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PREFACE

Critexria as to degign practice warrant careful study to establish
those phases which have become accepted as normal and those phases which
require adaptation to local conditions and availabiliity of materlials and
equipment, thus giving. the designing engineer freedom of choice and the
exercise of his professional judgment,

The normal or standard should not be sought merely to achieve
uniformity, because that might freeze practice and gtifle advance.
Therefore, the criteria discussed herein are aimed %o distinguish gocd
practice by establighing quantitative limits found by experience to be
desirable so as to simplify practice and thereby achieve economy.

This text has been based upon the "Report of Committee of the
Great Lakes - Upper Mississippi River Board of State Sanitary Engineers
on Policies for the Review and Approval of Plens and Specifications for

‘Public Water Supplies.® Mcdificatioms and condensations have been made
.~ by the author, who was chairman of the above committee, to meet the needs

in Bragill and Jamaicza, as disclosed by his participation in the coopera=
tive sanitary engineering programmes in these countries between the two
govermments and the Intemmational Cooperation Administration of the
United States, ’

The appendix entitled, ¥A Standardized Design for a Small Water
Piltration Plant™ was prepared in Brazil where metric units are uszd,

" Inasmuch as the plans are in these units, the text has not been chunged,

but conversion factors have been given,



CHAPTER I. INTRODUCTION.

The design cf water works lnvolves the consideration of many
engineering details in the light of specific lccal conditions. Details
of design, therefore, cannot be standardized in any fixed pattern which
would eliminate the necessity for the engineer to exercise profsssional
judgment in appraising local ccnditicns and in determining what structures
and equipment will best meet these conditions, . This does not mean, how-
~ ever, that each engineer can function independently, without due regard to
opinions, attitudes and practices of cther engineers. There is need,
therefore, for group acticn to blend different viewpoints and attitudes
so as to eliminate extremes and idiosyncrasies. Such group action is
most productive when it is directed to the formulation of standards of
professional practice.

There is considerable confusion in ths use of the work "standard”.
It is desirable, therefore, to dis:uss sevwral aspects of the subject, so
as to distinguish between:

a) detailed specifications.

b) standard specificatiun:.

c) standard as to best engineering practice; and
d) governmental laws, codes, and requirements,

Specifications acecomparying plans for a single project are of
necesslity detalled, specific and binding upon thoge contracting to supply
equipment and supplies, Thsay express the intent of the designer and are
the result of detailed consideration of preposed structures, fagilities
and equipment by the designing engineer, which must meet with the approval
of the owner of the intended works tefore bids are accepted. On the
other hand, "Standards®, such as those develcped by committees of the
American Water Works Assccigbion, sare iatesded to securs uniformity of .
practice, insofar as possible, but they are not binding on the individusl
using them, In other words, thsy serve as 2 guide in the preparatiocn cf
detailed specifications fer a singie project and, therefore, can be used
in whole or in part at the discreticen nf the engineer, '

By contrgst, statements zs to best wgineerdng practice, or
features of basic design, developed hy gro-p of engineers or comitteas
of professional societies, are nect worded a3 specifications but rather ae
guiding texts which summarize the consengu: of the group in a manner i~
tended to secure reasonable wrdfommity ~f practice, Such standards,
therefore, are basic and guantitative only wiers there is agreement as to
deteils which can be expressed by definite vsiuves, but merely sumarising
when they deal with details which cannot be delimlted hy quantitative
terms

On the other hand; governmental laws, ccdes or requirements
should be worded in a general way sc as to indicate those aspects or fea-
tures of design which can be insisted upon in the public interest under
the police power of the state supporting the program of the governmental.
agency concerned with such matters. Governmental regulations, therefore,
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- ghould represent minimum requirements of the agency, which, however, can
. be exceeded at the volition of the designing engineers, B

. The following text deals ‘with basic eriteria of water treatment
: plant design and thus falls into the third category. ' In general the text
_ deqls with established practice m.th méderate sized plants.

o Imperial gallons are used, except :Ln Chapter XIV where metric
- units are used to describe an actual design of a small filtration plant 'in

i _Brazil.

2



CHAPTER IT. GENERAL

Engineering Rgports - Plans and Specifications

Objectives ~ The design of water works for a specific municipality should

be based upon local conditions and requirements, with the
objectives of the best usage of water rescurces of the locallty, Good |
engineering and public iaterest require tha% economy in comstrustion costs
be the aim, consistant with durability and reasonable cost of maintenance.
This is usually secured with simplicity of design and by avoiding, insofar
as possible, mechanical equipment, automatic controls and complex units
which are difficult and costly to maintain and repair, especially when the
equipment and parts must be imported. : :

Careful consideration should be given to the number, training .
and experience of operating personnel whe will be in charge of the system,
so there will be assurance that they will be able to provide effective ..
control and operation of the system, In many instances available operating
personnel will have little or no training and experience, in which case
complex water treatment processes and equipment should not be used; but
stress should be placed upon the development of well supplies to minimize -
treatment; or consideration should be given to the use of slow sand fil-
ters for the clarification of a surfare water supply, which of necessity
must be used. Supplies flowing by gravity also are most desirable,

Therefore, engineering planning should include a thorough in.
vestigation of the quality and characteristics of available sources of
water supply, to determine the most economical source which can be used .-
either without treatment or with simple treatment, consistent with the
required quality of the water to be served the public.

Consideraticn also should be given in the design to the cost of
operation and maintenance of the system tc insure that these costs will
be within anticipated revenue or budget, There will be many designs which
will have to be altered or simplified in the interest of ecomomy, This
may involve technical compromises which should be clarified in the engineer-
ing report.

The anticipated growth in populaticn and increase in water con-
sumption are difficult tc prediet. Both are influenced by consideraticns
such as industrial develcpment and improved transporbtation. Accordingly,
plans should be made for future growth and expansicn of water supply
facilities. Reserve cazpacity should bs provided initially for anticipated
needs of the near future, The initial design also should be such that
future extensions can be made with economy and sc as to provide an en-
larged system which will function well, This is especially desirable with-
pumping stations and treatmént piants. The pericd for which anticipated
needs should be projected caanot be rigerously stated; but it is reasonable
to state that a water-supply should be designed to serve no less than *hs
population expected ten years from the design date, and, if feasible, onz
generation thence, '

BEST AVAILABLE COPY



CHAPTER I1I. AERATION

Objectives - Aeration of water is practied for three purposes, namelys

1) the release of taste and odor producing gases such as
hydrogen sulphide and other volaiile substance; 2) the release of carbon
dioxide; and, 3) the absorption of oxygen from the air to oxidize iron
and manganese, Hydrogen sulphide is readily dissipated by limited
aeration, it the carbon dioxide content cannot be reduced below about
45 ppmo Dissolved oxygen increases the corrosiveness of water, so its
concentration should not be increased by aeration except when oxygen is
needed to oxidize iron or manganese, or when the increase must be accepted
to gain other advantages of aeration. _ :

Aeration is achieved mainly by the following devicess

. Spray aerators ~ Spray nozzles provide the most complete exposure
~ of water surface to the atmocsphere, the surface area depending upon the
gize of the water drops, a large number of small droplets having the larg-
est area per unit of volume, Wabter pressures should be 5 to 10 psi. at
the throat of the nozzle, The spacing of the nozzles depends upon their
capacity, which usually ranges from 32 tc 140 gpm., requiring from 70 to
LOO sq. ft. of area per nozzle. The spray shovld fall into a shallow,
concrete basin,

Spray aeratocrs should be surrounded by a leuvered fence to pre-
vent spray being blown outside the underlying basin, the louvers sloping
to the inside at an angle of about L5 degrees. . o

. ~ Cascade, Step or Perforated Tray Aerators - This type of aerator
requires less head than spray nozzles, namely about 3 pounds or less,
. Cascade aerators should have a slope of 1 foot on 2 or 3 and a length of
_flow of 3 to 10 feet, whereby the water is exposed to the air at the rate
of 8 to 16 gallons per sq. ft. of ares, Step or perforated tray aerators
should provide & total trey area of 1 sq. ft. per 4 to '8 gpm. flow, From
three to five trays or steps should be used, with vertical spacing of 8
t0 15 inches. Perforation of trays should be 3/16 tv 1/2 inch in diameter,
spaced 1 to 3 inches center to cemter, Improved results are secured when
coke or crushed stone having a size 'of 1-1/2 to 2-1/Z inches is placed on
;h: trays, especially at iron and manganese removal plants to be discussed
aters

- Diffused Air Aerators .. Forcing compressed air through water is
more costly in power than pumping water through an aerator, If, however,
the head on a gravity supply is limited and aeration is needed, then con-
sideration should be given to the use of low pressure air compressors
producing 5 to 10 pounds per sq. in. pressure with a volume of 0.0l to
0.2 cu, ft. per gallon, a basin providing a detention period of 5 to 15
miputes and a depth of 9 to 15 feet, Floceculation basing may be used for
this purpose because such aeration aids in agitation. The air should be
~ diffused through porous tubes or plates to form small bubbles having a large

total surface area,
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CHAPTER IV, SEDIMENTATIONS BASINS WITHOUT CHEMICAL TREATMENT

Objectives - Preliminary sedimentation; without the use of coagulants, is

‘practiced when turbidities are excessive, so as to reduce the
dose of coagulant used subsequently in the conventional manner, or also
prior to slow sand filters when plain sedimentation will reduce the tur-
bidity of the raw water to 30 p.p.m. or less, thus permittlng such filters
to be operated without too frequent scraping.

Design -~ Such basins should be designed in the same mamner as those used

- to settle flocculated waters, except that detention periods of

12 hours or more should be provided in basins used prior to slow sand filterr
Lagoons, ponds or reservoirs may serve as premsedlmentatlon fac111ties more
economicalls'than concrete basins, it :

" The size of siow send fiiters may be kept at a minimum by provid-
ing for 2l=hour operatlcn through special de51gn of outlet weirs of gedi-
mentation basins, For instance, if water is to be pumped into a preliminary
sedimentation basgin, and if a daily pumping period of 8 to 12 hours is
desirable to lower the labor costs, then the basin should have a submerged

- outlet. weir having an elevation about a foot above the sand surface of the

filters. In this way the settled water from the basin will continue to
flow to the filter, after the pump isstopped, until the settling water
level drops to the level of the weir, Thus, a basin with an 18=hour
detention period; and with the weir located at half depth of the basin will
supply water to the filter for 9 hours after the pump is stopped. Other .
relative elevations and capacities may be selected to meet local needs as’
to labor cost; power, etc. An uriform rate of filtration over the 2h—hour
period must be provided through the use of rate controllers or thelr ;.
equivalent° L _ : ‘ . RN
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CHAPTER V. MIXING AND FLOGOULATION BASINS

Objectives - A distinction should be made between flash mixing with

violent agitation for a short period of time to ﬁiatribnte
the coagulant, and slow agitation or floccualtion for 15 to 60 minutes
to ¥avar the coagulation and flocculation or coalescence of the floc to a
glze favorable for subsequent sedimentation. '

‘Pffective flocculation of coagulant-treated water should be
provided to insure economical and effective operation of filters. The
facilities should be designed to provide the degree of agitation for a
. period of time determined by pilot plant or laboratory studies with the
specific water to be treated with the selected coagulant. :

General - Alum must be imported into many countries, but even then ita

use with or without lime should be considered as standard prac-
tice. The proposed use of another coagulant should be supported by appro-
priate data in the engineering report.

Both horizontally and vertically baffled basins are economical-
and readily maintained. Basins equipped with motor-driven paddles are
more costly to install and operate but they provide a ready means of con-
trolling the degree of agitation irrespective of the rate of flow of water.
The size of the plant, the head available, the ability of the operators
and the available budget, however, should be appraised before selecting.
 mechanical flocculation equipment.

Chemical Storage - The space needed for the storage of chemicals should

- be based upon the convenience of purchase and shipment,
but should provide for at least one month's supply. Alum and lime may be
purchased in bags of 100 pounds net weight, which may be piled near the
chemical feeders, provided the space is dry. Convenience in operating
larger plants, however, is seclured by the use of storage bins located above
the hoppers of the chemical feeders, and connected therewith by flexible
cloth tubes to permit the hoppers being filled by gravity without the
production of dust. The floor above the storage bins constitutes their
cover and also provides extra storage space for chemicals in bags. A
hoist or block and tackle should be provided for elevating chemicals from
the unloading platform to the storage space. : '

_ The properties of alum and alkalis used in coagulation of water
are listed in Table I. :

Chemical Feeders - A minimum of two chemical feeders should be provided,
or a total of three feeders when alum and lime are used.
They should be located and enclosed so as to localize dust. The use of
dust control equipment is warranted at larger planta. ) )

) Chemical feeders should have a capacity above the maxi!mm re-
quirements, but not s0 large as to be inaccurate during periods of Iow
dosage. Solution feeds are advocated for small plants. Dry feeders are
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less laborious to operate and are subjecy to more accurate, direct control
“and are better suited to larger plants. The type of feeder should be
selected with due regard to the character of service by the manufacturer,
the dvallabillty of spare paxwa, ete,

Solut:.on Tanks - Tenks for alu.m solution should be of bitumastic enamel
coated concrete, or wood, Concrete or steel tanks should
be used for lime suspensions. Solution tanks should be fitted with hand
operated or motor-driven revolving paddles for mixing the alum solution..
Continuous mixing is necessary for maintaining a uniform suspension of
lime. Float gauge, scale or sight glass should be provided to indicate the
level of the solution, Solution tanks should have a sump with drain for
collecting the insoluable impurities. Open drains are preferable to _
olosed pipe, Make-up water should be discharged through a pipe terminating
above the maximum level of the solution te avoid backnsiphonageo The
capacity of solution tanks should be greater than the maximum amount of
solution used in any one shift,

Chemlcal Feeder Controls - The use of constant capacity raw water pumps, |
or individual filter-rate controllers with meters
permits manual changes in the observed rate of flow of water being treated,
~ and under these conditions manually controlled chemical feeders may be
used, TIn other instances the chemical feeders should be of the automatic
type, capable of feeding chemical proportional tc the rate of flow of water
being treated. Automatice shut-off controls should be provided when a
filter plant and pumping station are designed to shul down automatically
when tanks or reservoir for filtered water become filled. Such controls,
however, should not be used to start a plant antomatically because the raw
water may have changed in quaiity during the shut-down peiriod, so the
. operator should be present tc adjust chemical doses each time the plant

is started manually,

, Automatic controls and equipment should not be used at small .
plants where they may not be fully understcod and maintained by the operator,
nor used at large plants unless they are of proven reliability and are
capable of being maintained and repaired, Snare rarts should be maintained
to facilitate repairs and to preven: interruption in treatment,

Chemical Feed Lines - Rubber or plastic hose or lead tubing, supported at’
short intervals or placed in a L inch diameter tile
pipe, are well adapted for use with alum solutions, as they are resistant
to the action of acids and are eaeily removed for cleaning, Lime suspen-
sions may be conducted either iw rubber hoses or in wroaght iron pipe which,
hcwever, should be fitted with sufficient unions and crosses with plugs:

at 90° bends to faciiitats cleaning. Rubber hose is preferable because ad-
‘ hering solids may be brokern locse by flexing the hoseo Open channels are
best for handling lime suspenclonso -

Flash Mixing ~ The rapid mixing of the coagulant throughout the water being
—.  treated should be assured by flash mixing for a short period.

This. may be secured by use of a baffled channsl or portion of the inlet

flume with velocities of 2, 5 to 5.0 feet per second, a "hydraulic jump®
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flume with a velocity of about 10 feet per second discharging into water
moving about 2,5 feet per second, or by using a small bagin with a detention
period of about 30 seconds where rapid mixing is secured by high-speed,
motor-driven propellers or paddles. Usually detention periods are from

30 to 60 seconds. ’ : v

Flocculation - Flocculation should be secured by agitation resulting from
velocities between the minimum of 0.5 feet per second, -
which prevents the sedimentation of the forming floc, and a maximum ve-
locity of 2.0 feet per second, above which small flocs difficult to

settle are formed., Flocculation periods should be 15 to 30 mimutes, the
shorter periods being associated with higher velocities., There is a

Trend towards Ilocculating periods of 30 to 00 mimutes, but these-longer
periods generally are not needed with warmer water temperatures prevailing
in the tropics, Fleccculation velocity and period should be established for
each design; through laboratory studies of the specific water to be treated.

Baffled flocculation basins are widely used and are inexpensive.
Their chief defect is the high loss of head when suitable periods are
used, Furthermore the degree of agitation changes with the rate of flow
of water., Around-the-end baffles are preferable to over-and-under baffles,

“because the loss of head need not be predicted so clesely in the design,

and also because the baffles may be altered readily after the plant is

constructed. The use of wooden baffles is advocated to facilitate such
alterations,

Helical flow basins are preferabie to haffled basins; especially
when the available head is limited and when the use of mechanical equipment
must be kept to a minimum. These basins should be circular or square in
plan and the water should enter tangentially near the bottom so as to camse
helical flow to the effluent pipe located at the flowline of the tank., |
The entering water should have a velocity of about 1.5 feet per second to
secure the required Jjet action causing helical flow. Successive reduc-
tions in the degree of agitation may be secured by using a series of smiller
basins, reducing the jet velocity of the water entering each basin by
increaging the area of each inlet opening, This area may be made adjust~
able by using sluice gates, or replaceable boards to close a portion of
the openings. Jet velocities of 1.5, 1.2, 1.0, 0.8, 0.6 feet per second
for a series of 5 basins are suggested,

The most effective, though costly, flocculation basins are those
fitted with motor-driven paddles, which either revolve or oscillate.
Variable-speed motors, or adjustable speed-reducticn gears are advocated
to permit adjusting the degree of agitation secured by peripheral speeds
of paddles betweem 0.5 and 1.5 feet per-second. The total area of the
paddles should be 10 to 25% of the cross-sectional area of the bagin,
Elther vertical or horizontal shafts are acceptable. Basins with a square
plan are favorable for vertical units, but rectangular basins are more
suitable for horizontal units. Equipment may be secured from a number of

' mamufacturers., The design should be based upon the charactéristics of the

selected eguipment;_and patented details.
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Care should be exercised tu. prevent short-circuiting of water

. through such basins, such as by having inlet openings near the surface
-and the ocutlet openings near the bottom, An economical arrangement is
the use of one large basin, divided by a perforated stilling wall into
two units, one sbrving'as the flocculating basin with mixing paddles,

and the other as the sedimentation bagin., This arrangement also has the
. advantage of flexibility because the perforated wall may be relocated, if
made of wood, so as to readjust the relative 1ength of the flocculation
and sedimentation periods.

~ The size of the effluent pipe or conduit leading to the sedimenta-
tion bagin should be sufficient to prevent velocities of flow over 1.5 feed
per second, so that the formed floc will not be destroyed,
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CHAPTER VI, SEDIMENTATION BASINS WITH CHEMICAL TREATMENT

'The design of such units involves many factors, such as number
of basinsy, length, width, depth, velocity of flow, detention time, volume

of sludge storage, method of sludge removal, inlet and outlet arrangement

and the coagulating characteristics of the specific water to be treated.
Undue importance shouid not be attached to theoreticdl detention period,
because the inlet and outlet arrangement, the length to width ratio and
depth of basin determine the effective; average flowing-through period,
which usually is considergbly shorter than the theoretical detention period.
Best results are secured with long, narrow and relatively shallow basins,
with the inlet at one end and the outlet at the other one; so that the
direction of flow is not reversed,

At least two basins should be previded to insure uninterrupted
operation while one is being cleaned, :

The detenbtion pericd should be at least four. hdurs,., based upon
the maximum capacity of the plant, so as to provide some factor of safety

~for periods of poor flocculation,

Bagins should be proportioned so that their length is at least
twice their width and preferably more, Depths of 10 to 15 feet provide a
distance~of-travel of the settling floc reasonably short, so as to insure
the floc reaching the bottom before the effluent end of the basin is
reached by the flowing water. Siudge storage space should be provided, as
discussed later,

Inlets should be so designed and proportioned that the flocculated
water will not be unduly agitated by any weir action or turbulence, other-’
wise the floc formed previcusiy will be broken up. The influent pipe or °
flume .should be properticned to provide z velocity not greater than 1.5

feet per second, and it should discharge behind & submerged weir or per-

forated baffle or into a perforated flume to distribute the water as
uniformly as possible across the inlet end of the btasin, In addition a
stilling or diffuser wall, perforated or slotted so as to secure velocities
through the slcts of Q.4 to 0.8 feet per second should be provided to
minimize eddies and encourage uniform fiow thivugh the basin, These veloci-
ties necessitate the total area of the slots being restricted.  Improved

- dissipation of velocity head is secured by using expanding slot gpenings
. with surfaces having an angle of 15° firom the direction of flow. The

selection of the lower value of O.lL feet per sscond, when both basins are
in-uge will prevent velocities higher than the upper value when only one .
Besih is in use, Frequeéently the slobts hawe been equally spaced throughout
the full depth of the wall, or within tke upper 75% of the wall's depth.
More recently, unperforsted walls have extended as baffles for two-thirds
the depth, s0 as to divert the incoming water to ths lowest one-third of
the tank depth. This; however, does not prevent eddy-currents, nor secure-
udformity of floy throughout the full width of the tank. The adventages
of both procedures may be obtained by placing the, 5l6ts in the lower two-

' thirds portion of the baffle, whereby surfsce short-circuiting is avoided,
‘and resistance t‘o flow through the restrictiag slots spreads the fiow
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gcross the basin width. The stililng wall should be 3 to 10 feet from
the inlet end, depending upon the size of the basin. Consideration also
should be given to fitting large basins with several "training walls®
extending at right angles from the stilling wall for about 10 feet to
minimize cross-eddies.

Overflow weirs should extend at least across the effluent end
of a basin, and for such distance along each side of the basin as may be.
considered desirable to promde an adequate total length of weir, Sub- :
merged welrs were favored in the past as they eliminated turbulence., The
trend to great weir length, however, required true weir action to insure
uniform flow throughout collecting troughs or conduits. The maximum weir
loading advocated in the past was 40,000 gpd per ft. of length, but values
of 8,000 to 16,000 gpd per ft., are prefemble for normal plant operation.

More certaln welr action may be secured with z series of V-notched weirs

about 2-1/2 inches deep and on centers 6 to 12 inches apart, than with &
1ong length of level weir, having a very Low depth of flow,

. . Sludge storage space should be provided in accordance with the
characteristics of ths raw water and the anticipated average dose of |
coagulant, = An additional 1/2 to 1 foot 4o the depth of a basin should

'prov'ide adequate storage with colored waters of moderate turbidity.

Sloping the behtom 1 on 12 towards a center gutter, which in
furn slopes to one end of the basin fasilitates the remcval of sludge, but
small basins may have flat bottoms. Provisions should be made for flush-
ing of sludge with hoss streams. :

The settled water conduit ieading to the filters should be pro-
portioned so as to avoid a velecity in exsess of 1.5 feet per second, and
bends should be designed to avoid turbulence which would t end to destroy
the floc remsining in the settled watem,

Settling ba.xins may be covered to exclude light and thus prevent
the growth of a‘lgae on the walls.

m = Properly’ formed fioc should settle at rates in excess of 2.0 feet

per hour, or 8.0 feet in L hours. Selecting a minimum, anti-

'pa.ted ‘rate of 10,0 feet pex 4 hours, the minimum depth of a basin should

not be less than 10,0 feet, ctherwise the water will reach the outlet weir
beéfore all floc has settled. The vertical c,omponent of the rate of flow

of water cannot exceed this valuz of 10 feet in 4 hours, which is equivalent
to 360 gal/day/sq. fi. of surface area of a basin, The rate of 320 gal/day/
8q. ft. is a conservative norm. The design of a basin is based upon: a) the
quantity of water to be treated; b) the selzcted detention period; and ¢)
the selected surface overflow rate, The attached nomogram (Figure 1) is
convenient for determining the required dimensions of sedimentation basins,

For example, suppose & filter plant of 1.0 mgd capacity is under
design, and that a detention period of L.0 hours and a surface overflow
rate of 320 gel/dsy/sq. ft. ha«re been selected as the basis of design
tor the sedimentation basins, Then ths nomograms indicate from the rate
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Nomographic Chart for the Design of Settling Tank Capacities and Dimensions
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of flow and detention time that the volume is about 132,000 gallons. The
surface overflow rate and the rate of fléw gives & surface area of 2,500
sq. ft. The detention time and surface overflow rate give a depth of about
9 feet for the portion of the bagins above the sludge storage space. Ordi.
narily added depth of sludge storage need be only 1 to 3 feet for colored
water of moderate turbidity, 8o the basins used in this example could be
given a total dépth of 11 feet. :

Bearing in mind that at least two basins should be used and that
each unit should have a length of two to three times its width, the total
surface area of 2,500 sq. ft., requires two basins of 1,250 sq. ft. area.

A length of 63 ft. and a width of 20 ft. provides 1, 260 sq. ft. and a length.

width ratio of 3 to 1.

The width of the two basins of 40 feet gives a welr overflow rate
from the nomogram of 20,080 gpd/ft., which is acceptable. A slower velocity
of approach of the water, however, may be secured by using a double.edged
weir trough, locsated 3 to 5 feet from the outlet end of the basin, thus
providing twice the weir length, or 80 feet, and a weir overflow rate of
10,000 gpd/fto

Solid Contact Basins . Upward-flow, solid-contact basins were developed for
the lime.soda softening process, and later were used . .
for the clarification of turbid waters. In general the coagulation of water
in the presence of previously formed floc or "sludge blanket" is sound in -
principle. Such basins have been successful in the lime.soda softening prs-
cess, even when the total period for flocculation and clarification has been
only one hour, because of the high specific gravity of the calcium and. i
magnesium carbonate floc. Alum floc, however, is much lighter, especially

_ with colored waters of low turbidity. Therefore, periods of 1.1/2 to 2 hoars

are needed for this type of clarification basins, even when they are applicable.

Furthermore, water of low turbidity, or colored waters, require the
use of proportionally greater alum doses to secure a floc which will settle
readily in the upward-flowing water in the clarification zone of the basins,
unless floc formation is aided by the more complex coagulant aid or.activated
silica treatment. Therefore, the saving due to small size of such basins is
counterbalanced by the higher cost of mechanical equipment and patented -
appurtenances and by higher chemical costs, as compared with conventional basins.

In addition; More skilled operation is required %o insure proper operation and cam.

plete and rapid coagulation at all timesi Solid.contact basins,: tHeréfore; are .
reconmended for lime-soda softening; or under spécial econditions, ﬁhere*r&w
water characteristics, size of plant, adequacy of téchnical control: and other
local factors Justify a special engineering design. including such basins.

The manufacturers of solid-.contact basins have developed patented
details including proportions of the units, so standardizing of design is not
feasible. Designing engineers, therefore, should determine the total detention .
period required for the effective treatment of a specific water and then select -
the size of unit having a fluid capacity sufficient to provide thij perﬁﬁgd:nd
havidg patented design characteristics considered best suited to ldual b

tions, The eng&neering report should present data supporting any plans includ-
igg auoh a8ins - i o
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CHAPTER VIT. FILTERS

Objectives - Sand filters are not merely "strainers" for removing suspended :.-
' ' --golids larger than the spaces or pores between the sand grains,
Inasmuch as colloidal clay and coloring matter and bacteria are smaller than
these spaces or pores, their removal involves complex processes,  Filter -
design, therefore, involves a consideration of many factors favoring these
processes. _

Slow sand filters should be designed so that water flows at a slow )
rate through fine sand so that coarser, suspended solids are canght on or
near the surface of the bed to form a very fine poroug layer having a large
total surface area of channels or pores, whereby absorption of impurities in
the lgyer and in the underlying sand is facilitated. This requires a large
area and slow rates to insure surface contact and absorption.

Rapid sand filters should be designed to receive coagulated and
settled water, whereby colloidal material and bacteria are absorbed on the
gelatinous floc and are removed with the floc. Adequate pre-treatmenb s
therefore, is essential to effective rapid sand filtra.tion.

Serious engineering study should be given to the relative advantages
and disadvantages of slow sand filters versus rapid sand filters for each
specific plant under design, . Once this choice has been made, the design
should be based upon the inherent characteristics of the type of filter in-
'-volved.

SLOW SAND FILTERS

; The advantages of this type of filter may be summarized as follows: -

Equipment is simple;
Suitable sand is more readily secured;
3' - Supervision is simple; and,
The effluent is less corrosive than chemically treated waters.

§ ‘No need for coagulation facilities;

" The disadvantages may be summarized as follows‘:

1) large area required, with correspondingly large ltructure and
: - volume of sand and higher structural costs;

~ 2) Less flexibility in operatiocn;

3) Not economical with raw waters having turbidities over about
30,0 p.p.m. for prolonged periods, unless preliminary plain
sedimentation will produce such turbidities in the settled water; . .

g Lower effectiveness in removing color; and,
Poor results with water of high algae content, unless prectreatment
is practiced.

In general the advantages of these filters justify their use for
sma.'ll plants not under t echnical supervision, where rela.t.ive]y clear surface
waters .are to be treated, _
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. Pre~treatment ~ Ordinarily, slow sand filters are used without pre-trettment.
Plain sedimentation prior to filtration may reduce the turbidi-
ties of many raw waters below 30,0 popo.m. and thus permit their economical
filtration without the cost and technical complexity of coagulation. See
Chapter IV - “"Sedimentation Basins Without Chemical Treatment'.-

Pre-chlorination of water to be filtered through slow sand filtera
formerly was considered undesirable because the "slime" organisms on the sand
grains, held to be essential for effective filtration,.would be destroyed. T
Experience has demonstrated, however, that effective filtration, with longer
filter runs, can be secured with pre-chlorination,so as to destroy these
organisms, .as well as to control algae growths on the surface of the sand.
This is of great practical significance when filter runs are influenced more-
by the clogg:.ng effect of such organisms than by suspended solids,

o - Cons:Lderat:Lon also should be given to pre-treatment with copper .
sulphate, when algae are sufficiently prevalent to seriously reduce tl}e fil-~

ter's run, Inasmuch as a continucus dose of this chemical can be less than

- that commonly used periodically, the chemical may be applied by a small

* solution feéder at a dose of 1-1/L pound per million gallons. Such pre-

treatment is aided when a pre-sedimentation basin is available, but applica-

‘tion directly to the filter influent is av.ccepta.bleo

-Design Detailtr At.least two filters should be provided, and three beds are
Lol desirable when the applied water is 'such as to prcduce short
filter runs and require relatively frequent scraping.

o “The filters should be covered to minimize algae growbh%, Head-room
of 6 feet should be provided to facilitate scraping, The cover should be
. provided with sufficient number of openings to provide daylight for scraping
and to facilitate removal and replacement of the sand,

Rates of filtration from 2.0 to 5,0 million ga]lons per acre per
day are acceptable. The rate for a specific plant should be selected with -
due regard to the character of the raw water and the ceesired period between
scraping the filters. Ordinarily z rate of 4.0 m.g.a.d. results in a satis-
factory compromise between eccnomy in structural costs and in operatiom,

Each filter should be fitted with a loss-of-head gauge. Automatic
rate controllers provide convenient control, but the ioss-of-head bullds up
80 slowly with such filters that manual control is feasible, provided an orifice,
a venturi meter or some other metering device is provided. . Consideration
should be glven at small plants to the use of an adjustable float valve in a
wair or orifice box to serve as a rate-controller, A float-operated, buttere
fly valve may be ysed, as described later. .

. Slow sand filters should not be cperated under a negative head, RS
otherwise ®air-binding® will occur. Therefore, the depth of water over the Ce
. sand limlts the available loss-of-head and in turn the length of f£ilter runs,
‘Acoordingly the depth of water should not be less than l feet and considera-
tion should be given to six feet of head.room under any filter cover to provide
. ¥ive-foot depth of water and one-foot of free-boa.rda
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Each filter should be equipped with a main drain and su.fficient
nu.mber of lateral underdrams to collect the filtered water,

S Tile pipe with open joints commonly are used, . They should be so
spaged that the maximum velocity of flow does not exceed 0,75 feet per second.
The maximam spacing of underdrains should not exceed 10 feet and they should
not extend any closer than 2 feet from the side walls so as to prevent water
flowing in the space between the sand and concrete wall and thence inbo the
gravel without passing through sand,

Filter gravel should be so graded as to prevent the penetrat:.on of
‘sand and yet provide for the free flow of water towards the underdrains, . The
following minimum depth of graded gravel will be acceptables

Six.inch layer of gravel passlng a three inch screen but’ held
on 3/8 inch screen;
Two..inch layer passmg a2 1 inch screen but held on a 3/8 inch acreen;
Two-inch layer passing a 3/8 inch screen but held on a 3/16 inch
| sereens

The gravel should be placed over the underdrains, but should not
be placed closer than 2 feet from the side walls of the filter, so that only
sand will rest on the filter bottom in the two=-foot zone along the sides of
the filter, where there are no underdrains, for the reason noted above.

Filter sand may be available from local sources, but usual]y it must
be washed before use to remove clay, foreign matter and very find sand grains.
Washing may be accomplished by the use of homemade equipment,.or by spe‘:i.al
equipment using the jet action of a stream of water,

The size of sand for slow sand filters preferably should be aaalected
with due regard to the character of the raw water and the intended rate of
" filtration, lower rates and fire sand being used when bacterial pollution is
more serious, or when the suspended solids are finely divided, The "effective
size® should not be less than 0,2 mm nor greater than 0.4 mm, "and usually
‘should be about 0,3 mm. The sand need not be as unifom as with rapid sand
. filters, but the "uniformity coefficient" should be no greater than 2.5,

PRESSURE FILTERS , / . -
- yery S@7(syzcyor o
Pressure sand filters are not aan#ﬁdﬂ;e,‘for th; foﬁtration of -

o ‘public water supplies previously ccagulated for the removal of .color, ~turbidj.ty

and bacteria, although they are satisfactory for zeolite softening or iron and
manganese “fiot” associated with bacterial removal. The reasons supporting this
policy méy De sunmarized es followss

1) Difficulty of coagulation and sedimentation under pressure, unless
" - denble pumping is practiced to permit -the use of Open flocculating
and sedimentation facilit.ies H

2) Difficulty of applying chemicals under preasure;

-
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3) Sand bed is not subject to inspect.ion while in operatiou or
while being washed;

L) _Difficulty of properly collécting wash water due to- shape .of
filter tanks; and,

5) Difficulty of inspecting, cleaning or replacing sand, gravel
and underdrains,

RAPID, GRAVITY SAND FILTERS

The various units of rap:.d sand filters should be deeigned 80
to be coordinated into the whole plant in accordance with the basic plan.
It is especially necessary for the character of the water, the proposed rate
of filtration, the size of the plant and the anticipated reliability of the
oparators to be considered in relationship to each other. In other words,
conservative design should be followed when factors of safety must be
provided, to compensate for anticipated difficulties of treatment or less
gkilled operation, Reliability of operation and of power and other local
factors should be considered in selecting the daily period of operation and
the capacity of storage for filtered water,. Consideration. should be given in
the design of small plants to daily periods of operation short enough for
single-shift control, even though ‘bh:LS requires a larger structure.

Ra.tes of Filtratian - The normal rate of i‘iltration should be 2 g.p.m. psr
5Q. f4+. of filter area. Any proposed rate in excess
of this should be comsidered in the 1light of all aspects of the plant, and
- should be supported by appropriate data in the engineering report.

- In general, filters should be designed so as to provida means for
removing residual floc from properly pre-treated water, and also 0 serve at
times of poor or delayed coagulation as fcontact beds" to insure the com-
pletion of coagulation and e¥arificatdon of the water before it reaches the
bottom of the filter. Rapid sand filters, however, should not be expectod to-
function contimuously to clarify improperly pre-treated waters. Lower rates
of filtratlon, er sand and greater depth of sand favor coagulation by
contact in filters, and hence provide a factor of safety, but require a ~
larger filter area and more frequent washing of the filters. _

- The following details should be considered in connection with ﬁlter
p,ates, in the 1ight of local conditions and in their intarrelationahip:

a) The present minimum, average and ma.x:lmum consumptmbnoof water
in the mum.clpallty served by an existing water supply sysbem, a

b) The designed capacity of the plant;
c) The foreseeable future consumption of water and the feasibility

of meeting this demand later by enlarging the plant, but without
exceeding the higher rate of filtration under consideration;

d) The quality of the raw water and the degree and rapidity of the
. fluctuation in quality;
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e) The ease of coagulating, settling, and filtering the supply;

£) The training and reliability of the operator and the resulting
reliability of the pre-treatment in assuring an effectively
coagulated and settled water irrespective of changes in the
quality, temperature, etc., of the raw water;

g) The size and depth of filter sand; and,
h5 The effectivenese and reliability of disinfection,

At least two i‘ilter units should be provided, and. coneideration :
ahould be given to designing each unit to take the full load when only two .
units are provided, so that one unit may be repaired without closing down the
plant, The filter structure should have an adequate depth to provide at .
least L} feet of water over the sand so as to discourage hir-binding and insure
reasonable length of filter runs, The minimum tortal depth should be at

" least 8-1/2 feet and preferably 10 feet.

. The settled water should be introduced in a mammer to avoid turbu-
lence, for example in a stream directed at the open ends of wash troughs,
so the water does not impinge against a concrete wall. -

ge_neral The £ilter structure should be designed as an unit, ‘with .due oconeider:
; tion to.the interrelationship between the ‘quality of the raw ater,

'the range in temperature of the raw water, the selected rate of filtration,

the depth and size of sand, the rate of flow of wash water to secure 50% of
sand expansgion, and the height of the wash water troughs above the sand,

" These factors are discussed separately below. . Their integration is i1llugtrated

by the basis of design of the small plant described in the Appendix, In
sunnnary, the loglcal procedure is as follows: L

1‘) i.Select the rate of filtration in the light of quality of Tew .
" water, a:rticipated effectivenees of operation, etc. s a8 deecﬂ.bed
.previously. : | ’

2) Select the depth and dze of sand nost effective with the design
- rate of filtration. , _ p
3) Determine from F:.gure 2 the required rate of flow of washx water,
. hased upon the maximum water temperature and the effective size
- of the sand, to give eand expansion of 50%.

L) Design the wash water troughs so that their lower surface is

slightly above the expanded sand during filter washing, with

-~ a width and depth sufficient to provide the needed capacity.
The upper edge of the troughs should not have an elevation
above the sand much greater than the distance the wash water =
rises in one minute, To prevent this distance being exceeded,
select a wlder but more shallow trough, with its lower surface

o ;just above the expanded sand level,



_Rate of Rise .of Wash Water - Inches per Min

_— -

. at 16.5-18°C.
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Deep filters basins ,aré fecqmnended g0 as to insure 'long filter
mns, without serious negative heads developing,

ﬂcmograma Figure 3 and Figure 4 are convenient in coordinating
filter dimensions with designed rates of flow.

Filter Sand Filter sand should be selected with care, with due regard to

“the anticipated effectiveness of pre-treatment, the rate of
f:l.ltration and depth of sand. When conditions warrant the selection of a
unit rate of filtration of 2.0 g.pe.m. per sq. ft., the sand may have an
effective size in the range of 0 Eo to 0,50 mm, to secure reliable filtration

. with reasonable filter runs. If higher rates of filtration are deemed

feasible and effective pre-treatment ig assured, the sand should be coarser,
having an effective size between 0,50 and 0,70 mm,, so as to ensure reason=
able filter runs, A factor of safety is provided by a sand depth of 30
inches, The minimum depth of sand should not be less than 24 inches, The
sand should be as uniform as feasible, the uniformity coefficiemt being no
greater than"l.8.

o The filter sand preferably should be supported by a 3-inch layer
of torpedo sand having an effective size between 0,80 and 2,0 Ikle 5 placed

over the gra'vel°

Gra.vel ‘Gravel preferably should be rounded material and not crushed store,
..... The depth and grading of gravel should be selected in accordance . .
with the type of filter bottom and strainer system used. The depth shouid . .
be.between 15 and 2l inches, except with filter bottoms or special straiuers - .
serving the function of the lowest layer of coarse gravel, when the depth can -
be reduced, No gravel is needed with filters equipped with porous filter
plates which directly support the sand,

The following range in gizes and depths of gravel are suggesteu :I:‘or
considerations '

 Range in size | Range in dgrbh
2-1/2 to 1-1/2 inches | _ Sto8 inches .
1-1/2 to " : 3t05 M il
. 3/h tol/2 o 3to5 ®
2t03/16 2to3 »
'3/16 to 3/32 " 2to3 ®
i . Total depth 15 to 24 iﬁchsa

Filter,_Bottans and Underdrains - Filter bottams and strainer qystema should be
S designed so that most of the loss-of-head
occura in the straineru or openings and not in the manifold and laterals, so
a8 to ensure an even flow of wash water and rate of filtration throughout the
filter area. The ratio of the total area of the openings to the filter area
geferably should be about 0,003 to 1.0, except with special bottoms., For
stance, a filter with an area of 100 sq. ft. would be provided with under-
drain opemings having a total area of 0,3 sq. fto The total cross-sectional

'PREVIOUS PAGE BLANK
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area of the iaterals should be about twice the total area of the strainer or
the lateral openings; and the cross-sectional area of the manifold prefer-
ably should be 1-1/2 to 2 times the total of that of the laterals.

The well.established, perforated pipe underdrains also are accept.
able. These may be of brass, cast iron or cement asbestos, the latter, with
‘brass nozzles to prevent erosion of the openings, being very satisfactory.

False bottoms of concrete with porcelain or metal strainers spaced -
about 8 inches apart, simplify the distribution of wash water to the lower
end of each strainer. An alternate is to make the false bottom of square
sections of porous carborundum, fastened to stainless steel or concrete
supports. : '

Caution should be exercised in the use of porous plate filter
bottoms when coagulation may be faulty or with iron.bearing waters, or with
lime.soda softening, because of the likelihood of clogging the pores of the
plates.

The underdrain systems of filters equipped with "air wash" consist
of pipe laterals fitted with special strainers, with their lower end extend-
ing into the lateral and with a small opening in the strainer just inside -the
top of the lateral. This permits compressed air to be forced into each
strainer in controlled amounts, when the lower end of the strainer is sub.‘
merged in water, and also permits the larger volume of wash water to enter
the lower end of the strainer, when agitation with air is followed by the
"water wash", : '

Filter Washing Facilities - The earliest procedures for washing rapid sand

- filters consisted of one of two methods. Firstly,
mechanically revolving rakes were used in circular filters to agitate the sand
while wash water was forced upward through the filter to separate the floc and
sediment from the sand grains. Secondly, compressed air was used to secure
agitation. The second procedure still is used with Candy filtering equipment
of England, but high velocity water wash alone now is used in the U.S.

Air . Water Wash System - The patented Candy system is manufactured to provide

, the desired capacity, and included the integrated units
of special underdrain system with nozzles, special facilities for collecting
wash water, air compressor, etc. Inasmuch as thorough agitation is secured by
the use of compressed air, the amount of wash water supplied is only 5 gpm per
sq. ft. of filter area.

Unfortunately the old practice of using wash water rates of 12 gpm/
sq/ft., or 24 inches per minute rise, continues to be used. This rate, how-
ever, was established when fine filter sand was used and in areas where cool
to cold waters prevailed and before experience disclosed the basic importance
of effective washing. Difficulties with mud balls, clogged areas, sand
shrinkage and cracking resulted in the greater attention now being given to
the maintenance of filter sand in a clean condition., This disclosed the
importance of water temperature and resulted in the use of "sand expansion"
as a measure of the amount of wash water needed, thus compensating for the
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influence of the lower viscosity of warm water, Current practice is to
base the hydraulics of wash water tank and piping on 50% sand expaneion,
go that a factor of safety would be available. Also the trend is ‘towards
the use of coarser sand. As the result, still higher wash water rates are
being designed for, with a control valve to pemmit the operator to select
the rate best suited for conditions from day to day, : ,

Figure 2 shows the relationship between 50% expansion, sand size -
and required rate of rise of wash water, .The appendix shows an alternate
procedure for computing the reguired rate of flow of wash water, as applied -

0 a small plant in Brazil, Bbth of these procedures give values higher
than past practice. . For instance, with an expansion of 30% and a sand with
an effective size of Q.41 ‘mm, the required wash water rise is shown to be =
about 30 in./min. The rate for 50% expansion and sand 0,5 mm.; effective
size is about 47 in,/min,, all of these values being needed with water .~
temperatures of about 20° C, In sumary, modern practice in the U, 8, is’ _
to design wash water systems to produce rates up to 36 in./min, (Allowances
for warm water temperatures in the tropics justifies the use of '‘maximum -~
rates up to 48 in./min,) to

S A wash-water pump, or a wash-water tank together with a small ~

. pump capable of filling the tank in less than eight hours, should be provided,
with a capaclty sufficient for washing one filter for at least 10 minutes at
the designed rate of flow of wash water, Larger pumps are needed when more -
than two filters units are used; so that they may be washed in sequence

. without undue delay. The bottom of the tank should be at a sufficient . - .

. distance above the "top of the wash water troughs to provide the head needed &

- to produce the maximum rate of flow of wash water used in the deaign. (See

" Appendix) A wash water flow regulator; or manually controlled bLutterfly

valve should be installed on the main wash water pipe,. so the individual

. wmgh water valves on the filter units can be opened wide each time a filter

is washed, Only filtered water should be used to wash filters,

) . 'Econcmy may nécessitate the securing of wash water from the force
main leaving a plant, rather than from a wash water tank or special pump

‘taking suotion from the filtered water reservoir. This practice is satis- :- “

* factory when the capacity of the main and elevated stprage tank or reservoisr .
used for distribution system storage is adequate to supply the required =
.vo:.;me of wash water without unduly reducing the pressure in the distribution

Waeh Water Troughs - Wash water troughs should be spaced a0 each serves the
same unit of filter area, The maximum horizontal - _
travel of wash water preferably should not be over 3 feet, that is the edge
of a trough next to a wall should be spaced 3 feet from the wall and adjacent
troughs should be 6 feet apart in the clear. The bottom of the troughs
~should be above the elevation of the expanded sand during the wash processs
Inasmuch ‘as sand depth of 30 inches is becoming standard, the lower surface
- of the trough should be not less than 17 inches above the sand surface to
. permit 50% sand expansion without loss of sand, Lo

- The width and depth of a trough is determined by the required
. capacity to carry off the wash water throughout its length, with the maximum

o .
\
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head of water inside the trough being less than its total depth, so as to

~ insure free fall of water into the whole length of the trough. 'l'he rate

of flow of wash water is detem:l.ned, ag noted above, o

Economy may be obtained with large filter unita, having long
tronghs, by sloping the invert of the trough toward the main gullet. Level

inverts, however, are generally used with the average filter, Under these
circumstances, the width of the trough would be selected as a reaeonable

value, and the depth of the trough would be computed by the follor.ln;

fomula: _ A A _
Depth of trough = 2/3—2-;-53-;;,— s Where

Q - cfs of wash water entering each trough, determined
from the wash water rising throughcut the area
tributary to each trough.

ﬁ_'- assumed width of trough.

For le, assume a trough width of 1.25 feet for a trough 1 f£%.
long in a filter 1h.5 x 1) ft. in size. Then two troughs 6 £t. apart and"
3 ft. from each well would suffice, Assume a wash water rate of 15 gpm/sq. ft.
Then each trough would receive 16 gpmn.x 7.25 x 1 = 167h &m = 1621; &ps = B

R Depth of t.rough = 2/3 (WMSZ ) = 2/3 (1.45) = 1,28 o
I "'_'A. ‘ ] i 103 ft.
The height of the upper edge of the trough should be the trough
depth, 1.3 ft., plus the thickness of the concrete of the trough, 0.2 fi.,
plus 1.3 ft. for sand expansion, Dlllb 0e 2 ., factor of safety, ar a tom
of 3 0 fto .

An independent approach to thia problem is to use the anpiricll
value for the height of the troagh edge above the sand as equal to the
distance the water rises in one mirmte. At 20.0 gpmm/sq. ft., this is 2.7 L.,
a good check of the computed value;, This height of the wash water trough of
3.0 ft. owill provide freeboard for washing with water of lower tempetrature
than 18~ C; or will pemit washing at rates greater than 20 gm/sq: ft.
with wam weters, -

Rate controners - The rate of f£iitration must be controlled automatically

#b that it will be uniform in spite of the gradual increase
in the loss of head &8 tHe sand becomes more and more impervious during the
filtering cycle, This is most conveniently accomplished by adjustable rate
controllers, which incorporate their own metering device and which maintain-
the selected rate independent of the depth of water on the gand and the
prevailing loss-of-head. These usually are fitted with rate indicators and
even recorders. Such complete units, however, are expensive, and are difficult
to repair, Therefore, their use usuaily is restricted to larger plants where
budget and staff are adequate for proper maintenance and operation, :
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Float-operated butterfly valves provide a satisfactory sube
stitute, because of their simplicity and relatively low cost. These .
valves compensate for the varying loss-of-head during the filtering cycle,
but they do not maintain a constant rate of filtration unless the rate of .
TIow of water to' the filter is controlled, Therefore, a float-controlled
tutterfly valve, with the float in a Parshall flume must be used on the raw
water piping, unless reasonable constant capacity raw water punps are to be
used, or where pump capacity is measured by the flume and is subject {0 mamual
control by a butterfly valve., Furthermore the equal.distribution of settled
water to each filter, irrespective of the elevation of the water surface in
each filter, must be provided by using weirs on the filter influemtpiping,

Appendix to this Bulletin gives an example of a design using
butterfly valves with adjustable floats.

1,0ss=0f-Head Indicators = loss-of-head indicators are needed to indicate
............ . the condition of the filter sand and when a filter
mist be washed. They are a part of elaborate rate controllers and rate of
flow indicators used in larger plant. A simple gauge for small plants consists
" of two glass tubes on each side of a calibrated scale, with one tube con-
nected to the effluent pipe between the filter and rate-controller, and the
other comnected to the filter structure above the sand., The ralative eleva=
tion of the water surfaces in these tubes indicates the prevalling hydraulic
gradient, or loss-of=-head through the filter, ’ g '

: The operation of filters is facilitated by the use of hydraulically
operated valves. These, however, are expensive and require a separate high
pressure water system, Therefore, mamually operated slulce gates and plug
valves generally are preferable for plants where large-size valves are not
needed. Quick opening plug valves are available for wash water drains from
8 to 12 :l.nches in size,

Filter-to-waste valves and piping are not needed, as any water so
wasted comes from the pores in the gravel and sand, and hence represents -
previously filtered water and not the water first passing through the upper
porh:!.on of the sand when the filter is placed in operation afjer washing,

In general filtered water and wash water piping should be designed
to provide a velocity of flow not greater than 3 to 6 and 8 to 12 fps

respoectively,

The pipe gallery should be ventilated so as to reduce humidity, and -
_adequate i)lumination should be provided for maintenance and repairs, Valk- i
ways over piping are needed when filters are located on both gides of a

- gellerys - - ’ .-
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CHAPTER VIII. CHLORINATION

Obgectives - Public water supplies should be disinfected to remove bacterial
pollution found present in otherwiss satisfactory ground waters
or as an adjunct to the filtration or other treatment of surface waters.
Chlorination is ths established, practical and economical process for the
disinfection of public water supplies, and thus is the only process considered
herewith, Chlorination should not be considered as a substitute for good de-
#ign, sound construction or proper cperation of ground water supplies, inasmuch
as thé quality of water from properly congtructed, located and maintained wells
is more certain and reliable %han that of a polluted raw water supply after
chlorination,

The limitations of treatment by ehlorination alone should be con- |
sidered, so that undue relian:e will wmot be placed in the disinfecting process
when other types of trsatment aliso zre yeguired, Generally speaking, tredtmant
by chlorination without filtration, is effective and adequate under the follow.
ing conditionss

a. the degree of bactasriclogical peliuiion is moderate and reasonably
uniform, and the bacteria being destroyed are not shielded from
the chlorine by being bedded in suspended solidsg }

b. the turbidity and color of the water do not exceed 5 to 10 units;.

co the iron and/or menganese content of the water doss not exceed
0.3 ppms , 5

d. the chlorine dsmand of the water does not fluctuvate so rapidly
as to preveat preper adjusiment of the chlorine doses

e, taste and odor producing substanczs are absent or do not interfere
with the selection of adequate chicrine deses through the production
of chlorine tastes; and

f. there is a contact peried of at least 15 mimutes between the point
- of chlorinsticoh and the hﬁlse‘ﬁuhﬂectlon of the consumer first .
supplied with water. More affesctive results can be sscured with
doses of chicrine sufficient {~ rxidize organic matter, ammonia,
etc., and produce "free residual chiorine,” mather than chloramines

or "combined residwal chlicrine®,

Consumers in many countries demzrd clear attractive water of safe
sanitary ‘quality. The above conditions, therefore, pertain to factors affect-
ing treatment by chlorination alone, .

Chlorine is an active oxldizing agent and thus should be appraiced
as:an adjunct to ircr and manganese removal. I+ also 1s a bleach and thus
aids in color removal, The cost of chlorination for these purposes, however,
should be considered in the light of the chicrine demand of the spscific -
water supply9 before being adopted. Pre.chlosination before fiitration is
not always economically ferasible, becauss of the higher chlorine demand of
many raw waters, as comparad to filleved waters, especially where the cost of
chlorine is high., There are :nstances, however, where sewags.polluted
streams must be used ae scurces of water supply and where ireatment by pre.
-chlorination, coagnlation, sedimentation, filtration and pest.chlorination
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will p&oduca a water or‘axtrtctiva characteristics and of safe sanitary
quality. Even this elaborate treatment procedure has limitations, which
should be compensated for by stream pollution contrsl, storage and presedi-
mentation, or by special taste and odor control procedures, which may not
be considered feasible, because of the cost of chlorine in high oxidation
dases, or other chemicals which must be imported. . .

‘ ‘The needed degree of treatment basically is related to ths degree..
of bacteriological pollution, that is the most probable number (M.P.N.) of
coliform organisms per 100 ml. in a series of representative samples collected
over a period sufficiently long to show the range in fluctuations of quality.
The U.S,P.H.S. after prolonged research has concluded that treatment by coagu-
lation, sedimentation, filtration and post-chlorination is adequate when the
monthly average M.P.N. walue is 5,000 per 100 ml, or less, with this value be-

ing exceeded in less than 20f of the samples, Pre-chlorination alge.should be s

practiced when the monthly average M.P.N. is 5,000 per 100 ml. or Yéss and -
when the M.P.N. exceeds 5,000 per 100 ml, in more than 20% of the samples, but
does not exceed 20,000 per 100 ml, in more than 5% of the samples. Any higher
degree of pollution of raw waters is undesirable, but if local conditions
warrant and an effective operation and laboratory control is assured, then more
effective pre-chlorination should be provided by using doses of chlorine suffi.
olent to profuce free residual chlorine over the long period. required for ‘the
water to pass through Tlocculation and sedimentation basins and the filters,
with at least 0.2 ppm free residual in the filter effluent prior to post-
chlorination, The post.chlorine dose then becomes a factor of aarety. sufficient
to increase the residual to say 0.4 ppm.

Chloramination, or chlorine.ammonia treatment, has become obsolete
.-beosndg the stabllity of residnal chlorine secured through the reaction between
" ¢hloring and ammorila has been found to be at the expense of rapidity and
effectiveness of disinfection., Furthermore the cost of ammonia exceeds the
cost of any needed increase in chlorine dose to secure free residual chlorine,

ghlorine Chamicals - Liquefied gaseous chlorine, sodium hypochlorite, caleium

'  hypochlorite and chloride of lime are all acceptable for
tha treatment of water., The availability, shipping charges, costs, ease of
handling and application should be considered in the selection of the chlori-
nating agent to be used for a specific supply., Ordinarily the use of liquefied
gaseous chlorine is justified only for the large supplies served by established
and econqmical shipping facilities, because of the cost and complexity of gas
chlorinators, * The stability during storage, the greater solubility and the
Kigher chlorine content of high test calcium hypochlorite makes it preferable
to chloride of lime, It is sold under several trade names of “H,T.H.",
"Perchloron®, "Pittchlor®, etc.

: The properties of liquefied chlorine gas, and of ohlorine com.
pounds are shown in Table II.

Storage - Storage facilities should be provided for an adequate supply of

' chlorine or chlorine compounds in the light of ayulllability of
supply and shipping facilities. Cylinders of liquid chloriﬁu preferably
should be placed in a separate room with an outside entrance, the door being
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fitted with a ventilating opening at the floor level; so that any leak:age of
gas, which is heavier than air, will be to the exterior, An exhaust fan
provides an additional safety factor at large installations, Facilities
ghould be provided to connect two or more 150 pound cylinders of chlorine to
the chlorinator, so that not more than 35 pounds of chlorine will be with-
drawn from one cylinder in 2 hours, which is the limit in the rate of evapora-
tion of liquefied chlorine, from small cylinders.

The storage space for drums of dry chloride of lime or calcium
hypochlorite, or large bottles or plastic drums of sodium hypochlorite should
be as dry and as cool as is available, The storage space for bottles of
godium hypochlorite should be enclosed to exclude light and thus decrease the
rate of loss of chlorine, Scales should be provided for weighing chloride
of lime or calcium hypochlorite or on which to place cylinders of ‘liquid
chlorine.

Sodium and ca’lcium hypochlorite solutions are very corrosive,
Sodium hypochlorite is best applied asg rescived, with a strength of about
15¢ chlorine, If 15% sclution must be diluted to permit the accurate
chlorination of small supplies, such dilution should be made from day to
day as needed, because the more alkaline solution as purchased is much more
stable than it is after dilution, and hence should be stored undiluted,

Chloride. of lime contains an excess of insoluble lime, which
does not dissolve, Therefore, solution tanks should have an ample drain
and gludge storage space, and the outlet hose leading to the chlorinator
should be elevated about 6 inches above the bottom of the solution tank, seo
that the settled sludge does not enter the outlet hose,

: . Concrete solution tanks should be coated on the inside with
bitumastic enamel,

Chlorinators = Chlorinators should be in dupiicate and spare parts shouw.d be
available to facilitate repairs.:

Chlorinators for feeding liquefied; gaseous chlorine should be
located as mentioned above for chlorine cylinders,

Dry-feed, .gas chlorinators should be used only when water under
pressure is not available, or when power is not available to operate a
small pump, or when local conditions are not favorable tc the operation of
hydraulic pumps, otherwise needed with solutici-feed chlorinators, Solution-
feed, gas chlorinators should be supplied with water under a pressure of at
least-three times the pressure of the water supply at the point of treatment;
and at the volume required to operate the injector of the specific chlorinator
selected, Chlorine preferably'shouid be introduced into the suction pipes of
pumps when feasible,

Any small pumps required for the operation of chlorine injectors
of solution-feed chlorinators against pressure should be driven by the main
engines or by electric motors connected to a reliable source of current,
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‘ In general the convenience and economy of using liquefied, . .
gaseous chlorine is counterbalanced by cost and complexity of gas chlorinators.
Assuming a useful life of 10 years for a chlorinator, the difference in cost
of a gas~feeding unit versus a hypochlorinator, may be compared with the
difference in cost of calcium hypochlorite versus liquid chlorine, to deter-
mine at what point it 1s more economical to use the more costly gas feeding
unit,

Hypochlorinators may consist ofs small motor-driven, diaphragm
pumps; meter-paced, water operated pumps providing automatic compensation of
dose with rate of flow; constant level, calibrated orifice feeders; or
variable head, orifice feeders; each with capacities between a fraction of
a gill per minute to many gallons per day.

Hypochlorinators driven by electric motors and subject to manual
control should have their motors wired to the main switchboard so the units
will be started and stopped in coordination with the main pumps. Motor=-
driven hypochlorinators preferably should not be used when electric power is
unreliable, or when a gravity supply is being treated; so as to avoid
interruption in treatment of the water which will continue to flow to the
distribution system, even when electric power fails, Water operated units, .
either manually or meter controlled, are available for pressure ranges of
10 to 125 pounds,

A home-made unit, capable of close control and low rate of
feed, consists of a 10 gallon bottle, together with the followings The stop-~
per of the bottle is replaced by a rubber stopper of the same size perforated
with two holes, A glass tube is passed through one of the holes of the
stopper torwithins inches of the bottom of the bottle; this-tmbe being
fitted at its upper end with a short length of rubber tubing with a laboraw
tory screw-type, pinch clamp, A second glass tube is passed through the
stopper and extends to the bottom of the bottle, Its upper end is bent in
two 90° bends, and a rubber tube is attached, extending outside the bottle
to a point a few inches below the bottom of the bottle,

The principle of operation is as follows:

The pinch clamp on the tube at the top of the straight glass
tube controls the entrance of the air into the bottle, The elevation of the
lower end of this same glass tube controls the net head operating the siphon
formed by the second glass tube and attached rubber tubing, The rate of flow
may be controlled, therefore, by adjusting the net head and also by controle
ling the rate of admission of air. This latter is the procedure followed,
because it is less convenient t0 raise and lower the elevation of the tube,
The unit is calibrated to establish the head required to give the maximum rate
‘of flow of golution needed for any given supply, and thereafter the entrance
of air is adjusted as necessary.

A large-capacity, home-made unit, for preparing and also feeding ~
hypochlorite solution is shown by Figure 5. The concrete tank may be given
any desired capacity, or a wooden barrel may be used, For instance, a tank
with an effective size of 4L x I} x 4 ft., filled with LOO gallons of water in

BEST AVAILAZLE COFrY



-4y .

-
|
gty i’ -4 os = o e o)1 |
Flush
Drain |
f -
Watkr Supply  PI AN SECT/OM.

1:‘—3 ) : ' }Je

Bird Robber lobe
and Plastie Tube
with Coppar Wire

3 . Mox.

o Phestic Tobe
by Cos? in Way

|%“/' Shror Of

o VoAre
Frosp Dramy : i

LELEVATION SECT/ON

ENMERCENCY EQUIPMENT FOR
FEEDING HYPOCHLORITE SOLUTION

Thick Wod So
Aubber 7;161};5

FlauRe 5.



- 49 .

which 57.2 pounds of 70% strength calcium hypochlorite is dissolved would
give 4O pounds of chlorine in the form of a 1% solution, This solution
would chlorinate L million gallons of water with a dose of 1,0 ppm; or
would provide a reserve capacity for a maximum dose of 3.0 ppm for 1033 mil=
lion gallons of water,

. The inner surface of the concrete tank should be coated with
bitumastic enamel.or plas:ic. The drain should be hard rubber or plastic
tubing with rubber stopco:k. Tubing supported by the float should be plastic,
or hard rubber, although copper or brass pipe will give reasonable life. The
flexible tubing leading to the outlet pipe should be plastic or rubber hose.
The float may be enamel ccated wood,

An orifice is drilled in the side of the upright tube, whlrh must
be open at its uppexr end. An orifice about 1/2% below the surface of the
solution and 1/8" in diameter will have a capacity of 48 gallons per day. A
head of 4-1/8 inches would give a flow of slightly less than LOO gallons per
day. The actual flow may be calibrated by timing the period required to
£ill a liquid measure held above the funnel, The flow would be adjusted by
changing the weight on the float or by adjusting the positicn of the float9
thus altering the head on the orifice as desiread,

The solutiorn hosc Ifrom the funnel zannot be conmnected directly
to the suction pipe of a jump, unless a water-seal tank is used to prevent
the entrance of air, '

Point of Appllcatlon - Tk« point of application of chlorine should be selected

tc give the maximum possible contact period for the
chlorine before the treated water reaches the first consumer, The minimum
pericd preferably should be 30 minutes and even Longes when the pH of the
water exceeds 7.6, or when the water is subject to sewage poliution., It is
best to provide baffles in filtered water tasing to prevent short c¢ircuiting
from inlet to ocutlet, and to apply chlorine at the inlet, and any lime used
for corrosion prevention %c be applied near the outlet, so that pH is not
increased before the chlorine has had coasiderable time to reuct at lower pH
values,

Summary - The effective and economical chlorinstion of a specific water .
supply requires the consideration ofs

a, the quality and chlorine demands of the water to be chlorlnatedg
and the range in required dose of chlorine;

b. the selection of one of the chlorine chemical available locally
or which may be transported and stcred economicallys;

ce the selection of a chlorinator suited to specific local ~onditions
such as hydraulic factors, and which is sold by a local fimrm
maintaining spare parts and service facilities;

d. the selectlon of a point of chlorination which provides effective
mixing of the chlorine in the water and the maximum available

period of contact; and
PREVIOUS PAGE BLANK
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e, the overall appraisal of the proposed facilities ir the light
-of the reliability of the operator and funds available for
operation,

Manually controlied chlorinators are considered to be satis-
factory for the treatment of pumped suppliesc or gravity supplies flowing at
rates which do not vary more than 20% from minimm to maximum values, When"
the flow varies over a range of more than 10% +, an automatic, proportional-
feed chlorinator should be usad, the meters or other control devices being
selected with due regard te the range in the fluctuations in flow and other
hydraulic factors. The range in flow may be greater than the range in
capacity of metering devices r a single chlorinator, namely 1 to 10, in
which case compound meters or their equivalent should be used to control one
or two chlorinators selected to have the required total range in capacity.
For instance, the maximum flo« during the day., plus the water used in
fighting fires, may be well over 1 times the minimum night flow,

The maximum capzcity of chlorinators should be selected with
due regard to the maximum amount of water to be treated and the anticipated
maximum chlorine demand of the water, as determined by the dose sufficient
to produce a concentration of residual chlorine of at least 0.5 p.p.m. after
at least 30 minutes contact period. Higher capacity will be needed when
"free residual chlorination® is to be practiced for more rapid disinfection
or for taste and odor control. A maximum capacity sufficient for a dose of
5.0 popom. is desirable., _
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CHAPTER IX. TRON AND MANGANESE REMOVAL PIANTS

This chapter deals with special iron and manganese removal
processes, and not with conventional filtration plants, which may serve to
remove these minerals when present in turbid or colored surface waters,
Ordinarily iron and manganese present a problem only with well waters, or
surface waters stored in deep reservoirs.

The objective should be to deliver water to the public suffi-
ciently free of iron and manganese to prevent the staining of laundry and
plumbing fixtures. The maximum permissible concentration depends upon the
chemical state of the minerals, that is upon whether the minerals remain in
solution as invisible, stable compounds, or whether they precipitate readily
upon oxidation in the distribution system or during the use of the water,
egpecially when alkaline soap is used in washing clothes. If these minerals
are in the easily oxidizable state, experience hag shown the maximum desire
able concentration in drinking waters to be 0,3 ppm. for either mineral
- alone or in combination. Somewhat higher concentrations of soluble iron
or manganese are acceptable,

The literature as to iron and manganese removal processes is
confusing, Therefore, a tabul:ition has been added to this chapter summariz-
ing the significant aspects of ten processes,

The basic problems of design are related to the characteriitics
of the specific water supply and the chemical composition of the iron ard
manganese compounds in the supply under study. Ferrous bicarbonate alone
usually may be precipitated upon aeration without lime treatment, when the
removal of carbon dioxide Ly aeration raises the pH to about 7.0 or more.
Ferrous bicarbonate also may be precipitated as ferrous carbonate. by:lime
treatment to produce a pH of 8,1, provided oxidation is prevented by exclude
ing air. This eliminates the need for aeration (See process’10). If, how-
ever, iron is combined with organic matter in soluble, stable compounds,
lime treatment, following aeration, may be needed to produce a pH of 8.5 or
more, unless catalytic action in contact beds, or chlorination results in
oxldation and precipitation at lower pH values,

' The removal of manganese is more complicated than iron removal, .
Oxidation resulting from catalytic action may require a pH of at least 8.5,
and pH of at least 10,0 with treatment by aeration, lime application, sedi-
mentation and filtration. However, manganese campounds may be changed to
manganous hydroxide, in the absence of air, when closed contact beds of the .
manganese ore, pyrolusite, are used, The soluble menganous hydroxide remain-'.
ing in the water then is oxidized to insoluble manganic hydroxide by aeration
through a ventilated contact bed or aerator, and the water is then filtered,

. If iron is present with a limited amount of manganese, it may
be feasible and economical to remove the iron but not the manganese, which
would remain as stable, soluble compounds in the effluent. Soluble manganese
may have no staining characteristics even in concentrations of 1.0 ppm. .

The water under study, therefore, shoﬁld be tested to determine
whether iron or manganese are present alone or whether both minerals are
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involved. Washing white cotton cloth in the water with laundry soap will
disclose the significance of these minerals, Tests should be made whether
aeration without lime treatment results in precipitation, or whether lime
treatment or contact:beds are needed to secure oxidation and precipitation,.
If the latter is the case, usually 2 small pilot plant is needed to establish
the best and most economical design for the plant under study, '

SUMMARY OF IRON AND MANGANESE REMOVAL PROCESSES

The physical and chemical changes and reactions occurring 'in iron
and manganese removal, therefore, are complex, The table at the end of this
chapter is intended to be illustrative. ‘

Engineering study should be directed to establishing whether
the pH, carbon dioxide and organic matter in the specific water stabilizing
the iron or manganese, that is whether water characteristics are such that
the oxidation and precipitation of these minerals cannot be secured by simple
aeration without pH adjustment or catalytic action., In general waters will
'be found to fall into five types, as follows:

1, Waters containing only iron, and with a pH of 7.0 or more
after aeration, which will oxidize upon aeration, without
further pH adjustment or catalytic action being required,

2. Waters containing iron and also a limited amount oflmanganese,
where oxidation requires catalytic action in contact beds or
chlorination or pH adjustment prior to filtration.

3. Waters containing iron bound with organic matter and where pH
adjustment to values of 8.5 to 9 0 is required to secure oxida -
tion and precipi!tntidn, or waters containing mangdnese which
may not oxidize ol pH values below 10 O.

i, Waters having a high hardness and where iron and/or manganese
removal results from lime-soda, or zeolite softening.

5. Waters containing manganese alone or with iron, and where the
catalytic action of pyrolusite ore is us=d in the absence of
air to change complex manganese ccmpounds to manganous hydroxide.
{See process No. 5), The manganous hydroxide is oxidized,
together with any iron which may be present, by aeration in a
secondary contact bed followed by filitration. No lime treatment
is needed for pH correction, provided the pH is 7.0 or higher,
Note should be made that preliminary aeration must be avoided,
otherwise manganous hydroxide will not be formed in the contact
bed, but a qolloidal form of manganese will be formed, which
precipitates very slowly, unless lime or chlorine are added, as
in processes No, L or No. 6.,

. Design Detalls -~ The wvarious units of iron and manganese removal plants are
interrelated and hence must be coordinated in the design.
.- Tha:respective structures needed for specific phases of iron-and manganese
procesges are -discussed below. - —_ _
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Aerators - Aerators are usually intended to remove carbon diaxide and taste
and odor producing substances, and to introduce oxygen, as dis-
cussed in Chapter IV, = Spray type asrators are most effective for these
purposes, but iron and manganese removal 1s facilitated when the water is
aerated while trickling down through beds of gravel; the coating on which
acts as primary contact beds for catalytic action, The gravel 1s placed on
i to 6 trays in layers about 12 inches deep, the trays being separated by
air spaces and perforated to distribute the falling water, Single beds L to
6 feet deep are satisfactory, provided ventilation is insured by perforation
in the retaining walls, Louver-like construction of retaining walls is
most satisfactory in providing ventilation and facilitating the cleansing of
the gravel bed with a hose stream. Rates of flow of 10 gpm/ sq. ft. are
satisfactory.

Contact Beds -~ The purpose of contact beds is to facilitate oxidation of iron or
manganese through the catalytic action of previously precipitated
oxides of these minerals on the gravel or ore, Superior results are claimed

for the manganese ore, pyrolusite, which is an oxide of manganese, Usually
preference is given to upward flow at rates up to 4.0 gpm/ sq. ft. Bed

depth should be 6 feet, or any greater depth (or lower unit rate of flow)

found necessary by pilot plant studies. Provisions must be made for the

rapid draining of the beds so as to wash excess oxides from the gravel or

ore, Provisions also should be made for the use of a hose stream for periodic
cleanging the gravel or ore,

' Contact beds of pyrolusite ore, for manganese removal without
lime treatment, (see process 5 in appendix of this Chazpter) must be in closed
structures to prevent the entrance of air. Upward flew, at rates established
by pilot plant tests, should be provided., A trial rate of 2,0 gpm/ 8q. Tt
with a bed depth of 6 feet is suggested, giving a comtact period of 9 minutes,
with usual void volume of Lj0%. The effluent from such beds should be aerated
in a downward flow, contact bed type of aerater comstructed to facilitate
passage of air, asg discussed above, Final filtration is needed as discussed
beloWo

Lime Treatment - Equipment for feeding lime for pH correction should be se-

. _ lected with due consideration to the factors discussed in
Chapter VI, The capacity of the lime feeder should bs at least 50% greater
than dose of lime found to be needed toraise the pH of the water to the point
where laboratory studies with the specific water show the iren and or manganese
to be oxidized and coagulated, :

Oxidation by Chlorination - Equipment for this purpose chovlé be selected with
due consideration of the factors discussed in
Chapter VIII., Consideration should be given, befcre adepting this process,

as to whether chloriney; in the absence of dissolved oxygen, is effective in
oxidizing iron or manganese in the specific water supply under -design, and
whether the cost of chlorination equipment and chlorine is less than the cost -
of aeration and double pumping otherwise required, This process is especially
adaptable to those instances where disinfection of a well supply also is
needed, or where oxidation of iron is secured thereby without lime treatment
for pH adjustment. Manganese is oxidized by ®"free" residual chlorine; but

the reaction rate is slow, unless the pH exceeds 8.5 t0 10.0.
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Sedimentation Basins - The engineering design should establish the need for
sedimentation following aeration, catalytic action

in contact beds, or chemical treatment prior to filtration. More economical
filtration usually is secured with sedimentation, when lime trsatment is
nesded, or when the iron content of the raw water exceeds about 2.0 ppm,
Refer to Chapter VII for features of design or sedimentation basins, Sedi.
mentation periods should be established for a specific water, but usually may
be from 1 to 2 hours for iron removal, '

, A plant designed to remove iron in the absence ofﬁbzzgen;xin
accordance with process 10 of the tabulation in this chapter, requires

floceulation, sedimentation and filtration under pressure to avoid exposing
a well water to the atmosphere. Consideration shou e given to the use
of a cylindrical flocculation tank of a size providing about 5 minutes
detention and with inlet and outlet so located as to produce spiral flow to.
provide agitation. Sedimentation under pressure may be secured in a larger
cylindrical tank providing a minimum detention period of 1 hour,

' Filters - Filters used to remove the iron or manganese remaining in the

effluents of aerators, contact beds or sedimentation basins should
be designed as discussed in Chapter VIII., Rates of filtration of 4.0 gpm/sq.

-ft. or less are satisfactory. The filter sand should have an effective size

of 0.7 to 1,0 mm, that'lis coarser than with filters intended for.bacterial '.»

-_removal, Open; ‘gravity filters, and also pressure units may:be used; as:the:
“requirements are not as rigid as with conventional filters used for bacterial

removal.

Filters may serve adequately as contact beds following aeration,
provided iron alone is involved. This should be estabiished for a specific
supply by pilot plant studies, because of the economy of eliminating a
separate contact bed.

Jon.Exchange Softeners for Iron ahd Manganese¢ Removal .. Conventional ion.

exchange softeners,
discussed in Chapter XI, should be considered for hard waters containing iron
and/or manganese, provided the raw well water is devoid of oxygen, inasmuch
as the ion.exchange process removes only soluble iron and manganese, together
with thedalcium and magnesium., This process should not be used when the
iron and manganese content exceeds 0.5 ppm for each 17.0 ppm of hardness, up
to. a maximum of 10,0 ppm. As aeration or pH adjustment is not needed the
cost of double-pumping is avoided.
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FROCENT OF IRON AMD MATGAMNSSE REINNVAY,

=~ =
Treatment Procesass |Oxidation| Charncter of Uater | Fquipment Required | pH Range | Chemioals Required Remarks
Required Recuired
1 Aeration Yes |Iron alone in aboermm| Aoration, settling |Over 7,0 | Hone Fanlly oporated, No
« Sedimentation of approcinble cone | bacin, sand fhlter: cheaical tontrol re-
Sand filtration contrations of quired,
orpanio matter
_ 2 jAeration, tontast) Yee Iron and mansnnace Contact nerator of |Over 7,0 None Double pumping re-
oxidation, sedi. loooely bound to or<| coke, gravel or for iron guired, FLaoily con=
montation, ocand rondo matter, but no| crushed pyrolunite,|romovale trolled,
filtration exceonive cnrbon di-|{ nettling bacin and {Over 10,0
oxide or orpanie nand filter for mansn-
acide contont . nene Yemo-
Vil
3.Aeration, contact Yes Iron and mangnneos Aoritor and filter [Over 7.0 None Double pumping re-
£iltration bourd to orranie bed of manpgannse for {ran . Jauired unlens alr com-
matter, tut no exw coated onnd, "DBirm,fremoval, -|preosor, or *cniffler
cecoive organio aoid| erushed pyrolunsites |Over 10,0 valve® is uoced to
content ore, or mangnnese |for mangn. force air into water,
zeolite nose remo- Linited air oupply
: val adequate, Easily cone
tralled
& Contact Yes, but |Iron and manganose | Filter bed of mane |Over 7,0 |{Filter bed reactiva¥{Singls pumping, ders..
filtration not by bound to organie ganese coated sande|for iron [ed or oxidiged at rion not required,
. ssration [matter, but no ex- | "Birm", crushed py-|removal |intervals with chloe
cenoive carbon dio- | rolucite ore, or |[Over 8.5 |rine or sodium per-
|xide or organic manganose geolite «|for manpga-inanganate .
acid content - nece remo-
. . .. val
§ Catalytic action, Yes - |Mnnganece in combi- | Closed pyrolucite |Over 7.0 [None Manganese changed
aeration, nation with organie | bed, aorator,second to mangancus hydre-
sedimentntion and matter open contuct bed, xide by cutalytic
filtration, sand filter - action in absoence of
edr, ond then
ogd.dixod -
— e A . mg:‘
6 Aeration, Yes .|Iron and manganese |Aerator and chlorinator Chlorine Required chlorine
‘cklorination, loosely bound to  “jor chlorinntor along] 7.0 to doce reduced by
sedirentation and orpanio matter sottling badn ond 8.0 previous aeration
sand f1ltration sand filter but chlorination
alone permits single
punping
7 Aerntion, lime Yoa Iron and manganese |Fffactive nerntor, 8.5 to
treatment, sedie in combination with |lime feedor mixing 10,0 Lime Pl contrel rejuired
mentation, oand orpganic mattor, and |banin, settling baniy
filtration {orpanic acids = sond filter
8 Aertion, congulat Yes Colored, turbid, surrConventional rapid 8.5 to Lime and ferrio Complete laboritory
ion and lime treat face vater contain- |onnd filtration 9.6 chloride or ferrio [control recuired =
ment, sedimentation ing iron and mupfa- [plant = milphate, or chloris
sand £iltration nese combined with . nated copperas, or
orpanic matter limo and copperas
9 Zeolite softening No Vell water dovoid of |Convontional sodium | Ovor 6,5k| Mono added continu= Only roluble feryous
“ . oxyren, ard contain-]zrolite unit, with .| ously, but bed is [and mingancus bicure
ing less than 0,5 ninpanoso veolite .« regonorated at in- [bonate can be rcnoved
Pepeme iron and mane|unit or equivalent torvals with sult |by bano oxchange, eo
. ganese for ench 17,0{f'or troatnent of by= oolution aoration or double
Pepeity hardnena panoed wator punping i not
2 removed rewuired
10 Iime troatment, No Soft wol), wiater Tome fooder, enclased 8,1 to Lime Procipitation of iroy
peinentntion, ’ devoid of oxyren mixing md noltling 8,5 in abuenco of oxypen,
sani fi{ltration contndning iron as |taidto and prosiure ' an forrous carbon:ute,
forroun bicarbonate |filter Absenca of oxypen
. minimizcs or prevente
corro:ton, Doulle
i papdng not roecuired,
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CHAPTER X. SOFTENING

Objectives = The demand of the public for soft water is infIuenced by the
individualts experience with waters familiar to them. Those

familiar with soft waters will object to a hardness ovar about 50,0 p.p.me,
whereas others will be pleased with waters with a hardriess of 100,0 popolle - .
Generally softening is economically Justified when the hardness exceeds
about 150,0 pop.m., but engineering studies of marny local factors, including
cost of chemicals, availablility of competent ¢perating personnel and funds, -
should be made to establish the need and practicability of softening any
given supplye

Industries needing waters of very low hardness should install their

. own softening equipment, because it would be uneconcmical t0 soften the whole
public water supply by the lime-soda process to the fullest theoretical
degree, and complete softeniug by the base exchange process also would be
expensive and in addition would produce a corrosive water. -

Geéneral - The details of the lime~soda and base exchange softening processes

should be considered for each specific design in the light of local
conditions., In general the softening of a surface supply usually justifies
the selection of the lime-soda process, so that clarification also can be
provided, whereas clear well waters usually can be softened more economically
by the base exchange process., The latter process also is more easily con-
trolled and operated by those lacking techwical training, Furthermore, the
design of base excharige units has become highly standardized and complete
units may be purchased.

LIME-SODA WATER SOFTENING PLANTS

Unless otherwise discussed in this chapter; the details of design of
such plants are similar to those of rapidesznd filtration plants, altered
8o as to more adequately meet the regquirements of the lime-soda softening
processes. Therefore, the following discuswion will be restricted to the
specific features or altered agpects of softering plants,

Softening Processes =~ The designer siould give cconsideration to the several

softening processes s as 40 select the best for the
softening of a specific waber under prevailing lcad conditicns and limita-
tions; and especially the availability of laboratory contreol of the proposed
plant. In general there arve three variatiors in the softerding process;, which
should be considered,

1. Excess lime treatment - An excess of iime (53 to 75 p.p.m.) is -
added to precipitate magnesium and caleium at pH 10, 60 Soda
ash then is added to convert the excess of 1ims to insoluble
calcium carbonate and soluble ceustic soda. The caustic soda,
that is caustic alkalinity; is wrdesirable, so the second
process is prefeied,
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20 §p11t lime treatment - A major portion of the raw water is
glven the excess lime treatment to precipitate magnesium at
PH 10,6 in a primary basin. - The remainder of the raw water
is added, the carbon dioxide and bicarbonate contemt of which
reacts with the excess of lime to precipitate the calcium at
=t pH of about 9.4 in a secondary basin,

3. Excess lime treatment with recarbonation - Excess of lime 1s
added to precipitate magnesium at pH 10.6 and the water is
flocculated and settled. Carbon dioxide gas then is added to
reduce the pH to 9.l; favorable to changing bicarbonate to the
insoluble calcium carbonate. Soda ash is added as needed to
precipitate the permanent hardnessy; present in the form of
calcium sulphate and chloride; during secondary flocculation
and gudimentap;.ono Carbon d].oxldq is added & aegond bana, bo .
reduce the pH to about 8,7 to stabilize the watér and reduce
incrusting the filter sand by changing the residusl carbonate
back to soluble bicarbonate.

Comment = The treatment is simplified whea magnesium hardness is
not present, 1The trend is to use the second process to avoid the cost and
complexity of recarbonation of process 3. More recently another trend is
to return a portion of the sludge to the raw water to provide the advantages
of Wsolid contact® flocculation, otherwise secured in ®solid contact basins™,

- If the quantity of returned sludge is such as to maintain a sludge slurry of
a.bout 3% on a dry weight basis, flocculation is greatly aidedad quickened.

Chamical Feeders = The large doses of lime and sods ash required for this

) _process uguelly justify the use of dry chemical feders.
(LJme dose of 300 Pep s 18 pomirdd 4o roduce hardness from 300 ho 100 pip, . )
The available supply and ccsis of hyd:ia e? Tiwe and quick Zime should ve '
considered. Lime-slaking equipment of %Iz continucus flew cype should be
provided if quick lime is selected for large piants. Three feeders should

be provided; one of which should be adapted to Ieeding either lime or soda
ash, 80 as Yo serve as a reserve unit, This spare nnit also will be available
for feeding alum, if coagulation is found to be desirable.

Chemical Storage and Handling Equipment - These facilities and equipment
snould be similar to those discussed
in Chap'oer VI, except that allowance must be mads for stov-i*\g,, handl:\.ng and
feeding larger quantities of chem.n.cals,

.Flocculation Basins - Prolonged agitation for per*iods of at least 20 to LO
minutes should be provided to insure the completion of
the softening reactions and flocculation before the water entersthe sedi-
mentation basin, Mechanical flocculation equipment uswally is justified with
the softening process, because of the critical importance of the flocculation -
and preclpitation and the large amount of solubhle materisl bsing precipitated.

Sedimentation Basins - Such basins should be designed with due consideration
~ to the factors discwssed in Chapter VII. The large
amount of sludge Justifies the consideration of the use of mechanical sludge
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removing equipment at large plants, which also permits the retwrn of a
portion of the sludge to the raw waters

Sludge Disposal = Inaamuch as about 2,0 p.p.its dry solids are produced for
each p.p.m, hardness removed, consideration should be given
to the disposal of sludge s0 as not to create a nuisance or seriously pollute
the receiving stream, The use of settling lagoons should be considered when
the receiving stream is small and only able to handle the supernatant water
flowing from such lagoons, A minimum depth for such lagoons of about L feet
is desirable, . - :

Stabilization - Unless "split treatment® is practiced, provisions should be

- made to stabilize the softened; settled water prior to
filtration to prevent disposition on the filter sand and in the distribution
gystem and to prevent tastes in the treated wmter due to the caustic reaction,
The hardness of the raw water, the magnesium content, and the dsgree of soften-
ing to be practiced should be considered in selecting the stabilization
process, In general, the use of sulphuric acid for this purpose is Justified
only in small plants, in which case a solution feeder for applying concentrated
acid should be provided. If the degree of stabilization needed is moderate,
because of the low caustic.alkalinity of the softened water (pH somewhat

above 9,4), polyphosphates, such as "Calgon® may be used Tfor_this purpose,

in which case a solution feeder for applying doses of anly 2,0 popom. is
edequate, o .

Carbon dioxide gas ordinarily is used for stabilization by re- }
carbonation, The gas may be secured in the liquefied state in steel cylinders
or may be generated by the burning of coke, coal, oil or gas in a special
furnace. (three pounds of CO» for each pound of coke burned). Provigions
mst be made for scrubbing the gas for cooling and to remove soot, tar and

- other impurities, A low pressure campressor of appropriate capacity

(05 popems CO2 required for each 1,9 p.p-m. calcium carbonete changed to
bicarbonate), a.pipdng svsten and headers leading to spray impingement devices,
pexfarated pipes or perous tubes of plates, shouvld be provided to distribute
the gas, ‘The devices, pipes, tubes or plates should ke submerged at leasat

8 feet in the effluent end of the sedimentation basin, formed by a perforated
stilling wally or in a flume or conduit providing fram 3¢to 10 minutes-
contact between the water and the gas prior to filitration, ‘

Solid-Contact Softening Basing « As noted in Chapter VII, these basins were
' develnped for the lime-soda softening process,
so that coagulation would be favored by the presemce of previously precipitated

-calcium carbonate, The floc so formed is heavy, thus vemiiting an upward

rate of flow in the clarification zone of 1 to 1.1/2 gallons per minute -

per sq. ft. of surface area at the slurry separation line {top of "slurry
blanket"), This in turn permits total detention time in such basins as shart
ag 1 hour, when conditions and operation are favorable. The relatively small
site so secured may compensate for the higher costs of such patented basins

and equipment,; as compared to conventional flocculation and sedimentation
bagins, The capacity of the plant, the character of the raw water, antici-
pated chemical doses and degree of softeming, and reliabilfty of operation
should be weighed before solid-contact basins are selected for any given supply.
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The engineering reports should include data supporting the selection of
such basins,
The size and shape of these patented basins should be based upon
the characteristics of the specific type selected, adapted to local cdondie
tions,

BASE-EXCHANGE SCFTENING PIANTS

. Geperal -~ Consideration should be given to the use of this type of softening
plant because it is especially suited to the softening of well
waters, more llkely to be hard than surface waters; and alsoc because it is
more easily operated and controlled than a lime-soda softening plant. The
raw water, however, should not have a turbidity over 5,0 popsM., nor an
iron and/or mangenese content over 1.5 popom., and this only where not more
than 0,5 pop.m, of the iron and/or manganese is in the oxidized state. If,
however, the iron is present as soluble ferrous bicarbonate it can be re=-
moved by the base-exchange process even when present in concemtrations as
high as 10.0 p.pem.; provided air is excluded from the walter prior to
goftening. (See Process 9 - Chapter IX)

Base=exchange so.t‘tening should not be praoticed when the effluent
will have a total sodium content in excess of 800.0 to 900,0 p.p.m.,
otherwise the zeolite will be adversely affected.

"Residual chlorine reacts unfavorably with some organic exchange
materials, so any required disinfection of the supply with .chlorine should
be appllied to the effluent of such softeners, Inorganic zeolite is damaged
when used to soften water containing less than 12,0 p.pom. silica expressed’
as silicon dioxide, and also when the carbon dioxide content-is very high,

-~ nor shouwld silical zeolites be used with waters having a pH In excess of

oh, which fortunately is above the pH of most natural waters.

Base=Exchange Materials - The selection of the base~exchange materials should
be based upon the consideration of local conditions
mclud:l.ng availlablility, costsy, hardness of raw waters, the relative quantity
required (size of bed); and 'bhe proposed length of operating cycle between
regenerations. Base-exchange materials are patented; so detailed information
must be secured from the selected manufacturer, so ag to determine the size
of unit from the grains of hardness removed per cubic foot of material,

and also the size of the brine storags fiom the pounds of salt vrequiraed
per 1,000,0 graing of hardness to be removed. The grains of hardness removed
"per cubic foot of material per cycle range from 2800,C0 to 5500,0 for
natural zeolites, from 9000,0 to 12,000.0 for synthelic, inorganic zeclites,
and are about 7000,0 for phenolic type, and about 30,000,0 for the non-

. phenolic type of organic materials., The pou.nd., of salts required per 1000.0
grains of hardness removed varies from 0,25 to 0,35 for organic materials to
0,50 for inorganic zeolites.

Softening Units = Either pressure, or open, gravity units are satisfactory,
Futhermore,; either upward or downward flow may be utilized,
but the latter ars more numerous as they permit higher rates of flow without
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disturbing the bed. The units should not be designed to erate at rates in
excess of 6,0 g.p.m. per sq. ft. Back-wash rates of 6 t gePsMs por 8q. ft.
are normal. The minimum depth of material in the unit shou:l.d be- 30 inches,

* The free-board should be about 50% of the depth of bed, tut it should be
selected with due regard to the specific gravity of the material and the
direction of flow, Graded gravel to a depth of at least 15 inches should
support the base-exchange material. Each unit should be fitted with a rate-
of-flow indicator.

By-pass - A by-pass of the softening units should be provided to permit the
blending of raw water with the water softened to zero hardness, =~ .

so as to secure the desired hardness of the mixed plant effluent. The by-pass
should be fitted with a metering device so the proportion of the hard water:
which is By-passedcan be controlled, Consideration should be given to the
removal of iron and/or manganese from the by-passed water if the concentration
of these minerals in the blended effluent exceeds the desirable limit of .
0.30 p.p.m. Reference is made to Chapter IX for a discussion of the factors
governing the design of equipment duitable for this purpose.

Salt Storage - Facilities should be provided for the storage of at least

" 1=1/2 truck-load or one car-load of salt in a basin to which .
water ‘i s added to fom a saturated solution., The water level should be
float-controlled to admit water when saturated brine is withdrawn. The use
of a brine ejector should be considered, so the saturated brine will be
diluted as used. The ejector should have & capacity equivalent to 6 to 8
g.p.ms per sq. ft. of bed area, A wash-water connection should be provided
for flushing salt from the unit after regeneration,

Corrosion Prgvention If the amount of hard water to be by-passed around the
"softener units does not produce a blended effluent
which is non-corroaive, provisions should be made to add sods ash or caustic
soda to the effluent for corrosion control, as these alkali Taise the pH as
nee;ied, but do not ineresse the hardness of the treated water. (See Chapter
XIT.

Waste Brine Disposal - As the caleium and magnesium chloride in the waste
brine solution are harmful to vegetation and flsh
life, the brine should be disposed of in a stream providing a dilution after
mixing sufficient to secure a final concentration of not more than 500.0
Pspsns chlorides in the stream, The waste brine should not be discharged
into a pond or lake near wells, otherwise seepage into the waterbearing
stratum may seriously increase the hardness and chloride content of the well
water, -

Controla Automatic controls for regenerating base-exchange .softeners are
a convenience, but are not advocated for plants where technical
supervision is lacking,. -

Operation - Facilities should be provided for determining the hardness by

the soap method of the raw, softened and blended waters. If
corrosion prevention treatment is needed, then facilities also should be
provided for determining the alkalinity and pH of samples,
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CHAPTER XI, FILUORIDATION

Objectives - The fluoridation of public water supply is designed to provide

" - the optimum concentration of fluorides in the water needed for -
the development of teeth most resistant to decay among the children served
by the supply, The optimum amount is 1.5 mg. per capita per day. Water
consumption in temperate climates is about 1,5 liters per capita per day, so
a concentration of 1.0 mg. per liter, or 1.0 p.pom., provides the optimum
amount, The consumption of portable water is related to the average,
maximm temperatures. The following range in doses is based upon this fact.,

Range in Annual Average of Fluoride ion
Daily Maximum Temperature dose - P.pPo.ms

50 to 54 F, 1.2

54 to 58 F. 1.1

58 to 64 F. _ 1.0

6h to 70 Fo 0n9

70 to 79 F, 008

79 to 90 F, 0.7

The dose of 0°8 PopoM. fluoride ion has been used in Latin
Americao

The fluoridation of a public water supply, as a dental health
measure; usually will be instigated by health officials; with the support of
* local.doctors, dentists and . the.public., It is then .the-.vespensibility of
the water ‘supply officials and the designing engineer to ‘est4bItsh suitable
and effective operation and control of the fluoridation process and to design
satisfactory equipment and facilities, which will insure the proper handling
of toxdic fluoride chemicals and their accurate application to the water
supply. This requires teamwork between the doctor, dentist and engineer in
establishing a program with proper supervision of suitable equipment,

Fluoride Chemicals = Commercial sodium fluorides, sodium silicofluoride,
fluosilicic acid and ammonium silicofluoride have been
used in the U, S, for this purpose, but hydrofluoric acid is so active and
corrosive that it has been used at oniy cme plant. Fluosilicic acid is a .
concehtrated liquid which must be shipped in glass containers, or rubber lined
drums, Ammonium silicofluoride is available only in limited quantities in
the USA.

Sodium silicofluoride should be appraised in comparison with sodium
fluoride in the 1light of its advantages: namely, cheaper cost, greater con=-
tent of fluorine, and its disadvantages; namely its dust producing fine
powder form and its mach lower solubilivy. The properties of the two
chemicals are indicated in the following tabulation.

PREVIOUS PAGE BLANK
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DATA AS TO SODIUM FLUORIDE AND SODIUM SILICOFLUORIDE

Name of fluoride compound - Sodium fluoride - Sodium silico-
fluoride regular

Formila ' = NAF = NApSiFg
Molecular Weight - 42 - 188.05

Form of fluoride compound ~ Fine powder or - Fine powder

, gramlar

' (20-40 mesh)

Purity, percent fluoride - 95,0 - - 99.0

compound

Percent fluoride ion in

commercial compound - 43,0 - 60,0

Pounds fluoride compound _ o

per cubic feet - 5% g - TR

Pounds fluoride compound .
- per mg/ppm fluoride ion - 19,3 - 1400

Percent soclubility fluoride ‘

compound at 32° F, - 40 = Oli3
Solubility fluoride at 60° F, - b0 : - 0,62

Percent pouhds per ga.li'on
fluoride compound for solu-

ticn at 60° F. = Ol 3t = 0,052
Gallons saturated solution

per mg/ppm of fluoride ion - 58.5mme - w 269,283

Pounds fluoride canpdtmd per '

gallon of 1% solution - 0,0832 - above saturation

. ' value
Gallons 1% solution or slurry
per mg/ppm fiuvoride ion ~ 234 - 167
pH of 1% solution - 6,5 ' -
' pH of saturated solution - 6,0 = 3,5

# Grades of sodium fluoride carrying weight from 38 to 95 pounds per cu, ft.
¢ Sodium silicofluoride is available in two grades, namely the regular

weighing 72 1bs./cu. ft. and the fluffy weighing 55 1bs./cu. ft.
st¢Based on saturated solution at 60° F.
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Fluosilicic acid may be purchased as a solution frequently contain-
ing 23 to 30% of the acid by weight. It is available as a by-product in
the manufacture of phosphate rock; Freon gas, etc.,, and when neutralized
becomes sodium silicofluoride., Its properties are as followss

DATA AS TOQ FLUOSILICIC ACID OF 205 STRENGTH
Formula H2SiFg
Molecular Weight = 1hl.1
Form = Solution
l;urity, percent of campound = 30%%*
Percent F ion in 308 solution = 23,7%
Specific gravity golution = 1,27 ‘
Weight of 1 gallon = 10,6 pounds
Pounds F ion in 1 gallon = 2,51 pounds
4,22 pounds of 30% solution = 1,00 pounds F iom
PH of 30% solution = 1,2

#Cammerclal Iluosillicic acid solution varies in strength
from 23 to 30¢ of the acid by weight, The above values
should be reduced proportionaliy wkﬁlen acid of less
strength than 30% are pruchased.

Fluosilicic acid is shipped in rubber lined steel drums or glass
bottles, The acid should be undiluted or it should be diluted with 20 parts
or more water to 1 part of acid, ctherwise a precipitate will form, There=-
fore it is best fed directly from the shipping container in a closed system
to prevent the release of fumes, and any dilution should be in covered tanks,
A hypochlorinator is well suited to the feeding of the a¢id,  Larger volumes
may be applied by corrosion~resistant, piston pump type of feedsrs.

Generally speaking the use of granular sodium fluoride is preferable
for small supplies;, as solution feeders %é?‘Ee_fised without the need for dust
control equipment, but the much more favorable ccst of sodium silicofluoride
Justifies its use when the required dose exceeds L4 0z, per hour, the reliable
minimum capacity of dry chemical feeders. Fluosilicic acid is suitable for
supplies of all sizes; and its use is largely a matter of availability and
cost,

Chemical Storage = Sodium fluoride and sodium silicofluoride should be stored
in unopened shipping containers, unléss they are trans-
ferred when received to a covered storage hopper or bin, Pneumatic conveyor
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equipment is advocated for large installations to eliminats the handling of

chemicals and the dust haszard,

These chemicals are not unduly hygroscopic,

but storage facilitlies should be designed so as to he reasonably dry to
prevent the formation of lumps,

The floor surface should be mmooth and impervious and should slope
to a drain to facilitate wet mopping of enmy spilled chemicals,

Fluosilicic acid is stored in the shipping conmtainers, or in rubber

lined steel tanks;

Scales should be provided and loss=of-weight recorders are desirable .

at lax_‘ge plants.

.Chemical Feeders = Chemical feeders for applying fluoride compounds should

flow of water being treated varies more than 10%.

be selected with the considerstion of the factors dig-
cussed in Chapter VI,

Proportionael feeders should be used when the rate of

The maxirum capacity of

the feeder should not be greater than 150% of the required dose, unless.:
provisgions are made to discourage the unauthorizad or unnecessary increase
in rate of feed of the chemical. Chemical fseders may be a.'l.tered i‘or this

purpose.

The maximum and minimum capacities cf chemical feeders vary with

the chemical being applied and with the characteristics of each unit,

tailed information is available from the manufacturers.

De-

Ganerally speaking presently available equipment providesithe
choices shown in the following table, although it is not goed practice to
select a feeder which will have to be operated at its minimum or maximmmm

capacity,

RANGE IN CAPACITY OF THE CHEMICAL FEEDERS

Type of Feedor

biaphragm .pumpe
(Hypochlorinators)

Diaphregm pumps

Diephragm pumps

30 litér hypochlori-
nator with veriable
head control -

30 liter hypochlori-
nator

Volumetricy, dry
feeders

Chamical and
Strenegth of Solution

Range im
Capacity

Sodium Fluoride
L. 0% ( saturated)

Sodiun silicofliuvoride
0,L% (saturated)

Fluosilicic azid
302 (23,7% F.)
Sodium fluoride

2,04

Fluosilici: acid
30% (23,7 F.)

Sodium Flucride

2.5 1o £00.0
ml/min,

2,5 to 500,0
T«'ﬂ../mino

2.5 to 500,0
ml/min,
2,0 to 20,0
ml /min,

2,0 to 20,0
ml/mix,

0,46 gr. to
3606 kg/Bﬁ.'Qa

Range in Volume
of Water treated
1.0 ppm F,

Dh30t086001min

ilute B0l, will treat
even less)

k.3 to 860 1/min

(Dilute sol. will treat

even less)

| 255,0 to 51000 1/min,.

34,0 to 340.0 1/min,

2044,0 to 2040,0 1/min

205.C to 1000.0 1/min

(Continued)
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RLNGE IN CAPACITY OF THE CHEMICAL FEETERS (cont,)
Range in Volume

Chemical and Range in of Water treated
Type of Feeder Strength of Solution Cspacity 1.0 ppm F,
Volumetric, dry Sodium silicofiuoride O.l6 gr. to 261,5 to 1000,0
feeders 3606 kg/min, 1/min,
Gravixﬁetric, dry Sodium Fluoride 75,0 gz to 33.0 to 1765
feeders* 36,6 kg/min, /min,

Gravimetric, dry Sodimm silicofluoride 75.0 gr. to h6.0 to 2465
feederes 36,6 kg/min, m3 /min,

*Grav'jmetric feeders are preferable for large supplies .

NOTE: * 1000 inl, = 1 liter = 0,211 Imperial Gallons = 0,26k U."S. Gallons

1 _kgo = 2,2 pounds

. The tolume of water used in preparing a solution of sodium fluo-
ride should be metered or otherwise measured, The pipe supplying dilution
water ‘should terminate above the flow 1ine of the tank, The discharge of
the solution pump or hypochlorinator; used as a solution feeder, should be
:fitted with a spring-loaded valve when it is connected to a suction pipe or
a ¢onduit’ which may be under negative pressure, so as to prevent siphonage
of the solution into the pipe,

Dry chemical feeders of either the volumetric or gravimetric type -
are acceptable, They should be completely enclosed, and precautions for dnst
prevention should be taken, as discussed below, The solution pot should be
sufficiently large to provide a detention period of at least 5 minutes when
sodium fluoride is to be appiied and preferably 15 minutes when sodium
silicofluoride is to be applied,

Provisions should be made to supply at least 12 gallohs of water
per pound of sodium fluoride, or at least 60 gallons of water per pound of
-sodium silicofluoride being dissolved in the sclution pot,

‘ . The water should be admitted to the solution pot in & manner so as’
to prevent back siphonage into the water supply, and provisions should be
made to prevent the content of the pot draining or being siphoned into the
water supply when the unit is shut down.

" Protective Equipment - Each operator should be provided with a pair of rubber

gloves and preferably with a dust mask for use while
handling dry fluordde chemicals, Facilities should be provided for washing
- the hands.and gloves., Chief emphasis, however, should be placed in facilities
for preventing the release of dust,
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Dust Control Facilities - Provisions should be mads for the diaposal of empty

bags, drums or barrels either by burning or some

ohher means which will minimize exposure to dust, A metal wheelbarrow or _
tray should be available for the temporary handiing of leaking or damaged bags,

The following procedures should be considered in the light of

specific local conditions and needs in the design of dust control facilities:

1,

2,

3

Lo

6.

Vacuum pneumatic equipment for drawing powdered material from
drums, barrels or cars into elevated covered hoppers, the exhaust
air being ﬁ.ltered,

A covered hopper, with exhaust fan and air filter having a capacity
to provide an air flow of at least 200 fest por minmute through the

. opening in the cover through which the chemical is dumped.

An enclosure forming a part of the feeder, into which a bag or
small drum of the chemical may be placed befors the comtainer is
inverted and emptied,

A hamemade adapter for 125 pounds drums, which will replace the
regular cover when the drum is to be emptied, and which will

connect tightly to a mating adapter on the top of the hopper; a

sliding .. gate being provided to open the adapter to the hopper
after a tight connection has been mude,

A small capacity dry feeder with a covered hopper, where only a

small amount of the chemical is transferrad at one timé from the

shipping container to tha hopper through the use of a hand scoop.
The use of granular sodium fluoride is preferred with this arrange-

‘A solution tank containing water into whish the chemical is dumped

to form the solntion. -

COntrols =~ The operater should be prov:Lded with a special field It for

routine use in determining the concentration of fluorides in the

" raw and treated waters.

BEST AVAILAELE COFPY
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CHAPTER XII, THE CONTROL OF THE CORROSIVENESS OF WATER

Objectives = The costly distribution systems of public water supplies and

plumbing systems on private property should be protected from
the action of corrosive waters. The use of cement-asbestos pipe, or cement
lined, cast iron pipes solves the problem for new systems, but does not
afford any protection to metallic plumbing systems, The development of
plastic pipe for plumbing system bas altered the situation when such pipe.
became more generally used.

The protection of existing metallic piping, therefore, requires the.
treatment of corrosive waters. The selection of the t reatment procedure
should be based upon the character of the water and the degree of corrosiveness,
the cost of chemicals and equipment; and the effectiveness of operation,
Compromise will be necessary when funds ars limited and when only partial
protection may be afforded by a procedure feasible under specific local -
conditions.

Asration - While aeration will remove carbon dicxlde down to a value about

" koS popomos it also adds dissplved oxygen and hence may increase
the corrosiveness of many waters, such as well waters of low carbon diaxide
content and initially devoid of oxygen, and surface water from large, deep
streams or reservoirs with a large content of organic matter. Therefore,
aeration alone should not be considered unless the alkalinity of the water
exceeds about 100,0 p.p.m.; or urless aeration is accompanied by contact

with limestone or calcite, as discussed below, Reference is made to Chapter
IIX for discussion of aerators, '

Treatment with Alkalli = The relative cost, availability and effectivemess of
treatment with lime, scda ash or sodium hydroxide,
together with the cost of equipment, should be appraised. Ordinarily, lime
-should be used for this purpose; because of its availability, lower cost and
greater effectiveness and because its calcium content facilitates the forma-
tion of.calcium carbonate protective film on the pipe surfaces. g

Soda ash or caustic soda should not be used for this purpose when
alkalinity of the water is less than 35,0 popolio (calcium content too low),

Reference: is made to Chapter V for a discussion of chemical feeders.
The capacity of the feeder should be at least 507 in excess of that required
to feed the dose of the selected alkali needed to raise the pH value and
alkalinity of the treated water to the valuss disclosed as necessary by the’
®marble test¥ for clacium carbonate equilibrium of the specific water,

conta.ct Beds =~ The exposure of water by contact with crushed limestone or

gramular calcite repeats on a plant scale the process under-
lying the ®"marble test ™. The limits of practical usefulness of this process
are: The zone between those raw waters with an alkalinity of zero together
with a carbon dioxide content Of 35,0 PopPol., &nd raw waters with an alkalinity
of 70,0 p.p.M. together with a carbon dioxide content of 7.5 Ra?omop based upon
complex physiocochemical factors, which govern the solubility of calcium
carbonate in water,
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Suspended solid and algae will coat the limestone and thus reduce
the rate of solution., Therefore these units are especially sulted to clear
well water supplies, and where technical supervision is not available.

The rate of solution of limestone or calcite is very slow when
equilibrium is approached; so contact beds would have to be uneconomically
large to provide sufficient time for full equilibrium to be reached.
Therefors, a compromise is to use a minimum period of 1 hour, with finely
erushed limestone that will pass a 1/3" screen, as a longer period is re-
quired for coarser material,

Inasmuch as the volume of voids in crushed limestone is about L0Z,
one hour of contact will be available when the rate of flow is about 1.0 g.poms
per cubic yard of stone, The contact beds msy be placed in baffled con-
crete basing with horizontal flow to eliminate the need for underdrains, or
they may be located below spray aerators when the initisl carbon dioxide
content is over the range given in the 1limits noted above for waters having
alkalinities between zero and 70,0 p.p.m., so that it must be removed in
- part: by aeration,

" Provision should be made for adding more stone st intervals as the
© bed dissolves.

Sumlementary Treatmen'b = The effluent of a contact bed may be treated with
_ lime if it is essentisl to secure the full degree

of protection, but 'in this case the required dose will be mduced proportionally
by prior contact with limestone,

-Controls of Aeration = Facilities should be provided for making the ®marble

' test® and the determinatior of the pH and alkalinity

of the water before and after aeration, application of alkali or exposure in
céontact beds.
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CHAPTER XIII. LABORATORY FACILITIES

Provislons should be made to provide at all filter plants facilities
for laboratory tests needed for control of the treatment processes, The minimum
requirements at very small plants, subject to technical supervision by some out-
side agency, would appear to be provisions for the following tests:

Turbidity

Color

Flocculation characteristics (Jar test)
Residual chlorine

In most cases, however, tests for pH and alkalinity should be included
with basic tests noted above, whereby the effectiveness of coagulation, sedi. :
mentation, filtration, chlorination and corrosion prevention may be determined.

Tests for iron and manganese are necessary when these minerals are
present in the raw water in sufficient concentrations to influence the treatment
processes.

Finally the test for fluorides is necessary when flouridation is
practiced.

Equipment for physical and chemical testing of water is costly and its
proper use requires technical training, Fortunately, however, the control test
listed above may be made, to the accuracy needed to control the operation of
smaller filtration plants, through the use of kits and chemical reagents, whith
are ready for use in accordance with special directions.

Reference is made to the "Taylor Water Analyzer" - made by W.A. Taylor
and Co., 7300 York Road, Baltimore 4, Maryland; and to the "Hellige Aqui Teéster",
made by Hellige, Inc., 877 Steward Ave09 Garden City, New York, as equipment
especially suited for this purpose.

The bacteriological examination of samples of water is made by health
authoritiés and by many in charge of public water supplies. The usual procedures
for this purpose are complex and require costly equipment. The Membrane Filter
Technique, however, is now available to.simplify and expedite bacteriological
testing of water; so such equipment should be made available when filtration plant
operators are in position to determine thereby the bacterlological quality of raw
and treated waters. Portable equipment for this purpose is made by the Milliporo
Filter Corporation, Bedford, Massachusetts.

Each filtration plant should be provided with the following facilities -
80 that the slmple equipment may be properly stored and used.

Small desk and chair

Work bench 6 ft. long, 3 ft. wide and 3 ft. high
with a top of wood painted with black, acid-
resigtant paint, and with enclosed storage
cabinets underneath

Bookcase or cabinet for chemicals

Sink with water faucet

(contimed)
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(cont,)
1 double-outlet, water fixture, to which rubber
tubing may be connected :
1l regular water faucet
1 water faucet with male threads

3 electric outlets s

2 gas outlets when gas is available

: These facilities may be located at the end of the operating gallery ;
. of amall plants, but should be in separate room at larger plants,
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' CHAPTER XIV. A STANDARDIZED DESIGN FOR A SMALL WATER FILTRATION PLANT

Bragil - U, S. Cooperative Health Program
of the
Special Health Service cf Brazil
and the
International Cooperation Administration
of the U, S,

Introduction

It is recognized that every effort should be made to develop well
water supplies not needing treatment. When, however, surface waters must be
used, treatment is necessary. The guides to design, as outlined in this
document, provide for the exercise of professional judgement in the selection
of details which will secure the most effective and economical treatment of a
specific water, the degree and character of treatment being determined by the
quality of the raw water and local conditions.

- Experience has shown that the basic decisions as to a proposed
surface water supply pertain to the followings

a. Anticipated population growth and associated‘consumption'df water.
b, Stream flow characteristics, and minimum rate of flow.

¢. Need for an impounding reservoir to insure adequate volume of
water for foreseeable future needs during dry periods, and the
influence of any proposed storage on the quality of the water.

d. Quality of raw water,

6. Required degree of treatment.

f, Funds available for construction and future maintenance and operation.

g. Capability of treatment plant operators. ,
The required degree of treatment in general is predicated upon the pro-
dnction Of an effluent which is attractive and of safe sanitary quality for
drinking purposes. Drinking water standards are discussed in the "Drinking ;
Water Standards" - 1946, U, S. Public Health Service, and also in "International
Standards for Drinking‘Whter" published by the World Health Organizatién.

' The limitations of treatment by chlorination alone are discussed
in Chapter VIII. The magnitude and the range in the turbidity and/or color
of the specific raw water discloses whether a slow sand filter would be effec.
tive alone or with preliminary sedimentation without coagulation, but with
chlorination. (See Chapters V, IV and VII). Many turbid waters require
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coagulation and filtration through rapid sand filters, with post-chlorination.
Pre-chlorination also is needed with mcre heavily polluted waters.

Inasmuch as many small rapid sand filtration plants are being
bullt, a decision was made to so design the proposed plant for Pirapora,
Minas Gerais, Brazil; that it would serve as an example of an economical and
easily maintained and operated plant, which nevertheless would provide all
essential functions and treatment processes with equipment made in Brazil.
While the shear gates, butterfly valves, etc., may not be manufactured in
many developing couhtries, they are simple and relatively inexpensive when
imported. '

Inasmich as the same needs prevall in many other countries where
metric units are not used, the follcwing conversion factors are given.

- Metric -Britigh American

1 liter/sec.

0.211 gal/sec.

0,26} gal/sec,

0,63 liter/sec, 0.8 gal/min. 1 gal/min,

1 million liters | 211,400 gal. 261,200 gal.
3,780,000 liters 800,000 gal, 1 million gal,
3,780 cu, meters | 800,000 gal, 1 million gal.
1 cu, meter 211.h gal. 26L.2 gal,

1 sq. meter 10,76 sg. fto 10,76 sq. ft.
1 keo 2,205 pounds 2,205 pounds
0,453 kg. 1. pound 1 pound
153.59 gr. 1 pound 1 pound
1 meter 39,37 inches 39.37 inches

Basisg of Design

' General - The Pirapora filtration plam® requires no complex form-work for
concrete. Its design capacity at 2,0 gmm/sq. ft. is 35 1/s, ,

- (9.2 gal/sec.) but valves and piping are selected to carry overload of 50%
or 52 1/s, The plan is such that the plant may be expanded in the future to
70 1/s. without structural alterations of the original plant, giving an
ultimate capacity of 105 1/s. at 50% overload, (70 1/s equals 110l U.S.

grm or 1,589,760 U. S. gal/2h hrs,)
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The basic layout plan may be used for plants having capacities in
the range of 10 to 100 1/s merely by increasing *he size of the units. Larger
plants ordinarily would require spscial design fsatures and use of more than
two filters,

Only two gate valves are used, namely on the wash-water piping,
because more economical control of flow under low head may be secured by
sluice gates and plug valves, Plug valves are used on the drains for the
flocculator and the two sedimentation basins, and the waste wash-water
draing from the filters. The rate of flow of raw water and of wash-water
is to be regulated by two butterfly valves, whick can be set to any degree of
operiing, as indicated later. .

Butterfly valves manufactured in Brazil were not fitted with
rubber seats and hence leak to some extent when closed, Therafore, they
could not be used in place of gate valves; or alcne as float=operated
rate controllers, Two float-operated "elbar-actien® type valves were
used for this purpose, as these may be closed manually when the filters are
washed or shut-down., Whexrs butterfly valves with rubber seats are available,
they may be used throughout a filter plant in place of gate valves or sluice
gates; and alone as float-cperated rate controllers to provide economical and
easily maintained and operated facilities,

Complete treatment is provided by flocculation, sedimentation,
filtration, chlorination, corrosion prevention and fluoridatiom,

Quality of Raw Water = The Sao Francisco River at Pirapora varies in quality
during the wet season of November to March and the

dry season during the remaining months, A sample collected in August 1950
had a low turbidity of 20 units and color of 15 units, an alkalinity of 3l
ppuoy PH of 7.3 and no iron, The suspended solid content in the wet season
is much higher. Experiments disclose that the water coagulates readily, The
iron entering the upper tributarles in the oxidized, insoluble state, which
settles during the dry seazon in the river above Pirapora; but during the

wet season the total iron content is as high as L.5 ppm ; L.O ppm of which

is readily removed in the inscluble, oxidized state with turbidity. The
manganese content is low, namely 0,16 ppm. This water, therefore, is readily
treated by conventional treatmemt, especially during the dry season,

- Laboratory facilities will be limited; but are .?.deciuate for control
purposes. ]

Details are given below as to the basis of design of the attached -
plans, Computations are appended,

l, Pumping Station « The pumping station is adjacent to the filter plant

' and the filtered water reservoir; and houses the
duplicate pumps for beth raw and filtered water, thus simplifying piping,
electrical equipment, operation and maintenance,

Care was exercised in selecting the raw and filtered water pumps
80 they will have the desired capacity at the specific heads to be encountered,
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S0 that undue throttling of their capacity will not be necessary. Flexi-
bility of operation is provided by the filtered weter reservoir having a
capacity of 252 ci.-m., or 2 hours of filter cupacity.

‘2o Parshall Flume - The raw water force main passes belww the chemical
fesders and discharges into a Parshall fiume, where
.a.lum» and lime if needed, will be addsd, The fluwe has a six=inch wide
‘throat which gives a capacity betwean the limits of 1.3 and 110,0 1/8; or
‘sufficient for the future 70 1/s. plant even whsn operatzd at a 50% overloade
The rate of flow will equal the pump rate, which iz subject to adjustment by
a manuglly operated butterfly valve with an arm and quadrant for holding

the valve in any desired position., The depth of flow in the flume will be
indicated by a float-operated indicator and calibrated scale placed at the
critical point with such flumes, from which ths dischargs may be determined,

Gra’»‘rity flow to a similar plant coulid b3 subject tc automatie,
control by a similar butterfly valwe fitted with a welghted arm and connected
by cable or rods to a flocat in the flume,

3, Chemical Storage - An area about 4 x L meters, for the storage of chemi- |
_ — cals, is provided on the floor with the chemical '
solution tanks, A hand operated hoist facilitabes ralsing the comtainers

of chemicals to this level.

Mo Chemical Feede:c's = Provisions are made for the uwse of slum, quick or
hydrated lime, caleium c¢r sodium hypechlorite, and
sodium si.r.:.cofluorideo

- Alum and lime usually do not remair uniform powders ¢r fine granular
materials where high humidities favor the formation of lumps. Furthermorse,
fereign materdal frequently is present. Thersfora, thess two chemicals are
more readily applied as & solution of alum and a suspension or slurry of
iime, In any cezse, locally made sclubion feeccars sre much cheaper then
imported dry-feeders, and thms have been uwasi, o

Compressed chlorine gas or lisjuefied chlcrine iz convenlently

handled in cylinders and may be stored irndef:m.tmya Idquid chiorine, however,

is only available from factories in Rio de Jemeiro mud Sa: Pe nio, Brazil,

and sultable chlorinators must ve importad, and they are 'mc.naive and '_di_f."ficult to

maintain, This applies to many other countrizz., Mepor repalrs must be

made by & specialist employed by the Lapwrter Therefors, selcium or sodium
Yypochlorite "ha# been selected for roubine vse ix Brazil, except at largs
plants where skilled supervision is availzble «:.nd the econcmy of using liquid
chlorine counterbalances the disadvantages, This pclicy was followed at
Pirapora, . '

Flucride compounds ars not svailsble in maay countries, so imported
sodium silicofluorids has been selached as most esomomlical to impert. Solms=.
tion feed equipment may bs used for sodium silicoflucrids, provided the
solution tank is large encugh to pemmit the use of a 0,3% sclution, its solu-
bility at saturation being only 0.63% at warm water tempsratures.

BEST AVAILACLE COFY
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Where fluogilicic acld is available, or may be imported economically
it may be more economical to epply this chemical through the use of a
chemical pump, as described in Chapter XI. The availability of sodium
fluoride would permit the use of solutions up to L% strength, that is 1.7% F.
ion by weight.

The duplicate solution tanks for each of these four chemlcals have
been given capacities sufficlient to permit the solution belng mixed only
once a day; even when only one tank is in use, The availability of two
tanks for each chemical permits prolonger mixing of each chemical without
complicating the use of the other tanks during a period of at least 2l hours,
or the 759 of each set of tanks for 12 hours each when the plant is enlarged
to 70 1/s.

The solution tanks for alum and lime will be fitted with home-made
paddle agitators of wood;, which mgy be turmed by the hand wheel at the top
of the shaft, A slurry of hydrated lime may be prepared and discharged into
a special lime feeder to be described later, or quick lime may be slaked in
these tanks and then discharged into the lime feeder. Calcium hypochlorite
solution (prepared from special 70% strength material) is so readily made,
and sodium hypochlorite solution need only be diluted with water; that a
. hand stirring paddle is adequate for the special hypchlorinator shown.
Sodium silicofluoride (0.3% solution) may be dissolved with the degree of
agitation given by the revolving paddles; providedthe ag:\.tation is continuved
for at least 5 minutes,

Solutions of a.lum,, sodium silicofluoride and hypochloritea are
- distructive to concrete; so the tanks for these chemicals will be coated on
the inside with enamel; and plastic hose will be used to conduct the chemicalso

The following table summarizes the data regarding the severa.l
pairs of solution tanks.

Capacity of each ¥ Max, dosage . Resulting, max. dosage
. of the dup.tanks Solu= . kg, for of desired chemical

- Chemical in ocubic meters tion 2}, hours mg./1 at 35 I/sec.
Alum 2,8 50 wWo 52 -
Calcium hypo- 1 . l.08C1 ol 3.0 C1
chlorite

(70% c1)
Sodium silico- 1 " 0.3 Fdon  2,8F im 0.9 F ion
fluoride '

(60% F)

Spare 1 — —— —
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~Solution of alum ard sodiwm silicofluoride will flow from the
soluticn tanks t0 low cost, constant-level, orifice boxes on the fldor below,:.
which in turn are higher than the Parshall flume or the filtered water
reservoir, where-the chemicals will be added,

" Calcium or sodium hypochlorite solutioms are corrosive to the
metals used in commercial orifice feeders, which therefore cannot be used as
chlorinators, Motor driven hypochlorinators are available in Brazil; but must
be imported into many countries and are expensive, Therefore, home-made
floating orifices have been adapted to the two tanks for hypochlorite solu-
tion, as shown.in Figure 5, The effective head is held constant as the
solution drains from the tank because the float lowers with solution level,
The relative elevation of the orifice and solution level, that is the orifice
head, may be changed as desired by increasing or decreasing the weights on
the float, thus changing the rate of feed, This can be calibrated by measurw
ing the volume of solution flowing into a measuring cup in some unit of ‘
time. Pjastic tubing and flexible plastic hose will be used with a hard
rubber valve for this unit. Major changes in dose will be sécured by
changing the strength of solution above or below the usual 1%,

An glternate chlorinator may be selected for this plant, namely the
home-made unit based upon a 4O liter bottle and controlled siphonage of
undiluted sodium hypochlorite solution(15%), as described in the main text.

A 4O liter bottle, however, would be too small for the volume of 1% solution
needed, '

Lime is so insoluble that the slurry prepared in a mixing tank
mst be agitated continuously and hence cannot be applied with an orifice
box, Therefore; the design provides for the preparztion of the slurry of
hydrated lime or slaked -quicklime in a special commercial slurry feeder of
sufficient size to hold each batch of slurry, For instance, one with a
hopper 0.33 m3 in capacity in which 10% slurry is prepared would apply )
30 kg. of lime and give a dose of 30 mg/l to 25 1/s for a period of 8 hours,
This type of fecder incorporates motor-driven agitators and circulating, ~
adjustable cups, which are filled when passing into “he slurry and which dis-
charge their content at two points, One feeder therefore may be used to
treat both the raw and filtered water with independently controlled doses
of lime, and hence may be used to aid coagulation and/or prevent corrosion.

_ The properties of water treatment chemicals are sumarized in the
main text,

5. Flocculators - Although experience has shown that motor-driven paddles
provide the most flexible and effective agitation, such

- equipment is expensive and presents a maintenance probiem., Generally used
baffled basing impose an appreciable loss-of-head when sufficiently large to
provide long flocculation periodsy; and the degree of ggitation cannot be
altered without structural changes. Therefore, the Pirapora design is based
upon using the energy of the flowing water to create alternately upward and
downward,; helical flow in a series of 5 basins having a total capacity of
60 m3 to give a detention period of 28,6 minutes at 35 1/s, Agitation is
caused by the square plan of each basin, which causes resistance to helical
£low,
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Rapid mixing of the chemically treated water is provided in the
Parshall flume, Progressively lessening agitation is provided in the five
basins by the use of locally-made sluice gates to contrel the size of the
openingg through which water enters each basin to cause jet action. The Ly
pipe from the flume to the first basin was selected to give a velocity of
0,3 m/s at 35 1/s, but this is to be increased to 0.5 m/s by the use of a
removable metal plate with orifice. This prcvides the choice of velocity
between 0,3 and 0.5 m/ S, The square openings between the other basins in
turn may be reduced in size by moving the sluice gates to increase the velo-
city from the minimum of 0,2 m/s to any selected higher values, but it is
anticipated that the lower velocities will be most effective in the last
three basins,

The loss=of-head in the flocculator cannot be computed accurately,
but is estimated to be only 0,1 m. for the velocities mentioned, by the
formla Rv2

hf =

. 2g
A =small value was added to allow for turbulence,

With I{ o= 10

A drain is provided for one basin together with small sluice gates

. between the basins to permit all being drained for cleaning, This drain and

. the slnice gates may be eliminated, if a small, portable pump is available
B 1) dewa:her the basins for repairs or c:le:«.n:l:ngo

The flocculating facilities, therefore, permit prolonged and con-
trolled agitation without mechanical equipment and without any serious loss~of=-
. head, In fact the pumping loss due to this added head is leas than the
. power requirements of mechincal flocculatars,

"Five additional basins will be constructed to operate :l.n paraliel.
with the ‘first group, when the plant is =nlarged to 70 1/s in the .f.‘ut.ure..

6. Sedimentation Basins - Two sedimentation basins, each 17 m long by 5 m -
‘ wide and 3,15 m deep, are provided to give a set.
tling perdod of L hours, at 35 1/s, with the lower 0,15 m being reserved for
, sludge storage., Each basin has a shallow depth of only 3 meters and a
gh ov 3 times its width, The."overflow ratef, based on area, is about
/d/m or 40O gpd/sq. ft. The average velocity of flow is 7 em/min, or

- 0,23 min, All of these values are conservativa,

‘Flocculated water will fiow to the two sedimentation basins through
an open conduit designed to carry 70 1/s at a maximm velocity of Ool m/s.
Simple alternations will pemmit the flocculated water from the five future
basins to enter this comduit, , The water is brought to a cemtral point at the
entfance to the two basins; to equalize head 1loss and hence the rate of flow
Anto each basin, - Minor adjustments may be made with the sluice gates, This
conduit may be extended to the two future basins without structural change,

Wa:ber flowing through each sluice gate entars the separate influent
trough of each bagin. Each trough is perfdpated in the bottom with a series
_of five openings of selected-increage in size to secure uniform, downward
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discharge of the water throughout the width of each basin, in spite of the
progressive lowering of the head of tge water an each t ough, These open-
ings vary in size as follows: 160 cm®, 180 cm®, 200 cm » 220 cm?, and 240 cm?
to secure an estimated uniform flow rate of O, 17 n/so, when both basina are
in use,

The downward direction of flow through these openings favors the
dissipation of the entering velocity without strong horfzontal currents,
The stilling wall is 2.5 m from the entrance end of each basin, so eddy
currents are dissipated in the large volume of water provided; namely
37.5 m3 or about 36 minutes detention at 17.5 1/s. Any delayed flocculation
wlll be facilitated by the gentle agitation in this zoéne,

In the past the perforations in stilling walls were located in the
upper 75% of the walls or throughout their full depth, Experiemnce with g
upward-flow, solid-contact basins, however, has shown the value of introduc-
ing the flocculated water i