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Abstract

Effective, low-cost wastewater treatment that permits removal of pollutants and the deactivation
of pathogens is essential to protect public health. An emerging technology that has been
proposed to accomplish this goal, is Chemically Enhanced Primary Treatment, or CEPT. CEPT
vastly improves the effectiveness of an existing wastewater treatment facility, enabling the plant
to not only meet increasing flow demands, but to attain higher removal efficiencies at the same
time. Similarly, in the case of a new treatment facility, it can be designed to treat larger amounts
of flow, and/or the designed size can be decreased by as much as half, and still meet expected
capacity.

The governing principle behind CEPT is the enhancement of the primary settling process
through the addition of low dosages of metal salts and extremely small amounts of an anionic
polymer. These additions cause the particulate matter in the wastewater to coagulate and
flocculate, thus creating larger particles, which in turn settle at a much faster rate.

This thesis looks at the different forms by which CEPT can be implemented in wastewater
lagoon systems, namely “pre-pond” and “in-pond” CEPT. While there is discussion of
numerous CEPT plants, special attention is paid to the full-scale study and analysis of the CEPT
upgrade at Riviera de Sao Lourenco, Brazil. This plant conducted full-scale tests of both “pre-
pond” and “in-pond” CEPT. This thesis compares the advantages and disadvantages of “pre-
pond” and “in-pond” CEPT, along with the effectiveness of each.

Thesis Supervisor: Dr. Donald Harleman
Title: Ford Professor Emeritus of Civil and Environmental Engineering

Thesis Co-Supervisor: Susan Murcott
Title: MIT Research Affiliate
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CHAPTER1- INTRODUCTION

This thesis, and the project it is based upon, revolves around the optimization of a wastewater
treatment plant at Riviera de Sao Lourenco, Brazil that has been upgraded to use a technology
referred to as Chemically Enhanced Primary Treatment, or CEPT. The project and
accompanying trip to Riviera was part of the Master of Engineering (M.Eng.) Program in Civil
and Environmental Engineering at the Massachusetts Institute of Technology (MIT). The project
included four MIT M.Eng. students, Dr. Donald Harleman, Ford Professor Emeritus at MIT, and
Susan Murcott, a Lecturer at MIT. The overall project entails four distinct research topics: a
bench-scale analysis of CEPT, a full-scale analysis of CEPT, a biosolids management study, and
a data management and modeling study. This thesis will focus on the full-scale analysis of

CEPT, primarily as it pertains to Riviera.

CEPT is a technology that has been promoted and advanced largely through research conducted
at MIT in an effort to develop and improve an innovative and low-cost municipal wastewater
treatment technology. The general concept behind the CEPT technology is that it is a method to
increase the rate and efficiency of gravitational settling. This is accomplished through the
addition of low doses of metal salts, generally iron or aluminum salts, as coagulants. These
coagulants have a high positive charge that neutralizes the wastewater particles, which naturally
are negatively charged. This results in the formation of large flocs that settle much faster.
Additionally, the subsequent addition of an anionic polymer is commonly used to cause the
particulate matter and precipitates to form even larger flocs, increasing the settling rate further.
As a result of this faster settling rate, the residence time for a primary treatment system is

reduced, which translates into the ability to treat a higher volume of wastewater. Alternatively,
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in the context of a new plant, it can be designed with about half the number of settling tanks and
still treat the design flow. Using CEPT technology not only improves the capacity of a
wastewater treatment system, but it also dramatically improves removal efficiencies, as shown in
Table 1. Pollutant removal improvements are shown for all major liquid wastewater treatment
system parameters: Biological and Chemical Oxygen Demand (BOD & COD), Total Suspended

Solids (TSS), and Phosphorus.'

Table 1: Removal Efficiencies of CEPT compared to Traditional Primary Treatment

Total Suspended Solids (TSS) 75-85% 60 %
Biochemical Oxygen Demand (BODs) 55-65 % 30 %
Phosphorus (P) 55-85% 30 %

Nitrogen (N) 30 % 30 %

Riviera, faced with an overloaded wastewater treatment system, upgraded the system to utilize
CEPT. While CEPT can be implemented in several forms, the most common is to construct a
CEPT clarifier at the front end of the treatment train; assuming that there is not a settling tank
already there. In that instance, where a primary settling tank already exists, it can simply be
modified to use CEPT. This option is referred to as “pre-pond” CEPT. Riviera upgraded their
system by constructing a clarifier at the front end. However, due to circumstances to be
described later, during the summer of 2000, the system was run according to the process CEPT
known as “in-pond” CEPT, in which the chemical addition is made to the waste stream, and the

wastewater is directed into a biological lagoon system instead of a constructed clarifier.

' Murcott, S., Harleman, D. “Chemically Enhanced Primary Treatment.” Draft Manuscript. Massachusetts Institute
of Technology, 2000.

« 0=
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The following chapters will cover these various implementation alternatives for the utilization of
CEPT. Chapter 2 will discuss the governing principles of coagulation and flocculation, which
are the ‘enhancing’ part of the CEPT process. Chapter 3 will discuss the methods used to
measure and quantify wastewater quality. Chapter 4 will discuss the background and
development of CEPT, including several case studies of other CEPT plants. Chapter 5 provides
an in-depth look at the treatment plant at Riviera de Sao Lourenco, Brazil, with a particular focus
on the January 2000 field study conducted by the MIT M.Eng. group. Finally, Chapter 6
concludes with a comparison of the different implementations of CEPT, both at Riviera and

around the world.

S11 -
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CHAPTER 2 - COAGULATION AND FLOCCULATION

2.1 Overview of Chemical Treatment Mechanisms

The Chemically Enhanced Primary Treatment process is one in which chemicals and/or
polymers are added to the waste stream to enhance settling. This process includes coagulation,
flocculation, and sedimentation, which can be described as the formation of larger particles, or
flocs, from the small particles in the wastewater. These larger conglomerates enhance the
sedimentation process since larger particles settle much faster. This phenomenon is explained by
Stokes Law of Settling, which states that the settling velocity is proportional to the square of the

diameter of the particle. More specifically, Stokes Law is written:*

Ve=g(ps—p)d* /18y

Where:
Ve = Terminal Velocity of Particle
g = Acceleration due to gravity
Ps = Density of the particle
p = Density of fluid
d = Diameter of particle
U = Dynamic viscosity

Adding to the effect of Stokes Law, is the fact that when these larger particles settle, they also

carry with them the smaller particles they collide with on the way to the bottom.?

? Metcalf & Eddy, Inc. Wastewater Engineering: Treatment, Disposal, and Reuse. Third Edition. New York:
McGraw-Hill Inc., 1991, pp. 222-223.

3 Morrissey, S.P. “Chemically-Enhanced Wastewater Treatment.” Department of Civil and Environmental
Engineering, Massachusetts Institute of Technology, 1990. pp. 18-20.

-12-
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2.2 Coagulation

Coagulation, also referred to as particle destabilization, is defined as the bringing together of
small particles into large particles. Coagulation also encompasses the process of precipitation,
which refers to the chemical reaction that converts soluble substances into a solid. Precipitation
1s the mechanism by which phosphorus removal occurs. It is also of primary importance in the
first of three destabilization processes, sweep coagulation. Sweep coagulation occurs through
the addition of a large amount of metal salt, which causes the wastewater to precipitate a metal
hydroxide. The metal precipitate settles very rapidly, taking with it the smaller colloidal size

particles present in the wastewater.

The second destabilization process is charge neutralization, in which positively charged
coagulants are added to counteract the naturally occurring negative charge in the wastewater.
These positive coagulants can include both metal salts like ferric sulfate, as well as a cationic
polymer. These cationic coagulants first act by compressing the diffusive layer around the
particles, causing the naturally occurring Van der Waals® forces of attraction to be magnified,
thus resulting in the particles pulling together and becoming larger. This effect is aided further
by the cationic coagulants ability to adsorb to the wastewater particles, further increasing their
size and consequently their settling velocity. However, for this process to occur, it is necessary
to have rapid mixing when the coagulant is added. This is most easily accomplished by placing

the dosing system at the pumping station where there is typically a high degree of turbulence.

The third and final particle destabilization process is interparticle bridging, which occurs

primarily when the surface charges of the particles are near zero. During this process, a ‘bridge’

-13-
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is formed by a large polymer between the small gap separating two particles that repel each
other. Once this begins to happen, a network of these bridges and coagulated particles often
referred to as a floc, forms. Figure 1 shows a schematic representation of interparticle bridging

that can occur as a result of coagulation of colloids using polymers.*>¢

REACTION |
INITIAL ADSORPTION (OPTIMUM POLYMER DOSAGE)

~~% + O =¢é"'§‘

POLYMER COLLOIDAL PARTICLE w&ﬂ

REACTION 2
FLOC FORMATION
FLOC

DESTABILZED PAATICLES

REACTION 3
SECONDARY ADSORPTION
RESTABILIZED
S PARTICLE
REACTION 4
INITIAL ADSORPTION (EXCESS POLYMER DOSAGE)
qf-; -+ O —_
EXCESS POLYMERS COLLOIDAL PARTICLE STABLE PARTICL
REACTION S
RUPTURE OF FLOC
BY HIGH SH:I.
FLOC FRAGMENTS
REACTION &

SECONOARY ADSORPTION

= @

FLOC FRAGMENT RESTABILIZED PARTICLE

Figure 1: Interparticle Bridging Resulting From Coagulation of Colloids With Polymers’

* Ibid. pp. 18-24.

5 Murcott, S., Harleman, D., 2000.

® Gotovac, D.J. “Design and Analysis of Chemical Coagulation Systems to Enhance Performance of Waste
Stabilization Lagooons.” Department of Civil and Environmental Engineering, Massachusetts Institute of
Technology. June 1999. pp. 25-40.

7 0’Melia, C.R., “Coagulation in Water and Wastewater Treatment.” Water Quality Improvement by Physical and
Chemical Processes. E.F. Gloyna and W.W. Echenfelder, Jr., eds, 1970, University of Texas Press, Austin and
London.

_14-
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2.3 Flocculation

Flocculation, also referred to as particle transport, is defined as the aggregation of coagulated
particles to from large groups of particles, or flocs. While coagulation requires rapid mixing,
flocculation occurs under conditions of gentle, slow mixing. This process brings the destabilized
particles together, and promotes collisions between them. This results in the formation of even
larger size particles, and less of them. The collisions that cause this formation result due to three
mechanisms: Brownian motion (perikinetic flocculation), shear force (orthokinetic flocculation),
and differential settlement (a special case of orthokinetic flocculation). Brownian motion is due
to the thermal energy of the fluid, and is of primary importance for collisions between particles
of size less than 1um. Shear forces are caused by fluid motion, which is induced by mixing.
This primarily affects collisions between particles of size greater than 1um. The third process,
differential settlement, is a result of external forces (such as gravity) acting on the particles,
causing some to settle faster than others. Because of this, collisions occur vertically as larger
particles collide with smaller particles like colloids. It is also important to note that rapid mixing
can have a negative effect on all mechanisms of flocculation, causing a break-up of already

formed flocs.®?

¥ Morrissey, S. 1990. pp. 24-27.
® Gotovac, D.J. 1999. Pp. 40-41.
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CHAPTER 3- ANALYSIS METHODS

To quantify the level of performance and efficiency of a wastewater treatment plant, there are
typically three main methods used. The first of these methods is the quantification of the amount
of solids in wastewater sample. Although there are several classifications within the broad
definition of solids analysis, the most common method is to measure the Total Suspended Solids
(TSS). The other two parameters that are most commonly used to characterize the liquid
treatment performance of a wastewater treatment plant, are Chemical Oxygen Demand (COD),
and Biological Oxygen Demand (BOD). These two parameters are actually very similar in what

they measure, and therefore it is common to attempt to develop a correlation between them.

3.1 Solids

“Solids analyses are important in the control of biological and physical wastewater treatment
processes and for assessing compliance with regulatory agency wastewater effluent
limitations.”'® According to Standard Methods, there are many different classifications of solids.
One sub-category of solids is TSS, which refers to the portion retained on a filter of 2mm (or
smaller) nominal pore size after the wastewater sample has been passed through the filter. Fixed
Solids refers to the residue of suspended solids after heating to dryness for a specified time at a

specified temperature. The weight loss in this ignition process is called the Volatile Solids.'!

Though solids’ testing is important to properly monitor the liquid process train of a wastewater

treatment plant, it is seldom measured in Brazil, and has never been done at Riviera prior to the

' APHA, AWWA, WEF. “Standard Methods for Examination of Water and Wastewater,” 19" Edition. 1995: pp.
2-53.
" Ibid,, pp. 2-53 - 2-57.
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MIT group’s visit. The primary reason that solids testing has not been done previously in
Riviera and is rarely done in Brazil is that it is not required by the Brazilian environmental

agency.

The general principle behind the TSS test is fairly simple. A well-mixed sample is filtered
through a standard glass-fiber filter and the residue retained on the filter is dried to a constant
weight at 103 to 105°C. The filter is weighed after drying for one hour, and the increased weight
of the residue-covered filter represents the TSS. To carry this one step further, the Fixed and
Volatile Solids tests are performed. The principle behind these tests is that the residue from the
TSS test is re-ignited, this time at 400°C. The remaining solids after this ignition is the Fixed
Solids, while the weight loss in this final process represents the Volatile Solids. This Volatile
Solids measurement gives a rough approximation of the amount of organic matter present in the
solid portion of the wastewater. Since this is rough, a BOD or COD test is usually performed to
obtain a better characterization of the organic matter. The method for COD is described in the

next section.'?

The analytical procedures used at Riviera to perform these tests were based Standard Methods.
Since all of the tests are related, the methods used for all three tests are presented together as one,
Just as they were performed in the lab in Riviera. The procedure that was followed to perform

these three tests is as follows:

2 Ibid., pp. 2-53 - 2-57.
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1)
2)
3)
4)

5)

6)
7
8)

9)

10)
11)
12)
13)
14)

15)

16)

17)

Collect samples; refrigerate if they can not be analyzed immediately.

Label and weigh an aluminum dish for each sample to be analyzed.

Weigh the aluminum dish with a standard glass-fiber filter paper.

Prepare the sample by blending about 100ml for 15 to 20 seconds.

Measure either 25 or 50ml of the sample, depending on the anticipated
concentration.

Assemble the filtering apparatus, placing the filter wrinkle side up.

Begin suction and wash the filter with distilled water to pre-wet it.

Pour the pre-measured sample onto the filter paper.

After the sample has been sucked through the filter, wash the filter 3 times with 10
to 20ml of distilled water.

Once dry, discontinue suction and remove the wet filter paper.

Replace the filter paper into its original aluminum dish and weigh.

Cook the sample for at least one hour at 103 to 105°C.

Remove the sample and place in desiccator to equilibrate with room temperature.
Weigh dish and dried filter.

Place dish and filter in a muffle furnace at 400°C for 15 to 20 minutes. (Note:
Standard Methods suggests 550°C, however it was found that the aluminum and
filter paper melted at this temperature)

Again place the sample in the desiccator and allow it to cool.

Weigh dish and filter.
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The following formulas can be used to calculate TSS, Volatile Solids and Fixed Solids:

TSS (mg/L) = (A-B)x 1000
Sample Volume (mL)
Volatile Solids (mg/L) = (A=C)x 1000
Sample Volume (mL)
Fixed Solids (mg/L) = (C-B)x 1000
Sample Volume (mL)
Where:

A = Weight of the Filter, Dish, and Dried Residue (103 - 105°C) (mg),
B = Weight of clean Filter and Dish (mg), and
C = Weight of the Filter, Dish, and Residue after ignition (400°C) (mg).

The following formulas can be used to calculate removal rates for the preceding parameters:

% Removal TSS = TSSetwene . X 100%
TSSinﬂuem
% Removal Volatile Solids = (Volatile Solids)emuent . X 100%

(Volatile SOlidS)inﬂuent

% Removal Fixed Solids = (Fixed Solids)eyent . x 100%

(leed Solids)inﬂuent
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3.2 Chemical Oxygen Demand (COD)
“The chemical oxygen demand (COD) is used as a measure of the oxygen equivalent of the
organic matter content of a sample that is susceptible to oxidation by a strong chemical

oxidant.”"?

While there are several methods used to test for COD, the Hach Dichromatic
Method, which has been approved by the U.S. EPA, is by far the most popular. This method
involves the utilization of a silver compound catalyst to promote the oxidation of resistant

organic compounds present in the wastewater. Additionally, mercuric sulfate is also present in

the reagent to reduce the interference caused by the oxidation of chloride ions by dichromate."*

While the biological oxygen demand (BOD) is renowned as the most widely used parameter of
organic pollution applied to wastewater, the COD test is definitely gaining popularity. Since
there is so much history and records related to the BOD test, it is still used for numerous
purposes. These range from sizing a wastewater plant, to measuring treatment process
efficiencies, to determining compliance with wastewater discharge permits. The BOD test does,
however, have several limitations that are causing it to lose popularity. The biggest limitation of
the BOD test is that a long period of time (5 days) is required to obtain results. This is a serious
limitation because the 5-day period may or may not correspond to the point where the soluble
organic matter that is present has been used. This is where the COD test becomes especially
appealing since it can be done in 3 hours versus 5 days. It is therefore useful to develop a
correlation between COD and BOD, so the BOD test can be performed much less frequently.
The COD of wastewater is often higher than the BOD because more compounds can be

chemically oxidized than can be biologically oxidized. The correlation is often difficult to

'3 APHA, pp. 5-13.
" http://www.hach.com/Spec/codd.htm
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establish, but once it is obtained, COD measurements become an even greater advantage for

treatment-plant control and operation. '°

The procedure for performing the Hach Dichromatic Method for measuring COD is outlined

below:

1)

2)

3)

4)

3)

6)

7

8)

9

10)

11)

Collect samples; refrigerate if they can not be analyzed immediately.

Blend wastewater samples.

Pipette 2.00 ml of sample into a vial that has already been partially filled with
3.00 ml of the COD reagent.

Cap vial, and shake vigorously. Take caution to not touch the glass tube. If the
tube is touched, be sure to wipe the glass thoroughly.

If samples are not cooked immediately, do not store in sunlight.

In additional to wastewater samples, prepare one vial with 2 ml of distilled water
(and the 3ml of reagent) to use as a blank.

Place the samples in the preheated Hach COD reactor. Cook at 150°C for 2
hours.

Let samples cool to room temperature after cooking.

Initialize the Hach spectrophotometer by using the blank sample prepared.

Follow by placing each sample in the spectrophotometer and record the readings
given for each. (More specific instructions are displayed on the
spectrophotometer, but are not shown here since they vary for different models.)

Properly dispose contents of each vial.

' Metcalf & Eddy, Inc., 1991, pp. 71-83.
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The following formula can be used to calculate the removal rate for the COD:

% Removal COD = CODettiuent . x 100%

CODinfluem
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CHAPTER 4- BACKGROUND AND CEPT CASE STUDIES

4.1 History and Development of CEPT

While chemical treatment of wastewater is not itself a new practice, CEPT as it is used today has
only been around for slightly more than a decade. Chemical addition to the first stage of
wastewater treatment has not been widely used since the 1930’s, when it fell out of favor
because of the large chemical dosages (primarily lime) used, which resulted in an excessive
amount of sludge. Modern CEPT now uses metal salts such as ferric chloride at dosages often
less than 25 mg/L, often in conjunction with a very small (0.2 — 0.5 mg/L) dosage of anionic
polymer. This results in only an incremental increase in sludge production, which enables this

process to be much more feasible.

The process of CEPT was actually developed by the plant operators at the Point Loma plant in
San Diego, California, and not by a research engineers or scientists. In 1985, the plant, which
consisted solely of conventional primary treatment, was suffering severely from overloading due
to an increased population. Since the plant was receiving more than twice the original design
flow, the plant performance was suffering considerably. Faced with diminished performance,
the plant operators turned to the century-old potable water treatment technology of adding
trivalent metal salts to increase the solids removal by coagulation and flocculation. A retrofit of

this sort was done quickly at a very low cost.

The chemical addition schema included the addition of a low dose of ferric chloride and a

miniscule amount of an anionic polymer. These additions caused the plant performance to
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increase considerably, while only slightly increasing the amount of sludge produced. The
original intent of increasing solids removals (to 75%) was accomplished, but they also found a
dramatic increase in the removals of BOD (to 55%) and phosphorus (to 85% and greater). Not
only did the plant experience remarkable improvements in removal efficiencies, but this was
accomplished at over three times the design overflow rate of conventional primary treatment

plants.

Since the original testing and implementation of this process was done by the plant operators, it
did not receive immediate attention from the wastewater treatment community. This changed, at
least to some extent, when the plant fell under severe pressure to construct a two billion-dollar
secondary treatment plant to comply with federal regulations. This was challenged by City
officials who saw that there would only be an incremental increase in BOD removal if the plant
met secondary treatment regulations. Since the plant discharged into the ocean, and scientists
were able to show that CEPT treatment was sufficient to protect the marine environment, this
court order was challenged. This led to the decision by Congress to grant Point Loma a federal
waiver, allowing them to continue the CEPT process. With the money saved, the city of San
Diego was able to construct a tertiary treatment plant and reuse 15% of its wastewater. This was

the major start to CEPT, and it has gained momentum as a common practice since then.'¢

16 Harleman, D.R.F. and Murcott, S. “The Role of Physical-Chemical Wastewater Treatment in the Mega-Cities of
the Developing World.” Wat. Env. Tech., Vol. 40, No. 4-5, 1999, pp. 75-80.

224 -



Full Scale Study of CEPT in Riviera de Sao Lourenco, Brazil Background and CEPT Case Studies

4.2 Why CEPT Is and Is Not Implemented

CEPT has been, and continues to be implemented primarily because it is a cost-effective method
to effectively remove pollutants and deactivate pathogens in wastewater. By accomplishing this
goal, the ultimate goal of protecting public health is one step closer. More specifically, CEPT
allows a much higher overflow rate in the primary settling tank, which means that it can be
constructed more cheaply, or in the case of an existing settling tank, it can be upgraded to handle
the increased flow with no additional construction. Not only does CEPT allow a small, efficient
settling tank to be used, but the process also achieves much higher removals of TSS, BOD, COD,

and phosphorus than conventional primary treatment.

So it is a fair question to ask why, if CEPT is an efficient and cost effective method to treat
wastewater, it i1s not more widely known and implemented? At this point in time, there are
several reasons: 1) Original CEPT implementation was done by plant operators and received
very little attention; 2) CEPT cannot be studied generically in university laboratories; 3) Most
private US design firms are reluctant to try new technologies, fearing they will be sued; 4) There
is greater profit in designing plant expansions than plant retrofitting; and 5) The practice in the
US utilizes a relatively non-competitive basis to select design-firms. This clearly discourages
innovation, especially in comparison to the design/build/operate methodology used in Europe.
Many companies in Europe set up research labs to develop the best, most efficient procedures
possible. In the US, this practice is almost unheard of. So clearly, given the current structure,
methodology, and mindset of American design-firms, it is extremely difficult to introduce a new

practice to this industry, no matter how good it may be."”

'” Harleman, D.R.F. and Murcott, S. pp. 75-80.
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4.3 Existing CEPT Plants and New Developments

CEPT is becoming increasingly more common throughout the developing world because it is a
simple, low-cost method of effectively treating wastewater. CEPT has begun to gain popularity
around the world since the first highly publicized success story in San Diego, CA. Because
much of the United States already has existing wastewater treatment systems, the main focus for
new implementations of CEPT has been in developing countries, although there are several
plants in the US that do use CEPT. This technology has actually made its way to many of the

largest cities in the world, as shown below in Table 2:

Table 2: World’s Largest Cities (1995) and CEPT Wastewater Projects'®

R EE Average Annual
c‘;’:k” : City m Growth Rate: ‘

2 Sao Paulo, Brazil 16.4 2.01% full-scale test
3 New York, U.S.A. 16.3 0.34% full-scale test
4 Mexico City, Mexico 15.6 0.73% full-scale test
7 Los Angeles 12.4 1.60% full-scale operation
8 Beijing, China 12.4 2.57% pilot test
10 Seoul, Republic of Korea 11.6 1.95% bench-scale test
? Rio de Janeiro, Brazil 10 full-scale test
19 Cairo, Egypt 9.7 2.24% full-scale operation
? Hong Kong 6 full-scale operation
? Budapest, Hungary 2 full-scale operation

There are however several other CEPT facilities that are not on this list. The remainder of this
section will look at three representative CEPT plants. The first is the flagship CEPT facility,
Point Loma in San Diego, California. The next two are the only two other CEPT plants in Brazil

with full-scale test data available: ETIG, in Rio de Janeiro, and Ipiranga in Sao Paulo.

=26 -



Full Scale Study of CEPT in Riviera de Sao Lourenco, Brazil Background and CEPT Case Studies

4.3.1 Point Loma in San Diego, CA

The Point Loma Wastewater Treatment plant is an important plant to review because, as
mentioned previously, it is has been a major catalyst in the promotion of CEPT around the world.
The motivation for the implementation of CEPT at Point Loma was largely geared towards
finding a way to comply with California State’s Ocean Protection Plan that passed in 1985. This
newly implemented plan required wastewater treatment plants with ocean outfalls increase their
suspended solids removal to 75% or better. At that time, and to this present day, Point Loma
only has a one-stage treatment plant, which prior to 1985 was conventional primary treatment.
In addition to this new imposition placed by the state, the treatment plant was already suffering
due to the increase of population, causing the system to be greatly overloaded. Faced with this
desperate situation, the plant operators turned to the age-old method commonly used in potable
water treatment plants, chemical treatment. The plant was subsequently retrofitted for chemical

addition quickly and at a low cost.'®

The treatment train at Point Loma begins with bar screens, then several pump stations before
entering the core of the treatment plant. Upon entering the main portion of the plant, the
wastewater traverses through aerated grit tanks, followed by one of 12 rectangular chemically
enhanced primary sedimentation tanks. The wastewater is dosed with 25 mg/L ferric chloride
prior to entering the grit tanks, and dosed with 0.10 mg/L of anionic polymer following the grit
tanks, and prior to the sedimentation tanks. The grit removed in the grit chamber is dewatered

with a cyclone separator. The dewatered grit is subsequently hauled off to a landfill in Arizona,

'8 Murcott, S., Harleman, D., 2000.
19 Harleman, D.R.F., Murcott, S., 1999, pp. 77.
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and the supernatant is reintroduced into the influent wastewater stream at the start of the

treatment train.

After the wastewater passes through the grit tanks and enters the clarifiers, it remains in the tanks
to settle for an average of 1.5 hours, which is the detention time of the sedimentation tanks.
These tanks are equipped with baffles to ensure horizontal flow and a consistent detention time.
The tanks operate with an average overflow rate of 2000 gpd/ft*. The sludge collected in these
tanks is treated with a two-stage digester system. Refer to Figure 2 below for a detailed

schematic flow diagram of the entire treatment train.
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Figure 2: Point Loma Wastewater System Flow Schematic®®

2 Metropolitan Wastewater District. “The City of San Diego: 1998 Annual Reports and Summary, Point Loma
Wastewater Treatment Plant, Point Loma Ocean Outfall.” 1998, pp. II-5.
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The metal salt (FeCl;) dosing system consists of a 10,000-gallon storage tank and a 2-
horsepower centrifugal pump. The polymer dosing system consists of a 6,500-gallon storage
tank, which feeds a smaller dosing tank. The polymer is then pumped to the flumes of the

sedimentation tanks for injection.

The Point Loma Treatment plant currently serves 1.8 million citizens in the San Diego area. The
plant treats on average 187 million gallons per day (MGD), and has a peak capacity of 240
MGD. As depicted in Table 3 below, Point Loma achieves very close to what is considered
average removal efficiencies for CEPT plants. The removal efficiencies outlined in the table are
the average numbers for 1998. Through analysis of the data itself, it can be seen that the data is
quite consistent throughout the year. For instance, for TSS the annual average is 86%, while the

lowest monthly average in the year, is 76%, and the highest monthly average is 90%.2'?

Table 3: Point Loma Removal Efficiencies in 1998%

Influent Effluent
: Parameter ~ Concentration Concentration
TSS 277 38 86.3%
BODS 247 106 57.1%
Phosphorus 6.2 0.5 92.0%

2! Gotovac, D.J. 1999. pp. 60-62.
2 Metropolitan Wastewater District, 1998, pp. 11-5.
3 Ibid. pp. II-1 - 10.
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4.3.2 ETIG in Rio de Janeiro, Brazil

Estag¢io de Tratamento de Esgotos da Ilha do Governador (ETIG), is located in the state of Rio
de Janeiro, Brazil, on Ilha do Governador (Governor’s Island) in Guanabara Bay. Currently,
Guanabara Bay recieves a large amount of wastewater of domestic and industrial origin. This
continuous addition of pollutants to the bay has resulted in the bay becoming highly polluted.
The water in the bay contains high levels of coliforms, and low levels of oxygen. The bay has
also been plagued with serious eutrophication problems, largely because of the high level of
phosphorus allowed to enter the bay. With these serious environmental and health problems
surrounding the bay, it was clear that a higher level of wastewater treatment needed to be
achieved. Therefore, since April 1997, ETIG wastewater treatment plant has been experimenting

with the possibility of upgrading to CEPT.

ETIG was originally constructed in 1980 with conventional primary treatment plus activated
sludge treatment. During this time frame, this was a very common and popular way to build a
treatment plant. The treatment train at ETIG is shown below in Figure 3. As can be seen, the
raw wastewater enters the treatment plant via four pumping stations. The wastewater then
travels through the 13m long, by 1.2m high grit chamber, before entering the primary clarifier.
The clarifier has a diameter of 24m and a height of 2.55m. Upon exiting the settling tank, the
wastewater enters an aeration tank, followed by a secondary clarifier, which is slightly larger
than the primary clarifier is, at a diameter of 26m, and a height of 3.23m. The sludge is
subsequently treated by a series of two digesters. The final wastewater effluent is deposited into

Guanabara Bay. Table 4 below outlines and summarizes the important design parameters.
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Figure 3: ETIG Wastewater Treatment Plant Schematic Flow Diagram

Table 4: ETIG Wastewater Treatment Plant Design Parameters>’

Grit Chamber

Length: 13m
Height: 1.2m

Primary Clarifier

Diameter: 24 m
Height: 2.55m

Aeration Tank

Length: 48.75 m
Width: 9.75m
Height: 5.35m

Secondary Clarifier

Diameter: 26 m
Height: 3.23 m

Primary Digester

Diameter: 20 m
Height: 9.6 m

Secondary Digester

Diameter: 9.6 m
Height: variable

Volume: 4,633 m®

The original design flow of the ETIG wastewater treatment plant is 230 L/s. From 1994 to 1996,
this is in fact close to the actual flow received, which ranged from 220 to 240 L/s. However in
1997, the average flow into the treatment plant jumped to 525 L/s, and occasionally reached a

maximum flow of 900 L/s. Thus, the existing treatment was no longer able to handle the load.

2% Harleman, D.R.F., and S. Murcott. “Low Cost Nutrient Removal Demonstration Study Report on ETIG Bench
Scale Tests Rio de Janeiro, Brasil.” Unpublished Report. MIT April, 1997.
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In the years prior to 1997, the average removal rates of the plant were about 37% for TSS and

29% for BOD and COD.

In December of 1998 and January of 1999, a full-scale CEPT test was conducted at ETIG. The
primary clarifier flow was divided using a splitter in order to provide a control for the
experiments. Hence, one side would use chemical addition, and the other would not. The
coagulant used in during the experiments was ferric chloride at three different dosages: 56 mg/L,
35 mg/L, and 59 mg/L. Unfortunately during these test periods, the results of the test were quite
sporadic and inconsistent. Once the system ran for a few days, the system did equilibrate to
some extent. The only truly consistent results were for COD removal, which was at about 65%
removal using only 35mg/L FeCl;. The TSS results ranged from 35-76% removal, and likewise
the BOD results varied wildly, ranging from 29-75%. While the results were quite inconsistent,
the fact that high removals were achieved for at least some of the runs, shows there is a high
likelihood that good performance would be achieved if the system were studied further and

optimized.>

4.3.3 Ipiranga in Sao Paulo, Brazil

E.T.E. Jesus Neto, also referred to as Ipiranga, is located in Sao Paulo, Brazil, which is the
largest city in South America. This plant has been in operation for over 70 years. However, due
to the continually growing population in Sao Paulo, the existing infrastructure has been

overloaded with flows in excess of the design capacity. Consequently, the Ipiranga wastewater

% Ibid., 1997.
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treatment plant was no longer able to comply with the standards set forth by SABESP, the

governing environmental agency in Brazil.

The treatment plant at Ipiranga begins by filtering the wastewater first through a bar screen, then
filters it further with a sand filter. Both of these steps occur just prior to the pumping stations,
which convey the water to a splitter box. At the splitter box, some of the flow is directed to the
254 m’ primary decanter, some goes to a stabilizing lagoon, another portion goes to an anaerobic
reactor, while the remainder by-passes further treatment and is released directly in the
Tamanduatei River. The wastewater that does go to the primary decanter will then flow to the
aeration tanks after spending on average 2.75 hours in the decanter. The wastewater then goes
through the secondary decanter, before finally being deposited into the Tamanduatei River.
While Figure 4, below, shows all of these processes, it does not include the biological activated
sludge treatment at the plant. This sludge is recycled, and some of it is reintroduced back into

the primary decanter.
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Ficure 4: Ipiranga Wastewater Treatment Plant Schematic Flow Diagram

While the previous figure depicts the flow process prior to the CEPT upgrade, the upgrade did
not require major changes. The upgrade simply entailed the addition of a dosing system at the
pump station. Since the pumps only pump at a constant rate, the dosing rate was determined
simply by the number of pumps operating at any given time. Each pump operated at a rate of 25
L/s, which was the average flow rate entering the primary decanter prior to the CEPT upgrade.

Since there is another pump present, the flow into the decanter can easily be doubled to 50 L/s.

At Ipiranga, the characteristic influent wastewater has on average a BOD level of 286 mg/L, a

COD level of 531 mg/L, and a TSS level of 178 mg/L. Prior to the CEPT upgrade, the primary

sedimentation tank would typically yield a BOD removal rate of 30%, a COD removal rate of

B



Full Scale Study of CEPT in Riviera de Sao Lourenco, Brazil Background and CEPT Case Studies

20%, and a TSS removal rate of 20%. After the secondary treatment phase, the removal

efficiencies improved to 70% of BOD, 65% of COD, and 60% of TSS.

A very comprehensive set of full-scale CEPT tests was conducted in 1996 at the Ipiranga
wastewater treatment plant. The tests varied numerous parameters including flow rate, the
dosage of the metal salt (ferric chloride), and the type and dosage of polymer used. ‘Type’ of
polymer is either referring to a soluble or emulsion based polymer, both however are anionic
polymers. Table 5 shows the averages of the results collected by SAPESB during this series of
trials. As can be seen in the table, the removal rates through just the primary decanter went up to
as high as 63% for COD, 62% for BOD, and 80% for TSS. The overall performance of the
entire treatment plant also increased dramatically, reaching removal rates as high as 93% of

COD, 95% of BOD, and 93% of TSS.***"*

%% Fundagdo Salim Farah Maluf and SABESP. “Segundo Relatério do Teste de Aplicabilidade do “CE.P.T.
Tratamento Primario Quimicamente Aprimorado” ao Esgoto da E.T.E. Jesus Neto - SABESP” Unpublished
Report. 1996.

%7 Fundagdo Salim Farah Maluf and SABESP. “Relatério no. 2JN do Teste de Aplicabilidade do “CE.P.T. -

Tratamento Primario Quimicamente Aprimorado” ao Esgoto da E.T.E. Jesus Neto - SABESP” Unpublished
Report. 1996.

2 Fundagio Salim Farah Maluf and SABESP. “Relatério Final do Teste em Escala Real da Tecnologia C.E.P.T. na
E.T.E. Jesus Neto (B. Ipiranga — SP).” Unpublished Report. Nov 1996.
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Table 5: Results of Full-Scale CEPT Tests Conducted at the Ipiranga WWTP*

No Chemicals none 25 S:;n:‘:rgw g; g: gﬁ
No Chemicals none 50 SZ;:TF‘!ZZW 52;?{ gg gg
25 kil % szgzzw ;g g; gg
50 0@ | 0 | coomean | w o ot
S BETC I e - T -
o | omer | % ool & | o | o
s 05® | ® | coen | o 5
*(8) — Soluble polymer, (E) — Emulsion based polymer

4.4 Another Implementation of CEPT, “In-Pond” CEPT

As seen in the previous examples, and as can be shown for the majority of CEPT plants around
the world, CEPT is typically implemented in one of three main ways. The first, and often easiest
is to upgrade an existing primary settling tank. This typically includes the addition of a flow
meter, and a metal salt and polymer dosing pump. The second method is typically applied if the
treatment system does not have a primary settling tank as part of their treatment train. In this
case, the upgrade will generally be the addition of this settling tank, along with the other items
mentioned above. The third method for implementing CEPT, which is now becoming more
prevalent, is the construction of a new plant that is designed to utilize CEPT. At this point,

plants of this type are generally showing the best results.

2 Ibid. 1996.
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While the starting point for each of the aforementioned methods is different, the end result is
essentially the same. However, there is actually one more way in which CEPT can be
implemented that is actually quite different from any of the previous methods described. This
method, known as “in-pond” CEPT, is differentiated because it does not include a settling tank
as the initial treatment phase. Instead, the chemicals are added directly to the wastewater going
into, or already in, a wastewater lagoon. Due to the BOD loading that most treatment plants are

faced with, this first lagoon is often an anaerobic lagoon.

Currently there is very little information and experience with this type of treatment system;
However, it is certainly a very worthwhile topic to study further. “In-pond” CEPT, if it proves to
be an effective method of treatment, may be the cheapest method available to dramatically
upgrade a biological wastewater treatment system. While there is currently additional research
on this topic being conducted in Brazil, the only current information on this technology has been

developed in Scandinavia, primarily in Norway and Sweden.

4.4.1 “In-Pond” CEPT in Scandinavia

The majority of the more recent research and papers on this topic in Scandinavia, (or at least
those in English), have been largely written by one of, or a combination of three scholars:
Jorgen Hanaeus from Lulea University of Technology in Sweden, H. Odegaard from the
Norwegian Institute of Technology in Norway, and Peter Balmer form the Chalmers University
of Technology in Sweden. While the utilization of, and motivation for CEPT technology in

Scandinavia has numerous differences to that of Brazil, a review of the results that have been
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achieved in Sweden, Finland and Norway will likely give some insight into what can be expected

in Brazil, and other places around the world.

In this part of the world, wastewater treatment in ponds has been done for hundreds of years.
With increasing demands on wastewater effluent quality, numerous stabilization ponds (ponds
that receive untreated wastewater) were constructed in Scandinavia. However, since the ponds
relied on solar radiation for conversion of organic matter, they functioned poorly in the winter
months, while the ponds were covered in ice and snow. To illustrate this, Table 6 below shows
the typical removal efficiencies for traditional waste stabilization ponds in both summer and
winter months. With this need to improve performance in the winter months, especially with
regard to phosphorus removal, chemical precipitation (in-pond CEPT) was introduced at large
plants. This method is also commonly referred to as a Fellingsdam in Scandinavia. The
phosphorus removal was of particular importance because eutrophication is the primary water

quality issue in inland waters in the area.

Table 6: Removal Efficiencies of Waste Stabilization Ponds in a Cold Climate*®

Season BOD+y Total phosphorus Total nitrogen
removal, % removal, % removal,

Winter 53 25 27

Summer 74 51 57

In Scandinavian countries, they have been experimenting with and using chemical precipitation

since the early 1970’s. This research was provoked when numerous plants were forced to close

* Hanaeus, J. “Wastewater treatment by chemical precipitation in ponds.” Division of Sanitary Engineering, Lulea
University of Technology. September, 1991. pp. 6.
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due to poor performance in the 1960’s and 70’s. The research for chemical precipitation focused
initially on three methods: pre-pond precipitation, in-pond precipitation, and post-pond
precipitation. The post-pond precipitation was discarded for a number of reasons. For one, it
requires a traditional chemical treatment step, which from experience often requires a
considerably qualified operator to control the dosage. They also found that fluctuations in the
water quality of the wastewater influent to the post-precipitation step might cause considerable
operational problems. While the pre-pond precipitation also has the drawback of needing an
operator, it also has one very important advantage. This is that a major part of the sludge is
removed in the pre-precipitation step, thus the sludge accumulation in the pond is greatly
reduced. Although it should be noted that sludge is still generated in the pre-pond precipitation

and has to be removed on a daily basis.

In-pond precipitation also has its drawbacks and advantages. The major drawback being the
increased sludge production in the pond, which results in the necessity to desludge the pond at
least once a year in a highly-loaded pond. However, for ponds with a varying or average load,
the pond may accumulate sludge for many years before needing to be desludged. On the other
hand, the major advantages of in-pond precipitation are that there is much less operator
attendance required, and that both capital and maintenance costs are considerably lower. For
these reasons, in-pond precipitation has become the most popular method treatment method in

practice, with nearly one hundred such plants in Sweden alone!

To help understand the effectiveness of this process, the aforementioned scholars reviewed and

studied numerous plants in Scandinavia. As can be seen, in Table 7 below, many of the plants at
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the time of the study were using very high chemical dosages, some as high 350 mg/L. This table
also illustrates the size of the ponds, the flow rates and loading experienced. Table 8, also
below, shows the average removal efficiencies that these plants were achieving. With the
exception of one plant, which showed unusually poor results, the average removal of COD for
the plants was 72%. The phosphorus removals were also quite high, with an average of 83%,
which is quite an improvement over the removals that were achieved without chemical
precipitation. Actually, another plant in Ruuki, Finland not included in the table, achieved
phosphorus removal rates as high as 98%. The last item that the table shows is Suspended Solids

removal rates, which on average were about 85%.

Table 7: _Operating Conditions of Various Chemical Precipitation Ponds in Scandinavia®
Location Pond Numb. Max. Mean  Mean Mean org. Load at Hean prec. Point
area of flow resid. load max PE dosage of prec,
n? ponds  PE _!_314 time,d gcungnz-d !z[PE g/n3 addit.’
Losby, k1] 6700 1 1800 450 18 29 3.7 155¢) 1
Kjeller,N1) 13000 1 6400 2100 9 140 2.0 8s52) 1
Nordseter,N 8000 3 800 260 31 9 10.0 1502) 2
Stugun,S 9300 3 1000 260 30 24 9.3 1002) 2
Lungsjden,S 1425 2 70 19 110 1.5 20.3 363) 1
Edsaasdal,S 6800 3 1200 56 157 3.3 5.7 3504J 2
Bjarnrike,S 6750 3 1500 80 124 3.5 4.5 1502) 2
1) These plants are no longer in operation. 2) Alz(sn‘h . 14-16H,0. 3)Feppy. 4) Ca(OK),.
5) Inlet to pond number.

L Odegaard, H., Balmer, P., Hanaeus, J. “Chemical Precipitation in Highly Loaded Stabilization Ponds in Cold
Climates: Scandinavian Experiences.” Wat. Sci. Tech. Vol. 19, No. 12, pp. 74, 1987.
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Table 8: Operating Conditions of Various Chemical Precipitation Ponds in Scandinavia®?

LOCATION con, g/m> Tot P, g/m3 $s, g/md

in out 3 in out % in out ¥
Losby,N 426 136 68 | 9.1 2.2 70 283 53 81
Kjeller, N 864 265 69 8.8 1.7 81 672 48 93
llorduter.l!” 265 83 69 4.9 1.2 76 152 30 80
Stugun,S 652 109 83 r 9 | 1.1 B5 - - -
Lungsjden,S 109 80 27 3.1 0.39 87 - - -
Edsaasdal,$ 398 126 68 6.2 0.38 94 - . &
Bjernrike,S 292 66 17 3.6 0.32 91 - - -

Since the only plant above that showed poor performance was using an iron salt, it is important
to look at other plants that are also using iron salts. In Table 9 below, the BOD levels for three
Finnish plants using iron salts are shown. While the removal rates are not shown, they compute
to 43% at Polvijarvi, 80% at Joutsa, and 88% at Ruuki. Therefore, the average BOD removal

rate was 77%. This was accomplished with a dosing rate of only 10-15 mg 3 s

Table 9: Values of BOD; in Three Finnish Plants Using Iron Salts for In-Pond Precipitation®®

Location Number of BOD 02/1
of plant plant-years InZi..qugi.
Polvijérvi 1 77 44
Joutsa 2 284 56
Ruuki 1 58 7
Annual mean (total) 176 41

Through the results found in Scandinavia, it has been shown that in-pond CEPT actually

achieves very similar results to that of the pre-pond CEPT, which is currently being promoted

3 Ibid. pp. 74.
3 Ibid. pp. 71-77.

¥ Balmer, P., Bjarne, V. “Domestic Wasteater Treatment With Oxidation Ponds in Combination with Chemical
Precipitation.” Prog. Wat. Tech., Vol 10, Nrs 5/6, 1978, pp 867-880.

35 Hanaeus, J., 1991, pp. 1-29.
% Ibid. pp. 20.
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around the world. One additional note that should be made with regard to pre-pond CEPT, is
that one of the claims made by these scholars may not being entirely true today. This is that pre-
pond CEPT is much more expensive to maintain in part due to the necessity of having a highly
trained operator. However, with current automated dosing systems, this cost and effort can be
reduced. Also, one major point of recent study with regard to pre-pond CEPT, is the
optimization of chemical dosages to reduce the amount of sludge production, which could
certainly be transferable to in-pond CEPT. Doing this would reduce the frequency that the ponds

need to be desludged, and would therefore translate to additional cost savings.
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CHAPTER 5- FULL SCALE STUDY AT RIVIERA

5.1 Introduction to Riviera de Sao Lourenco, Brazil

Riviera de Sao Lourenco is a small resort community located on the coast of Brazil about two
hours to the northeast of Sao Paulo, the largest city in South America, and about 6 hours to the
south of Rio de Janeiro (See Figure 5). The resort area was designed, built, and is now
maintained by Sobloco Construction Company. The community began very small, but in recent
years, the population has begun to increase rapidly. During the majority of the year, the
population is about 40,000 persons. However, during the summer months, which are from
December through early March, the average population soars to about 80,000. In coming years,

this peak population is projected to increase to 100,000 persons, and possibly even higher.
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Figure 5: Map of Brazil Showing the Approximate Location of Riviera de Sao Lourenco
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As a result of this huge influx to Riviera, the wastewater treatment system as it was originally
designed is unable to handle the extra loading that occurs. The flow and loading more than
double during this 3 month period, and since the wastewater treatment plant was not designed to
handle this magnitude of loading, the treatment plant is unable to meet environmental

regulations.

This situation is perfectly suited to be solved through the implementation of CEPT technology.
As was discussed previously, one of the primary reasons to use CEPT is to upgrade an
overburdened wastewater system. This is because, through the addition of chemicals and
polymer, coagulation and flocculation is increased. Since this is increased, the floc size is also
increased, and therefore the settling rate is increased. Since the particulate matter is settled
faster, a larger amount of flow can be treated in a relatively small settling tank (compared to a
conventional primary treatment settling tank). By constructing the settling tank, a large amount
of the solids and organic matter will be removed before the wastewater even reaches the
biological portion of the treatment plant. The lower loading on the biological portion of

treatment will also improve the efficiency of this part of the plant, and of the system as a whole.

5.2 Characteristics of the Riveira WWTF

The treatment facility at Riviera was a typical biological wastewater treatment facility, as is
commonly used for small communities. The original treatment plant was comprised of a
pumping station, one anaerobic lagoon, and three facultative lagoons. Among other things, the
upgrade to use CEPT involved the construction of two large settling tanks. The most important

design parameters of the system are summarized below in Table 10:
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Table 10: _Summary of Riviera Wastewater Treatment Plant Design Parameters

Pump 1: 89 m*hr
Pumping Station - 3 Constant Flow Pumps |Pump 2: 526 m3/hr

Pump 3: 665 m3/hr

Distance From Pumping Station to Feed

Channel 2841 m

Length: 33 m
Feed Channel Width: 1.5 m
Flocculation Chambers (2) Length: 23 m

Length: 30 m
CEPT Clarifiers (2) Width: 6 m

Depth: 3.7 m

Depth: 3.2 m
Anaerobic Lagoon Surface Area: 6,600 m?

Volume: 21,120 m®

Depth: 1.5m
Facuitative Lagoons (3) Surface Area: 45,000 m®
Volume: 67,500 m*

5.2.1 Plant Dimensions, Layout, and Specifications

Figure 6 below shows the schematic layout of the wastewater treatment process in Riviera. The
wastewater is collected through a sewer collection system, which encompasses Riviera, and ends
up at the final pumping station. While at the final pumping station, the wastewater is dosed with

a metal salt (i.e. ferric sulfate).
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STATION
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Figure 6: Schematic Layout of Wastewater Treatment Process at Riviera

The wastewater exits the final pumping station via a combination of two 150 mm ducts, and 2
300 mm ducts. Which of the four pipes that are used is determined by which of the three pumps
is operating at a given time. The raw wastewater now dosed with the metal salt travels 2841m to
the feed channel (See Figure 7). The feed channel is 33m long and 1.5m wide and is fed by three
pipes carrying the wastewater. Towards the end of the feed channel is a Parshall flume. At the
Parshall flume there is an ultrasonic flow meter. This flow meter is calibrated with the polymer

dosing system, located in the same place, to adjust to the proper dose of polymer.
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Figure 7: Feed Channel, Parshall Flume, Flow Meter, and Polymer Dosing

On exiting the Parshall flume, the wastewater drops about a meter and passes through the bar
screen (See Figure 8). After passing through the bar screens, which are cleaned manually on a
regular basis, the wastewater enters two parallel flocculation chambers (See Figure 9). These
chambers, formerly the grit boxes under the original non-CEPT design, are each 23m long.
Through the whole length of the grit boxes there are air hoses on one side of each chamber about
20 cm apart, with the ends submersed in the wastewater. By placing these air hoses on one side
and injecting air as the water passes through, a helicoilodal motion is generated in the chamber.

This motion aids in the floc formation.
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Figure 8: Bar Screen

Figure 9: Flocculation Chambers (23m long)

In the original system, and when the CEPT clarifiers are offline, the wastewater then passes into
the anaerobic lagoon. It does this by traveling down a small channel next to the lagoon where it

is fed into several pipes, which direct the wastewater beneath the surface of the lagoon.
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When the CEPT clarifiers are online, then the wastewater, instead of entering the lagoon directly,
travels down a channel that is a continuation of the aerated floc chambers, and into the CEPT
clarifier. The two parallel clarifier tanks are 30m long by 6m wide by 3.7m deep. The water
enters the clarifiers through three gates at the top of the tanks (See Figure 10). On entering the

tank, the wastewater is diffused by a large plastic baffle just within the tank.

Figure 10: Entrance to the CEPT Clarifier Tanks

Once in the tank, the wastewater that has been flocculating begins to clear as the floc settles. In
the tank, sludge-scrapers run the length of the clarifier with the purpose of pulling this settled
floc to the sludge weir at the end of the tank (See Figure 11). Once this sludge is gathered, it is
intermittently pumped out of the weir and into a storage tank, where it is dosed with a lime slurry
to stabilize it. This means that there is also a lime pump to accomplish this task. The sludge
pump is operated by the plant personnel, and turned on occasionally and run until it visually

appears that more wastewater than sludge is being pumped, at which point it is turned off.
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Figure 11: CEPT Tank and the Sludge Scrapers

In addition to this process of sludge removal from the clarifier, there is also a scum scraper at the
surface of the tank. This is essentially just a pipe with a slit in it, as seen in Figure 12. This is in
place to remove any floating floc or other floating materials that may have passed through the
bar screen. Once the scum has entered the pipe, it is also pumped by a third pump into the

liming tank.

-50-



Full Scale Study of CEPT in Riviera de Sao Lourenco, Brazil Full Scale Study at Riviera

Figure 12: Scum Scraper Located at the Surface of the Clarifier Tank

While the ultimate CEPT design is to have both clarifiers operational at the peak season, January
- March, for the year 2000 only one tank was online. The other tank was being used as the
temporary storage for the sludge. However, the ultimate design is for each tank to be able to
handle the peak flow from 40,000 people, which is estimated to be 8,400 m’/day. So, with one
tank running during the peak season, the peak Overflow Rate (OFR) can be calculated as

follows:

OFR (m/day) = (Q/Awmee) = (8400 mday)/((30m)x (6m)),
Where,
Q is the max flow rate in peak season, and

Asurface 15 the surface area of the tank.
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This results in a peak overflow rate of 46.7 m/day. However, this is not entirely accurate
because the three pumps do not pump at a constant flow all day long. In fact, the flow can be as
high as 754 m’/hour, which is equivalent to 18,096 m*/day, though this flow rate is never
sustained for a whole day. With this flow rate, the overflow rate in the clarifier can surge up to

about 100 m/day.

The residence time (detention time) can also be computed for the CEPT clarifier. The residence

time, t*, is computed as follows:

t* (days) = (Vol/ Q) = ((3.7m) x (6m) x (30m)) / (8,400 m* /day)

Where,
Vol is the volume of the clarifier.

Hence, the detention time in the clarifier is 0.0793 days, or 1.9 hours.

The wastewater overflows out of the CEPT clarifier tanks and into a channel that connects back
into the original system, which then feeds into the anaerobic lagoon. The wastewater now enters

this lagoon in the same manner that it did before the clarifiers were in use.

The 3.2-meter deep anaerobic lagoon, as seen in Figure 13, has a surface area of 6,600 m® and a
volume of 21,120 m®. Like the clarifier, the residence time for the anaerobic lagoon can be
computed using the same formula. Assuming the same flow of 8,400 m3/day, the residence time

in the lagoon is about 2.5 days.
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Figure 13: Anaerobic Lagoon

On exiting the anaerobic lagoon, the wastewater enters a splitter box where the flow is directed
to one of the three facultative lagoons (See Figure 14). It is, however, not always split three
ways. In the non-peak season, often one of the facultative lagoons is pulled offline, and the

system is operated with only two facultative lagoons.

Figure 14: Two of the Facultative Lagoons
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The total area of the three facultative lagoons is 45,000 m’, and the total volume for the 1.5-

meter deep lagoons is 67,500 m’

. Using the same method and flow rate as for the anaerobic
lagoon, the residence time in the facultative lagoons can also be computed. This calculation

yields a residence time of 8.0 days.

When the flow exits each of the facultative lagoons, it is combined into one channel before
entering the chlorination tank (See Figure 15). The flow enters the chlorination tank, and travels
through the system via perforations in the walls below the surface. The chlorine addition itself,

which is below the surface, seeps through the bottom of the tank.

Figure 15: Chlorination Tank

The flow then exits the chlorination tank and passes through another Parshall flume to enable the
effluent flow to be measured. From here, the treated wastewater exits the treatment plant. It
goes through one last pumping station before entering the Itapanhau River, about 500 meters

downstream of the drinking water collection point.
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5.2.2 Pumps and Flow Characteristics

All flow is collected from the city and ends up at the final pumping station before going to the
rest of the treatment plant. The pumps and pumping scheme at this station determine the flows
and flow patterns that the rest of the treatment plant will see. This primarily effects the CEPT
clarifier and the residence time and overflow rate for the wastewater passing through the

clarifier. This is because it will see a widely varying inflow rate throughout the day.

There are three pumps at the final pumping station. All of the pumps operate at only one rate, as
set by the manufacturer. Therefore flow is controlled to meet the demand by turning pumps on
and off. Pump # 3, the smallest pump runs continuously, 24-hours a day, at a flow rate of 89
m’/hour. Often this is the only pump operating at a given time. However, at this low pumping
rate, during times of heavier use the volume of wastewater at the station waiting to be pumped
builds up. When the volume reaches a certain level, one of the other two pumps will turn on.
Pump # 1 operates at a flow rate of 526 m’/hour, and Pump #2 operates at 665 m’/hour. When
wastewater builds up, and another pump is needed, Pump # 1 or Pump # 2 will turn on. The two
pumps alternate each time one of them is needed. The additional pump will operate until the
volume at station reaches an acceptable level. This typically takes about 15 minutes to lower the
wastewater level back down to a base level. During heavy flow periods, it is typically necessary

to run one of the additional pumps about once an hour for a 15-minute period.
At peak flows, all three pumps can be run at the same time. This results in an absolute max

pumping rate of 1280 m*/hour. This has never yet occurred, and even with the expected increase

in population, it is unlikely that this will be necessary in the future.
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5.2.3 Chemicals and Dosing

In 1999-2000, the CEPT upgrade was designed and operated using ferric sulfate and an anionic
polymer. The ferric sulfate, during the time of the fieldwork that was conducted by the MIT
M.Eng. team, was being dosed at 50 mg/L. The ferric sulfate (Fe,(SO4)3) has a solids content of
42.4%. The polymer was dosed at 0.5 mg/L. The particular polymer that is being used is Nalco

4684, which is an anionic polymer of high molecular weight and high charge.

Although this is the dosage and specific chemicals used when CEPT originally went online, a
number of alternatives were considered and tested during the January fieldwork period by
M.Eng. student Irene Yu. These alternatives are tested through a bench-scale, or jar-scale tests
in the laboratory. One metal salt alternative that is being heavily tested is ferric chloride. This
chemical has proven to be very effective in numerous other plants in Brazil, and shows promise
for Riviera as well. Likewise, numerous other polymers, primarily anionic, are being tested as
well. The goal is to obtain the highest removals with the least amount of chemical addition at the

lowest cost.

The locations of the dosing systems have been mentioned previously. However, to reiterate, the
metal salt, in this case ferric sulfate, is dosed at the final pumping station. This allows additional
time for mixing and coagulation before reaching the clarifier. The polymer is dosed at the
Parshall flume just prior to the flocculation chambers and the clarifier. This allows some time

for flocculation prior to entering the clarifier.
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5.2.4 Metal Salt Dosing System

The metal salt, ferric sulfate, is stored in a large fiberglass chemical storage tank next to the final
pumping station (See Figure 16). This tower is 5 meters high and 2.6 meters in diameter, and is
often full, or near full at a capacity of 25 m’. Because of this there is an additional 5 meters of
hydraulic head that is undesirable for the dosing system, and would actually cause it not to
function properly. Therefore, it is necessary to bleed this addition head out of the system. To do
this, a large plastic pressure relief tank was used at ground level next to the rest of the dosing
system. The pressure relief tank is filled with the metal salt and is open to the atmosphere.
Inside the pressure relief tank atop the chemical is a floater. This floater, along with a ball valve
at the base of the chemical storage tank, controls the flow of chemical into the pressure relief

tank, thus bleeding the unwanted head.

Figure 16: Chemical Storage Tank

Once in the pressure relief tank, the main dosing system takes over (See Figure 17). As can be
seen in the figure, all of the tubes are plastic. This is because the metal salts used are highly

corrosive and any metal pipes would corrode. The concept behind the dosing system is that there
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are three chemical dosing pumps that correspond to each of the three wastewater pumps. Since
the flow rate of each wastewater pump is constant, each dosing pump just needs to pump an
amount of chemical that is proportional to the flow. The specific amount is determined by the
specific concentration that is desired. Therefore, once each of the dosing pumps is calibrated to
be proportional to one of the wastewater pumps, it just needs to be operating at the same time as
its corresponding wastewater pump. To accomplish this, there is a sensor on each wastewater
pump that communicates to the corresponding dosing pump when it turns on and off. Another
detail that is important to mention relates to some of the additional tubes seen in Figure 17.
These tubes carry potable water used to dilute the chemical. Besides providing the water to
obtain the proper dosing concentration, this is another step taken to preserve the equipment and

materials by reducing the corrosivity in the chemical being added.

Figure 17: Metal Salt Dosing System
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From the dosing system shown above, the chemical is pumped over to one of the pump wells. It
travels half-way down the pump well in a small metal tube, and it is opened at the bottom

allowing metal salt to drop the rest of the way into the pump well (See Figure 18).

Figure 18: Metal Salt Injection into the Pump Well

5.2.5 Polymer Dosing System

A slightly different approach to dosing had to be taken with the polymer dosing system. This is
because, unlike the metal salt dosing system, there is not a constant flow rate to which the pumps
can be calibrated. Therefore, the first step in this dosing system is to determine how much flow
there is at any given time. To accomplish this, first a two-foot Parshall flume was constructed at
the point where it was desired to dose the polymer. Above the Parshall flume, a Nivosonar
ultrasonic sensor was installed (See Figure 19). This uses the “fish finder” technology.
Essentially, it bounces a signal down to the water, and times how long it takes to return the
signal. The time to bounce the signal to the bottom (i.e. no water) is known, so it can compute

the difference in time for a measurement at any given water level to that of a zero water level.
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This time difference corresponds to a height of water, and since the measurement is done in a
Parshall flume, the height of water directly corresponds to a flow rate. Thus, the flow rate can be

determined continuously over time.

Figure 19: Parshall Flume, Ultrasonic Sensor, and Polymer Dosing

The ultrasonic sensor then communicates the flow rate to the dosing pump so it can inject the
correct amount of polymer. It communicates this by sending a signal ranging from 4 to 20 mA,
which represents flow rates from 0 to 1,200 m’/hour. The dosing pump receives this signal and
converts it to strokes per minutes (SPM). The same range of 4 to 20 mA represents an SPM
range of 0 to 100. In order to correlate the SPM to a specific pumping flow rate, the stroke

length has to be adjusted within its operating range of 20 to 100% of its full length.
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Since the polymer is extremely thick, it has to be diluted in order to flow through the pipes. This
dilution happens at the polymer pump shown in Figure 20. The pump pumps the diluted
polymer a short distance to the Parshall flume. At the Parshall flume, the polymer is sprayed

into incoming wastewater, as shown above in Figure 19.
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Figure 20: Polymer Pump and Dosing