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I. INTRODUCTION

A. The Sludge Problem

The environmental movement that started in 1970 has
demanded that fewer and fewer amounts of pollutants be
discharged into the navigable waters of the United States.
Starting with the Federal Water Pollution Control Act
Amendments of 1972 (PL 92-500), and continuing up to the Water
Quality Act of 1987 (PL 100-4), successive laws have required
higher levels of pollutant removals from municipal and
industrial wastewaters. These increased pollutant removals have
caused that the volume of solids generated from the existing
treatment processes and the new ones that have been added to
meet stricter requirements has increased significantly. 1In
simple terms, which are many times forgotten by the design
engineers, either the pollutants are removed as a solid or
semisolid matter, or they will go out with the effluent. These
solids are given the name of sludge.

The need for effective sludge management is continual
and growing. The quantity of municipal sludge produced annually
in the United States almost doubled from 1972 to 1984, when the
Clean Water Act imposed uniform minimum treatment requirements
for municipal wastewater. This corresponds to an average growth
rate of 6%. In addition, the sludges generated by more advanced
treatment are more difficult to handle than the sludge produced
by less advanced treatment. In 1984 municipalities generated
approximately 5.9 million dry metric tons of wastewater sludge

a year, or approximately 25.5 dry kilograms per person per year



(1). Sludge production was expected to about double to
approximately 11.8 million dry metric tons per year by the year
2000 as the population increases, as more municipalities comply
with Clean Water Act requirements, and as more sophisticated
wastewater treatment systems are developed and installed. In
Puerto Rico the sludge production rate was estimated at 86
dry metric tons per day, or approximately 3,200,000 liters per
day, considering 111 municipal wastewater treatment plants that
were operating at the end of 1984(2). No reliable estimates‘of
the sludge generated at industrial wastewater plants exists.

The sludge disposal problem in Puerto Rico was
described by EPA's Region II Regional Administrator in early
1985 as follows:

"...biggest challenge remaining in Puerto

Rico’'s clean water program isthat there is

still no island-wide sludge disposal

program..."(3)

This project addresses the tail end of this concern,
that is, the final disposal of the sludge from the municipal
wastewater treatment plants. The chapters that follow describe
the characteristics of sludge and the currently available
treatment methods, and estimate the quantity and quality of the
sludge produced in Puerto Rico's municipal plants. A planning
methodology is then applied to this basic data in order to come

up with a sludge disposal plan for the plants.



II. MUNICIPAL WASTEWATER SLUDGE

A. Sludge Characteristics

The term "sludge" refers to a combination of solid
and semisolid by-products from almost all of the municipal
wastewater treatment process. It usually contains 93 to 99.5
percent water as well as solids and dissolved substances that
were present in the wastewater and that were added or created
by wastewater treatment processes. Usually these wastewater
solids are treated prior to ultimate use/disposal to improve
their characteristics for these processes.

The characteristics of sludge depend on both the
initial wastewater composition and the subsequent wastewater
and sludge treatment processes used. Different treatment
processes generate radically different types and volumes of
sludge. At an individual plant, the characteristics of the
sludge produced can vary annually, seasonally, or even daily
because of variations in incoming wastewater composition and
variations in the treatment processes. This variation is
particularly pronounced in wastewater systems that receive a
large proportion of industrial discharges. This is the case on
several of PRASA's wastewater plants, with Barceloneta
representing the extreme.

The characteristics of a sludge affect its
suitability for the various use/disposal options. Thus, when
evaluating sludge use/disposal alternatives, a planner should
first determine the amount and characteristics of the sludge

and the degree of variation in these characteristics.
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FIGURE 1

PRIMARY SLUDGE




FIGURE 2
SECONDARY SLUDGE




FIGURE 3

TERTIARY SLUDGE




In general terms, sludge can be classified in terms

of the treatment process which produce it, as follows:

1.

Primary sludge, which is generated during
primary wastewater treatment, which removes the
solids that settle out readily. Primary sludge
contains 3 to 7 percent solids; usually its
water content c¢an be easily reduced by
thickening or dewatering.

Secondary sludge is often called biological
process sludge because it 1is generated by
secondary biclogical treatment processes,
including activated sludge systems and attached
growth systems such as trickling filters.
Secondary sludge has a low solids content (0.5
to 2 percent) and is more difficult to thicken
and dewater that primary sludge.

Tertiary sludge is produced by advanced
wastewater treatment process, such as chemical
precipitation and filtration. The
characteristics of tertiary sludge depend on
the wastewater treatment process that produce
it. Chemical sludge results from treatment
processes that add chemicals, such as lime,
organic polymers, and aluminum and iron salts,
to wastewater. Generally, lime or polymers
improve the thickening and dewatering

characteristics of a sludge, whereas iron or



aluminum salts usually reduce its dewatering
and thickening capacity by producing very
hydrous sludges which bind water.

Figures 1 to Figure 3 show pictures of these three
types of sludge. The differences in terms of color and general
appearance should be obvious.

A fourth category of solids is produced at wastewater
treatment plants in the preliminary treatment phase. These are
the screenings from the coarse and fine screens, grit from grit
chambers,and possibly scum from some grit chambers and/or
preaeration facilities. These solids have not been considered
in this project because their amounts are small in relation to
the amounts of the three other sludges mentioned above.

Tables 1 to Table 3 present the characteristics of
primary, activated sludge and trickling filter sludges(4).

B. Sludge Quantities

The quantity of sludge produced at the different
stages of a wastewater treatment plant is highly variable. The
key factors that create this variability are the sources of the
wastewater, the type of treatment process used at each stage,
sludge treatment processes and the specific operating
parameters of each process.

Industrial contributions to wastewater influent
streams can significantly increase the sludge quantity
generated from a given amount of wastewater. Pretreatment

provided by an industrial facility can greatly reduce sludge



TABLE 1

PRIMARY SLUDGE CHARACTERISTICS

Characteristics

pH

Volatile acids, mg/l as
acetic acid

Heating value, Btu/lb
Specific gravity of
individual solids
particles

Bulk specific gravity (wet)
BOD/VSS ratio

COD/VSS ratio

Organic N/VSS ratio

Velatile content, percent
by weight of dry solids

Cellulose, percent by welght
of dry solids

Hemicellulose, percent
by weight of dry solids

Lignin, percent by weight
of dry solids

Grease and fat, percent by
weight of dry solids

Protein, percent by weight
of dry solids

Nitrogen, percent by weight
of dry solids

Phosphorous, percent by
weight of dry solids

Potash, percent by weight

Range of
values
5 - 8
200 - 2,000
6,800 - 10,000
0.5 - 1.1
1.2 - 1-6

0.05 - 0.06

64 - 93
8 - 15
6 - 30
T - 35
20 - 30
22 - 28
1.5 - 4
0.8 - 2.8
0-1

Typical
value

500

1.4
1.02



TABLE 2

ACTIVATED SLUDGE CHARACTERISTICS

Range of Typical
Characteristics values value
pH 6-5 - 8 -
Heating value, Btu/lb (kj/Kg) - 6,540
(15,200)
Specific gravity of individual
solid particles 1.08
Color ‘ - Brown
COD/VSS ratio - 2.17
Carbon/nitrogen ratio - 12.9
- 6.6
- 14.6
- 507
- 3.5
Organic carbon, percent by 17 - 41 -
weight of dry solids 23 - 44 -
Nitrogen, percent by weight 4.7 - 6.7 -
of dry solids (expressed - 5.6
as N) 2.4 - 5.0 -
- 6-0
Phosphorus, percent by weight 3.0 - 3.7 -
of dry solids as P,0, - 7.0
2.8 - 11 -
- 4-0
Potassium, percent by weight 0.5 - 0.7 -
of dry solids as K00 - 0.56
- 0.41
Volatile solids, percent by 61 - 75 ' -
weight of dry solids - ‘ 63
62 - 75 -
59 - 70 -
- 81
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TABLE

Characteristics

Grease and fat, percent by
weight of dry solids

Cellulose, percent by weight
of dry solids

Protein, percent by weight
of dry solids

Cont

11

Range of
values

5 - 12

32 - 41

Typical
value



TABLE 3

TRICKLING FILTER SLUDGE COMPOSITION

Property Value
Volatile content, percent of total solids 64 - 86
Nitrogen, percent of total solids 1.5 - 5§
Phosphorus as P,O0,, percent 2.8

of total solids 1.2
Fats, percent of total solids 6
Grease, percent of total solids 0.03
Specific gravity of individual 1.52

solid particles 1.33
Bulk specific gravity (wet) 1.02
Color Grayish brown

Black

12



quantity by removing industrial contamination such as metai and
organic chemicals.

Higher degrees of wastewater treatment generally
increase sludge volume (Figure 4). For example, primary
treatment typically produce 2,500 to 3,500 liters of sludge per
million liters of wastewater treated. Biological secondary
treatment produces an additional 4,000 liters per million
liters of wastewater treated. Use of chemicals for phosphorus
removal during tertiary treatment increases sludge volume
another 5,200 liters per million liters treated.

Some sludge treatment processes reduce sludge volume,
some reduce sludge mass, and some actually increase sludge mass
while improving other sludge characteristics. For example,
dewatering processes reduce the amount of water in sludge
without significantly reducing the mass of solids; dewatering
is thus purely a volume reduction process. Anaerobic digestion
of sludge results in a loss of solid material through
biodegradation; it is thus a mass reduction process. Although
anaerobically digested sludges have less mass than the original
raw sludges, they are equally as difficult to dewater, which
means they tend to have a large volume. Incrganic chemical
addition generally increases sludge mass while improving other
characteristics for subsequent treatment, use, or disposal. For
example, lime and ferric chloride are added to enhance a
sludge's dewatering characteristics; in this case, sludge mass
is increased although, at a subsequent dewatering step, sludge

volume will be decreased. Composting, another type of sludge

13
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treatment, significantly increases mass through the addition of
a bulking agent such as wood chips.

Wastewater treatment processes are controlled using
a variety of operating parameters. Since the objeétive of each
treatment process is to produce a liquid effluent of the best
possible quality at the cheapest cost, these operating
parameters might be set such that by doing this they can
actually increase the amount of sludge produced. An example of
this is the operation of an activated sludge tank at different
sludge ages. Longer sludge ages, which would tend towards
having a system in the extended aeration mode, will most likely
produce less biological sludge since the bacteria will be at or
near the endogenous phase of their growth curve.

Table 4 from Reference (5) presents the gquantities of
sludge produced from different treatment processes that are
used in Puerto Rico. These figures were used in the estimates
of present and future sludge quantities that were made for this
project.

c. Sludge Treatment Processes

There is a wide variety of sludge treatmént processes
available. Figure 5 presents a very general flowsheet which
covers the alternatives generally available in the United
States. Many of these are not used in Puerto Rico due to
economic considerations, technical complexity or 1lack of
experience with their use. The discussion that foliows
addresses all of the processes in Fiqure 5, with an emphasis on

the current practice in Puerto Rico,
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TABLE 4

SLUDGE QUANTITIES

Process

Imhoff tanks

Primary settling

Primary and activated sludge
Primary and trickling filter

Activated sludge and
chemical precipitation

Source: Reference (5)
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500
2,950
6,900
3,695

12,020

Dry Solids
(Kg/1,000 m)

83
150
282
208
680
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The path of sludge from its generation to its final
grave can be divided into the seven steps which are shown in
Figure 5. These are: thickening, stabilization/disinfection,
conditioning, dewatering, drying/composting, conveyance, and
ultimate disposal or utilization. Each of these steps can be
accomplished using various alternatives, as follows:

1. Thickening

As previously discussed, raw sludge is generally very
low in its solids concentration. Thickening is then necessary
in order to reduce cost by transporting less water to the
different sludge treatment processes. The following three
thickening processes are used in the United States, but in
Puerto Rico thickening is very seldom used, with only gravity
thickening being done at Puerto Nuevo and some of the new
regional plants, and dissolved air flotation being used at
Barceloneta.

a. Gravity thickening

A gravity thickener is for practical purposes
identical to a secondary clarifier, except that it does not
have a clarifying function. It simply allows the sludge to
thicken by the force of gravity while a supernatant is produced
and usually returned to the entrance of the plant.

b. Flotation

Flotation is commonly used using dissolved air,
which is injected into the ligquid going into the flotation unit
at .a pressure greater than atmospheric (about five times

atmospheric pressure). This produces a solution which is

18



supersaturated with air. Upon decreasing the pressure to
atmospheric, the dissolved air is released from the liquid in
the form of tiny bubbles which rise to the surface, encouraging
the sludge to also float to the surface. The flotation unit is
equipped with a scrapping mechanism which picks up the sludge
from the surface and moves it to a sludge pit.

c. Centrifugation

Centrifuges are major pieces of equipment that
revolve at high speeds in order to separate the liquids from
the solids in a sludge. Their operating principle is ﬁot
different from common laboratory centrifuges. Besides their use
for thickening, centrifuges can be used for dewatering, in
which section they are discussed in more detail.
2. Stabilization/disinfection

The basic objective in stabilizing sludge is to
reduce or inhibit the potential for putrefaction and its
inherent bad odors. A side benefit of the process is the
reduction of pathogenic organisms. It is a process extensively
used in Puerto Rico, with both forms of digestion being the
moat popular, depending on the type of facility which produces
the sludge.

a. Lime stabilization

This process consists of the addition of lime to

sludge in sufficiently large quantities to raise the pH to at
least 12. This creates an environment where the putrefying
organisms can not survive, and prevents the formation of odors.

A side benefit of lime stabilization is that the sludge usually

19



dewaters better. However, by adding lime the volume of sludge
to be further treated is increased. In Puerto Rico lime
stabilization is used only during emergency conditions, such as
when raw sludge has to be discharged directly into sludge
drying beds. It has been effective in controlling odors in
these cases. |
b. Anaerobic digestion

Anaercbic digestion involves the decomposition
of the organic matter in the sludge under anaerobic conditiqns
in order to produce methane and water as final products. It is
a process that has been used for more than a century. It
consists of some type of closed vessel or tank where the sludge
is allowed to decompose in the absence of oxygen. Mixing is
normally provided. Heating is also necessary in temperate
climates since the decomposing bacteria operate better in a
thermophilic environment. The decomposition occurs in two
stages, where in the first one a group of organisms, known as
acid formers, transform the organic matter into volatile
organic acids (propionic being prevalent) and then a second
group of bacteria, the methane formers, transform the acids
into methane. The equilibrium between these two groups of
microorganisms is very delicate, since the volatile organic
acids must be transformed almost as quickly as they are
produced in order to prevent low pH values which would severely
impact both groups of microorganisms. Therefore, the operation
of an anaerobic digester must be done with great care.

Regretfully, not one anaerobic digester in Puerto Rico is



properly operated. This causes that the volumes of sludge that
go into the sludge drying beds are usually bigger than those
for which they were designed, causing a sludge bottleneck.
Also, no digester in Puerto Rico uses the methane for anything.
This is a flammable gas of fairly high heating value that in
some places has been used to make wastewater treatment plants
energy-independent.
Puerto Rico has four types of anaerobic digesters.
The most commonly used in trickling filter plants 1is the
clarigester, a proprietary Dor-Oliver unit where the digesfer
is located directly below the primary tank. Mixing is provided
by an extension of the sludge/scum collecting mechanism of the
primary. Some trickling filter plants and some of the old,
small primary plants have conventional, separate digesters,
which are large concrete tanks to which varying degrees of
mixing are provided. Still in use, and socon to be eliminated,
there are also several Imhoff tanks, both circular and
rectangular. Finally, there is the septic tank at Naguabo,
which is the only treatment process for the sewage from this
small town.
c. Aerobic digestion
Aerobic digestion is the process by which the
organic fraction of the sludge is decomposed under aerobic
conditions to form carbon dioxide and water. It consists of a
tank where the biological sludge is aerated and the bacteria
are allowed to operate in the endogenous phase of the growth

curve. This results in a reduction in the sludge mass. The
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process works very well and is reasonably easy to control. The
sludge that is produced tends to be more spongy than
anaerobically digested sludge, but it has less odor problems.
In Puerto Rico the aerobic digestion process is
extensively used in the activated sludge package plants and in
most of the conventional activated sludge plants. Although few
reliable data is available, it is believed that it is
accomplishing its job of reducing the sludge mass.
d. Pasteurization
Heat inactivates microorganisms as well as the
eggs and cysts of parasites. Pasteurization accomplishes this
by holding the sludge to a predetermined temperature for a
minimum time period. Typical values are 70°C for 30 minutes.
The process normally takes place in a series of tanks, with
steam used as the heat source. The process is commonly used in
Europe, very seldom in the United States, and not at all in
Puerto Rico.
e. Heat treatment
Heat drying is generally done in some type of
kiln. It generally produces a sterile sludge but this is not
always the case. It is not used in Puerto Rico.
f. Composting
Composting, which is further discussed as a
utilization process, deals with the thermophilic conversion of
the organic matter in the sludge into a soil conditioner (not
into a fertilizer). A major aim of sludge composting operations

is to produce a pathogen-free compost by achieving and holding
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a sufficiently high temperature. The results are highly
dependent on the type of composting operation run (windrows,
in-vessel, aerated pile, etc). Adverse environmental
conditions, particularly heavy rains, can significantly lower
composting temperatures. There is also the potential problem of
bacterial regrowth. Although planned for use as an utilization
process in two regional plants in Puerto Rico in the future,
composting is not currently used, nor planned to be used, as a
stabilization process.

g. Long-term storage

Long-term storage, mainly by the use of sludge

lagoons, is not a practical process in Puerto Rico due to the
high cost of land and the high temperatures, which would cause
significant odor problems.

h. Irradiation

The use of high-energy radiation for wastewater
sludge disinfection has been considered in the United States
for about twenty-five years. The best potential for doing this
is by using either a gamma or a beta source. Both are effective
in achieving significant pathogen reduction. However, cost and
safety considerations make this an impractical process for
Puerto Rico.
3. Conditioning

The objective of conditioning the sludge is to

prepare it for the processes that follow. Conditioning may be

a necessary process, such as when belt filter presses are used
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for dewatering, or not needed at all, such as when drying beds
are used.

a. Chemical conditioning

The most frequently encountered conditioning
practice is the use of ferric chloride either alone or in
combination with lime, although the use of polymers is rapidly
gaining widespread acceptance. Although ferric chloride and
lime are normally used in combination, it is not unusual for
them to be applied individually. Lime alone is a fairly popular
conditioner for raw primary sludge and ferric chloride alone
has been used for conditioning activated sludges. Lime
treatment to a pH of 10.4 or above has the added advantage of
providing a significant degree (over 99 percent) of
disinfection of the sludge. The use of lime treatment on an
emergency basis is fairly common in Puerto Rico, specially when
quick odor control is needed. This has been done when poorly
digested sludge is discharged into drying beds, causing
complaints from neighbors.

Organic polymer coagulants and coagulant aids have
been developed in the past 20 years and are rapidly gaining
acceptance for sludge conditioning. These polymers are of three
basic types:

1) Anionic (negative charge) - serve as coagulant

aids to inorganic Al+++ and Fe+++ coagulants by

increasing the rate of flocculation, size, and

toughness of particles.
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2) Cationic (positive charge) - serve as primary
cocagulants alone or in combination with
inorganic coagulants such as aluminum sulfate.

3) Nonionic (equal amounts of positively and
negatively charged groups in monomers) - serve
as coagulant aids in a manner similar to that
of both anicnic and cationic polymers.

The popularity of polymers is primarily due to their
ease in handling, small storage space requirements, and their
effectiveness. All of the inorganic coagulants are difficultyto
handle and their corrosive nature can cause maintenance
problems in the storing, handling, and feeding systems in
addition to the safety hazards inherent in their handling.

The use of polymers in municipal sludge conditioning
in Puerto Rico is expected to increase in the future with the
introduction of the Wedgewater media for the upgrading of
sludge drying beds. This process requires that the sludge be
conditioned with polymers prior to its application to a plastic
media that has slots through which the water filters. The
increased use of belt filter presses will also cause an
increase in the use of polymers for conditioning.

b} Heat treatment

There are two basic processes for thermal
treatment of sludges. One, wet air oxidation, is the flameless
oxidation of sludges at temperatures of 450 to 550°F and
pressures of about 1200 psig. The other type, heat treatment,

is similar, but carried out at temperatures of 350 to 400°F and

25



pressures of 150 to 300 psig. Wet air oxidation reduces the
sludge to an ash and heat treatment improves the
dewaterability of the sludge. The 1lower temperature and
pressure heat treatment is more widely used than the oxidation
process. The two processes are similar.

When the organic sludge is heated, heat causes
water to escape from the sludge. Thermal treatment systems
release water that is bound within the cell structure of the
sludge and thereby improves the dewatering and thickening
characteristics of the sludge. The oxidation process further
reduces the sludge to ash by wet incineration (oxidation).

The same basic process is used for wet air
oxidation of sludge by operating at higher temperatures (450 to
640°F} and higher pressures (1200 to 1600 psig). The wet air
oxidation (WAO) process is based on the fact that any substance
capable of burning can be oxidized in the presence of water at
temperatures between 250 and 700°F. Wet air oxidation does not
require preliminary dewatering or drying as required by
conventional air combustion processes. However, the oxidized
ash must be separated from the water by vacuum filtration,
centrifugation, or some other solids separation technique.

None of these two processes is currently in use
in Puerto Rico and the situation is not expected to change in
the future.

1. Dewatering
Dewatering is a process used to increase the

solids concentration of the sludge by removing as much as
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possible of its water. The main reason for doing this is to
reduce the volume of sludge that will be transported to
subsequent processes or to final disposal outside of the plant.
Doing this results in significant cost reductions. Another
reason for dewatering is an increase in the ease of handling.
Dewatered sludge, although still containing in the vicinity of
70% by weight of water, is for practical purpcses a solids and
can be handled much easily, as for example , using a
wheelbarrow. A third reason for dewatering is that it is used
as pretreatment for certain other downstream process, suchvas
an incinerator. Although wet sludge can be incinerated, it
requires an endothermic reaction, whereas well-dewatered sludge
can be burned in an exothermic reaction.
a. Drying beds

Drying beds are generally used for dewatering of
well digested sludges. Attempts to air dry raw sludge usually
result in odor problems which can require emergency measures
such as the lime usage which was previously discussed.

Sand sludge drying beds consist of perforated or
open joint drainage pipes laid within a gravel base. The gravel
is covered with a layer of sand. Partitions around and between
the drying beds may be of concrete, wood or earthen embankment.
Drying beds are generally open to the weather but may be
covered with ventilated green-house types of enclosures where
it is necessary to dewater sludge in wet climates. In Puerto
Rico it is expected that many plants in the interior of the

Island will have this upgrading done.
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The drying of sludge on sand beds is
accomplished by allowing water to drain from the sludge mass
through the supporting sand to the drainage piping and natural
evaporation to the air. As the sludge dries, cracks develop in
the surface, allowing evaporation to occur from the lower
layers which accelerates the drying process.

Many design variations are used for sludge
drying beds including the layout of the drainage piping,
thickness and type of materials in the gravel and sand layers,
and construction materials used for the partitions. The major
variation used in Puerto Rico is that the floor of the beds is
made of concrete with a slope that leads into a side sand strip
of about one meter wide where the drainage piping is located.
Although the sludge dries at a slower rate on these beds, it is
believed that the ease of sludge removal by mechanical means
and the need to replenish much less sand justifies the larger
drying areas required.

The only side stream is the drainage water. This
water is normally returned to the raw sewage flow to the plant
or to the plant headworks. The drainage water is not normally
treated prior to return to the plant.

b. Lagoons

Sludge lagoons are similar to sand beds in that
sludge is periodically drawn from a digester, placed in the
lagoon, removed after a period of drying, and the cycle
repeated. Drying lagoons are not typically provided with an

underdrain system as most of the drying is accomplished by
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decanting supernatant liquor and by evaporation. Plastic or
rubber fabrics may be used as a bottom lining, or they may be
natural earth basins. Supernatant liquor and rainwater drain
off points are usually provided, with the drain off 1liquid
returned to the plant for further processing.

Lagoons are not currently in use in Puerto Rico
and their future use is likely to be very limited, if at all,
due to the high cost of land in the Island and the lack of
isolated areas where odor problems might be minimized.

c. Centrifuge

A centrifuge is essentially a sedimentation
device in which the solids-liquid separation is enhanced by
rotating the liguid at high speeds so as to subject the sludge
to increased gravitation forces.

As previously mentioned, centrifuges have been
used for both sludge thickening and dewatering, especially for
waste activated sludge and digested sludges. The disc type and
the solids bowl centrifuges are well suited to thickening
operations. Centrifuges can be used to classify sludges
according to relative specific gravity. For instance,
phosphorus rich sludge can be removed from lime sludge to
enable efficient recovery and reuse of the lime.

Three types of centrifuges have been used for
sludge dewatering: the solid bowl, basket and disc
centrifuges. The solid bowl is the most widely used type for
dewatering of sewage sludge and employs the countercurrent flow

of liquids and solids that occurs in a rotating solids bowl
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which revolves horizontally. The basket centrifuge is also
referred to as the imperforate bowl, knife discharge type and
is a batch dewatering unit that rotates arocund the vertical
axis. The disc centrifuge is' very similar to the basket
centrifuge except that it operates continuously. Its sludge may
have to be pre-screened.

The only side stream is the centrate, which is
normally returned to the plant influent. There are no
centrifuges in use in Puerto Rico at the present time.

d. Pressure filter

There are several types of presses available but
the most common consists of vertical plates which are held in
a frame and which are pressed together between a fixed and
moving end. A cloth is mounted on the face of each individual
plate. Despite its name, the filter press does not close to
squeeze or press sludge. Instead, the press is closed and then
sludge is pumped into the press at pressures up to 225 psi and
passes through feed holes in the trays along the length of the
press. Filter presses usually require chemical pretreatment
(polymers and alum are generally used in Puerto Rico) to aid in
solids retention on the cloth and release of the cake.

The water passes through the cloth, while the
solids are retained and form a cake on the surface of the
cloth. Sludge feeding is stopped when the cavities or chambers
between the trays are filled. Drainage ports are provided at
the bottom of each press chamber. The filtrate is collected in

these, taken to the end of the press, and discharged to a
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common drain, from where it is usually moved to the influent of
the plant.

Pressure filters require a2 minimum "threshold”
level of sludge before they can economically compete with other
dewatering process. In Puerto Rico their use is limited to the
new regional plants.

e. Vacuum filter

A vacuum filter basically consists of a
cylindrical drum which rotates partially submerged in a vat of
sludge. The filter drum is divided into compartments by
partitions. A vacuum is applied between the drum deck and
filter medium causing filtrate to be extracted and filter cake
to be retained on the medium during the pickup and cake drying
cycle. The filter medium may be a cloth made of natural or
synthetic fibers, stainless steel wire mesh or coil springs.
Usually, the cake of dewatered sludge is removed by a fixed
scraper blade, however there are alternative designs which use
other methods for sludge removal.

The use of vacuum filters in Puerto Rico has
been nearly disastrous. A relatively small unit was installed
at the Villa Carolina plant and was never able to operate. It
was finally discarded as scrap metal. The Barceloneta plant had
two vacuum filters with coil springs. They operated for a short
peried but quickly developed mechanical problems and alsc ended

up in the scrap heap.

31



f. Belt filter

A belt filter press is an adaptation of the old
roller used to dry clothing right after taking it out of the
washer. It consists of a moving belt where an influent mixture
of sludge and polymer is discharged. Dewatering occurs as the
sludge moves through a series of rollers which squeeze the
sludge to the belt or squeeze the sludge between two belts much
like an old washing machine wringer. The cake is discharged
from the belt by a scraper mechanism.

Filtrate from the belt filtration unit is
usually returned either to the primary or secondary treatment
process and normally causes no problems to process operations.

Belt filter presses are being used successfully
in industrial wastewater treatment plants in Puerto Rico. Their
relative ease of operation and high volume of sludge that they
can process using a relatively limited space makes them a
primary candidate for extensive use in the future.

5. Drying/composting/thermal reduction
The objective of drying is further reducing the water
content of the sludge by vaporization of water to the air. This
is done so that sludge can then be incinerated efficiently or
processed into compost.
a. Heat drying

Heat drying raises the temperatures of the
incoming sludge to 212°F (100°C) to remove moisture which
reduces total volume, yet retains the nutrient properties of

the sludge. The end product is odor free, contains no
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pathogenic organisms, and contains soil nutrients. Heat drying
is ideal for a subsequent composting operation.

Sludge has been heat dried in flash drying
equipment and rotary kilns. However, and due to high energy
costs, heat drying is considered an unlikely alternative for
future use in Puerto Rico.

b. Composting

Composting was previously described as a
stabilization/disinfection process and will be further
described as a utilization process.

c. Incineration

There are two basic types of incinerators: the
multiple hearth furnace and the fluidized bed incinerator.

A multiple hearth furnace consists of a circular
steel shell surrounding a number of solid refractory hearths
and a central rotating shaft to which arms are attached. The
dewatered sludge enters at the top through a flapgate and
proceeds downward through the furnace from hearth to hearth
moved by the rotary action of the arms. The hearths are
constructed of high heat duty fire brick and special fire brick
shapes. Operating temperatures are usually in the 1,400-1,700°F
range, but can reach as high as 2,000°F.

The arms provide mixing action as well as rotary
and downward movement of the sludge. The flow of combustion air
is countercurrent to that of the sludge. Gas or oil burners are
provided on some of the hearths for furnishing heat for start-

up or supplemental use as required. Sludge is constantly turned
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and broken into smaller particles by the rotating arms which
exposes the sludge surface to hot furnace gases. This
facilitates rapid and complete drying as well as burning of the
sludge.

The fluidized bed incinerator is a vertical
cylindrical vessel with a grid in the lower section to support
a sandbed. Dewatered sludge is injected above the grid and
combustion air flows upward at a pressure of 3.5 to 5.0 psig
and fluidizes the mixture of hot sand and sludge. Supplemental
fuel can be supplied by burners above or below the grid. In
essence, the reactor is a single chamber unit where both
moisture evaporation and combustion occur at 1,400 to 1500°F in
the sandbed. All the combustion gases pass through the 1500°F
combustion zone with residence times of several seconds. Ash is
carried out the top with combustion exhaust and is removed by
air pollution control devices.

There is one sludge incinerator in Puerto Rico.
It is located at the Puerto Nuevo wastewater plant and it is
composed of two parallel multiple hearth furnaces. At the
present time it burns sludge from the Puerto Nuevo plant and
several other regional plants in the metropolitan area. It is
expected that this incinerator will play a significant role in
future sludge management in Puerto Rico.

d. Starved-air combustion

Starved-air combustion (SAC) is also known as

pyrolysis. It uses less than theoretical guantities of air in

the furnace (30-90% of stoichiometric requirements) so that it
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is, in effect, incomplete combustion. The reaction products are
combustible gases, tars, oils, and a solid char that can have
an appreciable heating value. The relative proportion of each
varies with the amount of heat applied and the feed moisture.
Generally, higher reaction temperatures yield simpler products
and greater quantities of low heating value gas. This is at the
expense of combustible solid products. The low heating value
gases may be burned, and the heat generated can be recovered
and used beneficially. Alternatively, the gas may be coocled and
stored for subsequent off-site use. The most effective
utilization appears to be the burning of the total gas stream,
with subsequent recovery of portions of the heat generated.
Off-site use appears to be impractical.
SAC was considered as an alternative sludge
management at the Caguas wastewater plant in the late 1970's.
It was discarded because an EPA review indicated that the cost
of the process could not be funded under the construction
grants program. EPA also indicated that it did not consider the
proposed design reliable and likely to operate in an efficient
way.
6. Conveyance systems
Figure 5 shows three alternate conveyance systems:
pipeline, rail and truck. Puerto Rico's rail system was
virtually eliminated in 1953. The only remaining part of the
system serves a very limited stretch of'land between Guayama

and Ponce and is used for sugarcane transportation. This
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virtually eliminates rail as a sludge conveyance alternative
for Puerto Rico.

In the 1970's the construction of an 18" pipeline for
the conveyance of sludge from the Carolina regional plant to
the Puerto Nuevo incinerator was planned and construction of
several sections and one pump station was completed. This
pipeline was going to be 23 Km long, making it the third
longest in the world at the time. However, in the early 1980°'s,
the concept was revised and the pipeline substituted by
trucking. The pump station still exists and the pipes are still
buried in the ground.

Trucking is, for practical purposes, the only
realistic alternative for sludge conveyance in Puerto Rico. It
is used extensively both on a reqular and in an emergency basis
and will continue to be so.

7. Utilization/ultimate disposal

This section addresses the ultimate fate of the
sludge or the remaining products from previous processes, such
as ash from incinerators. The alternatives are as follow:

a. Contract disposal

Contract disposal is basically an alternative
where a third party is contracted to ultimately dispose of the
sludge. In Puerto Rico this is a fairly commonly used
alternative in the case of municipal solid waste. There are
several companies engaged in this business which operate their

own landfills. The option is currently being used for final
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disposal at several wastewater plants and is likely to continue
to be used.
b. Landfill

There are two possibilities for the landfill
disposal of sludge: dedicated landfills, or co-disposal with
municipal solid waste. In a dedicated landfill the trench
method of landfilling is usually used with dewatered sludge at
least at the 15-20% solids level. The normal sequence of
operation is that the dewatered sludge is transported to the
site. Then it is stockpiled or dumped directly into a 20-f$ot
or so deep trench. A power shovel is used to place two-foot
layers of sludge with one-foot intermediate layers of fill
material. The final cover layer of fill is 3 to 5 feet. System
modifications are made to compensate for certain climatic or
soil characteristics. Equipment selection is based on site
specific constraints. Transport to the landfill site in Puerto
Rico would have to be done by truck, since, as previously
explained, rail is not-existent and pipelines have, for all
practical purposes, been written-off as too difficult to
maintain. Trench depths and widths are variable. A wide,
shallow trench may be excavated with a bulldozer and filled
with a scraper. There are a large number of options available,
but the basic system is the same.

The major concern for landfill operation is
control of leachate so that groundwater supplies are not
contaminated. Groundwater supplies are protected by careful

site selection. A landfill must be located well above and/or
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away from any aquifers. An impervious layer should be located
between the bottom of the fill and groundwater. When filling
trenches, leachate water will often appears. This water should
be pumped out to a tanker and returned to the treatment plant
for treatment and disposal.

Natural drainage should be left undisturbed as
much as possible. Fill trenches are arranged so that they are
at least 30 feet from the drainage ditch. Farm tiles running
through the site must be intercepted and routed to the nearest
drainage ditch.

Co-disposal with municipal sludge in Puerto Rico
is very similar to a contract operation since the
municipalities own and operate the landfills and set the rules
for the acceptance of sludge. The basic criteria is that it
must be dry, which in technical terms means that it must
dewatered. If the sludge meets this criteria, which is normally
checked visually, it is dumped directly into the active area of
the landfill where it joins the normal operations. Disposal at
these facilities is usually free of charge but can, and has
been in the past, influenced by changing political
circumstances. Aside from this, this ultimate disposal method
has shown reliability and flexibility as to the amounts of
sludge that can be disposed.

c. Dedicated land disposal

In dedicated land disposal relatively large

quantities of sludge are applied to a land area for many years.

The objective of this practice is to employ the land as a
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treatment system by using soil to bind metals, and soil
microorganisms, sunlight, and oxidation to destroy the organic
matter in the sludge. Often, no attempt is made to productively
use the sludge nutrients.

Dedicated land disposal allows for considerable
control over the ultimate fate of the sludge, at the cost of
more intensive management. Because the application area usually
is owned or leased by the owner of the sludge, there is no need
to convince farmers to participate in the program. The
dedicated land disposal site may be located on the wastewater
treatment plant grounds, thus reducing transportation cost.

At the present time dedicated land disposal is
not being practiced in Puerto Rico.

d. Compost

Compost has been mentioned previously in this
chapter under the stabilization/disinfection and
drying/composting/thermal reduction section. In this section
more details are given on the process, including its ultimate
use as a soil conditioner.

Composting is one means of stabilizing raw or
digested sludge through Dbiological action (bacterial
organisms). Usually , a bulking agent such as wood chips is
added to maintain proper temperature and humidity levels. Heat
is produced during the composting process and is generally
sufficient to produce temperature above 55° to 60°C within the

compost. These temperatures are high enough to kill most
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pathogenic organisms, therefore, composting is capable of
reducing disease-producing organisms to very low levels.

Two methods have been used for composting
wastewater sludge: windrow and forced air static pile. Various
contained composting methods have been used for solid waste,
but have not been used for wastewater sludge. Generally, the
windrow method is used with digested sludge and the forced air
static pile method is used with either raw or digested sludges.
Composting of raw sludge can cause nuisance problems due to
odors. |

The equipment and methods used are somewhat
different for each composting method. The type and size of
equipment required also depends on the quantity of sludge to be
composted, however, certain minimum sized equipment is required
for any sized operation. Most composting operations use mobile
type equipment, but it is also possible to use fixed type
equipment for certain operations.

The composting operation procedures a soil
conditioner (compost) that must be marketed. The amount of
compost on a mass basis is usually bigger than the amount of
sludge on a dry basis, depending on the type of process and the
amounts of bulking materials used. Compost has a lower level of
available nitrogen and phosphorous than commercially available
fertilizer. Its main advantage is that its nutrients become
available slowly over several years. Additionally, by promoting
a healthy soil microflora, compost can help to prevent plant

disease.
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The problem with compost is what to do with it.
The only experience with composting in Puerto Rico dates from
the early 1960's when the city of San Juan used it for its
municipal solid waste. Although the compost produced was of
excellent quality (for compost), it was not possible to market
it (not even give it away) and operations were summarily
terminated by the mayor in early 1969. The marketing of compost
in the near future in Puerto Rico is bound to be difficult due
to the current low levels of agricultural activity on the
Island. In addition to agricultural land not being plentifﬁl,
the existing agriculture is significantly subsidized by the
government. This includes the provision of fertilizer at below-
market prices. Under these conditions it is very difficult that
farmers will accept a product that, at best, is perceived as
being of sewage origin, even though it may be provided at site
and free of charge.

e. Land application

The land application operation discussed here
applies to controlled application of liquid wastewater sludge
to cropland by subsurface injection or surface spreading.
Injection can be accomplished by truck or tractor mounted
injectors. Tank trucks are normally used for surface spreading.
Dewatered sludge can also be applied, but this is not as common
as liquid application.

Sludge is digested, concentrated to 6 to 8
percent solids, and then pumped into transfer trucks which haul

sludge to the land application site. Sludge is then transferred
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to another specialized truck for application. In some cases,
especially smaller operations, the transfer truck may be used
for application.

Variations in the characteristics of sludge
application equipment are related to local conditions and
sludge solids content. Dewatered sludge (greater than 10
percent solids concentration) is not practical for injection
and would normally be spread on the surface. Liquid sludge can
be spread on the surface by special irrigation equipment or
tanker truck. Subsurface injection of sludge can ,be
accomplished by tank truck or tractor mounted injectors.
Tractor mounted injectors require a sludge feed from a close
following tank trailer or from a hose connected to a storage
system. Ridge and furrow or flooding methods of application are
not recommended unless there is a means of covering the applied
sludge because nuisances may result.

Land application is currently in use in Puerto Rico
at the Barceloneta wastewater plant. Preliminary reports from
the project indicate that the operation is being successfully

carried out.



III. CURRENT ICIPAL SLUDGE SITUATION IN PUER RICO
A. Introduction

The municipal wastewater treatment plants in Puerto
Rico are operated by the Puerto Rico Aqueduct and Sewers
Authority (PRASA), a public corporation which started to
operate in 1945. PRASA is also in charge of all the water
plants in Puerto Rico, together with the associated water and
sewerage conveyance systems. In terms of the number of plants
operated, PRASA is the biggest water and sewerage authority in
the United States. |

PRASA is divided into seven regions, as shown in
Figure 6. Each of the regions is relatively independent and has
control of all the wastewater treatment plants in its
geographical area. It is also responsible for, and manages all
of the sludge which is generated in the area. Table 5 shows the
number of plants per region. The total of 111 plants range from
septic and Imhoff tanks to secondary plants of the trickling
filter and activated sludge type. A few of the secondary plants
provide tertiary treatment by means of a sand filter.

B. Sludge Management

Chapter II indicated which of the multiplicity of
sludge management alternatives were currently in use in Puertc
Rico. In summary, the processes that are more commonly used
are: aerobic and anaerobic digestion, sludge drying beds, and
sanitary landfills for final disposal. Aerobic digestion is
used almost exclusively at the activated sludge plants while

anaerobic digestion is used at the trickling filters and the
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FIGURE 6

PRASA OPERATIONAL REGIONS




TABLE 5

PRASA PLANTS PER REGION

Region Number of Wastewater Treatment Plants
Arecibo 13
Bayamén 12
Guayama 12
Humacao 22
Mayaguez 23
Ponce 12
San Juan _17
111
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various primary facilities. Anaerobic digestion at the
trickling filters is mostly by the use of clarigesters, which
incorporate a digestion chamber which is physically located
below the primary tank. This chamber is mixed by the
clarifier's sludge/scum collecting mechanism and as such
operates as a slow rate digester. Besides sanitary landfills,
incineration is used to dispose of the sludge of the regional
plants in the metropolitan area.

Table 6 shows, on a plant-by-plant basis, the current
sludge management practices at PRASA's plants. The information
in this table has been gathered from a multiplicity of sources
including PRASA's Monthly Purification Reports and Discharge
Monitoring Reports, the Sewer Operation’'s Area Annual Report
(7), the Monitor's reports (8), field visits, and interviews
with regional engineers and operational personnel. The
different types of plants are described at the end of the
table. The first six types are well known. The seventh one, the
treated wood biofilter, is a PRASA invention that has been
shown to be worthless from a treatment point of view.
Nevertheless, it is used at Pefiuelas and Hormigueros, and was
almost used at Guénica.

The third column in Table 6 shows the average daily
flow at each plant for 1986, while the fourth column shows the
plant's design flow. The next two columns show the estimated
sludge production for 1986, both in terms of gallons/day and
lbs/day. These figures have been calculated using data from

Table 4 since no sludge records are kept at the plants. There

46



628° L% g10°ELT 6L°%S VL 'V1 SIVLOL

gssead I9371T4
AUIHOTY, UOTIeISUTOUT @88 °E GLT B oy I1'¢ € dIMMY ©q1o84y
gpeq ButTiag sElTIpRAgaEND

B1p O1qoIeruUy TTTIpue] ¥at (6 ¢T'0 8T°'0 ¥ selitTpeaqand
gpeq Sutfag elfeyg wAop

B1p o1qoasvuy 1T FPURT B8E0‘E L0G‘9 9°'1 19L°T ¢ eleg vHop
gpeq Butdaq openig

81p OTqQ0IIBUY TTTIpueT] .89 TLP T 80L°0 8B6E°0 2 openif)
speq Fulrhxg STAQIOH

3Tp OTqoaeRUYy TTTFpURT] vGe LGL G0 G020 2 STACICH
gpaq Butdag saaw]

21p o1qoIsruy T1T3PURT] 66V 890°1 £499°0 68¢°0 2 s8Jer]
speq Butdag oqioedy

3ip ofqoxeruy TTTFpue] L FAN 8£8‘z Z8E°'0 B9L'0 ¢ Anwe)d-oTTT3RY
g§peq Butdag BPTAOTH

31p otrqoaswuy TTtFpue] £9¢G G0Z2°T L91°0 92¢£°0 2 epTIoTq
spaq BFutLa(q uotqrotidde

Bip otqoaay pue] ¥9L 21 €8Z°0T1T £EE'8 ELS'G T B3}sucTadIeq
gpeaq Butdag eAndep

BIp °1q0a3Y TTTFpuBT] Ly L ¥Gv 9 g'0 gEE'Q0 1 vANLR(
spaq FuTAI(] BTagRS]

B1p O1Qq0asy T1tFpue] GLY' 2 ¥8E°12 T 1°1 T elsqes]
spaq AutTAI] 0g 1083y

B1p o1qeQasy TTHFPURT] 8G6 I82°8 £'0 9zv'0 1 ZTnyg oFuTwo(q
speq Jutdaq seTeT)

FTp ot1qoasy T1tIpueq] SOV 66v°EL 9°0 8T°0 T S9TEI]
§85580044 POyl 8l (Ae(d/5q7) (Aeq/1en)

e8pnTg Tesodst(q peonpoad edpulg peonpoaj e8pnig MOTg MoTg od4Ll sueN UBTJ
88pnig PelEBUTISH 9867 pel1ewtlsE 988T UITSOq 9861

NOIDEY O0dIDHYY

INFRADVNYH ¥DANTS
9 3MdVL



speq PFutdag
Fip oiqeoasruy
speq FutThag
¥1p ot1qeaswruy
spoaq BUuldag
Bip do1qo0a9y
gspaq Butdag
81Tp o1qO0a9y
spag ButAdag
B1p o1qoasy
spoq ButTdx]
J1p OTqQoaA3y
speq Butiig
fTp o1qoIowuy
speq Butiag
F1p oTQoaseuy
speq Fuidag
81p otqoaswvuy
spaq Butdag
B1p dDIqOI9VUY
speq Butdag
21p 01QOXIVUY

IOUSHOTY ]
S9ES800Id

efpnig

11V w0
ITtdpueT]
B11V ROj
TTTIpuET]
uonefeg

TTITFpueT]
elTy BOJ
1tTIpue]
elfeqg wo]
TTtipuer]
BITY RBROJ,
Trirypuer]
nomR ARy

TTT3pueT]
uour Arg

TitFpus’]
uomeLeg

TTITIPUBRT]
oprIo(]
TTTFpuET

uouedeqg

TTTFPUET]

UOT1EeIOUTOUT
PoY3 el
Tesodst(q
egpnTg

£E6" LT
Gavy
vie
ETL
BLY
7t8
A
09%°1
g¥6°2
61V
€80°2
G90°1

V.8 GT -
(4ed/sq7)

166"

g0t
8ad

291"’
1520
890°
996"
971"
voe”

868

09%°
nge’

9%’
(Aeq/T1eD)

£8 61 '8¥%

9 G0

¥ G0

B8 T

ot S0

£ YA

9 680’2
SLE O

¥ 8121

4 L9890

LE 0¥

peonpoxd eFpnlg peonpoad efpnig #MOT{q
pejewTisy 9861 udrseq

PeqemIISH 9861

NOIDHY NOWVAVH

LNIRIDVYNYH dDANTIS

g ¥AVL

L8861
91980
G690
LTE'D
£12°0
§1v 0
£vs 0
9%8 '0
90L°'1
E¥Z 0
LOZ'1
LT8O

69 2T

nolTq od4]

9861

¢

g

SIVLOL
BYTY BE2A
B31Y BOY
MUFTISH ®vITV BOL
ol TlurIeN
gEUOpPRAO)
1820100
e1TURTI BRUEG
umo], Tréoy I
SessIa] Sv1]
opRIO(]
suspaery uomwedeqg
dIMMY uomedeg

sweN jueld



2Z1'8 Z2L8'GY G2y 'y G86°Y STVLOL
speq Butdag SeuUTi®Rg
21p otrqoxseuy T1T3pue’] 14514 €12 G2'0 92v'¢ ¥ SEUTTES
speq PButLag oqeunely
F1p Ot1qoaswuy TTT3puBt 18¢€ L18 L0T 0 12870 & oqeunely
speq BFutAfag OTIBUIOY
B1p O1qOoaseuy TiTFpue] £€LS ¥849 £€2°0 8ST1°0 2 OTa2UOTH
gpeq ButLi] RAPTD
Bip Drqoaseuy TitIpuet GG0°T 8GZ°2 9620 T19°0 @ BAPTD
gpaq Butdag A9Le))
Bip otqoaseuy TTTIpuE] 8GS‘2 9Ly ‘g LE'T 28%'T ¢ dafe)
gpoq Buitdag seq1inbuszarg
Bip otqoxseuy TiTFpue] LA A4 056 £€82°0 LGZ2'0 € selinburareg
speq Bul4dag SeT1T3%d
- 3Tp OTqoaswuy TTITIpuUET] 8L0°‘1 A R £°0 BLY 0 1 S2TTTIed
spaq Butdag BIDPTD
B1p 21qoI’y TTTIPURT] 18 004 800 9€0°0 1 PQUON BISTA
speq ButLag £ahen
B1p 21Q0X8Y TTTIpuUBRT] Z0€E G097 6¥c'0 ¥E£T°0 1 o120 T4
spoq BFutdag seulieg
BIp 21q0aay TTTIpURT Gov vL9'€E 20 68T 0 1 ko) 14
spaq FutTAag 0A0IXY
F1p 21q0asy TTITIPUBT] 808 8L6°9 L0 6GE°0 1 040axY
speq Futdag o1TUOqTY
B1p O1qoaseuy T Fpued i ZAAN! 90€ ‘2T 9¢°0 €£9°0 1 o3tuoqly
§8558004d poyij el (Ae(q/=qT) (4eq/1eD)
agpnig 1esodstd peonpoad efpnig peoupoxd efpnig MoOTd nOolq odL] suieN ueTd
efpnig pelewTtlisy 9861 pejewtqdsy 9861 USTSeQ 9861

NOIDHY VHVAVOD

LNHHIDYNVH HDAN'IS
9 31dvd



speq Buiix(g

sRIApOTd Se1

F1p 01qOa9y TTTFpURT] 9LL LOL‘9 8€°0 G¥E0 T BATWTEg BITTA
spaq PButAdag o11Tubn

F1p 01q0I3Y T1TFpue] vLE L22°E GLE'D 899T°0 1 38§ Spuean oty
speq But4dag o7 Tinbn

H1p O1Q0I3Y T1TIpUET] 2LE‘Z 06%°02 60 ¥GO'T T opuexyn o1y
gpeq Butdag sexpoatg sef

B1p O1qoIay T1TFPUERT] L11 TT0°T S¥°0 260°0 1 "8 ooueld ©1y
spaq Butdiid sedpetd Sk

BIp O1qoa9y T11Jpue’] 08¢t G8z‘eE ¢t ' 681°0 1 OI3ATY uouey
gpaq ButAx(] gRIPaITyd Sen

Bip otqoasy T1TIpue] 2LZ 268°¢2 T°0 T21°01 ord 'p o31I1g9end
gpaq Putiig Sexpotg SeT

B1p o1qoasy T1tFpue’] 0086 9LL" L €0 ¥°0 T SeJdpald SEB]
spaq BFuTAag gSeIpatd sr7

Bip o1qoasy TTTFpune] 081 GGG*1 £€G2°0 80'0 1 SRIpUBS] SBTF o
speq ButAag seIpald sen tn
BIp 010”2y TTTFPURT] £E8' ¥ LGL'TH g 8v1 2 1 OvDEUNY
speq ButTAxg oTTEnbn )

B1p °1qOasy TTTdpue] 12! 6901 L1 G90°0 1 snbunjg T1o2p TO)
gpeq BuTdx(g] o1TInbnm
B1p orgoaseuy TTtIpuen] G.9 2E8°¢ 0 €0 1 eqTa)
speq Aut4dag soounp

21p o1qoaey TitFpuer] 8621 8¥8 01 90 86G°0 1 oqeany

§6558001g POyl oy (£eq/sqT) (£eq/1en)

efpnig 1esodsT(q peonpoaJ eFpntg poaonpoad ofpnrg Mol MoTd odd] sueN juerd
°FpnIg polew1lsy 9861 pejewtisy 9967 USTSed 9861

NOIDHY OVOVHOH

LINIRIDYNVH dD2d01S
9 HATHYL



speq Putdag
ATp OTQOaIY

SUON
spaq Butdag
B1p O1qoIarUy
spaq HuTAIg
81p otqoaseuy
speq Burdag
BTp oYqoaaruy
speq PutLag
Bip o1qoaseuy
spaqg Butdag
BTp Oot1QCasruy
speq Futdag
BIp D1GQIlRUY

FurtqHonay
speq JuTAa(g
81p o1qOJ9¥vUY

oTTtnbne
TITIpueT]

¥/N
voongey
TT1IpuRT]
sonbatlp
TTTFpURT]
goounp
TTTIPURT]
oTTTRbnT
TITFpuef]
gsoounp
Tt IpuRT]
OT1tnbn7
TTITIpuBRT]

UOTARAIUTOUY
seueng sendy

TTTIPUBRT]

2L0°862
841

G '£8¢
LEO'T
19¢
LT6
896
A4
02%°¢
846286
887V

9€9°2¥1
19e°1
g1¢€
1222
846
2961
€L0°2
T20°2
GBE'G
02861

T00°T

vZ Ll

GG -
1°0

L9’

L8T 0

L9’

TEB'C
£ET8°0

Li

€£¢

0

0

0

T

0

GE'GT
L0°0

Ge€°0

T08°0
16T 0
T€G°0
186°0
L¥S°0
97’1

LA I

TL2°0

N NN NN NN W

fa|

STVLOL
asuyed
ogqenden
roonNgE}
sanbaTp
OZUBIOT ueqg
OTTTNBNT
soounp
opaefwq
sende)

seusng sendy

.51



SFIYYOSTP MBY
spaq BUuTdag
BIp ot1qoaaruy
speq BuilAdxg
H1p otqoaavuy
spaq ButAxg
ATp ortqoaaruy
epaq ButAag
BTp O1qodsruy
speq Butiag
Bip orqoasguy

9UON
spaq Futdig
B1p 021qoaay
gpeq BUTALA(
H1p O1qQOasy
gpoq Butdag
BTp OTqOxay
Spaq FutLag
B1p O1q0xay
gpaq BFuTLa(g
B1p o1qeasy
spaq BuTLIg
Bip 01qoady
Buryona],
BTp OTQOIay
se5s59001yd

a88pnrg

SHIVYOETP MBY
BT1IPRNBY
TTITFpuRT]
BT1TpeNBY
TTEIpue]
SOIINBTUIOY

T1TFpue]
oDSRUY

TTTIPURT
selen
TTtIpurn]

V/HN
URUIASEY URG

TTTFpueq]
w11t1pendy
TTTIpue]
0RDTIBY
Titipue]
sele]
T1tIpue]
ofoyg oqedn
1TTIpueE]
ofoyg oqr)
1TTIpurRT]
zongedey
T1TFpue]
POYISH
Tesodstg
eFpNTg

PrL

(7 4%
LAT4
6¥9
B1¥
EGT
e86°1
0611
it
Ly
BOE'Z
192

GGv
(£eq/=q7)

peonpoxg o3pnTg
pojeuTlsy 9961

0
£6G°T
cEL

¥ 81
68E° 1T
919°¢
z22e1
L2T LT
vE6 6
£G66
g0¥
S¥6° 6T
G6Z‘2g

LgB g
(deq/1en)

psonpodg s2pnig
pejewtisy 9g8eT UBTS9(Q

NOTIDHY ZHNODVAVR
INERHDVNVH HDAAN'IS

9 374vd

LB8S "1
E¥S 0
€02°0
G'0
L9°0
210
T°0

1

£°0
SLT "0
170

L0

Ge'0
£°0

MOTH

SL°0

iEv 0
861 "0
89¢€°0
9LE70
98T "0
880 °0
188°0
11670
6%0 "0
120°0
9¢0°'1
8110
c02°0

MOTq edA]

5861

i
i

Azurey
IT eiT=q4%}y
I B1T1294El
soIonFTuICH
oosruy

grlen

SouoOy oqileueny

urWISY urg
eOOR
oRvOTIARY
211T8A TH
ofoyg ogqen

eutel BLT1TA

edey op seaniy

™~
[Vp]

sureN ueTd



sgoad I93TT4d
A2UIYOTY

gpeq BFutiaqg
gpoq BuTAxg
Bip oTqoasruy
gpaq BuTda(q
FIp ot1qoaseuy
spaq Butdag
81p oTqoIxsrvUY
speaq Putiag
Bip otqoasmvuy
spaq Putdag
BTp oT1qoaseuy
speq Butdag
B1ip o1qoasevuy
speaq BUuTAI(
F1p otqoaseuy

BITIpendy
TTTIpueT]
vT1Tpendy
TTt¥pue]
spuURdy YURQES
T Ipus’]
elITpeNAy
ITT3pue]
eiTTpRNIY
1TT¥puer]
guTaARY ST
I1T3puBT]
zondedel

TitTIpuet
goI9NFTHMIOY
TITTFPuURT
uerlseqsg ueqg
TTTIpue]

gz¥% ‘91
GLE €
¢ 662
a8v
G0¢
Tti€
612
9t ¢
£G8
6T€°T

BLT (8
G96° 4
882
T41°1
8y
G99
69%
GOT 1
GZ8°1

£€28°C

L9 A1

T°0
B¥8°0
1°0
gt 0
gG0 0
£€69°0
L9°0
£65°0

29°01
L2

¢t 0
LBE 0
¥91°0
81°0

L2T°0
6620
y6v 0

¥9L°0

N o 0 K W

STVLOL

dLMMY ®BTITTPENBY .

ependy
apuwly RURQRG
uoouTy
BTIOQOTA ¥
SeTIRl el
8XGqT7 RUOY
OSOULX®H STTEA

eIl 5eqag ueg

[Fg)



speq BFuldag
Fip o1qoasruy
gpaq Butiag
Bip oT1qoIeRUY
spaq Butdi]
A1p o1qoaseuy
spaq Butii(g
81p Oo1qoIgruy
sSpeq PUTAI]
HIp 21qodsvuy
spaq FulLaqg
‘F1p OoTqoIseuUy
spaq BFUutLagd
HTp oTqQoaseuy
speq Futdaqg
BF1p DIQqOI9vuUY
spaq Fuldxg
ATp o1qoIseeuy
spRq Futdag
B1p o1qQOaavuy
spaq ButAa(
Btp O1qOasy
gurqona],
BIp DO1Q0I3Y
spoq Hutdag
B1p d1qOX8Y
S0S8200I4
afpnig

zeT( wuwRnp

TIT3puRi
oonw}
TTiIpue]
BqQIRTTTA
TTTIpwe]
TaqrS] vIURG
TTTFpuUR]
gsrTanuad
TTTdpuUB]
Zzei( wumrnp
TTTIpURT
elTTuRARNY
TTTFpUERT]
rOTURNY)

TTTIpueT]
oneon
TTTFpue]
sequnfpy
TIt3pust
voTuURNE)

T1t3puet

JdIMMY uourArg
STAODOI()
TTvIpuen]

POyl
1esodstg
aBpnig

€0V ‘vz
00L*GT
¥G6°T
192
800°71
gée
LTZ 1
9L
g8t ‘1
£P0°T
147 4
4
9L1
c9¢
(4eq/sqT)

peonpoag edpnig
pejeutllsyd 9861

766°89
290" LE
€81 °%
BGG
88712
9€e
509°'%2
9661
£08°2
z€e'e
G06

81
916°1

0ET‘E
(4e@/1eD)

psonpoxd SHPNTS

LL°81

A
89°

€110

€0
91

82t 0
BCE 0
L92°1
£G5 0

S0
50

§°0

1

0

0

Moty

L0 "81
9G " g1
g€1 1
161 °0
¥8G 0
LY 0
G0L°0
gE¥ "0
§46°'0
¥09°0
Svc'0
100°0
8L0°0
191 °0

pejlewtlsy 9867 UFTSSQ 9861

NOTIOHE HONOd

LNERIOVNYH HDAN'IS

g 314Vl

-~ N N N W

N N NN

1

1

norg odA[

STVLOL

aouod
oone}x
BQTETITA
19QesS] ®BGUREG
serTsnUsj
zeT( eusnp
gTITURARDY
BOTURNY
[o1/13-TeTg)

sequnfpy

rlurg vlerd

STAODOI( &P 31V

STAODOI(

oweyN JueTd

54



gpeq Futdag
B1p 0o1QqOasy
speq Butda(
Atp oIqoaseuy
spaq Buitdx(g
BTp 01q0I3y
speq BUTAa]
BTp ot1qoaseuy
spaq BUTAIJ
B1p 01q0asy
Spaq BFuTLI]
Btp ot1qoIswvuy
Epaq Fuidag
Btp otqoIeruy
speaq Butdiqd
FTp 21q0asy
B1p o1gqoIsruY
spagq Futiag
A1p do1qoxsy
F1p o1qoasRUY
speq Butdag
B1p oTqoaswvuy
sonANITaiua)
ABUINOTY,
505580044

e8pnig

RUTTOIAR)
T1vFpueT]
RUTTOIE]D
TTvFpuem]
RUTITOAR)
TTtIpueq
rUTTOIE)
T1TIpURT]
rUTTOAR)
TITIPUBT]
RUTTOARY)
TITIpurT]
BUTTOIR)

T1T3pusti

BUTTOAR)
TTTFpueT]

oqeuieny
ITTIpURTY
uenp uUrRg
11T IpuR]
TTrFpuer]

UCT3BISUTOUT

PoYy3el
T1esodsT(g

ofpnTg

1621
L98°2
G9%°1
00% ‘6
£09
99y
A

LBV
TPT°1T

GL9
22’ e

at¥d

ove‘ g9
(Leq/sq7)

psonpoag s8pnig

pejewT1sy 9861

808 °
LET®
g69°
€21’
01z’

866

01y

g6z’
ovy’

A%
96z *

896

202°
(4=q/1eD)
paonpoagd o8pnilg

01
9
At
0g
G

¥
4

g
9

bat

GLE'O
G281
9€e 0
8

I¥E€°0
€16°0
I AAAN

£°0
$66°0

£°0
¥e6 1

1%E°0
zL
notg

pejewtasy 9861 USTSS(

NOIDHY NVNL NVS
INIRIDVNYH dDANIS

9 ATHVL

966 °0
T99°1
169°0
¥y "G
892°0
L2'0

T11°0

12¢°0
19970

£°0
£69°1

8¢e 0
IR AN A

notg od4]

9861

1

9

wzTO] op Sestag

IRWELSTA
ofsaruted
BUTTOAR]) BITTA
TITH punoy
ADTTRA ®B2TO1]

031V ofeT]

STITH Autitoy

ogeuieny
eTARY BSOY
oasnN o31asng

sweN juerd

[Fg]
)



speq Futdag
B1p oTqoaarvuy
spaq Butidag
Bip o1qoasy
speq Fut4dag
#1p °7q0a3y
§paq BuTtdag
B81p ot1qoasy
spRq BUTAag
B1p 01qoa9y
speq Autdag
BTp o1qoasy

euUlTOIR])
TTTJpue]
RUTTOARD
TTTFpue]
wut{oIen
TTtpuR]
euT101%)
TITFPUR"
rUTDAR)
TTTFpueT]
vUTTOIE)

TiTpue’]

BTL 16
86

G009
6E2
26v ‘1
1S 20N ¢
918

96€ 892
1L
622°G
190'2
688°21
948‘s6

2t6‘L

I23471J0Tq pooM pejesayr ‘)
qQueld TeuoTdsa AIvuiad g
Hurq D11dss g

£G9°99
AAN]
6920
801 °0
£88°0
L0S°0
L0¥ "0

Huel jroyul
JueTd Axemtad

.w
.m
uopﬁﬂymaﬁﬂxoﬁgp.m
s8pnTs po1ErATLIOE |
2d41 queld 07 ASY
STVLOL
14 03TV CTTITEna]
I BRZTOT ®p SBRITTA
1 TeS 1P SBITITA
T IT0aR) Sp SBUWOT
T ESPTY ®BZTO7

T Iopeasinbuocy 1H

56



are no figures showing, for example, the gallons of sludge that
are discharged to the drying beds. It is believed that this
estimate provides as good a figqure as can be obtained on
current sludge production.

The last two columns of Table 6 present the ultimate
sludge disposal method and the treatment processes which are

used.
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IV. PREDICTED F SLUDGE ITIES
A. Assumptions

Flow projections for PRASA's plants are generally not
available or are outdated. Most of the planning for the
regional wastewater treatment system which is projected to
eliminate at least 50% of the current plants was done in the
mid to late 1970's. Since then the financial condition of PRASA
and Puerto Rico's economic and population development has
changed in such a way that the Facility Plans that were made
are very seldom applicable. In addition, it is now recognized
that these plans used somewhat inflated flow projections in
order to build bigger plants than what was actually necessary.
Therefore, a projection was made for this study based on
population estimates and current knowledge of the future
construction plans of the Authority. Table 7 presents the
percentage increase in population for each PRASA region based
on the 1980 population projections made by the Puertoc Rico
Planning Board (9). The figures for 1986 have been used as the
base figure (100%) and the figures for each year are expressed
as a percentage of this base value.

Table 8 presents the plants that are expected to be
eliminated by PRASA's projected capital improvement program,
and the plants where this flow will be diverted to. Table 9
shows the expected new regional wastewater treatment plants and
the flows which they are expected to receive. In addition, it
was also assumed that the upgrading/rehabilitation program

which is currently being developed by PRASA will be successful
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Region
Arecibo
Bayamon
Guayama
Humacao
Mayaguez

Ponce

San Juan

POPULATION INCREASE BY REGION

1936

100.
100.
100.
100.
100.
100.

100.

0

o o o

TABLE

7

1991

102,
104.
101.
104.
103.
100.
100.

6
5
6
5
8
6
6

Year

1996

106.
110.
104,
110.
108.
101.
101.

1

Mmoo
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2001

110.
116.
107.
117.
114,
102.
102.

3

LY o I o

20086

114,
123.
103,
124.
119.
103.
102.

W P W

2011

117.
128.
111,
129.
123.
104.

103.

s

a o W e N W



WASTEWATER TREATMENT PLANT THAT WILL BE ELIMINATED

Region
Arecibo

Bayamén

Guayama

Humacao

Mayaquez

Ponce

San Juan

Plant

Florida
Vega Baija

Covadonga

Las Teresas
Santa Juanita
Dorado

Toa Alta

Toa Alta Heights
Vega Alta

Salinas
Arroyo

El Coqui
Patillas

Aguas Buenas
Caguas
Ceiba
Fajardo
Gurabo
Humacao
Juncos

Las Leandras
Las Piedras

Alturas de Mayaguez

Cabo Rojo
Afasco

Gudnica
Guayanilla
Juana Diaz
Penuelas
Villalba

Candvanas

El Conquistador
Loiza Aldea

Lomas de Carolina
Palmarejo

Brisas de Loiza
Villas de Loiza

60

Year

1990
2000

1988
1988
1988
2000
2000
2000
2000

1990
1990
1990
1995

2000
2000
2000
2000
2000
1990
2000
1990
1990

1989
1987
1995

1990
1990
1989
1990
1989

1987
1988
1988
1988
1988
1995
1995

Flow Will Be
_Diverted to

Barceloneta RWWTP
Dorado RWWTP

Bayamén RWWTP
Bayamén RWWTP
Bayam6n RWWTP
Dorado RWWTP
Dorado RWWTP
Dorado RWWTP
Dorado RWWTP

Guayama RWWTP
Guayama RWWTP
Guayama RWWTP
Guayama RWWTP

Caguas RWWTP
Caguas RWWTP
Fajardo RWWTP
Fajardo RWWTP
Caguas RWWTP
Humacao RWWTP
Caquas RWWTP
Humacao RWWTP
Humacao RWWTP

Mayaguez RWWTP
Mayaguez RWWTP
Mayaguez RWWTP

Union Carbide WWTP
Union Carbide WWTP
Ponce RWWTP
Union Carbide WWTP
Ponce WWTP

Carolina RWWTP
Carolina RWWTP
Carolina RWWTP
Carolina RWWTP
Carolina RWWTP
Carolina RWWTP
Carolina RWWTP



Region

Bayamon

Guayama

Humacao

Ponce

TABLE 9

NEN REGIONAIL WASTEWATER TREATMENT PLANTS

Plant

Dorado RWWTP

Guayama RWWTP

Caguas

Fajardo RWWTP

Humacao RWWTP

Union Carbide RWWTP

61

Type of Will Receive

Plant

Flow From

Dorado
Toca Alta

Toa Alta Heights

Vega Alta

Salinas
Arroyo

El Coqui
Patillas

Agquas Buenas
Cagquas
Gurabo
Juncos
San Lorenzo

Ceiba

Fajardo
Lugquillo
Palmer
Humacao

Las Piedras
Naquabo

Villa Palmira

Guanica
Guayanilla
Pefinelas

Year

2000
2000
2000
2000

1990
1990
1990
1995

2000
2000
2000
2000
2000
2000
2000
2000
2000
1990
1990
1990
1990

1990
1990
1990



and that all of the non-regional plants ﬁill be operating at
secondary treatments levels.
B. Results

The assumptions discussed in the previous sections
were combined to obtain plant-by-plant projections for sludge
production for the years 1991, 1996, 2001, 2006 and 2011. The
specific figures for each plant are given in Appendix A. Tables
10 and 11 summarize these data on a region-by-region basis,
where Table 10 presents the sludge projection in terms of
gallons/day while Table 11 presents the mass in terms !of
lbs/day. Table 12 presents the estimated wastewater flows for
the same time periods.

Table 10 shows a 5.6% decrease in the total volume of
sludge produced in the island from 1986 to 1991, even though
Table 12 shows an 8.5% increase in flow. Table 11, however,
shows a 3.6% increase in the mass of sludge produced. The
decrease shown in Table 10 is due to the elimination during the
period of a number of secondary treatment plants by their
connection to primary regional facilities. The best example of
this is the Mayaguez region, where the two regional primary
plants at Mayaquez and Aguadilla will account for 81.4% of the
flow in 2011 while they only accounted for 25.4% in 1986. As
shown in Table 4, there is a 57.2% decrease in volume of sludge
produced when this occurs, while the decrease in mass is 46.8%.
These different decreases explain that the overall volume

decreases while the mass increases.
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Region
Arecibo
Bayamon
Guayama
Humacao
Mayaguegz
Ponce
San Juan

TOTAL

ESTIMATED SLUDGE PRODUCT ION (GAL/DAY)

1986
173,012
83,991
45,872
142,636
80,179
58,992
268,356

853,039

TABLE 10

1991
185, 389
70,968
49,829
124,447
61,531
98,831
214,507

805,501

Year
1986

181,710
74,930
43,205

131,583
64,397
99,813

202,155

807,803

2001
182, 117
78,781
44,450
132,863
67,718
101,090
204,152

821,150

2006
206,587
82,871
45,529
140,666
70,742
102,072
205,350
853,827

2011
212,027
86,441
46,152
146,321
73,411
102,759
206,947
874,059



TABLE 11
ESTIMATED SLUDGE PRODUCTION (LBS /DAY)

Year
Region 1986 1991 1998 2001 2008 2011

Arecibo 27,829 34,767 35,9563 34,022 36,586 37,548
Bayamon 27,833 24,096 25,441 28,619 30,113 31,410
Guayama 9,122 14,379 14,472 14,889 15,250 15,459
Humacao 29,072 27,271 28,837 30,424 32,211 33,506
Mayaguez 16,426 19,172 20,0865 21,089 22,042 22,873
Ponce 24,403 29,708 30,004 30,388 30,683 30,890
San Juan 91,718 85,287 85,016 85,856 86,360 87,032
TOTAL 226,503 234,681 239,789 245,298 253,245 258,717
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TABLE 12
ESTIMATED FLOWS (MGD}

Yaar

Region 1986 1981 1996 2001 2006 2011
Arecibo 14.7 19.5 20.2 19.0 20.5 21.0
Bayamon 19.9 18. 4 19.4 20.8 22.90 23.0

. Guayama 5.0 7.9 8.1 8.4 8.6 8.7
Humacao 15.4 14. 4 15.3 16. 2 17.2 17.9
Mayaguez 10.6 14.9 14. 7 15. 4 16.1 16.7
Ponce 18.1 21.1 21.3 21.86 21.8 21.9
San Juan 66.5 67.5 67.9 68.6 89.0 69.5
TOTAL 150.2 162.9 166.9 170.1 175.1 178.7
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The overall result for the 25 years projection is
that the wastewater flow will increase by 18.9%, the sludge
velume by 2.5%, and the sludge mass by 14.2%. Sludge mass will
go down in the San Juan region, increase moderately in the
Humacao and Bayamén regions, and have a significant increase in

the Arecibo, Guayama, Mayaguez and Ponce regions.
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V. DEVELO

A.

OF SLUDGE MANAGEME TERNATIVES

General Approach
Chapter II discussed the multiplicity of sludge

management processes that are available. Comments were made as

to the applicability of each of these processes to Puerto Rico

in the near future. These comments, together with the following

general gquidelines, have been used to select the alternatives

that follow:

1.

Processes must be simple to operate since
PRASA's operating staff is not used to working
with highly sophisticated equipment.

If at all possible, capital expenditures must
also be minimized due to PRASA's precarious
financial condition, which is not expected to
improve markedly in the near future.

Maximum utilization must be made of existing
sludge handling capabilities, or of those that
are already in the pipeline of construction
grant financing.

If possible, alternatives that increase the

reuse of sludge should be encouraged.

Alternatives for Each PRASA Reqgion

The alternatives that follow consider mainly the

means of ultimate disposal of the sludge. This is so because,

as shown in Table 6, there is currently an appropriate amount

of processes at the plant for the stabilization and dewatering

of the sludges. The only conveyance system that is available in
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Puerto Rico is trucking, so there is no alternative available

there neither.

1.

Arecibo

Q.

Truck of all of the region's sludge to the
Areciboc regional plant to be converted
into compost.

Use the compost facility in Arecibo for
the regional plants at Arecibo and Camuy.
Continue with the land application
operation at Barceloneta. Continue with
the landfilling operation at the remaining
small plants.

Construct an incinerator at the Arecibo
regional plant to incinerate all of the

region's sludge.

Bayamén

a.

Incinerate the sludge from Bayamén and
Dorado at the Puerto Nuevo incinerator.
Landfill the sludge from Corozal and
Naranjito.

Incinerate the sludge from Bayamén at
Puerto Nuevo. Landfill the sludge from the
other three plants wusing municipal

landfills.

Guayama

a.

Landfill the sludge at all the plants

using nearby municipal facilities.
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b. Operate a dedicated landfill at Guayama
for all the plants in the region.

Humacao

a. Landfill the sludge from all the plants at
nearby facilitiea except Caguas, which
will be incinerated at Puerto Nuevo.

b. Incinerate the sludge from Caguas and
Humacao at Puerto Nuevo and landfill the
sludge from the other plants at nearby
facilities.

C. Construct an incinerator at Fajardo to
incinerate the sludge from Fajardo, Ceiba
and Humacao. Landfill the sludge from the
other plants at nearby facilities.
Continue trucking the sludge from Caguas
to the Puerto Nuevo incinerator.

Mayaquez

a. Use the Mayaquez compost facility to
process all the sludge from the region .

b. Use the Mayagquez compost facility to
process the sludge from the Mayaquez and
Aguadilla plants and use nearby landfills
for the other plants.

c. Construct an incinerator at Mayaquez to
process the sludge from all the plants in

the region.
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Ponce

a'

San J

a.

Construct an incinerator at Ponce to
process the sludge from all the plants in
the region except Orocovis, Alturas de
Orocovis and Adjuntas, who will use nearby
landfills.

Continue the current practice of
landfilling the sludge at nearby
facilities.

Build a composting facility at Ponce to
process the sludge from all the plants in
the area except Orocovis, Alturas de
Orocovis and Adjuntas.

uan

Continue the current practice of
incinerating all of the sludge from the
region at Puerto Nuevo.

Build a compost facility at Carolina to
process the sludge from that plant.
Incinerate the rest of the sludge at

Puerto Nuevo.

Build an incinerator at Carolina to burn
the sludge from that plant and continue to
burn the sludge from the other plants at

Puerto Nuevo.
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C. Alternative Evaluation Criteria

A point system was used to evaluate the alternatives

at each reqgion. The specific criteria and their respective

point categories were:

1.
2.

Capital cost: high = 1, medium = 2 and low = 3
Operating cost: high = 1, medium = 2 and low

= 3

Regulatory constraints: many = 1, average = 2
and few = 3

Public acceptability: low =1, medium =2 and
high =3

Simplicity of implementation: hard =1, medium =
= 2 and easy = 3

Flexibility: low =1, medium =2 and high =3

Environmental impact: high = 1, medium = 2 and

low = 3
Technical complexity: high = 1, medium =2 and
low = 3

Table 13 presents the assignment of point that were made

to each alternative based on the above system. The next chapter

discusses the results.
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TABLE 13

ALTERNATIVE EVALUATION

Criteria

Total

Region/alternative 1 2 3 4 S [ ! 8 points
Arecibo/a 3 1 3 3 2 2 3 2 19
/b 3 3 3 2 3 2 2 2 20
/e 1 2 1 1 1 3 2 1 12
Bayamén/a 3 2 2 2 3 3 2 2 19
/b 3 3 3 2 3 2 3 3 22
Guayama/a 3 3 2 3 3 2 2 3 21
/b 2 2 3 2 2 3 2 2 18
Humacao/a 3 3 3 2 3 2 3 2 21
/b 1 2 1 1 1 2 1 1 10
Mayaquez/a 2 2 3 2 3 2 3 2 19
/b 2 3 3 2 3 3 2 2 20
/c 1 2 1 1 1 2 1 1 10
Ponce/a 1 2 1 1 1 2 1 1 10
/b 3 2 2 2 3 3 2 3 20
/e 2 2 3 2 2 3 3 2 19
San Juan/a 3 2 2 2 3 3 2 2 19
/b 2 3 3 3 2 2 3 2 20
/c 1 2 1 1 1 1 1 10
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VI.

CONCLUSIONS AND RECOMMENDATIONS

1.

This study has analyzed and evaluated the current
municipal wastewater sludge management practices in
Puerto Rico. It has been found that there is almost
a total absence of operational data concerning the
performance of the different processes, in
particular of anaercbic digestion. It is suspected
that the mere collection of data would go a long way
towards concluding that more sludge is ending up for
final disposal than what would be expected if the
digestion processes were properly controlled.
Several quick measures can be taken to improve the
overall management program in addition to
controlling it better. The first measure would be to
cover the sludge drying beds at those areas with
high rainfalls. Maricao and Las Marias would be
prime candidates. It is suggested that care be taken
in the selection of the cover material, which not
necessarily has to be translucent.

There is a need to develop better operational
practices for the sludge drying beds. A technique
that warrants further evaluation is the successive
discharge of 3-4 inches of sludge to the beds on
successive days rather than 12-18 inches on just one

day.
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The removal of dry sludge from the beds should be
better managed since it is the most common source of
sludge bottlenecks.
This study attempted to quantify the current sludge
production at the plants and use this data to
project future production levels. The results have
shown that the volumetric increase in production is
not as large as expected since a significant number
of secondary plants, particularly in the
metropolitan area, are being connected to primary
plants which produce less sludge since they remove
less contaminants from wastewater.
The above mentioned sludge projections, together
with good engineering judgement, were used to
formulate final sludge disposal alternatives for
each of PRASA's regions. These alternative were
evaluated using eight different criteria and a point
system. The suggested alternatives for each region
are:
a. Arecibo
Use the compost facility currently being built
at the Arecibo regional plant to process the
sludge from the Arecibo and the Camuy regional
plants. The sludge from Barceloneta will
continue to be applied to the land at a farm

adjacent to it and the other plants will
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continue to landfill their sludge at nearby
municipal sanitary landfills.

Bayamén

Incinerate the sludge from the Bayamén regional
plant at he Puerto Nuevo incinerator and
continue to land fill the sludge from the other
plants at nearby sanitary landfills.

Guayama

Use the municipal landfills currently available
to landfill the sludge from the plants.
Humacao

Use the municipal landfills currently available
to landfill the sludge from all the plants
except for Caguas, which will be trucked to
Puerto Nuevo for incineration.

Mayaguez

Use the future Mayaguez compost facility to
process the sludge from the Mayaguez and
Agquadilla regional plants and use municipal
landfills to dispose of the sludge of the other
plants.

Ponce

Use the landfills currently available to
dispose of the sludge from all the plants.

San Juan

Incinerate the sludge from Puerto Nuevo and

Villas del Sol at the Puerto Nuevo incinerator.
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Build a compost facility at Carolina to procese
the sludge of this plant.
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APPENDIX A

SLUDGE PROJECTIONS



Plant Name
Ciales
Isabela
Jayuya

Barceloneta
Camuy RWWTP
Lares
Morovis
Utuado
Vega Baja
Arecibo RWWTP
TOTALS

Plant Name
Bayamon RWWTP
Dorado
Corozal
Naranjito
Toca Alta Height
Toa Alta
Vega Alta

TOTALS

1991
Flow

0.184
1. 129
0.340
5.822

3.4
0.296

.210

oo

. 408
1.807

5.9
19.50

1991
Fiow

14.9
1.261
. 567
222
.331
. 475

o o o o o

. 643

18. 40

1991

SLUDGE PROJECTIONS

ARECIBO REGION

1991 Estimated

Sludge Produced
(Gal/Day}

3,592

21,949

6,624

113,185

12,563

1,096

777

1,508

6,679

17,405

185,389

BAYAMON REGION
1321 Estimated
Sludge Produced
(Gal/Day)
43,3955
4,660
11,029
4,326
6.439
238
322

70,968

1991 Estimated
Sludge Produced
(Lbs /Day}

4186
2,540
767
13,101
5,868
512
363
705
3,120
7,375

34,767

1991 Estimated
Sludge Produced
(Lbs /Day)

18,825
2,177
1,276

501
745
328
444

24,096



Plant Name
Aibonito
Guayama RWWTP
El Torito
Vista Monte
Patillas
Barranguitas
Cayey
Cidra
Comerio
Maunabo

TOTALS

1991
Flow

(0.643
3.86
. 136

. 036

o o o

. 486

(e}

. 261

[

.505

.620

o o

. 160
0.224

7.935

1991
SLUDGE PROJECTIONS

GUAYAMA REGION

1891 Estimated 1991 Estimated
Sludge Produced Sludge Produced

{(Gal/Day) (Lbs /Day)
12,502 1,447
14,263 6,662

2,647 306
711 - 82
9,461 1,095
965 451
5,564 2,599
2,294 1,071
593 277
830 388
49,829 14,379



Plant Name
Gurabo
Ceiba
Col del Yunque
Humacac RWWTP
Pueblito 4. Rio
Ramon Rivero
Rio Blanco He.
Rioc Grande Est.
Aguas Buenas
Caguas
Fajardo
Juncos
Luquillo
San Lorenzo
Vieques
Yabucoa
Palnmer

TOTALS

1891
Flow

0.582
0.313
0. 057
2.96
. 126
. 176
. 054
. 173

o o0 o o ©

. 283
5.604
1.525
0.571
0.586
0.554
0.157
0.627
0.073
14.42

1991

SLUDGE PROJECTIONS

HUMACAQ REGION

1991 Estimated

1991 Estimated

Sludge Produced Sludge Produced

(Gal,/Day)
11,333

6,093
1,117
57,542
2,458
3,433
1,058
3,372
1,048
20,708
5,636
2,112
2,166
2,050
583
2,320
1,422
124,447

(Lbs /Day}

1,312
708

] 128
6,660
284
397
122
380
489
9,673
2,633
986
1,012
958
272
1,084
165
27,271



Plant Name
El Valle
Maricao
San German
Lajas
San Sebastian
Las Marias
La Parguera
Sabana Grande
Mavaguez RWWTP
Aguadiila RWWTP

TOTALS

1891
Flow

0.021
0.050
0.914
0.192
0.792
0.131

0.411
8.2
3.201

14.00

1891
SLUDGE PROJECTIONS

MAYAGUEZ REGION

1981 Estimated

Sludge Produced
(Gal/Day)

424

988

17,771

3,752

2,929

487

333

1,215

24,180

9,443

61,531

1991 Estimated
Sludge Produced
(Lbs /Day)

49

114
2,057
434
1,368
227
155
515
10,250
4,001

19,172



Plant Name
Qrocovis
. Alt de Orocovis
Playa Santa
Adjuntas
Coamo
Union Carb RWWTP
Santa Isabel
Yauco
Ponce

TOTALS

Plant Name
Puertoc Nuevo
Carclina RWWTP
Brisas de Loiza
Villas del Sol
Villas de Loiza

TOTALS

1991
Flow

0. 162
0.078
0.001
0.246
0.807

1.86
0.587
1.138
16. 42

21.10

1891
Flow

52.56
13.98
0.558
0. 106
0.270
67.48

1991

SLUDGE PROJECTIONS

PONCE REGION
1991 Estimated
Sludge Produced

(Gal/Day)
3,150
1,526
20
911
2,246
36,158
2,172
4,210
48,439

88,831

SAN JUAN REGION
1991 Estimated
Sludge Produced
(Gal/Day)

155,066

41,241

10,8868

2,072

5,259

214,507

1991 Estimated
Sludge Produced
(Lbs /Day)

365
177

2

426
1,049
4,185
1,014
1,966
20,525

29,709

1991 Estimated
Sludge Produced
(Lbs /Day)

65,706
17,475
1,258
240
608

85,287



Plant Name
Ciales
Isabela
Jayuya

Barceloneta
Camuy RWWTP
Lares
Morovis
Utuado
Vega Baja
Arecibo RWWTP

TOTALS

Plant Name
Bayamon RWWTP
Dorado
Corozal
Naranjito
Toa Alta Height
Toa Alta
Yega Alta

TOTALS

1996
Flow

0.191
1. 187
0.352
6.021
3.515
0.306
0.217
0.422
1.869
6.101
20. 16

1886
Flow

15.73
1.331
0.599
0.234
0.349
0.501
0.6879

19. 42

1996

SLUDGE PROJECTIONS

ARECIBO REGION
1996 Estimated

Sludge Produced

(Gal/Day)

3,714

22,697

6,850

117,054

12,981

1,133

304

1,581

6,806

17,998

191,710

BAYAMON REGION
1996 Estimated
Sludge Produced
(Gal/Day)

48,409

4,920

11,645

4,568

6,798
251
340

74,830

A7

1996 Estimated
S5ludge Produced
{Lbs /Day)

430
2,627
793
13,548
6,069
529
376
729
3,226
7,626

35,953

1996 Estimated
Sludge Produced
(Lbs /Day)

19,665
2,298
1,348

523
787
346
469

25,441



Plant Name
Aibonito
Guayama RWWTP
El Torito
Vista Monte
Barranquitas
Cayey
Cidra
Comerio
Maunabo

TOTALS

0

Lo R o B

1996
Flow

. 658
. 454
. 138
. 037
. 287
-542
.6386
. 164
.230
. 130

1936

SLUDGE PROJECTIONS

GUAYAMA REGION

1996 Estimated

1896 Estimated

Sludge Produced Sludge Produced

{Gal/Day)
12,810

16,458
2,712
729
989
5,701
2,350
608
850
43,205

(Lbs /Day)
1,483

7,688
314
84
462
2,683
1,098
284
397

14,472



Plant Name
Gurabo
Ceiba
-Col del Yunque
Humacao RWWTP
Pueblito d. Rio
Ramon Rivero
Rio Blanco He.
Rio Grande Est.
Aguas Buenas
Caguas
Fajardo
Juncos
Lugquilio
3an Lorenzo
Vieques
Yabucoa

Palmer

TOTALS

1996
Flow

D.616
0.331
0.060
3.129
0.133
0.186
0.057
0.183
0.299
5.926
1.613
0.604
0.619
0.586
0. 166
0.663
0.077

15.25

1996

SLUDGE PROJECTIONS

HUMACAO REGION

1996 Estimated

Sludge Produced
(Gal /Day)

11,984

6,443

1,181

60,847

2,599

3,830

1,117

3,565

1,108

21,897

5,960

2,233

2,290

2,168

616

2,453

1,503

131,593

1996 Estimated
S5ludge Produced
(Lbs /Day)

1,387
746
137

7,042
301
420
129
413
517

10,229

2,784

1,043

1,070

1,013
288

1,148
174

28,837



Plant Name
El Valle
Maricao
San German
Lajas
San Sebastian
Las Marias
La Parguera
Sabana Grande
Mayaguez RWWTP
Aguadilla RWWTP
TOTALS

1996
Flow

0.022
0.053
0.956
0.201
0.829
0.137
0.094
0.431
8.581
3.350
14.85

1996
SLUDGE PROJECTIONS

MAYAGUEZ REGION

1996 Estimated

Sludge Produced
{Gal/Day)

443

1,034

18,598

3,927

3,066

510

348

1,272

25,317

9,883

64,397

1996 Estimated
Sliudge Produced
(Lbs /Day)

51

120
2,153
454
1,432
238
183
539
10,727
4,188

20,065



Plant Name
Orocovis
Alt de Orocovis
Playa Santa
Adjuntas
Coamo
Union Carb RWWTP
Santa Isabel
Yauco
Ponce

TOTALS

Plant Rame
Puerto Nuevo
Carolina RWWTP
Villas del Sol
TOTALS

1996
Flow

g.163
0.079
dJ.001
0.2498
0.613
1.878
0.593
1.150
16.58

21.31

1996
Flow

52.81
14.80
0. 107
67.82

1996

SLUDGE PROJECTIONS

PONCE REGION
1996 Estimated
Sludge Produced

(Gal/Day)
3,181
1,541
20
820
2,268
36,518
2,193
4,251
48,920

99,813

SAN JUAN REGION

1996 Estimated

Sludge Produced
{Gal /Day)

156,004

43,975

2,086

202,153

A.11

18996 Estimated
Sludge Produced
(Lbs /Day)

368
178

2

430
1,080
4,227
1,025
1,986
20,729

30,004

1996 Kstimated
Sludge Produced
(Lbs /Day)
66,141
18.633

241

85,016



Plant Name
Ciales
Isabela
Jayuya

Barceloneta
Camuy RWWTP
Lares
Morovis
Utuado
Arecibo RWWTP
TOTALS

Plant Name
| Bayamon RWWTF
Dorado
Corozal
Naranjito

TOTALS

2001
Flow

0.198
1.213
0.366
6.259
3.655
0.318
0.226
0.439

19.02

2001
Flow

16.867
3.354
0.634
0.249
20.91

2001

SLUDGE PROJECTIONS

ARECIBO REGION

2001 Estimated

Sludge Produced
(Gal/Day)

3,861

23,595

7,121

121,686

13,505

1,178

836

1,623

18,711

192,117

BAYAMON REGION
2001 Estimated
Sludge Produced
(Gal/Day)
49,188
12,394
12,341
4,841

78,761

A, 12

2001 Estimated
Sludge Produced
(Lbs /Day)

447
2,731
324
14,084
6,309
550
380
758
7,928

34,022

2001 Estimated
Sludge Produced
(Lbs /Day)

20,841
5,789
1,428

560

28,619



Plant Name
Aibonito
Guayama RWWTP
El Torito
Vista Monte
Barranquitas
Cayey
Cidra
Comerio
Maunabo

TOTALS

Plant Name
Col del Yunque
Humacao RWWTP
Pueblito d. Rio
Ramon Rivero
Rio Blanco He.
Rio Grande Est.
Caguas
Fajardo RWWTP
Vieques
Yabucoa

TOTALS

2001
Flow

.87T7
.582
. 143

. 038

(= =« Y =

.275

. 587

-

. 654
. 169
.236

@@ o o ©

. 365

2001
Flow

0.064
.970
. 142
. 198
. 061

. 195

~N 0 o o o w

. 897

48]

.808
0.177
0.706
16.22

2001

SLUDGE PROJECTIONS

GUAYAMA REGION
2001 Estimated
Sludge Produced
(Gal/Day)

13,178

16,932

2,790

750

1,017

5,865

2,418

625

875

44,450

HUMACAO REGION

2001 Estimated

Sludge Produced
(Gal/Day)

1,256

77,183

2,763

3,860

1,188

3,791

29,182

10,376

655

2,609

132,863

A.13

2001 Estimated
Sludge Produced
(Lbs /Day)

1,525
7.909

323
87
475
2,740
1,129
292
409

14,889

2001 Estimated
Sludge Produced
(Lbs /Day)

145
8,933
320
447
137
439
13,631
4,847
306
1,219

30,424



Plant Name
El Valle
Maricao
San German
Lajas
San Sebastian
Las Marias
La Parguera
Sabana Grande
Mayaguez RWWTP
Aguadilla RWWTP
TOTALS

2001
Flow

0.023
0.0565
1. 006
0.212
0.872
0.145

0.098

2001

SLUDGE PROJECTIONS
MAYAGUEZ REGION

2001 Estimated

2001 Estimated

Sludge Produced Sludge Produced

(Gal/Day)
466

1,088
19,557
4,128
3,224
536
366
1,337
26,622
10,392

67,718

A.14

(Lbs /Day)

54
126
2,264
478
1,506
250
171
567
11,281
4,404

21,099



Plant Name
Orocovis
Alt de Orocovis
Playa Santa
Adjuntas
Coamo
Union Carb RWWTP
Santa Isabel
Yauco
Ponce

TOTALS

Plant Name
Puerto Nuevo
Carolina RWWTP
Villas del Sol

TOTALS

2001
Flow

0. 165
0. 080
0.001
0.252
0.621
1.902
0.601
1.165
16.79

21.58

2001
Flow

53. 43
16,05
0.108
68.59

2001

SLUDGE PROJECTIONS

PONCE REGION
2001 Estimated
Sludge Produced

(Gal/Day)
3,222
1,661
20
332
2,297
36,985
2,221
4,306
49,5486

101,090

SAN JUAN REGION
2001 Estimated
Sludge Produced
{(Gal/Day)
157,636
44,409
2,107

204,152

2001 Estimated
Sludge Produced
(Lbs /Day)

373
181

2

435
1,073
4,281
1,038
2,011
20,994

30,388

2001 Estimated

Sludge Produced

(Lbs /Pay)
66,795

18,817
244
85,856



Plant Name
Ciales
Isabela
Jayuya

Barceloneta
Camuy RWWTP
Lares
Morovis
Utuado
Arecibo RWWTP
TOTALS

Plant Name
Bayamon RWWTP
Dorado
Corozal
Naranjito

TOTALS

2008
Flow

0.213
1.305
0.393
6.731
3.930

[

. 342

=]

. 243

[

. 472
6.820

20.45

2006
Flow

17.54
3.5629
0.667
0.262

22.00

2008

SLUDGE PROJECTIONS

ARECIBO REGION

2006 Estimated

Sludge Produced
(Gal/Day)

4,152

25,373

7,658

130,858

14,523

1,267

899

1,745

20,121

206,587

BAYAMON REGION
206 Estimated
Sludge Produced
(Gal /Day)
51,752
13,040
12,985
5,084

82,871

2006 Estimated
Sludge Produced
(Lbs /Day)

481
2,837
8886
15, 146
6,784
592
420
815
8,526

36,586

2006 Estimated
Sludge Produced
(Lbs /Day)

21,929
6,081
1,503

590

30,113



Plant Name
Aibonito
Guayama RWWTP
El Torito
Vista Honte
Barranquitas
Cayey
Cidra
Comerio
Maunabo
TOTALS

Plant Name
Col del Yunque
Humacao RWWTP
Pueblito d. Rio
Ramon Rivero
Rio Blanco He.
Rio Grande Est.
Caguas
Fajardo RWWTP
Vieques
Yabucoa

TOTALS

20086
Flow

0.694
4.693
0. 146
0.039
0.281
1.625
.870
. 173
. 242

o o o o

. 568

2006
Flow

0.068
4.203
. 150
. 210

=S = B v |

. 064
.2086
.361
-973
. 187

o O N o

. T47
17.17

2008

SLUDGE PROJECTIONS

GUAYAMA REGION
2008 Estimated
Sludge Produced
(Gal/Day)
13,499
17,343
2,858
768
1,042
6,007
2,477
640

896

45,5297

HUMACAO REGION

2006 Estimated

Sludge Produced
(Gal/Day)

1,330

81,716

2,926

4,086

1,257

4,014

30,896

10,986

694

2,762

140,666

A.17

2008 Estimated
Sludge Produced
{Lbe /Day)

1,582
8,101

331
89
487
2,808
1,157
299
418

15,250

2006 Estimated
Sludge Produced
(Lbs /Day)

154
9,458
339
473
146
465
14,432
5,132
324
1,290

32,211



Plant Name
El Valle
Maricao
San German
Lajas
San Sebastian
Las Marias
La Parguera
Sabana Grande
Mayvaguez RWWTP
Aguadilla RWWTP

TOTALS

2006
Flow

0.025
0.058
1.050
0.221
0.911
0.1561
0.103
0.473
9.427
3.680

16. 10

2006

SLUDGE PROJECTIONS

MAYAGUEZ REGION

20068 Estimated

Sludge Produced
(Gal /Day)

487

1,136

20,431

4,313

3,368

560

B2

1,397

27,811

10,857

70,742

2006 Estimated
Sludge Produced
(Lbs /Day)

56

132
2,365
- 499
1,573
261
179
592
11,784
4,600

22,042



Plant Name
Orocovis
Alt de Orocovis
Playa Santa
Ad juntas
Coamo
Union Carb RWWTP
Santa Isabel
Yauco
Ponce

TOTALS

Plant Name
Puerto Nuevo
Carolina RWWTP
Villas del Sol
TOTALS

2006
Flow

0.187
0.081
0.001
0.254
0.627
1.820
0.607
1.176
16. 95

21.79

2008
Flow

53.74
15. 14
0.108
69. 00

2006

SLUDGE PRCJECTIONS

PONCE REGION
2006 Estimated
Sludge Produced

(Gal/Day)
3,263
1,576
20
941
2,320
37.344
2,243
4,348
50,027

102,072

SAN JUAN REGION

2006 Estimated

Sludge Produced
(Gal /Day)

158,561

44,670

2,119

205,350

A.19

2006 Estimated
Sludge Produced
(Lbs /Day)

377
182

2

440
1,084
4,322
1,048
2,031
21,198

30,683

2006 Estimated
Sludge Produced
{(Lbs /Day)
67,187
18,9828

245

86,360



Plant Name
Ciales
Isabela
Jayuya

Barceloneta
Camuy RWWTP
Lares
Morovis
Utuado
Arecibo RWWTP

TOTALS

Plant Name
Bayvamon RWWTP
Dorado
Corozal
Naranjito

TOTALS

2011
Fiow

0.219
1.339
0.404
6.908
4.033
. 351
. 249
0.484
6,999
20.99

2011
Flow

18.29
3.681
0.696
0.273

22.95

2011

SLUDGE PROJECTIONS

ARECIBO REGION
2011 Estimated
Sludge Produced
(Gal/Day)
4,261
26,040
7,859
134,297
14,3805
1,300
g22
1,791
20,650

212,027

BAYAMON REGICN

2011 Estimated

Sludge Produced

(Gal/Day)

53,982
13,602
13,545
5,313

86,441

A.20

2011 Estimated
Sludge Produced
{Lbs /Day)

493
3,014
9190
15,544
6,962
807
431
837
8,750

37,548

2011 Estimated
Sludge Produced
{Lbs /Day}

22,874
6,354
1,568

615

31,410



Plant Name
Aibonito
Guayama RWWTP
El Torito
Vista Monte
Barranquitas
Cayey
Cidra
Comerio
Maunabo
TOTALS

Plant Name
Col del Yunque
Humacao RWWTP
Pueblito 4. Rio
Ramon Rivero
Rio Blanco He.
Rio Grande Est.
Caguas
Fajardo RWWTP
Vieques
Yabucoa

TOTALS

2011
Flow

0.703
. 157
. 149

[ R = Y

. 040
0.285
1.647
0.879

=]

. 175
. 245

@ O

.685

2011
Flow

0.071
4.372
0.156
0.218
0. 087
0.214
8.697
3.092
0.195
0.777
17. 86

2011

SLUDGE PROJECTIONS

GUAYAMA REGION

2011 Estimated
Sludge Produced
(Gal/Day)

13,684

17,580

2,897

778
1,056
6,089
2,510

649

908

46,152

HUMACAC REGION

2011 Estimated

Sludge Produced
(Gal/Day)

1,383

85,001

3,043

4,251

1,308

4,175

32,138

11,427

722

2,873

146,321

A.21

2011 Eastimated
Sludge Produced
(Lbs /Day)

1,584
8,212

335
90
493
2,844
1,173
303
424

15,459

2011 Estimated
Sludge Produced
(Lbs /Day)

160
9,838
352
492
151
483
15,012
5,338
337
1,342

33,508



Plant Name
El Valile
Maricao
San German
Lajas
San Sebastian
Las Marias
La Parguera
Sabana Grande
Mayaguez RWWTP
Aguadilla RWWTP

TOTALS

2011
Flow

0.025
0.0860
1.080
0.230
0.945
0.157
0.107
0.481
9.783
3.819
16.71

2011

SLUDGE PROJECTIONS

MAYAGUEZ REGION

2011 Estimated

Sludge Produced
(Gal/Day)

505

1,179

21,202

4,478

3,485

581

387

1,450

28,860

11,266

73,411

A.22

2011 Estimated
Sludge Produced
(Lbs /Day)

58

136
2,454
518
1,632
271
185
614
12,229
4,774

22,873



Plant Name
Orocovis
_Alt de Orocovis
Playa Santa
Adjuntas
Coamo
Union Carb RWWTP
Santa Isabel
Yauco

Ponce

TOTALS

Piant Name
Puerto Nuevo
Carolina RWWTP
Villas del Scl
TOTALS

2011
Flow

0.168
0.081
0.001
0.256
0.632
1.833
0.611
1.184
17. 07

21.94

2011
Flow

54.16
15.26
0.109
69.53

2011

SLUDGE PROJECTIONS

PONCE REGION
2011 Estimated
Sludge Produced

(Gal/Day)
3,275
1,587
20
947
2,335
37,596
2,258
4,377
50,364

102,758

SAN JUAN REGION

2011 Estimated

Sludge Produced
(Gal/Day)

159,795

45,017

2,135

206,947

A.23

2011 Estimated
Sludge Produced
(Lbs /Day)

379
184

2

442
1,081
4,351
1,085
2,044
21,341

30,890

2011 Estimated
Sludge Produced
(Lbs /Day)
67,710
19,075

247

87,032



