
























































































































































































































































































































































ADVANCED WASTEWATER TREATMENT CHAPTER 80

Apertures in the screen filtering media normally range from 15 to 60
microns although screens with apertures as small as 1 micron are avail-
able. Hydraulic loading rates of 5 to 10 gpm per square foot of sub-
merged drum surface area are typical. Head losses through the micro-
screens are generally on the order of 3 to 6 inches. Backwash flow
requirements, depending on backwash pressure, may vary from 2 to 5
percent of the throughput. Chlorination or ultraviolet light may be
utilized to control biological growths on the screen media. Use of a
variable speed drive on the rotating drum should be considered to

improve operational flexibility.

Effluent SS concentrations may be expected to be below 15 mg/l. Efflu-

ent SS concentrations below 5 mg/l are achievable.

82.0 NITROGEN REMOVAL

82.1

General

Nitrogen in wastewater may exist in four . forms: organic nitrogen,
ammonia nitrogen, nitrite nitrogen, and nitrate nitrogen. The principal
forms of nitrogen in untreated wastewater are organic and ammonia
nitrogen. Organic nitrogen in wastewater 1is converted to ammonia

nitrogen through bacterial decomposition.

The presence of various forms of nitrogen in treated wastewater may, in
certain situations, have undesirable impacts on the receiving environ-
ment. Nitrogen in the discharged effluent is a nutrient which may be
the cause of objectionable biostimulation of receiving water aquatic
growth. In addition, conversion (oxidation) of ammonia, first to
nitrite and then to nitrate by an aerobic process known as nitrifica-
tion, may exert an unacceptable oxygen demand on the receiving water.
Excessive effluent nitrate concentrations may be undesirable as nitrates

are a potential drinking water contaminant.

The effects of nitrogenous oxygen demand on receiving waters may be
mitigated by employing treatment processes which nitrify ammonia in the

wastewater by biological means or which remove nitrogen from the
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ADVANCED WASTEWATER TREATMENT CHAPTER 80

82.2

wastewater altogether by physical~chemical methods. Concerns related to

eutrophication of receiving waters and excessive nitrate levels may be
alleviated by employing denitrification processes following nitrifi-
cation to remove nitrates, or by directly utilizing physical-chemical
nitrogen removal techniques. Means of physical-chemical nitrogeh
removal include ammonia stripping, selective ion exchange, and break-

point chlorination.

Biological Nitrification

82.2.1 General

Nitrification may be accomplished by maintaining conditions
suitable for the growth of nitrifying organisms. In a con-

trolled aerobic environment, nitrosomonas act on dissolved

ammonia to form nitrite, which in turn is converted to nitrate
by mnitrobacter. It is important to note that biological
nitrogen conversion and the associated kinetic reaction rates
are strongly influenced by temperature, pH and dissolved

oxygen.

82.2.2 Suspended Growth Nitrification

Suspended growth nitrification is normally accomplished in an
independent activated sludge system, downstream from conven-
tional secondary treatment processes for carbonaceous BOD
removal. The process should be preceded by a treatment process
which reduces BOD5 to less than 50 mg/l and to a primarily
soluble form. The aeration tankage for nitrification should
have a configuration to promote plug flow. If the wastewater
is deficient in alkalinity, chemical addition provisions for pH

control is generally required.

Effluent NH3-N concentrations between 2 and 4 mg/l are
typical for suspended growth nitrification systems. Concen-

trations as low as 0.5 mg/l of NH, -N may be achievable.

3
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82.2.3

ADVANCED WASTEWATER TREATMENT CHAPTER 80

Fixed Growth Nitrification

Fixed growth nitrification processes utilize nitrifying micro-
bial populations attached to synthetic or other types of media.
Fixed growth nitrification reactors, which may be of either the
trickling filter or rotating biological contractor (RBC)
configuration, generally cannot provide the process control or
operational flexibility available in a suspended growth reac-
tor. Fixed growth nitrification systems, however, are gener-

ally more stable and exhibit greater ease of operation.

In trickling filter systems, the development and maintenance of
nitrifying organisms is mainly dependent upon organic loading
and wastewater temperature. Field operating data, while
limited, indicate that trickling filters may achieve a high
degree of nitrification at organic loading rates of less tham 5

1b BOD5 per 1000 cf per day.

In RBC units, low BOD levels are generally required before
nitrifying bacteria become predominant and ammonia oxidation
proceeds at its maximum rate. Influent BOD5 and suspended
solids concentrations in the range of 30 and 40 mg/l, hydraulic
loading rates of 1.5 to 2.5 gpd/sf, and organic loading rates
of not more than 0.6 1b BOD5 per 100 sf per day are typically

recommended. A minimum of four stages is usually required for

. significant nitrification to occur. An influent pH of 7.0 or

‘greater is desirable.

82.3 Biological Denitrification

82.3.1

General

Nitrogen in the form of nitrates may be converted to nitrogen
gas by bacterial populations in the absence of oxygen. Al-
though the bacteria may obtain energy for growth from the
nitrate-nitrogen reaction, an external source of carbon is

required for synthesis since nitrified effluents wusually
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82.4

82.3.2

82.3.3

exhibit low concentrations of carbonaceous matter. Methanol is

the most commonly used carbon source.

Denitrification processes may typically be expected to produce
effluent N03—N concentrations on the order of 1 to 4 mg/l.

Suspended Growth Denitrification

Suspended growth denitrification may be accomplished in a
Plug-flow activated sludge-type system where mixing facilities
are followed by a settling basin equipped with sludge return.
Nitrogen gas formed in the denitrification reaction will hinder
mixed liquor settling and therefore a nitrogen gas stripping
reactor should precede the denitrification sedimentation basin.
The stripping reactor also provides for the reduction of

residual méthanol—induced BOD.

Fixed Growth Denitrification

Fixed growth denitrification may be accomplished in a columnar
reactor containing coarse sand or synthetic media with attached
denitrifying bacterial growths. Depending on the media size,
such reactors may not need to be followed by a sedimentation
basin. Adequate solids wasting generally occurs through low
level suspended solids carryover in the effluent. Periodic
backwashing and/or air scour, however, is necessary to prevent
excessive solids buildup and head losses in the column.
Application rates of 2 to 10 gpm/sq ft and the use of well

rounded sand media 2 to 4 mm in diameter have been suggested.

Physical~-Chemical Nitrogen Removal

82.4.1

Ammonia Stripping

Ammonia stripping involves the conversion of NH4+ ions to
dissolved NH3 gas by raising the pH of the wastewater to
within the range of 10.8 to 11.5. The ammonia, essentially
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insoluble at this pH level, is then removed from solution by

providing air-water contact in stripping towers or ponds.

In air stripping towers, effective removal of ammonia results
from the drawing of large quantities of air through the tower
and the formation of water droplets which provide‘extensive
surface area for air contact. The high pH wastewater is
usually applied at a rate of 1 to 3 gpm/sq ft in conjunction
with an air rate of 300 to 500 cf/gal. Towers are of the
crossflow or countercurrent type, with depths typically in the
20- to 24~-foot range. Access to tower packing material must be
provided for the removal of scale, an unavoidable result of
contact between carbon dioxide in the air and the high pH
wastewater. Countercurrent towers are less susceptible to

scaling.

High pH holding ponds have also been used for ammonia strip-
ping. Ammonia release is accelerated above normal surface

transfer rates by agitation of the pond contents.

The effluent concentration of NHB—N is normally expected to
be in the range of 2 to 4 mg/l. Concentrations of 1 mg/l
NH3-N may be achievable.

Selective Ion Exchange

Certain natural zeolites or synthetic resins may be utilized to
selectively remove ammonia from solution in columnar reactors
of either the gravity or pressure flow type. When the removal
capacity of a column is exhausted, spent media may be regen-
erated with concentrated solutions of regenerants such as
sodium chloride, calcium chloride, and lime (high pH), or

calcium, sodium, magnesium, and potassium chlorides (neutral

pH).

The effluent concentration of NH3—N is normally expected to

be in the range of 1 to 4 mg/l.
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82.4.3 Breakpoint Chlorination

When chlorine is added to wastewater containing nitrogen in the
ammonia form, hypochlorous acid reacts with ammonia to produce
chloramines. Further addition of chlorine beyond the break-
point converts the chloramines to nitrogen gas. The reactions
involved are dependent on pH, temperature, contact time, and
the chlorine to ammonia ratio. A pH control system is gener-—
ally necessary, particularly with wastewaters of low alkali-
nity. Air may be added to the reaction chamber to aid in
mixing and to strip nitrogen trichloride, carbon dioxide, and

nitrogen gases from solution.

The concentration of NH3—N in the effluent is normally in the

range of 0.2 to 1.0 mg/1.

83.0 PHOSPHORUS REMOVAL

83.1

83.2

General

Phosphorus removal is desirable primarily to prevent excessive biosti-
mulation of aquatic growths in the receiving water. Phosphorus in
wastewater may be present in three forms: orthophosphate, polyphos~-
phate, and organic phosphorus. With most wastewaters, approximately 90
percent of the phosphorus content is soluble and, since none of the
phosphorus forms are gaseous under normal conditions, the most effective
removal is accomplished by the formation of an insoluble precipitate
that can be removed by gravity settling. Some removal of phosphorus can
also be achieved wusing biological treatment which incorporates the

phosphorus into cell tissue.

Chemical Phosphorus Removal

Addition of lime, or salts of aluminum or iron, may be used for the
chemical removal of soluble phosphorus. The phosphorus reacts with the
calcium, aluminum, and iron ions to form insoluble compounds. These

insoluble compounds may be subsequently removed by sedimentation.
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84.0

83.3

Effluent phosphorus concentrations in the range of 1 to 2 mg/l as P are

typical for chemical phosphorus removal methods,

Biological-Chemical Phosphorus Removal

Combining biological and chemical mechanisms to effect phosphorus
removal results in considerably reduced chemical usage compared to that
of chemical addition methods alone. Biological-chemical phosphorus
removal is only applicable to treatment facilities which utilize the

activated sludge form of secondary treatment.

Biological-chemical phosphorus removal typically involves three major
process steps. First, primary effluent is introduced into the aeration
tanks where dissolved phosphorus in the wastewater is biologically
adsorbed by the phosphorus deficient microorganisms present. The return
sludge from the final sedimentation basins is then introduced to an
anaerobic stripping tank prior to recirculation to the aeration tank.
Under the anaerobic conditions of the stripping tank, microorganisms
release the adsorbed phosphorus to the supernatant and renders the
return sludge to the aeration tank devoid of sludge to allow the cycle
to be repeated. In the last step, the concentrated supernatant is
treated with chemicals and returned to the primary sedimentation basins
where the chemical sludge is allowed to settle and be processed in the

conventional manner.

Effluent phosphorus concentrations, for influent phosphorus concen-
trations of up to 10 mg/l as P, may normally be expected to be less than
1 to 2 mg/l as P. An effluent phosphorus concentration as low as 0.2

mg/l as P may be achievable.

REFRACTORY ORGANICS REMOVAL

84.1

General

Refractory contaminators are those contaminants generally resistant to .
or totally unaffected by conventional treatment processes. Refractory

organic contaminants include various high molecular weight materials
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84.2

84.3

such as pesticides. Two processes which may be applicable to the
removal of refractory organic compounds are carbon adsorption and

chemical oxidation.

Carbon Adsorption

Removal of refractory organic compounds as well as other wastewater
contaminants may be accomplished by passing wastewater through a colum-
nar bed of granular activated carbon. The soluble refractory organic
species are removed by adsorption of the contaminant in the micropore
structure of the carbon. Carbon adsorption systems generally require an
upstream filtration unit to reduce the suspended solids to between 10
and 30 mg/l. A furnace is typically utilized to allow regeneration of

the carbon.

Chemical Oxidétion

Organic compounds can be oxidized with chlorine or ozone subsequent to
secondary treatment. Pilot study is required to determine the potential

effectiveness and the required doses.
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CHAPTER 90

CHLORINATION AND EFFLUENT DISINFECTION

90.0 GENERAL

90.1

Objectives and Processes

The principal objective of effluent disinfection is to destroy patho-
genic microorganisms in the treated wastewater to safeguard public
health and prevent the spread of disease. The extent of effluent
disinfection required is primarily dependent upon the use and character

of the receiving environment.

Chlorination is the most extensively utilized method of effluent disin-
fection. Methods of chlorinating wastewater include gas chlorination
and sodium and calcium hypochlorination. Other disinfection tech-~
nologies include ozonation, ultraviolet light radiation, gamma radia-
tion, and use of bromine, iodine, chlorine dioxide, and silver oxide as

disinfectants.

Chlorine residuals in chlorinated effluent may have toxic effects on
receiving water biota., The practice of removing all or part of the
total combined residual remaining after chlorination is referred to as
dechlorination. Sulfur dioxide and sodium metabisulfite are commonly

used in dechlorination systems.

In many wastewater facilities, chlorine is utilized for purposes other
than effluent disinfection. Prechlorination of influent wastewater and
intermediate chlorination at various downstream liquid and solids stream
unit processes is often practiced to aid in odor control, grease re-
moval, sludge thickening, reduction of sludge bulking, and overall

process control.
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EFFLUENT DISINFECTION

90.2

90.3

Selection of Disinfection Method

The method of disinfection should be selected after due consideration of
chemical handling and feeding requirements, degree and reliability of
disinfection required, characteristics of the wastewater, availability
of chemicals, maintenance requirements, economic factors and safety.
The design engineer should compare the cost-effectiveness of employing
conventional gaseous chlorine as a disinfecting agent with the utili-
zation of other applicable technologies such as onsite or close-vicinity

generation of sodium hypochlorite.

Capacity of Disinfection Facilities

Capacity of the disinfection system shall be based on the degree and
reliability of effluent disinfection required and where applicable, the
demand of other uses and points of application of the disinfectant. For
disinfection of wastewater effluent, the disinfection system capacity
and efficiency shall be sufficient to assure compliance with bacterio-
logical effluent limitations determined in accordance to provisions of
Chapter 100.

The capacity of the disinfection system shall be selected with due
consideration of abnormal operating conditions. Such conditions may
include treatment process malfunctions which result in effluent degrada-
tions and out of service disinfectant contact basins. Additional

capacity required for abnormal conditions may be separate and indepen-

dent from the disinfection facilities utilized for disinfection under -

normal conditions. Provisions to disinfect effluent diversions and

bypassed flows shall be included in the design of all facilities.

Additional considerations applicable to the evaluation of chlorine

dosage and feed capacity are addressed in Section 91.2.
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