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PREFACE

In Latin America and the Caribbean, the provision of potable water and
sewerage systems represents one of the most important contributions to health
and well-being as well as a stimulus to economic development. Consequently,
both the Pan American Health Organization (PAHO) and the Inter-American
Development Bank (BID) have a vested interest in promoting and supporting
increased coverage and improved service levels. During the period 1961-1985,
the Bank contributed about 60 percent of the total external financing in this
sector, and PAHO has continuously provided technical cooperation to Member
Countries so that they might achieve reliable, adequate levels of service.
Both organizations are collaborating in increasing their effectiveness in this
area during the International Drinking Water Supply and Sanitation Decade of
the 1980s.

PAHO and 1IDB, first entered into a non-reimbursable agreement of
technical cooperation in October 1981 and updated it in June 1984, with a view
towards improving Member Country investment in the sectors of environmental
health, healith and nutrition, and supporting the preparation and execution of
projects. This agreement was again renewed and updated in September 1985 and
includes an environmental health component which provides for studies in the
following five priority areas:

. Review and formulation of design criteria
Technical information systems

. Driunking water quality

. Appropriate technology

. Community participation
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The terms of reference to conduct the studies were jointly prepared by
PAHO's Environmental Health Protection Coordination and IDB's Sanitary
Engineering Section of the Infrastructure Division of the Project Analysis
Department. Under the technical supervision of these units, technical expert
consultants are conducting studies and preparing respective reports and
manuals. - Upon completion, PAHO and IDB will distribute publications in each
of the aforementioned five areas.

The Handbook for Appropriate Water and Wastewater Technology for Latin
America and the Caribbean is the fifth and last in a series of publications
produced under the September 1985 Agreement for technical cooperation between
the Inter—American Development Bank and the Pan American Health Organization.
These publications are intended to serve as practical references for engineers
and planners engaged in the improvement and expansion of water and sanitation
services during the International Drinking Water Supply and Sanitation Decade.

The need for a handbook to be used for the appropriate selection of
technology for water supply and wastewater facilities is felt throughout the
Region. More than 150 technologies were considered and 69 included in the
handbook, Most of the technologies are conventional; some are innovative.



Their appropriateness lies in their correct application and adaptation to
specific conditions so as to take advantage of their strong points and to
4void their use under situations in which their weaknesses would be an
overriding factor.

Tnis Handbook is the first attempt at consolidating, prioritizing and
synthesizing information and data from the Countries of the Region in relation
to the assurance of their appropriate application. Only the most salient
features which are felt by the author to be of importance to the appropriate
selection of technology have been included. The treatment of the technologies
is not exhaustive because the intention is not a design manual. For specific
situations the users may need to supplement this document with additional
references., This reference is intended to be used in conjunction with the
"Water and Wastewater Cost Analysis Handbook" and the "COSTEVAL" manual along
with thelr respective computer programs which were issued previously as part
of the series,

It is hoped that this contribution will facilirate country efforts to
improve coverage and level of water supplies and sanitation services.

e/

Guillermo H. Divila Juan Alfaro

Coordinator Chief

Eavironmental Health Progranm Sanitary Engineering Section
Pan American Health Organization Inter—-American Development Bank
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The Handbook for Appropriate Water and Wastewater Technology
for Ilatin America and the Caribbean is the fifth and last in a
series of publications produced under the September 1985 agree-
ment for technical cooperation between the Inter-american Devel—-
opment Bank and the Pan American Health Organization.

This publication covers both water and wastewater but partic-
ular emphasis is given to wastewater technologies because ser-
vice in this sector lags behind water service in Latin America
and the Caribbean.

The handbook is divided into 3 sections. The first reviews
saome 43 different technologies for water supply and wastewater
collection and disposal which were determined to be partic-
ularly appropriate for developing countries. This section pro-
vides a description of their salient features and lists the
advantages and disadvantages, costs, operation and maintenance
characteristics, control required and special factors for each
of then. It also gives recommendations for their use. The
secord section provides case studies of 26 technologies which
although not in widespread use do have good potential for appli-
cation in Iatin America and the Caribbean. The third section is
devoted to assiting the reader in making an evaluation and appro—
priate selection of techmologies for the conditions under which
they are to be used. It includes both matrices as well as
tables to facilitate camparison.

The major purpose of this document is to assist engineers
and plamners in arriving at an appropriate selection of the
technology to be used in water supply and sanitation projects
for small cities and towns. It should also serve as a conve-
nient general reference for the various technologies which have
been included.
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PREFACE

The idea of an appropriate technology handbook arose on my first
trip to Latin America, which was about seven years ago. It was
first necessary to grapple with the definitiion of "appropriate"
as it might apply to the development and management of water
supply and wastewater, "Suitable for the application or
situation,” is probably the best working definition for these
purposes,

Appropriate technology is a need worldwide, not just for
developing nations. Many water treatment plants and wastewater
facilities are virtually non-operational in the U.S., as well as
in other nations, for various reasons. The problem of obtaining,
training and keeping good ocoperators for example, is a universal
one. Thus, the need to match the available resources and
capabilities is also universal., System adminisgstrators and
designers must try constantly to achieve this match.

Therefore, I began with the lofty goal of +trying (in my wisdom)
to develop the material for a handbook on the subject. I proposed
the idea several years ago to my friend Mr. Juan Alfaro at the
Interamerican Development Bank, and about a year and a half ago
we began work. It is of course, much harder to achieve such a
goal than to state it. There were a number of collaborators on
this work, technical journals were searched, old files from past
trips were sifted through, etc. The initial objective was limited
to a few special technologies. I originally felt that the
presentation should be limited to about twenty technologies. As
the reader will see, the number worthy of consideration is far
greater than this. As time ©passed, I found that I was always
adding to the list rather than shortening (and perhaps
strengthening) it. As I would review a different technology or a
"new" application, I could also sense a possible application in a
place T had visited, or one I could imagine. I feel certain now
that the list is still very incomplete. Furthermore, the readers
of this document will have their own additions and critical
comments.

Finally, even though the work is not complete, the decision has
been made to "publish” a "pre-publication” version of the work as
it is now. The handbook will be reviewed by a number of
individuals. The Pan American Health Organization and the
Interamerican Development Bank are soliciting comments, additions
and suggestions from readers. The existing handbook will then be
revised and republished. Perhaps the work will someday be
completed ~- perhaps not.

Ed Martin
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INTRODUCTION

The word "appropriate” may mean many things, especially in the
context of technology applications, ag in this case to
development and management of water and wastewater - quantity and
quality. The technology is appropriate if it is suitable to the
application in which it is intended, from the viewpoints of cost,
operability, and simplicity of design (given the intended
function).

Functional success is probably the most important consideration.
If all engineered systems work properly, then enough water of
suitable gquality is available at all times - for all water uses,
and the quality of the ground and surface waters receiving
wastewater is preserved. Rather than insisting on lowest cost
technology, the goal should be lowest cost technology that works.
Unfortunately, we have many more examples of the former than the
latter.

Other words have crept into use by practitioners of water
technology applications and are thus important., Two are
especially important - alternative and innovative. The U.S.
Environmental Protection Agency (EPA) funds special technology
projects for wastewater management, and the effort is called the
Innovative & Alternative I/A program. Some of the technologies
developed there are presented herein.

The word innovative applied to water management suggests newness.
The applications presented in the handbook are more likely to be
innovative applications of old, rather than new technologies. The
word alternative suggests an option to what is currently being
regularly done. Technology applications tend to fall in and out
of fashion. Imhoff tanks are not being designed for application
to wastewater treatment currently. Many older cities in the world
have Imhoff tanks, vintage the 19308, and some are still
functioning. In any case, whatever the terms being applied, there
is room for consideration of "other" technologies, especially if
the same abjectives of water supply and/or quality can be
achieved at lower cost.

There is a danger to applying "new" technologies, if they have
not been proven in practice. There is sometimes an urge on the
part of the designer to "do something different.” Technologies
are presented herein if they have been used for the applications
reported on. There was an attempt to include technologies only if
there have been several applications.

There are design criteria for most of the technologies presented.
There is a temptation to apply the criteria directly to designs
elsewhere. Often pilot plant studies are not conducted because of
the cost involved, If pilot plant studies are designed properly,
most of the physical facility will become a part of the final
design, and local conditions of influent quality and effluent
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requirements will be taken into account. The time required for
the pileot plant analysis is never wasted.

Some technologies were included which are felt to have strong
potential for application, even though the applications up to
this time have been limited, i.e., there is a high probability
for success. Some technologies, such as steep slope sewers, are
virtually necessary applications in the future because of the
high potential cost savings, and because changes in construction
materials allow such applications.

The handbook is in two sections. The first section contains
technologies which are more certain of applicability because
there are more data and information available. The second section
containa case studies or technologies which are very promising.
The information presented is all that was available at the time.

This is not a manual for detailed design. Thus, details such as
inlet and outlet structures, etc., are not included. The
information in this manual should be used for preliminary design,
planning, review of submitted designs, and comparison of
alternatives.

No separate sections are offered for water and wastewater. The
distinction between technologies suitable for potable water
production and those suitable for wastewater treatment is
disappearing, but unfortunately not fast enough. The technologies
presented in the handbook are suitable for application in any
case involving a need to improve water quality to the degree
possible by applying the technology in question. Thus, any unit
process (a technology performing one function in the series
referred to as a treatment plant) will perform equally well on
either water or wastewater, provided the influent characteristics
to the unit process, and the expected effluent quality are within
the limits of its performance capability. In other words "a
filter is a filter" whether +treating water or wastewater.
Furthermore, it may be expected to perform adequately, as long as
the suspended solids loading to the filter is controlled, and the
system is properly operated. Today, there are many existing
examples of filtration applied to wastewater treatment.

A distinct separation between water management for water supply
purposes, and approaches to wastewater management is a luxury
reserved for water-rich countries. Others must consider water
needs and services as a continuum - ranging on the one hand from
treating a groundwater source perhaps, to on the other hand
treating water used once for waste carriage, especially in
preparation for direct or indirect reuse.

Wastewater treatment must be viewed as a necessity in the
continuum, but only as a "necessary evil" otherwise. Wastewater
treatment is often considered to be "very expensive,” or '"not a
high priority." Once-through water usage is very costly over the
long term. Many countries are experiencing potentially serious
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water shortages, or at 1least, shortages of water of sufficient
quality for required uses. One example is falling ground water
tables; another is increasing salinity in available supplies.
Even countries with relatively high rainfall, but characterized
by high intensity - short duration storms, are becoming water
short as populations grow and water use expands. It is difficult
to maintain consistent water supplies in such situations.

To help in the evaluation and selection process, the discussion
of each technology is presented in several subsections which may
be considered as selection criteria. These are:

description; written material which describes the function
and operation of the technology. Design criteria are usually
presented in this section. Where design criteria are presented
elsewhere, e.g., in the operation and maintenance (0Q&M) section,
the criteria have special importance to 0&M.

limitations/advantages and disadvantages; processes have
differing application potential. These should be evaluated
before application from the perspective of the actual performance
expected, given the water quality and service requirements.

costs; costs are often considered to be the most important
consideration. Function should be considered primarily, and then
if equal functional performance can be expected from say two
different processes, then cost may be evaluated and the lower
cost option may be chosen. Often a process is applied because it
has a lower first cost. Operating and maintenance costs should
also be considered.

availability; this criterion addresses the availability of
materials, equipment and supplies in remote areas. Many
applications of technology have been made without consideration
of follow-up services, replacement parts, and regular maintenance

programs, These judgements must usually be made from the
perspective of the local area where the technology will be
applied. It is not possible to comment in general on
availability. :

operation and maintenance; O&M factors are addressed in this
subsection. Processes may be easier or more complex, thus more
or less operator training may be required. Preventive

maintenance is often very important to continued function. These
considerations should be made before a process is chosen.

reliability; this 1is an especially important selection
factor in remote areas. Performance over the long term with
little maintenance 1is only an ideal. Processes with more
mechanical equipment may be expected to require more attention.
Selection should not be made on the basis of less mechanical
equipment but on functional performance.
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special factors; considerations which are not included
elsewhere are mentioned here.

recommendations; a summary statement about the selection
criteria and the technology is presented here. Recommendations
are only general in nature. It is important to consider local
water quality, flow variability, and other factors.

The information available for the technologies varies for each.
Thus the subsections are not always presented. A subsection on
"control" is sometimes presented in those cases where process
control is a special consideration in the process selection.
Other subsections may be found in special cases.

Wherever cost data are given, the wvalues have been adjusted to
May, 1988, using the Engineering News Record, Construction Cost
Index.

Other applications exist than those reported herein, and readers
and reviewers are asked to submit information, design criteria

and cost data from their own experience. The address for
submittal of comments, and additions or suggestions is:

e A AL . W0 e S R S o —
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1. SLOW SAND FILTERS

1.1 Deseription

Slow (0.05 to 0.13 gpm/ft2 - 0,12 to 0.32 m/h) (48) sand
filters have a high degree of efficiency for solids and turbidity
removals in the case of raw water with low turbidity and color
{turbidity up to 50 NTU and color up to 30 units). Taste and odor
are removed in low quantities also. If raw water quality is poor,
roughing filters are often used preceding the slow sand filters.
The slower filtration rate also means a greater efficiency in the
removal of bacteria (as compared +to rapid filters). Bacterial
removal may be considered the strong point of slow sand
filtration. Chemicals are typically not used. The flow rates for
slow sand filters are many times slower than rapid and roughing
filters. The operating filter bed is not stratified.

The effective size of the sand used is about 0.2 mm, and may
range between 0.15 and 0.35 mm, and a unifromity coefficient
between 1.5 and 3.0. In contrast, the range of effective size for
rapid sand filters is 0.35 to 1.0 mm, with a uniformity
coefficient of 1.2 to 1.7. The media s8ize used for roughing

filters is much larger.

A distinguishing feature of slow s8and filters is the
presence of a thin layer at the surface of the bed called
"schmutzdecke." This layer forms on the surface of the sand bed
composed of large variety of biologically active micro-
organisms. The breakdown products (organic matter) fill the
interstices of the sand, 8o that solid matter is retained more
effectively than rapid and roughing filters. The cleaning of the
filter bed is carried out by manually scraping (removing) the top

layer of the filter bed when it comes clogged with impurities.

In general, during filtration through a porous’ substance,

the water quality is improved by mechanical straining of



suspended and colloidal matter, by reducing the number of
bacteria and other microorganisms, and sometimes by changing the
chemical constituents. The porous substance may be any
chemically-stable material, but beds of sand (silica and garnet)
are used for water supply and wastewater treatment in most cases.
Sand is cheap, inert, durable, and widely available. It has been
extensively tested and has been found to give excellent results.
The design bed thickness varies from 1.2 to 1.4 meters (m), but
after successive cleanings, the resultant thickness may be 0.6

and 1.2 m. (See Figure 1.1).

Essentially, a slow sand filter consists of a water tight
box provided with an underdrain system which also serves the

purposes of supporting the filtering material, and distributing

the flow evenly through the filter. Many different media have
been used for the underdrain system. Bricks, stone and even
bamboo have been for this purpose. Bamboo however, requires

frequent renewal because it is organic and unstable.

The successful performance of a slow sand filter 1is
dependent mainly on the schmutzdecke layer. In a mature bed, the
layer, generally consisting of algae, plankton, and bacteria
forms on the surface of the sand. Inorganic suspended matter is
retained by straining action of +the sand as well ag by the
schmutzdecke layer. The schmutzdecke organisme also may

accomplish a certain amount of organic material breakdown.

The walls of the filter can be concrete or stone. Sloping
walls dug into the earth and supported or protected by chicken
wire reinforcement and sand or sand-bitumen could be a cost
effective alternative to concrete. Inlets and outlets should be
provided with c¢ontrollers to keep the raw water 1level and the

filtration rate constant.

Filtration rates wusually employed for developing countries
are between 2.5 and 6.0 m3/m?2/day. Higher rates may be applied
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after a series of tests are performed which yield good effluent

quality results.

The system should be designed for ease of operation and
flexibility. The design should consist of a number of separate
units. The suggested number of units for given populations is as
follows (9):

Population Units
2000 2
10000 3
60000 4
200000 6

Bottom drains consist of a system of manifold and lateral

pipes sized according to Table 1.1 (9).

1.2 Advantages and Disadvantages

In order to get good results from slow filtration the raw
water must not be too contaminated with suspended solids
{generally below 50 mg/l). This generally includes raw water from
lakes and reservoirs, but only pretreated water from flowing

streams.

Advantages for developing countries are: low construction
cost using manual labor, simplicity of design and operation,
unskilled maintenance labor, no chemicals required and sand can
" usually be found locally, power is not required, large quantities
of wash water not required, sludge disposal is simpler (only
because less contamination is removed during treatment).
Disadvantages are: operation is suggested only with low
contamination levels, pretreatment is probably required in many

applications.



Filtration Rate

LATERAL AND MANIFOLD PIPE

TABLE 1.1

SIZE AND FLOWS FOR BOTTOM DRAINS

(m3/m2/day) 2,80 «3,75 4.70 5.60 7,50 9,35 14,00
Lateral 2" 7,4 6,5 0,0 5,5 4,9 4,5 3,7
3" 16,8 14,9 13,7 12,8 11,4 10,6 8,7

4" 30,1 26,8 24,6 22,8 20,3 18,6 15,6

5" 48,2 42,8 39,1 36,3 32,0 29,4 24,8

6" 69,7 62,3 56,8 53,0 46,5 42,8 36,2

8" 112,0 112,0 102,0 94,0 84,0 76,0 64,0

Principal 10" 320 280 250 230 205 185 160
12" 455 400 360 335 300 270 220

15" 720 640 575 540 475 430 360

18" 1 040 930 840 770 690 620 - 520

21" 1 420 1260 1145 1 060 930 850 710

24" 1 860 1650 1500 1 390 1230 1120 930

27" 2 360 2080 1890 1 750 1540 1 105 1 120

30" 2 930 2580 2355 1 180 1925 1 750 1 460

Source:

Reference 9



On the other hand, provisions must be made for storing used
sand permanently or temporarily until it washed, for washing used
sand, moving sand from the filters to a wash site. If sand is to
be washed, a separate backwash facility is required and a Qater
supply is required; treated water may be used for washing. Close
operational control of head 1loss is required to prevent air

binding which is a potential problem in all types of filters.
1.3 Costs

See Table 1.2 (1) and Table 1.3 for operating and

maintenance costs (57).

1.4 Availability

Slow sand filtration is perhaps the most common of the
filtration technologies in developing countries. It has been
proven both mechanically and economically many times. Syatems are
being replaced with rapid sand filters. S8ee rapid sand

filtration section.

1.5 Operation and Maintenance

The initial resistance (loss of head) of the clean filter
bed is about s8ix centimeters., During filtration, impurities
deposit in and on the surface layer of the sand bed, and the loss
of head begins to increase. When the loss of head has reached a
pre~set limit (the head loss is usually not allowed to exceed the
depth of water over the sand, about 1 to 1.5 m), the filter is
put out of service and cleaned. The period between cleaning is
typically 20 to 60 days. The method of cleaning can be either
scraping off the surface layer of sand and washing and storing
cleaned sand ' for periodic resanding of the bed, or washing the
surface sand in place with a washer traveling over the sand bed.
If sand is readily available the former method is favored. Men

with flat wide shovels do the scraping and remove from one to two



TABLE 1.2

PER CAPITA COST PARAMETERS (8$U.S.
OPERATION AND MAINTENANCE MANPOWER REQUIREMENTS

PROCESS: SLOW SAND FILTER

) AND

Population Type of
Scale Cost Cost Range
1 Construction 17.08 27.00
(500 ~ 2,499) Operation and 1.80 6.75
Maintenance
2 Construction 12,19 19.28
(2,500 - 14,999) Operation and 0.81 3.04
Maintenance
3 Construction 8.55 13.51
(15,000 - 49,999) Operation and 0.45 1.69
Maintenance
4 Construction 5,33 8.44
(50,000 ~ 100,000) Operation and 0.27 1.01

Maintenance

Source:

Reference 1



TABLE 1.3

BITIMATRD OPRRATION AND MAINTENANCE COSTS FOR SLOV SAND PILTRRSS

Labor for Total Operation
Labor for Labor for Day-to-Day aod Maintenance
Average Operational  Jcraping Reganding Activities Total Labor Yoit/Cost
Loacation Flow (MGD) (man-hour/year) (wan-bours/year) (man-hours/year) Coste {§/year)  (¢/1000 gal)
Auburn 6.0 1007 618 365 11,400 0.5
Geneva 2.5 n 118 365 8,000 1.2
Hanilton 0.3 14} NA 365 b, 400 5.1
Ilien 1.5 905 563 k1] 20,000 3.6
Newark 2.0 143 226 36§ 8,200 1.2
Ogdensbuzg 3.6 8136 "1 35 25,100 X
Waverly 1.2 582 £20 385 14,800 4.0

A1l cost figures are based on a $10/hr wage rate except at Auburn, where $3/hr was used.

'9craping and resanding may be done zimultaneously.

Source: Reference §7




centimeters of top material. The work of cleaning by hand is
usually completed in one or two days. After washing, the sand is
stored and replaced on the bed when, by successive cleanings, the
thickness of the sand bed has been reduced to about 50-80
centimeters. About 0.2 ¢to 0.6 percent of the water filtered is
required for washing purposes. When resanding, a process of
"throwing over" is carried out. During this process, an
additional depth of old sand is added, and the old sand replaced
on top of the c¢leaned sand. The purpose of this process is to
retain much of the active material and enable the resanded filter

to become operational with a minimal amount of reripening.

After being cleaned, the beds are =slowly refilled with
filtered water from below until the sand is completely covered.
This prevents entrapment of air in the sand. Cleaning experience
igs given in Table 1.4 (57).

1.6 Control

Process control can be based on effluent quality, usually
some established level of suspended solids for a given water use,
or in the case of wastewater - some level acceptable for
discharge or for subsequent treatment. The desired effluent
quality is typically related to head loss in the filter. Thus
quality is indirectly measured by process performance. If this
technique is used and the product water quality is important,
i.e, for water supply, the correlation between effluent quality
and operational head loss should be checked regularly and often.

1.7 8Special Factors

Whenever raw water influent turbidity values of higher than
50 JTU are encountered. 8low sand filtration should be preceded
with pretreatment, =such as sedimentation, rapid filtration, or
roughing filters,



TRBLE 1.4
o

SUMNARY OF FILTER SCRAPING DATA

Average Frequsncy Anount of Sand

Plant  Average Filter Run  of Filter Soraping Resoved in Hethod(s) Used in Time Required to
Si2e Water Production Dperations (Nuaber Scraping Oparation Removing Sand from  Scrape Filters
Location HGD (gal/ft?) per year) {in,) Filter Surface (man-hours/100 ft2
Auburn 6.0 6,844 : 4.3 0.5 Shovels, hydraulic 4
Geneva 2.5 15,718 2.0 1.0 Shovels, wotorized 4-5
buggy
Hamilton 0.3 4,302 2.0 1.0 Shovels, 50 gal druas, 8-9
backhoe
Llion 2.0 15,487 1.8 3-4 Shovels, hydraulic 23-42
Newark 3.6 10,122 3.3 1.0 Shovels, motorized buggy 2
igdensburg N/ & 2,978 12.0 1.0 Shovels, hydraulics 4-5
Waverly 1.2 3,200%* 9.7 1.0 Shovels, wheelbarrows 5

x Two scraping operations per year are actually occasions when the filters are raked and no sand is removed.
k% Water production and scraping frequency estimated by the Waverly personnel for the future using data from a 9-montn

oparations study.

Source: Rafarence 57
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1.8 Recommendations

Slow sand filters have a significant water cleaning
capacity. Product water is often bacteriologically safe and free
from solid impurities. Disinfection should always be practiced
for water supply applications. Some +typical removal rates
achieved in developing countries are as follows: turbidity, 97-
99%; color, 20-30%; iron, 50-60% (removed incidentally);
bacteria, 95-97%.

11



2. RAPID SAND FILTERS

2,1 Description

When large amounts of water or very turbid water must be
treated, slow sand filters are at a disadvantage because solids
may be stored only in the relatively thin layer at the top of the
bed. More rapid filtration and filtration of more turbid waters
is made possible by making available more of the bed depth during
filtration., This is in turn possible using coarser and in
particular more uniform sand grains. Rapid sand filter media may
range in size from 0.35 to 1.0 mm. A typical size might be 0.5
mm, with an effective size of 1.3 to 1.7 (1, 51). This range of
media size has demonstrated the ability to handle turbidities in
the range of 5 to 10 NTU at rates up to 2 gpm/sq ft (4.88 m/h)
(51), Common filter rates for rapid filters may be as high as
100 to 300 m3/m2/day (m/day), that is about 50 times the rates

used with a slow rate filter,.

The number of filters used for a specific plant capacity is

as follows (1):

Plant Capacit L/sec No. of Filters
50 3
250 4
500 6
1000 8
1500 10

In general, coagulation and sedimentation (settling) may be
required pretreatment for rapid sand filtration. 8o typically,
rapid sand filtration plants congist of chemical pretreatment,
followed by rapid sand filtration, and disinfection (see Figure
2.1). The gravity rapid sand filter is commonly used to remove
nonsettleable floc and other impurities remaining after

coagulation and settling. The removal action is a combination of
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mechanical straining, flocculation and sedimentation, all of

which participate within the filter to remove particles (1).

A rapid sand filter consists of an open watertight basin
containing a layer of sand 60 to 80 cm thick, supported on
layers of gravel, The gravel in turn, is supported by an
underdrain system. In contrast to a slow sand filter, the sand is
graded in a rapid rate filter configuration. The sand is regraded
each time the filter is backwashed - the finest at the top of the
bed. The underdrain system, in addition to the functions served
for the slow rate filter, serves to uniformly distribute the wash
water to the bed. The underdrain system may be of various types,
perforated pipes, pipe and strainer, vitrified tile block with
orifices, porous plates etc. There are as many types as
manufacturers. A clear well 1is typically located beneath the
filters {(or in a separate structure), to provide consistent

output quantity.

The minimum number of filters in =a system is two. The
surface area of a unit is normally less than 150 m?., The ratioc of
length to width is 1.25 to 1.35.

Filter design flows and velocities are given in Table 2.1.

2.2 Advantages and Digadvantages

Rapid sand filtration plants are complicated to operate.
Operator training is required for consistent quality and quantity

of output.

The filters require frequent backwashing to maintain
satigfactory operating heads in the system (filter runs may vary
from only a few hours, to as many as 24 to 72 hours, depending on
the suspended 8o0lids in the influent. During filtration, the
depth of water above the bed is 1.0 to 1.5 m. The total head
available for filtration is represented by the difference in

15



TABLE 2.1
FILTER PIPING DESIGN FLOWS AND VELOCITIES

Velocity

Maxium Flow, GPM/S5Q FT
Description FT/SEC (M/8) (M/H) of Filter Area
Influent 1-4 (0.305-1.22) 8-12 (19.5~29.3)
Effluent 3-6 (0.92-1.83) 8-12 (19.5-29.3)
Washwater supply 5-10 (1.52-3.05) 1825 (36.6~-6~61)
Backwash waste 3-8 (0.92-2.44) 15-25 (36.6-61)
Filter to waste 6«12 (1.83=3.66) 4-8 (9.8-19.5)

Reference 48

Source:
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water levels between the water surface above the filter and the
level in the <clear well, +typically three to four meters,
Backwashing rates are typically 0.6 m?/min/m? and higher, for a
period of several minutes. In addition, the initial production
following backwashing is wasted for several minutes. Thus, the
water usage for backwashing can be significant - ranging from a
few percent to as much as 10 or 15 percent of the total plant

output.

Rapid sand filter plants (including chemical treatment) can
effectively treat higher solids 1loadings and produce higher
outputs than slow sand filters. The land area requirements are

significantly lower,

2.3 Costs

See Table 2.2.

2.4 Availability

Conventional rapid sand filtration plants are widely
available and widely used in Latin America and the world. Data
and information related to design, construction and operation can

be found at most operating utilities.

2.5 Operation, Maintenance and Control

There are a number of problems which can upset the
consistent operation of rapid rate filters. These problems often
result form poor design. The problems may be solved by persistent
and thoughtful operation (48, 56).

Surface clogging and cracking - Caused by overloading of
solids at the thin filter layer, typically found in sand filters.
The problem can be alleviated by dual, or multiple media, which

allow deeper penetration of solids into the bed, and generally

17



TABLE 2.2

PER CAPITA COST PARAMETERS ($U.S.) AND
OPERATION AND MAINTENANCE MANPOWER REQUIREMENTS

PROCESS: RAPID SAND FILTER-~CONVENTIONAL

Population Type of
Scalex Cost Cost Range
1 Construction 12.84 15.12
(500 - 2,499) Operation and 2.43 5.40
Maintenance
2 Construction 10.08 11.88
(2,500 - 14,999) Operation and 1.22 2.70
Maintenance
3 Construction 5.73 6.75
(15,000 - 49,999) Operation and 5.72 2.36
Maintenance
4 Construction 3.04 3.58
(50,000 - 100,000) Operation and 0.91 2.03
Maintenance

* at 120 gped

Source: Reference 1
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longer run times. Often rapid increases in head loss are evident
also. The same problem may result from use of filter aids, e.g.,

polyelectrolytes. Lower dosage may help.

Short runs due to floc breakthrough - This problem can be
avoided by use of mixed media. (Mixed media or "coarse-to-fine
particle” filters are not covered in depth in this handbook but
the following comparisons are added for completeness.) There is
typically a much greater surface area of the grains in mixed
media systems, than sand, or even dual media. Also, there is a
greater total number of fine particles and smaller pore openings
at the bottom, than with dual or sand filters. Floc storage
depths in filter beds will be much deeper (using more of the
available bed depth), in mixed, perhaps as much as twice the
depth of storage in dual media. In a sand filter, there is

virtually no storage depth.

Variations in effluent quality with changes in flow rate or
input quality - A dual or mixed media system will improve the

operational consistency.

Gravel displacement or mounding - Mounding can be alleviated
by placing a 3 inch (76 mm) layer of coarse garnet (any of
several silicate materials which are generally crystallized;
generally red or brown in color) between the gravel supporting
the media and the fine bed material. Reducing the total flow and
head available for backwashing will also help.

Mudball formation - Increasing the backwash flow rate (say
up to 20 gpm/ft2, 48.8 m/h), and providing for auxiliary water or
air scour or surface wash capability will help. Very fine size

sand particles are found to a higher degree in mudballs.
Growth of filter grains, bed shrinkage, and media pulling

away from sidewalls - These are related problems which can be

alleviated again, by providing adequate backwashing capability.
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Calcium carbonate adherence to filter grains may actually be
controlled by adding filter aids.

Sand leakage - This problem may be alleviated by adding the

garnet layer,

Logs of media - This occurs typically to coal grains in dual
media filters and is difficult to control. Increasing the
distance between the top of the expanded bed and the wash water
troughs may help. Auxiliary scour should be cut off a few minutes
before the end of the backwash cycle.

Negative head and air binding - The more depth between the
top of the expanded bed and the wash water troughs, the better,
say 5 ft (1.5 m). The filter should not be operated to final
headlosses which are greater than the depth of submergence of the
filter media. When the input water contains high concentrations
of dissolved oxygen, and the pressure is reduced by siphon
action, the potential for air binding increases (there 1is a
discussion of siphon based filtration in the case study section).
Accumulation of bubbles in the bed increase significantly the
resistance to flow. Maintaining high water depths in the filters,

and frequent backwashing may help. Often, there is no solution.

2.6 Special Factors

There are a number of considerations to be taken into
account for good filter design. An approach is presented in Table
2.3.

2.7 Recommendations
Rapid sand filters are more complex then their slow sand
filter counterpart, but they are widely wused in developing

countries in areas of high turbidity and where land requirements

are an important consideration.
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10.

11.

12.

TABLE 2.3

FILTER EVALUATION CHECKLIST

Filter media sizing and selection should be based on pilot
tests. If this is not possible, data should be obtained
from similar applications to determine the suitability of
the media design.

In dual-and mixed-media filter systems, provisions should be
made for the addition of polyelectrolytes directly to the
filter influent.

The turbidity of each filter unit should be monitored
continuously and recorded.

The flow and headloss through each filter should be
monitored continuously and recorded,

Provisions should be made for the optional addition of
disinfectant directly to the filter influent.

Provisions should be made for complete filter backwash
cycle. The filter controls and pipe galleries should be
housed.

The backwash rate selected must be based upon the specific
filter media used and the wastewater temperature variations
expected.

Filter backwash supply storage should have a volume at least
adequate to complete two filter backwashes.

Adequate surface wash or air scour facilities must be
provided.

There should be adequate backwash and surface wash pump
capacity available with the largest single pumps out of
service,

Backwash supply lines must be equipped with air release
valves.

A means should be provided to indicate the backwash flow
rate continuously and to enable positive control of the
filter backwash rate. A means should also be provided to
limit the filter backwash rate positively to a preset
maximum value,

Source: Reference 48
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2A. CHEMICAL TREATMENT FOR USE WITH FILTRATION

2A.1 Description

Chemical treatment is usually required as pretreatment for
filtration, especially rapid rate filtration. Rapid rate
filtration is wusually considered to operate on higher turbidity
input water than slow rate filters. Actually, the rapid rate
systems can treat higher input suspended solids concentrations,
at higher rates than slow rate systems, largely due the use of

chemical pretreatment ahead of the filters.

In general then, as stated in Section 2, coagulation and
settling are required pretreatment for rapid sand filtration. The
gravity filtration step may be viewed as "polishing" as

impurities remaining after coagulation and settling are removed.

Chemical treatment proceeds in three stages: rapid or flash
mixing, coagulation (usually taking place partly in the mixing
stage and partly in the flocculation stage, followed by
flocculation or slow mixing. In the rapid mixing process, a
coagulant is rapidly and uniformly dispersed through the mass of
water. In the subsequent flocculation process, a readily
settleable floc is built up (floc growth).

The flocculation stage involves s8low and gentle stirring
with sufficient time allowed +to build wup the floe. Detention
times range from 20 to 60 minutes, and velocity gradients range
from 5 to 100 1/sec with optimum values between 30 and 60 l/sec.
Too high a velocity gradient will shear floc particles, and too
low a velocity gradient will fail to provide sufficient agitation
to allow floc formation. Baffled flocculation basins of
horizontal (around-the-end) or vertical (over-and-under) types
are the most suitable for small plants in rural areas. They have
the advantages of little short-circuiting and no'mechanical

flocculating equipment, e.g, rotating paddles. The depth of the
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basins is around three to five meters. Spacing between the

baffles is around 60 centimeters to facilitate cleaning.

Design for sedimentation which follows flocculation depends
on the settling characteristics of the floe formed in the
coagulation process. A general range of detention time is two to
four hours. The overflow rates (surface loading) used in floc
settling vary from 20 to 40 m3%/m2/c day (m/day), and the
horizontal velocity is commonly below 30 cm/min to minimize the
disturbances caused by such things as density currents and eddy
currents in the basin. The depth of the basin is about 2 to 5
meters, 3 meters being preferred. The ratio of length of width
is commonly between 3:1 and 5:1. Control of the outflow is
generally secured by a weir attached to one or both sides of a

single or multiple outlet trough.

2A.,2 Advantages and Disadvantages

Rapid sand filter plants which include chemical treatment
can effectively treat higher solids loadings and produce higher

outputs than slow sand filters.

Raw waters contain colloids (particles stabilized by
electrical charges which inhibit the agglomeration and subsequent
removability of separate particles). These colloid systems may be
destabilized (neutralization of the electrical forces) by adding
chemical coagulants and supplying energy through mixing.
Chemicals typically used include aluminum and iron salts and
polyelectrolytes. Coagulation may be considered the charge
neutralization stage and flocculation, the floc-building or
agglomeration stage of the chemical treatment wunit process.
Properties of common coagulants are given in Table 2A.1 (55).
Most polyelectrolytes are classified as nonionic, cationic, or
anionic depending on the primary operative neutralization
mechanism available for the given molecule. The cationic types

typically have molecular weights below 100,000, and are available
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TABLE 2A.1

PROPERTIES OF COMMON COAGULANTS

Equiv, pH at
Common name Formula weight 1% Availability
Alum Al2(S)4)a 14H20 100 3.4 Lump-17% Al 20,
Liquid-8.5% AL20;
Lime CA(CH) 2 40 12 Lump-asCa0
Powder-93-95%
Slurry-15-20%
Ferric chloride FeCla 6H20 91 3-4 Lump-20% Fe
Liquid-20% Fe
Ferric sulfate Fea(S04) 4*3H20 51.5 3-4 Granmular-18,5% Fe
Copperas FeSO4+7TH20 139 3-4 Granular-20% Fe
Soidum aluminate Na:Al:04 100 11-12

Flake-46% Al:03 .

Source: Reference 55
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as aqueous solutions. The others have weights above 1,000,000,

and are generally available as powders and/or emulsions (55).
2A.3 Costs

The design criteria wused for the development of cost
estimates are given on Table 2A.2. The costs are given on Figure

2A.1.

2A.4 Availability

Most of the chemicals required are widely available with the
exception of some polyelectrolytes. Availability should be
examined in detail before a plant is designed with the planned

use of chemicals.

2A.5 Operation and Maintenance

As untreated water flows through the various units, color,
turbidity, tastes, odors and bacteria are removed from the
surface water supplies. Additional precautions may include bar
racks and course screens if floating debris and fish are a
problem, aeration has been shown to be economical and beneficial
for treatment of tastes and odors; plain sedimentation if the
water is highly turbid; and softening if the water is high in

hardness.

The cleaning of the tanks can be carried out either
mechanically (i.e., a sludge removal device) or manually. Where
manual labor is readily available, manual clean out should be
considered. In wmanual c¢leaned basins, the time lapse between
cleanings varies from a few weeks to a year or more. The sgiudge
accumulated may be sluiced by a fire hose after the tank has been

taken out of service and dewatered.
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Figure 2A.1: Conventional Alum Coagulation Treatment Costs
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TABLE 2A.2

CONVENTIONAL ALUM COAGULATION TREATMENT

Process

Raw water pumping

Alum feed-liquid

Polymer feed

Rapid mix

Flocculation
Clarifers-rectangular

Gravity filtration-mixed media
Chlorine feed-gas chlorine

Product water pumping

Source: Reference 48
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Design Criteria

100 ft (30.5 m) TDH

50 mg/1 design; 30 mg/1 operating
1l mg/1 design;
60 sec detention; G =
30 min detention; G=80
900 gpd/sq ft (1.525 m/h)
5 gpm/sq ft (12.2 m/h)

5 mg/1l design;
300 ft (91.44 m) TDH

0.2 mg/1 operating
900

2 mg/1l operating



2A.6 Control

Optimum floc formation requires that for alum the pH be
within the range of 5.0-7.0. Sufficient alkalinity must be
present for reaction with the coagulant. If sufficient
alkalinity is not present in the water, lime is generally added.
While they are not equally effective in all waters, some
polyelectolytes, when used in conjunction with the common metal
coagulants, yield large dense floc, which settles rapidly.

2A.7 Special Factors

Iron salts can operate over a wider pH range than alum and
are generally more effective in removing color from water, but
are usually more costly. Coagulants and dosages should be choszen

on the basis of jar tests,

In the flocculation basina, when the floc particles have
grown in size, they become weaker and more subject to being torn
apart. So, tapered flocculation is frequently used. The around-
the-end type of basin is commonly applied to plants with
capacities below 76,000 m3/day, and the over-and-under type, with
the advantage of more continuous turbulence, is applied where

sufficient water head is available and land is limited.

If a ecircular settling tank is used, the diameter may bhe as
large as 70 meters, but they are generally held to 30 meters or

less in diameter to reduce wind effects.

Settled coagulation and backwash water have been disposed of
without treatment, but these residues may promote buildup of
deposits of "sludge banks" in the backwaters of slowly moving
portions of streanms. This discharge 1is not only aesthetically
objectionable but also contains polluting concentrations of
chemicals used in processing, and removed solids. Possible

disposal/management procedures include: direct discharge to a

28



receiving stream with adequate flow rate or drainage system,
lagoons or sludge drying beds, hauling away for surface land
applications, discharge into a municipal sewerage system,

dewatering of &ludge, and reclamation of alum or other useful

constituents. Sludge production depends on coagulant dose,
quantity of solids removed, and character of the water being
treated (pH, salts, etc.). Sludge quantities are determined by
testing.
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3. DUAL MEDIA FILTRATION

3.1 Description

Gravity dual media (coal-sand) filtration is one of the most
economical forms of granular media filtration. Granular media
filtration involves the passage of water through a bed of
heterogeneous filter media with resulting removal largely by

straining, as with other filtration processes.

Dual media filtration involves +the use of both sand and
anthracite (coal) as filter media, with the anthracite being
placed on top of the sand (8ee Figure 3.1) (2). Typical media
sizes are shown on Table 3.1. It is used for the removél of
residual biological floc in settled effluents from secondary
wastewater treatment, and removal of residual chemical-biological
floc after alum, iron or lime precipitation in water treatment
plants. It is also used for tertiary or independent physical-

chemical waste treatment in the U. 8, and other countries.

The dual media filter consists of two layers - a top layer
of anthracite and a bottom layer of sand. Gravity filters
operate by either wusing the available head from the previous
treatment unit, or by pumping to a flow split box after which the
wastewater flows by gravity to the filter cells. Pressure

filters utilize pumping to increase the available head.

A filter unit generally consists of a containing vessel, the
filter media, structures to support the media, distribution and
collection devices for influent, effluent and backwash water
flows, supplemental cleaning devices, and necessary controls for

flows, water levels and backwash sequencing.
Design criteria are as follows: filtration rate 2 to 8

gpm/ft2 (5 to 20 m3/hr/m?); bed depth 24 to 48 inches (61 - 122
cm.), depth ratios of 1:1-4:1 sand to anthracite; 15 to 25
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TABLE 3.1

TYPICAL COAL AND SAND DISTRIBUTION
BY SIEVE SIZE IN DUAL MEDIA BED

Coal Distribution by Sieve Size

U.S. Sieve No. Percent Passging Seive
4 99-100
6 95-100
14 60-100
16 30-100
18 0-50
20 0-5

Sand Distribution by Sieve Size

U.S. Sieve No. Percent Passing Seive
20 96-100
30 70-90
40 0~-10
50 0-5

Source: Reference 48

32




gpm/ft* (37 to_62 m3/hr/m2); filter run length, 8 to 48 hours;
and terminal head loss 6 to 15 ft.

3.2 Limitations

The economics are highly dependent on consistent
pretreatment quality and smoothing flow modulations. Increasing
suspended solids loading will reduce run lengths, and large flow
variations will adversely effect effluent quality. Chemical

pretreatment is often required.

There are a number of problems associated with dual and sand
filters which can be alleviated or eliminated with mixed media.
Furthermore, rapid rate filter systems can be easily converted to
mixed media, using the same equipment and filter galleries.
Operational changes may be desirable or required (see Section 2).
Since mixed media operation will successfully remove and store
solids from high turbidity waters, it is often not necessary to
add settling basin capacity when plants are being expanded. There
is no fixed distribution of grain sizes for mixed media
operation. Table 3.2 presents s8izes and applications for mixed

media.
3.3 Costs

Construction cost includes facilities for backwash storage,
all feed and backwash pumps, piping, and building (see Figure

3.3) (2,11), Operation and maintenance costs are shown in Figure
303).

3.4 Availability
This method will be limited to developing countries that can

acquire anthracite cheaply. Also the higher skill and energy

requirements for all high rate systems may limit applic¢ations.
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Figure 3.3: Construction, Operation & Maintenance Cost | 2
for Dual Media Filtration.
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TABLE 3.2

ILLUSTRATIONS OF VARYING MEDIA DBSIGN POR
VARIOUS TYPES OF FLOC RENOVAL

Garnet Jilica 3and Coal

Deptd, Depth, Depth,

Inches [nches Inches
Type of Application Sige {MM) Size {MM) §ise (MH)
Very heavy loading of -40 + 308 8(203) =20 + 40 12(305) -10 + 20 22(559)
fragile floc
Moderate loading of very -20 ¢+ 40 3(76) -10 ¢+ 20 12(305) -10 + 16 15{381)
strong floc
Hoderate loading of <20 + 80 3(T76) =20 + 40 9(229) -10 + 20 8(205)

t -40 + 80 = passing No. 4 and retained on No. 80 U.3. sieves.

Jource: Reference 48
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3.5 Operation and Maintenance

In dual-media and mixed-media beds, floc 1is stored
throughout the bed depth to within a few inches of the bottom of
the fine media.

Rapid sand, (see Section 2) and dual-media filters are
cleaned by hydraulic backwashing (upflow) with potable water.
Thorough cleaning of the bed makes it advisable in the case of
single-medium filters and mandatory in the case of dual- or

mixed-media filters to use auxiliary scour or so~called surface

wash devices before or during the backwash cycle. Backwash flow
rates of 15 to 20 gpm/sq ft (36.6 to 48.8 m/h) should be
provided., A 20 to 50 percent expansion of the filter bed is

usually adequate to suspend the bottom grains. The optimum rate
of washwater application is a direct function of water
temperature, as expansion of the bed varies inverse;y with
viscosity of the washwater., For example, a 'backwash rate of 18
gpm/sq ft (43.9 m/h) at 68°F (20°C) equates to 15.7 gpm/sq ft
(38.3 m/h) at 41°F (5°C) and 20 gpm/sq ft (48.8 m/h) at 95°F
(35°C). The time required for complete washing varies from 3 to

15 minutes,

Following the washing process, water should be filtered to
waste until the turbidity drops to an acceptable value. Filter-
to-waste outlets should be through an air-gap-to-waste drain,
which may require from 2 to 20 minutes, depending on pretreatment
and type of filter. This practice was discontinued for many
years, but modern recording turbidimeters have shown that this
operation is valuable in the production of a high-quality water.
Operating the washed filter at a slow rate at the start of a
filter run may accomplish +the same purpose. A recording
turbidimeter for continuous monitoring of the effluent from each
individual filter unit is of great value 1in controlling this
operation at the start of a run, as well as in predicting or

detecting filter breakthrough at the end of a run.
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As backwashing begins, the sand grains do not move apart
quickly and uniformly throughout the bed. Time is required for
the sand to equilibrate at its expanded spacing in the upward
flow of washwater. If the backwash is turned on suddenly, it
lifts the sand bed bodily above the gravel layer, forming an open
space between the sand and gravel. The sand bed then breaks at
one or more points, causing sand boils and subsequent upsetting
of the supporting gravel layers, so that the gravel section must

be rebuilt. It is essential that the backwash valve open slowly.

The time from start to full backwash flow should be at least
30 =seconds and perhaps longer, and should be restricted by
devices built into the plant. This is frequently done by means
of an automatically regulated master wash valve, controlled
hydraulically or electrically and designed so that it cannot open
too fast. Alternatively, &a speed controller could be installed

on the operator of each washwater valve.

Filters can be seriously damaged by slugs of air introduced
during filter backwashing. The supporting gravel can be
overturned and mixed with the fine media, which requires removal
and replacement of all media for proper repair. Air éﬁn be
unintentionally introduced to the bottom of the filter in a
number of ways. If a vertical pump 1is used for the backwash
supply, air may collect in the vertical pump column between
backwashings. The air can be eliminated without harm by starting
the pump against a closed discharge valve and bleeding the air
out from behind the valve through a pressure air release valve,
The pressure air release valve must have sufficient\ capacity to

discharge the accumulated air in a few seconds.

Washwater may also be supplied by gravity flow from a
storage tank located above the top of the filter boxes.
Washwater supply tanks usually have a minimum capacity equal to a

7-minute wash for one filter unit, but may be larger. The bottom
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of the tank must be high enough above the filter wash troughs to
supply water at the rate required for backwashing as determined
by a hydraulic analysis of the washwater system. This distance
is usually at least 10 feet (3.05 m), but more often is 25 feet
(7.6 m) or greater. Washwater tanks should be equipped with an
overflow line, and a vent for release and admission of air above

the high-water level,

3.6 Special Factors

Normally filter systems include multiple filter
compartments. This allows for the filtration system to continue
to operate while one compartment is being backwashed. No less
than four units should probably be designed 1into a typical
system. In systems with two filterg for example, the flow rate

would be doubled when a filter is being backwashed.

Filtration systems can be constructed out of concrete or
steel, with single or multiple compartment units. Systems can be

manually or automatically operated.

Backwash sequences can include air scour and/or surface wash
steps. Backwash water can be stored separately or in chambers
that are integral parts of the filter unit. Backwash water can
be pumped through the wunit or can be supplied through gravity
head tanks.

3.7 Recommendations

Dual or mixed media filtration should be considered for
applications where high turbidities are common. Also, these
systems are preferred when operating problems are consistent and

can not be solved in other ways.
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4. SLUDGE VACUUM FILTRATION

4.1 Description

Vacuum filters are used to dewater sludges so as to produce
a cake having the physical handling characteristics and moisture

content required for subsequent processing (see Figure 4.1).

Solids capture ranges from 85 to 99.5% and cake moisture is
usually 60 to 90% depending on feed type, solids concentration,
chemical conditioning, machine operation and management.
Dewatered cake is suitable for landfill, heat drying,

incineration or land spreading.

This technology contains a rotary vacuum filter which
consists of a cylindrical drum rotating partially submerged 1in a
vat or pan of conditioned sludge. The drum is divided radially
into a number of different sections which are connected through
internal piping to ports in a valve body (plate) at the hub.
This plate rotates in contact with a fixed valve plate with
similar ports, which are connected to a vacuum supply, a
compressed air supply and an atmospheric vent. As the drum
rotates each section is thus connected to the appropriate
service. Various operating zones are thus encountered during a
complete revolution of the drum. In the pickup or form section,
vacuum is applied to draw 1liquid through the filter covering
(media) and form a cake or partially dewatered sludge. As the
drum rotates the cake emerges from the liquid sludge pool, while
suction is still maintained to promote further dewatering. A
lower level of vacuum often exists in the cake drying zone. If
the cake tends to adhere to the media, a scraper blade may be

provided to assist removal.
The three principal types of rotary vacuum filters are the

drum type, coil type and belt type. The filters differ primarily

in the type of covering used and the cake discharge mechanism
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employed. Cloth media are used on drum and belt types while
stainless steel springs are used on the coil type. Infrequently,
metal media is used on belt types. The drum filter also differs
from the other two in that the cloth covering does not leave the
drum but is washed in place, when necessary. The design of the
drum filter provides considerable latitude in the amount of cycle
time devoted to cake formation, washing and dewatering; while it

minimizes inactive time.

The coil type vacuum filter uses two layers of stainless
steel coils arranged in corduroy fashion around the drum. After
a dewatering cycle, the two layers of springs leave the drum and
are separated from each other so that the cake is lifted off the
lower layer of springs and discharged from the upper layer. Cake
release is essentially free of problema. The coils are then

washed and reapplied to the drum.

Media on the belt type filter leave the drum surface at the
end of the drying 2zone and pass over a small diameter discharge
roll to facilitate cake discharge. Washing of the media then
occurs before it returns to the drum and to the vat for another

cycle.

Degign criteria for vacuum filtration are as follows:
typical loadings in pounds dry solids/h/ft? are 7 to 15 (34 to 74
kg/m2/hr) for raw primary sludges, and 3.5 to § (17 to 24.5
kg/m2/hr) for mixed digested sludges. The loading is a function
of feed solids concentration, subsequent processing requirements

and chemical preconditioning.
4.2 Limitations
Vacuum filters are generally used in larger facilities where

space is limited, or when incineration 1is necessary for maximum

volume reduction (see Figure 4.1).
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Chemical conditioning costs can sometimes be large if a
sludge is hard to dewater.

4.3 Costs

The typical construction cost of sludge vacuum filtration
lime and biological sludges options are shown in Figure 4.2.
(2,11). Operation and maintenance of both options are shown in
Figures 4.3 and 4.4 (2,11).

4,4 Availability

Vacuum filters possess many moving parts, Available
services for maintenance from factory representatives and
availability of spare parts should be carefully checked in the
area of interest before selecting this technology. Frequent
replacements of filter media, cloth, wire, etec.,, is required and

these must be kept in adequate supply for as many replacements as

necessary between shipments. If shipments are expected to be
especially uncertain, it may be necessary to keep two such
supplies.

4.5 Operation and Maintenance

Sludge vacuum filters require high operating skill and would
be appropriate in areas of high population and technical skill in
developing countries. Operation 1is sensitive to type of sludge
and conditioning procedures. As raw sludge ages (3 or 4 hours)
after thickening, vacuum filter performance decreases. Poor
release of the filter c¢ake from the belt is occasionally

encountered.

When sludge is difficult to filter conditioning may be
required. Information on the types of chemicals which may be
used with specific media may be obtained from manufacturers,

Dosages of such chemicals are usually determined be testing at
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Figure 4.2: Construction Cost of Sludge Vacuum
Filtration (Lime and Biological Sludges.)
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Figure 4.3: Annual Operation & Maintenance Cost for
‘Sludge Vacuum Filtration (Lime Sludge)

Maintenonce & Operation Cost (Millions of Dollars)
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Figure 4.4: Annual Operation & Maintenance Cost

O & M Cost (Millions of Dollars)
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the location with the actual sludge being produced,
Unsatisfactorily treated quantities produced during testing may

be recirculated to the plant for additional treatment.

Vacuum pumps, chain drives, media scraping mechanisms, and
the media itself require frequent maintenance. A preventive

maintenance program is required.

4.6 Control

Large doses of lime, ferric chloride (and even
polyelectrolytes in some cases) may be required for good sludge
yields from the filters. Frequent washings of drum filter media
may be required. Remedial measures are frequently required to
obtain operable cake releases from belt filters. Operating

training is required to maintain a high level of reliability.

4,7 Special Factors

A great many types of filter media are available for the
felt and drum filters. There is some question whether increases
in yield due to operating vacuums greater than 15 inches of
mercury are Jjustifiable. The cost of a greater filter area must
be balanced against the higher power costs for higher vacuums.
An increase from 15 to 20 inches however, about 25%, (38 to 51
cm) of vacuum is reported to have provided about 10% greater

yield in 3 full-scale installations.

Vacuum filters, because of their large energy (10,000 to
40,000 kWh/yr/MGD - 230,000 to 910,000 kWh/yr/m3/sec) and high
user skill requirements, may have limited applicability in most
areas of developing countries. On the other hand, processed
sludge usually filtered to reduce costs of hauling, can be used

successfully for soil conditioning.
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Chemical conditioning is often employed to agglomerate a
large number of small particles. It is almost universally

applied with mixed sludges.
4.8 Recommendations

This is the most common method of sludge dewatering in the
United States. It should be applied to chemical and biological
sludges in those cases where recovery of chemicals for reuse, or
soil conditioning potential is desired., Its applicability to
developing countries is to areas of high population and technical
expertise in order for the technology to perform reliably.
Vacuum filtration would be used instead of drying beds or other
less complex technology when high volumes of sludge are being

produced.
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3. SEDIMENTATION - CIRCULAR PRIMARY CLARIFIER

5.1 Description

Clarifiers with the criteria suggested in this Section are
used for solids removal from waters contaminated to the degree of
raw sewage, or highly c¢ontaminated raw water supﬁlies. These
units provide removal of readily settleable solids and floating
material to reduce suspended solids content. They can accept
high solids loading and are generally employed as a preliminary
step to further processing, or following treatment by softening
or coagulation and flocculation. A circular clarifier cross

section is shown in Figure 5.1,

A conical bottom (about 1 inch per ft slope; about 8%) is
equipped with a rotating mechanical scraper (see Figure 5.1) that
plows sludge to a central hopper. An influent feed in the center
distributes the influent radially near the top, and a peripheral
weir overflow system carries the effluent. Floating scum is
trapped inside a peripheral scum baffle and squeegeed into a scum
discharge box. The unit contains a center motor-driven turntable
drive supported by a bridge spanning the top of the tank, or
supported by a vertical steel center pier. The turntable gear
rotates a vertical cage or torque tube, which in turn rotates the
truss arms. The truss arms carry multiple flights (plows) on the
bottom chord which are set at a 30 degree angle and literally
"plow"” heavy fractions of sludges and grit along the bottom slope
toward the center blowdown hopper. An inner diffusion chamber
receives influent flow and distributes this flow inside of the
large diameter feedwell skirt. Approximately 3% of the clarifier
surface area is8 used for the feed well. The depth of the feed
wells are generally about one-half of the tank depth. The center
sludge hopper should be less than 2 ft deep and less than 4 ft in

cross section.
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Design criteria include: Surface loading rates from 500 to
1200 gal/d/ft2 (21 to 50 m?/d/m?2) for untreated wastewater; 360
to 600 (15 to 25) for alum floc; 540 to 800 (22 to 33) for iron
floc; 640 to 1200 (22 to 50) for lime floc. Detention times are
usually between 1.5 to 3 hours. Weir loadings are 10,000 to
30,000 gal/d/lineal ft (120 to 360 m?/d/m). 8Sludge collector tip
speed is 10 to 15 ft/min (3 to 4.6 m/min). Heads of 2-3 ft (0.61
to 0.9 m) of water are required to overcome losses at the inlet
and effluent controls and in connecting pipes. Forward or
radical velocity should be less than 9-15 times the particle
settling velocity to avoid scour. Scum handling equipment should
be sized for 6 ft3/Mgal (45 m3/Mm3). Sludge pumping rates range
between 2,500 and 20,000 gal/d/Mgal (m3/d/Mm?) depending on

chemical addition and service (2).

5.2 Limitations

The maximum diameter of a circular clarifier is 200 ft (61
m). Larger tanks are subject to unbalanced radial diffusion and
wind action, both of which can reduce efficiency. Horizontal
velocities in the clarifier must be limited to prevent "scouring”
of settled solids from the sludge bed and eventual escape in the
effluent.

Circular clarifiers have a larger land use requirement than

rectangular clarifiers.

5.3 Costs

Figures 5.2 and 5.3 show the construction and operation and

maintenance costs for circular clarifiers (2,11).

5.4 Availability

This technology is widely used in the United States and
throughout the world. It can be applied to treatment systems of
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Figure 5.2: Construction Cost for Primary Clarifier
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Figure 5.3: Operation & Maintenance Cost for Primary
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any size in developing countries. There is a variety of
mechanical parts required, but the same is true for rectangular
clarifiers, Good, reliable performance would rest on the
availability of spare parts in developing countries. The
alternative 1is intermittent removal of sludge (most of the
mechanism is for removal of accumulated solids). A spare parts
inventory should be kept for all mechanical processes at any

plant.

5.5 OQOperation and Maintenance

Primary clarification involves a period of quiescence (15 to
45 min) in a basin (depths of 10-15 ft; 3 to 4.6 m) where most of
the settleable so0lidas fall out of suspension by gravity; a
chemical coagulant may be added to enhance settling. The =olids
are mechanically collected on the bottom and pumped as a sludge

underflow.

The most important aspect of operation is regular, frequent
removal of accumulated sludge solids. Typically continuous
removal mechanisms provide for better process performance than
manual systems. Mechanical removal systems require regular
maintenance for the chain drives, rakes, collectors and pumps.
Scum (floating solids) which is carried out of the sedimentation
tanks will significantly impact adversely the effluent quality.
Scum collecting mechanisms require very frequent attention (in
cases of high solids, perhaps hourly), especially to remove
accumulated deposits at overflows and other collecting points
usually near mechanical parts. Accumulating floating solids may

Jam mechanisms and even cause failure of parts and drives.

5.6 Reliability
Generally, reliability for circular primary clarifiers is

high. However, clarification of solids into a packed central

mass may cause collector arm stoppages. Attention to the design
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of the center area bottom slope, number of arms and
center area scraper blade design is required to prevent such

problems.
Sludge must be removed regularly. Often the failure of
clarifiers to meet effluent expectations is due in turn to the

failure of sludge removal equipment.

5.7 Special Factors

Two short auxiliary scraper arms are added perpendicular to
the two long arms on large tanks. This makes practical the use
of deep spiral flights which aid in center region plowing where
ordinary shallow straight plows are nearly useless. Peripheral
feed systems are sometimes used instead of central feed. Also,
central effluent weirs are used sometimes. Flocculating feed
wells may also be provided if coagulants are to be added to

assist sedimentation.
Coagulants such as alum, ferrous sulfate and lime may be
added to aid sedimentation. The dosage may be determined using

jar tests.

5.8 Recommendations

This technology is widely used with high succesgs in the
United 8States and can be easily used in cities in developing

countries.

Circular clarifiers require more land area, and some feel
that they are more reliable. Rectangular tanks may be
constructed in less space, and may be designed in "common wall”
fashion with other plant processes, They are especially
effective for small plants which must be built in confined
spaces, say for industrial waste treatment. Equipment for

circular tanks is more readily available since many manufacturers
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produce such hardware. Replacement parts and manufacturer
service programs may be more readily available. Package plants
are often designed with the circular tank as the basis (together

with chemical treatment, for example).
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6. RECTANGULAR PRIMARY CLARIFIER

6.1 Description

Rectangular clarifiers are used for the removal of
settleable solids and floating material to reduce TSS and BOD and
to treat raw water with high turbidity. High solids loadings is
generally employed as a preliminary step to further may be
processed, Rectangular tanks also lend themselves to "nesting”
(common wall construction) with preaeration tanks in water
treatment plants and aeration tanks in activated sludge plants. A

cross section of a rectangular clarifier is shown in Figure 6.1.

Efficiently designed and operated primary clarifiers should
remove 50 to 65% of the TSS and 25 to 40% of the BOD while
producing a sludge =solids concentration of about 1 to 5%.
Skimmings volume rarely exceeds 1.0 ft3/Mgal (7.5 m?¥/Mm3).

Detention times for clarification depend on surface loading
rates (see Table 6.1). Involves a relatively 1long period of
quiescence in a basin (depths of 10-15 ft; 3 to 4.6 m) where most
of the settleable solids fall out of suspension by gravity; a
chemical may also be added to the process influent. The solids
are mechanically collected on the bottom and pumped as a sludge

underflow.

The maximum length of rectangular tanks has been
approximately 300 ft (about 90 m). Where widths of 20 ft (6 m)
are required, multiple bays with individual cleaning equipment
may be employed, thus permitting tank widths of wup to 80 ft (24
m) or more. Influent channels and effluent channels should be

located at opposite ends of the tank.
Sludge removal equipment wusually consists of a pair of

endless conveyor chains (See Figure 6.1). Attached to the chains
at ten foot intervals are wooden c¢ross pieces or flights,
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FIGURE 6.1 TYPICAL RECTANGULAR PRIMARY CLARIFIER
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TABLE 6.1

TYPICAL DESIGN INFORMATION FOR PRIMARY SEDIMENTATION TANKSa

Value
Item Range Typical
Primary settling floolowed by
secondary treatment:
Detention time,h 1.5-2.5 2.0
Overflow rate, m¥/m?:d
Average flow 32-48
Peak flow 80-120 100
Weir loading, m3/md 125-500 250
Dimensions
Primary settling with waste
activated-sludge return:
Detention time, h 1.5-2.5 2.0
Overflow rate, m®*/m3/m-d
Average flow 24-32
" Peak flow 48-70 60
Weir loading, mi/m-d 125-500 250
Diemnsions

*Comparable data for secondary clarifiers are presented in
Table 10-7

Note: m3/m3-d x 24.5424 = gal/fte .

d
m3/m + d x 80.5196 = gal/ft d

Source: Reference 4
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extending the full width of the tank or bay. Linear conveyor
speeds of 2 to 4 ft/min (0.61 to 1.2 m/min) are common, The
settled solids are scraped to sludge hoppers in small tanks and
to transverse troughs in large tanks. = The +troughs in turn are
equipped with cross collectors, usually of the same type as the
longitudinal collectors, which convey solids to one or more
sludge hoppers. Screw conveyors have been used for the cross

collectors.

Design criteria include: Surface loading rates equal to 600
to 1200 gal/d/ftz (25 to 49 m3/day/m?) for untreated wastewater;
360 to 600 (15 to 25) for alum floc; 540 to 800 (22 to 33) for
iron floc; 540 to 1200 (22 to 49) for 1lime floc. Detention
times are usually between 1.5 to 3 hours. Weir loadings are
10,000 to 30,000 gal/d/lineal ft (120 to 360 m?/day/m).
Individual bays of rectangular tanks should have a Jlength to
width ratio of at 1least 4. Forward velocities should be less
than 9-15 times settling velocity to avoid scour. Scum handling
equipment should be sized for 6 ft3/Mgal (45 m3/Mm3) of free
decanted water. Sludge pumping rates range from between 2,500 to
20,000 gal/d/Mgal (m3/day/m?), depending upon chemical addition

and service. Other design information is given in Table 6.1.
6.2 Limitations

Horizontal velocities in the clarifier must be limited to
prevent "scouring" of settled solids from the sludge bed and
their eventual escape in the effluent.

6.3 Costs

See Figures 6.2 and 6.3 for construction and operation and

maintenance costs respectively (2,5,11).
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Figure 6.2: Construction Cost of Primary Clarifier
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Figure 6.3: Operation & Maintenance Cost for Primary

Clarifier (Rectangular with Pump)
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6.4 Availability

This technology is widely used in the United States and
throughout the world. It can be applied to treatment systems in
virtually any =size town in Latin America and the Caribbean. This
and many other processes require mechanical parts replacement on
a fairly regular basis. It is necessary to keep a spare parts

inventory to provide for emergency repairs.

6.5 OQOperation and Maintenance

Sedimentation systems, including rectangular clarifiers
often fail in those cases where sludge collection systems are
used. The sludge collection mechanisms require frequent cleaning

and an active preventive maintenance program.

Scum is usually collected at the effluent end of the
rectangular tanks by the flights returning at the liquid surface.
The scum is moved by the flights to a point where it is trapped
by baffles before removal or it can also be moved along the
surface by water sprays. The scum is then scraped manually up an
inclined apron, or it can be removed hydraulically or
mechanically, and for this process a number of means have been
developed (rotating slotted pipe, transverse rotating helical

wiper, chain and flight collectors and scum rakes).

Tanks may also be cleaned by a bridge~type mechanism which
travels up and down the tank on rails supported on the sidewalls.
Scraper blades are suspended from the bridge and are lifted clear

of the sludge on the return travel.
6.6 Control
Reliability for rectangular clarifiers is generally high.

However, broken 1links in collector drive chains can cause

outages. Plugging of sludge hoppers has also been a problem when
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cross collectors are not provided.

6.7 Special Factors

Coagulants such as alum, ferrous sulfate and lime may be
added to aid sedimentation. The dosage is determined from jar

tests.
Chemicals are almost always added with rapid mix systems.
In the case of water treatment, flocculation is typically ahead

of the settling process for effectiveness.

6.8 Recommendations

Multiple rectangular tanks require less area than multiple
circular tanks and for this reason are used where ground area is
at a premium. Howevef, they require relatively large space for
the level of treatment achieved. See recommendations for

circular clarifers.
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7. UPFLOW SOLIDS CONTACT CLARIFIER (FILTER)

7.1 Description

Upflow solids contact clarifiers combine mixing, coagulation
and flocculation, liquid-solids separation and sludge removal

into a single unit process.

These units eliminate the need for flocculators and settling
tanks. The process should be applied when raw water with low
turbidity (up to 50 JTU), has no more than 150 mg/liter of

suspended solids,

Many plants, especially in Brazil, use this type of process.
The technology came to Brazil from Russia (See Figure 7.1) (9).
These filters are designed for rates of filtration between 120
and 150 m3/day/md,

7.2 Limitations

If flow-~through rates become too high, fine bed material
will be lost with the treated effluent over the top of the upflow
unit,

7.3 Costs
See Figures 7.2 and 7.3. (5).

7.4 Avajilability

Because of the simplicity and low cost of this technology,

it should have widespread use throughout developing countries.

7.5 Operation and Maintenance

Upflow filters possess a major advantage 1in that the fine .
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Construction Cost — Millions of Dollars

Figure 7.2: Construction Cost for Upflow ®
Solids Contact Clarifier
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Figure 7.3: Total Annual Labor for Upflow
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bed grains are at the top (with uniform density bed material),
thus allowing the use of virtually the entire bed depth for bed
solids storage. During filtration, the bed material is kept in
place usually by a metal grid.

The same water which is being filtered is used for
backwashing, and this is claimed as an advantage for this type of

unit.

7.6 Special Factors

Coagulation and flocculation performed in a granular media
(such as the layer of gravel under the sand bed), and in the
presence of chemical compounds previously precipitated improves
filtration results. Thus, there may be an economy in the use of
chemicals, If more than one operation is expected in a single
unit, the complication for the operator increases. More attention
is required to flow rates and system head loss for successful
operation. Even with careful operator attention, the results may

be mixed.
7.7 Recommendations

Upflow solids and contact clarifiers are generally selected
on the basis of a lower cost and the operational advantages of
combining several processes into a single basin. These are
advantages and disadvantages in operational complexity. Operator

training is required for consistent process performance,

Upflow clarifiers with flocculation may be more appropriate
for small systems since there are fewer moving parts. The
sensitivity of successful operational performance to control the
level of +the process especially if used with plate settlers make

it an attractive option for package plants.
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8. FLOCCULATION - CHEMICAL TREATMENT

8.1 Descrigtion

The objective of flocculation ig to provide for an increase
in the number of contacts among coagulating particles suspended
in water by gentle and prolonged agitation. Flocculation follows
chemical addition. During agitation, particles collide, producing

larger and more easily removed flocs.

There are many different types of flocculators currently in
use. The four discussed here are gravel, baffled, and horizontal
and vertical mechanical flocculators. Gravel and baffled types
may be used for smaller plants, and mechanical types for larger

plants, There are no rigid size selection criteria.

In small and medium installations (up to 200 1/sec) one of
the most common types of flocculation wunits in developing
countries is the baffled (see Figure 8.1) (9, 25) or "Alabama,"
jet action flocculator (see Figure 8.2) (9, 25). The Alabama
flocculator was introduced into Brazil during the Second World
War by North American engineers. For small plants, the gravel
flocculator (a bed of gravel used to create tortuous flow paths

in which flocculation is enhanced).

The size and shape of a flocculation basin is generally
determined by the type of flocculator selected and the type of
sedimentation process employed. For example, if mechanical
flocculators are paired with rectangular horizontal flow
sedimentation basins, the width and depth of the flocculation
basins should match the width and depth of the sedimentation
basins. Similar dimensions enhance constructability and reduce

overall project costs.

In all cases, the size of the flocculation basin is

determined by the required reaction or detention time. Although
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LOSS OF HEAD

COMMONLY USED IN DEVELOPING COUNTRIES

FIGURE 8.1: TYPICAL BAFFLED FLOCULATOR BASIN
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FIGURE 8.2: GENERALIZED DIAGRAM OF FLOCCULATION
BASIN COMMONLY USED IN BRAZIL
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no theoretical relationship exists between basin area and water
depth for optimal flocculation, the tank should be no deeper than
5 m. Basins with depths of greater than 5 m often display
unstable flow patterns and poor flocculation.

Design Criteria (3, 8, 9, 25) - For baffled units with
vertical flow: detention time, 15 to 25 min (warm
climate); flow velocity, 0.10 to 0.20 m/sec; velocity gradient
(G), 80-40 sec~1 (See Tables 8.1 and 8.2 for additional design
data). For Alabama flocculators: detention time, 15-25 min; G,
50-40 sec~1; loss of head, 0.30-0.50 m; applied flow per chamber,
25-50 1/sec per m2; velocity in curves or bends of baffle
flocculators, 0.40-0.60 m/sec; useful depth 2.5-3.5 m (See Table

8.3 for additional design guidance for flocculation chambers).

For the gravel flocculator: depth of stone bed, 3 meters. For
vertical shaft mechanical flocculators: minimum no. of
successive chambers, 3; detention time: 20-30 min; G, 70-20 sec-

1; max. tip speed 2 m/sec; approximately 5m x 5m to 10m x 1iOm
basin surface area per unit. For horizontal shaft mechanical
flocculators: G value, up to 50 sec~l; max. tip speed of 1

m/sec, paddle area should not exceed 20% of tank section area

The velocity gradient (G) for flocculators is determined
from the equations:
G = (Qp &g hi/uv)1/2 = (p g hiy/ut)i/32
for hydraulie flocculation, and
G = [P/(uV)]t/2

for mechanical flocculation,

where
G = velocity gradients ($-1)
p = density of water (kg/m3)
h = head loss (m)
u = dynamic viscosity (kg/m-s)
t =2 detention time, Q/V, (s)
Q = flow (m3/s)
P = power, Qpgh (watts, kam?/s?)
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TALE 8.1 DESIGN DATA FOR FLOCCULATION
V=0,10m/s V=0,12m/s V=0,14m/s V=016m/s

15min | 20 min | 15 min | 20 min | 15 min | 20 min | 15 min | 20 min
Velocidade de escoamento, 6 6 7.2 7,2 8,4 8,4 9,6 9,6
m/min.

v? ’

Energia cinetica Y 0, 0050 0, 0050 0,0073 0,_ 0073 10,0100 0,0100 | 0,0130 | 0,0130
Perda de carga por comparti- | o g155 | ¢ 9125 | .0,0173 | 0.0173 |0, 0250 | 0.0250 | 0, 0326 0. 0326
mento, m
Desenvol‘wmento {extensao) 90 120 108 144 126 168 144 192
dos canais, m
Numero d’e compartimentos 20 26 24 32 28 17 32 42
para H = £,50
Perda de cargz total, m (con-
siderados todos os comparti- 0, 25 0,32 0,42 0.55 0,70 0,93 1,04 i,37
mentos iguais)
Valor aproximado de G
({todos os compartimentos 40 40 50 - 50 70 70 80 8o
iguais)

(Source: Ref 9)
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TABLE 8.2

DESIGN DATA FOR FLOCCULATION

301/s 401/s 501/s 751/s 100 1/s 150 1/s
= 0,10 m/s 0,50x0,60) 0,55x0,75 10,60x0,85 {0,75x1,00 |0,85x1,20 |1,00x 1,50
=d.12 m/s 0,45x 0,60 )| 0,55 x0,65 |0,55x0,75 |0,70 x 0,90 |0,80x1,05 |0,90 x 1,40
= 0,14 m/s 0,50x 0,50 0,50x0,60 {0,55x0,65 }0,60x0,90 [0,70x 1,00 |0,85x 1,20
(Source: Ref 9)




TABLE 8.3

TYPICAL DESIGN PARAMETERS
FOR FLOCCULATION UNIT

Flow Rate Width Length Diameter Unit Chamber Unit Chamber
Q B L D area volume
1/sec (m) (m) (mm) (m?2) (m3)
10 0.60 0.60 150 0.35 1
20 0.60 0.75 250 0.45 1.3
30 0.70 0.85 300 0.6 8
40 0.80 1.00 350 0.8
50 0.90 1.10 350 1.80
60 1.00 1.20 400 1.2
70 1.05 1.35 450 1.4 .
80 1.15 1.40 450 1.6
90 1.20 1.50 500 1.8 .4
100 1.25 1.60 500 2.0
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volume of unit (m3)

gravitational constant (9.81 m/s?%)

"
i

In the design of flocculation systems, the total number of
particle collisions, and thus the floc formation action, is
indicated as a function of the product of the velocity gradient
and the detention time, Gt. The range of velocity gradient (g)
and Gt values given in Table 8.4 have been shown in practice to
ibe the most ?ffective for plants using mechanical flocculators.
Nonetheless, in order to obtain appropriate values for particular
‘designs ‘and watgr characteristics to provide for the optimal

formation of flocs, laboratory jar testing or pilot-plant studies

1

should be conducted on the water to be treated.

TABLE 8A N
; 3
RECOMMENDED G AND GT VALUES FOR FLOCCULATORS s ;
. Velocity ; !
Gradient G ]
Type (s-1) GT é
: i
Turbidity or color removal 20 to 100 20,000 to 150,000
(without solids recirculation) !
Turbidity or color removal 76 to 175 125,000 to 260,000
(with solids recirculation) '
Softeners (solids contact 130 to 200 200,000 to 250,000
reactors)
Source: 25

v
)

In baffled channel flocculation, mixing is accbmplﬁshedfby
reversing the flow of water through channels formed byfarOuéd-
the-end or over-and-under baffles. Baffle¢ channel flocculatbrs
are limited to relatively large treatmenté plants (greater than
10,000 m3/day capacity) where the flbwrates ¢can maintain
sufficient head losses in the channels for slow mixing without
requiring that baffles be spaced too close together (which would
make cleaning difficult). A distinct advantage of such

76




TABLE 8.4

FLOCCULATION CAPITAL COST
U.S. DOLLARS

TOTAL BASIN VOLIME (ft3)

1,800 10,000 25,000 100,000 500,000 1,000,000

Horizontal Paddle System

G = 20 49,000 163,000 310,000 385,000 1,260,000 2,500,000
G =50 50,000 163,000 313,000 425,000 1,400,000 2,600,000

TOTAL BASIN VOLUME (ft?)

1,800 10,000 25,000
Vertical Turbine G=20 G=50 G=80 | G=20 G=50 G=80 | G=20 G=50 G=80
43,400 H 144,000 i 209,000 209,000 218,400
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flocculators is that they operate under plug-flow conditions that

free them from short-circuiting problems.

Horizontal-flow flocculators with around-the-end baffles are
sometimes preferred over vertical-flow flocculators with over-
and-under baffles because they are easier to drain and clean;
alao, the head loss, which governs the degree of mixing, can be
changed more easily by installing additional baffles or removing
portions of existing ones. however, vertical-flow units have
been used successfully in Brazil and in the Untied States and are
appropriate for specific applications, such as, for example,
where a scarcity of land prohibits the use of larger horizontal-

flow flocculators.

The water depth in the channels of vertical flow units can
be as high as 3 m, and therefore less surface area is required
than with horizontal units. The major problem with such
flocculators is the accumulation of settled material on the
chamber floors and the difficulty in removing it. To mitigate
this problem, the Brazilian designs have included small openings
(weep holes) in the base of the lower baffles of a size
equivalent to 5% of the flow area of each chamber. The purpose
is to allow the major portion of the flow of water to follow the
over-and~under path created by the baffles, whereas a smaller
portion flows through the hole, creating some additional
turbulence and preventing the accumulation of material (Arboleda,
1973). Weep holes also facilitate manual cleaning of the over-

and-under flocculator.

For design purposes, the head loss in the bend of a baffle

flocculator is approximated by the following formula:
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h = k)v2/2g) (6.3)
where
h = head loss (m)
v = the fluid velocity (m/s)
g = the gravitational constant (9.81 m/s?)
k = empirical constant (varies from 2.5 to 4)

The value of k cannot be determined precisely in advance;
therefore it is better to design for a 1low k value, because
boards can always be added to the baffles if additional head loss

is needed.

The number of baffles needed to achieve a desired velocity
gradient for both horizontal and vertical flow units can be
calculated from equations below,

n = {{(2ut)/p(1l.44 + f)] [(HLG)/Q}2}1/3

for horizontal units, and
n = {[(2ut)/p(1.44 + f)] [(HLG)/Q]Jz2}1/2

for vertical units,
where

number of baffles in the basin

3]

= depth of water in the basin (m)

= length of the basin (m)

= velocity gradients (s-1)

flow rate (m3/s)

= time of flocculation (8)

= dynamic viscosity (kg/m:s)

= density of water (kg/m?)

= coefficient of friction of the baffles
= width of the basin (m)

£ =m0 £ o O Q@ m B
"

The water velocity in both horizontal-flow and vertical-flow

units generally varies from 0.3 to 0.1 m/sec. Detention time
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varies from 15 to 30 min. In general, velocity gradients for
both types of baffled channel flocculators should vary between
100 to 10 s-1, 1In addition to the foregoing design criteria, the

practical criteria given in the Table should be followed:
Guidelines for the Design and Construction of
Baffled Channel Flocculators (25)
A. Around-The-End (Horizontal Flow)

1., Distance between baffles should not be 1less than 45 cm to
permit cleaning.

2. Clear distance between the end of each baffle and the wall
is about 1 1/2 times the distance between the baffles;
should not be less than 60 cm.

3. Depth of water should not be lesas than 1.0 m.

4. Decay-resistant timber should be used for baffles; wood
construction is preferred over metal parts.

5. Avoid using asbestos-cement baffles because they corrode at
the pH of alum coagulation.

B. Over-and-Under (Vertical Flow)

1, Distance between baffles should not be less than 45 cm.

2. Depth should be two to three time the distance between
baffles.

3. Clear space between the upper edge of a baffle and the water

surface, or the lower edge of a baffle and the basin bottom,
should be about 1 1/2 times the distance between baffles.

4. Material for baffles is the same as in around-the-end units.

5. Weep holes should be provided for drainage.

The Alabama-type flocculator is illustrated in Figure 8.2.
The jet action is provided in each chamber via a c¢ast iron pipe
with its outlet turned upward. For effective flocculation, the
outlet should be placed at a depth of about 2.5 m below the water

level, Common design criteria are listed below:
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Rated capacity per unit chamber 25 to 50 1/8 per m?

Velocity at turns 0.40 to 0.60 m/s
Length of unit chamber (L) 0.75 to 1.50 m
Width (W) 0.50 to 1.25 m
Depth (H) 2.50 to 3.0 m
Detention time (t) 15 to 25 min

The head loss with this type of flocculator is estimated at
two velocity heads per chamber, generally about 0.35 to 0.50 m of
head loss for the entire unit. Velocity gradients range from 40
to 50 s-1, Arrangements should be made for draining each
chamber, since material tends to collect at the bottom and must

be removed.

The gravel-bed flocculator provides a simple and inexpensive
design for flocculation in sgmall water treatment plants (less
than 5000 m?/day capacity). It has been tested experimentally
and employed successfully in several upflow-downflow plants in
India and in package plants in Parana, Brazil. The packed bed of
gravel provides ideal conditions for the formation of compact
settleable flocs because of continuous recontacts provided by the
sinuous flow of water through the interstices formed by the
grave. The velocity gradients that are introduced into the bed
are a function of (1) the size of the gravel, (2) rate of flow,
{3) cross-sectional area of the bed, and (4) the head loss across
the bed. The direction of flow can be either upward or downward,
and is wusually determined from the design and hydraulic

requirements of other process units in the plant.

8.2 Advantages and Disadvantages

The major shortcomings of hydraulic flocculators are: 1.
little flexibility to respond to changes in raw water quality, 2.
hydraulic parameters are a function of flow and cannot be changed
within the process, 3. head loss can be significant, 4. cleaning

may be difficult unless design incorporates cleaning provisions.
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There is a paradox for the application of these various types.
While simpler hydraulic types would be desirable for small plant
applications where operator skill is 1likely to be less, high

potential head losses argue for appplication at large plants.

Baffled flocculators: a lack of flexibility for mixing
intensity; a high head 1loss if over-and-under baffles are used;
some plant flowrates may vary in the range of 1:4 within a single
day so achieving good mixing in the entire flow range may be
difficult.

Vertical shaft mechanical flocculators: many units are
required in a large plant; high capital cost for variable speed

reducers and support slabs.

Horizontal shaft  mechanical flocculators: precise
installation and maintenance is necessary; difficult to increase

energy input; problems with leakage and shaft alignment.

The main problem with gravel bed flocculators is fouling,
either by intercepted floc or by biological growth on the media,
or both.

8.3 Costs

See Table 8.5 (5) for costs. These costs are for mechanical

units only, at different G values. Costs for the full range, and

for operation and maintenance are given on Figures 8.3 and 8.4.

Many examples of baffle flocculations exist all over the

world. No cost data are available for plants visited.

8.4 Availability

All of these systems are used throughout developing

countries as well as the U.S. Most materials (even the mechanical
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OPEBATION AND MAINTENANCE SUNMARY

TABLE 8.5

FLOCCULATION - HOBIZONTAL PADDLB §YSTEM

Maintenace
Total Bagin Bnergy  (kw-br/gri Materiai  Labor Total Cost (§{yrit¢
Voluae {ft?) G=20 G250 G=80 _ {§/yr) {he/yri 6=20 (=59 G=80
1,300 330 2,000 §,100 §15
99 2,100 2,200 2,400
10,000 1,960 11,870 33,660 1,600
193 4,650 5,100 6,100
25,000 §,900 29,630 84,080 1,600 189 4,800 5,900 8,300
100,000 19,600 118,720 336,560 6,000 RN 12,900 17,300 27,000
500,000 98,020 §93,590 1,682,750 21,600 36 33,500 56,000 105,000
1,000,000 198,230 1,188,300 == 43,000 990 67,000 112,000 --

¥ Calculated using $0.03/kw-hr and $10.00/hr of labor

NOTE:

G values are flash mix values and are in units of SEC-}
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Figure 8.3: Construction Cost for Flocculation
Horizontal Paddle System and Vertical
Turbine Flocculation
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Figure 8.4: Operation & Maintenance Requirements
for Horizontal Paddle Flocculation
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flocculator parts) can be purchased in many countries. Purchases

can be made in Brazil, for example.

8.5 OQperation and Maintenance

Baffled: This type provides plug-flow mixing conditions and
is an effective flocculation system. Since tapered mixing is
effective in forming large settleable flocs, the baffles should
be properly arranged to reduce the mixing intensity and floc
shearing force. It performs well if the plant flow rate is
reasonably constant. Removal of accumulations of material in
chambers is required. Little maintenance is required because of

few moving parts.

Gravel: This flocculator is composed of a concrete chamber
full of small stones or pebbles where water is introduced by a
distribution system at the bottom so that it flows upward through
the bed of stones. With this process, little maintenance is

required. Frequent cleaning however, is required.

Vertical mechanical: This system is suitable for high
energy input, direct filtration and conventional treatment. All
mechanical systems require more maintenance than systems with few

or no moving parts.

Horizontal mechanical: This method produces a large size
floc, has a simple mixing unit and is suitable for conventional
treatment. More data and experience is available generally than

for vertical mixing types.
8.6 Control

Mechanical systems require more intensive maintenance
programs than non mechanical systems. Thus, the gravel and

baffled types are more appropriate for remote systems, and those

where operator training is not expected to be available.
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8.7 8pecial Factors

Baffled channel flocculators should be designed so that the
cross section will provide the proper flow velocity. Adjustable
baffles should be included to provide the desired degree of
turbulence. Vertical-shaft flocculators should be situated to

cover a square or circular mixing zone for maximum efficiency.

If a decision is to be made about one of the two mechanical
flocculator systems then the decision will be mainly dependent on
the type of filtration system used, Horizontal shaft
flocculators are generally used if conventional rapid sand
filtration 1is employed, Conventional rapid sand filtration
requires a high degree of solids removal by the sedimentation
basin before filtration. The horizontal shaft flocculators
generally are suited to produce large and easily settleable floc
with alum flocculation. However, they wusually require more
maintenance and expense mainly because bearings and packings are
typically submerged. High energy, vertical shaft flocculators
are the unit of choice for high-rate filtration systems. Since
high rate filters allow floc penetration into the filter bed, the
desired type of floc for these filters is =mall in size but

physically strong to resist high shear forces in the filter bed.

8.8 Recommendations

All systems can be used with efficiency in developing countries
if the system selection is correctly matched to the size of the
plant and expected operator skill. For instance, for small
installations gravel could be used. For small and medium size
installations baffled or Alabama flocculators could be used
(provided available head allows). Alabama flocculators have been
proven in Brazil; gravel bed units have been used in India for
small plants. Finally, for larger installations the mechanical
types are best. The vertical shaft flocculator is used with some

frequency in South America.
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9. GRAVITY SEWERS

9.1 Description

Gravity sewers are used for the transport of sanitary and
industrial wastewater, stormwater and any combination of
wastewaters. Slope design is important and results in flow due to
gravity. Access to a gravity sewer is by manholes spaced about

every 300 to 500 feet or at changes in slope or direction.

Design Criteria (2): Size: dependent on flow, minimum 6"
ingide diameter for all laterals in collection systems.
Slope: dependent on size and flow, Velocity: minimum of 2.0
ft/sec at full depth. Materials: must meet service application
requirements. Additional Requirements: adequate ground cover,
minimum scouring (self-cleaning) velocity; infiltration should
not exceed 200 gal/d/inch diameter/mile. Small diameter gravity
sewers for transport of sgeptic tank effluent, have a ﬁinimum
diameter of 4 in and are designed for 1/2-peak flow

{corresponding to a gradient of 0.67 percent for a 4 in sewer.)

See Table 9.1 (2) for design criteria for the sizing of

collector and interceptor sewers.
9.2 Limitations
High capital cost in rural areas, in areas requiring removal

of ledge rock and where depths greater than 15 feet are required.

Possible explosive hazards can occur due to production of gas or

improper hydraulic design of a sewer. Blockage is also a
possibility because of grease, sedimentation, tree root
development and, in the case of combined sewers, debris.

Excessive infiltration and inflow are the most common problems

for both old and new systems.
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Pipe Diameter

SIZING OF COLLECTOR AND INTERCEPTOR SEWERS

Minimumm Slope for
Pipe Velocity of

TABLE 9.1

Design Wastewater flow (Mgal/d) with
Pipe Flowing Full

Velocity, ft/sec

10
12
15
18
21
24
27
30
36
42
48
54

2 ft/sec 8 ft/sec 2 3 4 8

0.0060 0.075 0.26 0.36 0.47 0.91
0.0038 0.45 0.48 0.69 0.91 1.76
0.0030 0.035 0.72 1.04 1.37 2.54
0.0022 0.026 1.04 1.46 1.94 3.51
0.0015 0.020 1.69 2.47 3.25 5.84
0.0012 0.016 2.41 3.45 4.42 9.43
0.0010 0.013 . 3.38 4,94 6.37 12,35
0.00078 0.011 4,10 6.24 8.13 15,28
0.00065 0.0095 5.20 7.80 10.08 18.85
0.00058 0.0080 6.50 9.75 13.00 24.05
0.00045 0.0060 9.75 14.63 18.20 37.05
0.00038 0.0050 13.00 19.50 25,36 48.10
0.00032 0.0045 16.25 24.70 31.85 59.80
0.00026 0.0039 20.80 31.85 39.65 84.50
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9.3 Costs

See Figures 9.1 and 9.2 (2,11).

9.4 Availability

Gravity sewers are the oldest and most common wastewater
transport system existing. Use of water for waste carriage
results in contamination of the water and often in sources

used for downstream supply, or groundwater.

Materials for sewer construction - cement, asbesgtos cement,
reinforced concrete are widely available. Materials such as PVC
may have improved erodibility characteristics and should be
considered also (see Section on 8Steep Slope Sewers). Also,
possible health considerations for asbestos cement pipe should be

taken into account.

9.5 Operation and Maintenance

Pipe material with special considerations are as follows:

Asbestos Cement: advantages include light weight, ease of
handling, long laying lengths and tight joints; disadvantages
include corrosion where acids and hydrogen sulfide are present
along with its known carcinogenic characteristics; diameters

available from 4 to 42 in.

Clay Pipe: advantages include a resistance to corrosion from
acids and alkalies and also a resistance to erosion and scour;
disadvantages are that clay pipe has a limited range of sizes and
strengths, it is also brittle with short pipe lengths and many

joints; diameters available from 4 to 42 in.

Concrete (both reinforced and non-reinforced): advantages

are its strength, availability of sizes and wide spread use;
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Figure 9.1: Capital Cost of Gravity Sewer.
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Annual Cost, Dollars/Ft.

Figure 9.2: Operation & Maintenance Cost for
Gravity Sewers.
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disadvantages include a corrosion tendency when acid and hydrogen
sulfide are present. Short pipe lengths and many joints are
required; diameters available from 12 to 144 in for reinforced
and 4 to 24 in for non-reinforced concrete pipe. '

Cast Iron: advantages include long laying lengths and tight
joints along with an ability to withstand high external loads and
a corrosive resistant nature in neutral solids; disadvantages
include corrosion by acid, septic wastewater or corrosive soils;

diameters available from 2 to 48 in.

Plastic Pipe: advantages include 1light weight, tight
joints, long laying lengths and in some cases, corrosion and
erosion resistance; disadvantages include thin walls,

susceptibility to sunlight and 1low temperature, which affect
shape and strength; diameters are available to 12 in for solid

wall and from 8 to 15 inch for plastic or truss pipe.

Highly reliable, with a long life expectancy. System is not

dependent on moving parts.

9.6 S8Special Factors

Common modifications include addition of corrosion
protection coatings (coal based tar, PVC based tar) chemical
grouting and s8lip-in liners (for pipes with diameters of less
than 12 in) for rehabilitation of in-place sewers, inverted
syphons, lift stations for hilly or excessively flat terrain and

diversion regulators for combined sewers.

In rural communities where topography is favorable, small
diameter gravity sewers which transport septic effluent to
central treatment works have been employed in Australia and, to a
limited extent in the U.S, Generally, these sewers have a
minimum pipe diameter of 4 in. All installations to date have
employed PVC pipe, owing to its light weight, long lengths and

93



ease of laying. Curvilinear alignments in the vertical and
horizontal planes are allowable, and manholes and meter boxes
(depending on line depth) may be kept to a minimum (400 to 600

feet spacing).

There is a low environmental impact on air and water.
However, there is congiderable impact on land during
installation. The installation of sewers in roadways adjacent to
vacant properties leads to an increase in the rate of development
of the 1land. Small diameter gravity sewers in rural areas would
result in a reduction in the magnitude of the land and secondary
development impacts for conventional gravity sewers. They may
also reduce the 1land requirements for subsequent treatment
processes where organic loading is the principal design

parameter.

9.7 Recommendations

Gravity sewers are commonly used for the transportation of

wastewater wherever gravity flow is cost effective.
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10, PRESSURE SEWERS

10,1 Description

Pressure sewers are operated with pumping instead of
gravity. They may result in lower construction costs relative to
gravity sewer systems in less populated areas. Pressure sewers
may be placed independent of slope. Pressure sewers have been
largely offered in order to reduce the high costs of sewer
systems which have been designed 1in accordance with generally
accepted design parameters for slope and velocity (generally to
maintain a minimum of 2 ft/sec; 0.61 m/sec). Generally there is
a trade-off in more system operating complexity because of
typically smaller diameters in pressure systems, and increased
operating costs due to power requirements. The pressure sewer
system requires a number of pressurizing inlet points and a
single outlet tc a treatment facility or to a gravity sewer,

depending on the application.

The two major types of pressure sewer systems are the
grinder pump (GP) system (See Figure 10.1) and the septic tank
effluent pump (STEP) system (See Figure 10.2),. The major
difference between the two systems are in the on-site equipment
and layout. Neither pressure sewer system alternative requires

any modification of household plumbing.

10.2 Advantages and Disadvantages

High operation and maintenance costs are likely because of
the use of mechanical equipment at each point of entry to the
system. In GP systems, the wastewater conveyed to the treatment
facility may be more concentrated than normal wastewater. In
STEP systems, a weaker, more septic waste 1is generated,
Therefore, both systems require special care in system design and
in treatment facility design. It is more difficult to monitor
and maintain many small pumps than a few larger ones 1in gravity

systems.
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-igure 10,7

PRESSURE SEWER CONNECTION
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—] N / PVC Piping
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On—0Off Level Sensor

(Source: Ref. 2)
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Figure: 10.2

PRESSURE SEWER SYSTEM
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PRESSURE SEWERS

ADVANTAGES DISADVANTAGES

o Law construction cost o Multiple pumping units o

o Adaptable to severe terrain reguired
conditions; no slope required o Relatively high operation

o No infiltration/exfiltration and maintenance requirements

o STEP systems reduce grit, o STEP systems require
grease, and solids present in periodic cleaning of septic
wastewater flow tanks and disposal of

o Shallow sewer depths geptage

o Cleanouts used instead of o Individual services
manholes susceptile to power/pump

failures (unless overflow
storage is provided

o Potential odor/corrosion
problems
Design c¢riteria are as follows: Dendriform systems

(irregular piping network) are generally used instead of
rectangular grids., Pump requirements vary with the type of pump
employed and its location in the system. Flushing provisions are
necessary. Pipe design is based on Hazen-Williams friction
coefficient of 130 to 140. For GP systems a minimum velocity of
abaout 3 ft/sec at least one time per day is used to prevent
deposition of solids. Meter boxes generally suffice in place of

manholes.

Service connection lines between the pump and the pressure
main are generally made of 1 to 2 in PVC pipe with PVC drain,
waste and vent fittings. Pressure mains are generally 2 to 12 in
diameter PVC pipe, depending on hydraulic reduirementS« Pipes
must only be buried deep enough to avoid freezing. Head loss due
to pipe friction generally is in the range 1 to 4 ft water/100 ft
of pipe. |

10.3 Costs
See Table 10.1 (2). Local economics, especially cement and

other material costs, distance to manufacturing and distribution

centers, climate, geology and slope, soil type, and many other
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Components* ¥
1. Mainline Piping (PVC)

a. 1-3 in diameter
b. 4 in
c. 6 in

TOTAL

2. On-lot Septic Tank
Effluent Pumping (STEP)

a. Pump, controls, etc.
b. Service line
(100 ft @ 32/ft)
¢. Corporation cocks,
valves, etc.
d. Septic tank (optional)
e. Connection fee

TOTAL
3. On-lot Grinder Pump (GP)

a. GP unit, controls, etc.
b. Service line
(100 ft @ $2/ft)
c. Cocks, valves, etc.
d. Connection fee

TOTAL

TABLE 10.1

SEWER COSTS

Construction Cost

$5.61/1in ft
$6.55/1in ft
$8.70/1in ft

$1700-2800
374

94
470

94-187

2240-4,000

2400~-3740

374
94

94-187
$ 3000-4400
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Operation & Maintenance Cost

3187-374/year/mile

$187-374/year/mile

$75/year

$19

$94/year

$140/year

$140/year



factors make efforts to give realistic costs extremely difficult.
The costs given on Table 10.1 should be used for gross egtimating

purposes only.

10,4 Availability

More than 100 pressure sewer systems have been operated in
the United States to date.

10,5 Operation and Maintenance

In both designs household wastes are collected in the
sanitary drain and conveyed by gravity to the pressurization
facility. The on-lot piping arrangement includes at least one
check valve and one gate valve to permit isolation of each
pressurization system from the main sewer. GP’'’s can be installed
in the basement of a home to provide easier access for

maintenance and greater protection from vandalism.

In STEP systems, wastewater receives intermediate treatment
in a septic tank. The septic tank effluent then flows to a
holding tank which houses the pressurization device, control

sengors and valves required for a STEP systea.

Normally, small centrifugal pumps are employed for the STEP
systems. These pumps are submersible and range in size from 1/4
to 2 hp. Pump total head requirements generally range from 25 to
90 ft. Impellers can be made of plastic to reduce corrosion
problems, Also included within the holding tank are level
controls, valves and piping. The effluent holding tank can be
made of properly cured precast or cast-in-place reinforced
concrete, or they may be made of molded fiberglass or reinforced
polyester resin. Tank size is based on accessibility for repairs

-and maintenance.
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Pump control switches are either a pressure sensing type, or

the mercury float type switch.
10.6 Control
Severe corrosion c¢an cause mechanical and/or electrical

problemg. Accumulations of grease and fiber can cause reduction

in pipe cross sectional area of GP systems during partial flow

conditions. Estimated life of current pump designs exceeds ten
years. Centralized maintenance is generally required for optimum
service.

10.7 Special Factors

On GP systems an emergency (i.e., power failure, etc.)
overflow tank may be provided. Measures such as standpipes and
pressure control valves are sometimes used to maintain a positive
pressure on the system. Air release valves are also provided to
release gas pockets in the system. Polyethylene pipe, pneumatic
ejectors and mainline check valves have been used in some

designs.
10.8 Recommendations

Pressure sewers are most applicable where population density
is low, where it is severely rocky, and where high ground water

or unstable soils prevail and also where terrain slopes change

frequently.
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11. FACULTATIVE LAGOONS

11.1 Description

Facultative Lagoons are low~cost, highly efficient
alternative of wastewater treatment in tropical and subtropical
climates. These lagoons are intermediate depth (3 to 8 ft) ponds
in which the wastewater 1is stratified into three zones (See
Figure 11.1) (2). These zones consist of an anaerobic bottom
layer, an aerobic surface layer and an intermediate zone.
Stratification is a result of solids settling and temperature-
water density variations., Oxygen in the surface stabilization
zone igs provided by reaeration and photosynthesis. This is in
contrast to aerated lagoons in which mechanical aeration 1is used
to create aerobic surface conditions. In general, the aerobic
surface layer serves to reduce odors while providing treatment of
soluble organic by-products of the anaerobic processes operating

at the bottom.

Sludge at the bottom of the facultative lagoons will undergo
anaerobic digestion producing carbon dioxide and methane. The
photosynthetic activity in the aerobic lagoon surface produces
oxygen diurnally, increasing the dissolved oxygen during daylight

hours, while surface oxygen is depleted at night.

Design Criteria (also see Table 11.1): At least three cells
in series. Parallel trains of cells may be used for larger
systems. Detention time: 20 to 180 days. Depth, ft: 3 to 8
(0.9 to 2.4 m), although a portion of the anaerobic zone of the

first cell may be up to 12 ft (3.66 m) deep to accommodate large

initial solids deposition. The pH: 6.5 to 9.0. Water
temperature range: 35 to 90 degrees F for municipal
applications. Optimum water temperature: 68 degrees F. Organic

loading: 10 to 100 1b BODs/acre/day, perhaps up to 300
lb/acre/day (approx. kg/ha/day) in tropical climates.
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Figure 11.1: Typical Facultative
(Aerobic—Anaerobic) Lagoon
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TABLE 11,1

TYPICAL DBSIGN PARAMETERS FOR ANABROBIC AND FACULTATIVE
STABILIZATION POND§

Parameter

Aerobic-anserohic
{faculative)
pond

Aerobic-snerobic
(faculative}
pond

Anaerobic pond

Aerated lagoons

Fiow regime

Fond sige, ha

Operation?

Detention time, d?

Depth,

pH

Temperature range,*C

Optimum temperatyre, ¢

BODs loading, kg/ha . db

BObs conversion

Prineipal conversion
products

Algal concentration
o/l

Bffluent suspended
golids, mg/h*

i-4 muitipies
Series or paraliel
7-30

i-2

6.5-9.9

0-50

20

15-80

80-95

Algae, COy, CHy bac-
terial cell tissue
20-80

40-100

Nired surface layer
1-4 sultipies
feries or parallel
7-20

1-2.5

6-5'8:5

0-50

Al

§0-200

80-95

Al‘e. COI| C“h b‘C‘
terial cell tissue
5-20

40-60

0.2-1 nultipies
Jeries

20-50

2.5-5

6.8-7.2

6-50

3

200-500

50-85

00y, CHy, bacterial
cell tissue
-5

80-160

Completely mixed
1-4 auitiples
Series or parallel
3-10

-6

b.5-8.9

0-40

i

80-95

€0y, bacterial
cell tissue

80-250

{ Depends on climatic conditione

v Typical values (much higher values have been appiied at various locations). Loading values are often specified
by state control agencies,

¢ Includes algae, microorganisms, and residual influent suspended golide. Values are based on an influent soluble B0Ds of
300 ng/L and, with the exception of the aerobic ponds, an inviueat suspended-goiide comcentration of 200 ng/L.

Note: ha 1 2,4711 = acre
ax 3, 2808 = ft
kg/ha + d x 0.8922 = 1b/acre ¢ d
ag/L = g/m}
Source: Reference 4
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Performance: BODs reductions of 75 to 95% have been
reported. Effluent suspended solids concentrations of 20 to 150
mg/1l can be expected, depending on the degree of algae separation
achieved in the last cell. Efficiencies are strongly related to

pond depth, detention time and temperature.

Total containment ponds are a variant of facultative
lagoons. In the case of total containment however, the design is
based on the difference between evaporation and precipitation and
the total expected flow. 1In areas where evaporation exceeds
precipitation by a significant margin, and where wastewater flows
are relatively small, this option may be used. Large land areas
are required. Thus, the option igs a good one in regions where
land costs are low., Moisture deficit 1is equal to annual
evaporation minus annual precipitation. For various values, the

design criteria are as follows (58):

45 inch moisture deficit:
Flow (MGD) 0.25 0,50 1.00 1.25 1.50
Lagoon surface area (acres) 2 4 8 9 12

30 inch moisture deficit:

Flow (MGD) same
Lagoon surface area (acres) 3.5 6 12 15 18

15 inch moisture deficit:

Flow (MGD) same
Lagoon surface area (acres) 6 12 24 30 37

11.2 Limitations

In very cold climates, facultative lagoons may experience
reduced biological activity and treatment efficiency. Ice
formation can also hamper operations. In overloading situations,

odors can be a problem.

Bacteria, parasite, and virus removal ig effective in multiple
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cell (minimum of 3) wastewater stabilization lagoons, as long as
detention times are sufficient (minimum of 20 days). .

11.3 Costs
See Figure No. 11.2 (2,11),

11.4 Availability

Fully demonstrated and in moderate use especially for
treatment of relatively weak municipal wastewater in areas where
real estate costs are not a restricting factor. Such is the case

in many developing countries.

11.5 Qperation and Maintenance

Facultative lagoons are often operated in series. As a
matter of fact, for optimum performance they should be operated
this way. When three or more cells are linked, the effluent from .
either the second or third cell may be recirculated to the first.
Recirculation rates of 0.5 to 2.0 times the plant flow have been

used to improve overall performance.

Settled solids may require cleaning and removal once every

10 to 20 years.
11.6 Control
The service life of a lagoon is8 estimated +to be 50 years.

Little operator expertise is required. Overall the system is
highly reliable.

11.7 Special Factors

Facultative lagoons are customarily contained " in earthen

dikes, Depending on soil dharacteristics, lining with various .
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Figure 11.2: Construction, Operation & Maintenance
Costs for Facultative Lagoons.
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impervious materials such as rubber, plastic or clay may be
necessary. Use of supplemental top layer aeration can improve
overall treatment capacity, particularly in high elevations or

cold climates where icing might occur.

If wastewater is nutrient deficient, a source of
supplemental nitrogen or phosphorous may be needed. No other

chemicals are required.

There is potential for seepage of wastewater into the ground
water unless the lagoon is lined. Compared to other secondary
biological treatment processes, relatively small quantities of

sludge are produced.
11.8 Recommendations

Used for treating raw, screened or primary settied domestic
wastewaters and weak biodegradable industrial wastewaters. Most
applicable when land costs are not of concern, and operation and
maintenance costs are to be minimized. The technology is
preferable to mechanical systems where climate is good, and is

ideal for many locations in Latin America.
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12. AQUATIC PLANT - AQUACULTURE SYSTEM

12.1 Description

Aquaculture, or the production of aquatic organisms (both
flora and fauna) under controlled conditions, has been practiced
for centuries primarily for the generation of food, fiber and
fertilizer. The water hyacinth (Eichhornia crassipes) appears to

be the most promising organism for wastewater treatment and has

received the most attention. Other organisms however are also
being studied. Among them are duckweed, seaweed, midge larvae,
alligator weeds and a host of other organisms. Water hyacinths

are large fast-growing floating aquatic plants with broad, glossy
green leaves and light lavender flowers (See Figure 12.1)(2).
Figure 12,2 (15) shows a plan and cross section with some design
criteria. A native of South America, water hyacinths are found
naturally in waterways, bayous and other backwaters. Insects and
disease have little effect on the hyacinth, and they thrive in

raw, as well as partially treated wastewater.

Wastewater treatment by water hyacinths is accomplished by
passing the wastewater through a hyacinth-covered basin._where
the plants remove nutrients, BODs, suspended solids, metals, etc.
Batch treatment and flow-~through systems, using single and
multiple cell units, are possible. Hyacinths harvested from
these systems have heen investigated as a fertilizer/soil
conditioner after composting, animal feed and as a source of

methane when anaerobically digested.

Design Criteria - Experimental data vary widely from
different experiences. Ranges herein refer to hyacinth treatment
as a tertiary process on secondary effluent. Depth should be
sufficient to maximize plant rooting and plant absorption.
Detention time: depends on effluent requirements and flow; 4-15
days average; phosphorous reduction: 10 to 75 percent; nitrogen

reduction: 40 to 75 percent; land requirement: 2-15
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Figure 12.1: Generalized Aquaculture Basin with
Hyacinth Plants.
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Figure 12.2  Suggested
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acres/Mgal/d (approx. m? per m3/day). Tables 12.1 (15), and Table

12.2 (2) present design criteria and performance expectations.

Performance - The removal results from five different
wastewater streams are given in Table 12.3 (2). There is also
some evidence that coliform, heavy metals and organics are
removed, as well as pH neutralization.

12,2 Limitations

Climate or climate control is the major limitation. Active
growth begins when the water temperature rises above 10 degrees
C. and flourishes when the water temperature is 21 degrees C,
Plants die rapidly when the water temperature approaches the
freezing point, therefore greenhouse structures are necessary in
cooler climates. Water hyacinths are sensitive to high salinity.
Removal of potassium and phosphorous is restricted to the active

growth period of the plants.

Metals such as arsenic, chromium, copper, mercury, lead,
nickel and zinc can accumulate in hyacinths and limit their
suitability as a fertilizer or feed material. The hyacinths may
also create small pools of stagnant surface water which can breed
mosquitos. Mosquito problems can generally be avoided by
maintaining mosquito fish in the system. The spread of the
hyacinth plant itself must be controlled by barriers since the
plant can spread and grow rapidly and clog affected waterways.
Hyacinth treatment may prove impractical for 1large treatment
plants due to land requirements. Removal must be at regular
intervals to avoid heavy intertwined growth conditions,
Evapotranspiration can be increased by 2 to 7 times greater than

evaporation alone.
Probably the biggest limitation is disposing of the plant

mass produced. Where metals are not a problem, the plant may be

used for fertilizer and mixed with so0il as conditioner. Harvest
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PABLE 12.1

. JUMMARY OF NUTRIENT LOADING BATES APPLIED TO WATRR HYACINTHS

WASTRWATER TREATMBNT SYSTEMS

Nutrient
Organic Nutrient Loading Rates  Removal,
Loading to First Unit
Location Rate
kg BODg/ha-day kg TH/ha-dsy kg TP/haday TH P
Wiliiamson Creek,
Texas
Phage [ (109 wi/d) 43 15.3 - 10 -
gurface area =
Phase I (109 wi/d) 89 i8.§ - 1] -
Cotal §prings, i 19.5 4.8 % 67
Florida
National 3pace 1] 2.9 0.9 [ 1|

Technology Labs

Source: 15

Comments

Jingle Basin,
0.0585 ba
Single Bagin, surface ares = 0,058 ha

Five Basins in )
Series Total surface ares = 0,52 ha

Single Basin
Beceiving Baw Wastewater, Surface area = 1 ha



TABLE 12.2

REMOVAL. PERFORMANCE OF FIVE WASTEWATER STREAMS
BY AQUACULTURE TREATMENT SYSTEM

Performance - In tests on five different wastewater streams the following removals were
reported:

Phogphate
Feed Source BODs_Reduction OOD Reduction TSS Reducation N Reduction Reduction
Secondary Effluent 35% ~ - 44% 74%
Secondary Effluent 83% 61% 83% 72% 31%
Raw Wastewater 97% - 75% 92% 60%
Secondary Effluent 60~79% - T1% 47% 11%

Source: Reference 2



of the water hyacinth or duckweed plants ig essential to maintain

high levels of system performance. It is essential for high
levels of nutrient removal, Equipment and procedures have been
demonstrated for accomplishing these tasks. Disposal and/or

reuse of +the harvested materials is an important consideration.
The water hyacinth plants have a moisture content similar to that
of primary sludges. The amount of plant biomass produced (dry
basis) in a water hyacinth pond system is about 4 times the
quantity of waste sludge produced in conventional activated
sludge secondary wastewater treatment. Composting, anaerobic
digestion with methane production, and processing for animal feed

are all technically feasible, however have not been proven.
12.3 Costs
See Figure 12.3 (2, B5).

12.4 Availability

This technology is still in the developmental stage. ‘A
number of full-scale demonstration systems are in operation.

Systems are in use in Mexico.,

12.5 Operation and Maintenance

While the water hyacinth system can successfully cope with a
variety of stresses, health of the plants must be maintained for
most effective treatment. While the water hyacinth is a hardy,
disease-resistant plant that thrives at all above freezing
temperatures, its growth rate and nutrient uptake efficiency can

be compromised.

Presence of a high chlorine residual definitely inhibits
plant growth. If possible, effluent chlorination should be
accomplished subsequent to hyacinth treatment. ° If local

conditions dictate pre-hyacinth chlorination, c¢are should be
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Figure 12.3: Operation, Maintenance & Construction
Costs for Aquatic Plant—Aquaculture

System.
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taken that chlorine residual in the influent does not exceed 1
mg/l. Plant health is also adversely affected by chlorides.

Maintenance of nourishment is essential to plant health.
Hyacinth has a voracious appetite, which if not satisfied also
results in chlorosis and decreased uptake efficiency. Lease
efficient performance of the system was obtained during periods
of significantly reduced influent flow and during periods when
influent nitrogen concentration dropped below 10 mg/l. Plant

health is also adversely affected by overcrowding.

The best indication of plant health is an abundant growth of
dark green leaves, Any appearance of stunted leaf growth with
vellowish green leaves in immature plants or of leaf yellowing in

mature plants should bé investigated immediately.

Intense sun with temperatures in the mid-nineties may cause
some leaf browning and wilting. This is not a serious condition
if new growth is present, beneath the brown wilted leaves.
Wilted-leaved plants may be removed during the normal harvest

cycle by selective harvesting.

Healthiest plant condition and best system performance was
obtained when ponds were maintained in a loosely packed condition
by a four week harvest cycle. From 15 to 20% of the plants
should be removed at each harvest. Uncovering more than 20% of

pond surface area will result in an algae problem.

Operation is by gravity flow and requires no energy.

Hyacinth growth energy is provided by sunlight.
Operation and maintenance is relatively simple. Maintenance

is largely associated with harvesating the plants on a regular

basis.

117



12.6 Control

Hyacinth harvesting may be continuous or intermittent.
Studies indicate that average hyacinth production (including 95%
water) is on the order of 1,000 to 10,000 1lb/d/acre (approx.
kg/ha/day). Basin c¢leaning at least once per year produces

harvested hyacinths.

12.7 Special Factors
This technology is generally used in combination with other

treatment, such as lagoons.

12.8 Recommendations

The process appears to be reliable from mechanical and
process standpoints, but the system is subject to temperature
constraints. This technology would be very useful in developing

countries with hot climate=s and where land costs are small.




13. AQUACULTURE - WETLANDS

13.1 Description

Aquaculture systems for wastewater treatment include natural
and artificial wetlands as well as other aquatic systems
involving the production of algae and higher plants (both
submergent and emergent), 1in vertebrates, fish and integrated
polyculture food chain systems. Natural wetlands, both marine
and freshwater, have inadvertently served as natural waste
treatment systems for centuries; however, in recent vyears
‘marshes, swamps, bogs and other wetland areas have been
successfully utilized as managed natural "nutrient sinks"” for
polishing partially treated effluents under relatively controlled
conditions. Constructed artificial wetlands can be designed to
meet specific project conditions while providing new wetland
areas that also improve available wildlife wetland habitats and
the other numerous benefits of wetland areas. Managed plantings
of reeds (e.g., Phragmites spp.) and rushes (Scirpus spp. and
Schoenoplectus spp.) as well as managed natural and constructed

marshes, swamps and bogs have been demonstrated to provide pH
neutralization and some reduction of nutrients, heavy metals,
organics, BODs, cop, TSS, fecal coliforms and pathogenic

bacteria. The system is shown schematically in Figure 13.1 (2),

Wastewater by natural and constructed artificial wetland
systems 1is generally accomplished by sprinkling or flood
irrigating the wastewater into the wetland area or by passing the
wastewater through a system of shallow ponds, channels, basins or
other constructed areas where the emergent aquatic vegetation has
been planted or naturally grows and is actively growing (See
Figure 13.1).

In test wunits and operating artificial marsh facilities
using various wastewater streams, the following removals have
been reported for secondary effluent treatment (10 day
detention): BODs, 80-95%; TSS 29-87%; COD, 43-87%; nitrogen, 42-
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Figure 13.1: Generalized Diagram of Aquaculture
Wetland.

MM“"

FPlan View
/—— Duckweeds
Influent \ / Effluent
Elevation

(Source: Ref. 2)

120



94%; total Phosphate, 94% (higher levels possible with warm
climates and harvesting); coliforms, 86-99%; heavy metals, highly
variable depending on the species. There 18 also evidence of
reductions in wastewater concentrations of chlorinated organics
and pathogens, as well as pH neutralization without causing

detectable harm to the wetland ecosystem.

Design parameters can be found in Table 13.1.

13.2 Limitations

Temperature (climate) is a major limitation since effective
treatment is linked to the active growth phase of mergent
(surface and above) vegetation. Herbicides and other materials
toxic to the plants can affect their health and lead +to poor
treatment. Duckweeds are prized for food of waterfowl and fish
and can be seriously depleted by these species. Winds may blow
duckweeds to the shore if wind screens of deep trenches are not
employed. Small pools of stagnant surface water which can allow
mosquitos to breed can develop, but problems can generally be
avoided by maintaining mosquito fish or a healthy mix of aquatic
flora and fauna in the system. Wetland systems may prove
impractical for large treatment plants due to the 1large land

requirements. Evapotranspiration increases are likely.
13.3 Costs

The generalized construction cost and operation and
maintenance costs are shown in Figure 13.2 (2). The case study
examples of actual construction costs and operation and
maintenance costs for wetland treatment systems at Vermontville

and Houghton Lake, Michigan are shown in Table 13,1 (16).

Figure 13.2 and Table 13.2 also show the operation and

maintenance costs.

121



Figure 13.2: Construction, Operation & Maintenance
Costs for Aquaculture — Wetlands.
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Type of
system

Trench (with
reeds or rushes)

Marsh (reeds
rushes, other)

Marsh-pond

1. Marsh

2. Pond

Lined trench

PRELIMINARY DESIGN PARAMETERS FOR PLANNING

TABLE 13.1

ARTIFICIAL WETLAND WASTEWATER TREATMENT SYSTEMS@#

Characteristic/design parameter

Detention Depth of Loading rate
Flow time, d flow, ft (m) g/ftt d (cm/d)
regimeb
Range Typ. Range Typ. Range Typ.
PF 6_15 10 1!0"1.5 1.3 008'2.0 1-0
(0.3-0.5) (0.4) (3.25-8.0) (4.0)
AF 8-20 10 0.5-2.0 0.75 0.2-2.0 0.6
(0.15-0.6) 0.25 (0.8-8.0) (2.3)
AF 4-12 6 0.5-2.0 0.75 0,3-3.8 1.0
(0.15-0.6) (0.25) (0.8-15.5) (4.0)
AF 6-12 8 105-300 2.0 On9_2¢0 1-8
(0.5-1.0) (0.6) (4.2-18.0) {7.5)
PF 4-20 6 - - 5-15 12
(hr.) {hr.) {20-60) (50)

a Based on the application of primary or secondary effluent.

b PF = plug flow, AF = arbitrary flow.

Source: Reference 59
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TABLE 13.2

WETLANDS COST SUMMARY

Category

Labor

(including Overhead/Administration)
Electrical Energy

Equipment Use (including Fuel)
Repair/Replacement |

New Equipment

Totals

Cost Breakdown for
Million Gallons Treated

Source: Reference 14

Vermontville, MI

11-Acre
Constructed Wetland

{0.07 MGD)
% of
Cost Total
$ 1,900 56.1
372 11.2
1,100 31.7
33 1.0

0 0
$ 3,300 100%

$ 128
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Houghton Lake, MI
Natural Wetland
(1.1 MGD Summer/
0.42 MGD Winter)

% of
Cost Total

$ 4,750 53.9

2,400 27.4
660 7.5
165 1.9
275 9.4

$ 8,800 100%



13.4 Availability

This technology is in the developmental stage., Several full
scale, demonstration, experimental systems are in operation or

under construction.

13.5 Operation and Maintenance

Vegetation is the main form of erosion control and works
quite well once established. A minimum of one spring and summer
are needed before the vegetation can become established, without
specific planting and cultivation. Vegetation is not sufficient
around weirs, gates and pipes. These areas must be fortified
with riprap. The District is fortunate in this respect because
it is located en route to the local landfill and gets all its

riprap free of charge.

By dividing the total area designated for the wetlands into
plots more habitat goals may be achieved. When a multiple plot
system is created flow variation is facilitated. This allows one
plot to be isolated from the system in case of major maintenance
needs. Multiple plots also allow depth variation. Depth is a
key factor in habitat design: it will determine whether or not
emergent vegetation will‘be present and will affect temperature
and dissolved oxygen values, Plot shapes may vary but small,
constricted areas should be avoided as they would promote
stagnation and vector problems. Deciding which groups of
organisms are desired in the wetlands and knowing what conditions
these organisms normally live under will determine the

fundamental components of the design.

Clostridum botulinum is the cause of avian botulism and will
not cause botulism in humans. It is, however, deadly to
waterfowl and certain measures may be taken to avoid its
occurrence. Avoiding anaerobic conditions by keeping the water

circulating and maintaining the depth under 3’ is an important
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factor in botulism avoidance. Removal of floating organic debris
which collects behind weirs and in corners is regularly done.
Steep-sided levees, adjustable broad crested weirs for
controlling water levels, conveying water by pipeline, and
ability to shunt a plot out of service for draining, are also

factors in the botulism avoidance program.

Mosquitoes lay eggs in water and the larva grow there under-
going metamorphosis to the adult form. To breathe the larva must
hang from the surface film of the water, piercing it with their
respiratory tube to obtain oxygen. This knowledge of the
mosquito life c¢ycle and habitat needs helps the wetlands manager
avoid mosquito breeding problems. Open water areas, subject to
wind action and providing easy access for predators, limit
mosquito production. Maintaining good circulation in vegetated
areas provides for predator access and lessens mosquito

production.

The vegetation produced as a result of the system’s
operation may or may not be removed and can be utilized for
various purposes (e.g., composted for use as a fertilizer/soil
conditioner, dried or otherwise processed for use as animal feed
supplements, or digested to produce methane).

13.6 Control

Low operator attention is required if properly designed.

13.7 Special Factors

Tie-ins with cooling water from power plants to recover
waste heat have potential for extending growing seasons in colder
climates. Enclosed and covered systems are possible for small

flows.
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13.8 Recommendations

This technology 1is useful for polishing treated effluents.
It has potential as a low cost, low energy consuming alternative
or addition to conventional treatment systems, especially for
small flows. It has been successfully used in combination with
chemical addition and overland flow land treatment systems.
Wetland systems may also be suitable for seasonal use in treating
wastewaters from recreational facilities, some agricultural
operations, or other waste-producing wunits where the necessary
land area is available. Finally, it also has potential
application as an alternative to lengthy outfalls extended into
rivers, etc., and as a method of pretreatment of surface waters

for domestic supply, storm water treatment and other purposes.
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14, PRELIMINARY TREATMENT

14.1 Description

Preliminary treatment is used to remove grit, heavy solids

and floatable material from municipal wastewater by using coarse

screening {bar racks), medium screening, and
comminution/grinding. In conventional wastewater treatment or
raw water supply treatment, the preliminary treatment system is

used to protect pumps, valves, pipelines, and other appurtenances

from damage or clogging by large solids or high density

materials, Preliminary treatment will also remove large
particulate material, thus reducing loadings on following
processes,

Preliminary treatment typically consists of bar screens and
grit chambers. These two appurtenances are available in varying
sizes with several maintenance options, such as hand-cleaned,
and/or mechanically cleaned depending on the size of treatment
plants. A typical flow diagram of preliminary treatment is shown

in Figure 14.1 (2).

Design Criteria - the arrangement of preliminary treatment
units varies depending on sewage wastewater characteristics
and/or subsequent treatment processes. The preliminary system may
also include flow measurement devices such as flumes. Also, low
1ift pumping may be included to adjust for operating head losseé
in the subsequent treatment processes. A few general design rules
are followed (17): Bar Screen -~ Bar size 1/4 to 5/8 inch (0.6 to
1.6 cm) width by 1 to 3 inch (2.54 to 7.2 cm) depth; spacing 0.75
to 3 inch (1.9 to 7.2 cm). Slope - from vertical to 45°,
velocity 1.5 to 3 ft/s (0.5 to 0.9 m/s). The typical grit
removal chambers; horizontal velocities of 0.5 to 1.25 ft/s (0.15
to 0.4 m/s). Sufficiently long retention times should be
provided in the grit chambers to settle the lightest and smallest

grit particles. This may be between 10 and 30 minutes,
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6C1

Figure 14.1: Flow Diagram of Preliminary Treatment

Metering

To treatment

Influent .\ Bar Comminutor Grit
Screen {optional) > Chamber [P

SE— Large Solids
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Grit

(Source: Ref. 2)



14,2 Limitations

Bars and screens require regular cleaning. If the cleaning
is by mechanical means, preventive maintenance is required on a
regular basis, especially in those cases where solids are heavy
and solids concentrations are high. This may be during periods of
rainfall for both water and wastewater treatment systems.
Operational problems have been experienced if comminutors are
used in certain installations with a heavy influx of plastic or

high density objects.

14.3 Costs

The construction costs are shown on Figure 14.2 (2,11), for
flow channels and superstructures, bar screen (mechanical),
horizontal grit chamber with mechanical grit handling equipment,
Parshall flume and flow recording equipment. Figure 14;2 also
shows the operation and maintenance cost (cost for grit disposal

not included).

14.4 Availability

Preliminary treatment has been used since the earliest days

of municipal wastewater treatment and water supply treatment.

14.5 Operation and Maintenance

Preliminary treatment usually consists of two separate and
distinct unit operations - bar screening and grit removal. There
are two types of bar screens or racks. The most commonly used
and oldest technology, consists of hand-cleaned bar racks. Hand
cleaning is generally used in smaller treatment plants. The
second type of bar screen is the one that is mechanically

cleaned, {(commonly used in larger facilities).
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Figure 14.2: Construction, Operation & Maintenance
Costs for Preliminary Treatment.
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Grit is most commonly removed in chambers, which are capable
of settling out high density solid materials, such as sand and
gravel. There are two types of grit chambers: horizontal flow
and aerated. In both types the settleables collect at the bottom
of the unit. The horizontal wunits are designed to maintain a
relatively constant velocity by use of proportional weirs of
flumes in order to prevent settling of organic solids, while
simultaneously obtaining relatively complete removal of the

inorganic grit.

The aerated type produces spiral action. The heavier
particles remain at the bottom of the tank to be removed, while
lighter and generally organic particles are maintained in
suspension by rising air bubbles. Advantages of aerated units
are that the amount of air can be regulated to control the amount
of grit/organic solids separation, and offensive
odors are controlled, The aeration process also facilitates
cleaning of the grit. The grit removed from horizontal flow

units usually needs additional cleaning steps prior to disposal.

All unit operations, except for the ones with comminutors,
will generate solids that will need disposal. Screens remove up
to 1 yd? of 12 to 15% solids/Mgal. But this is very much related
to the character of the water being treated. The grit and other

solids are often landfilled.
14.6 Control

Preliminary treatment systems are extremely reliable and, in
fact, are designed to improve the reliability of downstream

treatment systems.

14.7 Special Factors

Many plants often use comminutors. These are mechanical

devices that grind up the material normally not removed in the
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screening process. Therefore, these solids remain in the

wastewater to be removed in downstream unit operations.

In recent years, the use of static or rotating wedge-wire
screens has increased. These remove large organic particles just
prior to degritting. These units have been found to be superior
to comminutors in that they remove the material immediately from
the waste instead of creating additional loads downstream. Other
grit chamber designs are available including swirl concentrators

and square tanks.

Odors are common when removed grit contains excess organic

solids which are not disposed of a short time after removal.

14.8 Recommendations

This technology should be used at all municipal wastewater
treatment plants and water treatment plants with the potential
for high solids in the influent. They are also often used prior

to wastewater pumping stations.
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15, HORIZONTAL SHAFT ROTARY SCREEN

15.1 Description

The rotating drum filter operates intermittently or
continuously, and can be used as needed. The rotating drum is
covered with a plastic or stainless steel screen of uniform sized
openings, installed and partially submerged in a chamber (see
Figure 15.1) (2). The chamber is designed to permit the entry of
water to the interior of the drum and collection of filtered (or
screened) water from the exterior side of the drum. Coarse
screens have openings of 1/4 inch or more; fine screens have
openings of 1less than 1/4 inch. 8Screens with openings of 20 to
70 microns are called microscreens or microstrainers. Drum
diameters are 3 to 5 ft with 4 to 12 ft lengths.

Design Criteria - Screen submergence is 70 to 80%. Loading
rate: 2 to 10 gal/min/ft2 (0.82 to 4.1 1/min/m%2) of submerged
area depending on pretreatment and mesh size (2). Flow rates may
be as high as 10 to 30 gpm/ft? (4.1 to 12.3 1/min/ft3), at head
losses around 12 to 18 inches (0.3 to 0.46 m) of water through
the filter system (55). Screen openings: 150 microns to 0.4
inches for pretreatment; 20 to 70 microns for fine particle
removal. Drum rotations /min: 0 to 1. Screen materials:
atainless steel or plastic cloth. Washwater = 2 to 5% of flow
being treated. Performance of fine screen device varies
considerably depending on influent solids type, concentration and

loading patterns; mesh size, and hydraulic head.

Typical removal rates for some pollutants are as follows:
BODs, 40 - 60% and S8, 50 - 70%. Head loss is usually from 0.3
to 2 ft.

15.2 Limitations

There is a dependence on pretreatment and inability to
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