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P OREWORD
The purpose of this Rulaes of Design Standards is to
establish the needed requirements and the proper procedure
for the development and approval of design projects for
Sanitary Sewer Systems and/or Water Supply Systems.
These Standards are not expected to cover each and everyone
of the submitted casés, .and they may be subjected to-particular

conditions.






¥** T NTRODUCTT QN **=*

The Puerto Rico Agqueduct and Sewer Authority in its desire
to offer a better service to its customers and to lessen itsr
operation and maintenance problems, preparsd what at the time
entitled "House Connection St;ndards" and considered this as
its first attempt to prepare a manual that in the future would
be called "Operation Manual and Design Standards®. This "House
Connection Rules" advised that from time to time, when new ideas,
new methods appear, the necessary revisions should be made.

By the year 1957, its name was changed to "Design Standard .
Manual", and in 1974, the Authority was compelled to revise its
standards. Now, the Authority, recognizes that due to the new
water quality standards, new programs;'raising'costs of equip-
ment, chemical products, o¢peration and maintenance programs,
must deal with the revision of its design standards-aiming at
the uniformity of its structures, services, operation and main-
tenance prograﬁs, etc.

In addition the Authority for its revision, held public
hearings,‘consulted customers, updated safety reguirements,
incorporating them into the "Rules of Design Standaxds“.

Today I am very pleased to submit to you the Rules that

will govern the Design of Aqueduct and Sewer Systems in Puerto

Rico and that will come into effect today.






To all entities both governmental and private, fellow
engineers, businessmen and to a2ll that in cne way or another
assisted us 1n preparing this rules of design standards, our

gratitude.

b O Wit

CARLOS A. MULERO
EXECUTIVE DIRECTOR

December 12, 1983






o) ' : RESOLUTION NUMBER 1127

WHEREAS: The Puerto Rico Agueduct and Sewesr Authority
was created in order to provide and help provide the inhébit—
ants of Puerto Rico an adecuate water znd sanitary’sewer ser-
vice ané any other service 6: incidental facilities concerning
to the same (22 L.P.R.A., Section 144);

WHEREAS: The Puerto Rico Agueduct and Sewer Authority is
empowerad to promulgateArulES and regulations concerning the use
and conservation of water, the disposal of wéste waters, the
care, conservation and protection of the faciiities usad or to
be used for the supply, distribution, consumption or usse of wa-
ter and disposal of waste waters in order to comply with the pur-
poses for which the Puerto Rico Agueduct and Sewer Authority was
created (32 L.P.R.A., Section 152);

WEEREAS: In the year 1974 the Rules and Regulatiomns for
: Designing were approved, which actually regulates the designing

for Sani*tary Sewer Systems and the Water Supply Systems;

WHEREAS: A committee was aﬁpointed to perform 2 ravision'
+o suech rules and regulations and to adapt them for today's
technical and professional needs;

WHERFAS: After having complied with a1l the law reguire-

-
-

ments including public hearings and submitted to the Exzcutive

a7

- ) Director, Eng. Carlos A. Mulero, who approved the same;






RESOLUTION NUMBER 1127 _ -2-

NOW, THEREFORE BE IT RESOLVED: By this Goverﬁing Board
and in compliance with Law Number 163 of May 3xd., 19489 to
RATIFY THE APPROVAL OF THE RULES AND REGULATIONS FOR DESIGNING,
which shall be in effect as soon as it is complied by £iling the
same at the Department of State. The Rules and Reéulations for

Designing in force are hereby revoke and repeal.
i ! )

- - .
-

WA ,
ETUT (of Lt S e
I 7.I0 A. NOLLA AMADO .
;Secretaf?“ﬁf—the—Governiﬁg/éoard
of the Puerto Rico Agueduct and
Sewer Authoritv, DO HEREBY CERTIFY,
the e¢bove 13 = true and ecact cogy
of the Resolution approved by the
Beard during their meeting held on
June 26, 1984. '
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These Rules and Regulations issued in compliance
with and pursuant to Section 20, of the Agueduct
and Sewer Authority of Puerto Rico, Law Number 4O
of May 1, 1945, a; amended by Law 163 of May 3, 1949,

Section 14U, parsgraphs (J) and (K) and Section 159,

shall have force of Law.
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CHAPTER T

REQUIREMENTS FOR THE SUBMITTAL OF PILANS

This chapter comprises the requirements applicable to the
submittal of plans, from the Preliminary Consultaticn to the

Final Plans for each type of project, including Trailer Houses.

SECTION DESCRIPTION _ PAGE
l.01 Types of Projects I-1
1.02 Preliminary Consultation I-1
1,03 - A Preliminary Plans _ I-1
1.04 Final Plans I-2
1.05 Traller Housing I-5

1.06 Basis of Design - ' I-7






CHAPTER I

REQUIREMENTS FOR THE PRESENTATION OF PLANS

Tvpes of Projects

1.01.01 Private and public urbanizations, simple lot
divisions, urban renewal projects, and any other
public housing project where water and/or sewer
facilitiesare provided to be connected to the
systems of the Authority or to be transferred to
it for its operation.

1.01.02 Apartment, condominiums or office buildings with
more than three units and trailer houses.

1.01.C3 Hotels, hospitals, medical centers, industrial
buildings, institutional buildings, commercizl,
educational, recreational, sports centers, gasoline
station.

l.01.04 Any other project not included in the above
clauses, which requires a water connection 4" in
diameter or larger.

Preliminary Consultation

Prior to submitting the preliminary plans, a written
consultation is reguired from the proposer or designer,
regarding water and sewexr facilities available in the area
where the project is to be located, with evidence of the
submittal of the project plans to the Planning Board, Permit
and Regulations Administration, and/or other agencies
(E«.Q.B., U.S. Army Corps of Engineers, Department of

Natural Resources, Health Department, and Transportation

and Puklic Works Authority). The consultation also shall
include a site plan and a generzl description of the project.

Preliminary Plans

After obtaining the approval of the permits and requirements
aforementioned and submitting evidence of such approvals, the
proposer shall submit two (2) advance copies of the proposed
project plans, including the information specified in

Sections 1.04.01 to 1.04.06 for revision and recommendations
by the Authority.



1.04 Final Plans

1.04,01

1.04.02

1,04.03

1.04.04

Once the recommendations and approval by the
Authority regarding the preliminary plans are
obtainded and incorporated, the project planner
shall submit two (2) copies for: revision and

final approval, then two (2) copies, (one in Mylar
{0.005) for the Authority and cne in sepia to be
returned to the project planner, afier the approval
seal of the Authority is stamped and six (6) copies
of the final plans of the project. Copy of these
documents shall be forwarded to the Permits and
Regulations Administration.

The horizontal projections shall indicate the
following; project site, tapography, project

limits, adjacent property owners, north, scale,
elevation contours at intervals no greater than one
(1) meter, road and nearest kilometric marker,
streets and other nearby accesses, bench marks
within the project limits, referred to oné of the
U.S. Coast and Geodetic survey -and clearly identified
in the plans. All dimensions and contours, except
pPipe sizes and fittings, pump suction and discharge,
valves and other accessories related with piping
will be indicated in the metric system and in
parenthesis its equivalent in the English system.

Horizontal projections indicating the proposed
water distribution system and sewer system. In
cases of lot divisions or urbanization; numbered
lots must be indicated, as well as existing and
proposed roads or access. Also, the various
elements and details of the water and sewer systems
to be installed in the project.

‘'Longitudinal profiles showing the elevations of

the roads, streets, as well as the existing ahd
proposed sewers related with the project, surveyv
points, partial distances between manholes, station
points, slopes and dimension of the sewers. The
manholes shall have the same numbers, invert and
top elevations as shown on the site plans. Also
all existing sanitary and storm sewers, aqueduct,

kS
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gas or any other piping, cable or structure that
would cross the water or sewer piping of the
proposed project. Aqueduct projects shall include
hydraulic profiles of the piping between pumping
stations and distribution tank and between tanks
and points of maximum or minimum pressure in the
distribution system. :

In sanitary sewer projects where pumping stations
are included, it will be required to show the
hydraulic gradient of the system including velocity.

1.04.05 Submit detailed plans, including typical details
related to the proposed project, according to the
-norms of the Authority, as well as special works,
such. as, overflows, crossings of ramparts, streams,
tunnels, siphons, house connections, culverts,
channels, sewers of non-circular sections etc.

1.04,06 1In case of works that must be installed in private
property, the necessary right of way to be adguirsd
and transferred tc the Authority, must be indicated.

The land to be transferred, by the Developer, to
the Buthority, must be transferred at no cost and,
with a notarized non-return clause and proof of
the Owner's agreement. Right-of-way along the
property limits of adjacent lots shall not be
permitted and shall be accessible to permit
maintenance. For right of way width refer to
Section 1.04.15.

1.,04.07 The plans must include a minimum space of 5" high
and 6" long over the title on the lower right hand
corner of each sheet for the seal of approval of
the Authority. Full name and address of the owner
must appear on the first sheet of the plans.

1.04.08 Each project plans must have a conventional
symbols' legend or code.

1.04.09 All plans submitted for approval must be prepared
and signed by an engineer duly authorized to practice
the profession in Puerto Rico including full name,
address, and license number.

o
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1.04,10

l.04.11

1.04.12

1,04,13

l1.04.14

1.04.15

. existing adjacent property owners, topcgraphy, existing

The minimum scales for the plan shall be 1:1000: for
profiles Ez 1:1000, V= 1:1000; for street or road trans-
verse sections 1:1000 except typical sections indicating
paving details that will be 1:50. For special details
an adequate scale shall be used. - .

On projects for every kind of building, a site plan of
the project must be sumitted indicating its use, number
of floors, housing, offices, rooms, beds, students etc.
Also, building sections and soil test results must be
indicated.

Isometric plans or water and plumbing installations of

the buildings comprised in the project must be submitted.

Plans for urbanizations shall include a scaled sheet
showing all structures comprised in both agueduct or
sewer projects.

The lots for the location of structures, such as pumping
stations and distribution tanks that are part of the

project, must be indicated in the plans, including compass
bearings and length of property lines, area, name of lrﬂn
and proposed ways of communication, nearest kilometric i
marker, existing and proposed access, etc., The lot shall

be large enocugh to allow easy access to the structures,
providing paved concrete walks around them, no less than

two {(2) meters wide. Every lot for pumping stations shall

be concrete paved. Restriction to adjacent properties

will be required, such as setback around the structures
where no other structure will be built., The setback for
sewage pumping stations will be 15 meters. For waste—
water treatment plants see Chapter 6 Section 6.02. The
access road shall be no less than four (4) meters wide
with one (1)} meter wide shoulder on each side.

The necessary rights-of-way for the instazllation of water
pipes or sewers on private property will be indicated on
the plans, having 2 width as follows:

a) three (3) meters for water pipes up te or twelve (12)
inches diameter.

b) four (4) meters for water pipes up to or 18" dizmeter.



1.04.16

¢} for water pipes twenty (20) inches to sixty
six (66) inches in diameter, the width shall
be six (6) meters.

d) three (3) meter wide for sewer pipes up to
twenty-four (24) inches diameter,

e} for sewer with a larger diameter the Authority
will determine the width of the right of way.
and

£) four meter wide for common right of ways of up
to twelve (12) inches for water pipe and
sewers up to twenty-four (24) inches in diameter.

For the project final approval a report must be

submitted including the stratigraphical profiles

and localization of the soil test and reccmendation

of the foundation of the structures. Stratigraphical
profile of this soil test must be shown in the

project plans. The report should be certified by

a Soil Engineer. The Authority may require additional
tests, such as:

~

a) compaction tests to determine settling,

b)) triaxial tests to establish resistance to
cutting or digging,

c)} test trench to verify construction methods,

d) pumping test to determine the coefficient of
permeability to use in the design of the
drainage system,

e) seismic refraction test, jointly with the borings,
to obtain geological information data.

f) establish the number, depth and spacing of the
borings. In the case of treatment plants, the
dimensions and depth of the structure should be
considered.

Housing

-

Trailer housing is a recent type of development
and sufficient experience is not yet available to
establish design standards. Requirements approved
by the Authority shall be applied.



1.05.02

a—- Summer trailer housing
b~ Residential trailer housing

Up to this date the only regulation pursuant to Trailer
Houses has been established by the Planning Board in

its Resolution No., J.P. 229. This Resolution aims to
promoteé projects of this type in an orderly and planned
manner for the enjoyment of these facilities under :
healthfulness, comfortable and safety conditions. Said
Resolution entails the. following criteria:

Definition of Trailer Houses' Recreztional Projects

Will be understood as traziler houses' recreational
project, that which comprises a lot with minimum facili-
ties, oriented toward the local tourism, to provide two
or more parking spaces for compact housing units, with
all or part of the ordinary facilities of a house, per-
manently assembled over a chassis that can be towed by
another vehicle, or can move on its own it does not
excludes the combination of trailer houses with cottacges ‘
and/or tents for short term stays, in trailer houses' o
projects. ) .

Location i

l- Projects within or adjacent to an area of environ~
mental, natural and cultural importance will need
the endorsement of the Department of-Natural
Resources.

2~ The minimum drinking water infrastructure with
adequate capacity according to the rules of the
Puerto Rico Aqueduct and Sewer Authority must exist.
If there are no sanitary facilities, central septic
tanks or any other system will be used.

3= Its location will be at:

a) 30 meters measured from the exterior river bed
of every river, channel and brook.

b} 200 meters measured from P.R.A.S.A.'s acquisition
limit on every reservoir for the supply of
drinking water. . o
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4~ Projects proposed to be on lands adjacent to
residential areas, urbanizations, rural
communities, etc., must observe a buffer zone
planted with trees, free of every activity,
of 20 meters. :

Special Contreols

l- The segregation or division into lots or spaces
for trailer houses in recreational projects
will not be allowed.

2- The trailer houses will no be allowed to be
used as permanent housing units.

1.05.03 In compliance, with the Planning Board's Resolution
No., 229 this Authority states that:

1- Only cne ceonnection of size corresponding to
the number of trailer houses at a rate of 200
gallons per day per trailer house, will be
allowed.

2~ Only one connection to be discharged into a
rank. or cistern will be allowed and the dis-
tribution will be a2t the owner or administrator's
expenses. ’

3. There will be no segregation, nor installation
of individual connections.

4~ The distribution system to be used will be
designed by 2 qualified, licensed engineer
and it will have to be approved by the Agqueduct
and Sewer Authority. -

Basis of Design -

1.06.01 The design and construction of this Authority's
' facilities shall comply with the applicable

requirements of "Concrete Sanitary Engineering
Structures,” reported by ACI Committee 350 . Whexe
a conflict exists between the requirements
specified by ACI 350 and the requirements specified,
shown on the drawings or -elsewhere, the more
stringent requirement shall apply.



1.06.02

1.06.03

The particular attenticn of the Designer is
directed to the fact that the water and waste-
water facilities and a2ll appurtenances shall be
designed and constructed to withstand, in addi-
tion to normally occuring stresses, the stress
resulting from earthguake and hurricane forces.

All designs shall comply with applicable reguire-
ments of the Building Regulations of the Puerto
Rico Planning. Board and of the Uniform Building
Code, latest editions.

The designer shall submit the design data and
design calculations of the Process, Structural,
Electrical, Mechaniczl, Architacturzl or any
other matter deemed necesarry for the revision
and apeproval of plans submittad to this
Authority.

N



CHAPTER II

GENERAL STANDARDS FOR_THE DESIGN OF AQUEDUCT SYSTEM

This chapter includes the daily consumption for different uses

such as domestic, industrial, commerciazl, etc., both urban and rural.

Norms for buildings requiring tanks and pumping systems to satisfy

the minimum water pressure required, factors to be considered in

the design for maximum hourly demand and for 25 years future demand,

Water sources of supply are regulated for quality and quantity.

General conditions are established for the pumping of raw water and

clear water in the distribution system, type and capacity of pumps,

and general norms for distribution systems.

SECTION DESCRIPT ION

2.01 Domestic Consﬁmption
2,02 Other Uses

2.03 Additional Requirements
2.04 General Norms for Rural

Aqueduct Design

2.05 Pumping Statiomns
2.06 Reserve-Tanks
2.07 Distribution Systems

PAGE
IT-1
II-1

XI-2

ITI-3

‘II~4

Iix-11
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CHAPTER II

GENERAL STANDARDS FOR DESIGN OF AQUEDUCT. SYSTEMS

2,01

Domestic Use

2.01.01

2.01.02

2.01.03

Private housing projects - 1514 liters (400 gallons)
per day per housing unit.

Public housing projects, renewal projects and other
public—communal projects-1135 liters (300 galloas)
per day per housing unit.

Rural housing projects - 946 liters (250 gallons)
per day per housing unit.

Qther Uses

2.02.01

2.02,02

2.02.03

2.02.04

Light Industry (Consumption for personal use only).
Shall be determined based on 1325 liters (350 gallons)
of water daily per 93.0 square meters (1000 square
feet) of floor space or 37,850 liters (10,000
gallons) daily per each "cuerda" of land assigned
for construction of industrial buildings.

Heavy Industry. (Consumption includes human needs
and industrial process). The consumption for human
need will be the same as .in the preceding clause.
The owner or the sponsor of the project shall summit
the necessary information on the quantities of water
to be used for the industrial process.

Commercial Buildings

The consumption will be determined based on 1135
liters (300 gallons) daily per each 93.0 square
meters (1000 squars feet) of floor space or 26300
liters (7000 gallons) daily per "cuerda" of land
assigned for construction of commercial buildings.

Qffice Buildiﬁgs
Will be computed based on 1,135 litexs (300 gallons)

daily per each 93.0 square meter (1000 square faet)
of £loor space.

IT-1



2.02.,05.

2.02,06.

2.02-07.

2.02.08.

Apartment and Condominium. Buildings.
1515 liters (400 ga.lons) daily per apartment.,

Hotels (with all services and facilities) - 2650
liters (700 gallons) per rocm per day

Deductions for Services or Facilities not provided

Laundry =——e———— e 378 liters (100 gallons) per
room per day |
Beach ———= --378 liters (100 gallons) per
room per day
Food Service - 378 liters (100 gallons) per
) ) room per day
Swimming pool.__________ 189 liters (50 gallons) per

room per day

Hospitals and Medical Centers.
1325 liters (350 gallons) per bed per day.

Schoels.
114 liters (30 gallons) pér student per dav.

Additional: Requirements

In those cases where watear services can not be provided by
gravity, to the buildings mentioned on clauses 2.02.04 and
2.02,07, the following additional requirements must be
considered:

2.03.01.

" 2.,03,02,

2,03.03.

A tank must be provided for water storage with a
minimum capacity equivalent to half the daily
average total consumption of the building, plus

an adequate reserve, that in no case shall be less
than 11,560 liters (300 gallons) to used in case
of fire, The fire protection system should be
designed in accordance with the requlations of the
Planning Board, the Administration of Permits and
Regulations and the Fire Department.

The water service connection must be sized
to fill the water storage tank in eight (8) hours.

A pump system-must be used, with a capacity egqual
to the maximum instant consumption of the building,
but never less than 11340 liters per second (50
gallons per minute). At least two (2) units shall
be provided with capacity fo supply maximum instant

IT-2
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2.03.04

2.03.05

consumption =ach one, which will funticn alter-
nately or simultanecusly if necessary.

In apartment buildings, hospitals, or other
institutions that provide emergency services, an
emergency power generating plant, will be provided,
with capacity to run one of the pumps.

The minimum residual pressure, at the'£op floor
level, shall not be less than 1.05 kgs/sgquare
cen. (15 lbs/sg. inch.).

For apartment buildings and condominiums see
Chapter IX.

Generzl Standards for Rural Aqueduct Systems Design Guide.

2.04.01

2.,04.02

2.04.03

2.04.04

Average domestic water consumption shall be
determined based on 190 liters (50 gallons) per
capita. Population shzll be computed bhased on five
{5) persons per family or living unit. The average
domestic consumption will be estimated based on 190
liters (50 gallons) daily per person, plus 114 liters
(30 gallons) per student, if schools exist.

- If industrial developments, urbanizations, public

housing or a possibility of them exist, their
consumption must be considered in addition to the
rural system consumption and computed according
to the norms of the Authority.

The rural aqueducts systems shall be designed with
capacity to supply the estimated demand in the next
twenty five (25) years, considering a population
growth of 25%' the actual population, thus the daily
future consumpticon shall be computed by multiplying
the actual daily consumption by l.25. Hourly future
maximum demand to be determined by multiplying
future demand by 2.25., To calculate the loss due
to friction in cast iron pipe use coefficient C-100.

The minimum capacity of the source of supply should
be sufficient to provide the demand for the next
twenty five (25) years. If not possible the
prOJect should include the study of sources to be
used in the future.

The water to be used should be chemical and
bacteriological satisfactory for human consumption.

IT-3



2.04.05

When chlorine treatment alone does not guarantee
this conditon, additional ftreatment and chemiczl
use should be considered.

The dams for rural agueduct systems, and when so
permitted by the supply source, should be small
dams, approximately 1.5 meters high to facilitate
the water intzke and storage for a period of time.
The dams shall be constructed of reinforced
concrete and preferably on rock ground. At the
intake structure, two {(2) racks should be installed,
one at the intake made of steel rods 1.27 centimeter
(1/2 inch) in diazmeter and spaced 5.08 to 10.2
centimeter (1/2 to 2 inches) and another in the
interior made of wire mesh gaugc number 10, spaced
about one centimeter (3/8 inch). A gate, not less
than 41 centimeters (16 inch) diameter, shall be
provided for drainage and cleaning. :

2.05 Pump Stations

2.05.01

When not technically possible or economically : )
feasible to provide a gravity water supply system e
and/or distribution svstem, a pumping system as

included in clauses 2.05.02 and 2,.05.03 will be

provided.

Selected pumps should Le of the minimum size neces-

sary to supply the daily future flow operating

sixteen (16.) hours daily and most convenient with

regard to efficiency. Two (2) units of equal

capacity should be provided, maintaining one in

reserve for emergencéies and/or maintenance

facilities.

All pumping stations shall be provided with pressure
gauges to measure pump suction and discharge

pressure and automatic graphic pressure recorder

of seven (7) days duration. They most be protected

by 2 1.83 m. (6 feet) high galvanized chain link

fence with 3 strands of barbed wire on top, along

the property line of the lot with a four (4) meters

gate. See Fig. No., 1.

A paved road for access to the pumping stations, not

less than four (4) meters wide with one meter

shoulders at dgach side, In case of concrete

pavement, construction joints 5.49 meters (18 feet)

apart should be provided, ) '”")

IT-4



2,05.02

2.05.03

Final grading of the access road will have a
minimum elevation of 0.60 meters above maximum
flood level. 2ll pumping equipment should at least
be duplicated for emergencies, except in particular
cases of small projects using a deep well as a
supply socurce. To estimate losses due to friction
a coefficient of C= 100 must be used. -

Distribution Pump Stations

Distribution pumping stations must have concrete
houses of adegquate size. The possibility of
eliminating the pump- house should be consider,
subject to previous consultation and approval of
the Authority. The space inside the house should
permit the easy arrangement and installation of

the equipment and accessories so that operation

and maintenance can be accomplished with confort.
To facilitate the removal of vertical type pumps
for replacing or to repair, a one square meter
opening should be provided, above each pump, with

a watertight 1id with hinges and lock. 1In case o
horizontal pumps with motors larger than 15 H.P.,
an I beam with hoist, must be provided. An automatic
starting generator, should be provided for
emergencies in case of electric power failure.

Raw Water Pumping Stations

The raw water intake pumping stations shall consist
of a catch basin with a minimum capacity equal to
eight (8) hours daily average consumption which
will be supplied from a river, stream, or a deep

“well, etc. Means of measuring the flow should be

provided. Pumps and etectrical controls up to

30 H.P. can be installed outdoors and for those over
40 H.P. & control house should be built. When
installed outdoors the control box shall be water-
tight (NEMA III)and a Diesel driven generator for
emergencies shall be provided, with adequate delay
relay to operate automatically in case of electric
power failure. An autcmatic transfer switch shall
be provided. GCenerators shall be housed in a
concrete structure. The structures and equipment
shall be arranged according to typical details of
the Authority.

II-5
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When the water supply is a river, stream, etc., the
catch basin shall be design to include bar screens,
weir,drains, and intake dam. In this case a’
filtering plant is required according to requirements
of the Authority depending on each particular case.
In this type of installation two pumps-well type,
will be required, each with 2 capacity equal to the
maximum filtering flow of the plant in 24 hours.

See Fig. No. 29 and 29A.

The maximum yield of the well should ke 1.67 times
greater than'the flow to be provided. Concrete
housing for the chlorination equipment and electric
power generator, shall be provided. The well shall
be constructed as follows:

Should be tested for plumbness and alignment. Any
deviation or bend which might affect the installation
or operation of the pumn, should constitute basis

for rejectlon.

The diameter of the final casing shall depend on
the flow required, but never less than 10 inches.

The final casing pipe thickness will be determined
by the Authority, depe:.ding on the diameter and
the depth of the well, but shall not be less than
0.23 inches thick.

New smooth type steel pipe shall be used for the
casing and not less than 15.3 meters (50 feet) deep
and seal with cement mortar to eliminate possible
contamination of the water.

The contractor shall submit to the Authority a
tabulation of the well, as constructed, indicating
the depth of the different formations penetrated,
the pipe installed, the grouting depths, water
static levels, water veins founded and any other
information that might be usefull to the project
history.

The contracter shall perform a 48 hours yield test
after well construction, supervised by perscnnel of
the Authority. All equipment needed for the test,

;including the pump, shall be furnished by the

contractor.

II-6
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The owner or the project shall deposit a certified
check in the amount of $3,500.00 to cover the cost
of supervision and chemical analysis (mineral and

bacterioclogic) to be done by the Authority.

The Authority will submit a detailed statement of
the expenses incurred in order to adjust the
corresponding charges for the test.

Pump Capacity

The pumps shall be designed in the following manner:

ae. Pumps for supply sources for filtration plants

equal to maximum daily flow of filtration of the

plant in 24 hours. Underground pumps will not
be permitted in raw water systems.

b. Booster pumps -~ Average daily flow in 16 hours-
for rural and urban zones:y

Rural

Nx5x260 Gap.de
Nx53%60 GapPadexla’

Average flow
Daily maximum £low
Hourly maximum flow

Urban

NxS5x80 gepPede
Nx5x80 gepadexlL.’

Average flow

Daily maximum flow

Hourly maximum flow’

N= Number of housing units

At least two equal pumps with the capacity
shown above, must be provided, which will

operate alternately, by means of the appropriate

electric mechanisme.

All mechanical equipment should be the most
efficient possible, preferably autcmatic, and
that better serves the special function they
are expected to perform.

Pump suctioning directly from the piping will
not be permitted unless it is proven that
hydraulic conditions will permit it, proved by
a 24 hours grarhic pressure record.

II-7

Nx%5%60 GePedaxl5x1.5

Nx5x80 gspPedexlOxl.5



2.05.05

-
A suction well must be provided with a minimum e

water reserve of eight (8) hours, based on the

average pump capacity and the connection sized for
the capacity of the pit for 24 hours.

Centrifugal Pumps

Every booster pump for water supply purposes must
be a centrifugal type pump (horizontal- or vertical,
simple or multiple stage, turbine well type or with
submergible motor), and determined according to the
specifications of flow and head on each Case. .

When pumps of the vertical barrel type are used,
they should have the suction and discharge flanges
at the same elevation.

In general, these pumps will be bronze fitted,

body will be gray iron with a high percentage of
steel. The housing impeller wearring and lubrication
rings will be of bronze, the shaft shall be of
stainless steel (304N) and mounted in adecuate ball
bearing when required. The pump will be provided
with blow off valves, cooling interconnections
packing box glands or mechanical seals as required e
by the Authority. '

The horizontal pumps will be driven by electric
motors, by means of direct or flexible coupling,
mounted on a common base of cast iron or welded
steel, subject to the approval of the Authority.,.
When the coupling is flexible, a coupling guard
will be provided.

The motor will be horizontal or vertical according
to the type and speed of the pumps. They will be
induction type, with class B insulation, three
phase, 60 cycles and 230 to 460 volts. The
Authority has the option, in cases of synchronocus
motors larger than 150 H.P., to authorize voltage
of 4160 volts. The motors and their installation
shall meet all the latest requirements of the
National Electric Code and the P.R. Electric Power
Authority.

L
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When designing the electrical system, consideration should
be given to use the most economic power rates,

Pumping equipment electrical control panel shall consist
"0f the following accesories:

a)

b)

c)

a)

e)

Automatic type, general circuit breaker of adequate
capacity for the total load to be connected,

Control for each unit with its magnetic starter,
according to the capacity of the motor, preceded by
the automatic circuit breaker. For motors larger than
40 H.P., the starter will be of the reduced voltage
autotransiormer type, with overload protection.

Relays for protection against power failure, drop in
voltage or phase failure, reversal or unbalance, should
be provided connected to the input buss bars of the
control panel and electrically protected by a current
limitting fuse block at the input of the equipment
(C.L.F.}s Spare fuses should be provided for emergency
use. This device should normally maintzin a couple of
contacts closed,

An electrical control system by means of an exposed,
concealed, pneumatic, radio or electric signal device
that would be sensitive to the variations of water
level in the tank or system, should be provided, to
operzte automatically the pumping units, using electrodes

-at the pump suction sump pit to prevent pumping while

drye In case of booster pumps installed in the pipe line
a time retarder switch, shall be provided due to the
electrodes short margin of operation.

Every pump shall be provided with an autograrhic pressure
recorder of seven (7) days duration of a well known and
accepted make, electrically operated and will be connected
to the system by valves, snubbers and flexible coupling

at the pump suction and discharge 'ends.

Each pump shall be provided with adegquate gate valves
and flexible couplings in the suction and at the
discharged of the same. In addition a2 pressure
sustaining and check valve will be installed at the
discharge, prior to the gate valve. , All this accessories
of adequates size in accordance with the pumping
cazpacity and the velocity recommended in the design.

Al these fittings & connection shall be flanged connections,
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All check valves shall be of the silent type, or
any other combined type for pumps of large capacity,
as determine by the Authority. See Fig. No. 23 and 24,

f) O©Other necessary accessories, such as selector
switch for manval or automatic operation or for

circuit breaker interruptor.

Turbine Type Pumps for Deep Wells

Turbine or centrifugal vertical type pumps for

deep wells shall folow the requirements and recom-

mendaticns of the National Association of Vertical

Turbine Pumps Manufactures and the.Standards of the
Hydraulic Institute with the following conditions.:

a) The motor will be open drip-proof weather
protected NEMA I of a hollow shaft for a
* maximum speed of 1750 r.p.m., 3 phase, 60 cycles
230 to 460 volts and couple directly to the base
of the pump discharge.

b) The discharge columns shall be of oil lubrication
type, and no larger than 3.05 meters (10 feet)
and of adequate diameter, according to the
capacity and conditions of the system. Total
length of the column and the diameter of its
components shall pe indicated in the plans.

¢) The pumping element must be of the multiple
type with scroll cases made of cast iron,properly
enamaled or other equivalent material, bronze
closed type impellers, and stainless steel
column. Provided with the corresponding suction
pipe of adequate size and galvanized conical
screen.
In addition, the necessary equipment to deter-
mine the pumping level at any desired moment
and an automatic switch for low level.

The pump discharge shall be provided with a
flexible rubber gasket coupling, check valve;
a gate valyve, a flow control valve, smooth
nosed sampling tap, a pressure releif valve
according to the pumping pressure gauge at the
discharge end of the pump and an air release
valve of adequate capacity before the check
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_f“) valve or at the base of the pump.

In addition, in the pump discharge line, after the check
valve and before the "T" cleancut a turbine or venturi
type meter to measure the flow across the pump shall be
installed according to manufacturer instructions. Sees
Fig. No. 23. :

A chlorination system shall be installed consisting of
hyperchlorinator and sclution tank for pump-capacities
up to 350 g.p.m. and a gas chlorinator of adequate
capacity for pumping stations with pump capacities
greater than 350 g.p.m., with all necessary equipment.

All electrical equipment and material shall conform to
the existing norms and regulations of the National
Electric Code and to the Puerto Rico Electric Power
Aunthority.

2.06 Reserve Tanks

2.06.01 Capacitvy,

a) The capacity of-the tanks or deposits for
. ~ reserve for rural systems will be estimated
' using the following formula:

V=N (250) + {250x60x4)
where V= Volume or capacity of the .tank in
gallons.,
Ne Number of families

b) For urban systems the capacity will be estimated
by the following formula:

V= N (400) + (250x60x4)
where V= Volume or capacity of the tank in
- gallons.,
N= Number of families

2.06.02 General Tarnk Reduirements

a) The location of the tank should be such that
produces uniform pressures in the distribution
system. In case that the topcgraphy does not
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b)

c)

d)

e)

)

permit the construction of the tank on the ground,
the construction of an elevated tank will be permit-
ted, Where, due to special conditions, the
construction of a concrete elevated tank would be
too costly, the construction of reserve tank made of
steel or othexr acceptable material will be permitted.

These tanks must be cathodically protected,
However, the construction of such tanks will nct

be permitted at coastzl areas, where the same would
be exposed to the effects of sodium nitrates.
Prefabricated pre-stress concrete tanks will be
accepted subject to previous approval of the
Authority.

The elevatiocn of the bottom of the tank should be
such that meintains, at the highest point of the
system, the minimum pressure required as specified
in clause 2,06.01. :

Emergency overflow piping connected to a natural -
trench or to a storm sewer, shall be provided. 0 )
Internal overflow pipe should be of the same or e
greater diameter as the diamter of the inlet pipe.

On the outside of the structure the overflow pipe

diameter should be the same used in the hydraulic

gradient calculations.

Cast iron or ductile cast iron pipe shall be used

for exposed pipe lines. ,

A plot will be provided according to the size of

the tank, leaving 2 3 meter strip around its

perimeter., In urban areas the plots shall be

concrete paved with paved access and of an area

that will permit the addition of ancther tank.

The minimum distance from the perimeter of the base
of the 2levated tank to the nearest structure will
be the same as the height at the top of the tank
plus 3 meters.

An automatic control to prevent spills and an
overflow shall be provided.
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2.07 Distribution Svstem

2.07.01

2.07.02

2,07.03

Minimum Pressure Required

The minimum pressure required in the distribution
system will be 2.1 kg/sq. cm (30 lbs/sq inch) at
the level of the sidewalk curb at the highest point’
of the system, based on the design maximum hourly
consumption, '

Capacity of Main Piping

The main piping shall be design to carry from the
reserve or storage tanks to the distribution system,
a2 minimum of 2.25 times the average normal con-
sumption plus the reserve for fire or average
consumption plus 60,000 GPD (4 hours fire reserve)
whichever is greater. The maximum velocity
permitted in piping systems flowing by gravity will
be 1.22 meters/second (4 feet/second) and in forced
mains 2.44 meters/second (8 feet/second)}.

Pipe Tvpes

Piping for main lines and distribution systems,
except in cases approvrd by the Authority, will
be of cast iron or Ductile irocn 150 type, with
cement..lining, P.V.C. or reinforced concrete.

a) Cast'Iron and Ductile Iron Pipe

The cast iron pipe, pit cast, size 30" or
larger will adjust to specifications ANSI
A~21,2 'The cast iron pipes centrifugally cast
in molds, will meet specifications ANSI A-21.6
(AWWA C-106) or ANSI A-21.8 (AWWA C-108).

In addition the ends of the mechanical joints
shall conform to specification ANSI A-2l.l1
(AWWA C-111), Pipes of 2" diameter will
adjust to specification CIPRA 8-57.

Ductile iron pipe shall conform to specification
A-21-51 (AWWA C«~151) and ANSI A-21-51A (AWWA
C-151z). -Specificaticns in force, latest
revision, shall be applied.
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Accesories

Accesories with bell and spigot ends in sizes
4" to 12" shall conform to specification ANSI
21.10 {(AWWA C-110) and in sizes larger than
12" to specification AWWA C-100. All 3S0°
curves shall conform to AWWA C-100.

All accesories with mechanical joint ends in
sizes 4" to 12" shall conform to specification
ANSI 21.10 (AWWA C-110), ANSI A-21.11 (AWWA
c-111), CIPRA 2,54, 3,5 and 6.54.

Accesories with flanged ends shall conform to
specification ANSI B-l6.1, class 125.

Connections and Couplinc Materials

Pipes and accesories in sizes 6" or larger
will have push-on mechanical joints.

In crossings under river bed; permanent struc-
tures which obstruct their easy removal and
replacement, cor in installations on road

- bridges, the use of mechanical joint pipe and

accesories shall be required.,

Pressure Connections

In pipe and accesories with presgure ceonnections
the joints shall cenform to specification

ANST A21.11 (Awwa C-111). The gasket and the
lubricant for the joints shall conform to
specification ANSI A2l.11.

Mechanical Joints

Dimensional and material requirements for pipé
ends, pipe caps, screws, lock nuts, joints shall

 conform with specification ANSI A21.11 (AWWA

C-111).

Concrete Pipe

Reinforced concrete pipe shall coniorm to

‘specification AWWA C-300. Prestressed concrete

pipe shall meet requirements of specification
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2.07.04

AWWA C-301 of latest revision. Both will be
desigred for the following minimum conditions.

Pressure Calibration....lO.Skg./cm2 (150 1bs/
sge. inch). i

S01ll COVETYeervesnsssesnssala33 meters (6 feet)

Hydraulic RaMeascescsssesd20% x Pressure Cali-

bration

Accidental Loadeecssase ASSHO H-20

To all concrete pipe, a bituminous layer shall
be applied, to seal the interior surface
according to specification ANSI A2l.4.

The use of concrete pipe will be subject to
the approval of the Authority.

All accesories shall be subject to the same
requirements as the concrete pipe and the same
type of cement should be used.

All joints and coupling material will be subject
to the approval of the Authoritye.

Piping Installation

In General water piping will be installed in streets
and roads, avoiding private areas leading to rights-
of-way. Installing them at the most convenient

side of the public roads, at a depth of not less
than 0.75 meters {(measured from ground surface to
the upper part of the pipe) and a minimum distance
of 1.50 meters to the. side-walk curb.

On roads with no sidewalk curb or concrete gutter,
the 1.50 meter limit can be reduce to 1.00 metex
from the edge of the shoulder, subiject to the
approval of the ARuthority.

In all installations where plastic pipe is used

a detectable metal or plastic tape shall be placed
above all the length of the pipe to permit locating
the pipe.

a., Crossings

Water mains crossing sewers, &bove or under or
running at a distance less than l.52 metexs
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(5.0 feet) shall be lazid above the sewer providing a

vertical distance of 0.30 meters (1 foot) between the
ocutside of the water main and the ocutside of the sewer.
Wnen crossing at a distance less than 0.30 meter (one
foot), or even greater, a concrete foundation shall be
provided to the water main to prevent transmitting

its weight to the sewer pipée. See Fig. No 43,

Parallel Installations

Water mains shall be laid at least 2.05 meters (10 feet)
horizontally from any existing or proposed sewer.

The distance shall be measured edge to edge.

This distance may be less if the water main is installed
in a separate trench or on an undisturbed earth shelf
located on one side of the sewer at such and elevation
that the bottom of the water main is at least 0.46
meters (18 inches) above the top of the sewer, subject
te the approval of the Authority. See Fig. No. 43,

Ho crossing or contact between a water pipe and a
sanitary or storm sewer manhole will be permitted.

Accesories

In the distribution system the following accesories
shall be provided:

Valves to isolate the circuits which divide the
distribution system. EBach circuit shall include four
{4) blocks of houses. Valves shall adjust to the speci-
fications of the American Water Works Association

{AWWA C=500 71, latest revision) and will be for at
least a working pressure of 150 pounds. Valves will
open to the left.,

Drainage valves will be installed in the lower places

of the distribution system. The diameter of the
drainage valves and piping shall not be less than 4
inches and sufficient to drain the water that flows

to the drainage area in a maximum time of two (2) hours.,
Drainage sizes  shall not be less than one half (1/2)

the diameter in piping up to 8" d&iameter and one third
(1/3) in piping up to 24" diameter. In piping of larger
that 36" diameter, the size of the drainage shall be

one fourth (1/4) the diameter of the pipe. :
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c. Dead ends in the pipe systems will not be permitted.
At the ends, after the last house connection, a tapped
plug or cap shall be placed. In cases where probébility
of future development exist, a valve shall be installed
before the plug or cap. See Fig. No._8 and_3S.

d., Fire hydrants shall be Puerto Rico type according with
the design adopted by the Authority. See Fig. No. 20.

Each fire hydrant shall be provided with an auxiliary
valve and a four (4) inch diameter pipe connection

when the diameter of the piping to be connected is 4";

and 6" diameter connection when the main is 6" or larger
in diameter. The fire hvdrants will be.located preferably
close to street instersections at a distance not less

than four (4) meters (13 feet) from the corner of the
sidewalks and in such a way that will not interfere with
the driveways and yards of residences.

. shall be connected to the piping of largexr diameter in

{ ) the vicinity of the hydrant location. In straight

T lenghthes the maximum spacing between hydrants shall be
150 meters. In curved spaces the maximum distance shall
be the same, measured on a line parallel to the center
line of the street or road. Hydrants shall be located
in the planting strip betwecn curb and sidewalk. IZ£

no planting strip exists it shall be located at not

less than one meter from the property line. See Fig. 20.

2.07.06 House Connections

The water service will be provided by house connections
or water taps from the distribution mains according to
the following:

a. Water service connections will be at least 1/2" in
diameter, located in the front and at the center of
each plot, its end will be at 0.25 meters (10 inches)
from the sidewalk finished surface and will consist of
a corporaticn cock, f£lexible type "K' copper piping,
adapter, straight line jokes provided with a stopcock
that permits the installation of a lock and cast iron
meter box, all in accordance with the :specification ~

, and requirements of the Authority. (See Fige. No. 11

: ) and 12. TInstead of the-straight line joke and the cast

Fort iron box, a meter jokebox of a model and specifications

accepted by the Authority, may be installed.
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The box will be installed in the planting strip, 0.15
meters (6 inches) from the exterior edge of the side-
walk (facing the street) and 0.15 meter (6 inches)
thick concrete slab as shown of Figure No. 12. Copper
Piping from the meter box to a length of 0.30 meters
(1 foot) inside the property limit, passing under the
sidewalk provided with a brass stop valve. The Autho-
rity will determine and approve the adeguate size' of
the house connection and the meter according to the
water service to be provided on each case.

The following table shows the maximum size house con-

nections allowed in centrifugal cast iron, Class 150.

Larger connections than the specified in this, will be
done with type F~4339 Double Strap Service Clamp from
James B. Clow & Sons, Inc., or approved equal.

Piping Size
(inches) 4 6 8 10 12 16 20 24

Water Connection
Size {inches) 3/41 1 1 1-1/2 2 2

AN
KN

In 2" diameter, connections will be done using one strap
only. X

Water connections to service piping larger than 2" diame-
ter will be made with tapping valve and slzeve of the’
type approved by the Authority. In out of service piping
the water connection will be made with a tee and gate
valve of the type and class approved by the Authority.

The installation of 2" or larger water meters will include

special fittings such as niples, valves.

IT-18
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2.07.07

2.07.08

corporation cocks, concrete meter box, Cast iron lid
to protect meter as indicated in typical detailed .

figures f#i3and 14.

Other Dispositions

" In special cases in which the project includes other

units not covered by this norms, such as dikes,
filtration plants, intake lines, etc., the Authority
should be consulted in relation to the norms to be

. used in the design.

Concrete Painting

The interior walls of the pumping stations will be
painted in beige color. The exterior walls will Dbe

painted ceiling blue. Special paint for concrete of a

quality accepted by the Authority will be used. A

" primer coat and two coats of painit shall be applied.
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CHAPTER IIX

WATER FILTER PIANTS

In this chapter before covering standards related to the
title subject, we had covered other areas included in the design
of a water supply system, since they are considered exceedingly
necessary as an approach.to a Water Filter Plant design such as:

a) Supply sources
b} Collection and transportation works

Refering to supply sources we have tried, in the case of

surface water, to include; hydrological information, flow, safe

yield, descripticn of the watershed, etc., and in the case of

‘underground sources, its advantages, the geologiczl formation

through which the source is-to be developed, a summary of the
exploration, etc., the Engineer would notice that these phases
precede the standards for treatment that begins in Section 3.10,
page I1X-27, which, to the best of our knowledge, covers a wide
range in the field of surface water treatment, and fubture designs

shall be evaluated by these Design standards.

SECT ION DESCRIPTION PAGE
3.01 Wafer Filter Plants . ITi-1
3.02 Design General Consi-

derations II1I-5
3.03 Sources Development I1I-9

3.,03.02 Surface Water III-10






SECTION DESCRIPTION PAGE
3.04 Ground Water A III—12'
3,05 Location ' III-14
3.06 Test and Record iII—l4
3.07 Well Construction III-16
3.08 Aquifer Types and Construction
Metho@s Special Condition III-21
3,09 Well Pumps, Discharge Piping and
Appur?enances IIr-24
3.10 Treatment . IIT-27
3.11 - Filtration ITI-34
a:) 3.12 Rapié Rate Pressure Filters IIT-41
| 3.13 Disinfection IIT-42
3.14 ' Aeration IITI-44
3.15 Iron and Manganese Control III-47
3.16 Fluoridation ) III-50
3.17 Taste and Odor Control III-52
3.18 Waste Han@ling and Disposal III-53
3.19 Chemicals Application I1I-58
3.20 Facilities Design III-59
3421 Operator Safety . 1;1—66
3.22 _ Acids ITTI-57






CHAPTER IIT

WATER FILTER. PLANTS

. 3,01 A system for supplying or providing water consist of
following basic parts:

a- Sources of water supply

b- Structures for its collection and transportation
the source to the treatment works

c—- Water treatment structures
d- Distribution svstem
The water supplied should meet two basic conditions:

a- Should be free of risks or dangers to the health
life of the consumers.

£from

or

b~ Should consider all costs and the system should be

operated at a reasonable cost.

.

At times this conditions may be conflicting, but both

factors must be taken in consideration. To sakisfy the

first, the water should be free of pathogenic micro-

organisms, substances that are health toxic or noxious,
which is an essential and indispensable condition. To

fulfil the second, the water characteristics must be
that do not cause any damage to the distribution syst

such
em,

the industries or the domestic economy, and can be obtained
Y -

without having to incur in an exceptionally expensive

treatment process, consuming great quantities of electric

DOWEY o
2,01.01 General

All permits necessary for the location of th

=

plant should be obtained from all agencies such
as the Planning Board, Health Department, the
U.S. Army Cofps of Engineers, Envircmental Quality

Board, Department of Permits and Regulations
Department of Natural Resources and others;
before applying for approval to the Aqueduct
Sewer Authority.

TTT=1
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3.01.02

A- Surface Wakter Sources

Permits for construction, for waste discharge,. for
crossing of water courses, etc. must be required

from the pertinent federal, state, or local

agencies.

Preliminary plans and the engineer's report should

be submitted for review prior to the preparation

of final plans.

No approval for construction can be issued until

final, complete, detailed plans and specifications

have been submitted to the Authority and found to

be satisfactory, The documents subnitted for formal
approval shall include at least

a= a summary of the basis of design,

b- operation reguirements, where applicable,

c- general layout, -
d- detail plans,
e- specifications,

f- cost estimates

Sources of Water Supplvy

The Engineer’s report shall describe the proposed
source or sources of water supply to be developed,
the reasons for their selection, and provide the
following information:

-

Including:

a- hydrological data, stream flow and weather
records, :

b~ safe yield, including all factors that may
affect it,”

c- maximum flood level, together with approval ‘f_>

for safety features of the spillway and dam frcom .
the appropiate authorities,
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3.01.03

d-

description of the watershed, noting :ny
existing or potential source.. «f countamination
which may affect water qualitv

summarized gquality ©f the ruw water with
special reference to fluctuat:ons in
quality, changing metereologi.:l conditions,
etc.

B~ Ground Water Sources

Including:

Gl =

b-

sites considered,
selected side advantages,

elevations with respect to uurroundings,

probable character of formetions through
which the source is to be developed,

geologic conditions affecting the site,

- summary of source explorztion, test well

depth, and methc 1s of construction; place-
ment of liners or screen; test pumping rates
and their duration; water levels and specific
yield; water quality.

sources of possible contamination such as
sewers and sewerage facilities, landfills,
waste disposal wells, etc.

Proposed Treatiient Processes

Summarize and establish the adequacy of proposed
processes and unit parameters £for the treatment of
the specific water undex consideration.
Alternative methods of water treatmont and
chemical use should be considered as a means of
reducing waste handiing and disposcl problems.

Pilot

studiés may be reguired.

-
-
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3.01.04

3.01.05

3.01.06

3.01.07

Waste Disposal

Discuss the various wastes from the water treatment
plant, their volume, proposed treatment and points

?ﬁs%ﬁﬁfﬁiﬁﬁé' considering Public Federal, Law

Automation

Provide supporting data justifying automatic
equipment, including the servicing and operator
training. Manual override must be prov1ded for
any autcmatic controls,

Project Sites

Including:

a) discussion of the various sites considered and
advantages of the recommended ones,

b) the proximity of residences, industries, and Eal
other establishments. ;

.,
R

¢) any potential source of pollution that may
influence the quality of the supply or
interfere with the effective operation of the
water works system, such as sewage abscrption
systems, septic tanks, privies, —ssspools, sink
holes, sanitary landfills, refuse and garbage
dumps, etc.

-

d)} plant location
1. the plant should be located as near as
possible to present and future developments
to be serxrvice,

2. with easy access

3. plot of sufficient area available for
expansion and addition of facilities.

Influent and.Effluent Qualitv

The characterists of the influent shall determined L
the modes and degree of treatment to be applied : )
and should be based on the standards for water
qualityve
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3.02 General

Design Considerations

3.02.01

3.02.02

3.02.03

Genaral

The design of a water supply system or treatment
process comprises a broad area. Application

of this part is dependent upon the type of system
or process involved.

Plant Lavout

The design shall consider

a)
b)

c)

d)
e)
£)
g)
h)

i)

funtional aspects of the plant layout,
provisions for future plant expansions,

provisions for expansion of the plant waste
treatment and disposal facilities,

access roads,
site grading,
site drainage,
walks,
drivewavs,

chemical delivery

Building Lavcut

Design shall provide for

a)
b)
c)
d)
e)

)

adequate ventilation,

adequate lightiné

mechanical venti;ation, if necessary;
adequate &rainage,

dehumidification equipment, if necessary,

accessibility of equipment for operation,
serving, and removal,
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3.02.04

3402,05

© 3.02.06

3.02.07

3.02.08

3.02.09

3002010

g) flexibility of operation,
h) operator safety,

1) convenience of operation

j) chemical storage and feed eguipment in a
separate room to reduce hazards and dust
problems, ;

Location of Structures

The appropiate regulating authority must be
consulted regarding any structure which mav
impede normal or flcod stream flows because of its
location.

Electrical Controls

Main switch gear electrical controls shall be
located above ground level. ,”\\
- 7/

tand-bv Power

Standby power may be required by the Authority so
that the plant operaticas may continue during power
outage. '

Shop Space and Storage

Adequate facilities for shop space and storage
should be include, consistent with the designed
facilities,

Laboratory Eguipment

Laboratory facilities and equipment shall be com-
patible with the raw water source, intended use of
the treatment plant and the complexity of the
treatment process involved.

Testing Fouirpment

Testing equipment provided shall be adequate
for the purpose intended znd recognized pro-
cedures must be utilized ,”“)

Physical Facilities
Adequate ventilation, adequate lighting,
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3.02.11

3,02.12

3.02.13

3.02.14

sufficient bench space, storage room, laboratory
sink, and auxiliary facilities shall be provided.
Air conditioning may be necessary.

Meonitoring Ecuipment -

Water treatment plants with a capacity of 1.89
mld (0.5 mgd) or more should be provided with
continuous monitoring equipment (including recor-—
ders) to monitor water being discharged to the’
distribution system as follows:

a) plants treating surfaces water and plants
using lime for softening should have the
capability to monitor and record turbidity
and free chlorine residual,

b) plants treating ground water using iron removal
and/or ion exchange softening should be capable
of monitoring and recording free chlorine
residual.

Sample Taps

Sample taps shall be provided so that water samples
can be cobtained from each water source and from
appropiate locations in each operaticn of treatment.
Taps shall be consistent with sampling needs and
shall not be of the petcock type. Taps used for
obtaining samples for bacterioclogical analysis

shall be of the smooth-nosed type without interior
or exterior threads and shall not be of the mixing
type, and shall not have a screen, aerator, oOr

other such appurtenance.

Pacility Water Supplwv

Water supply service line for the facility and the
plant finished water sample tap shall be supplied
from a source of finished water at a point where
all chemicals have been thoroughly mixed.

»
-

Wwall Slesaves

To facilitate future uses whenever pipes pass
through walls of concrete structures, consideration
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3.02,.15

shall be given to providing extra wall sleaves

built into the structure.

Piping Color Code

To facilitate identification of pipind in plants
and pumping stations it is recommended that the
following color scheme be used:

Water Lines

Raw
Settled or Clarified
Finished or Potable

Chemical ILines

Alum

Ammonia

Carbon Slurry
Chlorine (Gas or
Solution)
Pluoride

Lime Slurry -
Potassium Permanganate
Sulfuxr Dioxide

Waste Lines

Backwash Waste
Sludge
Sewer {Sanitary,Other)

Other
Compressed Air

Gas
Qther Lines

Olive green
Aqua Blue
Dark Blue

Crange
White

Red 'w
Yellow . . -
Light Yellow with

Red Band

Light Green

Violet

Light Green with

Yellow Band

Light Brown
Dark Brown
Dark Gray

Dark Green

"Black

Light Gray

In cases where two colors do not have sufficient
contrast to easily differentiate between them, a
six-inch band of contrasting color should be o

painted on one of the pipes at approximately
76 cm. (30 inches) intervals.

III-8
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3.,02.16

3.02.17

3.02,18

3.02.19

The naeme of the gas or liquid should alsc be

painted on the pipe. In some cases it may be
advantageous to paint arrows indicating the °
direction- of flow.

Digsinfaction

All pipes, tanks, wells, and equipment that can
convey or store potable water shall be disinfected
in accordance with AWWA procedures. The procedure
shall be outlined in the plans and specifications,
including the disinfectant dosage, contact time,
and metheod of testing the results of the procedure.

Manuals and Parts Lists

A part list and parts order form, and an operation
and maintenance manuals shall be supplied to all
water works as part of every unit installed in the
facility.

Operation Instruction

Provisions shall be made for operator instruction
at the start-up of a2 plant or a pumping station.

QOther Considerations

Consideration must be given to the design
requirements of other federal state and local
agencies for items such as special designs for the
handicapped, plumbing and electriczal codes, etc.

3.03 Source Develorment

3.03.01

General

In selecting the source of water to be developed,
the designing engineer must prove to the satis-
faction of the Authority that an adeguate quantity
of water will be available, and that the water
which is to be delivered to the consumers will

meet the current regirements of the authorities
with respect fo microbioclogical, physical, chemical
and radioclogical qualities. Each water supply
should take its water from the best available source
which is economically reascnable and technically
possikle.
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3,03,03

3.03.04

3.03.05

surface Water ' 7'“)

A surface water source includes all tributary

streams and drainage basins, natural lakes and
artificial reservoirs or impoundments above the point
of water supply intake.

Quantitwv

The quantity of water at the source shall

a) be adequate to mest the projected water demand
of the service area as determined by calculations
based on the extreme drought of record,

b) provide a reasonable surplus for anticipated
growth,

¢) be adequate to compensate for all losses such as
silting, evaporation, seepage, etc.

Qualitvy

A sanitary survey and study shall be made of all

the factors, both naturazl and man made, which will
affect the cuality. Such survey and study shall :
include but not be limited to: e

a) determined possible future uses of impoundments
and reservoirs,

b) determined the degree of control of watershed,

c) assessing the degree of hazard to the supply by
accidental spillage of materials that may be
toxic harmful cor detrimental to treatment process

4d) obtaining samples over a sufficient period of
time to assess the microbiological, physical,
chemical and radiological characteristics of
the water,

@) assessing the capability of the propcsed tresat-

ment process to reduce contaminants to applicable
standards.

Sstructures

T

1. Design of Intake Structures shall provide for:

a) withdrawal of water from more than one level SN
if cuality varies with depth, =H,)
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b)

c}

d)

e)

£)

g)

separate facilities for release of less
desirable water held in storage,

inspection manholes every 300 meters for
pipe sizes large enouch to permit visual
inspection,

occasional cleaning of the inlet line,
adequate protection against rupture,

parts located above the bottom of the stream,
lake, or impoundment, but at a sufficient
depths to be kept submerged at low water
levels, )

where shore wells are not provided, a diversion
device capable of keeping large quantities of
£ish or debris form entering an intzke
structure.

Shore Wells

Shall:

a)

b)

c)

d)

e)

)

g)

have motors and electrical controls located
above grade, and protected from flooding as
required by the Authority,

be accessible,
be designed to prevent flotation,

be equipped with removable or traveling
screens before the pump suction well,

provide for application of chlorine or other
chemicals in the raw water transmission main
if necessary for quality control,

have intake valves and provisions £for back-
flushing or cleaning by a mechanical devics
and testing for leaks, where practical,

provide for withstanding surges where nece-
SSary.
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- 3. An Upground Reservoir

Is a facility into which water is pumped

during periods of good quality and high stream
flow for future release to treatment facilities.
Upground reservolirs shall be constructed to
assure that:

a) the water quality is protected, by
controlling the runoff into the reservoir, .

b) dikes ars protected against wind action
and erosion and structurally sound,

¢) intake structures and devices meet
requirements of Section 2.03.05,

d) influent flow point is separated from the
peoint of withdrawal,

e} provide separate pipes for influent to
and effluent from the reservoir.

(:F 3.84 Cround Water . i\ )

A ground water source includes all water obtained from dug,
érilled, bored wells, and infiltraticn lines.

3.04.01 Quantity

The total developed ground water source capacity
shall equal or exceed the design maximum future
day demand with the largest producing well out of
service. A minimum of two (2) sources of ground
water shall be developed.

3.04,02 Auxiliarv Power

a) When power failure would result in interruption
of the minimum essential service sufficient
power shall be provided to meet average day
demand by mezans of:

1. connection “o at least two independent power
sources, or

2. portable or in-place auxiliary power. -



3.04.03

3.04.04

3.04.05

b) When automatic pre-lubrication of pump bearings
ig necessary, and an auxiliary power supply is
provided, the pre-lubrication line shall.ke
provided with a by-pass, with valve, around the
automatic control.

Microbiologicéal Quality

a) Disinfection of every new, modified or re-
conditioned ground water source:;

l. should be provided after completicn of work
if a period of time, to be determined by the
Authority, elapses prior to test pumping or
placement of permanent pumping equipment, ard

2. shall be provided after placement of permanent
punping edquipment.

b) After disinfection, one or more water samples
shall be submitted to a laboratory satisfactory
to the Authority for microblolegical analysis and
results submitted to the Authority before the
well is place into service.

Phvsgsical and Chemical Juality

a) Bvery new, modified or reconditioned ground
water source shall be examined for applicable
physical and chemical. characteristics by tests
of a representative sample in a laboratory
approved by the Authority with the results

. submitted to the Authority.

b) Samples shall be collected at the conclusion
of the test pumping procedure and examined as
soon as practical or at the earliest opportu-
nity in the required period of time.

¢) The Authority mav require field determination
of physical and chemical constituents or
special sampling procedure.

Radiological Qualitv

Every new, modified or recondition ground water
source shall be examined for radiological acitivity
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3.05 Location

3.05.01

3.05.02

3.06 Testing and Recotds ' ‘ :3 )

as required by the Authority by tests of a repre-
sentative sample in an approved laboratory, with

results reported to the Authority.

Well Location

The Authority and other pertinent agencies shall
be consulted prior to design and construction
regarding a proposed well location since its
location may be affected by potential sources of
contaminations and other ground water developments.

Continued Protection

"Continued protection of the well site from potential
sources of contamination shall be provided either
through ownership, =zoning, easements, leesing,
rigth-of-way or other means acceptable to the
Authority. Fencing of the sitewill be required

by the Authority. -

3.06.01

Yield and Drawdown Tests

a) Yield and drawdown tests shall be performed on
every production well after constiuction or
subsequent treatment and prior to placement of
the permanent pumpe N

b) The test methods should be clearly indicated
in the specifications,

c¢) shall have a test pump capacity, at maximum
anticipated drawdown, at least 1.5 times the
quantity anticipated.

d}) Provide for a continous pumping test for at
least 48 hours or until stabilized drawdown has
continued for at least six hours when test
pumped at 1.5 times the design pumping rate.

e) Shall provide the following information:

l, test pump capacity-head characteristics, fﬁt)



:<::j

2—- static water level

3- depth of test pump setting, and

4~ time of starting and ending each cycle, which
consist of a time period where a balance between
production and drawdown level is stablished,
which could last for days.

f) Provide recordings and graphic evaluation at one
hour intervals or less, as may be required by the

Authority, of the following:

1- capacity and pumping rate characteristics,

2= pumping water level,
3= drawdown, and
4~ water recovery rate and levels,

3,06.02 Plumbness and Alignment Requirementis

a) Every well shall be tested for piumbness
alignment in accordance with the Authority
and AWWA standards.

b) The test method and zllowable tolerance shall
be clearly stated in the specifications.

¢) The Engineer may accept the well even though
it fails to meet the reguirements of plumbness
and alignment if it does not interferes with
the installation or operation of the pump or
uniform placement of grout. '

3.06.,03 Geological Data

a) Shall be determined from samples collected
1.52 meters (5.0 feet) and at each pronounced
change in formation.

b) Shall be recorded and submitted to the Authority.

¢) Shall be supplemented with information on
accurate record of drillhole diameters and

-
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depths, assembled order of size and lenght of
casings and liners, grouting depths, formation
penetrated, water levels,

3.07 General Well Construction

3.07.,01

3.07.02

3.07.03

Minimum Protected Depths

Drilled wells minimum protected depths shall
provide watertight construction to such depth as
required by the Authority, to:

a) exclude contamination

b) seal off formations that are, or maybe,
contaminated or yield undesirable water

Temporary Steel Casing

Temporary steel casing used for construction shall
be capable of withstanding the structural load S
imposed during its installation and removal, ‘\J)

Permanent Steel Casing Pipe

Shall

a) be new pipe meeting ASTM or API specifications
for water construction,

b) have minimum weights and thickness indicated
in Table I, '

¢) have additional thickness and weight if
minimum thickness is not considered sufficient
to assure reasonable life expectancy of a well,

d) be capable of withstanding forces to which it
is subjected, -

e) have full circunferential welds or threaded
coupling joints.

Ty
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TABLE I

STEEL PIPE*

WEIGHT PER FOCT (PQUNDS)

DIAMETER .
(INCHES) THICKNESS PLAIN ENDS ! Ym-ingfél;Eggs
SIZE EXTERIOR INTERIOR { INCHES) { CALCULATED) ! { NOMIMAL)
10 id | 10.750 | 10.020 0.365 40,48 |  41.85
12 12.750 | 12.000 0.375 49,56 51.15
14 od | 14.000 | 13.250 0.375 54,57 7.00
16 16.000 | 15.250 0.375 62.58
18 18.000 | 17.250 0.375 70.59
20 20.000 | 19.250 0.375 78.60 |
22 22,000 | 21.000 0.500 114.81
22 24.000 | 23.000 0.500 125.49
26 26.000 | 25.000 0.500 136417
28 28.000 | 27.000 0.500 146.85
30 30,000 | 29.000 0.500 157.53
32 32.000 | 31.000 0.500 168.21
34 34.000 | 33,000 0.500 178.89
36 36.000 | 35.000 0.500 189.57

* Abstracted from AWWA standard for Deep Wells, AWWA A-100,
Interior Diameter
Exterior Diameter

id,
od,
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3.07.04

3.07.05

Nonferrous Casing Materials

a)

b)

c)

Prior to submission of plans and specificaticns,
approval of the use of any nonferrous material
as well casing, shall be subject to special
determination by the Authority.

Nonferrous material proposed z2s well casing
must be resistant to the corrosiveness of the
water and to the stress to which it will be
subjected during installation, grouting and
operation.

The material used for packing shall be such
that will not impart taste, odor, toxic
substance or bacterial contamination to the
well water..

Screens

Shall

a)

b)

c)

d)

o

be constructed of materizls resistant to damage
by chemical action of ground water or cleaning
cperations,

have size of openings based on sieve analysis
of formation and/or gravel pack materials,

have sufficient diameter to provide adequate
specific capacity and aperture for a low entrance
velocity. Usually the entrance velocity should
not exceed 0.1 feet per second.

shall be installed so the pumping water level
remains above the screen under all operating
conditions,

be designed and installed, where applicable,

to permit removal or replacement without
adversely affecting watertight construction of
the well,

-
-
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3.07.06

Grouting Requirements

All permanent well casing, except driven Schedule
40 steel casing with the approval of the
Authority, shall be surrounded by 2 minimum oI

1 1/2 inches of grout to the depth required by

the Authority. All temporary construction casings:-
should be removed, but shall be withdraw at least
Sive feet to insure grout contact with the native
formation.

a) Neat Cement Grout

l. For 1 1/2 inches copenings, cement conforming
£o ASTM Standar €-150 and water, with not
more than six gallons per sack of cement,
must be used

2. Fluidity may be increased by using additives,
subject to the approval of the Authority.

b) Concrete Grout R

l. For openings larger than 1 1/2 inches, equal
parts of cement conforming to ATSM Standard
¢~150, and sand, with not more than six
gallons of water pexr sack of cement, may
be used

2., Gravel not larger than one-half inch in size
may be added where an annular opening larger
than four inches is available.

c) Clay Seal
Where an annular opening greater than six inches
is available a clay seal of clean local <lay
mixed with at least 10 percent swelling bentonite

may be used subject to approval by the Authority.

d) Application

l, To permit a minimum of 1 1/2 inches of grout
‘arcund permanent casings, including couplings,
sufficient annular opening should be provided. ,"“)

2. Prior to grouting pentonite or similar
materials, may be added to the annular
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3007:07 i

opening, in the manner indicatad for grouting.

Wnen the annular opening is less than 10 cm. (four
inches), grout shall be applied under pressure Dy
means of 2 grout pump from the bottom

of the annular opening upwaré in one continuos
operation unitil the annular opening is filled.

When concrete grout is used and the annular opening
is 10 cm. (four inches)or more and less than 30.5
meters (100 feet)} in depth, the grout may be placed
by gravity through a grout pipe installed at the
bottom of the annular opening in one continuous
operation until the annular‘opening is filled.

If the annular opening exceeds 15 cm. (6 inches},
less than 30.5 meters (100 feet) in depth, and a
clay seal is used, it may be placed by gravity.

The work on the well shall be discontinued once
the cement grouting is applied, until the cement
or concrete grout has properly set.

e) The casing must be provided with sufficient guides
welded to the casing to permit unobstructed flow and
uniform thickness of the grout.

Uoper Terminal Well Construction

a)

b}

cf

Ground water sources' permanent casing shall
project at least 30 cm. (12 inches) above the
pumphouse floor, and at least 46 c¢m. {18 inches)
above final ground surface.

The floor surface shzll be at least 15 cm (6 in.) -
above the final ground elevation where a well
house is constructed.

Sites subject to flooding shall be provided with
an earth berm surroundingthe casing and
terminating at an elevation at least 0.60 meters
{2 feet) above the highest known flood elevation,
or other suitable protection as determined by the
Authority.
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d) At sites subject to floo&ing, the top of the
well casing shall terminate at least 1.52 meters
(5 feet) above the hightest known flood
elevation or as required by the Authority.

3.07.08 Development y

a) Every well shall be develop to remove the
native silts and clay, drilling mud and/or finer
fraction of the gravel pack,

b) Development should continue until the maximum
apiiific capacity 1s obtained from the completed

c) The specification shall include provisions for
the method, equipment, chemicals, testing for
residual chemicals, and dispeosal of waste and
inhibitors, when chemiczl conditioning is required.

d) Where blasting procedures may be used, the
specifications shall include provisions for ..
blasting and ¢leaning. { H)

3.07.09 Capring Procedures

a) The preferred methed for capping a well is a
threaded cap or 2 weirded metal plate,

b} To prevent tampering with the well or entrance
of foreign materials, the contractor shall
provide protection at all times during the pro-
gress of the work,

3.07.10 Well Abandonment

a) Test wells or ground water sources which are
not in use shall be sealed by such methods as
necessary to restore the controlling geological
conditions which existed prior to construction
or directed by the Autherity.

b) Wells to be abandoned shall :
l. be sealed to prevent undesirable exchange of
water from one aguifer to another,
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2. preferably be filled with neat cement grout,

3. have £ill materials other than cement grout
or concrete, disinfected and free of foreign
materials, and

4. when filled with concrete or cement grout,
these materials will be applied to the well
hole through a pipe, tremie or bailer.

5. The Authority may determined not to seal an
abandoned well to use it as an observation

point for agquifer fluctuations.

3.08 Aguifer Tvpes and Construction Methods Special Cconditions

3.08.01 sand or Gravel Wells

a) If above the water bearing formation, clay or
hard pan is encounter, the permanent casing and
grout shall extend through such materials.

b) When a sand or gravel aquifer is overlaid only
by permeable soils, the permanent casing and
grout shall extend to at least 6.10 meters
(20 feet) below original or final elevation,
whichever is lower.

c) The temporary outer casing, when used, shall
be completely withdrawn as grodt is zpplied.

3.,08.02 Gravel Pack Wells

a) Gravel pack shall be well rounded particles,
95 per cent silececus material, that are
smooth and uniform, free of foreign material,
properly sized, washed and disinfected immediately
prior to or during placement.

b) Gravel pack shall be placed in one uniform
continuous operation.

c) When used, gravel refill pipes shall be sSchedule
40 steel ‘pipe incorporated within the pump
foundation and terminated with screwed or
welded caps at least 30 centimeters (12 inches)
above the pump house floor level or concreted
aprona
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3.08.03

3.08.04

d)

e)

)

g)

A minimum of 1 1/2 inches of grout shall
surround the annular opening when gravel refill
pipes are located in the grouted annular opening.

Protection from lezkage of grout into the gravel
pack or screen shall be provided.

Inner and outer permanent casings shall meet
requirements of Section 3.07.03.

Minimum casing and grouted depth shall be
approved by the Authority.

Radial Water Collector

aj

b)

c)

d)

e)

£}

g)

Locations of all caisson construction joints
and porthole assemblies shall he indicated.

The cai;son shall be reinforced to withstand
the forces to which it will ke subjected.

Radial collectors :shall be in areas and depths
approved by the Authority.

Provisions shall be made toc assures that radial
collectors are essentially horizontal.

A watertight floor shall cover the top of the
caisson.

211 openings in the floor shall be curb and
protected from entrance of foreign material.

The pump discharge pipe shall not. be placed
through the caisson walls.

Infiltration Lines

a)

b} The area around infiltration lines shall ke under -

c)

only where geological conditions preclude
the possibility of developing an acceptable
drilled well, consideration may be given to
infiltration lines.

the control of the Authority for an acceptable
or required distance-
Flow in the lines shall be by gravity to the

collecting well.
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3.08.,05

3:08.06

3.08.07

Dug Wells

a) Dug wells may

be considered only if geoiogical

conditions preclude the possibility of develo-
ping an acceptable drilled well. .

b) A watertight cover shall be provided.

¢) Protective lining and grouted depth shall be

at leaest & minimum of 3.05 meters

original or final groundelevation, whichever is

lower.

d) Openings shall be curk and protected from
entrance of foreign material. :

e) Pump discharge piping shall not be placed
throuch the well casing or wall.

Limestone or Sandstone Wells

a) The permanent
increviced ‘or
the mantle is
The Authority
requirements.,

casing shall be firmly seated in
unbroken rock if the depth of
more that 15.3 meters (50 feet).
shall determined the grouting

b) Where the depths of mantle is less than 15.3
meters. (50 feet), the casing and grout shall
be at least 15.3 meters (50 feget) or as

‘determined by

the Authority.

Naturally Flowinc Wells

a) Flow shall be

controlled.

b) Provisions shall be made for permanent casing

and grout.

c) Special protective construction may be required
by the Authority if erosion of the ceonfining
bed azppears likely.

»
-
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3,09 Well Pumps, Discharge Piping and Appurtenances

3.09.01

3.09.02

3.,09.03

Line Shaft Pumps

Wells equipped with line shaft pumps shall:

a) have the casing firmly connected to the
pump structure or have the casing inserted into
a recess extending at least one-~half inch into
the pump base,

b) have the pump foundation and base designed to
prevent water from coming into contact with the
joint.

Submersible Pumps

Where a submersible pump is used:

2) The top of the casing shall be effectively
sealed against the entrance of water under all
conditions of vibration or movement of conductors
or cables, 5

b) The electrical cable shall be £irmly attached
to the riser pipe at 6.10 meter (20 feet)
interwvals or less,

Discharge Piping

' The discharge piping shall:

a) Be designed so that the friction loss will be
as low as possible.

b) When an above~ground discharge is provided.,
controll valves and appurtenances located above
the pump house fleoor have to be installed.

c) Be protected against the entrance of contamination
d) Be equipped with & check valve, & shutoff valve,
a pressure gauge, a means of measuring flow, and

a smooth rosed tap located at a point where
positive pressure is maintained.
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3.09.04

)

r

g)

h)

i)

Where applicable, be equipped with an air

~release-vacuum releif valve located upstream

from the check valve, with exhaust relieve
piping ending in a down turned position at

least 46 centimeters (18 inches) above the floor
and covered with a 24 mesh corrosion resistance
screaen. )

Provide valve to permit test pumping and control
of each well.

Have all exterior piping, valves and appurte-
nances protected against physical damage

Be properly anchored to prevent movement.

Be protected against surge or water hammer

Means of pumping to waste shall be provided for
the discharge piping, but not directly connected
to a sewer.

Pitless Well Units

a)

b)

The Authority must be consulted for approval of
specific applications of pitless units.

Pitless units sheall:

l1- Be shop-fabricated from the point of con-
" nection with the well casing to the unit
cap Or COVEer.

2—- Be threaded or welded to the well casinge.
3- Be of watertight construction throughout.

4- Be of materials and weight at least equivalent
or compatible to the casing

5- Have field connection to the lateral
discharge from the pitless unit of thread,
flanged or mechanical type.

6- End at least 46 centimeters (18 inches} above
final ground elevation or 1l.52 meters (5f{eet)
above highest known flood elevation or as the
Authority determines.
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3!!09.05

¢} Provisions shall be made in the design for:
1- Access to disinfect the well.

2- An adequate constructed casing vent meeting
the requirements, of Section 3.09.05.

3= Facilities to measure water levels in the
well (See Section 3.09.06)

4. Prevent the entrance of contamination by
providing a cover at the upper terminal of
the well.

5= A contamination-proof entrance for the
eletrical cable

6- Up to and including casing diameters of 30
centimeters (12 inches) have an inside
diameter as great as that of the well casing,
to facilitate work and repazir on the well,
pump, or well screen.

7- At least one check valve within the well
casing or in compliance with the require-
ments of the Authority.

d) The shop-assembled unit must be designed for
field welding if the connection to the casing
is by field weld. The only field welding
permitted will be that needed to connect a
pitless unit to the casing.

Casing Vent

Provisions shall be made for venting the well casing
to the atmosphere., The vent shall end in a down-
turned position at or above the top of the casing

or pitless unit in a minimum 1 1/2 inch diameter
opening covered with a 24 mesh, corrosion resistant
screen. The pipe connecting the casing to the vent
shall be of adequate size to provide rapid venting.
of the casing.

-*
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3.09.06

3.0%9.07

Water Level Measurements

a) Provisions shall be made for periodic measure-
ments of water levels in the completed well.

b) Permanent water level measuring equipment
‘installation shall be made using corrosion
resistant materials attached firmly to the
drop pipe of pump column and in such a manner as
to prevent entrance of foreign materizls.

Observation Wells

Shall be:

a) Constructed in accordance with the requirements
for permanent wells if they are to remain in
service after completion of a water supply well.

b) Protected at the upper terminal to preclude
entrance of foreign materials.

R 3.10 Treatment

3.10.01

3.10.02

—

General

The design of treatment process and devices shall
depend on evaluation of the nature and quality of
the particular water to be treated and the desired
quality of the final product.

Clarification

Plants design for processing surface water shall:

2) For rapid mix, flocculation and sedimentation,
a minimum of two units each should be provided.

b) Permit operation of the units either in series
or in parallel.

c) Be constructed to permit units to be taken out
of service without disrrupting coperation, and
with drains and pumps sized to allow dewatering
in a reasonable period of time.

d) When reguired by the Authority provide multi-
stage treatment facilities.
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e) Be able to start manually following shutdown.

3.10.03 Presedimentation

Waters containing high turbidity may require
pretreatment, usually sedimentation, either with
or without the addition of coagulation chemicals.

2) Basin Design - Basins for presidementation
should have hopper bottoms or be equipped with
continous mechanical sludge removal apparatus,
and provide arrangements for dewatering.

b} 1Inlet - In coming water shall be dispersed
accross the full width of the line of travel
as quickly as possible, short-circuiting must
be prevented

c) By-nass - Presedimentation basins bypassing pro-
visions shall be included

d) Detention Time - The minimum detention period gfmj
recommended is three (3) hours; greater detention ...
may be required,

3.10.04 Rapid Mix
Shall mean the rapid dispersion, usually by violent
agitation, of chemicals throughout the water to be

treated.,

2) Equipment - Basins shall be equipped with
mechanical mixing devices.

b} Mixing - The detention period should not be
less than twenty (20) seconds.

¢) Location - The rapid mix and flocculation basins
shall be located as close together as possible.

3.10,05 PFlocculation

Shall mean the agitation of water at low velocities
for long peridds of time,
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3.10.06

a)

by

c)

d)

e)

Tank Design - Inlet and outlet design shall
prevent destruction of floc and sheort-circuiting.
A drain or pumps shall provided to handle
dewatering and sludge removal.

Detention - The flow-through velocity shall not
be less than 15 centimeters (0.5 ft.) nor greater
than 30 centimeters (cne ft.) per minute with a
detention time for floc formation of at least

30 minutes. '

Equipment -~ Variable speed drives with the
peripheral speed of paddles ranging from 15 to

30 centimeters (0.5 to 1.0 ft.) per second, shall
be used to drive the agitators.

Piping - Flocculation and sedimentation basins
shall bYe as close together as possible. The
velocity of flocculated water through pipes and
conduits to settling basins shzall not be less
than 15 centimeters (0.5 £ft) per second nor
greater than 30 centimeters (1l £ft.) per second.
Allowances must be made to minimize turbulence
a2t bends and changes in direction.

Other Types - Baffl.ng may be used to provide for
flocculation in small plants, only after consul-
tation with the Authority. The design shall be sc
that the velocities and flows noted azbove will be
maintained. '

Sedimentation

Flocculation shall be followed by sedimentationd
For effective clarification, the detention time is
dependent on a number of factors related to basin
design and the nature of the raw water.

a)

b)

Detention Time - & minimum of four hours of
settling time shall be provided for detention
time.

Inlet Devices - Inlets shall be design to
distribute the water equally and at uniform
velocities. Entrance arrangements such as

open ports, submerged ports or similar, are
required. A baffle should be constructed across
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c)

a)

e)

)

g)

h)

i)

the basins close to the inlet end and should project
several feet below the water surface to dissipate inlet
velocities and provide uniform flows across the basin.

Cutlet Devices « Qutlet devices shall be designed to

maintain velocities suitable for seitling in the basin
and to minimize shortegircuiting, In order to provide
a volume above the orifices for storage when there are
fluctuations in flow, the use of submerged orifices is

-recommended.,

Overflow Rate = The rate of flow over the outlet weir
shall not exceed 75,700 liters {20,000 gzllons) per
day per 30 centimeters (one foot} of weir length.
Submerged orifices shall not be lower than 0.91 meters
(3 feet) below the flow line with flow rates egquivalent

to weir loadings, when used as an alternate for overflow

weirs,

Velocity - The velocity through settling basins shall
not exceed 60 centimeters (2.0 ft.) per minute. The
basins must be designed to minimize short-circuiting
and baffles must be provided as necessary.

Overflow —~ The maximum water level desired on top of
the filters will be established by installing an
overflow weir (or pipe). It shall discharge with a
free fall zt a location where the discharge will be
noted.

Sludge Collection - Mechanical sludge collection
equipment should be provided.

Drainage - Means for dewatering the basins must be
provided. The slope of the basin bottoms toward the
drain shall not be less than 30 centimeters (1 foot)
in 3.66 meters (12 feet) where mechanical sludge
collection equipment is not required.

Flushing Lines - Flushing lines or hydrants with 2 1/2"
diameter nozzles shall be provided and must be equipped
with backflow prevention devices zcceptable to the
Authority. ’

Access - On the inside walls of basins, permzanent
ladders or handholds, shall be provided.

-
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3.10.07

Gurard rails should be included.

k) Sludge Disposal - Facilities for disposal of
sludge (See Section 3.20) are regquired by the
Authority. Provisions shall be made for the
operator to observe or sample sludge being
withdrawn from the unit. )

Solids Contact Unit

When the water charateristics are not variable and
flow rates are uniform, combine softening and
clarification units are acceptable. Approval of

‘the Authority shall be obtained before such units

are considered as clarifiers without softening.
Clarifiers should be designed for the maximum
uniform rate and should be adjustable to changes

in flow which are less than the design rate and
for changes in water characteristics. A minimum of
two units are required for surface water trzatment.

a) Eguipment Installation -~ At the time of instal-
lation and inicial operatidn, supervision by 2
representative of the manufacturer shall be
provided including instructicn to the personnel
assigned by the Authority.

b) Operating Equipment - The following shall be
provided for plant operaticn:

l. ¢cmplete ocutfit of tools and accesscries,
2. necessary laboratory equipment, and

3, adedquate piping with suitable sampling taps
so located as to permit the collection of
samples of water from critical poxrtions
of the units.

c) Chemical FPeed -~ Chemical shall be appliedat
such points and by such means as to insure
satisfactory mixing of the chemicals with the
water. .

d) Mixing =~ The Authority may require a rapid mix
deviced or chamber ashead of the solids contact
units to assure proper mixing of the chemicals
applied.
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Mixing devices employed shall be so constructed as to:

e)

£)

g)

h)

1. provided good mixing of the raw water with
previously formed sludge particles, and,

2. prevent deposition of solids in the mixing
zZone. '

-

Flocculation - Flocculation eguipment shall:
l. be adjustable (speed and/or pitch},

2.-provide for ccagulation in a separate
chamber or baffled zone within the unit, and

3. should provide a flocculation and mixing
period of not less than 30 minutes.

Sludge Concentrators - In order to obtain a
concentrated sludge with the minimum of waste
of water the equipment should provide either

. internzl or external concentrators

Sludge Removal - The sludge resmoval design
shall make provisions for

1. sludge pipes to be not less than six (6) inches
in diameter and so arranged as to Lac;lltate
cleaning,

2. the entrance to sludge w1thdrawul piping shall
prevent clogging,

3. for accessibility, valves shall be located
ocutside the tank,

4. the coperator to be able to observe and sample
sludge being withdrawn from the unit.

Cross—Connections-

1. The Authority will determined the places
where the blow-off cutlets and drains must
-terminate and discharge.

2. For potable water lines used to backiflush
sludge lines, cross-—connection control must
be included. )
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Detention Period -~ The raw water characteristics and
other loczl conditions that affect the operation of

_ the unit, should be the basis to establish the detentiown
time. Based on design flow rates, the detention time
should be:

1- four hours for suspended solids contact clarifiers
and softeners treating surface water, and

2- one hour for the suspended solids contact softeners
treating only groundwater.

Authority may alter the detention time requirements.

Suspended Slurry Concentrate - Softening units should
be designed so that continous slurry concentrates of
one per cent or more, by weight, can be satisfactorily
mantained.

Water Losses - The design shoudld tzke into consideration
that .

1~ units shall be provided with suitable controls for
sludge withdrawal .-

2- total water losses shall not exceed five per cent
for clarifiers and thres per cent for softners,

3~ solid concentration of sludge bled to waste should
be three per cent, by weight, for clarifiers and
five per cent, by weight for sofiners.

Weirs or Orifices — The units should be equipped with
either overflow weirs or orifices constructed so that
water at the surface of the unit does not travel over
ten feet horizontally to the collection trough.

1- Weirs shall be adjustable, and at least equivalent
in length to the tank perimeter

2~ Weir loading shall not exceed 38 liters per minute
per 30 centimeters (10 gal./min./foot) of weir
length for units used for clarifiers and 76 liters
per minute per 30 centimeters (20 gal./min./foot)
of weir length for units used as softeners.

3~ Where. . orifices are used, the loading per foot oFf
launder shounld be eguivalent to weir loadings.
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Either shall produce uniform rising rates over the ;’“)
entire area of the tank. R

m) Upflow Rates - Unless supporting data is submitted to
the Authority to jUSulfY rates exceedlng the following,
rates shall not exceed

l- 3.8 liters per minute pexr 929 sq; centimeter (1 gal./
min./sg. ft.) of area at the sludge separation line,
for units used as clarifiers

2= 6.562 liters per minute per 929 sg. centimeter (1.75
gal./min./ sqg. ft.) of area at the slurry separa-
tion line, for units used as softeners.

n) Tube Setters ~ Even though recognized as an alternate
method of eclarification, sufficient experience is not
yet available to establish design standards. Therefore,
proposals for tube settler clarification must include
pilot plant and/or full scale demostration satisfactory
to the Authority prior to the preparation of final
Plans and specifications for approval.

Filtrztion v .
Upon the discretion of the Authority, the acceptable filters i¥_>
shall include the following types:

~a) rapid rate gravity filters, and

b) rapid rate pressure filters.

Water quality data representing a reasonable period of time
to characterize the variations in water quality must support
the application of any one type. The Authority may require
experimental treatment studies to demostrate the applicabi-
lity of the method of filtration proposed.

3.11.01 Rapid Rate Gravitwv Filters

a) Pretreatment - When using rapid rate gravity
filters, pretreatment is required

l\_/’i
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b)

c)

d)

Number - At least two units must be provided. If
only two units are provided, each shall be capable

of meeting the plant design capacity (normally the
projected maximum daily demand) at the approved
filtration rate. When more than two filter units

are provided, the filters shall be capable of meeting
the plant design capacity at the approved filtration
rate with one filter removed from servige. :

te of Filtration - Such factors as raw water quality,
degree of pretreatment provided, filter media, water
quality contrel parameters, and cther factors as
required by the Authority, must be considered when
determining the rate of filtration. In any case, the
filter rate should be proposed and justified by the
designing engineer to the satisfaction of the Authority,
prior to the preparations of final plans and specifi-
cations. .

Structural Details and Hydraulics

The filter structure shall be so designed as to
provide for:

1= wvertical walls within the filter,

2= no protrusicon of the filter walls into the
filter media, )

3~ head room to permit normal inspection and
operation,

4- minimum depth of filter box of 2,59 meters
(8.5 feet), except in specizl cases, which
reqguires the approval of the Authority,

5- minimum water.depth over the surface of the
filter media of 91 centimeters (3 feet),

6~ trapped effluent to prevent backflow of air to
the bottom of the filters,

7= prevention of floor drainage to the filter

a
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with a minimum 4 inch cuxrd around the filters,
8. maximum velocity of treated water in pipes

and conduits to fiiters of 60 centimeters

(2 feet) per second, '

2. c¢leanouts and straight alignment for influent
pipes and conduits where solids lonading is
heavy or following line-soda softening.

10. washwater drain capacity to carry maximum
flow, and

11, walkways around filters to be not less than
76 centimeters (30 inches) wide.

e) wWasawater Troughs

Washwater troughs shall be designed to provide

l., the bottom elevation above the maximum level
of expanded media diiring washing and a 5
centimeters (2 incaies) freeboard at the I
maximum rate of wash, \%J)

2. 'the top edge to be level, and

3. spacing so that each trough serves the same
nunser oI square centimeters of filter area
and maximum horizontal travel of suspended
particles to reach the trough nut to exceed
91 centimeters (3 feet}.

f) PFiltering Media

l. The media shall be c¢lean silica sand or other
natural or synthetic media approved by the
Authority, having the following characte-
ristics:

a- a total deptn ©f not less than 61 centimeters
(24 inches) and generally not more than 75
centimeters (30 inches) - .

b- an efliéctive size range of the smallest
material no grater than 0.45mm. to 0,55mm.
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c)

d)

e)

an uniformity coefficient of the smallest
material not greater than l1.85,

12

inch minimum of media with an effective size

range no greater than 0.45 mm to 0.55 mm and
specific gravity greater than other filtering
materials within the filter,

types of £ilter media:

le

3.

4.,

Anthracite - Clean crushed anthracite or a
combination of anthracite and other media
may be considered on the basis of experi-
mental data specific to the project and
shall have:

effective size of 0.45 mm - 1.2 mm depending
on the intended use (anthracite used alone
must meet the specifications of Section
31,11.01, subsection £)

uniformity coefficient of not greater than
1l.85 {not greater than l.65 if use alone)

sand shall have:
effective size oI 0.45mm to 055 mm..

uniformity coeffcient of not greater than
1.65 '

Granular activated carbon - Use of granular
activated carbon media may be ceonsidered
only with the approval of the Authority,

and must meet the basic specifications for
filter material as given in Section 3.11.01,
Subsection f£) and

provision shall be made for a free chlorine
residual in the water following the filters
and before distribution,

means for periodic treatment of filter
material for control of bacterial and other
growths must be provided.

other media - Bases on experimental data
and operating experience, other media
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3.11.02

Size

2 1/2 tol 1/2 5
11/2 to 3/4 3
3/4 to 1/2 2 to
1/2 to 3/16 2
3/16 to 3/32 2

will be considered.

Torpedo - An B centimeter (3 inch) layer of
torpedo sané should be used as a supoortlng medlh
for filter sand, and should have

a- effective size of 0.8 mm to 2mm, and
b- uniformity coefficient not greater than 1,7

Gravel - When gravel is used as supporting medis,
shall consist of hard, rounded particles and not
include flat or elongated particles.

The coarsest gravel shall be 6 centimeters

{2 1/2 inches) in size when the gravel rests
directly on the strainer system, and must

extend above the top of the perforated laterals.
Four layers of gravel at least shall be provided
when used with perforated latexrals, in accordance
with the following size and depth distribution:

*

\_,/

to
to

to
t )

W in @

%*
Size and depth in inches

The reduction of gravel depths may be considered
upon approval of the Authority.

Filter Bottoms and Strainer Systenms

Deviations from these standards may be acceptables
for high rate filters. Porous plate bottoms shall
not be used where iron or manganese may clog them
or with waters softened by lime, Manifold-type
collection systems shall be of such design as-to

a)

b)

minimize loss of head in the manifold and laterals.

assure everr-distribution of washwater and even
rate of filtration over the entire area of the

filter, fi)
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3.11.03

3.11.04

c)

d)

e)

provide the ratio of the area of the final openings
of the strainer systems to the area of the filter at
about 0.003,

provide the total cross-—sectional area of the
laterals at about twice the total area of the final
copenings,

provide the cross-sectional area of the manifold
at 1 1/2 to 2 times the -total arez of the laterals,

Surface Wash or Subsurface Wash

Facilities for surface or subsurface wash are required
except for filters used exclusively for iron or manganese
removal,.

It may be accomplished by a system of fixed nozzels
or a revolving-type apparatus. A1l devices shall be
designed with.

a) water pressures of at least 3.2 kgs/sq./cm. (45 psi)
must be provided, .

b) properly installed vdcuum breaker or other approved
device to prevent back siphonage if connected to
the treated water system,

c) rate of flow of 2 gal./min./square foot of filter
area with fixed nozzles or 0.5 gal./min./square
foot with revolving arms.,.

Appurtenances

For every filter, the following shall be provided:

l1- facilities for_influent and effluent sampling,

2= an indicating loss of head gauge with 24 hours
recorder,

3- a rate-of-flow meter with reco:der for 24 hours,

2 .

a continucus or rotating cycle turbidity

Sy
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recording device for surface water treatment plants, e

5. manholes providing access to the filter interior at
several locations for sampling or pressuJure sensing,

6. a 1 to 1-1/2 inch pressure hose and storage rack
a2t the operating floor for washing filter walls.

7. provisiocns for draining the filter withﬁappropriate
mezasures for backflow prevention. {See Section 3.18)

3.11.05 Backwash

Provisions shall be made for washing filters as
follows:

2) a minimum of 57 liters (15 gallons) per minute
per 929 square centimeter (square foot), consistent
with water temperature and specific gravity of the
filter media. A rate of 76 liters per minute per
929 sg. cem. (20 gallons per minute per square foot)
or a rzte necessary to provide for a 50 per cent
expansion of the filter bed is recommended. .
For full depth anthracite or granular activated ; )
carbon filters, a reduced rate of 38 liters per e
minute per 929 sg. centimeters (10 gallons per
minute per square foot) may be acceptable,

b} Ffiltered water provided at the required rate by
washwater tanks, washwater pump, from the high
service main, or a combination of these,

¢) duplicate washwater pumps unless other means of
obtaining washwater is available.

d) not less than 15 minutes, wash of ocne filter at
the design rate of wash, 3 -

e) a washwater regulator or valve on the main washwater
line to obtoin the desired rate of filter wash
with the washwater valves on the individual filters
open wide,
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3.11.06

) on the main wishwater line, 2 rate-of-flow
indicator, preferably with an indicator,
located so that it can be easily read by the
operator during the washing process, :

g) design to prevent rapid changes in backwash
water flow.

Miscellaneous

Roof drains shall not discharge into the filters
or basins and conduits preceding the filters.

Rapid Rate Pressure Filters

For iron or manganese removal the use of rapid rate pressure
filters may be considered. Pressure¢ filters shall not be
used in the filtration of polluted waters or following lime-
soda softening.

3.12.01

3.12.02

3.12.03

Ceneral .

Minimum criteria rélative to number, rate of
filtration, structural details and hydraulics,
filter media, etc, provided for rapid rate gravity
filter also apply to pressure filters where
appropriate

Rate of Filtration

fThe rate shall not exceed 1l.4 liters per minute
per 929 sg. cm. (3 gals./min/sq. ft.) of filter
area.

Details of Design
The design of the filters shall provide for:

a) on the inlet and outlet pipes of each filter,
a loss of head gauge,

b) an easily readable meter or flow indicator on
each battery of filters., A flow indicator
is recommended for each filter,

c) an arrangement of piping as simple as possible
to accomplish filtration and backwashing of
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each filter individually,

d) the height of the side wall shall be detérminated
according to the type of filter and filter media
used,

e) the underdrain system to efficiently collect
the filtered water and to uniformly distribute
the backwash water at a rate not less than ‘
57 liters per minute per 929 sguare centimeters
(15 gal./min./sq,ft) of filter area. .

) backwash flow indicators and controls that are
easily readable while operating the control
valves,

- g) on the highest point of each filter, an air
releasg valve,

h) an accesible manhole to facilitate inspections
and repairs,

i) means to cbserve the wastewater during back-
washing,

j) construction to prerent cross—connection.

Disinfection

The preferred dlslnf=ct1ng agent is chlorlne.' :
Chlorination may be acccomplished by means of ligquid chlorlne,
calcium or sodium hypochlorites or chlorine dioxide.
Providing reliable application equipment is available and
testlng procedures for a residual are recognized in

“Standards Methods for the Examination of Water and
Wasterwater" latest edition, consideration may be given to
other disinfecting agents. Disinfection is required at a2ll
surface water supplies and at any ground water supplies
which are of questionable sanitary quality or where any
other treatment is provided. Contincus disinfection is
recomended for all water supplies..

3.13.01 <cChorination Equipment

a) Type- Solution—feedégas~type chlorinators or .
hypochlorite feeders of the positive displace-
ment type must be provided. (See Section 3.21).

3
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3.13.02

b) Capacity - The capacity of the chlorinator shall
be such that a free chlorine residual of at
least 2 milligrams per liter can be attained in
the water after contact time of at least 30
minutes when maximum flow rates coincide with’
anticipated maximum chlorine demands. The
equipment shall be of such design that it will
operate accurately over the desired feeding
range.

_.€) Standby Equipment - Where chlorination is

required for protection of the supply, standbyv
equipment of sufficient capacity shall be
available to replace the largest unit during
shut ~down. '

d) Automatic Proportiocning - Where the rate of flow
or chlorine demand is not reasonably constant,
automatic proportioning chlorinators will be
required.

Contact Time and Point- of Application

Due consideration shall be given to the contact
time of the chlorine in water with relation to nH,
ammonia, taste-produciag substances, temperature,
bacterial quality, and other pertinent factors.
Chlorine should be applied 2t a point which will
provide the maximum contact time.- At plants
treating surface water, provisions should be made
for applying chlorine to the raw water, Liltered
water, and water entering the distribution system.
At plants treating ground water, provisions should
pe made for applying chlorine to at least the
detention basin inlet and water entering the
distribution system. Free residual chlorination is
the preferred practice; 30 minutes contact time for
ground watér and two hours for surface water must be
provided. In package plants the chlorine may be
apply before or after the filter or at both points
preferrably before the filter. The amount of
‘chlorine that should be apply varies with the
degree of contamination.
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3.13.03

.

Regidual Chlorine

- Ina potable water distribution system, the residual

3.13.04

3.13.05

3.13.06

3.13.07

Aeration

Aeration

chlorine should be according to the design and the
requirements of the Authority. ’

Testing Equipment

Chlorine residual test equipment recognized in the
latest edition of "Standard Methods for the
Examination of Water and Wastewater” shall be
provided. All plants with a capacity of 2 mgd or
more should be equipped with- recording chlorine

-analyzers monitoring water entering the distribution

system. (See Section 3.02,11).

Chlorinator Piping

The chlorinator water supply piping should be
designed to prevent contamination of the treated
water supplied to the system. At all facilities
treating surface waters, pre-and post-chlorination
systems must be independent to prevent possible Sy
siphoning of partially treated water into the ; ,)
clear well. |

Bousing

Adequate housing must be provided for the chlori-
nation equipment and for storing the chlorine.
{See Section 3.21 and Chapter VIII).

Other Disinfecting Agents

Although disinfecting agents other than chlorine
ara available,.each has usually demcstrated shozrt
comings when applied to a public water supply.
Proposals for use of. other than chlorine,
disinfecting agent must be approved by the
Authority prior to preparation of the final plans
and specifications.

may be used to help remove offensive tastes and

odors due to dissolved gases from decomposing organic
matter, or to reduce or remove objectionable zmounts of T
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carbon dioxide, hvdrogen sulphide, etc., and to introduce
oxygen tec assist in iron and/or manganese removal.

3.14.01 Natural! Draft Aeration

Design shall provide:

a)

b}

c)

d}

e)

£)

g)

h)

-

perforations in the distribution pan 0.48 to
1.3 centimeters {(3/16 to 1/2 inch) in diameter,
spaced 2.54 to 7.62 centimeters (1 to 3 inches)
on centers to maintain a 15 centimeter (& inch)
water depth.

for distribution of water uniformly over the
top tray,

discharge through a series of three or more
trays with separation of trays not less than
30 centimeters (12 inches),

a rate of lcading of 3.8 to 18.9 liters (1 t»
5 gals.) per minute for each 92' sguare centi-
meter (square foot) of total tray arsz :

trays with slotted, heavy wire (l.3 centimeccrs
(1/2 inch) openings) mesh or perforated bottom:z,

construction of durable materiel resistant €t
aggressiveness of the water and dissolved
gases,

protectici from loss of spray water by wind
carriage by means oi enclosure with louvers
sloped to the inside at an angle of approximabely
45 degrees, )

for a 24-mesh screen protection from insects.

3.14.02 Forced or Induce Draft Aeration

.Devices shall be design to:

a)

include a blower with a weather procf motor in
a tight housing and screened enclosure,
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3.14.03

b)

<)

a)

e}

9

insure adequate counter current of alr through
the enclosed aerator column,

exhaust air directly to the outside atmosthere,

include a down-turned and 24-mesh screened air
inlet and outlet, g

be such that air introduced in the column shall
be as free from harmful fumes, dust, and girt

- as possible,

£)

g)

h)

i)

3)

X)

be such that sections of the aerator can be
easily reached or removed Ifor maintenance of
the interior or installed in a separate aerator
roam,

provide loading at a rate of 3.8 to 18.9 liters -
(1 to 5 gals.) per minute for each 929 square
centimeter (square foot) of total tray area.

insure that the water outlet is adequately o
sealed to prevent unwarranted loss of air '->

P

discharge through a series of five or more
trays with separation of trays of not less
than 15 centimeters (6 inches},

provide distribution of water unlfornly over
the top tray,

be of durable materlal resistant to the
aggressiveness of the water and dissolved gases.

Pressure Aeration

Only if pilot plant study indicates the method is
applicable, may pressure aeration be used for
oxidation purposes. Filters following pressure
aeration must have adequate exhaust devices Ifor
release of air, Pressure aeration devices Shall be

.design to:

a) give thorough mlxlng of compressed air wvth water

being treated,

>
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b) provide screened and filtered air, free of

obnoxious fumes, dust, dirt and other conta-
minants., ’

3.14.04 Other Methods of Aeration

If applicable to the treatment needs, other methods
of aeration may be used. Such methods include

but are not restricted to spraying, diffused air,

cascades and mechanical aeration. The treatment

processes must be design to meet the particular

needs of the water to be treated and are subjet

to the approval of the Authority.

3.14.,05 Protection of Aerators -

All aerators except those discharging to lime
softening or clarification plants shall be protected
irom birds and insects.

3.14.06 bDisinfectation

Ground water sﬁppliqs exposed te the atmosphere by
asration must receive chlorination as the minimum
additional treztment.

3.14.07 BRBy-pass

All aeration units shall be provided with a2 by-pass.

Ircon and Manganese Control

As used herein, iron and manganese control, refers solely to
treatment processes designed specifically for this purpose.
The character of the raw water will determined the treatment
processes to he used. The selection of one or more treatment
process. - must meet specific local conditions as determined
by engineering investigations, including chemiczl analysis
of representative samples of water to be treated, and receive
approval of the Authority. It may be necessary to oberate

a pilot plant in order to gather a2ll information pertinent to
the design. Consideration should be given to adjusting pH

of the raw water to pptimize the chemical reaction.
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3.15.01 Removal by Oxidation, Detention and Filtration

3.15.02

3.15.03

a) Oxidation

- May be by aeration, as indicated in Section
3.14, or by chemical oxidation with chlorine
or potassium permanganate.

b} Detention

1- Reaction « A minimum detention time of 20
minutes shall be provided following aeration
in order to insure that the oxidation
reactions are as complete as possible. The
minimum detention shall be cmitted only where
a pilot plant study indicates no need for
detention. The detention basin shall be
designed as a holding tank with no provisions
for sludge collection but with sufficient
baffling to prewvent short circuitse.

2- Sedimentation - Basins for Sedimentation, t"ﬁ
shall be provided when treating with high
iron and/or manganese content, or where chemical
coagulation is used to reduce the load of the
filters.

3- Filtration - Filters shall be provided and shall
conform to Section 3.08

Removal by L;gg—séda Softening Process
See Section 3.10.02

Removal by Mancanese Greensand FPiltration

This process,'consisting of a continous feed of
potassium permanganate to the influent of a
manganese greensand filter, is more applicable to
the removal of manganese than to the removal of iron.

a) Provisions should be made to apply the permanga-
nate as-far ahead of the filter as practical
and to a point immediately before the filter



c)

d)

e)

£)

g)

.- 3.15.04

3.15.05

\,J}

e

Cther oxidizing agents or processes such as
chlorination or aeration may be usad before
the permanganate feed to reduce the cost of the
chemical.

Anthracite media cap of at least six inches.
shall be provided over manganese greensand.

Normal filtration rate is 11.3 liters per
minute per 929 square centimeters (3 gallons
-per minuts per square foot)

Normal wash rate is 30.3 to 37.8 liters per
minute per 929 square centimeters (8 to 10
gallons per minute per sgquare foot).

Air washing should be provided.

Sample taps shall be provided

1~ Dbefore the application of permangzanate,

2- 1immediately ahead of filtration,

3- at a2 point between the anthracite media
and the manganese greensand,

4~ halfway down the manganese greensand,
5- at the filter effluent.

Removal by Ion Exchange

This process of iron and mangznese removal should
not be used for water containing more than 0.3
milligrams per liter of iron, manganese or
combination thereof. This process is not acceptable
where either the raw water or wash water contains
dissolved oxygen.

Sequestration by Polvohosphates

This process shall not be used when iron, manganese
or combination thereof exceeds 1.0 milligrams per
liter. The total phosphate applied shall not
exceed 10 milligrams per liter as PO4,

-
-
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Where phosphate treatment is used, satisfactory
chlorine residuals shzll be maintained in the
distribution system.

a) Feeding eguipment shall conform to the require-
ments of Section 3.20

b) sStock phosphate solution must be kept covered
. and disinfected by carrying approximately 10
milligrams per liter free chlorine residuzl.

¢) Polyhposphates shall not be applied ahead of
iron and manganese ramoval treatment. The point
of application shall be prior to any aeration,
oxidation or disinfection if no iron or manganese
removal is provided, i

d) Phosphate chemicals must be food grade.

3.15.06 Sampling Ecuipment

For control purposes, smooth-nosed sampling taps
shall be provided.

3.15.07 Testigc Equipment

All plants shall be provided with testing equipment.

a) The equipment should be capable of accurately
measure the iron content to a minimum of 0.1
milligram per liter and the mangznese content
to 2 minimum of 0,05 milligram per liter.

. b) Appropriatephosphate test equipment shall be

provided where polyphosphate sequestration is
provided.

Fluorination

Commercial sodium fluoride, sodium siliceoflucride and
hydroflucsilicic acid shall cenform to the applicable AWWA
standards. Other fluoride compounds which may be available
must be approved by the Authority. Fluoride application
proposed method must be approved prior to preparation of
final plans and specifications.

3.16.,01 Fluoride Comuouﬁd Storace

-
-

Covered or unopéened centainers shall be used to siore
fluoride ceompounds and should be stored inside
a building.
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Unsealed storage units for hydrofluosilicic acid
should be vented to the atmosphere at a point
outside any building. '

3.16.02 Chemical Feed Equipment and Methods

' In addition to the requirements in Section 3.20,
fluoride feed equipment shall meet the following
requirements:

a) scales or loss=of-weight recorders shall be
. Pprovided for dry chemicals feeds, :

b) feeders shall be accurate to within five percent
of any desired feed rate,

¢) to avoid precipitation of fluoride, the fluoride
compound should not be added before lime-soda
softening and shall not be added before ion
exchange softening.

%‘~) ©d) the point of application of hydrofluosilicic
N acid, if into a2 horizontal pipe, shall be in
' the lower half of the pipe,

e) a positive displacement pump, having a stroke
rate of not less than 20 strokes rer minute,
shall be used to applied a fluoride solution,

) adequate anti-siphon devices shall be provided
for all fluoride feed lines. :

3.16.03 Protectivea Ecuinment

..... e

At least one pair of rubber gloves, a respirator

of a type certified by the Occupational Safety

and Health Administration for toxic dusts or acid

{as necessary), an ‘apron or other protective clothing
and goggles or face mask shall be provided for each
operator. '

3.16.04 Dust Control
For the transfer of dry fluoride compounds from

s shipping containers to the storage bins or hoppers

,\’)- : in such a way as to minimize the guantity of

- fluoride dust which may enter the rocm in which the

RS
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equipment is installed, provision must be made.
The enclosure shall be provided with an exhaust
fan and dust filter which place the hopper under
2 negative pressure. Alr exhausted from fluoride
handling equipment shall discharge through.a dust
filter to the ocutside atmosphere of the building.

Provisions shall be made for disposing of empty
bags, drums or barrels in a manner which will
minimize exposure to fluoride dusts. A floor
drain should be provided to facilitate the 'h051ng
of floors..

Testing Ecuipment

Equipment shall be provided, subject to the approval
of the Authority, for measuring the quantity of
fluoride in the water,

Taste and Odor confrol

At all surface water treatment plants, provision shall be f;:}
made for the addition of taste and odor contrecl chemicals.,

Such chemicals shall be added sufficiently ahead of other
treatment processes to assure adequate contact time for an
effective and econcmical use of chemicals.

3.17.01

3.17.02

3.17.02

FPlexibility

So that the operator will have flexibility of
operation, equipment that makes several of the
control processes available, should be provided at
plants treating water that is known to have taste
and odor problems.

Chlorination

For the removal of some objectionable odors,
chlorination can be used, provided adequate contact

‘time is. allowed to complete the chemical reactions

;nvolved.

Powderad Activated Carbon

a) Powdered activated carbon may be added prior to - -
coagulation to provide maximum contact time. : J)
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b)

c)

d)

e)

3.17.04

3.17.05

3.17.06

3.17.07

Facilities to allow the addition at several points
is preferred, Activated carbon should not be
applied near the point of chlorine application.

The carbon can be added as pre-mixed slurry or by
means of a dry-~feed machine as long 2s the carbon
is properly wetted -
Agitation is necessary to keep the carbon from
depositing in the slurry storage tank

Adequate dust control shall be provided

The required rate of feed of carbon in a water
treatment plant depends upon the tastes and/or
odors involved, but provisions should be made for
adding from 0.1 milligrams- per liter to at least
40 milligrams per liter.

Granular Activated Carbon Absortion Units

See Section 3.11.0i (£

Copper Sulfate and other Copper Compcunds

Contirmows . or periodic treatment of water with copper
compounds to kill algae or other growths shall be
controlled to prevent copper in excess of 1,0
milligrams per liter as copper in the plant effluent
or distribution system.

Aeration
See Secktion 3.14

Other Methods .

Only afier consultations with and approval by the
Authority should the decision be made to use other
methods of taste and odor control.

Waste Handling and Disposal .

Provisions shall be made for proper disposal of water
treatment plant waste’ such as sanitary, laboratory, clarifica-
tion sludge, softening sludge, iron sludge, filter back-

wash water and brines.
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3.18.01

3.18.02

3.,18.03

All wastes discharges shall be governed by the
pertinent regulatory agencies. The regquirements
cutlined herein must be considered minimum
requirements as water polluticn control authorities

.may have more restrictive requirements. When

selecting waste disposal facilities, due consideration
shall be given to preventing contamination of the
water supply. ' i

Alternative methods of water treatment and chemical

-use should be consider as a means of reducing waste

handling and disposal problems.

Sanitary Waste

The sanitary waste from water treatment plants,
pumping stations, etc., must receive treatment.
Waste from these facilities must be discharged
directly to a sanitary sewer system, if feasible,
or to any adequate waste treatment facility.

Brine Waste

Y

e

3,

By controlled dischargé to a stream, if adequate
dilution flow is available, the waste from ion
exchange plants, demineralization plants, etc.

may be disposed of, Stream requirements of the
requlatory agency will control the rate of discharge.
A holding tank of sufficient size to allow the brine

_to be discharge over a period of 24 hours, should

be provided, except when discharging to large
waterways. When discharging directly to a sanitary
sewer, a holding tank may be required-to prevent the
overloading of the sewer and/or 1nter:erence with
waste treatment.process.

The effects of brine dischazrge to- sewage lagoons
may depend on the rate of evaporation from the
lagoons., :

Alum Sludge

The. use of lagcons as a mean to handle the alum
sludge.should be consideréed. Lagoon size can be
calculated using total chemicals used plus a

-

- factor for turbldlty. Mechanical concentration

may be considered. A pilot plant study is required

before _ . _ o
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3.18.04

the design of a mechanical dewatering installatione
Alum sludge may be discharge to a sanitary sewer,
however, approval of this method should be cbtained
from the Authority before final designs are made.
Acid treatment of sludge for alum recovery may be

a possible alternative.

Lagoons should be designed to produce an effluent
satisfactory to the requlatory agencies and should -
provide for:

a) free from £looding location
b) if necessary, dikes, deflecting gutters or other

means of diverting surface watexr so that it
does not flow into the lagoon,

¢) a minimum usable depth of 1.52 meters (five feet).

a) adequafe freeboard, 30 cms. (12 inches),
e) adjustable decanting device,
£) effluent sampling point, and

g) adeguate safety provisions.

"Red Watar" wWaste

Plants for removal of iron and mahganese can
dispose of the filter wash water waste as follows:

a) Sand filters.

The'following features sﬁquld be included for
sand filters: oo

l. Regardless of the volume of water to be
handled, the total filter area should be
no less than 9.29 square meters (100 sqg. ft.)
Two or more cells are regquired unless the
£ilter is small enough to be cleaned and
return to service in one day:

24 Unless the production filters are washed on
a rotating schedule and the flow through the
 production filters is requlated by true rate
of flow controllers, the "red water" filkters
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shall have sufficient capacity to contain, above
the level of the sand, the entire volume of wash
water produced by washing all of the production
filters in the plant. To properly dispose of the
wash water involved, sufficient volume must be.
provided;

3. Sufficient filter surface area should ke
provided so that, during any one filtration
cycle, no moxre than 0.60 meters (2feet)
of backwash water will accumulate over the
sand surface;

4., The filter shall not be subject to flooding
by surface runoff or flood waters. Finished
grade elevation shall be such as to facilitate
‘maintenance, cleaning and removal of sand
as required;

5. The filter media should consist of a minimum
of 30 centimeters (12 inches) of sand,
7.6 to 10 centimeters (3 to 4 inches) of o
‘supporting small' gravel or torpedo sand, %—ﬂ
and 23 centimeters (9 inches) of gravel in e
graded layers. All sand and gravel should
be washed to remove fines;

6. The effective size of the filter sand should
be 0.3 to 0,5 mm and an uniformity
coefficient not to exceed 3.5. The use of
larger sized sands shall be justified by the
designing engineer to the satisfaction of the
Authority; '

7. An adequate underdrain collection system to.
permit satisfactory discharge of £iltrate,
should be provided in the filter:;

8., Provision shall be made for the sampling of
the filter efiluent.

. 9, overflow devices from "red water" filters
.shall not be permitted.

10. "Red Water" filters shall comply with the
requirements for common walls which pertain ,ﬂj
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to the possibility of contamination of finished
water wnen finished water and raw water are stored
or conveyed in adjacent compartments. The
Authority mustYe consulted for approval of any
arrangement when separate structures are not
contemplated,.

b) Lagoons

Lagoons shall have the following features:

1- the design volume shall be ten (10) times the
total quantity of wash water discharged during
any 24 hour periocd,

2~ a minimum usuable depth of 0.91 meters (3feet), -

3~ lenght four times width, and the width at least
three times the depth, a2s measured at the
cperating water level,

4- cutlet located at the end opposite the inlet,

S5~ a weir overflow device a2t the outlet end with
welr length ecual to or greater than depth,

6- dissipate the velocity at the inlet end.

¢) Discharge to Sanitarv Sewer

Red water can be discharge to the community
sanitary sewer. However, approval of this method
must be obtained from the Authority. To prevent
overloading the sewers, provision for a holding
tank is recommended,

3.18.05 Waste Filter Wash Water

Waste filter wash water from surface water treatment
or lime softening plants should have the suspended
-solids reduced to a level acceptable to the
Authority and regulatory agencies before being
discharge.
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Constructing a holding tank and returning this
water to the inlet end of the plant should be
contemplated. This tank should be of such a size
that it will contain the anticipated volume oZf
waste wash water produced by the plant when opera-
ting at design capacity. Plants having two filters
should have a holding tank that will contain the
total waste wash water from both filters calculated
by using a 15 minutes wash at 75.7 liters per
minute per 929 square centimeters (20 gallons per
minute per scuare foot). In plants with more
filters, the size of the tank will depend on the
anticipated hours of operation. A waste £filter
wash water rate of return of less than 10% of the
raw water entering the plant is recommended.

3.19 cChemicals Application

To treat drinking waters, nc chemicals shall be applied
unless specifically permitted by the Authority.

3.19.01 Plans and Specifications

Plané‘ and specifications shall be submitted for
review and approval of the Authority, as provided
in Chapter I, and should include

a} descriptions of feed equipment, -including
- minimam and maximum feed limits,

b) location of feeders, piping layout and points
of application,

c}‘facilities for storage and handling,
d) specifications for chemicals to be used,

e) operating and control procedures including
proposed application rates, and ‘

£) descriptions of testing equipment and procedures.

-
= Ve

3,19.02 Chemical Apvlication

T

Chemicals shall be applied to the water at such f'u)
points and by such means as to: -
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a)
b)
<)

d)

e)

£)

assure maximum efficiency of treatment,
assure maximum satety to consumer,
provide maximum safety to operators,

assure maximum mixing of the chemicals with
the water, i

provide maximum flexibiiity of operation

through several points of application, when
appropiate, and

prevent backflow and back-siphonage between
multiple points of feed through common manifolds.

3.19.03 General Equipment Desicn

Design of general eguipment shall be such that:

aj

)

c)

d)

at all times, the feeders shall be able to supply.
at an accurate rate, the necessary amounts of
chemicals throughout the range of feed,

surfaces and chemical-contact materials are
resistant to the aggressiveness of the chemical
solution,

introduce corrosive chemicals in such a manner as
to minimize potential for corrosion, and
chemicals that are incompatible are not feed,
storad or handled tegether, |

3.20 Facilities Desian

3.20.01 Number of Feeders

a2) Where chemical feed is necessary for the protection

of the supply, such as chlorination, coagulation
or other essential processes,

1- a minimum of two feeders shall be provided, and

-
v
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3.20.02

2= to replace the largest unit during shut-downs,
a standby unit or a combination of units of
sufficient capacity should be available;

3~ where a booster pump is required, duplicate
equipment should be provided and, when:
necessary, standby power,

b) For each chemical applied a separate feeder
shall be used '

c) To replace parts which are subject to wear and
damage, spare parts shall be available for all
feeders

Control

a) Manually or automatically controlled feeders

may be used, with automatic controls being
designed so as to allow override by manual
controls.

b) Chemical feed rates shall be proportional to
flow. :

c¢) In order to determine chemical feed. rates,
means to measure water flow must be provided.

d) Provisions shall be made for measuring the
quantities of chemical used.

e} Weighing scales

1- shall be provided to weigh cylinders,
at all plants utilizing chlorine gas,

2- may-be required for fluoride solution feed,

3- shall be provided for volumetric dry chemical
feeders, znd

4- should be accurate to measure increments of

0.5 per cent of the load, Means to verify
the accuracy of the scales shull be providud.
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3420403

3.20.04

3.20.05

3420.06

Drv Chemiczl Feeders

Dry chemical feeders shall

a) measure chemicals volumetrically or gravime-
trically, -

b) provide adeguate solution water and.agitation
of the chemical in the solution. pot,

¢} provide gravity or pumped feed from solution
pots, and

d) completely enclosed chemicals to prevent emission
of dust to the operating room.

Positive Displacement Solution Pumps

To feed liéuid chemicals, positive displacement
type solution feed pumps should be used, but
shall not be used to feed chemical slurriese.

Iiguid Chemical Feeders-Siphon Control

Liguid chemical feeders shall be such that the chemical
solutions cannot be si_ honed into the water supply
by

a) assuring discharge at a point of positive
pressure, Or

b) providing vacuum relief, or
c) providing an air gap.

Cross—Connection Control

Provide cross-connection control to assure that

a)_the‘service water lines discharging to solution
tanks shall be properly protected from backflow:
- as required by the Authority,

-

b) liquid chemicals solutions cannot be siphoned
through solution feeders into the water supply
as reguired in Section 3.20.05.
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3420.07

3.20.08

3.20.09

&

O

¢) no direct connection exists between any sewer
and a drain or overflow frem the feeder,
solution chamber or tankby providing that all
draims terminate at least 15 centimeters {6 inches)
or two (2) pipe diameters, whichever, is greater,
above the over flow rim of a receiving sump,
conduit or waste receptacle -

Chemical Feed Eauipment Locaticn

Chemical feed equipmént shall

a) be located in a separate room to reduce hazards
and dust problems,

b) be conveniently located near points of application
to minimize the length of feed lines, and

<) be readily accesible for servicing, repair, and

observation of operation.

Service Water Supnly

Servicé water supply shall be : ‘ \:5
a2} adequate in pressure and ample in supply

b) provided with means for measursment when preparing
specific solution concentrations by dilution,

¢) when necessary, properly treated for hardnes;,

and
d) properly protected against backflow

Storage of Chemicals

a) Space should be provided for:

1- a chemicals supply for at least 30 days,

2~ convenient and efficient handling of
. Chemicals,

3~ dry storuy. conditions, and

4- a minimum®storage area of 13,94 sgquare meters - ﬁ”)
(150 square feet). ' :

TII-62




b)

c)

ay

e)

Ligquid chemicals storage tanks and pipe lines
shall be specific to the chemicals and not for
alternates.

Chemicals shall be stored in covered or unopened
shipping containers, unless transferrad into an
approved storage unit. :

Liguid chemical storage tanks must
1= have a liquid level indicator, and

2=~ be provided with an overflow and a receiving
basin or drain capable of receiving accidental
spills or overflows.

-

Handling

l- provide carts, elevators and other appropriate
.means for lifting chemical contalners to minimize
excessive lifting by operators;

2= made provisions for disposing of empty bags, drums
or barrels by an approved procedure which will
minimize exposure to dusts.

3~ made provisions for the proper transfier from
shipping containers to storage bins or hoppers
of dry chemicals in such a way as to minimize
the quantity of dust which may enter the room
in which the equipment is installed. Control
should be provided by use of,

a- Vvacuum pneumatic equipment or closed conveyor-
systems,

b~ facilities for emptying shipping containers
in special enclosures, and/or

c= dust filters and exhaust fans which put
the hoppers or bins under negative pressure

d- provision shall be made for measuring

quantities of chemicals used to prepars
feed solutions.
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3.20.10

Solution Tanks

a)

b)

¢}

d)

e)

£)

g)

h)

i)

A means which is consistent with the chemical
solution shall be provided in a solution tank
to maintain an uniform strength of solution.
To maintain slurries in suspension, continous
agitation shall be provided. ’

To assure continuity of supply in servicing a
solution tank, two seclution tanks of adequate
volume may be required for a chemical.

Means shall be provided to measure the solution
level in the tank.

Chemical solutions shall be kept covered.

Large tanks with access openings shall have

such openings curbed and fitted with tight over -
hanging covers.

Subsurface locations for solution tanks shall

l- be free from sources of possible_contamination*\mﬁ
and

2= assure positive arainage for ground waters,
accumulated water, chemical spills and
overflows.

Cverflow pipes, when provided should

l- be turned downward, with the end screened,

2- have a freefall discharge, and

3- be located where noticeable.

Acid storage tanks must be vented to the outsile

atmosphere, but not through vents in common

with solution tanks.

Each tank shall be provided. with a valved drain,

protected against backflow in accordance with

Sections 3.20,05 and 3.20.06

Solution tanks shall be located, and protective P
curbings provided,so that chemicals from ‘ ”>
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equipment failure, spillage or accidental
drainage shall not enter the water in conduits,
treatment or storage basins.

3.20.11 Day Tanks .

a) where bulk storage of liquid chemical is
provided, day tanks shall be provided.

b) Day tanks shall meet a2ll the requirements of
Section 3.20410

¢) No more than a 30 hour supply should be held
by day tanks

d) Day tanks shall be mounted on scales, or have
a calibrated gauge painted or mounted on the
gide if liquid level can be cbserved in a gauge
tube or through translucent sidewalls of the
o tank. In opague tanks, a gauge rod extending
%j:) above a reference point at the top of the tank,
- attached to a float may be used. The ratio of
the area of the tank to its heisht must be such
that unit readings are meaningful in relation
to the total amount of chemical fed during a day.

e) Hand pumps may be provided for transfer from a
carboy or drum. A tip rack may- be used to permit
withdrawl into a bucket from a spigot. Where
motor-driven transfer pumps are provided, a
liquid level limit switch and an over-flow
from the day. tank, which will drain by gravity
back into the bulk storage tank, must be
provideda

£f) To maintain uniform strenght of solution in a
day tank, a means which is consistent with the
nature of the chemical solution shall be provided.
Chemical slurries may be maintained in suspension
.by providing continuous agitation.

" g} Tanks shall be properly labeled to de51gnate
the chem;cal contained. .
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3.20.12

3.20.13

Qperator

Feed Lines

Chemical solution feed lines should be

a) as short as possible in length of run, and
l1- of durable, corrosion resistant materizl,

2- easily accessible throughout the entire
length,

3~ readily cleanable and mainteinable

p) should slope upward from the chemical source
to the feeder when conveying gases,

¢) shall ke designed consistent with scale-forming
or solids depositing properties of the water,
chemical, solution or mixture conveyed,

d) should be color coded.

Housing ’

a) Floor surfaces shall be smooth and impervious,
slip-proof and well drain with 2.5 per cent
minimum slope.

b) Storage facilities, ecuipment exnzust and vents
from feeders shall discharge to the outside
atmosphere above grade and far from air intakes.

Safety {See Chapter VIII)

3.21.01

3.21.02

Ventilation

Special provisions shall be made for ventilation of
chlorine feed and storage rooms.

Respiratory Protection Ecuipment

Where chlorine gas is handled, respiratory protection

‘equipment that meets the requirements of OSHA

(Occupational Safety and Health Administration) shall
be available and shall be stored at a convenient
location, bu* not inside any room
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3.22

3.21,03

Specific

where chlorine is used or stored, The units shall
use compressed air, have at least 2 30 minutes
capacity, and be compatible with or exactly the same

‘as units used by the Fire Department.

Chlorine Leak Detenctian

An automatic alarm equipment that detects chlorine
gas leakage shall be provided. A bottle of

ammonium hydroxide, 56 per cent ammonia solution,
shall be available for chlorine leak detenctions
where ton containers are used, a leak repair kit
approved by the Chlorine Institute shall be provided.

Chemicals

3.22.01

Chlorine Gas

a) Chlorine gas feed and storage shall be enclosed
and separated from other operating areas,
The chlorine rocm shall be

1- provided with an acrilic panel dinspection
window installed in an interior wall,

2- constructed in such a mannexr that all openings
between the chlorine room and the remainer
of the plant are sealed,and

3- provided with doors equlpped with emergency
hardware assuring ready means of exit and
opening’ only to the building exterior.

_b) Full and empty cylinders of chlorine gas

. should be
1- isolated from operating areas,
2- restrained in position to prevent upset,

3~ stored in rocms separate from ammonia storage,
and '

4- stored in areas not in direct sunlight or
exposed to excessive heat.
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3.22.02

¢} Where chlorine gas i1s used, the room shall be
constructed to provide the following;

1-

5=

a ventilating fan with a capacity which
provides one complete air change per minute
when the room is occupied for each room,

the ventilating fan shall take suction near
the floor as far as practical from the door
and air inlet, with the point of discharge
so located as not to contaminate air inlets
to any rooms or structures,

air inlets should be through louvers near
the ceiling,

fans and light switches shall be ocutside the
room, at the entrance, when the fan can be
controlled from more than one point, 2 signal
light indicating fan cperation should be
provided at each entrance, .
vents from feeders and storage shall discharge Ti:)
to the outside atmosphere, above grade.

d) Chlorine feed lines shall not carry chlorine gas
beyond the chlorinator room.

Acids

a} Acids shall be kept in closed acid-resistant
- shipping containers or storage units.

b) Acids should be pumped in undiluted form from
original containers through suitable hose to the
point of treatment or to a covered day tank, .
but should not bé handled in open vessels.
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CEHAPTER ITIT-A

CLEAR WATER PUMPING STATIONS

This chapter is a complement of the preceding Chapter III, it

is separated considering that it can focrm 2 unit by itself,

However, these norms are not limited to consicder only the types

of pumps, but factors which may influence or affect these norms are

considered throughout the entire length of this work, its locatibn;

units, elevation, ventilation, maintenance, and the pumps in

themselves.

SECTION
3.A
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" 3A.03

3A.04

3A.05

3A.06

DESCRIPTION

Clear Water Pumping Stgtions
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Pumping Stations
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Stations

ApPuftenances
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32.0

3A.01

3A.02

CHAPTER III-A

CLEAR WATER PUMPING STATIONS

General

Pumping facilities shall be design to maintain the sanitary
quality of pumped water. Sub-surface pits or pump rooms
and inaccessible installations should be avoided. No
pumping station shall be subject to flooding.

Location

Located so that the proposed site will meet the requirements
for sanitary protection of water guality, hydraulics of the
system and protection against interruption of service by
fire, flood or any other hazard,

32.01l.01 8ite Proﬁection

P

The station shall be

a- placed elevated to a miﬁimum of 30 cme {lfoot)
above the highest recorded flood elevation,
or protected to such elevation,

b- readily accessible at all times. the station
iz in service,
! c- graded around the station so as to lead surfacs
drainage away from the station,

d- protected to prevent vandalism and entrance by
unauthorized persons or animals, -

Pumping Stations

Pumping stations for both raw or clear water shall

" a- provide the necessary space for the installation of

additional units if needed, and for the safe servicing
of all egquipment, '

. -
-

b~ be of durable construction, fire and weather xresistant
and with outward-opening doors, :



c- have floor elevation of at least lS“cm. (6 inches) above
finishad grade

d- have underground structure water proofed, -

e- provide all floors with drains so that the quality of
the potable water will not be endangered. -

£~ have a suitable outlet for drainage from pump glands
without discharging into the floor.

32.02.01 Suction Well

-

The pump suction wells or chambers shall
z—- be wetertight,

b~ have floors sloped to permit removal of
water and entrained solids,

c~ be covered or .protected against contamination.

3A.02.02 Eguipment Maintehance §~i>

" Pump stations shall be provided with

a- eyebolts, hoist beams, crane-ways, or other
adequate facilities for servicing or removal
of pumps, motors or other equipment,

b- openings in floors, roofs or wherever else
needed for removal of heavy or bulky eguipment,

c- a convenient tool board, or other facilities
as needed, for proper maintenance aof the
equipment.

34,02.03 Stairwavys and Ladders

Pumping stations shall be provided with stairways
or ladders

a- between all floors, and in pits or compartments
‘which must be entered,

b~ with handrails and treads of non-slip material., -
See Chapter VIII. ‘ )
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32,03

3A.02.04

3A.02,05

3A.02.06

3A.02.07

Pumps

Ventilation

Adegquate ventilation shall be provided for all
rumping stations in accordance with the regquirements
of OSHA and EPA, Forced ventilation of at least
six changes of air per hour shall be provided for

a- all underground rooms, pits and other
structures

b- any area where unsafe atmoschere may developed.

Dehumidification

-

Means for dehumidification should be provided in
areas where excess moisture could cause hazards to
safety or damage to equipment. :

Lighting

Pump stations should be adequately lighted
throughout. All electrical work shall conform to
the notms and requirements in effect of the
National Electric Cocde and the P.R. Electric
Energy Authority.

Sanitary Facilities

2ll pumping stations should be provided with
potable water, lavoratory and toilet facilities,
except in the case of small automatic stations or
where such facilities are otherwise available.
Plumbing must be so installed as to prevent con-
tamination of a potable water system supply.
Wastes shall be dlscharge in accordance with
Section 3.18. -

At least two pumping units shall be provided. With any
pump out of service, the remaining pump or pumps shall be
able ‘of providing the maximum daily pumplng demand of the

system.

The pumping units shall:

a- have ample capacity to supply the peak demand without
" Qangercus overloading,

IIT-Ar3 s



3p.04

3A.05

3h.06

b=~ be driven by primer mover able to operate
against the maximum probable head

¢- have spare parts and tools read;WY av511able
for maintenance and repairs.

3A.,02.01 Suction Lift

If pdssible, suction lift sheuld be avoided or be
within the allowable limits, preferaply less than
4.6 meters (15 ft.).

Booster Pumps (See Fig. No. 23 and 24}

Booster pumps may be of the vertical barrel type or

horizontal submersible type. Shall be located or controlled
so that: ' ’

&~ they will not produce negative pressure in their suction,

b- zutomatic or remote control devices shall have & range
between the star:t and cutoff pressure which will prevent
excessive cycling. . e

3A.04.01 In lLine Booster Pump : o

In addition teo all mentioned conditions the inline
booster pumps shall be accesible for maitenance
and repair.

Automatic and Remote Controlled Statibns

All autcmatic stations should be provided with automat.ic
signaling apparatus which will report when the station is
out of service. All remote controlled statiocns shall be
eletrically operated and controlled and shall have
signalling devices of proven performance. The electrical
equipment shall be installed in accordance with the
applicable requirements of the National Electric Code and
the Electric Energy Authority.

Apourtenances

3A.06,01 Valves
To permit satisfactory operation, maintenence and
repair of the equipment, all pumps shall be -
adequately valved. - ' i)
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3A.06.02

3A.06.03

3A.06.04.

If foot valves are necessary, they shall have

a net valve area of at least 2 1/2 times the area
of the suction pipe and they shall be screened.

A positive-acting check valve shall be installed
on the discharge end, between the pump and the
shut-off valve." i

Pipinc

In general piping'shall

a) be design so that the friction losses will be
minimized, -

b) not be subject to contamination,

c) provided with watertight Jjoints.

&) be protected zgainst surge or water hammexr,

e} be such that each pump has an individual suctiecn
line or that the lines shall be so manifolded
that they will insure symilar hydraulics and

operating conditions.

Gauges and Meters

Bach pump shall have

‘a) a standard pressure gauge on its discharge line,

b) a compound gauge on its suction line,

c) recording gauges in the large stations,
d) means for measuring the discharge.

Thée station should have indicating, totalizing,
and recording metering of the total water pumped.

-

Water Seals
Water of a lesser sanitary quality than that of

the water being pump, shall not be used to supply
the water seals.
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3A.06.05 Controls

Pumps, their prime movers and accessories, shall
be controlled in such a manner that they will
operate at rated capacity without dangercus
overload. Provision shall be made for alternaticn,
where more than one pump are installed. Energizing
the motor, in the event of a backspin cycle, shall
be prevented. Electrical controls shall be

. located above grade.

3A.06.06 Electric Power

If cessation of minimum essential service would
result due to power failure, provisions shall be
made to supply power fram at least two indepedent
sources or a2 stand-by or an auxiliary source.

34,06.07 Water Pre—lubricaticn

When automatic pre-lubrication of pump bearings
is necessary and an auxiliary power supply is i
provided, the pre-lubrication line shall be “Q")
provided with a valved by-pass arocund the automatic
control so that the bearings can, if necessary, be
lubricated manuvally before the pump is started.

i

w4
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CBAPTER IV

GENERAL STANDARDS FOR THE DESIGN OF SANITARY SEWERS

of domestic sewage and industrial wastes.

The sanitary sewer systems will be designed for the disPOSal

Combined systems

(sanitary and storm sewer) will not be approved.

Deomestic

1) Private Housing Projects

2} Public Bousing Projects
Renewal Projects and
&ther Public Communal
Projects

—— i — e —— = S S — —— ——

Industrial

Comercgial

—— i S i A i —

4.01
4,02 Contributions
4.02.01,
-m) 4,02.02.
VM 4,02.03.
4.02.04.

Hotels
Hotels with all services and
facilities——~———-mmmrm—m—————

[P ——— R el

Deductions for facilities or
services not rendered.

Y I T IY B T

aw

1325 licers (350C
gallons) per day
per housing unit.

1136 lirners (300
gallens) per day per
housing unit

22,710 liters (60CO
gallons) per day
per "cuerda"

15140 liters (4000
gallons) per day per
"cuerda”

1987 liters ({525
gallons) per day
per room

-

416 liters {110
gallons) per day
per room

284 liters (75 .
gallons) per day
per roocm

284 liters (75
gallons)per day
per room



4402.05
4.02.06

4.02.07

4.02,08

4.02.09

4.02,10

Swiming Pool-wm——mm=

Hoswitals- - -

Medical Centers—- —_—

Avartment Buildings and

Condcminiums ———

Office Buildings—-

Schools -

Infiltration

)

151 liters (40 gallons)
per day per room.

1136 liters (300 gallons)
per day per bed.

1136 liters {300 gallons)
per day per bed,

1325 liters (350 gallons)
rer day per housing unit.

1136 liters (300 gzllons)
per day per 92.9 square
meters {1000 £t2) of
floor space.

76 liters (20 gallons)
Der student

290 liters (75 gallons)
rer day per housing unit
or 37,850 liters (10,000
gallons) per day per mile
per inch-diameter of
riping, whichever is

more restrictive. However,
for the initizl inspection,
not more than 280 liters
pexr day per kilcmeter

of pipe per centimeter

of diameter (300 gals.

per day per mile of pape
per inch of diameter)

for concrete pipe. For
other types of pipe the
Avthority will determine
the maximum permitted.

4.03 The capacity of lateral ramifications and subcollectors will
he designed according to the following formula:

Design flow : 2(1.75 Average Daily Domestic Flow+ Infiltration+
Incdustrial). -

4.04 The capacity of the collectors:

1.33(1.5 Average Daily
Domestic Flow + Infiltration + Industrizal),



4.05

4.06

For hydraulic estimates, Ganguillet's or Manning formulas
will be used, with the following coefficient of rugosity:

Concrete pipe-———--—-— e e e 0.013
Vitrified clay pipe—--- i 0.013
Plastic pipe-————ormrme e e e e e — 0.011°

The minimum velocity for a flow equal to (l.75 average
daily flow +Infiltration) in sewers should be 61 cm./sec.
(2 feet/sec.). The maximum velocity for a flow equal to
{(1.75 average daily flow +Infiltration) in sewers will

be 3.05 meters/sec. (10 feet/sec.). The velocity can be
increase to 4.57 meter/sec. (15 ft./sec.) when cast iron
or vitrified clay pipe is used, but only when average

flow depth is not less than 5.1 cm. (2 inches) and transi-
tions will be design for each case, where slopes change
abruptly. ’

The following table indicates the maximum number of
housing units permitted for piping of 8=, 12", 15"
diameter:

N= .01l5
D Slove Units
gn 0.003 -
ig» 0.002 330
12 0.0015 523
14~ 0.00115 739
N= .01l
D Slope Units
g 0.002 418
1o 0.0015 375
12+ _0.0012 i 625
14" '0.00115 : -
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4.07

The maximum slopes will be those corresponding to the maxi- ?/“>
mum velocities and will never exceed 10% for concrete piping -
and 15% for cast iron, ductile iron pipe, vitrified clay,

and plastic material.

The minimum slopes with a coefficient of rugosity of 0.013
will be the followings:

Cast Iron - Vitrified Clav -

Diameter; 4" . g% . 8% ., 10" ; 12% , 14" . 157 . 16" : 18"

Slope ;. -01: .005: 003: .002: ,0015. .0012:. .0Q01. .00Q095:

20" . 21m . 24" . 277 . 30" 4 33" . 36

.00065;: .0006: .0005: .00045: .0004. .00035. .0003

Depths

5.08.01 In critical cases with sewer lines without water
connections, in which it is necessary to place the
crown or upper part of the piping, not less than
0.61 meters (2 feet) below ground surface, cast S
iron pipe for 150 pounds pressure, must be used, T
with concrete protection according to Fig. No. 35 )
on natural soil foundation of adeguate firmness.

The Authority may consider alternate propositions.

L

The installation of sanitary sewer systems that crosses a
storm sewer will not be permitted when interfering with
the water flow. 1In cases where the sewer is installed on
bridge crossings, sewers, or other similar structures)
such sewer should be of ductile iron piping, bell and
spigot for 150 pound minimum pressure. The pipe should be
made according to specifications ASA-A21.6 or A21.8 latest

revision.

When sewer piping and water mains cross each other or when
laid at a horizontal distance of less than 1.52 meters (5 f£ft.)
from each other, the water main should be installed at a higher
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4,11

4.12

level than the sewer piping and no less than 0.30 meter (1

foot) between the cutside of the water main and the sewer.
See Fig. No. 6.43.

Sewers crossing water mains shall be laid to provide a
minimum vertical distance of 30 cm. (12 inches) between the
ocutside of the water main and the outside of the sewer.

When a water main crosses under a sewer, or the so4%l is not
'solid encugh, adequate structural support shall be provided
for the sewer to prevent damage to the water main.

Trenching

All sewers shall be designed to prevent damage from super=-
imposed loads. Proper allowance for loads on the sewer shall
be made because of the width and depth of the trench. Where
necessary to withstand extraordinary superimposed loading,
special bedding, concrete cradle or s:ec;al construction may
be used.

Requirements shall be set forth in the svecifications for the
pipe and methods of bedding and backfilling thereof.so as not
to damage the pipe or its joints, impede cleaning operations
and future tapping, nor create excessive side fill pressures

or ovalition of the pipe, nor seriously impair flow capacity.

The width of trench shall be ample to allow the pipe to be
laid and jointed properly and to allcw the backfill to be
placed and compacted as needed. The trench sides shall be
kept as nearly vertical as possible. When wider trenches
are dug, aprropriate bedding class and pipe strenght shall
be used. .

Ledge rock, boulders, and large stones shall be removed to
provide a minimom clearance of 10 cm. (4 inches) below and
on each side of all pipe(s). i ’

The minimum trench width or excavation for the installation
of sewer,pipe, shall be determined by the following formulas
Vitrified clay blpe : 10/7D T 0.23m -
Concrete pipe 60" or less: 1.6D +0.15 m

or more: 1l.,25D + 0.69m

Plastic pipe : D+ 0.67 m.

D= Size of pipe in inches.

Note: Minimum width for D.I. pipe is not shown since it it
rarely use in sewer installations.
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Minimum Trench Width
Reinforced
Plastic Vitrified Coencrete
{Diameter" Pipe Clav Pipe Pipe

Meter | Inchl| Meter [ Inch|{ Meter !Inch

8 0.61 | 24 | 0.51 | 20 { 0.47 | 19

10 Q.66 26 0.58 23 0.55 22

12 Q.76 30 0«66 26 Q.63 25

15 0.76 30 0.76 30

18 ' 0.89 s | 0.89 35

21 0.99 | 39 | 0.99 |39

24 1.09 43 1.12 44

27 1.19 47 71 1.24 49

30 ’ 1.32 52 1,37 54

“) 33 1.42 | 56 { __ -
\fﬁ 36 1.52 60 l.63 64
42 | 1.85 |73
. 48 ' 2,11 83

54 2.34 92
60 2.59 | 102
86 : 2477 109
72 2.97 | 117
78 3,15 124
84 3.35 132
90 - 3.53 139
96 3.75 147
102 - _ 3.9 154

108

: *Diameter in inches., ‘
S The minimum trench widths tabulated above do not include
L ) fractions of inches as calculated by the foregeing formula.
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Minimum Diameter

No gravity sewer conveying raw sewage shall be less than

8 inches

in diameter.

Minimum Size for House Connection

The minimum size of the house connection shall be four (4)
inches in diameter, In case concrete pipe is used, it shall

be type 5.
Manholes
4,15.01 Manholes shall be installed at the start of each

4,15,02

4.15,03

line,at all changes in pipe material, grade,size,
aligment, at all intersections with other sewers.
They should have a2 minimum depth of one meter over
the top crown of the pipe, except on initial ramifi-
cations which will not be extended,that will be of
0.90 meter depth.

The distance between manheoles will not be more than
85 meters for pipe 18" or less in diameter, nor
larger than 100 metérs for pipes 20" to 36" in
diameter, nor larger than 150 meters for pipe over {
36" in diameter. In some cases, previous approval -
by the Authority, these distances could be 10%

greater, as when a manhole is on a green zone, and

not on a sidewalk, street or road.

The manholes must be constructed of concrete and
must be built according to the design shown on the

_typical plans adopted by the Authority (Fig. No.

37 to 41D). The concrete must be class B with a
compressive strength of 2500 pounds per sguare

inch, at 28 days after casting and should be built
according to the specifications adopted by the
Authority. The walls shall have & minimum thickness
of 0.20 meters {8 inches). The foundation shall
consist of a 0.20 meter thick slab fcr the bottom,
cast monelithiczlly with the walls to prevent
infiltration. ©n this slab the transition channel
must be built shaped as an "U"” with semicircular
bottom and sides high enough to prevent the spilling
of water in the bottom by elevating them to the crest
or upper part,K of the pipes., The floor shall have

a slope to the channels of 15%. :
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4,.15.04.

4,15.05.

4,15.06.

4.15.07.

4.15.08.

The installation of prefabricated manholes will

be permitted by previcus consultation and approval
by the Authority and built as indicated in section
4.17- *

Manholes on. sewers up to 15" diameter will have

an interior diameter of 1,20 meters, of 16" to 27"
diameters of 1.50 meters and in sewers of 30"
diameter or larger, will be square or of irregular
shape with the same interior width as the diameter
of the piping plus 1.00 meter and the walls will
be made of concrete.

Square manholes should have a circular hoop of 1.2C
meters interior diameter, when the depth of the
manhole is greater than 2 meters over the crown of
the piping. For details of manholes for sewers of
30" diameter or larger, the Authority must be
consulted.

The transition channel shall not be horizental.

Tt should have at least the slope of the piping.
When the manhole is located out of roads or
streets, the top must be 30 cm(l2 inches) above
natural ground elevation, except in cases where Zor
ornamental or other reasons, its height could be
reduced to a minimum of two inches if previously
approved by the Authority.

The manholes frame and cover will be made of cas
iron with only one hole for ventilation. It will
pe adapted to the typical detail illustrated on

Fig. No.36 and specifications of the Authority.

The covers will be adjusted tv the frames to prevent
noise and movement when light or heavy vehicles

pass over it.

The Authority will not permit the construction of
manholes in private land or lots. when there is
no alternative, the manhole cover shall be bolted
and sealed. '

Drop Manholes

4,16.01.

+the manhole.

Drop manholes will be built when the use of standazd
manholes is precluded due to the difference in
elevations between the inlet and outlet pipes of



4,16,02

)

The piping will discharge to the crown of the pipe,
with a drop pipe which will be connected to the
manhole with a "Y" according to detail drawing
(Fig. No. 40),

When the difference in level between the bottom of
the manhole and the invert of the inlet piping is
greater than 1.0 meter and when the sewer is larger
than 12 inches in diameter, the drop pipe will be
installed in a vertical position as detail drawing
(Fig. No. 41). 1In special cases of connections to
existing excessive deep manholes, the drop pipe
connection inside the manhole may be permitted as
indicated in Fig. No. 39,

4.17 Prefabricated Inspection Manholes

4.17.01

4.17.02

The Authority may authorize the use of prefabricated
concrete manholes in lieu of 'those cast on site

provided the contractor shall be responsible for

verifying and measuring their elevation in accordance

with the plans and/or ground final grade and that he

will make all the necessary adjustments call for
during or as a result of the project construction. ",:>
Every prefabricated manhole shall comply with the

following additional conditions and/or requirements

and will be accepted whe.. after its installation the

hydrostatic and/or infiltration and/or exfiltration

tests are performed as required, and the results are

accepted by the Authority.

a) The construction of the sections and/or pre-
fabricated manholes shall comply strictly with
requirements of specifications ASTM C-478 (last
revision) as modified, amended and/or suplemented
by the following:

l1- All welding shall comply with the welding code
of the "American AWS D-1l,1 and AWS D12.1"

2~ All joints shall be provided with a prefabricated
seal made of plastic or synthetic material
resistant to chemical action and deterioration,
which guarantee the hydraulic seal of the joint
‘and comply with the
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4.

Se

7.

requireménts of federal specification ss-s-210A (1).

" sealing.Compounds, Preformed Plastic for Expansicon

Joints and Pipe joints.

The specimens for the absorption test shall not be less
than a core from a prefabricated section for each 20 or
fraction of prefabricated sections cast daily. ’

The specimens for the compression test shall be not less
than a set of three cylinders or cores representative of
20 or fraction of prefabricated sections casted each

day. The specimens shall be cured in the same manner as
the sections and tested 28 days after casting. ‘ .

The inspector shall reguire that the manufacturer test
the design and construction of the joints by hydrostatic
means and performs infiltration and exfiltration tests
as frequently as is deemed necessary to guarantee that

- the joint complies with the specification, but never to

exceed six months intervals.

The ladder rungs shall be as- approved by the Authority
and according to OSHA requirements and set in place
when casting the sections or by mechanical installation
which guarantee each and all of the established
requirements. '

Sections may be repaired, if necessary., using pre-mixed
material, manufactured for that purpose.™

The manufacturer may mark or destroy rejected sections,
The mark shall be "REJECTED BY AMA" in letters not less
than 8" high at four longitudinal areas and spaced the
same as the exterior perimeter, with bright T

‘red waterproof paint. Otherwise the exterior of the

section will be totally painted.

Any section may be rejected if it fails to comply with
the specifications and/or modifications previously
described, or for the following:

a- Fractures and/or cracks that crosses the wall of
the section -

b- Defects that indicate imperfect proportioning and
mixing or casting of the concrate. ‘

Iv-9



10.

1.

12,

13.

14,

ce Superficial defects indicative of empty or shallow
spots, porous texture and others.

d. Damaged and/or rejected joints, that might prevent
perfect joints that may cause infiltrations.

€. Any continous crack that measures on the surface
more than 0.25 mm (0.0l inch) wide and/or in
excess of 305mm (12 inches) long.

f. Any grouﬁ of non continous cracks o0.25mm {(0.01
inch) wide or more and that their added length
exceed 610mm (24 inches).

Every Manufacturer should own an 'up-dated Quality
Control Manual that includes every thing concerning the
prefabricated section, which shall be accessible at all’
times to the Authority inspectors.

Minimum interior diameter shall be 1.22 meters (48 *
inches), the wall and bottom minimum thickness shall be
15 cm. (6 inches) and the top slab shall not be less
than 20cm. (8 inches) thick. The least possible number
of joints shall be provided.

The orifices for connecting the pipes to the sections,
shall be provided by the manufacturer and made at the
plant when casting. The maximum diameter of the orifice
shall not exceed the required pipe exterior diameter
plus 15cm. (6 inches). No orifice shall be permitted
in the base section and in case ¢of making orifices for
interconnections (drops, interceptors, etc.) at the
project site, the joints shall be designed according
to manufacturer's recommendations and which guarantee
a2 positive seal and watertight, using a2 mortar,
premixed and manufactured for this purpose and applied
on both the intericr and exterior.

Prefabricated manholes shall be installed on firm
ground providing a 95% compaction and subject to the
approval of the Authority.

Prefabricated base sections may be supplied with
precast invert channels or the invert may be cast i
the field using concrete Class B of 2500 1lbs. minimum
compressive strength and cement mortar.

Iv-10

N,



15,

16,

17.

18.

S - 4,17.03 -

All prefabricated manhecle shall be subject to fil-
tration tests, which shall be done by sealing the
inlet and the outlet and filling the manhole with
water. After a period of no less than an hour, the
original water level shall be restored and the loss
in an hour in the manhole calculated and expressed

in gallons. A loss not exceeding, 0.68 gal.,/day/ft/ft.
is acceptable. .

Manholes exceeding a depth of 6.10 meters (20 feet)
shall be provided with safety devices according to
OSHA such as Safety Cages, Intermediate Platform,
and/or Saf-T-Climbs Fall Prevention Systems.

Prefabricated manholes shall be designed to prevent
floating and capable of resisting seismic force
according to P.R. Commonwealth Building Regulations,
vehicles live loads (including braking}, and other

loads, lateral pressures, and ground subsurface water
level,

Prefabricated manholes installed in crosscountry
shall have a top elevation of 30 cm. (12 inches)
higher than ground elevation. In every case where
part of the top section is above ground, adeguate
joint shall be provided to resist impact.

The Authority may require the use of paints and/or
coatings on those prefabricated manholes, which due
to the design, will be subject to the action of
hydrogen sulphide and/or subject to high turbulence,
such as drop manholes, and, as so, shall be shown in
the drawings and specifications.

It shall also be required for exterior surfaces of
prefabricated manholes which shall be affected by
ground conditions such as excessive alkalinity,
sulphate action and others.

l- Paintings

Prefabricated manhole :surfaces, exterior, interior
‘or both, shall be painted as indicated on the plans
and specifications or as required by the specific
concditions of the project and in a manner approved
by the Autaority, which shall consist basically of
a Coal Tar Epcxy corrosion resistance coating

with a final 20 thousandths of an inch dry



thickness and shall comply with the following:

Paint shall be applied in strict accordance with the
techinical especifications prepared and recommended
by the manufacturer.

Paint shall be applied on all surfaces including any
joint which meets any .surface to be painted.

The method of application shall c¢onsist ba51cally of
the following

l1- Surface preparation

2- Primer application if required

3~ BApply twe or more coats of Cozl Tar Epoxy to obtain

a minimum dry thickness of 20 thousandths of an
inch. Deficiencies in thickness shall be corrected
by the application of additional coat or coats.

4- Allow the <coating to dry before placing in service
the prefabricated mannole.

Instruments for measuring the moisture content of the
concrete, before applying the paint, shall be provided
if required by the manufacturer or if 2 maximum
moisture content is specified,

' The paint application shall be inspected by electrical

means to detect any imperfections or defects, the
paint coat thickness shall be checked in accordance
with specifications and the paint adhesion to concrete
shall be verified.

The installation may be defective or rejectable if
the inspection detects any openings, blisters, sags,
wrinkles, inclusions, and/or any other damage or
defects in the painting. '

Every joint and concrete cast in site shall be painted

or sealed with material prov;ded or raccmmended by the
manufacturer, :
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2. Prefabricated Lining

A1l exterior, interior or both surfaces as indicated
on the plans and specifications or as required by the
specific conditions of the project shall receive a
prefabricated lining approved by the Authority, which
shall consist basically of a plastic or cynthetic
material resistant to chemicul action «iL.rible, and
not less than 65 thousandth of an inch -~hick and
designed so as to provided an integral Jsond with the
concrete at the time of casting.

&L

The lining shall be applied in strict accordiance
with the manufacturer specification und written
recommendation. .

Prefabricated joints shall be provided iccerding
to manufacturer specifications.

Every joint or concrete cast in plsce shall receive
the treatment recommended by the manufacturer or
shall be provided with the painting system descripec
in part 1 of this section.

Any lining showing wear or.abrasion, ¢racks or &ay
other damage or defects shall be rejected.

It may be repaired if accomplished in strict
accordance with manufacturer’s instructions.

-

Inverted Sivhons

4.,18,01

4,18.02

4.18.03

4.18.04

Inverted sipnons are generally constructed to clear
or overcome obstacles that might he met in the
piping alignment, such as rivers, creeks, gyround
depressions, c¢rossing underground structuras,

The 1nverted sipnons shall be des.un by the Hazen-
Williams formula with coefficient of C-100,.

It is zdvisable tou use severul barrels, arranged isn:
parallel «ligamcat, so thur each cone is used
according to the flow,maintaining edeguate velocity.
Inverted siphons shull be constructed of cast iron
pipe; protected by concrete ehRcasement.
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(See Fig. NO. 40 ). Mirimanm pipe diumeter permitted
shall be 8 inches., Wwhen Crossing rivers or creeks,
the minimum difference in elevation between the

top of the sewer line and the water bed shall be
1.83 meters (6 feet). ' -

House Connections

4.19,01

4.13.02

4.19.03

4.19.04

4.19.05

4.19.06

4.19,07

For every house or building sewer service a house
connection shall be provided. (See Fig. No. 33)

House connections shall be mude, by installing a
"Y" fitting in the sewer as indicated in detail
drawing adopted by the Authority. (Sce Fig. No. 31
to 33). The house connection will extend from the
"Y" piece to the property line front of the lot.

The size of the house connection for housing units

up to five (3) Zamilies groups shall be 4inches in
diameters., For buildings with & larger number of T
living units or other type of buildings shall be A\ ;)
made according to tables for discharge and pipe

sizes for drainage enclosed in regulations of the
Planning Board and the Regulation and Permits Agency.

The piping and joints for house connections shall
be made of cust iron, concrete or PVC (SDR-35)
and according tou specificatiuns ASTM standards
latest revisions. '

Joints for cust iron pipe will be mede with rubber
gaskets according to prevailing regulations.

A cleanout mennole will be provided a2t the end
of the piping inside of the lot as close to the
property line as possible, accur.ting Lo the
Authority's regurrements. $See standard detail
Figo NoO. 33 and 34

House connections to suunitery mains that are 3.05
meters (1C feet) under ground level will not be

‘permitted. An auxiliacy purellel line will be

installed to cCecnnect the house connections and
the existing I:ne will remuin us a main sanitary -

line. f#:)
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ther Disvositions

4,20,01

4.20.02

4,20.03

4.20.04

4.20.05

The discharge of piping into another of smaller
diameter will not be permitted regardless of its
capacity.

The connections of the lateral sewers and subcol-
lectors to the main line, will be made so that the
invert of the lateral sewers be at the level of the
top interior part of the subcollectors.

The sewers will connect to other lateral or subcol-
lector so that the invert of the lateral will be
level with the axis of the lgteral or subcollector.

In installations under the water table level,
vitrified clay, cast iron, or ductile iron pipe
with rubber gasket joints or concrete pipe with
rubber gasket and steel joints, or plastic pipe
shall be used.

In installations crossing rivers or creeks the
minimum protection between the exterior pipe top
and river bed shall be 1.83 meters (6 feet).
Concrete pipe shall meet the requirements of
specifications ASTM C-14, C-76 and AWWA c-301
and C-302 latest revision.
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CHAPTER V

SEWAGE PUMPING STATTIONS

This norm is not .limited to just the unfortunate an_d great

preblem that faces the Engineers today like "How to select and
apply the best pump for known conditions" but also contains norms
regarding pumps housing, equipment, sanitary and safety conditions.

It also includes the right of the Authority to accept any egquipment.

SECT ION DESCRIPTION PAGE
5.01 Pump Houses V-1
5.02 Sewage Pumping Stations V-l
5.03 Instructions and Equipment V-8
5.04 : Force Mains - ' V-5






CHAPTER V

SEWAGE PUMPING STATION

- Pump Houses -

-

Pump houses shall be built of reinforced concrete, of adequate’
size to accomodate the equipment to be installed. For

all types of pumping stations a plan shall be submitted for
approval of the Authority.

.

-

Sewage Pumping Stations

Pumping stations that do neot discharge into sewage treatment
plants, shall be provided with at least three (2} units of
the same capacity. Each shall be capable of handling flows
of 2.5 times the expected average daily flow. A system which
will alternate the operation of each pump shall be provided.
The speed of the pump will not exceed 175C R.P.M. Pumps of the
submergible type will be accaptable. See Section 5.02.25 for
requirements. .
o e

5,02.01 The pumping statiocn shall be provided with the

following:

i- A screened chamber, with clear openings not
exceeding 3.81 c¢m. (1 1/2 inches).

2- Electric comminutor or mechanical screen with
grinder, including bypass with bar screen.

5.02.02 The effective capacity of the suction pot should
be 4 minutes minimum at maximum flow, and not greater
than 15 minutes at average flow. (See Fig. 52)

5.02.03 An electric power generator activated by an automatic
start Diesel engine, will be provided for the pumping
stations. Generating unit size shall be adequate to
provide power to operate the comminutor, pumps motor
starting currents, controls, at maximum flow, and for .
lighting, ventilation and other auxiliary equipment
necessary for safety and )



5.02,04

C 5.02.05

5.02.086

5.02.07

S

broper operation of the station.

A Deisel storage tank (See Fig. 3) shall be
installed with & ‘capacity of no less than 379 liters
(100 gallons), enough to keep the euuipment
operating 24 consecutive hours with the necessary
equipment to measure the fuel in the tank. The
construction of the tank shall be in accordance
with all Safety Standards in effect. It shall be
installed at the adequate level to prevent dumping
the fuel by gravity into t!,¢ generator, .

Adequate ventilution shall be provided to all

pumping stations suction pits and basements by
mechanical ventilators made of aluminum. Ventilation
may be either continous our intermittent.

Ventilation in the suction pits, if continuous,

shall provide at least 12 complete air changes

per hour, or if intermittent, at least 30 complete
air changes per hour. Mechanical ventilators
provided in the basement of the pumping stations,

if operated continuously, shall provide at least

6 complete air changes per hour, and if intermittent,
at least 30 complete air changes. Ventilator motors
shall be located in such place as to not be in the
air path.

The sequence of the pump's operation will be
controlled by an autcmatic system using water level
sensors, of the air bubbler type, or sealed
electrodes. Also adequate egquipment for level
measuring shall be installed.

Spiral stairways with rails or hand rails may

be used for access to the basements. They will

not be over 4.57 meters (15 feet) high. The design
shall be ' in accordance with the model adopted by
the Authority. (See Fig. No. 46). Pitched ladders
may be used with no height limit.

-To facilitate the removing of pumps, ajustable

connections shall be provided at the suction and
discharge ends of the punps. -

V-2 .
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o 5.02.08 Wall sleeves shall be provided when piping crosses
the wall of a tank or suction pit to prevent leaks.

5.02.09 One or more intermediate platforms shall be provided
for inspection and maintenance of the pumps '
flexible shaft.

5.0?.10 Copper piping shall be installed to arain stuffing
o box drippings, discharging directly to the sump pit..

5.02.11 Sufficient lighting shall be provided equivalent to
forty (40) footcandles at a 1.30 meters (5 fta) luvel
from both floors.

These lights shall be contreolled by switches locatoeu
on the interior housing wall, close to the entrance
door; and duplex receptacles, one on the top floor
and another on the lower floor. All electrical
installations will be to 2 main panel and in accor-
dance with electric codes in effect.

5.02.12 Wwhen pumping pipes discharge into & sewer manhole
it should not be less than 1.20 meters deep and

- have the connection as parallel as possible to the

ﬁ) direction of the flow. =

5.02.13 Pumping stations shall be located at a distance not
less than 15 meters from the nearest existing or
projected structure. The pumping station lot shall
be paved.

5.02.14 A 3/4 inch diameter water connection with meter box
shall be provided, followed by a reduced pressure
type back flow preventer of equal diameter as
indicated in Lhe project plans. There shall be
no physical connection between any potable water
supply and 2 sewage pumping station which under any
conditions might cause contamination of the potable
water supply.

5.02.15 Pumping stations with a capacity of 1 MGD, or morsa,
a restroom shall be provided, with toilet, lavatory,
and shower.

5.02.16 A Motor Control Center shall be provided for
pumping stations with motors larger than 40 H.P.,
with main switch, amperimeter, voltimeter,



L~

5

5

Se

«02,417

«02.18

02.19

.In pumping stations of 2,270 liters (600 gallons), ia_)

non-reverse phase relay, punp alternator for the
main pumps, as well as for seal pumps, individual
switches with m . § Lic starters for the pumps and
switches for tii. iLighting and ventilation systems.
At sewage treatment plants where there is a pumping
station, said center shall be provided.

All electric installations shall be made with
adequate size conduits and shall be shown on the

final drawings. Every electric installation

work shall comply with the National Electrical

Code requirements and the regulations of the

Puerto Rico Electric Power Authority, latest revision.
The electric plans shall be submitted by the

designer to the Electric Power Authority for

approval before submitting then for the consideration
of the Aqueduct and Sewer Authority.

Lighting circuits shall be color coded to facilitste
its identification and maintenance.

or more, per minute, Duplex clean water pump
system for stuffing box seals, shall be provided,
with a water tank with a capacity of not less than
190 liters (50 gallens), with an automatic float
valve to maintain the water level in the tank.

Said pumps will operate one at a time, with
solenoid valves in the main units; which shall be
activated by the control system according to the
demand. For pumps of less than 2270 liters (600
gallons) per minute, an Automatic Oiler Grease
Sealer shall be provided operated by water pressure
from the pump or any other source, with its own
solencid valve for automatic operation or a
mechanical auvtomatic oil or grease sealer.

The Authority shall determined the type of seal to be
used in each case. An overflow valve shall be
provided to recirculzate the excess water pumped to
the seals. -
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5.02.20

5.02.21

5.02,22

5.02.23

5.02.24

5.02.25

An electric coutrol system shall b= providi 3 for Low

wet ur level in the seal pump's tank ko rrevent L

from operating when the tank is drv. Aalso, a1eii-f
salve shall be installed in the main il scharge.

The solenoid valvesr shall be installed wn ~he upine:t

flour or on othe =~ cessible location. A MEroury

swit~-h shall be installed tr aszurs the proper wol v
flow and pressure to provide lubrication und woul L
of the.seal prior to starting the pumps.

In order to meet E.P.A. regquirements, an automab ic
system shall be installed to convey signals to the
nearest control center that is manned 24 hours.

The alarm shall be activated in c. ses of power Tiviur
pump failure, grnouthorized entry orf any Calkb.e O¥ g
station malfunction.

The minimum size of solids shall be .4 centimetoes
{2 1/2 inches). In pumping stations that do not
discharge into a sewage treatment plant, comminutons
will not be reguired when the pumps are abls to P
solids over 10 cm. {4 inches).

In cases where the sewage treatment plants require

a bar rack or communitor, recess impeller may De
used, as long as their horse power does not excee?
50 per cent of that nerded for an open impeller.

&n all cases, pump Curves shall be required includinc
PSH. ‘

The velocity in the suction piping will not axCEed
1.5 meters (5 feet) per second. ”

Submersible Pumps

1. Pumps shall be capable of passing spheres oI At
least 7.6 cm. (3 inches) in diameter and thelr
minimum efficiency shall not be less than SU%

2. Pump removal - Submersible pumps =hall b
readily removable and replaceable - 1thcut
dewatering th: wet well, Jdisconnecting any ply:’

in the wet well or stopping the operaticn ¢f = F
unitse.

-
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3. . Operation - Submersible pumps should Lo vuapacble o
of operat ing without being complectely submeryed,
with no damage or reduction jin sarvice cupucrity,
otherwise mechanisms :shall be provided vo ugsuce
punps submersior .

4, Controls - The motor control center snal. be lucate.
outside the wet well and be protected from wet well
atmosphere, humidity and vandalism and meet lng
requirements of the National Electrivel Code and Ehi
Electxric Energy Authority.

5. Valves - Valves required for the coni:.l I th:
discharge line shall be located in 4 .=Rar o Hit
instulled horizontally ané well protecl.nd Foum
weather and vandalisms

6. Electric Equipment - Installation of a lightning
arrester is regquired to provide protection to the
equipment.

5.02.26 The Authority reserves the right to accept or reiect
any equipment which do not conforms to these HNocms.

)

Instructions and Egquipment : e

Sewage pumping stations and theilr operators shoul:d be supplied
with a complete set of operational instructions, including
emprgency procedures, maintenance schedules, special tools, ar.
such spare parts as may be necessary. .

Force Mains

At design average flow a velocity of at least 0.61 meters

{2 feet) per second shall be maintained. An automatic air
relief valve shall be installed at high points in the force
main to prevent air locking. Force mains should enter the
gravity sewer system at & point not more than 60 cma (2 feet)
zbove the flow line of the receiving manhole.

The force main and accessot. :s, including thrust blocks shall
be designed to withstand normal pressure and pressure surges
(water hammer). Friction losses through force mains shall

be based on.the Hazen and Williams formula, using a value cf
it » v - .

F" of 100 for ircon.or stuel pipe and "¢" of 120 for P.V.C.
pipe.

V-6



Sanitary sewer force mains and water mains shall be
installed mantaining a horizontal separation between them
of at least 3 meters (10 feet) and a vertical separation
of not less than 46 cm. (18 inches) between the outside
of the force main and the cutside of the water line.

(See Fig. No. 43}).






CHAPTER VI

WASTEWATER TREATMENT PIANT

Tﬁe Sanitary Engineeiing field is/going through & period of
dynamic development. 0ld ideas afe being reéevaluateé and new
concepts are being formulated. To take active part in the
development of this field, the Engineer must understand thoroughly
its fundamentals. Therefore the purpose of these norms is to

delineate the principal involved in the treatment of wastewater

.and guide the designer with them.

SECT ION DESCRIPTION PAGE
I“?QT 6.01 - Regulating Agencies Permits ' vVI-1
’ 6.02 Plant Lécation VI-1
6.03 Quality of Effluent vIi-1

6.04 Desiqgn . VI—%

6:05 o Emergency O@eratiod : : VI-5

6.06 | ' T:r:eatmént Plant Details VI-5

6.07 " plant outfall VI-7

6.08 Essential Facilities VIi-3

609 - Sanitary Facilities vI-9

6.10 Laboratory vIiI-%

6,11 ‘Flow Measurement V_I—.9

_____ 6.12 Floor Sleope _ - vI-2

hjzf 65.13 Stairs . ' - VI-9
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SECTION DESCRIPTION ; PAGE

6.14 | .Screening, Grit Rémoval, and .
Settling : VI=10
6«15 bDisposal of Screenings . vI-l1
6.16 Channels VI-12
6.17 ; Auxiliary Screens vI-12
6.18 Fine Screens Vi-12
6.19 Grit Removal Facilities VI-12
6.20 Flocculation vI-14
ST 6.21 Settling Tanks VI-15
L 6.22 Flow Equalization ) vI-1l8
6423 Sludge Handling and Disposal VI-18
624 Sludge Dewatering VI-25
6:25 Sludge Fina; Disposal .. VI-=27
6.26 Biological Treatment. vI-27
6.27 ’ Disinfection - o VI-38
-6.28 Bquipment ‘ . VI-41
6.259 General Consideration VI-42
6.30 | Site Improvements vi-42
6.31 Water Service _ 7 VIf42
§.32 TLandscaping - © vi-az
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5.34 Painting VI—d3






SECT ION

-3

DESCRIPTION

Lighting"

Piant Pumping Stations
Discﬁarge by Gravity
Control Houses

Sludge Conveying Pipes

Windows

Sludge Drying Beds Location

Sludge Drying Beds Construction

Project Changes
Equipment Labeling
Tools.and.Literature
Hydraulic Profile

Influent Measuring

0il Drainage

Incinarator

Supernatant Recirculation
Flood lLevel

Storage Area

GasiBurner

Control Valve,

Extension Valye

PAGE
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VI-44
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SECTION

DESCRIPTION

Bar Screen

Weather Proof Control
Manual‘Pﬁmp Operation

Plastic Material for Overflow

Laboratory

PAGE
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VI-45
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