION MECANICA

El hecho de que el fluido es viscoso implica una velocidad il il
———#_—ﬂ
nula sobre la superficie solida, creando un gradiente de T ee— T

velocidad en ki fase liquidc de los tubos ccpildres.

Las variaciones de ks dimensiones de los poros crean % L@

discrepancia entre las velocidades a lo Icrgd de los ejes {

de los poros. & L <L, = V, >V, ‘ Ly

Las lineas de comente fluctuan con respecto a la

; . 1)
direccién media de fivjo. - direction
% wmodia AOl
‘@ flujo.

- DIFUSION MOLECULAR

Tiene validez (aplicabilidad) cuandoe la velocidad del agua subterrdnea es

casi nula.

Esta regida por ia 1a. Ley de FICK

dc
F= -Dm ——

dx
Lo masa de contaminantes difundida, que pasa por una seccidn transversal,
dada por unidad de tiempo, es proporcional al gradiente de concentracion

del contgminante.
- INTERACCION HIDROQUIMICA

Entre el fluido y el suelo a veces ocuren procesos importantes que
cambiardn la calidad del agua subterranea porlos constituyentes quimicos

disueltos.



MECANISMO DE ATENUACION DE LA CONTAMINACION DEL SUELO

FILTRACION

ABSORCION

ADSORCION

ACCION BACTERIOLOGICA

FILTRACION

. SOPERFIAE
La capa de suelo que existe entre |la M y el nivel de

aguas fredticas actia como un filtro natural. Los sélidos organicos retenidos
son estabilizados por la accién bacteriana, y los incrgdnicos pueden cambiar

sus caracteristicas por accién quimica.

Limitante: sdlo retfiene particulas suspendidas dependiendo de la porosidad

del suelo.

ABSORCION

Este mecanismo funciona reteniendo la humedad y varios elementos
contenidos en el lixiviado, el tiempo suficiente para que un proceso quimico

y/o bactericlégico se presente.
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MECANISMO DE ATENUACION DE LA CONTAMINACION DEL SUELO

(Continuacion)

ADSORCION

Ocurre cuando una molecula cargada (ion) del lixiviado pasa sobre una

particula de suelo que contiene una carga contraria, a la cual se adhiere.
Un suelo teniendo una buena caracteristica de intercambio catidénico, tiene
un gran potencial de retencion de los contaminantes presentes en el
lixiviado.

ACCION BACTERIOLOGICA

Basicamente la accién bacterioldégica actia acompanada de los

mecanismos antes descritos, cuando se presenta material orgdnico.

22
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1er.

EJEMPLO:

Determinar la cantidad de suelo necesario para intercambiar los cationes de
15 m? de liquido percolado, si el peso volumetrico del suelo es de 1,800 Kg/m?
y su capacidad de intercambio cationico CIC es de 25 meg. por 100 grs. La

composicion del liquido percolado es la siguiente:

Ca™ = 800 mg/Lt.
Mg = 1,000 mg/Lt.
Na* = 150 mg/Lt.
Fe™ = 60 mg/Lt.
In** = 600 mg/Lt.

PASO CALCULO DE LA CONC. CATIONICA

Catidn Conc. mg/t PEqQuiv. Conc. meq/t
{P.A/valencia)

Ca™ 800 20 mg/1¢ 40.00.
Mg™* 1,000 12.15 82.30
Na* 150 23.00 6.50
Fe™ 60 28.00 2.14
n™" 600 32.60 18.64

149.58 ~150 meq./t

43



20. PASO GRAMOS DE SUELO REQUERIDOS/LT DE LIXIVIADOS

150 meq/e 15,000 gr suelo

25 meq/100 gr. suelo 25 tde lix

"

600 grs. de suelo/tt de lixiviado

400 Kg. de suelo/m? de lixiviodo

30. PASO M’ DE SUELO NECESARIO

600 Kg. de suelo/m?® de lixiviados

1,800 Kg/m*® de suelo

0.33 m? de suelo/m? de lixiviado

Finaimente para remover la carga cationica contenida enlos 15 m? descargados

al suelo requerimos. r

m? de suvelo
= 0.33 x 15 m? de lixiviados

m?® de lixiviodo

4.9 m?® de suelo =5 m? de suelo

29



2.2.- in3lisis de iz Contazinacidn del Svels por Carga Catibnica.

Este anilisis, se realizard empleando la siguiente formulacidn:

P=46 € e ¢ 2038 B
CIC(?V)

C = 41! meq/l., que es la concentracidn catidnica del lixiviado.

CIC = Capacidad de intercambio catidnico de” suelo, en meq/100gr. de uate—

rial.

PV 3 o -

Peso Volumétrico del Suelo (kg/m

Humedad lixiviable de los residuos sdlidos, en mlmz - afio. L

[y
[ ]

I '= Interfase de suelo requerida pafa atenuar la contaminacidn por carg -

Ay

catidnica, en mts.

25



CARGA CONTAMINANTE (D%)

20

1 23
1 2.5

1 2.9

ID%
| 00
180
178

1879
t00

400




DIVISION DE EDUCACION CONTINUA
CURSOS ABIERTOS

mn.-

. -. . (RELLENOS SANITARIO0S)"

CURSU INTERNACIONAL DE DISPOSICION-FINAL DE- RESIDUOS SOLIDOS

., " Del 14 al 18 de Marzo de 1994. . '
DIRECTORIO DE ASISTENTES | '} .

Acevedo Marquez Salvador
Profesor -
ENEP, Acatlan

Av. Alcanfores y Camino-a San
Juan Totoltepec s/n
Santa Cruz Acatlan
Naucalpan de Juarez, Edo. de Méx.
Tel. 623 17 68 -
Amaro Gutiérrez José Luis
Coordinador

Control de Calidad y Medlcwnes,r
S.A. de C.V.
Porfirio Diaz 29 . .
Noche Buena

Del. Benito Juarez
México, D.F,

Tel. 639 39 87
Anzures Rosas Franc:sco
Auxiliar Técnico

Comision Fed. de Eléctrlmdad
J.M. lzazaga 89 p:so 4 Sala 404
Centro .
Del Cuauhtémoc

México, D.F.

Tel. 229 48 00

Arenas Martinez Marco Antonio
Jefe de la Unidad Deptal. de Obras
Dir. Gral. de Servs. Urbanos
Prolongacién San Antonio 423

Col. Carola

Del. Alvaro Obregdn

Tel. 516 13 30

Arce Bravo Enrique Joaquin

Coord. de Trat. de Residuos Sélidos
Departamento del Distrito Federal
Canal de Apatiaco 502

Col. [apata Vela

0850 México, D.F.

Tel. 657 25 62

Barrios Sédnchez Luis Angel
Profesor

Univ. Autdénoma del Edo. de México
Colén esq. con Paseo Tollocan

Col. Paseo Colén, Dom. Conocido

Tel. 17 4¢ 20, 1738 90

10.-

12.-

Aguilar Ugarte Garcia Jorge
Catedratico

Facultad de Ingenieria
Ciudad Universitaria .
México, D.F..

)

Alderete GConzélez Félix Antonio
Jefe de Departamento

Caja Mantemmlento y Operacion Coa
S.A. de C.V.
Com.: conocido Bahlas de Huatulco, Oax.
Sector R. .. CL

A.P. 10 C.P. 70989
Tet. 70200, 70004

- Arcos. Serrano Hermeneglldo

Profesor

ENEP. Acatlan

Alcanfores y Totoltepec sln
Santa Cruz Acatlan
Naucalpan de fudrez,
Tel. 623 17 68

Edo. de México.

Arenas Ross Martin Armando'..

"Consultor

Santalo Estudios y Proyectos S.A.C.V.
Av. Feélix Cuevas 920 -

Col. del Valle

03100 México, D.F.

Tel. 605 98 14

Avila Martinez German
Presidente de Proyecto’
Com. Federal de Eléctricidad
Profa. Julieta Buchanan 5185
Col. Los Colorines
32380 Cd. Juérez, Chihuahua
Tel. 16 46 84 .
Beltran Barran Maricela
Asesor

Secretaria de Desarrollo Social
Constituyentes 947

Del. Miguel Hidalgo.

Tel. 2711256



13.

15.

17.

19.

21.

25.

23.-

Cardoso Vigueos Lina Maria
Especialista en Hidradlica

Inst. Mex. de Tecnologia del Agua
Paseo Cuauhnahuac 8532

Col. Progreso e

62550 Jiutepec, Morelos

Tel. 19 43 66 :

Chisten Gracia José A, ,
Coordinador de Proyectos
ICA Fenor Danijel, S. de R.I..
Av. Miguel Aleman 81

Col. Tacubaya : -

08100 México, D.F.

Tel. 272 99 91

Chanes Reynoso Griselda

Bidloga de la Comisién de Ecologia
Presidencia Mpal. Tonals, Jalisco
Hidalgo 21, Tonald, Jalisco

Tel. 683 00 47

Hermonio Cordero Hernéndez

Sobcoordinador de Disposicién :Final

PROCESA, Ingenieria y Ecologia
Rancho Seco 127

Col. Santa Cecilia

Del. Coyoacan, México, DF.

Tel. 671 68 13 -

De la Vega Robledo Francisco A.

. Subdirector -de Area
de Servicios Urbanos,D.F.

Dir. Gral. A
Prolongacién San Antonio 423

Col. Carola '

Del. Alvaro Obregébn, Méxmo D.F.
Tel. 515 03 08

Durén Pérez Miguel Francisco

E AT

Escanero Mufcz Francisco
Asesor

14,

16.

18.

20.

22,

24,

26.

Proyectos y Construcciones Sur,5.A.C.V.

Portocarrero 40
Frac. Reforma
Veracruz, Veracruz.

Castellanos Lechuga Rodolfo Martin
Jefe de la Unidad Deptal.

y Disposicién Final

Departamento del Distrito Federal

Av. 606 Esq. 661 s/n ' :
Col. San Juan de Aragdn

Gustavo A. Madero, México,” D.F.

Tel. 796 27 11 Ext. 25 '

Cruz Orozco Mario Horacio

Jefe del Depto. de Areas Verdes
H. Ayuntamiento de Colima -
Torres Quintero 85

28000 Colima, Colima

Tel. 4 12 88

Cherr Pachtner Tom's
Director e TR
Empresa de Higiene Urbana ’

Mar del Plata : T
7600 Buenos Aires, Argentina -’
Tel. 51 06 56 ~ °

Cordero Hernandez Edmundo
Sibdirector de Programas Espemales
Secretaria de Gobernacion e
Abraham Gonzaléz 48 Piso 2
Col. Juarez '
Del. Cuauhtémoc, México, D F
Tel. 566 81 88/2171

Duek Askenazi Alicia .
Paseo de Tamarindos 105-16

Col. Bosques de las Lomas =" "'
11700 México, D.F. Ao
Tel. 259 55 28 R S

Eguiarte Terreros Arturo E..
Gerente Técnico

Enzimas Internacionales
Av. Revolucién 2042 - 206 '
Col. San .Angel . v
Del. Alvaro Obregon, MéXICO, D F.
Tel. 550 11 01, 550 13 12

G

Figueroa Garcia Oswaldo

Gerente de Operaciones

Empresa Metropolitana de Aseo -
Bricefo 605 o
Quito, Ecuador momEee
Tel. 58 34 14

de Tratamien



29.

31.

33.

35.

37.

39.

Flores Vélehzuela. Victor M.

Subdirector de Inst. y Manto. de
" Sistemas de Trat. y Manejo de Res. Sol.
Dir. Grai. de Servs. Urbanos
Av. Rio Churubusco 1155
Col, -Zapata Vela
08040 México, D.F.
Garcia Gutiérrez Alfonso
Profesor
Facultad de Ingenieria, Estudios de
Posgrado )
Ciudad Universitaria
04510 México, D.F. ..
Tel, 622 30 02
Gonzalez Gonzélez Hermilo Serafin

Jefe de Ofna. de Planes Hidradlicos
Dir. Gral. de Const. y Op. Hidrallica
Viaducto Rio de la Piedad 507

Col. Granjas México

08400 México, D.F. .

Tel. 650 50 26 = ~°

G‘gnzéle.z: Zertuche Marin
Jefe de Unidad Departamental

Dir. Gral. de Serv:cxos Urbanos
Av. 661 s/n

Del. ,Gustavo A. Madero
México, D.F.

Tel. 850 03 21

Gutiérrez Rojas Margarlta Consuelo

Jefe de Unidad Deptal.
Tratamiento

Dir. Gral. de Servs,
Canal de Apatlaco 502
Col. Zapata Vela

Tel. 579 60 77

de Sistemas de

Urbanos

Herndndez Guerrero Martin
Supervisor

Banobras, S.N.C.

Tecoyutltla 100

Del. Alvaro Obragén, México, D.F.
Tel. 723 60 19

Jiménez Gaber Eduardo José 40.
Director General ‘
Construcciones y Diseflos de Ing.S5.A.C.V.

Nadadores 28

Col. Country Club

04210 México, D.F.

Tel. 689 85 79, 689 84 73 _

«

28.

30.

32.

34,

36.

38.

Gabriel Arlza Raymundo
Jefe de Area

Dir. Gral..de’ Serv. Urbanos

Av. Rio Churubusco 1155

Col. Zapata Vola

08040 México, D.F. o
Tel. 650 64 40 - A

Cargori Garzén Augusto
Gerente lesmn Medio Ambiente

Cia. lnspecc:on ‘MeXxicana
Ejército Nacional 80

Col. Anzures : -
011580 México, D.F. )
Tel. 255 19 22 "'

+

Garcia Rojas Jorge
Jefe del Depto. 'de’ Estudios’ del Suelo
Secretaria de Ecologia

Av. Vicente Guerrero 203

Col. Morelos ' ‘
50120 Toluca, México
Tel. 15 93 64, 15,93’57

Guardado Cabrera Jorge

Auxliar de Proyectés' =~ = = "
Inst. Mexicano del Petrdleo -

Eje Central Lazaro Cardenas Nortg 152
Col. Sn. Bartolo Atepehuacan

07730 México, D.F.

Tel. 368 59 11 Ext.'20216

Heras Herrera Enrique-

Jefe del Depto. de Ingenieria Sanltarla

Facuitad de Ingenieria, UNAM.
Ciudad Universitaria _ :
04510 México, D.F. Cot
“Xiyd f
oy

lzquierdo Lara Javier - no

Lider en Proyectos de Desechos Solldos
Dir. Gral. de Servs. Urbanos

Rio Churubusco 1155

Col. Zapata Vela

08040 Méxice, D.F.

Tel. 650 64 40

Juarez Mendoza D. René .-~ -
Técnico en Materiales Residuales’
Dir. Gral. de Servicios Urbanos
Rio Churubusco 1155

Col. Zapata Vela T i

08040 México, D.F. - I
Tel. - 654 03 30 ) ' ’

=T



41.

43,

4s.

47,

49.

51.

53,

55.

-industrias Unidas,

Justo Tapia Marcelino 42.-

Ingeniero de Proyectos =~

Proceso, ingenierfa y ecologfa S.A.C.V.
Rancho Seco 127

Col. Santa Cecilia " . “"'

Del. Coyoacan, Méxmo D Fi

Tel. 671 68 13 .

Le6n Estrada Domlngo Manuel 4y,
Gerente General

Sist. Mexicanos de Ingemerfa
Edif. 8-A-403

Emp. Priv.

v Col. U, Lindavista -Vallejo

07720 México, D.F:
Te!l. 368 29 38

Lépez Rios Serafin 46,
Ingenieré e

Com. Federal de- Electrlc:dad

Alejandro Volta. 655 . .

Col. Eléctricistas

58290 Morelia, Michoacan

Tel. 15 67 82

Lozano Arredondo Fernando 48.
Especialista en Hidrailica

Inst. Mex. de Tecnologia del Agua

Paseo Cuauhnahuac 8532

.-.Col. Progreso .
- México, D.F..

Tel. 19 40 00 . e

Loépez Reyes José Luis - 50.
Jefe de Departamento de Residuos

S6lidos y Peligrosos .

S. A de C.V.

Carr. :Panameficana México-Qro. Km. 109
Mpio. Jocotitldn, Edo. de México

Tel. 915 502 44 63

Martinez Rodriguez Eduardo : 52.
Jefe de la Divisién de Estudios Esp.
Instituto Méxicanoc del Petréleo

. Eje Central Lazaro Cérdenas 152

Col. San Bartolo Atepehuacan
07730 México, D.F.
Tel. 67 82 61

Mendivil Blanco Mario Alberto 54,
Director

Const. y Prov. .Para el Serv. Piblico

12 Norte No. 1212

Cholula, Puebla

‘Tel. 32 26 66

Millot Padilla Jesdis' Lorenzo 56.
Jefe de Relleno Sanitario

Ayuntamiento de Cd. Juarez

Herofco Colegio Miliar y Francisco Villa

Col. Centro Cd. Juérez, Chih. Tel.

: D.ir Gral.

150930 -

Landin Vega Lic. José Romén
Subdelegado de Proteccién Ambiental
Secretaria de Desarrollo Social -
Nigromante 84 piso 2 i
Col. Centro S

C.P. 28 -
Tel. 22 605 N

Lépez Lédpez Anastasio Rogelio
Director de Area

Departamento 'del Distrito Federal
San Antonio 423

Col. Carola '
Del. Alvaro Obregén, Mexlco, D F
Tel. 515 58 65

o
v

=

Lopez Villanueva José Luis
Jefe de Proyecto’

Sist. Hidraulicos y Ambientales
Cerrada de Perpetia 22 &
Col. San José Insurgentes
03900 México, D.F. .
Tel. 598 64 98 S

;'S.A.C.V.

Lopez Ortega Mauro
de Servs. Urbanos *7-
Rio Churubusco 1155

Col. Zapata Vela . = -

México, D.F. o :

Tel. 650 64 40 ".:.' o

Wt

Martinez Martinez Ma. de la Luz
Jefe de Area '

Dir. Técnica de. Desechos Séhdos
San Antonio Abad 122 sl
Col. Trénsito - R
06820 México, D.F.

Tel. 740 29 98 RIETe B |

Meléndez Juarez Octavio
Investigador
Av. Coyoacan 812
Col. Del Valle T
03100 México, L.F. ' -
Tel. 575 75 88

. -y
Meléndez Avalos Carlos Eduardo
Gerente de Saneamiento
Alcaldia Municipal de San Salvador
Final calle Concepcion 188 - oo

La Garita, San Salvador, El Sali?acior C.A.
Tel. {503) 76 0202 Coaed -

-

Montenegro Fragoso Manuel -
Coordinador de Carrera
Universidad Panamericana

Av. Circunvalacién Pte, 49

Cd. Granja, Zapopan, Jalisco 1| 629 13 3



f-r:7

59.

61.

63.

65.

67.

69.

71.

Morales Luyda José Luis

.- Consultor Ambiental

Auber y. Asociados ' "t . .
Anexagoras 1028-201. o -

- Col.'Narvarte -

03020 México,. D.F..1 . .1,
Tel. 575 o4 88 T R

- ,,‘-,' -‘%‘3!“: ’
Ochoa Salas Guadalupe=. ¢
Supervisor

Banobras, S.N.C. #fs

.
+ o

"4
V.

- Tecoyotitla 100 ¢

Del. Alvaro Obregén, México, D.F.
Tel. 723 60 19

TV .
Pedroza: Agunlera Arturo
Depto. Técnico
Prescavacién Geologica, S.A. C.V.
Km. 4.5 Lateral San Recta A Cholula,
Tel. 34 58 66

Pérez -Gavifan Escalante;José Pablo
Dir. Gral. Prevenciéon y. Restauracion
Sria. de Ecologia Edo. de México
Parque Orizaba 1 -
Naucalpan, Edo. de México

Tel. 576 81 83

Lubdow!

Riverc Estrada Norberto

- Jefe de Area &

Dir. Técnica de Desechos Sélidos
San Antonio Abad 122

Col. Centro-Transito

Del. Cuauhtémoc, México, D.F,
Tel. 7840 29.98

Romero Sanchez José Luis
Toordinador

Dir. Técnica de Desechos Sélidos
San Antonio Abad 112

Col. Tréansito

Tel. 740 29 9§

Saenz Enderica Carlos

Coord. Control de.la Contaminacién
A.T.A.P.A. , :
Benigno Malo 7-78
Sucre-Cuenca, Ecuador
Tel. 83 19 00

Sedano Licona Salomén

Jefe de Proyectos, Com. Fed. Eléct.
Augusto Rodin 265, . Coi. Nochebuena
México, D.F., Tel. "563 37 00

587

60.

62.

Pue.

64.

66.

68.

70.

72.

&

"Moréno Casillas Héctor Ernesto

Especialista en Hidraliica

Comision Nacional del Agua
Av. Alvaro Obregon 494

Othdén P. Blanco
77050 Chetumal

Tel.

91 983.27833

Pantoja Iry§ -.Je‘rjes-
Ingeniero Geblogo

Ingnieros Militares
Lomas de Sotelo\r
11200 México, D F.

Tel,

Y .-

395 78 29

]

ot

- S.H.B. Agra de México, S.A. de C.V.

t‘-,. N

L § B
Pérez Sanchez Luis Guillermo - -
Gerente de Proyecto '

Subterra, S.A. de:CV.
Minesota 5 oTEy
Col. Népoles

03810 México, D.F.

Tel

.-682 58 200

Ramirez Leal Roberto

Profesor-investigador.
Centro de Est.

Sup. del: Edo. de Sonora

Ley Federal del Traba;o final s/n

Col.

Apolo

Hermosillo, Sonora

Tel.

15 25 93

Rodrlguez Mondragon Blanca Lllla
Jefe de Area -

Dir.

Gral. de Servs,

Rio Churubusco 1155

Col.
Del.
Tel.

Sanchez Franco Eric

Zapata Vela

Urbanos

lztacalco, México, D.F.

650 03 90

Coordinador Generat
Proceso Ingnieria y Ecologia
Rancho Seco 127

Fracc. Santa Cecilia
04930 México, D.F.

Tel.

671 68 13

Salazar Suarez Felipe .
Subdirector de Servicios : Publlcos
Presidencia Municipal de Tecoman
Medellin y 20 de Noviembre

Col.
‘Tecomén Tel. 40025

Centro

Silva Chavez Victor Manuel
Lider en Proy. de Res. Sélidos, Dir. Gral
Servs. Urbanos, Rio Churubusco 1155,

Col.

Zapata Vela, Tel.

650 64 &0



73.-

75.-

77.-

Siv Chirinos Rosarlo

- Especialista en Hidrallica -

Inst. Mex. de Tecnologfa del Agua
Paseo Cuenéhuec 3532 :

Col. Progreso :

62550 Jiutepec, Morelos.

Tel. 194000 Ext. 433

Soto Rojas Gunlermo M.
Cerente

Guimar, S.A, C.V. . _
Primo Verdad Mza 37__L:"16_.‘
Col. Jacarandas. "~ * -
09280 México, D. E.

Tel. 690 28 2g'

Villegas Bello Oscar F.
Jubilado )
Playa Tecocutla 358 ’
Col. Reforma Iztacc1huat|

Tel. 633 1128 S ,;~~

4. -

76.-

Spinola Grandio Juan Pablo = -
Gerencia de Censtruccion

Av.

Col.

Const. y Administrador Oméga S,A.C.V.

- Patriotismo 440-301
Sari-Pedro de los Pines-

03800-'México, D.F.

Tel.

277 7535 -

Yerves Maldonado Abar W.
Director Control y Restauracion
Secretaria de Ecologia

C. 69 No. 437 (53 y 47A)

Col.

Centro

97000 Mérida Yu-catén

Tel.

246507



