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SUPERCHLORINATION (SOO-per-KLOR-uh-NAY-shun)

Chlorination with doses that are deliberately selected to produce free or combined residuals so large as to require dechlorination.

SURFACE LOADING

ifiers are hydraulically (flow) over- or underloaded. Also called OVERFLOW RATE.

Surface Loading, GPD/sq ft = Flow, gallons/da
Surface Area, sq ft
or

Surface Loading, cu m/day - Flow, cu m/day
5q m Surface Area, sqm

TRIHALOMETHANES (THM:s) (tri-HAL-0-M ETH-hanes) TRIHALOMETHANES (THMs)

Derivatives of methane, CHy, in which three halogen atoms (chlorine or bromine) are substituted for three of the hydrogen atoms. OF:

ten formed during chlorination by reactions with nawral organic materials in the water. The resulting compounds (THM:s) are sus-
pected of causing cancer.

TURBIDITY (ter-BID-it-tce) TURBIDITY

The cloudy appearance of water caused by the presence of suspended and colloidal macter. In the waterworks field, a turbidicy measure-
ment is used to indicate the clarity of water. Technically, turbidity is an optical property of the water based on the amount of light re-
flected by suspended particles. Turbidity cannot be directly equated to suspended solids because white particles reflect more light than
dark-colored particles and many small particles will reflect more light than an equivalent large particle.

TURBIDITY (ter-BID-it-tee) UNITS (TU) TURBIDITY UNITS (TU)

Turbidicy units are a measure of the cloudiness of water. If measured by a nephelometric (deflected light) instrumental procedure, tur-
bidity units are expressed in nephelometric turbidiry units (NTU) or simply TU. Those turbidity units obrained by visual methods are
expressed in Jackson turbidity units (JTU), which are a measure of the cloudiness of warer; they are used 1o indicate the clarity of warer.

There is no real connection berween NTUs and JTUs. The Jackson turbidimeter is a visual method and the nephelometer is an instru-
mental method based on deflected light.

UNIFORMITY COEFFICIENT (UQC) UNIFORMITY COEFFICIENT (UC)

The ratio of (1) the diameter of a grain (particle) of a size that is barely too large to pass through a sieve that allows 60 percent of the ma-
terial {by weight) to pass through, to (2) the diameter of a grain (particle) of a size thar is barely too large to pass through a sieve thar al-

lows 10 percent of the material (by weight) to pass through. The resulting ratio is a measure of the degree of uniformiry in a granular
material, such as filter media.

. . ) Particle Diameter
Uniformity Coefficient = S0%

Particle Diameter,

WYE STRAINER WYE STRAINER
A screen shaped like the letter Y. Water flows through the upper parts of the Y and the debris is trapped by the screen at the fork.

ZEOLITE ZEOLITE

A type of ion exchange material used to soften water. Natural zeolites are siliccous compounds (made of silica) that remove calcium and
magnesium from hard water and replace them with sodium. Synthetic or organic zeolites are ion exchange materials that remove cal-

cium or magnesium and replace them with cither sodium or hydrogen. Manganese zeolites are used to remove iron and manganese
from water.

SUPERCHLORINATION

SURFACE LOADING
One of the guidelines for the design of settling tanks and clarifiers in treatment plants. Used by operators to determine if tanks and clar-
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CHAPTER 4. SMALL WATER TREATMENT PLANTS

{Lesson 1 of 2 Lessons)

4,0 IMPORTANCE OF SMALL WATER TREATMENT
PLANTS

4,00 Need for Effective O & M

Small warer treatment plants (Figure 4.1) are much more nu-
merous than large plants. Most water treatment plants are small
facilities that supply water to systems ranging in size from a few
connections up to several hundred connections. For every large
water plant serving a large population in a big service area, there
are probably several hundred small plants that serve groups of
people in small communities, subdivisions, commercial proper-
ties, resorts, and summer camps.

The volume of water produced by these small plants may vary
from only fifteen gallons per minute (one liter per second) up to
a few hundred gallons per minute. Regardless of the amount of
water a plant produces, it must be properly operated to produce
safe drinking water. Small plants face many of the same prob-
lems as larger ones but often the small plant does not perform as
well because of poor design, poor operation, poor maintenance,
inadequate budgets, and other causes. However, it is very im-
portane that these small plants be operated effectively because
many people depend on them for their daily home water supply
and many others drink the water on an occasional or intermit-
tent basis.

Small water treatment plants are common because the source
of water for many small communities requires treatment. Sur-
face water must be clarified and disinfected to ensure it is safe
and to make it pleasing to the senses. Many groundwater
sources require treatment for disinfection or for removal of un-
desirable minerals and gases in solution. Thus, almost any
source of supply is likely to require treatment of some kind. The
water supply that needs no treatment whatsoever is increasingly
rare today as polluted waters are found everywhere and as stand-
ards for domestic water quality become more restrictive.

4.01  Surface Waters

A rypical small water treatment system for treating surface
waters may include any or all of the following components (see
Figure 4.2).

1. Raw Water Storage

Surface water sources are frequently developed from
lakes, ponds, or reservoirs, These impoundments provide
storage for the raw, untreated water and frequently are

helpful to the treatment processes. One important effect of
raw water storage is 1o slow the rate of change in water
quality that occurs in surface water sources and to reduce
the magnitude of the change. For instance, a rainstorm may
cause a sudden, drastic change in the turbidity or the min-
eral composition of a stream source. If the stream flows into
a large reservoir, however, the water quality changes much
mote slowly and less drastically than in the stream. The
overall effece is to make available a raw water supply from
the reservoir whose quality is more uniform and consistent.
This uniform water quality will make any water wrearment
plant easier to operate and more effective.
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Fig. 4.1 Small water treatment plants
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If the water source is a canal or pipeline thar is subject to
shutdowns or outages, a raw water reservoir is necessary to
keep the treatment plant in operation. Otherwise, the plant
must stop operating whenever the water source is out of
service.

2. Diversion Works

The diversion works consist of all the facilities used to
divert water from the source into the treatment plant
These facilities may include a diversion dam, screens to ex-
clude fish and trash, an intake pipe or structure, pumping
equipment, piping or conduits to convey the water to the
plant, and valves or gates to control the flow of water.

3. Flow Measurement

A flowmeter of some type is essential for proper opera-
tion of even the smallest water treatment plant. The mecer
should be the type that indicates both the instantaneous
rate of flow as well as the total quantity of water that has
flowed through it. The meter must be accurate enough to
allow the operator to feed the proper chemical dosages. A
fine screen or WYE STRAINER' should be installed up-
stream from the meter to keep it from being clogged or
damaged by trash or rocks,

4. Disinfection

Chlorine is the chemical frequently applied to the water
for disinfection. Prechlorination is often used because as
the water flows through the treatment units, it receives the
maximum contact time before reaching consumers. A chlo-
rine residual in water flowing through the plant also dis-
courages the growths of organisms and helps keep the filter
media and other treatment equipment clean and frec of or-
ganic growths. Prechlorination should not be used if natu-
ral organics are in the water and the formation of
TRIHALOMETHANES? is a problem.

5. Coagulation

COAGULATION? facilities include the chemical feed-
ing equipment for injecting coagulants and equipment for
providing rapid mixing of the chemicals with the water.

6. Floccularion

Flocculation facilities include equipment for slowly
mixing the water to promote growth of floc particles thac
will settle quickly or be removed by filtration.
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7. Sectling (sedimentation)

Setding allows suspended matter to be separated from
the water by gravity. A very large portion of the suspended
matter is usually removed in the setdling tanks.

8. Filtracion

Filters remove most of the suspended matter remaining
in the water after sertling,

9. Carrosion Control

Corrosion control treacment is used to stabilize the
chemical narure of the water and make it less aggressive
toward the materials used in pipelines, storage reservoits,
and customer appliances.

10. Treated Water Storage

Storage reservoirs for treated water may be installed
cither at the treatmenc plant (CLEAR WELL*) or out in the
distribution system. Such reservoirs allow the treatment
plant to be of smaller capacity than would otherwise be nec-
essary becausc peak water demands can be supplied from
storage. Storage also maintains the water supply during out-
ages at the plant or at the source and it provides large
amounts of water immediately for firefighting purposes,

11. High-Service Pumps

Unless the water system can be served entirely by gravity
flow from a storage reservoir, high-service pumps are re-
quired. The pumps draw water from storage and supply it
to the system under pressure. Often, one or more hydro-
pneumatic pressure tanks are installed with the pumps.

Many small water treatment facilities are package plants (Fig-
ure 4.3), which can be purchased as a complete pre-assembled
unit from a single manufacturer, Such package plants are avail-
able from a number of manufacturers. These units are most
commonly supplied for filtration of turbid waters and for re-
moval of dissolved iron and manganese. Usually, the package
plant includes all the treatment equipment, pumps, chemical
feeders, and controls. As soon as the water pipes and the elecuric
power have been connected, the plant is ready to operate. Thus
the package plant is frequently a quick way to provide the
needed treatment. Another advantage of the package plant ig
that the design and the equipment have been proven effective
and reliable by expericnce. All the bugs have been eliminated
and the purchaser can usually have a high degree of confidence
in the performance of the plant.

U Wye Strainer. A screen shaped like the leteer Y. Water Bows through the upper parts of the Y and the debris is trapped by the screen at the fork.
2 Tribalomethanes (THMs) (tri-HAL-0-METH-hanes). Derivatives of methane, CHy, in which three halogen atoms (chlorine or bromine} are substituted for chree of
the hydrogen atoms. Often formed during chlorination by reactions with natural organic matetials in the water. The resulting compounds (THMs) are suspected of

causing cancer.

* Coagulation tko-agg-yoo-LAY-shun), The clumping together of very fine particles into Jarger particles (floc) caused by the use of chemicals {coagulants). The chemi-
cals neutralize the electrical charges of the fine particles, allowing them 1o come closer and form larger dumps. This clumping together makes it easier to separate the

solids from the water by scrtling, skimming, draining, or filrering,

* Clear Well. A tescrvoi for the storage of filtcred water of sufficient capacity 1o prevent the need to vary the filtration rate with variations in demand. Also used to pro-

vide chlorine contact time for disinfection.



196 Water Systems

Fig. 4.3 Package water treatment plant
(Permission of Neprune Microfloc){Now Microfloc Products)

When operating a package plant, beware of claims thar the
plant operates automatically. Even automatic systems require
maintenance, repairs, and occasional process control changes.
These plants may be easily upset by sudden changes in source
water qualiry.

The alternative to a purchased package plant is a custom-
designed plant that is assembled from equipment and materials
supplied by several differenc manufacturers. This approach is
sometimes less expensive than a package plant but the effective-
ness of the resulting treatment plant is less predictable and may
be unsatisfactory. The success of the plant depends on the abil-
ity of the person who designs the equipment and the skill and
knowledge of the operator.

402 Groundwaters

Many small communities obtain their drinking water from
wells. Sometimes the only additional treacment needed is the
application of chlorinc for disinfection. Other well waters may
require treatment to remove iron and manganese or softening to
remove excess hardness. In this chapter we will discuss the con-
wol of iron and manganese and also hardness ac small water
treatment plants. The application of chlorine for disinfection
follows similar procedures when treating either surface or
groundwaters,

1. Iron and Manganese Control

Iron in drinking water can be controlled by converting
iron from the liquid ferrous (Fe?*) to the solid ferric (Fe®*)
form by the OXIDATION? process. Fitst, an oxidizing agent
such as chlorine or potassium permanganate is used. Next,
oxygen is introduced to the water by the use of sprays, cas-
cades, or trays. Finally, an hour or so (depending on the
chemical makeup of the water) is allowed for the oxidation
reaction to be completed and the insoluble PRECIPITATESS
of iron and manganese to be formed. The precipitates are re-
moved by sedimentation and filtration or by filtration alone.
Sometimes, manganese is controlled by the addition of poly-
phosphates followed by chlorination.

2. Softening

Hardness in water is caused mainly by the presence of cal-
civm and magnesium. Excessive hardness is undesirable 10
domestic consumers due to difficulties in doing the Jaundry
and washing dishes, Water is softened by cither the ion ex-
change process or by chemical precipitation (lime—soda ash
softening). Softened water delivered to consumers usually
has a hardness level of around 80 to 90 mg/L expressed as
CALCIUM CARBONATE EQUIVALENT

4.03 Operator Responsibility

Operarors of small water trearment plants probably have the
toughest job of anyone in the waterworks field. In many small
plants, they have to do all of the work themselves. They have
full responsibility to produce and deliver a pleasant and potable
water. There is no one else to share the responsibility with them.
Often, these operators receive fairly low pay, support from
others is minimal, there never is enough of the right kinds of
tools, money for maintenance and repairs is always of concern,
and nobody appreciates how hard the operator works. If you are
in this position, you can do a good job if you use a lot of imagi-
nation and initiative. We hope this manual will provide you
with the information to convince your supervisors and consum-
ers that you need more help to do your job.

QUESTIONS

Write your answers in a notebook and then compare your
answers with those on page 275, -

4.0A Why is a water supply that needs no treatment very rare?

4.0B  How docs the storage of raw water in lakes, ponds, or
reservoirs help the water treatment plant operator?

5 Oxidation. Oxidation is the addition of oxygen, removal of hydrogen, or the removal of electrons from an element or compound; in the environment and in waste-
Water [Teatment processes, organic marier is oxidized to more stable substances. The opposite of REDUCTION. :
¢ Precipitate (pre-SIP-uh-FATE). (1) An insoluble, finely divided substance that is a product of a chemical reaction within a liquid. (2) The separation from solution

of an insaluble substance.
" Calcium Carbonate (CaCOy ) Equi

lent.  An expression of the concentration of specificd constituents in water in terms of their cquivalene value to caleium carbon-

ate. For example, the hardness in water thar is caused by calcium, magnesium, and other ions is usually described as calcium carbonate equivalent. Alkalinity test results
are usually reparted as mg/L CaCO), equivalents. To convert chloride to CaCOy; equivalents, multiply the concentration of chloride ions in mg/L by 1.41, and for sul-

fate, muluiply by 1.04.

4.0C What information does an operator obrain from a flow-
meter?

4.0D0 How can a flowmeter be protected?

4.0E  Groundwaters may requite what types of treatment?

4.1 COAGULATION

Coagulation is the chemical reaction that occurs when a coag-
ulating chemical is added to water. The most common coagulat-
ing chemical used is aluminum sulfate (alum) but other chemi-
cals are sometimes used. When one of these coagulants is added
to water, it reacts directly with the water and with certain min-
erals dissolved in the water to form floc particles. These are
small, jelly-like, filmy particles that look like snowflakes.

The coagulant also reacts physically with the fine particles of
suspended matter in the water. These particles, which cause the
water to appear turbid or cloudy, normally have a negative elec-
erical charge on their surface. This charge causes the particles to
repel onc another and remain suspended in the water rather than
clumping together and settling to the bottom. The effect of the
coagulant is to neurralize the negative charge on the suspended
particles (destabilize the particles) so they can be brought to-
gether into larger clumps that are heavy enough to settle.

Many factors affect the coagulation process. Among the most
important are the coagulant used, the coagulant dosage, the pH
of the watet, the mineral content of the water, the water temper-
ature, and the coagulant injection-mixing arrangement. Under
any given set of conditions, a particular water requires a certain
optimum dosage of coagulant for coagulation to be successful. If
the coagulant dosage is either too high or too low, ceagulation
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will be incomplete and the results of treatment will be unsatis-
factory. The pH of the water musc be controlled within a
narrow range during coagulation to achieve optimum results.
The water must have an adequate ALKALINITY® content to
achieve good coagulation with alum. The treatment is even
more effective if the water contains abundant amounts of cer-
tain minerals, such as calcium and magnesium. Other chemi-
cals (phosphate compounds for example) inhibit coagulation
and require larger dosages of coagulant. Any chemical reaction
proceeds faster when the water is warm than when it is cold and
the method of injecting the coagulant and mixing ic with the
water has a very significant effect on the results of coagulation
treatment. For effective treatment, the chemical must be com-
pletely mixed throughout the water being treated.

All these variables make it impossible to calculate what dosage
of coagulant will produce the best results under a given sec of
conditions. Thus, in even the largest water treatment plane, the
coagulant dosage must be estimated by performing a JAR
TEST? A jar test is a laboratory procedure in which varying dos-
ages of coagulant are rested in a series of glass or plastic jars under
identical conditions. A jar test apparatus like the one shown in
Figure 4.4 is required for the test. The machine consists of a set
of six paddle mixers (gang stirrer) all driven by a variable-speed
motor. A jar conraining the water to be treated is placed under
each paddle mixer and varying dosages of coagulant are added 1o
the jars. If the optimum dosage is suspected to be about 20 milli-
grams per liter of alum, that dosage plus both higher and lower
dosages would be tested for comparison. For instance, the fol-
lowing dosages might be tested in one jar test series.

Jar Number Alum Dosage, mg/L

14
16
18
20
22
24

[ R

After the proper coagulant dosage is added to each jar, the
paddles are run ac high speed for a short time to simulate rapid
mixing. Then, the paddles are adjusted to a very low speed for a
longer period of time to simulate conditions in the flocculation
basin of the plant. After a period of time, the paddles are
stopped and all jars are observed 1o evaluare the serding results,
The evaluation can be made by simple visual observations or by
performing further laboratory tests. Ordinarily, the operator
will visually observe which coagulant dosage produces the first
visible floc, which dosage produces the largest, strongest floc, or
which dosage produces the floc that settles the fastest. On this

* Alkalinity (AL-kuh-LIN-it-tce). The capacity of water or wastewater to neutralize acids. This capacity is caused by the water's content of cnrbf)rfatcl. bicarbonare, hy-
droxide, and occasionally borate, silicate, and phosphate. Alkalinity is expressed in milligrams per liter of equivalent calcium carbonate. Alkalinicy is not :.hc same as
pH because warter does not have 1o be stronply basic (high pH) to have a high alkalinity. Alkalinity is a measure of how much acid must be added 10 a liquid 1o lower

the pH to 4.5.

? Jar Tess.  See Chapter 11, “Labaratory Procedures,” in WATER TREATMENT PLANT OPERATION, Volume 1, for additional details on how to perform the Jar

Test.
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Laboracory stirring device

(Reprinted from HANDBOOK OF APPLIFD HYDRAULICS,
by permission. Copyright 1952, McGraw-Hilt Book Company)

Fig. 4.4 Jar test apparaus

basis the operator can often select the optimum dosage to use in
the plant. Ocher laboratory tests thar are sometimes used to
evaluate a jar test are: (1) the pH of the water, (2) the curbidity
of the sectled water, and (3} the filterability of the water as derer-
mined by filtration through some type of small laboratory filter.

If the characteristics of the source water change rapidly be-
cause of storm conditions or other causes, jar tests may have to
be conducted vety frequently. At other times, when the raw
water quality is nearly the same from day to day, a jar test may
be necessary only on occasion to verify the dosage. Some opera-
tors measure the turbidity of the source water and perform the
jar test to determine the optimum coagulant dosage. By keeping
accurate records, they can develop a plot of wirbidity as ic relates
to dosage. Whenever the turbidity changes, they have a good
idea of the optimum dosage.

If you do not have a jar test apparatus, collect a water sample
in a glass jar directly from the outlet of the rapid mix chamber in
the plant. By gendy hand stirring the water sample for a few
minutes, you can sometimes get an idea of how well the water is
coagulating. This method is crude but it is better than doing
nothing to monitor coagulation.

Some operators will collect samples from the outer of the
rapid mix chamber and use this water for a jar test. They will
add additional doses of coagulant to two jars and dilute a couple
of the jars with raw water. Observing the results can indicate
whether the dosage should be increased or decreased.

Streaming current meters are devices used by operators to op-
timize coagulant doses. The streaming current meter is a contin-
uous on-line measuring instrument. Properly used, the stream-
ing current meter can funcrion as an on-line jar test.

Most particles in water are anions {negative charge) and most
coagulants are cationic (positive charge). The streaming current
meter presumes that by bringing the total charge of the water
being treated to neutral (zero, 0), the coagulation process has
been optimized. Most operators run che charge of their water
slightly negative by adjusting the coagulant dose.

The manner in which the coagulant is injected into the water
is very important for proper coagulation. The coagulant should
be brought into conwact with every portion of water and com-
pletely mixed with it as soon as possible. Therefore, the injec-
tion facilities and mixing equipment must be designed to pro-
duce good mixing. Mixing must be very rapid and turbulent
because the coagulation reactions occur quickly, probably in the
first few seconds and certainly within one minute. Experience
has shown repeatedly that the optimum injection/rapid mix ar-
rangement can greatly improve the results of coagulation and, ar
the same time, significantly decrease the amount of coagulant
chemical that is used.
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The best type of injector is usually one with multiple-feed ori-
fices that will uniformly distribute the chemical solution
throughout the flow of water. Thus, a perforated pipe thac ex-
tends completely across the width of the channel or the diam-
eter of the pipeline is a better injector than one thart injects ar a
single point. Also, locating the injector at a point of turbulent
flow, such as a PARSHALL FLUME" provides better mixing
than locating the injector in an area of smooth, quiet flow.
Thorough distribution of the chemical in combination with
violent mixing is the most desirable arrangement.

If coagulation is not propetly done, the treatment processes
that follow {(FLOCCULATION," settling, and fileration) will
be much less effective in purifying the water. Suspended matter
will pass throtigh the filters because of poor coagulation and the
treated water will be cloudy and wrbid, Dissolved alum may
also pass through the filters and coagulate later in the clear well
reservoir or in distribution system pipelines, causing customer
complaints about particles in the water and a dirty-tasting water.
Therefore, if alum floc appears in the wreated water or if alum is
present in the treated water in concentrations greater than 0.1
mg/L, review the coagulation treatment for proper operation.

If you suspect that the coagulation treatment is substandard
or if excessive dosages of coagulant are required, check the items
listed below.

1. Perform a series of jar test experiments to simulate condi-
tions in the treatment planc and determine the optimum
coagulant dosage needed for the prevailing water quality
conditions. Remember, the jar test is an indication of what
is happening in your plant. You must observe the actual co-
agulation, flocculation, and setting in your plant to deter-
mine the optimum chemical dosage.

2. Measure the pH of the water after the coagulant is added. Is
the pH the same that normally prevails when good coagula-
tion occurs? A record of daily pH readings is very helpful in
determining the optimum pH for coagulation under differ-
ent conditions. Sometimes, jar tests are run at different pH
levels to find the optimum pH. Coagulation may not occur
unless the pH is very close to optimum.

3. Measure the alkalinity. Is adequare alkalinity present for the
coagulation reaction to occur? If not, consider increasing
the alkalinity to have at least 30 mg/L remaining when the
chemical reactions are complete by adding sufficient lime
or soda ash prior to coagulation.

4, Is the chemical feeder supplying the correct dosage of coag-
ulant? The feeder may be broken or plugged up. Also, the
feeder may be incorrectly adjusted. Measure the amount of
chemical actually being fed and calculate the dosage. See
Examples 1 and 2 on page 201. If the coagulant chemical is

' Parshall Flume (PAR-shul FLOOM). A device used 10 measure the flow in an open channel, The flume narrows to a threat of fixed dimensions and then expands
again, The rate of flow can be calculated by measuring the difference in head (pressure} before and at the throar of the flume.

Y Flaceulation (lock-yoo-LAY shun). The pathering together of fine particles after coagulation to form larger particles by a process of gentle mixing. This clumping to-
gether makes it easier 10 separace the solids from che water by setding, skimming, draining, or filtering,
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fed in the dry form, the operator can simply weigh the
amount of coagulant that the feeder supplies in a certain
period of time, say three minutes. A sensitive laboratory
seale is needed to weigh the chemical accurarely. If the co-
agulant chemical is fed in a water solution, the simple
measuring device illustrated in Figure 4.5 can be used to
measure the volume of solution supplied by the feeder
pump in a given time. See Examples 3 and 4.

5. Does the chemical feeder inject a steady feed of chemical
into the water? If the feeder injects in pulses or slugs, are
the pulses as frequent as possible? If the feeder injects a slug
only at rather long intervals, the chemical is noc being uni-
formly distributed throughour the water. This can be cor-
rected by diluting the chemical solution and readjusting the
feeder pump to pulse more frequently.

6. Is the chemical injector distributing the coagulant com-
pletely throughout the flow of water? Injectors with
multiple-feed orifices are better than those with a single-
feed orifice.

7. Is violent, rapid mixing provided just after the chemical is
injected into the water? If not, the operator can install a
mechanical mixer or relocate the point of injection to a
zone of turbulent flow such as a Parshall flume, a pump in-
take, or an in-line static mixer.

8. Consider use of a coagulant aid such as an organic POLY-
MER."

9. Examine the source water for a change in quality due to
pollution, stormwater runoff, use of a different water
source, or other causes.

10. Modify conditions at the intake or diversion to provide a
water of more uniform quality to the plant. If large tempo-
rary changes occur frequently in the source water {during a
stormy), if possible, wrn off the plant and wait until water
quality conditions are more stable and uniform.

11. Investigate the suitability of other coagulants. Pure alumi-
num sulfate is a cheaper and more effective coagulant than
potassium alum or ammonium alum. These chemicals can
be easily confused by suppliers and operators who are not
aware of their differences.

For additional information on coagulation, see WATER
TREATMENT PLANT OPERATION, Volume 1, Chapter 4,
“Coagulation and Flocculation,” in this series of operator training
manuals.

FORMULAS

In order to determine the acrual feed rate of a dry chemical
feeder:

1. Weigh a pan.

2. Place the pan under the feeder and then weigh the pan and
chemicals.

CLEAR PLASTIC
1 CRADUATED
' CYLINDER
MARKED IN
CHEMICAL
SOLUTION MILLILITERS
TANK

(CHLORINE, ALUM, ETC.)

> TO POINT OF
CHEMICAL INJECTION

CHEMICAL
SOLUTION
FEED PUMP

—T—IIHIIIIIIIIII{I-III

The feed rate of a chemical solution feed pump can be determined by measuring the amount of solution
withdrawn from a graduated cylinder in a given time period. Allow the cylinder to fill with solution. Then,
close the valve on the line from the tank so the feed pump takes suction from the cylinder only. Observe the
milliliters of solution used in one minute. Compare this result with the desired feed rate and adjust the feed
pump accordingly.

Fig. 4.5 Calibration of a chemical feed pump

e Polymer (POLY-mer). A long-chain molecule formed by the union of many menomers {molecules of lower molecular weight). Polymers are used with other chemi-
cal coagulants o aid in binding small suspended particles to larger chemical flocs for their remaval from water. Also see POLYELECTROLYTE.

3. Record the time the pan collected the chemical.

4. Calculare the actual chemical feed or dose in pounds per day.

Actual Chem  _ (Weight of Chem, Ibs)(60 min/hr) (24 hr/day)

Feed, lbs/day {Time Chemical Collected, min)
Weightof _ (Weight, grams) (Use this formula only if

Chem,lbs 454 gramsflb

scale weighs in grams.)

In order to determine the desired feed rate from a dry chemi-

cal feeder:

1. Measure and record the flow of water being treated. If the
flow is in gallons per minute (GPM), convert the flow 10
million gallons per day (MGD).

2. Determine the desired dose in mg/L using the jar test.

3. Calculate the desired feed rate in pounds per day.

Desited Chem
= (Flow, MGD)(Dose, mg/L)(8.34 Ibs/
Feed, lbs/day (Flow }(Dose, mg/L)(8.34 Ibs/gal)
Dose, mg/L, is the same as Dose, lbs/Million lbs, there-
fore, multiplying Flow, MGD, times Dose, Ibs/Million Ibs,
times 8.34 lbs/gal will give an answer in lbs/day.

(Flow, gal/min}{60 min/hr)(24 hr/day)

Flow, MGD = 1,000,000/ Million

In Figure 4.5, the chemical solution tank contains a hypo-
chlorite solution containing 0.1 pound of chlorine per gallon of
solution or the solution may be given as a percent. The clear
plastic graduated cylinder is filled with the hypochlorite solu-
tion. In order to determine the actual feed rate of the chemical
solution feed pump in pounds per day:

1. Pump a portion of the chemical solution from the graduated
cylinder and record the volume pumped in milliliters.

2. Determine the time required to pump the volume in millili-
ters.

3. Calculate the concentration of the chemical solution in
either milligrams per liter or milligrams per milliliter.

Chem Conc, N {Chem Conc, Ibs/gal)(1,000,000/Million)
mg/L 8.34 1bs/gal

Where this formula converts Ibs/gal to lbs/Million lbs,
which is the same as mg/L.

or
Chem Conc, mg/L = {(Chem Conc, %) (10,000 mg/Z/%)

Where this formula uses the conversion factor that 10,000
mg/L is the same as a one-percent concentration, so 10,000
mg/L/% converts % to mg/L.

Chled _ (Chem Cone, mg/ L) (Vol Pumped. mL){60 min/h) (24 he/day)
Ibsn’d.ay (Time Pumped, min){1,000 mL/ L){1,000 mgfgm) {454 gm/Ib)

In this formula, Chemical Concentration, mg/L, is multi-
plied by Volume Pumped, mi, and divided by Time
Pumped, min, and the conversion factors convert this resulc

to Chemical Feed, lbs/day.
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Chemical Feed, Ibs/day
(Flow, MGD)(8.34 lbs/gal)

In this formula, we divide Chemical Feed, lbs/day, by
Flow, MGD, and 8.34 Ibs/gal. The result gives an actual dose
of pounds of chemical per million pounds of water or milli-
grams of chemical per liter of water.

Actual Dose, mgfL =

EXAMPLE 1

A pan is placed under a dry alum feeder for exactly three min-
utes. The pan and alum are weighed. The alum weighed 45.4
grams. What is the actual alum feed in pounds per day?

Known Unknown
Time, min = 3 min Actual Alum Feed,
Alum Weight, gm = 45.4 gm Ibs/day

1. Convert alum weight from grams to pounds.
: Weight, gm
Weight, Ibs = ——Bu BT
Alum Weighr, Ibs 254 gl

- 454 gm
454 gm/lb

n

0.1l
2. Calculare the actual alum feed rate in pounds per day.

Acrual Alum  _ {Alum Weigh, 1bs}(60 min/hr}(24 hr/day)
Feed, Ibs/day Time Alum Collected, min

_ (0.1 1b)(60 min/hr)(24 ht/day)

3 min

48 lbs/day

EXAMPLE 2

Jar tests indicate that a water should be dosed with alum at 20
mg/L. The flow being treated is 200 GPM. What is the desired
alum feed in pounds per day?

Known Unknown
Alum Dose, mg/L = 20 mg/L Desired Alum Feed,
Flow, GPM = 200 GPM Ibs/day

1. Convert the flow from gallens per minute (GPM) to million
gallons per day (MGD).

(Flow, gal/min){60 min/hr){(24 he/day)
1,000,000/Million

(200 gal/min) (60 min/hr}(24 hr/day)
1,000,000/Million

Flow, MGD =

0.288 MGD

2. Calculate the desired alum feed rate in pounds per day.

Desired Alum
= {Flow, MGD)(Dose, L£)(8.34 |bs/gal
Feed, lbs/day = (0% MGD)(Dose, mg/L)(.34 Ibs/gal

(0.288 MGD) (20 mg/ L) (8.34 Ibs/gal)

48 lbs/day
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NOTES

1. The actual alum feed in Example 1 of 48 lbs alum per day
agrees with the desired alum feed in Example 2 of 48 Ibs
alum per day. If the actual feed does not agree with the de-
sired feed, then the actual feed rate should be adjusted.

2. Remember that acrual performance is what counts. Jar tests
are used to help you get close to the desired dose. Fine adjust-
ments must be made on the basis of actual field tests and ob-
servations.

EXAMPLE 3

The chemical solution feed pump in Figure 4.5 removes 500
mL from the graduated cylinder in 4 minutes. The concentra-
tion of the hypochlorite solurion is 0.1 pound chlorine per gal-
fon. Determine the chemical feed rate in pounds per day deliv-
ered by the pump.

Known Unknown
Volume Pumped, mL = 500 mL Chemical Feed, Ibs/day
Time Pumped, min = 4 min

Chem Conc, |bsfgal = 0.1 Ib/gal

1. Calculate the chemical concentration in the graduated eylin-
der in milligrams per liter.

Chem Cong, _ (Chem Cone, Ibs/gal}(1,000,000/Million)

mg/ L 8.34 lbs/gal

_ (0.1 Ib/gal)(1,000,000/Million)
8.34 bs/gal

_ 12,000 lbs Chlorine
1 Million Ibs Water

12,000 mg/L

2. Determine the chemical feed rate of the pump in pounds of
chlorine per day.

Chem X \
Feed, = {Chem Conc, mg/ L}(Vol Pumped. mL)(60 min/hr) (24 hr/day)

Ibsfday (Time Pumped, min) (1,000 mL/L}{(1,000 mg/gm} {454 gm/Ib)

. z.000 mg! LY(500 m L) (60 min/he) (24 hr/day}
 min}(1,000 mL/L){1,000 mg/gm) (454 gmfib)

= 4.8 bs/day

NOTE: If the concentration of the hypochlorite solution in
Example 3 was given as a 1.2-percent solution, then:

Chem Conc, _ (Chem Conc, %)(10,000 mg/ L1%)
mg/L

= {1.2%)(10,000 myg/ L/%)
= 12,000 mg/L

EXAMPLE 4

Calculate the actual chlorine dose in milligrams per liter in
the water being treated in Example 3. The hypochlorinator
{chemical feed pump) delivers 4.8 pounds of chlorine per day

and the flow rate of the water being treated is 250,000 gallons
per day (0.25 MGD).

Known Unknown

Chemical Feed, Ibs/day = 4.8 Ibs/day
Flow, MGD 0.25 MGD

Actual Dose, mg/1.

Calculate the actual chlorine dose in milligrams per liter.

Chemical Feed, Ibs/day
(Flow, MGD)(8.34 lbs/gal)

- 4.8 Ibs/day
(0.25 MGD)(8.34 Ibs/gal)

Actual Dose, mgfL =

23 mgll

QUESTIONS

Write your answers in a notebook and then compare your
answers with those on page 275.

4.1A  What is the influence of temperature on the coagulation
process?

4.1B  How are the results of jar tests evaluated?

41C  How can operators determine whether the coagulant
dose should be increased or decreased?

4.1D How can the alkalinity of the water being treated be in-
creased?

4.2 FLOCCULATION

Floceulation is a process of slow, gentle mixing of the warer 10
encourage the tiny floc particles to clump together and grow to
a size that will settle quickly. When the particles of floc first
form they are too small to be visible to the naked eye. A floc par-
ticle of this size is also too small o settle in a reasonable rime.
Therefore, the process of flocculation or gentle mixing is used to
bring the small particles of floc and other suspended matter into
contact with each other so they will stick together and form
larger particles. By the time the floc particles grow to a size of
about s inch (1.5 mm) diameter or larger, they are usually
heavy enough to settle out in a few minutes.

Flocculation can be accomplished either by mechanical
mixers or by hydraulic mixing. Mechanical mixers are preferred
because their performance can be predicted and controlled more
accurately. The typical mechanical flocculator consists of a set of
large, slowly rotating paddle wheels. The speed of the second
paddle wheel may be slower than the first and the third may be
slower than the second. In this manner, the mixing becomes
progressively more gentle as the water flows through the floccu-
lation basin, Designers believe tha this tapered flocculation en-
courages the rapid growth of larger floc particles.

Other types of mechanical flocculators exist but the purpose of
all flocculators is to provide gentle mixing that will produce a
quick-settling floc. The mixing must be strong enough to prevent
premature settling of floc in the flocculation basin, but the mixing
must not be so strong that it breaks apart the floc particles atready

formed. Mechanical flocculators are preferred because their oper-
arion is flexible enough to maintain the proper mixing regardless
of the rate of flow through the plant and because the degree of
agitation can be adjusted 1o suit changes in water qualiry.

Flocculation is sometimes arcempred by means of hydraulic
mixing. Hydraulic mixing occurs when water flows around ob-
structions or obstacles such as a series of baffles or through a
series of interconnected chambers. Around-the-end baffles are
commonly used to create back and forth flow through a basin.
Over and under baffles are used to create an up and down roll-
ing mation to the flow of warer. Other hydraulic devices such as
orifices, weirs, or vortex chambers may also be used to create hy-
draulic mixing.

Most hydraulic flocculators suffer from serious drawbacks.
Mixing is less uniform and controllable, being too violent in one
spot and too gentle in another. While hydraulic flocculators
may perform well at one rate of flow, they usually give poor re-
sults at flows greater or less than thar for which they are de-
signed. Thus, they have less flexibility of operation than me-
chanical flocculators because the degree of mixing depends on
the flow rate.

The success of flocculation is affected by only a few factors.
The primary factor is the degree of mixing, If mixing is tco gen-
tle, the suspended particles will not be brought into contact
with one another and there will be fewer opportunities for farge
clumps of floc to form. Conversely, mixing that is too violent
will tear aparc the floc particles and prevent them from attaining
proper size. The time of mixing is also important o proper floc-
culation. A minimum time of mixing is necessary for floccula-
tion to be completed. Usually, a period of 30 to 45 minutes is
sufficient. To ensure that all portions of the water are retained in
the flocculator for the required time, it is important to limit
SHORT-CIRCUITING."? This can usually be accomplished by
proper baffling or by providing several compartments in series
{one after another). Three or more compartments in series are
recommended. A third factor affecting flocculation is the
number of particles. A relatively clear water is harder to floccu-
late than a turbid water containing a lot of suspended macter.
The difference is that the greater number of particles in the
turbid water collide with one another more often.

If foceulation is not satisfactory in producing a floc that set-
tles quickly and clarifies the water effectively, take the following
corfective steps.

1. Correct any deficiencies in the coagulation process.

2. Check the degree of mixing, Be sure the mixing is netther too
gentle nor too violent.

3. Make sure that mixing is provided for an adequate time pe-
riod. The flow rate through the floc basin may be oo high.
Are actual flows greater than design flows?
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4. See that short-circuiting of flow through the basin is pre-

vented so each portion of the water is retained as long as pos-
sible.

5. Adjust the plant to operate on a more continuous basis for
longer periods of time. Frequent ON/OFF operation is
harmful to flocculation because the floc settles to the bottom
when the plant is off and must be resuspended when it starts
again. When adjusting flows, consider previous flows, ex-
pected demands, and available storage.

For addidonal information on Hocculation, see WATER
TREATMENT PLANT OPERATION, Volume [, Chapter 4,
“Coagulation and Flocculation,” in this series of operator train-
ing manuals.

QUESTIONS

Write your answers in a notebook and then compare your
answers with those on page 275.

4.2A  What is flocculation?

4.2B  Whart happens if the flocculation mixing is too strong ot
o0 weak?

4.3 SETTLING (SEDIMENTATION)

Settling or sedimentation is the process of holding the water
in quiet, low-flow conditions so suspended macter and particles
can be settled out by gravity to the bottom of the tank and re-
moved as sludge.

The purpose of settling is to remove as much of the floc and
other suspended material as possible before the water flows o
the filers. Settling is thus the final step of precreatment prior to
filcration. Settling is an economical means of clarifying water;
therefore, it is usually practiced whenever the water contains
even a moderate amount of suspended macrer. Seuling may be
omitted sometimes when the water contains only a small
amount of suspended matter, but settling is required when a lot
of suspended matter is present.

To understand the operation of a settling tank, it is helpful 10
think of it as having four zones. These zones are shown in Figure
4.6, The size of each zone varies and the boundaries between the
zones are vague and indefinite rather than sharp and well defined.

' Shors-Circuiting. A condition that eceurs in tanks or basins when some of the lowing water entering a tank or basin flows along a nearly direct pathway from the
inlet to the outler, ‘This is usually undesirable since it may result in shorier contact, reaction, or serding times in comparison with the theoretical (caleulated) or pre-

sumed detention times,
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Fig. 46 Four zones of a settling tank

OUTLET

In the inlet zone, water entering the tank is distributed across
the eross section of the tank and slows 10 a uniform flow veloc-
ity. Next, the water flows into the serling zone, which is the
main part of the tank. Here, the water flows slowly through the
tank and the suspended particles setcle out. The settled material
accumulates in the sludge zone at the bottom of the tank. At the
end of the tank, the water enters the outlet zone, whete it flows
to the outlet, collects in suitable channels, and leaves the tank.

As the water flows through these zones in the sertling tank,
various factors have an importanc effect on the setting of sus-
pended particles. Some of these factors are interrelated.

1. Time Provided for Sertling

Commonly, a total settling time of two to four hours is
provided. Related to the settling time is the flow velocicy
through the tank. The faster the water flows, the shorter time
a particle has to settle out before the water reaches the outlet
of the basin. The theoretical average flow velocity is usually
limited to about one to three feet per minute (0.3 0 1 m/
min). See Examples 5 and 6 on page 209.

2. Characteristics of the Suspended Matter

A dense patticle of soil or sand will seule more quickly
than a lighe floc particle. A dense, compact floc containing
lots of suspended matter will settle quicker than a light, fluffy
particle consisting only of alum floc. The coagulation and
flocculacion processes determine the settling characteristics

of the floc.
3. Degree of Short-Circuiting Through the Tank

Short-circuiting occurs when some portions of water pass
through the sertling tank faster than others. The amount of
short-circuiting depends on the shape and dimensions of the
tank. For this reason, a long narrow settling tank is more ef-
fective than a short, wide tank. Short-circuiting is also af-
fected by the inlec and outlet arrangements of the tank.

4. Tank Inlec and Outlet Arrangements

The inlet arrangement should distribute the incoming
water over the full cross section of the serling tank. The
water should be distributed evenly both horizontally and ver-
tically, and high velocities and eddy currents should be
avoided. This is usually done by using perforated baffles or
channels with multiple openings.

The outlet arrangement should allow the water leaving the
tank to be collected near the surface, but uniformly across
the width of the tank. The aim is to prevent high flow veloci-
ties that will lift already sertled particles and carry them out
of the tank. Long weir troughs are commeonly used to collect
the water as well as pipes with multiple ports submerged jusc
below the surface.
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Relatively minor changes in the inler or outlet arrange-
ment in a settling tank can cause dramatic improvement in
its seuling efficiency.

. Tank Overflow Rate

The tank overflow rate, sometimes called the surface load-
ing rate, is determined by dividing the flow rate, Q, by the
surface area of the tank. The overflow rate is normally ex-
pressed as gallons per day per square foot (GPD/sq ft or cu
m/day/sq m). Typical values vary from 400 to 600 GPD/sq
ft or 16 to 24 cu m/day/sq m. A lower rate is becter than a
higher one. See Example 6.

. Currents in the Tank

Currents caused by flow inertia, wind action, temperature
differences, and poor design can interfere with efficient set-
tling, resuspend settled particles, and cause shore-circuiting,
The movement of mechanical sludge scrapers also causes cur-
rents that interfere with settling. Many small plants omit
sludge scrapers to save costs.

. Temperature of the Water

Any particle settles faster in warm water than in cold water
because warmer water is less viscous (less syrupy) and offers
less resistance.

. Wind

High winds can cause surface currents to develop and
cause turbulence, which will reduce settling.

The water leaving the settling tank should have a wrbidicy of

less than five TURBIDITY UNITS" and not many floc parti-
cles should be carried out of the tank. If good serding is not
being obtained, take the following actions to correct it.

I

Check the coagulation and flocculation processes ta be sure
they are operating as well as possible.

. Decrease the rate of flow through the tank to lower the over-

flow rate and the velocity of flow, and to increase the time for
settling to occur.

Y Turbidiey (see-BID-it-tee) Units (TU).  Turbidity units are a measure of the cloudiness of water. 1f measured by a nephelometric (deflected light) instrumental proce-
dure, turbidity units are expressed in nephelometric turbidity units (NTU) or simply TU. Those turbidity units obtained by visual methods are expressed in Jackson
turbidiry units (JTU), which are 2 measure of the cloudiness of water; they are used to indicate the clarity of water, There is no real connection berween NTUs and
JTUs. The Jacksan curbidimeter is a visual method and the nephelometer is an instrumental method based on deflected light.
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3. Improve inlet conditions to reduce inlet velocity, distribute
the flow uniformly, and create uniform flow velocities across
the entire cross section of the wank. If more than one tank is
used, make sure the flow is equally divided among the tanks
as well.

4. Improve outlet conditions to eliminate excessive velocities
toward the outler. Install more weir troughs or outlet ports.

5. Remove accumulated sludge from the bottom of che seuling
tank.

6. Caver or screen the settling tank to diminish currents caused
by changing wind and weather conditions.

7. Recycle sludge to the inlet of the settling tank to increase the
number of particles in the water and improve flocculation of
the settling particles.

High-rate or tube settlers were developed to increase the set-
tling efficiency of conventional rectangular sedimentation basins.
They have been installed in circular basins with successful results.

Water enters the inclined settler tubes and is directed upward
through the tubes as shown in Figures 4.7, 4.8, and 4.9. Each
tube functions as a shallow sectling basin. Together, they provide
a high ratio of effective settling surface area per unic volume of
water. The settled particles can collect on the inside surfaces of
the tubes or settle to the bottom of the sedimentation basin.

High-rate serclers are particularly useful for water creatment
applications where site area is limired, in package:rypc warter
treacmenc units, and to increase the capacity of existing sedi-
mentation basins. In existing rectangular and circular sedimen-
tation basins, high-rate settler modules can be conveniently in-
stalled berween the launders. High winds, however, can have an
adverse effect on tube settlers.

Water rreatment plant sludges are typically alum sludges, with
solids concentrations varying from 0.25 to 10 percent when re-
moved from the basin. In gravity flow sludge removal systems,
the solids concencration should be limited to 3 percent. If the

FLOCCULATION
EFFLUENT

/-)

Ve
—
~——

sludge is to be pumped, solids concentrations as high as 10 per-
cent can be transported.

In horizontal-flow sedimentation basins preceded by coagula-
tion and floceulation, over 50 percent of the floc will settle out
in the fitst chird of the basin length. Operationally, this must be
considered when establishing the frequency of operation of
sludge removal equipment. Also, you must consider the volume
or amount of sludge to be removed and the sludge storage
volume available in the basin.

Sludge may be discharged into sludge basins or ponds for
liquid-solids separation. Ultimately, the sludge may be disposed
of in a landfill.

For additional information on settling, see WATER TREAT-
MENT PLANT OPERATION, Volume I, Chapter 5, “Sedi-
mencation,” in this series of operator training manuals,
FORMULAS

To calculate the settling time or detention time in a basin:

1. Determine the basin dimensions and volume.

2. Measure and record the flow of water being treated.
Basin Volume, cu ft = (Length, ft{{( Width, ft}(Depth, ft)
Basin Volume, gal = (Basin Volume, cu fi)(7.48 gal/cu fi)

he = {Basin Volume, gal) {24 hr/day)
Flow, gal/day

Detention Time,

To calculate the basin overflow rate or surface loading;

1. Determine the basin length and width to determine the sur-
face area.

2. Measure and record the flow of water being treated.

Surface Area, sq ft = (Length, ftf(Width, ft)

Flow, gal/da
flow Rate, GPDfsq fr = ——oie BATCAY
Overflow Race * Surface Area, sq ft

T\

FILTER
INFLUENT
e

/

&>~ USUALLY 7% AS SHOWN OR 60°

J

Fig. 4.7 Tube settler (installed in a rectangular or circular sedimentation basin)
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7% Tube Settlers

60° Tube Settlers
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Fig. 4.8  Cutaway view of Floc/ Tibe clarifier

{Permission of Neptune Microfloc, Inc.){Now Microfloc Products)
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Fig. 4.9  Tube settlers in rectangular and cirvcular clarifiers
(Adapred from the Munters Corporation}

EXAMPLE 5

A rectangular settling basin 20 feet long, 10 feet wide, and
with water 5 feet deep treats a flow of 60,000 gallons per day.
Estimate the detention time or settling time in hours for this
bastn when conveying this flow.

Known Unknown
Length,ft = 20ft Detention Time, hr
Width, &t = 10ft
Depth,ft = 5ft

Flow, GPD = 60,000 GPD
1. Calculate the basin volume in gallons.
Basin Volume, cu fi = (Length, fi}(Width, ft)(Depth, ft)
(20 fY(10 f)(5 fr)
= 1,000 cu ft

Basin Volume, gal = (Basin Volume, cu ft)(7.48 galfcu fr)
{1,000 cu f1)(7.48 galfeu fr)

2. Calculate the detention time or settling time in hours.
_ (Basin Volume, gal) (24 hr/day)
Flow, gal/day

(7,480 pal) (24 he/day)
60,000 gal/day

Detention Time, hr

3.0hr

A recrangular sectling basin 20 feet fong, 10 feet wide, and
with water 5 feet deep treats a flow of 60,000 gallons per day.
Estimate the overflow rate of the basin in gallons per day per
square foot of surface area,

Known Unknown

Length,fi = 20f Overflow Rate, GPD/sq ft
Width,ft = 10ft

Depth,ft = 5f

Flow, GPD = 60,000 GPD

Small Plants 209

1. Calculate the surface area in square feet.
Surface Area, sq ft = (Length, fi)(Width, f)

(20 f)(10 f1)

200 sq fr

2. Determine the basin overflow rate in gallons per day per
square foot.

Overfl R. _GPDJsq fr = —Flow, gal/da
vertlow late sqhr Surface Aren. . 7

_ 60,000 gal/day
200 5q fr

300 GPD/sq f

QUESTIONS

Write your answers in a notebook and then compare your
answers with those on page 275.

4.3A  What is the purpose of settling?
4.3B  Short-circuiting is influenced by what facrors?
4.3C  How does temperature influence particle sertling?

4.3D Why is sludge recycled to the inlet of the settling tank?

44 FILTRATION

Filtration is the process of passing water through a porous bed
of fine granular material o remove suspended mateer from the
water. The suspended matter is mainly particles of floc, soil, and
dcbris; but it alse includes living organisms such as algae, bacte-
ria, viruses, and protozoa.

There are generally two types of filters used in water treat-
ment. Both the gravity and pressure types are common. The tra-
ditional open gravicy filter is shown in Figure 4.10. This filter is
simply a tank with an open top that contains the water, the fil-
tering media, and other filter equipment. Water enters the filter
near the top and flows downward through the filtering media
under the force of gravity, hence the name “gravity filcer.” Ac the
bottom, the filtered water is collected in the underdrain system
and flows out of the filter to the filtered water reservoir.

Slow sand filtration is a variation of the gravity filtration proc-
ess. The physical structure of the filter resembles a standard
gravity flter but the slow sand filter uses biological processes as
well as physical straining to remove suspended particles from
the water. Most small systems are now required to filter their
water to comply with the Safe Drinking Water Act (SDWA) of
1986 and the Surface Warter Treatment Rule (1989). Because of
the impaortance of this rechnology, slow sand filtration will be
discussed fully in Section 4.8 of this chapter.

The second commaon type of filter is the pressure filter (Fig-
ure 4.11). The pressure filter is completely enclosed in a water-
tight tank and the water is forced through the filcer under
pressure created by an elevated source, a pump, or other pres-
sure source. When a bed of granular filtering media is used,
the water enters the top of the filter tank and flows vertically
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Filter Tank

Cast-lron Manifold

Wash Troughs
L

-Filter Sand

Graded Gravel

Perforated Laterals

Filter Floor

Fig. 410 Cutaway view of typécal open gravity sandd filter
(Reprinied from WATER TREATMENT PLANT DESIGN, by permission.
Copyright 1969, the American Warer Works Association)

downward as it does in a gravity fileer. The underdrain system
is also similar. Some types of pressure filters, called “precoat fil-
ters” (Figure 4.12), use DIATOMACEOUS EARTH" (DE)
temporarily deposited on fabric or wire screen clements to ac-
complish the filtering action. Thus, the interior arrangement of
a pressure filter can vary considerably from one manufacturer to
another. Pressure filters frequenty offer lower installation and
operation costs in small filtration plants; however, they are gen-
etally somewhart less reliable chan gravicy filters (depending
upon pressure). Some states do not recommend the use of pres-
sure filters for treating surface waters.

Filtration is the final step in the overall solids removal process,
which usually includes the pretrearment processes of coagula-
tion, flocculation, and sedimentation. The configuration of
these processes, or mode of operation, varies from plant to plant
with respect to which steps are included in the process. Three
modes (or methods) are common: conventional, direct, and dia-
tomaceous earth. A fourth mode, slow sand filtration, is prac-
ticed in smaller plancs in the United States, and is an acceptable
method for purposes of meeting regulatory requirements.

Conventional Fileration: This mode of water treatment is
suited for water sources where quality is highly variable or is high
in suspended solids, and jarge volumes of water are required. This
process is used in most municipal treatment plants in the United
States. A conventional filtration plant commonly operates at
filter rates of 2 to 3 GPM/sq ft, but can function up to 10 GPM/
sq ft. This mode includes complete pretreatment (coagulation,
flocculation, and sedimentation), and provides a great amount of
flexibility and reliability in plant operations. A chemical applica-
tion point just prior to filtration permits the application of a
filcer-aid chemical {such as a nonionic polymer) to assist in the
solids removal process, especially during periods of pretreatment
process upset, or when operating at high filrration rares.

Direct Fileration: Direcr filtration is the same as conventional
fileration except that sedimentation is omitted. Direct fileration
is considered & feasible alternative to conventional filtration,
particularly when source waters are low in turbidiry, color,
plankton, and coliform organisms. Filtration rates are usually in
the range of 2 to 5 GPM/sq ft. As in conventional filtration, a
chemical application point just prior to fileration permits the

5 Diatomaceous (DYE-uh-toe-MAY-shus) Earth. A fine, siliceous {made of silica) carth composed mainly of the skeletal remains of diatoms.
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addition of a filter-aid chemical. Many direcc filtration plants
provide rapid mix, short detention without agitation (30 to 60
minutes) followed by filtration. Other direct fileration plants
practice what is known as “in-line” filtration, which is the same
as direce filration without separate flocculation. With in-line
operation, chemical filter aids are added directly to the filter
inlet pipe and are mixed by the flowing water.

Diatomaceous Earth: In diatomaceous earch {precoat) filtra-
tion, the filter media is added as a SLURRY'® 1o the water being
treated; it chen collects on a septum (a pipe conduic with porous
walls) or other appropriate screening device as shown in Figure
4.12, After the initial precoar application, water is filtered by
passing it through the coated screen. The coarting thickness may
be increased during the filtration process by gradually adding
more media—a body feed. In most water treatment applica-
tions, diatomaceous earth is used for both the precoar and body-
feed operations.

\““UNDERDRAIN
| X
BACKWASH/
DRAIN LINE
Pressure filter

Diatomaceous earth filtration is primarily a straining process,
and finds wide application where very high particle removal effi-
ciencies (high clarity water) are required, such as in the beverage
and food industries. Precoat filters can be operated as gravity,
pressure, or vacuum filters. They are also commonly used in
swimming pool installations due to their small size, efficiency,
ease of operation, and relatively low cost. Use of these filters is
limited in larger water treatment plants because of operational
considerations such as flow rates and sludge (used diatoma-
ceous earth) disposal requirements.

Slow Sand: In slow sand fileration, water is drawn downward
through the filter media (sand) by gravity as it is in the gravity
fileration process. However, this is generally where the similarity
between these two filtration processes ends. In the slow sand fil-
tration process, particles are removed by straining, ADSORP-
TION," and biological action. Filtration rates are extremely
low (0.015 10 0.15 GPM/sq ft or 0.01 to 0.1 liters per sec/sq m

% - . . . . . .
 Sturry. A watery mixture or suspension of insoluble (not dissolved) marter; a thin, watery mud or any substance resembling it (such as a grit slurry or a lime sturry).
V7 Adsarption (add-SORP-shun).  The gathering of a gas, liquid, or dissalved substance an the surface or interface zone of another material.
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or 0.01 1o 0.1 mm/sec). This process usually does not require
pretreatment for most surface waters. The majority of the par-
ticulate material is removed in the top few inches of sand, so this
entire layer must be physically removed, rather than back-
washed, when the filter becomes clogged. This filtration process
has found limited application due to the large area required and
the need to manually clean the filters, but its efficiency in re-
moving or inactivating disease-causing organisms has sparked
interest in the process.

Chemical coagulation is absolutely essential for effective filtra-
tion except when using the slow sand process. Filters using a
granular filter media will not effectively remave fine suspended
macter unless coagulation treatment is provided. Without coag-
ulation, the fileer will operate only as a strainer that removes the
large, coarse particles while the fine particles of suspended
matter will easily flow right between the grains of filter media
and pass through the filter without being removed. Only proper

coagulation can make 2 granular media filter perform effec-
tively to clarify the water.

Sand is the most frequently used filtering media for treatment
of domestic water. The sand should be a hard material like quartz
so it will not erode and crumble or easily dissolve in water. The
depth of sand may vary from 20 to 30 inches (50 to 75 ecm). A
depth of 24 inches (60 cm) is common but some filters of special
design may have only 6 to 12 inches (15 to 30 cm) of sand.

Raw sand from just any source is not suitable for filter media.
This sand usually is not the right size and ic is not properly
“graded,” that is, the different sizes are not present in the correct
proportion. Therefore, filter sand must be prepared by screening
the raw sand through a set of sieves and mixing the sand re-
tained on each size sieve in the proper propertion. When this
mixing operation is completed, the sand should consist of grains
ranging in size from about 0.2 to 1.2 millimeters.

Anthracite is the second most frequently used filtering media.
Anthracite is hard coal. Ordinarily, anthracite is prepared by
crushing the coal and sieving it to achieve the proper gradation.
Properly graded anthracite will consist of grains ranging in size
from about 0.5 to 3.0 millimeters.

Anthracite may be used as the only filtering media but i is
more commonly used along with sand. When the two materials
are used together, the filter is called a “dual media” filter. In the
dual media filter, about 6 1o 10 inches (15 to 25 ¢m) of sand is
placed on the bottom and 18 to 24 inches (45 to GO cm) of an-
thracite is placed on top. Since the sand is about two and a half
times heavier than water and anthracite is only about one and a
half rimes heavier than water, the two materials stay separated
and in the same relative positions (anthracite on top and sand
on the bottom) even after backwashing,

Sometimes, a layer of crushed GARNET'® media is used at
the bortom of the filter in addition to the sand and anthracite.
In this case, the filter is called a “mixed media” filcer.

Small filters containing replaceable cartridge-type elements
are sometimes used in homes or very small reatment plants.
When the elements become plugged with dirt, they must be dis-
carded and replaced since they cannot be cleaned and reused.
The cost of replacement elements is often a significant expense.

The underdrain system of the filter is at the bottom beneath
the filtering media. This system has several important functions:

1. To support the filtering media and prevent the media from
passing out the bottom of the filter

2. To collect the filtered water and convey this water our of the
filter when the filter is in normal operation

3. To uniformly distribute the backwash water across the filter
bed and provide uniferm upward flow

OFf these three functions, the most important is uniform distri-
bution of the backwash water.
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The underdrain system usually consists of two parts, the
gravel layers and the water conduits. The gravel layers, which are
on top, usually consist of several layers of different size gravel.
The uppermost layer of gravel, which is in contact with the
sand, may be Y6 to % inch (1.5 to 3 mm) in diameter and
about three inches (75 mm) thick. There may be as many as six
different layers of gravel, each larger in size than the one above.
The bottom layer may be as large as 1 % 10 2 % inches (35 to 65
mm) in diameter. The total depth of the gravel layers may vary
from 12 to 24 inches (30 to 60 cm),

The bottom part of the underdrain system consists of the
water conduits for collection of the filtered water and distribu-
tion of the backwash water. These conduits may consist of a
large central header pipe with numerous small pipe laterals
branching off the header. The header-lateral underdrain system
is more common in older or smaller filters. Newer and larger fil-
ters most often use an underdrain system consisting of a false

bottom constructed of porous stone plates or perforated hollow
blocks of vitrified clay.

A rate-of-flow control valve orifice is normally placed in the
effluent line from each filter. The purpose of this valve is to
somewhat equalize the flow among all the filters and to prevent
excessive rates of fileration by limiting the rate of flow through
each filter to a predetermined value. The rate-of-flow controller
also is used to maintain a constant flow chrough a given filter
during the entire filter run. As the head loss through the filter
builds up, the concroller opens up to maincain a constant flow.

The rate of filtration, usually expressed in gallons per minute
per square foot of filter area (GPM/sq ft}, is an important char-
acteristic of any filter. The slow sand filcers built in the past op-
erated at a filiration rate of about 0.05 GPM/sq ft (0.034 mm/
sec or 0.034 liter per sec/sq m). When rapid sand filters were de-
veloped, they were usually designed to operarte at a filcration rate
of two GPM/sq ft (1.4 mm/sec or 1.4 liters per sec/sq m), ap-
proximately 40 times faster. Modern filters using dual media
and improved design can operate at rates ranging from three to
five GPM/sq ft (2 to 3.4 mm/sec or 2 to 3.4 liters per sec/sq m).
In a very few cases, filters have been designed and operated suc-
cessfully at rates ranging from six to eight GPM/sq ft (4 to0 5.4
mm/sec) or even as high as 10 GPM/sq ft (6.8 mm/sec or 6.8
liters per sec/sq m), but these filters are rare.

Successful operation of filters at high rates requires the follow-
ing conditions:

1. Good design by a knowledgeable engineer or consulcant
2. Use of dual or mixed media

3. Surface wash apparatus to assist cleaning of the media during

backwash

4. Use of polymers or other filter aids

'8 Garnet. A group of hard, reddish, glassy, mineral sands made up of silicates of base metals (calium, magnesium, iron, and manganese), Garnee has a higher density

than sand.



214 Water Systems

5. Turbidimeters that continuously monitor the performance of
the filcers

6. Competent operators on duty continuously whenever the
plant is operating

7. Excellent pretreatment (coagulation, flocculation, and ser-
tling) to properly condition the water prior to filtration

Since these conditions usually do not prevail in small water
wreatment plants, the rate of filtration should usually be re-
stricted in small filters, or ones of poor design, 1o no more than
about two GPM/sq ft (1.4 mm/sec or 1.4 liters per sec/sq m).
See Example 7 on page 219,

As a fileer operates, it continuously removes suspended matter
from the water passing through it. Eventually this macter clogs
the openings through the filter and the flow of water is reduced.
Another sign of a dirty filter is breakthrough of excessive turbid-
ity in the filcered water.

When a filter is operating properly, the head loss chrough the
filter media will build up gradually (Figure 4.13). The actual

head loss is measured by a filter head loss gauge thar is monij-
toredt by che operator. The head loss should never be as great as
the distance from the water surface to the top of the filter media,

The rate of head loss buildup is an important indicator of
filter performance. Sudden incteases in head loss might be an
indicacion of surface sealing of the filter media (lack of depth
penctration). Early detection of this condition may permit you
to make appropriate process changes such as adjustment of the
chemical filter-aid feed rate or adjustment of fileracion rarte.

When the filter becomes dirty (high head loss} it must be
cleaned by backwashing. This is a process of reversing the direc-
tion of flow through the filter to flush the dirt out of the media,
The backwash water enters the underdrain system at the bottom
of the filter and flows upward through the fileer media. The
flow of backwash water is regulated to a rate thar will separate
the individual grains of media and suspend them in the flow of
water. When the media is thus expanded, the grains scrub each
other and the dirt particles are flushed out. Backwashing con-
tinues until the filter is clean; usually about five 10 ten minuces
are tequired.

TUBE OPEN
TO ATMOSPHERE
AV
INFLUENT CHANNEL —> =
WATER \' \f
| /// FILTER ME%
\\\ 5
\ N\ SUPPORY CRAVEL
N \\\\\\\\
OOOOOOOOOOOOOOOOOOOD —
X EFFLUENT

N UNDERDRAIN

NOTE: Ifatube open to the atmosphere was installed in the filter effluent, then

1. Head loss through filter at start of run, and

2. Head loss through filter before start of backwash cycle.

Fig. 4.13  Head loss through a filter
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In gravicy filters, the backwash water is collected at the top of
the Aleer in troughs chat drain it away to waste. In pressure fil-
ters, the backwash water is piped to waste by manipulating the
proper valves.

The backwash water supply system should provide a maxi-
mum upward flow rate of 15 to 20 GPM/sq ft (10 to 13.6 mm/
sec or 10 to 13.6 liters per sec/sq m). This is common for sand
media. The actual flow rate required for sadisfactory backwash
will depend on the size and specific graviry of the media and the
temperature of the water. Thus, a lower flow rate will be neces-
sary for anthracite than for sand. And, a lower flow rate will be
necessary when the water is cold than when it is warm. In any
case, backwash flow must be adequate to lift the individual
grains of filter media and expand the filter bed so the foreign
matter collected in the bed can be flushed out. Separating the
grains of media allows them to scrub each other clean of the
coating of floc or dirt. Typically, the filter bed will be expanded
to 120 to 150 percent of its normal depth. However, the opera-
tor must be careful chat the flow rate is not so high that che fiteer
media itself is flushed ouc of the filter and lost during backwash-
ing. See Example 9.

The frequency of backwashing may vary from a few hours to
a few days depending on how quickly the filter plugs or on the
quality of the filtered water. The filter head loss gauges indicate
how quickly the filters are plugging and when they need back-
washing. Under unfavorable conditions, when there is lots of
suspended matter in the water being filtered, the fileer will plug
rapidly and may require backwashing several times a day. At
other times, when the water to be filtered contains only small
amounts of suspended matter, the filter will plug slowly and it
may operate from several days up o a week before backwashing
is required.

However, backwashing is also required whenever the filtered
water quality becomes unacceprable. If the turbidicty of che fil-
tered water suddenly increases above the level permitted by
standards, backwashing is necessary even though flow through
the filter is not seriously affected by plugging.

Operators of small filter plants try to achieve the longest pos-
sible filter runs, try to use the minimum amount of backwash
water, and try to produce the best possible filtered water qualiry
(turbidities of less than 0.1 turbidity unit is a recommended tar-
get). For good operation, you should not have to use more than
two percent of your filtered water for backwashing. Depending
on the quality of the source water, daily backwashing may be
often enough. In some cases, filters may be operated two or
three days without backwashing, but longer periods are not rec-
ommended.

Surface wash jets are used on filters to improve the efficiency of
backwashing. Sucface wash is especially good for dual media and
mixed media filters. The water jets may be either on a fixed grid
or on a rotating arm suspended above the surface of the filtering
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media. Compressed air is sometimes supplied with the water to
the jets. The purpose of the surface wash jets is to provide addi-
tional agitation to break up any crust or MUDBALLS " that
may form at the surface of the filter bed and to improve cleaning
of the media, Surface washing can be very helpful and should be
used whenever available. Therefore, if a permanent system of sur-
face wash jets is not provided, the operator should use a hand-
held hose with a fite nozzle to apply a powerful blast of water to
the top of the filter media. The blast of water should be applied
to the exposed media before and when the backwash water first
starts to flow to assist cleaning of the media.

Only fully treated water should be used for filter backwash-
ing. Untreated or partially treated water should not be used be-
cause it will contaminate the filter media and underdrain sys-
tem, and it may leave the filter more dirty after backwashing
than it was before. In gravity filter plants, the treated warter for
backwashing may be supplied by gravicy flow from a backwash
water storage tank or by special backwash pumps that draw
water from the clear well. A third alternative for backwash water
supply is gravity flowback from the distribution system itself.

In pressure filter planes, the backwash water is most com-
monly produced by the filters themselves as it is used. In chis
mode of operation, the treated water produced by three of the
pressure filters is used to backwash the fourth. The filters are
backwashed in sequence, one after another, uncil all are clean.
This scheme requires cthe plant to be out of proeduction while the
filters are backwashing, but normally this is nor a serious draw-
back. Figure 4.14 shows the in-service and backwash flows for a
pressure filter plant.

The waste backwash water is usually very muddy and it must
be disposed of properly. The backwash water may be simply
flushed to waste into the nearest stream ot drainage ditch. This
practice is considered a source of pollution and is not recom-
mended. Disposal to a sanitary sewer system is sometimes pos-
sible. Many small plants can simply retain the backwash warer
in a small pond where it will evaporate or seep into the ground.
If an evaporation pond is not practical, the backwash water can
be contained in a tank or basin until the heavy material settles.
Then, the clear water can be drawn off and recycled to the inlec
of the treatment plant for pretreatment. The settled sludge is pe-
riodically removed to a landfill for disposal.

The performance of a filter must be monitored frequently or
continuously if possible. Several different manufacturers supply
turbidicy meters (turbidimeters) that can continuously measure
the turbidity of the treated water produced by a filter. Turbidi-
meters are also available for resting individual water samples col-
lected on a grab basis; however, the continuous-reading instru-
ments are much better for monitoring the performance of a
filter because they give a rapid indication of any momentary
change in qualicy. This rapid indication feature is indispensable
when a polymer is used as a filter aid or when the operator

Y Mudball.  Material, approximarely round in shape, that forms in filers and gradually increases in size when not removed by the backwashing process. Mudballs vary

from pea-sized up to golf-ball-sized or larger.
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INFLUENT
—

EFFLUENT
-

IN SERVICE

The influent water is distributed to each filter
compartment, passes evenly through the media,
is collected by the underdrain system, and
leaves the filter through the effiuent valve.

INFLUENT

BACKWASHING

The effluent valve is closed. At the same time,
the influent valve to one compartment is auto-
matically closed. The backwash outlet valve

to that compartment is opened. The influent
water continues to filter downward through the
remaining three compartments and upward
through the fourth. This is repeated sequent-
ially until the entire filter has been washed.

INFLUENT
—_—

RINSING (Optional)

Before the filter is returned to service, a rinse
valve is opened allowing rinsing of the entire
filter to waste. At the completion of this stap,
the effluent valve is opened as the rinse valve
closes, returning the unit to service.

Fig. 4.14  In-service and backwash flows for a four-compartment pressure filter

{Permission of Warermasters, Inc., Burlingame, CA)

wishes to detect the rapid rise of twrbidity in the filtered water,
which indicates breakthrough and the need to backwash.

If a rurbidity inscrument is not available, the operator should
still make an effort to monitor the performance of the filters. A
reliable judgment can often be made by simply observing che
water in the clear well reservoir that receives the water from the
filker. If the bottom of the resetvoir is clearly visible through the
full depth of water, the turbidity is probably very low. If the water
is faintly cloudy and hazy, filter performance is probably sub-
standard. A bright light beam shown chrough the water is usually
a great help in judging the clarity. If the operator routinely ob-
serves the water every day, enough experience is soon gained 1o
detect a change for the worse just by visual observation.

A properly operated filter plant should easily produce treated
water with a turbidity of less than 1.0 turbidity unit and it
should usually be less than 0.5 turbidity unit. A filtered water

turbidity as low as 0.1 rrbidity unit is achieved regularly by
many filter plants that are well designed and operated properly.
A fileer plant that cannot consistently produce water with a wr-
bidity of less than 1.0 turbidity unic is defective cither in its
design or in its operation, and measures should be undertaken
1o correct the problem.

Most filters have similar operation and maintenance needs. If
the filters are not performing satisfactorily, check the following
points and make appropriate corrections.

1. Verify that the coagulation, flocculation, and seuling proc-
esses are performing as efficiently as possible. The turbidicy
of the settled water going to the filters should not exceed 5.0
turbidity units.

2. The rate of filtration should not exceed the design rate.
Check the rate of flow controller on each filter to make sure
they are preventing excessive filtration rates in any one filter.

3, The filter may need backwashing. Filters must be back-
washed frequently, preferably every day. The backwash must
effectively clean the filter media. Otherwise, mudballs will
form in the media and eventually plug the filter completely.
Maintain a permanent record of the backwash frequency and
duration for each filter. Check the rate of backwashing to
make sure it will adequately expand the media and flush our
the dirt.

4. The filter must be operated so the rate of flow changes
slowly. A rapid increase in the filter rate will very likely cause
the filter to produce poorer quality water. For this reason,
frequent ON/OFF operation of the filter should be elimi-
nated. In addition, rapid operation of the backwash water
valve can cause serious damage to the underdrain system.
The backwash valve must always be opened very slowly.

5. The media must be inspected frequently to determine chat it
is in good condition. Gravity filters can be inspected easily
through the open top, but pressure filters must be opened or
taken apart to visually inspect the media. This should be
done ar lcast yearly and more often if necessary. Examine the
media for loss in depth, mudballs, caking, surface cracks, and
mounding or unevenness. Remove the mudballs and replace
or replenish the media as required.

6. Determine the condition of the underdrain system by ob-
serving the filters during filtering and backwashing. If the
gravel layers are upset or the underdrain conduits are broken,
the media will escape through the bortom of the filter and
appear in the filtered water. Substantial amounts of sand in
the filter effluent pipe or filtered water reservoir {clear well)
indicate definitely that the underdrain system needs repair.

If gravel appears near the surface of the media or if the sur-
face of the media is mounded instead of level, the underdrain
system should be repaired and new gravel and media installed.
Sand boils or other evidence of uneven upward flow during
backwashing are furcher evidence of underdrain problems.

7. Accurate gauges must be provided to measure the loss of
head or the pressure loss between the inlet and the outlet of
the filter. These gauges give a good idea of how clean the
filter is and when it needs backwashing, After a filter has
been backwashed, the loss of head through the filter will
gradually increase as particles are removed from the warter
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being filtered. These particles will plug the spaces in the filter
material and cause the head loss to increase. The operator
should maintain a permanent record of the head (pressure)
loss in cach filter ar che beginning and end of each filter run.
Variations from past readings indicare a problem.

8. Consider feeding a polymer filter aid at the inlet to the fil-
ters. Very small dosages of the proper chemical can often
make a starcling improvement in che efficiency of filtration.

9. When checking pressure filters with multicells, inspect the
plates inside che filters for cracks and breaks.

Figure 4.15 shows the installation of the small treatment
plant loaded on the pickup shown in Figure 4.1. This plant con-
sists of four vertical pressure filters. Pre- and postchlorination
are used for disinfection. Alum is the coagulant. The filters are
used to remove turbidity. In some installations, this same type of
plant is used to remove iron and mangancse by changing the
media.

For additional information on filtration, see WATER TREAT-
MENT PLANT OPERATION, Volume 1, Chapter 6, “Filtra-
tion,” in this series of operator training manuals.

FORMULAS
To calculate the filtration rate for a rapid sand filter:
1. Determine the dimensions of the filter and surface area.
2. Measure and record the flow of water being treated.
Surface Arca, sq ft = (Length, f)(Width, f0)

Flow, gallons/min = (Flow, MGD){1,000,000/Million)

{24 hr/day}(60 min/hr)
Flow,
gallons/ = (Water Drop, ft) (Surface Area, sq f1){7.48 gal/cu ft)
min Time, min

In this formula, Water Drop, &, times Surface Area, sq ft,
gives the volume of water in cubic feet. Multiplying by 7.48
gal/cu ft converts cubic feet to gallons. Dividing the volume in
gallons by Time, min, gives the flow in gallons per minute.

. Flow, gal/min
Fil Rate, GPM/sq fi = Lo Eal/min _
ticration Rate ! 5q Surface Area, sq fi

To determine the backwash flow rate for a gravity sand filter:
1. Determine the dimensions of the filter and surface area.

2. Measure and record the flow rare of the backwash water.

Flow, gal/min
Backwash Rate, GPM/sq f = 10w gal/min
e Rate, GPM/sq Surface Area, sq ft

To determine the percent of water used for backwashing,
divide the gallons of backwash water by the gallons of warer fil-
tered and multiply by 100 percent.

{Backwash Water, gal)(100%)
Water Filtered, gal

Backwash, % =
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Pressure Filters

Chemical Containers

4

Hydropneumatic Tank

Fig. 4.15  Small pressure filtration plant

o
(Permission of Waermasters, Inc., Burlingame, CA}

EXAMPLE 7

A water treatment plant treats a flow of 2 MGD. There are
wwo sand filters and each filter has the dimensions of 20 feet
long by 20 feet wide. Determine the filtration rate in gallons per
minute per square foot of filter. NOTE: Each filter treats a flow
of 1 MGD.

Known Unknown
Length,ft = 20f Filtration Rare, GPM/sq ft
Width, ft 20 fi
Flow, MGD = 1 MGD
1. Caleulate the filter surface area in square feet.

Surface Area, sq ft = {Length, fi)(Widch, ft)
{20 fo) (20 fr)
400 sq ft
2. Convert the flow from MGD to GPM,

. (Flow, MGD)(1,000,000/Million)
Flow, gal/min = {
B (24 hr/day}(60 min/hr)

_ (1 MGD)(1,000,000/Million)
(24 hr/day) (60 min/hr)

694 gal/min

3. Calculate the filtration rate in gallons per minute per square
foor of surface area.

e Flow, gal/min
ttranon Rage sqf Surface Area, sq ft

_ 694 gal/min
400 sq ft

1.7 GPM/sq fi

EXAMPLE 8

To check on the valve position of a controller in a filer, the
influent valve to the filter was closed for five minutes, During
this time period, the water surface in the filter dropped 1.25 feet
(1 ft 3 in). The surface area of the filter is 400 square feet. Esti-
mate the flow in gallons per minute.

Known Unknown
Time, min = 5 min Fiow, GPM
Water Drop, ft = 1.25ft
Surface Area, sq fr = 400sq ft

Calculate the flow in gallons per minute.

Flow, (Water Drop, ft) (Surface Area, sq ft}(7.48 gal/cu ft)

GPM Time, min

_ (1.25 fi)(400 sq 1) (7.48 gal/cu fi)
5 min

748 GPM
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EXAMPLE 9

Estimate the backwash rate for the filter in Example 7 if there
are ™o backwash pumps capable of delivering 4,000 GPM
each. The total backwash flow is 8,000 GPM.

Known Unknown
Surface Area, sq ft = 400 sq ft Backwash Rate,
Backwash Flow, GPM = 8,000 GPM GPMisq fe

Calculate the backwash rate in gallons per minute per square
foot of surface area.

i

Backwash Rate, GPM/sq fi = Dackwash Flow, gal/min
Surface Area, sq ft

_ 8,000 GPM
400sq fr

20 GPM/sq fr

n

EXAMPLE 10

During a filter run, the total volume of water filtered was 1.20
million galions. When the filter was backwashed, 18,000 gal-
lons of water was used. Calculate the percent of filtered water
used for backwashing,

Known Unknown

Water Filtered, gal = 1,200,000 gal Backwash, %
Backwash Water, gal = 18,000 gal

Calculate the percent of water used for backwashing.

{Backwash Water, gal)(100%)
Warter Fileered, gal

_ (18,000 gal) (100%)
1,200,000 gal

Backwash, % =

= L5%
QUESTIONS

Write your answers in a notebook and then compare your
answers with those on page 275.

4.4A  What is included in the suspended matter removed by
filcration?

4.4B  Why do anthracite and sand stay separated during and
after backwashing?

4.4C  What is a mixed media filter?

44D Under what conditions will mudballs form in filters?
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4,5 DISINFECTION

The purpose of disinfection in domestic water treatment is to
kill or inactivate any disease-causing organisms that may be
present. There are several types of disease-causing organisms
and each type has different characteristics that are impottant to
understand.

1. Bacteria

Bacteria are microscopic organisms. [ndividual bacteria are
usually so small they are invisible to the naked eye. Therefore,
it is impossible to tell if bacteria are present simply by looking
at the water. A glass of water may be sparkling clear and
appear to be pure but actually contain millions of bacteria.

Most bacteria are harmless but a few types cause serious ill-
ness and even death in humans. Some bacterial diseases
transmitted by drinking contaminated water include typhoid
fever, paratyphoid fever, bacillary dysentery, and cholera.

2. Viruses

Virus agents are very small organisms, much smaller than
bacteria, and they too can cause serious illness in humans.
Infectious hepatitis and possibly poliomyelitis are two viral
diseases that can be transmitted by contaminated drinking
water. So-called “sewage poisoning,” acute intestinal upset
caused by drinking sewage-contaminated water, may also be
caused by viral agents.

3. Protozoa

Protozoa are microscopic animals that are also too small to
be detected by the naked eye. Among the waterborne diseases
they cause are amoebic dysentery, giardiasis (jee-are-DYE-
uh-sis), and cryprosporidiosis.

These three types of organisms (bacteria, viruses, and proto-
z0a) differ in their resistance to chlorine, the most common dis-
infectant. The bacteria are readily killed by the chlorine residual
{0.2 t0 0.5 mg/L) normally maintained in domestic water from
a treatment plant. Most viruses are significantly more resistant
1o chlorine than are bacteria. Therefore, higher chlorine concen-
trations and longer concact times are necessary to kill viral
agents. The protozoa are the most resistant to chlorine. They

normally are not killed by the concencrations of chlorine ordi-
narily used in warter treatment. Therefore, operators must rely
on the processes of coagulation, flocculation, settling, and filtra-
tion for physical removal of protozoa rather than depend on dis-
infection to kill the organisms.

The processes of coagulation, flocculation, settling, and filtra-
tion can remove a high percentage of the disease organisms from
a water supply. However, the operator cannot rely on these proc-
esses for 100 percent removal of disease organisms. Disinfection
must be applied te all surface water sources to ensure that the
water will be entirely safe and free of harmful organisms.
Groundwater sources from properly constructed wells and
springs may be free of contamination and may not require disin-
fection.

Nearly all domestic water supplies are disinfected with chlo-
rine, although iodine, ozone, and ultraviolet radiation are also
used occasionally. Chlorine is available in several forms. Gaseous
chlorine can be purchased as liquid chlorine in steel cylinders.
As chlorine gas is removed from the cylinder, the liquid chlorine
evaporates and produces more gas. Chlorine can also be pur-
chased in the form of liquid bleach, a solution of sodium hypo-
chlorite in water. Laundry bleach, available from grocery stores,
is 5.25 percent chlorine and commercial strength bleach, avail-
able from swimming pool suppliers or chemical companies, is
usually 12.5 percent chlorine. Chlorine compounds in a solid
form, granular or rablets, can also be purchased from swim-
ming pool suppliers and chemical companies. These com-
pounds of chlorine contain calcium hypochlorite. Calcium
hypochlorite in solid form contains 65 percent available chlo-
rine. This means that if you add 10 pounds of calcium hypo-
chlorite to water, you are actually adding 6.5 pounds of chlorine
(10 Ibs x 0.65 = 6.5 lbs). Chlorine dioxide (ClIO,) is another
form of chlorine used to disinfect drinking water. All forms of
chlorine are hazardous chemicals that can cause serious injury
and damage if they are not stored and used properly.

The form of chlorine used at the treatment plant will detet-
mine the type of chlorine feeder that is needed. If chlorine gas is
used, it must be fed through a “chlorinator.” The chlorinator
not only controls and measures the flow of chlorine gas but also
dissolves it in water so it can be safely injected into the water

supply (Figure 4.16).
If chlotine in the form of liquid bleach (sodium hypochlorite)

or a granular compound (calcium hypochlorite) is used, it is
mixed wich water to make a hypochlorite solution. Then, this
solution is injected into the water supply by a chemical solution
feed pump called a “hypochlorinator.”

Small water plants most frequently use hypochlorite forms of
chlorine because these are safer o handle and the feeder pumps
are relatively inexpensive. Larger plants use chlorine gas because
it is less expensive than hypochlorites and because gas chlorina-
tors are usually more reliable and require less artention by the
operator than a hypochlorinator.

Small Planes 221

!
!
!
!
|
1
i
t

NOTE: Chlorine cylinders are placed on the scales at the right and secured by the chains.

Fig. 4.16  Small chlorination system

(Permission of Warermasters, Inc., Burhngame, CA)

The following factors have an imporaant effect on disinfec-
tion of water with chlorine.

1. Concentrations of Chlorine

The higher the chlorine concentration, the faster and more
complete will be the disinfection.

2. Time of Chlorine Contact

The longer that water is in contact with chlorine, che
greater will be the degree of disinfection achieved. Short-
circuiting of flow through basins and tanks must be avoided
because it can drastically shorten the time of chlorine con-
tact. Clear wells, which store treated warer, are used to pro-
vide adequate conract rime.

3. The pH of the Water

The pH determines whether the chlorine is in the form of
hypochlorous acid, a powerful disinfectant, or in the form of
hypochlorite ion, which is a much weaker disinfectant. For
best results, the pH should be less than 7.5.

4. Warer Temperature

Chlorine requires more time to kill organisms in cold
water than in warm water. A decrease in the water empera-
ture from summer to winter may require twice the coneact
time to achieve the same degree of disinfection.

5. Degree of Mixing

Any organisms not exposed to chlorine will not be killed.
Therefore, mixing of the chlorine and the water must be
rapid and complete to ensure that chlorine comes in contact
with all the organisms present.

6. Clarity of the Water

Organisms that are encased in a covering of suspended
particles, mud, or trash may be so protected from the chlo-
rine that the chlorine never penetrates to the organisms. It is
important to remove as much suspended matter as possible
s0 it does not shield organisms from chlorine or consume the
chlorine before it is effective in killing the organisms.
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7. Presence of interfering Substances

Chlorine is a very active chemical and it reacts quickly with
many substances. These chemical reactions can consume the
chlorine or convert it to forms that are poor disinfectants. Am-
monia is one of the most troublesome substances because it
combines teadily with chlorine to form chloramine com-
pounds. Chloramines are much weaker disinfectants than free
chlorine. Sources of ammonia in water include the effluent
from a wastewater treatment plant or seepage from the subsur-
face leaching system of a septic tank. Other substances that
react with chlorine and consume it include dissolved iron and
manganese, hydrogen sulfide, and organic mareer.

8. Points of Chlorine Application

Provisions should be made to feed chlorine ac several dif-
ferent locations in the plant. The place of feed may vary from
time to time depending on source water quality. If natural

Fig. 417

organics are not present in the source warter, chlorination
carly in the treatment process can provide cffective disinfec-
tion and reduce chlorine costs.

In addirion to controlling the above factors, the operator
must have reliable chlorination equipment and it muse be prop-
erly maintained and competendy operated. An important part
of operating the chlorinator is to measure the concentration of
chlorine in the water on a daily basis. This measurement is made
with a chlorine test kit (Figure 4.17). Many brands of chlorine
test kits are available. Most of them consist of a clear sample vial
and a set of color standards. The reagent, which produces a
color whase intensity is propartional to the chlorine concentra-
tion, is added to the vial containing the water sample. The color
that forms in the sample is then compared with the known color
standards to determine the chlorine concentration. Previously, a
chemical solution containing orthotolidine reagent, which pro-
duces a yellow color with chlorine, was used in all chlorine test

Chlorine test kit
(Permission of HACH Company}

kits. Orthotolidine {OT) is still used in the low-cost chlorine
test kits that are supplied for testing swimming pool waters.
However, for testing domestic water supplies a reagene called
DPD {diechyl-p-phenylene diamine) is much preferred because
it is more accurate and versatile. The DPD method is subject to
fewer interferences than OT and it accurately measures both
free available chlorine and 1otal chlorine residuals.

Operators must be acquainted with the three rypes of chlorine
residuals that can be found in treated water.

1. Free

Free available chlorine residual includes that chlorine in
the form of hypochlorous acid (HOCI) and hypochlorite ion
(OCI"). Hypochlorous acid is the most effective disinfectant
form of chlorine. Hypochlorite ion is much less effective asa
disinfectant than hypochlorous acid. The pH of the water
determines whether the free chlorine is in the form of hypo-
chlorous acid or hypochlorite ion. The lower the pH, the
greater the percent of hypochlorous acid.

2. Combined

Combined available chlorine residual includes thac chlo-
rine in the three chloramine forms (monochloramine, dichlor-
amine, and nitrogen trichloride}, which are produced when
chlorine reacts with ammonia. Combined chlorine requires
up to 100 times the contact time or at least 25 times the
chlorine concentration to achieve the same degree of disin-
fection as free available chlorine.

3, Toral

The 1otal chlorine residual is the sum of the free residual
and the combined residual.

Chlorine residual cest kits measure the free available chlorine
residual and the total chlorine residuzal. The combined available
chiorine residual is the difference. For example, a test kit could
measure the free chlorine residual as one mg/L and the total
chlorine residual as three mg/L. The combined available chlo-

rine residual would be two mgfL (3 mg/L — 1 mg/L = 2 mg/L).

Operators should strive to mainain a free chlorine residual to
accomplish disinfection and to avoid depending on the much
weaker combined chlorine residual. Thus, in performing a chlo-
rine residual test, the small system operator should make sure
that the test resulc indicates only the free chlorine residual con-
centration.

Operators of small treatment plants frequently ask, “What
chlorine residual should I maintain to guarantee that the fin-
ished water is adequately disinfected?” This is a very important
question and one that must be answered correctly. Buc it is im-
possible to give a simple answer covering all situations because,
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as already explained, the required chlorine concentration is re-
lated to the conract rime, the pH, and the water temperature.

A reference book, HANDBOOK OF CHLORINATION
AND ALTERNATIVE DISINFECTANTS® by George Clifford
White, describes a workable method for calculating the required
chlorine concentration under various conditions, The calcula-
tion uses the following formula:

CxT=A

where C = the free available chlorine residual concentration in
milligrams per liter

T = the chlorine contact time in minutes

A = aoumber chac varies with the pH as shown in Table
4.1

TABLE 4.1 RELATIONSHIP BETWEEN pH AND A

A
(For Cold Water,
pH Range 0 to 5°C)
7.0-7.5 12
7.5-8.0 20
8.0-8.5 30
8.5-9.0 35

For example, suppose in a particular small water plant thac
the minimum chlorine contact time from the point of chlorine
injection to the entrance of the discribution system is 30 min-
utes. Then, for the formula, T = 30. The pH of the water was
found to be 7.2 and the water temperature during the winrer
months is usually just above freezing, say 1° or 2° Celsius. Then,

" HANDBOOK OF CHLORINATION AND ALTERNATIVE DISINFECTANTS, Fourth Edition, by George Clifford White, Obrain from John Wiley & Sons, Inc.,
Customer Care Center (Consumer Accounts), 10475 Crosspoint Boulevard, Indianapolis, IN 46256, ISBN 0-471-29207-9, Price, $275.95, plus $5.00 shipping and

handling.
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from Table 4.1, the value of A in this case is 12. Substituting
these values in the formula we obtain:

CxT = A
Cx30 =12
Solving for C,
A
C==
T
12
C.omg/lL = =
mg/ 30
-4
10

= 0.4 mg/ L Free Chlorine Residual

This calculation tells us that good disinfection of the water
supply will be accomplished under the existing conditions by
maintaining a free chlorine residual of ac least 0.4 mg/L for the
30-minute contact time. Notice that a stronger chlorine re-
sidual would be required if the pH were increased, say o 8.3,
Then, A = 30.

CxT =A
Cx30 = 30
or
c=X

30

1.0 mg/ L Free Chlorine Residual

n

The efficiency of the disinfectant is measured by the time, T,
in minutes of the disinfectant’s contact in the water and the con-
centration, C, in mg/L of the disinfectant residual measured at
the end of the contact time, The product of these two parameters
(C x T) provides 2 measure of the degree of pathogenic inactiva-
tion. The required CT value to achieve inactivation depends on
the organism in question, type of disinfectant, pH, and temper-
ature of the water supply. Table 4.2 shows the combinations of
disinfectant, pH, and temperature that will produce 99.9 per-
cent Giardia lamblia (a disease-causing organism) inactivation.

TABLE 4.2 CT VALUES REQUIRED FOR 99.9%
GIARDIA LAMBLIA INACTIVATION

Disinfectant pH 10°C 15°C 20°C  25°C
Free Chlorine® 6 79 53 39 26
7 112 75 56 37
8 162 108 81 54
Ozone -9 1.4 0.95 0.72 0.48
Chloramines -9 1,850 1,500 1,100 750

with 1 mg/L free chlorine residual

Time, or T, is measured from the point of application of a dis-.
infectant to the point where free chlorine residual, C, is deter-
mined. T must be based on peak hour flow rate conditions, In
pipelines, T is calculated by dividing the volume of the pipeline
in gallons by the flow rate in gallons per minute (GPM). In res-
ervoirs and basins, dye tracer tests must be used to determine T,
In this case, T is the time it takes for 10 percent of the tracer to
pass the measuring point.

Sometimes, you may increase the chlorine dose setting on
your chlorinator and the chlorine residual may acwually drop
(Figure 4.18, BREAKPOINT CHLORINATION).*' This can
happen when ammonia is present. Also, under these conditions,
you may receive complaints that your water tastes like chlorine.
The solution to this problem is 1o increase the chlorine dose
even more. For additional information on breakpoint chlorina-
tion, sce Chapter 3, “Disinfection.” You are at the proper setting

if:
1. You are maintaining the chlorine residual from the above cal-
culations,

2. An increase in the chlorinator setting will produce a calcu-
lated chlorine dose increase of 0.1 mg/L and the resulting
actual chlorine residual increases by 0.1 mg/L.

3. Chlorine residual tests ac the far end of the distribution
system produce chlorine residuals of ar least 0.2 mp/L.

4. Coliform test results from throughout the distribution
system are negative.

Anocher important parc of chlorinater operation is keeping
adequarte records. The records must be legible and kept in an or-
ganized format, They should be written down in a permanent
manner that can be preserved indefinitely for furure reference.
Records scribbled with a dull pencil on assorted scraps of paper
are worthless and suggest incompetence.

The records should show the date and time the chlorinator was
inspected, the flow rate of the water being treated, the total gal-
lons of water treated, the feed rate of the chlorinator, the pounds
of chlorine used, the calculated chlorine dosage, the chlorine re-
sidual concentration in the water as measured with the test kir,
and the operator’s name. The opetator can conveniently tabulate
this vital information on a standard record sheet similar to those
in Tables 4.3 and 4.4.

Chlorinators not in service require more maintenance than
those in service. The operator must be alert to spot failures and
repair the equipment quickly because lack of disinfection is not,
of course, acceptable. If possible, the operator should have a
spare chlorinator on hand that can replace the failing unic. If
not, the treatment plant must be shut down until the chlorina-
tor is repaired. If the plant must operare without a chlorinator,
consumers must be notified to boil all drinking water. The oper-
aror should save the manufacturer’s operation manual for refer-
ence and keep repair parts in stock at all times. Contacts should

3 Breakpoine Chiorination. Addivion of chlorine to warer or wastewater until the chlorine demand has been satisfied. At this point, further additions of chlorine will
result in a free chlorine residual thac is directly proportional to the amount of chlorine added beyond the breakpoint.
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Fig. 4.18  Breakpoint chlorination curve

be established with the chlorinator supplier or manufacturer so
that service and parts can be obtained quickly. A program of pe-
riodic maintenance on chlorination equipment will prevent the
vast majority of chlorinator failures. Regular disassembly and
cleaning of the chlorinator and replacement of critical parts is
recommended insurance against a breakdown,

If a gas chlotinator is not feeding properly, the operator
should check the items listed below.

1. The chlorine feed rate may not be properly adjusted. Reset it
to the desired level.

2. The chlorine gas supply may be interrupted. The gas cylin-
der may be empry or the gas valve on the cylinder may be
closed. Also, the chlorine tubing from the gas cylinder to the
chlorinator may be plugged.

3. Are you trying to draw too much chlorine gas from the cylin-
der? If the withdrawal rate is too high, the liquid chlorine

will not evaporate fast enough. High velocities of chlorine
gas in the chlorine supply line will remove heat and cause a
frost to form on the line. This can cause the chlorine gas to
RELIQUEFY. ™ This liquid chlorine can plug the supply line
and no more chlorine gas will flow. Operators refer co this
condition as a “frozen” chlorine supply line. Be very careful
because if you disconnect the supply, the liquid chlorine can
evaporate again and send liquid chlorine shooting out the
end of the disconnected line.

4. The chlorinator may not be drawing a vacuum. Check the
water supply to the injector for adequate flow and make sure
the injector is not plugged with debris,

5. The internal mechanism of the chlorinator may be malfunc-
tioning. A broken diaphragm, a weak spring, or a leaking
gasket will cause a malfunction. Replace the necessary parts
and clean the chlorinator thoroughly using the cleaning sol-
vents recommended by the manufacturer.

2 Reliquefaction (re-lick-we-FACK-shun). The recurn of a gas 1o the liquid state; for example, a condensation of chlerine gas to retuzn it 1o its liquid form by cooling.
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TABLE 4.5 INSTRUCTIONS FOR COMPLETING TABLE 4.4,
“OPERATION RECORD FOR SODIUM HYPOCHLORINATOR"

ITEM A and ITEM B—Circle the strength of chlorine bleach and the corresponding value for pounds of chlorine per gallon that is purchased for
mixing the chlorine solution.

ITEM C—Record the capacity of the chlorine solution tank in gallons.

ITEM D—Record the sidewall depth of the solution tank when it is full,

ITEM E—TRecord the number of gallons of water that are added to each gallon of bleach for preparing chlorine solution.
ITEM F—Using the information in Item E, calculate the gallons of bleach in a full tnk of solution.

ITEM G—Caleulate the pounds of chlorine in one inch of salution depth in the rank. For example, assume thar a 30-gallon solution tank is used and
that the chlorine solution is made by mixing 4 gallons of water with each gallon of 5.25% houschold bleach (Clorox or Purex). Therefore, the full 30-
gallon tank will contain 6 gallons of bleach. Since each gallon of 5.25% bleach contains 0.44 pounds of chlorine, 6 gallons of bleach contain (6) x
(0.44) = 2.64 pounds of chlorine. If the tank has a sidewall depth of 3G inches, there are (2.64) + (36) = 0.073 pounds of chlorinc in cach inch of solu-

tion depth in the tank.

Columns 1 through 7 in the daily record form are self-explanatory.

COLUMN 8—Measure the inches of chlorine solution used from the tank and record it in Column 8.

COLUMN 9—Calculate the pounds of chlorine used by multiplying the inches of chlorine solution used (Column 8) times the pounds of chlotine in

one inch of solution depth (Item G). Record the answer in Column 9.

COLUMN 10—Calculate the average chlorine dose by multiplying the pounds of chlorine used (Column 9) times 120,000 and divide by the gallons

of warer treated (Column 6). Record the answer in Column 10.

COLUMN ! I—Ta refill the solution tank, proceed as follows. Multiply the inches of solution used from the tank (Column 8) times four. Then, multi-
ply that answer times the gallons of bleach thar are tn the tank when it is full, in the example above, 6 gallons. Divide this answer by the total sidewall
depth of the solution tank (367} o obuain the number of quarts of bleach that should be added to the tank. Enter che answer in Column 11, After the
bleach is added, fill the tank to the top with clean water. This procedure will maineain the chlorine solution in the tank at a uniform strength.

Inches of Solution Used x 4 % Gallons of Bleach in a Full Tank _ Column 8 x 4 X ltem F

Sidewall Depth of Solution Tank

ltem D

If a hypochlorinator is not feeding properly, check these
points,

1. Adjust the hypochlorinator to feed the desired dosage.
2. The hypochlorite solution may be used up.

3. The intake tbing in the hypochlorite solution tank may be
plugged with sediment.

4. The diaphragm in the hypochlorinator may be ruprured.

5. The inlet and outler poppet valves in the hypochlorinator
nuay be malfunciioning,

6. The drive belt may be broken or slipping.

7. The electrical supply to the hypochlorinator may be inter-
rupted.

8. The feed Jine from the hypochlorinator to the injection
point may be plugged or broken.

9. There may be excessive backpressure at the point of injec-
tion that the hypochlorinator cannot overcome.

10. The hypochlorite solution may freeze in the tubing and
ather small conduits through which it flows. Provide an in-
sulated, heated enclosure for the equipment.

The biggest problem with hypochlorinators is that chey can
develop calcium deposits if you are using calcium hypochlorite.
Hypochlorinatars can be cleaned with a weak acid (vinegar or
muriatic acid). If you have only one hypochlorinator, turn off
the water being disinfected so no unchlorinated water can enter
your clear well or distribution system. Pump the acid through
the entire pump (hypochlorinator or chemical feed pump, they
are the same) and into a waste or drain line. This procedure
allows for the cleaning of all feed lines, valves, and equipmenc. If
this procedure is followed on a regular or routine basis, the
pump will never have to be taken apart for cleaning.

If the operator has problems achieving adequate disinfection
of the water or maintaining a chlorine residual, one or more of
the following problems could be the cause.

1. The chlorinator is not feeding. Inspect the equipment and
determine thae the chlorinator is operating properly.

2. The chlorine dosage is inadequate. Readjust the chlorinator
to feed the proper dosage. Never mix more than a two- or
three-day supply of hypochlorite solution. Hypochlorite so-
lutions lose their strength in time and this fact has the effect
of changing the feed rate.

3. The contact time is too short. Relocate the point of chlorine
injection to increase the conract time. Eliminate short-
circuiting of flow chrough the plant.

4. Suspended matter in the water is preventing effective disin-
fection, Improve clarification treatment so that rurbidicy is
minimal.

5. The chlorine is being consumed by organic matter, dis-
solved gases or minerals, or by sludge in basins and pipelines.
Increase the chlorine dosage, clean sludge from basins and
storage tanks, and flush sediment from the distribution sys-
tem.

6. The chlorine is being destroyed by exposure to sunlight in an
uncovered storage tank. Provide a cover for the storage tank
or rechlorinate the water as it leaves the tank.

For additional information on disinfection, see WATER
TREATMENT PLANT OPERATION, Volume I, Chapter 7,
“Disinfection,” in this series of operator training manuals.

FORMULAS

To estimate the actual average chlorine dose in milligrams per
liter for a gas chlorinator:

1. Determine the weight of chlorine used.
2. Measure and record the amount of water created.

Chlorine Used, lbs/day
(Water Treated, MGD}(8.34 lbs/gal)

- Ibs Chlorine
M lbs Water

_ _mg Chlorine
1 M mg Water

Average Chlorine
Dose, mg/L

mg Chlorine/Liter Water, or

(Chlorine Used, lbs/day){1,000,000/M)
(Water Treated, gal/day)(8.34 Ibs/gal)

(Chlorine Used, 1bs/day){120,000)
Water Treated, gal/day

Average Chlorine
Dose, mg/ L

mg Chlorine/Liter Water

NOTE: Chlorine used in pounds and water treated in gallons
or mitlion gallons must be for the same time interval,
but nor necessarily for 24 hours. The time period
could be 20 hours, 27 hours, or even 2 days.

To estimate the instantaneous chlorine dose in milligrams per
liter for a gas chlorinator:

1. Record the chlorinator feed rate setting.

2, Measure and record the flow rate for the water being treated.

(Flow, gal/min) (60 min/hr){24 hr/day)

Flow Rate, MGD =

1,000,0006/M
I
mg':}:;?;:lgose _ Chlorinator Feed Rate, |bs/day
mg/L (Flow, MGD)(8.34 Ibs/gal)
or _ Chlorinator Feed Rate, |bs/day

{Flow, GPM}{0.012)
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To select the chlorinator feed rate setting in pounds of chlo-
rine per 24 houss (Ibs/day):

1. Determine the desired chlorine dose.
2. Measure and record the flow rate for the water being treated.

Chlorinaror
Feed Rate, = (Flow, MGD){Dose, mg/L}(8.34 lbs/gal}
tbs/day -

To estimate the actual average chlorine dose in milligrams per
liter of a hypochlorinator system:

1. Determine the dimensions and volume of the hypochlorite
solution container.

2. Determine the number of gallons of water added 1o each
gallon of hypochlorite (bleach) in the solution tank.

3. Measure and record the amount of water treated.
Tortal Chlotine, [bs = (Chlorine, lbs/gal) (Bleach, gal)

Chlorine Used, _ (Total Chlorine, Ibs) (Chlorine Used, in)
Ibs Depth of Tank, in

{Chlorine Used, |bs){(1,000,000/Million)
{Water Treated, gal)(8.34 bs/gal)

_ Ibs Chlorine
M Ibs Water

myg Chlorine
M mg Water

Average Chlorine _
Dose, mg/L

= mg Chlorine/Liter Water

EXAMPLE 11

Estimate the average chlorine dose in mg/L for a chlorinator
that used 10 pounds of chlorine to trear 500,000 gallons (0.5
million gallons) of water.

Known Unknown
Chlorine Used, lbs = 10 Ibs Average Chlorine
Water Treated, M Gal = 0.5 M Gal Dose, mg/L
Calculate the average chlorine dose in mg/L,
Average Chlorine = Chlorine Used, lbs
Dose, mg/ L {Water Treated, M Gal)(8.34 lbs/gal)
: 10 Ibs Chlorine
{0.5 M Gal Warer)(8.34 Ibs/gal)
_ _10lbs Chlorine
4.17 M lbs Warer
= 24 mg/L ‘r'_ )
i‘;;:..‘- .=
— ah
-
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EXAMPLE 12

Estimate the instantaneous chlorine dose in mg/L if the chlo-
rinator feed raze is set at 12 pounds per 24 hours and the flow is
300 gallons per minute.

Known Unknown
Chlorine Feed Instantaneous Chlorine
' = 12 Ibsid
Ibs/day siey Dase, mg/L
Flow, GP’M = 300 GPM

1. Convert the flow from GPM to MGD.

{Flow, gal/min} (60 min/hr){24 hr/day)
1,000,000/Million

(300 gal/min) {60 min/hr}{24 hr/day)
1,000,000/Million

Flow, MGD =

= 0.432 MGD

2. Caleulate the instantaneous chlorine dose in mg/L.

Inséa}?lzlr?szlgose _ Chlorinator Feed Rate, Ibs/day
o (Flow, MGD){8.34 lbs/gal)
_ 12 lbs/day
{0.432 MGD)(8.34 Ibs/gal)
= 3.3 mg/L
EXAMPLE 13

Estimate the actual average chlorine dose in milligrams per
liter from a hypochlotinator. The depth of hypochlorite solu-
tion dropped 10 inches while treating 100,000 gallons of water.
The strengch of bleach used is 5.25 percent and contains 0.44 1b
of chlorine per gallon of bleach. For every gallon of bleach
added to the container, four gallons of water are added. The full
mark on the coneainer is at 50 gallons (10 gallons of bleach and
40 galions of water). When the container is full, there are 50
inches of hypochlorite solution.

Known Unknown
Chlorine Used, in = 10in Average Chlorine
Dose, mgfL

Water Treated, gal = 100,000 gal
Bleach, |bs/gat 0.44 Ib/gal
Bleach Used, gal = 10 gal
Depth of Tank, in 50 in

1. Caleulate total chlorine in container in pounds.

Total Chlorine, (Chlorine, lbs/gal Bleach) (Bleach, gal)
Ibs e
= (0.44 Ib/gal)(10 gal)
= 4.4 lbs
2. Determine the chlorine used in pounds.
Chlorine Used, % (Total Chiorine, Ibs){Chlerine Used, in)
Ibs Depth of Tank, in
_ (4.4 1bs)(10 in)
50 in
= 0.881b

3. Estimage the average chlorine dose in mg/L.

Average Chlorine _ (Chlorine Used, lbs){1,000,000/Million)
Daose, mg/ L (Water Treated, gal)(8.34 [bs/gal)

~ (0.88 Ib} (1,000,000/Million)
{100,000 gal) (8.34 Ibs/gal)

1.1 mg/L

QUESTIONS

Write your answers in a notebook and then compare your
answers with those on pages 275 and 276.

4.5A List the various methods used to disinfect domestic
water supplies,

4.5B List the common forms of chlorine available to disin-
fect water supplies.

4.5C What does a chlorinator do?

4,50 What substances found in warer react with and con-
sume chlorine?

4.5E  List the two types of chlorine residuals that can be meas-
ured with test kits.

4.5F Calculate the desired free chlorine residual for a water
with a pH of 7.6 when the water is 5°C. The contact
time is 25 minutes.

End of L%éovg La{’ 2 Lesasons
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Please answer the discussion and review questions nexc.
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DISCUSSION AND REVIEW QUESTIONS
Chapter 4. SMALL WATER TREATMENT PLANTS

(Lesson 1 of 2 Lessons)

At the end of each lesson in this chapter, you will find some
discussion and review questions. The purpose of these questions
is to indicate to you how well you understand the matenal in the
lesson. Write the answers to these questions in your notebook.

1. Why do small warer treacment plants often not petform
satisfactorily?

2. Why mighrt prechlorination be recommended?

3. Whar happens if the coagulant dosage is either too high or
too low?

4, [If you suspect that the coagulation treatment is substandard
or if excessive dosages of coagulant are required, it could be
due ro a change in the quality of the source water. What
could cause a change in source water quality?

5. Whart would you do if a flocculation process is not satisfac-
torily producing a floc that setcles quickly and clarifies the
water cffectively?

p

10.

11.
12.

3.

List the factors thar influence the performance of a setding
basin.

Successful operation of filters at high rates requires what
conditions?

If a filter is not performing satisfactorily, what would you

do?

Why do small water treatment plants frequently use hypo-
chlorite forms of chlorine instead of chlorine gas?

List the factors that have an important effect on disinfec-
tion of water with chlorine,

How is the time, T, measured to calculate CT values?

How would you determine if the chlorinator setting is high
enough?

How would you try to prevent chlorinator failures?




