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1. Purpose. This manual provides guidance for the planning and design of
domestic wastewater treatment plants at U.S. Army mobilization facilities.

2. Applicability. This manual is applicable to all field operating
activities having mobilization construction responsibilities.

3. Discussion. Criteria and standards presented herein apply to construction
considered crucial to a mobilization effort. These requirements may be
altered when necessary to satisfy special conditions on the basis of good
engineering practice consistent with the nature of the construction. Design
- and construction of mobilization facilities must be completed within 180 days
from the date notice to proceed is given with the projected life expectancy of
five years. Hence, rapid construction of a facility should be reflected in
its design. Time-consuming methods and procedures, normally preferred over
quicker methods for better quality, should be de-emphasized. Lesser grade
materials should be substituted for higher grade materials when the lesser
grade materials would provide satisfactory service and when use of higher
" grade materials would extend construction time. Work items not immediately
necessary for the adequate functioning of the facility should be deferred
until such time as they can be completed without delaying the mobilization
effort. /
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CHAPTER 1
GENERAL

1-1. . Purpose and scope. This manual prescribes general informationm
and design criteria for guidance in the planning and design of domestic
wastewater treatment plants at Army mobilization facilities.

1-2. Overall design considerations. Wastewater treatment plant design
will be as simple as is commensurate with the required degree of
treatment. Plants will be capable of treating normal laundry wastes
together with sanitary wastewater. Some types of industrial waste may
be admitted to wastewater treatment plants. These include cooling
tower discharge, boiler blowdown, vehicle washrack wastewater, swimming
pool filter discharges, and aircraft wash wastes using biodegradable
detergents. Pretreatment will be provided when conditions require it.
In design for expansion of existing plants constituting new
construction, criteria contained herein regarding flows and wastewater
characteristics may be modified to conform to existing plant
performance data if the plant has been in operation long enough to have
established accurate data. Package treatment plants offer many
advantages and will be considered for all feasible applications.

1-3. Definitions. The following definitions apply to this manual.

a. Auto-oxidation. Utilization of the endogenous phase of
biological metabolism for the complete stabilization of organic wastes.

b. Biochemical oxygen demand (BOD). The quantity of oxygen used in
the biochemical oxidation of organic matter in a specified time, at a
specified temperature, and under specified conditions. It is not
related to the oxygen requirements in chemical combustion, being
determined entirely by the availability of the material as biological
food and by the amount of oxygen utilized by the microorganisms during
oxidation. Unless otherwise stated, BOD refers to the biochemical
oxygen demand in 5 days at 20 degrees C.

c. Biological oxidation. The process whereby living organisms in
the presence of oxygen convert the organic matter contained in
wastewater into a more stable form. :

d. Biological treatment. Biological treatment systems are '"living"
systems which rely on mixed biological cultures to break down waste
organics and remove organic matter from solution.

e. Chemical oxygen demand (COD). The oxygen equivalent of that

portion of organic matter susceptible to oxidation by a strong chemical
oxidant.

1-1
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f. Chlorine demand. The difference between the amount of chlorine
added to the wastewater and the amount of residual chlorine remaining
at the end of a specific contact time. The chlorine demand for given
water varies with the amount of chlorine applied, time of contact,
temperature, pH, and the nature and amount of impurities in the water.

g. Combined sewer system. A transport system which carries both
sanitary wastewater and storm or surface water runoff.

h. Effluent. Any wastewater or liquid flow (raw, partially or
completely treated) leaving a treatment process unit or operation.

i. Endogenous respiration. An auto-oxidation of cellular material,
which takes place in the absence of assimilable organic material, to
furnish energy required for the replacement of protoplasm.

j. Filterable solids. The quantity of material which passes
through the filter paper when a quantity of water, sewage, or other
liquid is filtered through an asbestos filter in a Gooch crucible.

k. Food to microorganism ratio. An aeration tank loading design
parameter. Food may be expressed in pounds of suspended solids, COD,
or BOD added per day to the aeration tank, and microorganisms may be
expressed as mixed liquor suspended solids (MLSS) or mixed liquor
volatile suspended solids (MLVSS) in the aeration tank.

1. Hydraulic surface loading. The flow (volume per unit time)
applied to a unit of surface area, applicable to trickling filter and
filtration processes.

m. Influent. Wastewater or other liquid--raw or partially
treated——-flowing into a reservoir, basin, treatment process, or
treatment plant.

n. Mixed liquor. A mixture of activated sludge and wastewater
undergoing biological treatment in the aeration tank.

o. Mixed-liquor volatile suspended solids. The concentration of
volatile suspended solids in an aeration basin. It is commonly assumed

to equal the biological solids concentration in the basin.

p. Organic loading. Pounds of BOD applied per day to a biological
reactor. Can also be related to reactor surface area or volume.

q. Oxygen uptake rate. The amount of oxygen being utilized by an
activated sludge system during a specific time period.

1-2
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r. Screening. A physical process preceding primary treatment. Its
function is to protect subsequent treatment units and to minimize
operational problems.

s. Primary treatment. Any physical or chemical treatment for the
removal of settleable and floatable materials.

t. Raw sludge. Settled sludge directly removed from sedimentation
tanks before decomposition has progressed. Frequently referred to as
undigested sludge.

u. Recirculation rate. The rate of return (given in percent) of
part of the effluent from a treatment process to the head end of that
process.

v. Secondary treatment. Any treatment process capable of producing
an effluent containing a BOD and suspended solids (SS) concentration no
greater than 30 mg/l each.

w. Sanitary sewer. A sewer intended to carry domestic wastewater
from homes, businesses, and industries.

X. Storm sewer. Storm water runoff collected and transported in a
separate system of pipes.

y. Sludge age. In the activated sludge process, a measure of the
length of time a particle of suspended solids has been undergoing
aeration, expressed in days. It is usually computed by dividing the
weight of the suspended solids in the aeration tank by the daily
addition of new suspended solids having their origin in the raw waste.

z. Sludge density index. A term used in the expression of settling
characteristics of activated sludge; 100/sludge volume index.

aa. Sludge volume index (SVI). A numerical expression of the
settling characteristics of activated sludge. The ratio of the volume
in milliliters of sludge settled from a 1,000-ml sample in 30 minutes
to the concentration of mixed liquor in milligrams per liter multiplied
by 1,000.

ab. Surface settling rate. One of the criteria for the design of
settling tanks and gravity sludge thickeners, expressed in gallons per
day per square feet of surface area in the tank.

ac. Suspended solids. Solids that either float on the surface of
(or in suspension in) water, wastewater, or other liquids, and which

are removable by laboratory filtering.

ad. Total oxygen demand (TOD). An instrumental method that is used
to measure the organic content of water, wastewater, or other liquids.

1-3
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In the test, organic substances and, to a minor extemnt, inorgamic
substances are converted to stable end products in a platinum-catalyzed
combustion chamber. The total oxygen demand is determined by

- monitoring the oxygen content present in the nitrogem carrier gas.

ae. Volatile solids. The amount of solid material present in the
solid fraction of wastewater or sludge that is combustible at 550
degrees C,

af. Wasted sludge. The portion of settled solids from the final
clarifier removed from the wastewater treatment processes to the solids
handling facilities for ultimate disposal.
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CHAPTER 2
CONSIDERATIONS FOR SITE SELECTION

2-1. TLocation. Major factors in site selection of treatment
factilities are: topography; availability of a suitable discharge
point; maintenance of reasonable distance from living quarters, working
areas, and public use areas; and proposed facilities as reflected by
the master plans. Plants, and wastewater treatment ponds regardless of
size, will not be less than one quarter mile from such facilities. The
location of wastewater facilities must address the problems of
unacceptable noise and odor levels. Wastewater treatment facilities
should be located, to the extent possible, according to the following:

~ Downwind of living quarters, working areas, and public use
areas.

- Located in areas not subject to prolonged and/or frequent air
- stagnation, fog, or mist cover.

- Situated at a lower elevation than living quarters, working
areas, and public use areas.

- Situated such that ground water at the wastewater facility flows
away from occupied areas.

Exceptions to the one-quarter mile restriction can be made for cold
climate module complexes where the treatment system is part of the
module complex. Sewage treatment works will not be located within the
same module as living quarters. Standard septic tank systems with
sub-surface drain fields do not fall under the one~quarter mile
restriction.

2-2. Space requirements. Sufficient.space must be allocated for
suitable arrangement of all treatment units and associated plant
piping.

2-3. Access. The site will be selected ‘so that an all-weather road is
available or can be provided for access to the plant.
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CHAPTER 3
TREATMENT REQUIREMENTS

3-1. _General considerations. Before treatment plant design is begun,
treatment will be determined on the basis of meeting stream and
effluent requirements set by the Federal and state governments.

a. Standards. The regulatory agencies will issue effluent
standards covering the discharge of toxic pollutants. Strict

limitations on discharges and, in some cases,.complete prohibition may
be imposed.

b. Pretreatment. Public Law 92-500, with subsequent amendments,
requires pretreatment of pollutants which may interfere with operation
of a sewage treatment plant or pass through such a plant untreated.

c. State regulations. The designer must review the applicablev
state guidelines before setting the treatment level or selecting the
treatment processes.

d. Local regulations. In general, local governments do not specify
requirements for wastewater treatment facilities per se. Comstruction
of wastewater treatment facilities must conform to applicable zoning,
Occupational Safety and Health Administration (OSHA) requirements, and
to AR 200-1.

3-2. Evaluation of wastewater treatment processes. Table 3-1 provides
a summary evaluation of wastewater treatment processes to be comnsidered
for mobilization construction. Tables 3-2 and 3-3 illustrate the
applicable processes and their possible performance. All of the above
will be used for guidance in selecting a process chain of treatment
units. :
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Table 3-3.

Process Characteristics

Trickling
Filters

Reliability with respect to:

Basic process

Influent flow variations
Influent load variations
Presence of industrial waste
Industrial shock loadings

Low temperatures ( 20 degrees C.)

Expandibility to meet:

More stringent discharge
requirements with respect to:

Suspended Solids

BOD

Nitrogen

Operational complexity
Ease of operation and maintenance

Power requirements

Waste products

Process Characteristics

Good
Fair
Fair
Good
Fair
Sensitive

Good; add
filtration or
polishing ponds

Improved by
filtration

Good
Average
Very Good
Low

Sludges

Trickling
Filters

Site Considerations

Land area requirements

Topography

Moderate plus
buffer zone

Level to mod-
erately sloped

U. S. Army Corps of Engineers

3-9

Activated
Sludge

Good
Fair
Fair
Good
Fair
Good

Good; add
filtration or
polishing ponds

Improved by
filtration

Good
Above Average
Fair
High

Sludges

Activated
Sludge

Moderate plus
buffer zone

Level

EM 1110-3-172
11 May 84

Operational Characteristics of Various Treatment Processes

Wastewater Land
Treatment Ponds Disposal
Good Excellent
Good Good

Good Good

Good Good

Fair Good

Very Sensitive

Add additional
solids removal
unit

Improved by
solids removal

-Fair

Below Average

Good (to 0°C)

Below Average

Good Excellent
Low to High Moderate
Sludges —
Wastewater Land
Treatment Ponds Disposal
Large plus Large plus

buffer zone

Level

buffer zone.

Level to mod-
erately sloped
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CHAPTER 4
BASIC DESIGN CONSIDERATIONS

4-1. General. The required treatment is determined by the influent
charaéteristics, the effluent requirements, and the treatment processes
that produce an acceptable effluent. Influent charactéristics are
determined by laboratory testing of samples from the waste stream or
from a similar waste stream, or are predicted on the basis of standard
waste streams. Effluent quality requirements are set by Federal,
interstate, state, and local regulatory agencies.

4-2. Period of design. The service life for wastewater treatment
works at mobilization facilities will be 5 years. Design of wastewater
treatment facilities must account for all current flows as well as
anticipated flows occurring during this service period.

v

4-3, Estimating service demand.

a. Population data. Army installation populations are controlled
according to work assignment; therefore, this information can be
obtained directly from personnel records and requirement projections.

b. Hydraulic loadings. The hydraulic waste loads to be used for
resident personnel is 100 gpcd. The hydraulic waste load to be used
for nonresident personnel is 30 gpcd.

¢. Organic loadings. The organic waste loads to be used for
resident personnel are given in table 4-1. The values shown in table
4-1 for that portion of the contributing population served by garbage
grinders will be increased by 65 percent for BOD values and 100 percent
for suspended solids. Contributing compatible industrial or commercial
flow must be evaluated for waste loading on a case-by-case basis.

Table 4-1. Sewage Characteristics

Item Resident Personnel Nonresident Personnel
pounds/capita : pounds/capita
for 24 hours for 8-hour shift
Suspended Solids 0.20 ; 0.10
Biochemical Oxygen Demand 0.20 0.10

d. Population equivalents. Suspended solids and organic loading
can be interpreted as population equivalents when population data
constitute the main basis of design. Typical population equivalents
applicable to Army facilities were given in table 4-1. These
equivalent values can also be used to convert nondomestic waste loads
into population design values.
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e. Capacity factor. A capacity factor is used to make allowances
for population variation, changes in sewage characteristics, and
unusual peak flows. The design population is arrived at by multiplying
the actual authorized Army and civilian personnel population by the
appropriate capacity factor. Total personnel is the sum of resident
personnel plus one-third the nonresident personnel. For a resident
population of 10,000 and nonresident population of 3,000 persons, total
personnel would equal 11,000 ( = 10,000 + 3,000/3), capacity factor
would be 1.25, and design population would be 13,750 (= 11,000 x 1.25).

Capacity factors for various levels of actual total personnel are given
in table 4-2.

Table 4-2. Capacity Factors

Total Personnel Capacity Factor
5,000 or less 1.50
10,000 1.25
20,000 1.15
30,000 1.10
40,000 1.05
50,000 or more 1.00

4-4, Volume of wastewater.

a. Variations in wastewater flow. The rates of sewage flow at Army
installations vary widely throughout the day. The design of process
elements in a sewage treatment plant is based on the average hourly
rate of flow. Transmission elements, such as conduits, siphons, and
distributor mechanisms, will be designed on the basis of an expected
peak rate of flow of three times the average rate. Consideration of
the minimum rate of flow is necessary in the design of certain
elements, such as measuring devices and dosing equipment. For this
purpose, 40 percent of the average flow rate will be used.

b. Average wastewater flow. The average wastewater flow to be used
in the design of new treatment plants will be computed by multiplying
the total tributary population by the per capita rates of flow
determined from 4-3.b. (applying the appropriate capacity factor from
... table 4-2), and then adjusting for such factors as industrial
wastewater flow, storm water flow, and infiltration. Where shift
personnel are engaged, the flow will be computed for the shift when
most of the people are engaged. Good practice requires exclusion of
storm water from the sanitary sewage system to the maximum practical
extent. Infiltration must also be kept to a minimum. Both must be
carefully analyzed, and the most realistic practical quantity that can
be used in design must be assigned to these flows. Average wastewater
flow is usually expressed in mgd, but will be calculated to the
appropriate units for design of the unit process under consideration.

4-2
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c¢. Industrial flow. Industrial wastewater flows will be minimal at
most Army installations. When industrial flows are present, however,
survey measurement is the best way to ascertain flow rates. Modes of
occurrence (continuous or intermittent) and period of discharge must
also be known.

d. Storm water flow. Storm water flows are significant in
treatment plant design only when combined sewer systems are served.
Combined sewer systems will not be permitted in new Army installationms.
Separate sewers are required, and only sanitary flows are to be routed
through treatment plants.

e. Ground water infiltration. In calculating wastewater volumes

for new facilities, allowance must be made for infiltration as given in
EM 1110-3-174.

4-5, Wastewater characteristics.
a. Normal sewage. For treatment facilities for new installations

that will generate no unusual waste, the treatment will be for normal
domestic waste with the following analysis:

pH Normal (7.0)
Total solids 720 mg/1
Total volatile solids 420 mg/1
Suspended solids 200 mg/1
Settleable solids (ml per liter) 4 ml/1
BOD 200 mg/1
Total nitrogen 30 mg/1
Ammonia nitrogen 15 mg/1
Oils and grease 100 mg/1
Phosphorus 10 mg/1
Chloride 50 mg/1

When the water supply analysis for the installation is known, the above
analysis will be modified to reflect the normal changes to constituents
in water as it arrives at the wastewater treatment plant. Changes will
be as follows: .

P in water supply + 12 mg/l = P in plant influent

Cl in water supply + 8 mg/l = Cl in plant influent
Total nitrogen in water supply + 12 mg/l = Total nitrogen
in plant influent

b. Nondomestic loading. Nondomestic wastes are storm water,
infiltration, and industrial contributions to sewage flows. Storm
water and infiltration waste loadings can be determined by the analyses
of . ~rmal sewage as presented in the previous section. For these types

4-3
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of flows, the major loading factors are suspended solids, BOD, and
coliform bacteria. Industrial waste loadings can also be characterized
to a large extent by normal sewage analyses. However, industrial waste
contains contaminants not generally found in domestic sewage and is
much more variable than domestic sewage. This is evident in terms of
pH, BOD, COD, grease and oils, and suspended solids; other analyses
(e.g., heavy metals, thermal loading, and dissolved chemicals) may also
be necessary to characterize an industrial waste fully. Each
industrial wastewater must be characterized individually to determine
any and all effects on treatment processes.

4-6. Plant site preparation. Site drainage is an important factor in
design of wastewater treatment facilities. Capacities of drainage
structures will be designed in accordance with requirements of EM
1110-3-136. All treatment units must be protected from surface wash by
proper shielding and drainage.

4-7. Plant layout.

a. Arrangement of treatment units. The first step in determining
the best arrangement of units is to arrange all units sequentially
according to the flow of wastewater through the system. The resulting
hydraulic profile for wastewater flow will determine the relative
vertical alinement of each of the plant's units. Final arrangement of
the units then results from adaptation of site features to the
treatment plant's functional and hydraulic requirements. Allowance
must also be made for the area of operation and maintenance of the
treatment units. If sufficient head is available for gravity flow, the
hydraulic requirements will control the plant layout. Greater
. flexibility in arranging the treatment plant units is achieved with
intermediate pumping of wastewater, although pumping should be
eliminated wherever possible. The treatment plant must operate during
emergency conditions such as power failures, and also during periods of
maintenance work on treatment units. Dual units should be provided in
all feasible cases to provide operational reliability and flexibility.

b. Conduits and pipelines. Conduits and pipes will be arranged in
such a manner as to reduce space and cost requirements. They will be
designed to handle the expected maximum flows through the treatment
plant.

c. Bypasses and overflows. Provisions for bypassing individual
treatment units will be made so that each unit can be taken out of
service without interrupting the plant operation. Bypasses will not be
provided for screens, chlorination units, nor other unit processes
where duplicate units are available. Overflows will be used to prevent
hydraulic overloading of treatment units, especially biological
treatment units. Return of flows not treated or alternate treatment
must be provided.
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d. Treatment plant discharge. Outfall sewers will be extended to
the low-water level of the receiving body of water or to submergence
required by regulatory authority to insure satisfactory dispersion of
the plant effluent. Provisions for effluent sampling and monitoring
are required. The design will assure the structural integrity of the
outf?ll, prevent failure due to erosion, and prevent backflow during
flooding.

4-8. Plant hydraulics.

a. Hydraulic loadings. The overall head allowances required for
various types of wastewater treatment plants are as follows:

Type of Plant Head Required
feet
Primary treatment 3 to b
Activated sludge 3 to6
Trickling filters
Low-rate 18 to 24
High-rate, single-stage 10 to 15

b. Limiting velocities. A minimum velocity of 2.0 fps at design
average flow is required for channel flow. At minimum flows, a minimum
velocity of 1.5 fps is required to prevent suspended solids from
settling in flow channels.

c. Head loss. The total head loss through a treatment plant is the
sum of head losses in the conveyance of wastewater between elements of
the treatment process and the losses of head through treatment units.
Head losses from wastewater conveyance are due to frictional losses in
conduits, bends, and fittings, and allowances for free-fall surface and
for future expansions. EM 1110-3-174 gives detailed guidance and
charts for computing head losses in pipes and conduits. Head losses
through process equipment are dependent on the specific units and are
specified by their manufacturers or by the design engineer.

4-9. Plant auxiliary facilities.

a. General. A potable water supply will be provided. Sanitary
facilities, toilet, shower, and lavatory with hot and cold water supply
will be provided, except for installations with less than 0.1 mgd
capacity. The potable water line will incorporate a backflow
prevention device to prevent the contamination of the water supply.
Emergency power for essential equipment will be provided. Adequate
working and storage space is required for all plants. The general
plant layout will facilitate operation and maintenance of the treatment
units and their appurtenances.

4-5
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b. Controls and monitoring. The plant arrangement will take into
consideration the related control and monitoring requirements.
Laboratory facilities will be provided either on or off site for
conducting the necessary analytical testing for the purpose of process
control and compliance with regulatory requirements.

4-10. Metering and instrumentation.

a. Continuous recording of flow. Wastewater flow rates will be
monitored and recorded for purposes of evaluating treatment plant
performance and will also be used when tréatment charges are involved.
Continuous flow measurement is necessary in order to monitor diurnal
variations in flow which may affect treatment plant efficiency. Flow
rates must also be taken into account when sampling wastewater quality.

b. Monitoring equipment for process control. Monitoring equipment
will be used to indicate and/or record flow quantities and, if
justified, pressure, temperature, liquid levels, velocities, and
various quality parameters.

(1) Monitoring at pumping stations. In sewage pumping statioms,
flow measurement is necessary to control periodic pump operationm.
Watt-hour meters and pump time meters will be used to insure balanced
pump usage among all units in multiple-pump installations.

(2) Monitoring of biological treatment. Trickling filter
monitoring will include flow measurement of influent, effluent, and
recirculation lines, and also volume of sludge pumped to or from the
digesters. These parameters are used in determining and controlling
hydraulic and organic loading as well as in controlling settling tank
efficiencies. Activated sludge treatment will require the same
monitoring with the addition of MLVSS and air-supply monitoring.

4-11. Sampling. Wastewater sampling at various points in the sewage
treatment process is useful in evaluating operation efficiency. This
can be used internally in order to optimize the process and is also
used by regulatory agencies to judge whether treatment plant
regulations are satisfied. Sampling is also used to establish changes
when treating industrial wastes. Provisions for sampling sites must be
made in the plant design. The type of sampling provisions, composite
or grab sample collection, will be dictated by the type of sampling
required in the National Pollutant Discharge Elimination System (NPDES)
discharge permit. Forward flow, recycled flow, sludge flow, chlorine
residual, pH, and dissolved oxygen are some of the process control
parameters that can be monitored on a continuous basis.

4-12. Standard drawings, Standard drawings have been prepared for the
recommended treatment schemes outlined in chapter 5. These drawings
may be altered depending on local conditions and criteria.
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CHAPTER 5
SELECTION OF TREATMENT PROCESSES

5-1. _ General. The method for treating domestic wastewater flows at
mobilization facilities will be dictated by existing physical,
economic, and environmental conditions at the site. Such conditions
include the availability of land, fuel, building materials,
construction and process equipment, skilled construction and operations
forces, and transportation facilities. Designs requiring low energy
consumption, unskilled labor, and relative ease of operation should be
stressed. ‘

5-2. Recommended treatment scheme. A wastewater treatment scheme has
been presented within the mobilization scenario. This scheme will be
given first consideration with regard to the restrictions and
requirements outlined above. The treatment units and processes
specified in this scheme will be in accordance with the guidelines and
criteria presented in their respective chapters of this manual. The
recommended treatment scheme presents two methods of operation and the
decision on which method to use dependent on flow quantity.

a. For flows less than or equal to 0.2 mgd. Imhoff tanks followed
by waste stabilization ponds will be used. Figure 5-1 presents a
schematic diagram for this treatment operation. Standard drawings and
specifications identified by Mobilization Drawing Code M 830-00-A have
been prepared to assist the designer of this treatment method. '

b. For flows greater than 0.2 mgd but less than or equal to 1 mgd.
Oxidation ditches followed by secondary clarification will be used.
Figure 5-2 presents a schematic diagram for this treatment operation.
Standard drawings and specifications identified by Mobilization Drawing
Code M830-00~B have been prepared to assist the designer of this
treatment method.

¢. For flows greater than 1.0 mgd. Treatment of flows greater than
1.0 mgd will entail the duplication of the major units employed in the
oxidation ditch scheme. For example, a 1.5 mgd plant will require use
of two oxidation ditches and two clarifiers. Duplication of auxiliary
units such as screens, sludge beds, and chlorine basins would be
determined on a case-by-case basis.

d. For all flows. For all methods, disinfection by chlorination is
optional depending on need to disinfect which is dependent on water use
downstream of the discharge point. Sludges generated from each process
will be dewatered by the use of sand-drying beds and be disposed of at

5-1
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a sanitary landfill or by land application. As a minimum,
manually-cleaned screens should be provided at the head of the plant to
remove heavy debris which may hinder the treatment processes.

5-3. Alternative treatment designs. Although the treatment methods
presented above are the ones to be considered first for mobilization
work, situations may arise which make their use unfeasible. One
example would be the scarcity of land for 'ponds and oxidation ditches.
In this case, a treatment method requiring less land area would be
mandated. Such a design could include the more compact activated
sludge systems. Another example would be the immediate availability of
trickling filter equipment making this system more desirable. All
legitimate alternatives to the recommended treatment scheme should be
identified and investigated by the evaluation of restricting parameters
and governing conditionms.

5-4. Regulatory requirements. The NPDES Permit obtained from the
local Federal regulatory agency office by the installation to which the
permit is issued will generally determine the treatment requirements.
Effluent requirements for new Federal facilities that establish maximum
pollution discharge limitations will be provided by coordination of the
Corps of Engineers Design Office with the regulatory agency.

5-5. Impact on receiving waters. The toxicity, coliform count, BOD,
COD, settleable solids, and nutrient load of the waste stream must be
considered in determining its impact on the receiving waters. The
impact is dependent on the ability of the water body to assimilate the
waste stream. Dissolved oxygen (DO) levels provide one of the means to
interpret the impact. Increased waste loads cause increased microbial
activity, exerting a high oxygen demand and a lowering of the DO level
of the receiving water. The DO level affects the viability of most
aquatic life and is used in setting stream standards. Seasonal
variations must be considered.

§~4
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CHAPTER 6
FLOW~-MEASURING DEVICES

6-1. General considerations. Flow-measuring devices are required for
all wastewater treatment plants of the types to measure various
influent, effluent, and in-process wastewater flows. Equipment for
indicating, totalizing, and recording the effluent wastewater flow will
be provided for all secondary-treatment plants with flows greater than
0.10 mgd and smaller plants in special cases. For plants less than
0.10 mgd, recording and totalizing equipment will be provided as
required to assure effluent limitation within regulations imposed by
the regulating authority. In plants requiring recirculation of
wastewater, meters with means for indicating the rates of recirculation
are required. Weirs, Parshall flumes, and magnetic flow meters are
satisfactory for measuring wastewater flow, Parshall flumes being
generally preferable for Army projects when measuring influent or
effluent. Measuring devices will be designed, or specified, with a
view toward obtaining the accuracy of measurement throughout the
expected range of flow. Principles of design of such devices are
covered in standard handbooks.

6-2. Types of flow-measuring devices. The following paragraphs
describe the types that are suitable for use in wastewater treatment
plants. For additional comments refer to table 6-1.

a. Weirs. Weirs shall be located in a channel so that the flow
will not be disturbed by turbulence and in such a manner that the depth
of flow over the weir can be observed and recorded. When continuous
recording is required, the float will be installed in a chamber
separated from the main channel of flow, but connected thereto by
piping.

b. Parshall flumes. A typical Parshall flume is shown in figure
6-1. This device has many advantages: the loss of head is minimal; it
is self-cleaning; flow measurement can be made in open-channel flow;
and it has no moving parts to malfunction. The downstream
water-surface elevation above the flume approach floor, a, must not
exceed 65 percent of water elevation, b, upstream of the flume. The
flume will be designed with the narrowest throat practicable for the
conditions under consideration. The stilling well shown in figure 6-1
provides a quiescent zone in which to measure the height, h. Flow
through a Parshall flume, with a throat width of at least 1 foot but
less than 8 feet under free flow conditions, may be estimated by the
following formula:

0.026
Q = 4Bhl-522B
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where:
Q = flow, cfs
B = throat width, feet
h = upper head, feet

A tabulation of this formula is given in table 6-2.

Table 6~2. Parshal Flume Flow Values
(cfs)

Upper Head, h Throat width, B (feet)
(feet) 1 2 3 4 5 6 7 8

.12 .23 .33 .42 .52 .61 .70 .79
.35 .66 .96 1.26 1.56 1.84 2.13 2.41
.64 1.24 1.8 2.39 2.96 3.52 4.07 4.63
.99 1.93 2.86 3.77 4.67 5.57 6.46 7.34
1.39 2.73 4.05 5.36 6.66 7.95 9.23 10.5
1.84 3.62 5.39 7.15 8.89 10.6 12.4 14.1
2.32 4.60 6.8 9.11 11.4 13.6 15.8 18.0
2.85 5.66 8.46 11.3 14.0 16.8 19.6 22.4
3.41 6.79 10.2 13.5 16.9 20.3 23.7 27.0
4,00 8.00 12.0 16.0 20.0 24.0 28.0 32.0
4.62 9.27 13.9 18.6 23.3 27.9 32.6 37.3
5.28 10.6 16.0 21.3 26.7 32.1 37.5 42.9
5.96 12.0 18.1 24.2 30.3 36.5 42.6 48.8
6.68 13.5 20.3 27.2 34.1 41.0 48.0 55

.

N et b b b b = == OO0 0000000
ovwvwoo~NoOOTUVMpPLOUNMNFHFOVWONNOUIEWN -

7.41 15.0 22.6 30.3 38.1 45.8 54 61
. 8.18 16.6 25.1 33.6 42.2 51 59 - 68
8.97 18.2 27.5 37.0 46.4 56 65 75
9.79 19.9 30.1 40.4 51 61 72 82
10.6 21.6 32.8 44.1 55 67 78 90
11.5 23.4 35.5 47.8 60 72 85 97

c. Magnetic flow meters. Magnetic flow meters can be used for flow
measurement in wastewater treatment plants. There are many types of
magnetic flow meters, however, and direct contact with the
manufacturers is the quickest and generally most practical way to

 determine their application to specific wastewater measurements.
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CHAPTER 7
SCREENING

7-1. General considerations. Screening is a process necessary to
protect pumps and subsequent treatment units of a wastewater treatment
plant. Its main function is to remove sticks, stones, rags, trash, and
other debris. '

7-2. Bar screens.

a. Description and function. The primary function of coarse
screening is protection of downstream facilities rather than effective
removal of solids from the plant influent. All screens used in sewage
treatment plants or in pumping stations may be divided into the
following classifications:

(1) Trash racks, which have a clear opening between bars of
1-1/2 to 4 inches and are usually cleaned by hand, by means of a hoist,
or possibly by a power-operated rake.

(2) Standard mechanically cleaned bar screen, with clear
openings from 1/2 to 1-1/2 inches (figure 7-1).

(3) Fine screen, with openings 1/4 inch wide or smaller.

b. Design basis. Screens will be located where they are readily
accessible. An approach velocity of 2 fps, based on average flow of
wastewater through the open area, is required for manually cleaned. bar
screens. For mechanically cleaned screens, the approach velocity will
not exceed 3.0 fps at maximum flows.

(1) Bar spacing. Clear openings of 1 inch are usually
satisfactory for bar spacing, but 1/2 to 1-1/2 inch openings may be
used. The standard practice will be to use 5/16-inch by 2-inch bars up
to 6 feet in length and 3/8-inch by 2-inch or 3/8-inch by 2-1/2-inch
bars up to 12 feet in length. The bar will be long enough to extend
above the maximum sewage level by at least 9 inches.

(2) Size of screen channel. The maximum velocity through the
screen bars, based on maximum normal daily flow, will be 2.0 fps. For
wet weather flows or periods of emergency flow, a maximum velocity of
3.0 fps will be allowed. This velocity will be calculated on the basis
of the screen being entirely free from debris. To select the proper
channel size, knowing the maximum storm flow and the maximum daily
normal flow, the procedure is as follows: the sewage flow (mgd)
multiplied by the factor 1.547 will give the sewage flow (cfs). This
flow in cfs divided by the efficiency factor obtained from table 7-1
will give the wet area required for the screen channel. The minimum
width of the channel should be 2 feet, and the maximum width of the
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channel should be 4 feet. As a rule it is desirable to keep the sewage
in the screen channel as shallow as possible in order to keep down the
head loss through the plant; therefore, the allowable depth in the
channel may be a factor in determining the size of the screen. In any
event, from the cross—-sectional area in the channel, the width and
depth of the channel can be readily obtained by dividing the wet area
by the depth or width, whichever is the known quantity.

Table 7-1. Efficiencies of Bar Spacing

Bar Size Openings Efficiency .
inches inches
1/4 1 0.800
5/16 1 0.768
3/8 1 0.728
7/16 1 0.696
1/2 1 0.667

(3) Velocity check. Although screen channels are usually
designed on the basis of maximum normal flow or maximum storm flow, it
is important to check the velocities which would be obtained through
the screen from minimum or intermediate flows. The screen will be
designed so that at any period of flow the velocities through the
screen do not exceed 3 fps under any flow condition.

(4) Channel configuration. Considerable attention should be
given to the design of the screen channel to make certain that
conditions are as favorable as possible for efficient operation of the
bar screen. The channel in front of the screen must be straight for 25
feet. Mechanical screens with bars inclined at an angle of 15 degrees
from the vertical will be installed.

(5) Screenings. The graph shown in figure 7-2 will be used to
predict the average amount of screenings that will be collected on the
bar screen. The information required to make this estimate is flow and
bar spacing. Grinding of the screenings (and returning them to the
wastewater flow), incineration, and landfilling operations are
satisfactory methods for disposal of the screenings.

(6) Design procedure. Select bar size and spacing and determine
efficiency factor. Determine number of units desired. Divide total
maximum daily flow or total maximum storm flow by the number of screens
desired to obtain maximum flow per screen. .The procedure is then as
follows:

maximum daily flow in cfs.

Maximum daily flow in mgd x 1.547

Maximum storm flow in mgd x 1.547 = maximum storm flow in cfs.

7-3
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net area through bars for maximum daily flow.

cfs
2
cfs = net area through bars for maximum storm flow.
3
Whichever of the above gives the larger value should be used for
design.

Net area in square feet = gross area or channel cross-
Efficiency coefficient for bars section wet area.

Minimum width of bar rack = 2 feet; Maximum width = 4 feet

Channel cross-section wet area = Corresponding depth or width
Maximum desired width or depth

These figures are based on recessing channel walls 6 inches each side
for chain tracks and screen frame. The overall width of screen frame
is 12 inches greater than width of bar rack. If not possible to recess
walls, the channel should be made 1 foot wider than figured above.

(7) Sample calculation. Assume:

Maximum daily flow = 4 mgd
Maximum storm flow = 7 mgd
Maximum allowable velocity
through bar rack for

maximum daily flow = 2 fps.

Then, using the design procedure in the preceding paragraph:

547 = 6.188 cfs.

Maximum daily flow = 4
7 = 10.829 cfs.

Maximum storm flow

L
—
w
~
~

i

Since Q = Av, 6.188 = A x 2, and the net area A through the bars is
3.094 square feet. For a maximum allowable velocity through the bar
rack of 3 fps during maximum storm flow, the net area through the bars
must be 10.829/3 = 3.61 square feet. The gross area will be based omn
the larger of the two net areas, in this case 3.6l square feet. A rack
consisting of 2-inch by 5/16-inch bars spaced to provide clear openings
of 1 inch has an efficiency of 0.768 (table 7-1), yeilding:

Gross Area = 3.61 = 4.70 square feet
0.768

The channel width in this case might be established at 3 feet, in which
case the water depth would be 4.70/3.0 = 1.57 feet. This is a
theoretical water depth which may be affected by subsequent plant
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units. The head loss through a bar rack is computed from the following
equation:

h=V2-v2
45

where:

h = head loss in feet

V = velocity through rack
v = velocity upstream of rack
or:

h = 0.0222 (V2 - v2)

Again making use of Q = Av,
v = 10.829/4.70 = 2.3 fps
Therefore:

0.222 (32 - 2.32)

0.222 x 3.7
0.082 foot, or approximately 1l inch

h

L}

If the screen is half plugged with screenings, leaves, and other
debris: From Q = Av the area is directly proportional to the velocity.
In other words, if the area is cut in half, the velocity must double.
The head loss therefore is:

h = 0.0222 (62 - 2.32)
0.0222 x 30.7
0.682 foot, or approximately. 8-1/4 inch

it

The increase in head loss is over one-half foot as the screem becomes
half plugged. The need for accurate control of the cleaning cycle, and
protection against surge loads, is thus demonstrated.
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CHAPTER 8
SEDIMENTATION

8-1. General considerations. In sedimentation, settling tanks are
used for removing settleable solids and. for reducing the suspended
solids content in wastewater. Selection of sedimentation depends on
plant size, the nature of the wastewater to be treated, and effluent
requirements.

8-2. Functions and types of sedimentation units. In most facilities,
primary sedimentation is currently used as a preliminary step ahead of
biological treatment. Sedimentation tanks are designed to operate
continuously. They are usually rectangular or circular and have
hoppers for sludge collection. Most sedimentation tanks are
constructed with gently sloped bottoms and have sludge hoppers with
relatively steep sides. Non-mechanized settling tanks are used only in
very small installations; the sludge moves to hoppers by gravity where
it is removed.

a. Design of primary sedimentation tanks. The function of primary
sedimentation is to reduce the load on the biological treatment units.
Efficiently designed and operated primary sedimentation tanks should
remove 50 to 65 percent of the suspended solids and 25 to 40 percent of
the BOD.

b. Secondary sedimentation tanks for activated sludge plants. The
function of the activated sludge settling tanks is to separate the
activated-sludge solids from the mixed liquor. It is the final
treatment step in the secondary treatment process., The effluent from
the final sedimentation tank should be well-clarified, stable effluent
low in BOD and suspended solids.

c. Secondary sedimentation tanks for trickling filter plants. The
function of these settling tanks is to produce a clarified effluent.
On Army installations, it is common practice to recirculate the settled
sludge to the primary sedimentation basin or the trickling filter.

8-3. Design parameters.

a. Primary settling tanks. The tanks will be designed for the
average daily flow or daily flow equivalent to the peak hourly flow
that requires the largest surface area. Surface loading rates for
primary settling tanks are given in table 8-1. All tank piping,
channels, inlets, outlets, and weirs will be designed to accommodate
peak flows. Use 3.0 times average hourly flow if specific peak flows
are not documented. Facility designs will normally include two tanks.
Each tank will be sized, as a maximum, for 50 percent of the plant
design flow.
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Table 8-1. Surface Loading Rates for Primary Settling Tanks

Surface Loading Ratel, gpd/square foot

Plant Design Flow Average Flow Peak Flow
mgd
0-0.01 300 500
0.01-0.10 500 ‘ 800
0.10-1.00 600 1,000
1.00-10.0 800 1,200
above 10.0 1,000 1,200
IThese rates must be based on the effective areas (figures 8-1 and

8-2).

b. Secondary sedimentation tanks. The sedimentation tanks should
be designed for the flow (average or peak) that requires the largest
surface area. Surface loading rates for secondary settling tanks are
given in table 8-2. Similar to primary tanks, the facility designs
will normally include two tanks, each handllng 50 percent of the
design flow.

Table 8-2. Surface Loading Rates for Secondary Sedimentation Tanks

Surface Loading Ratel, gpd/square feet

Plant Design Flow Average Flow Peak Flow
mgd
0-0.01 100 200
0.01-0.1 - 300 500
0.1-1 400 600
1-10 500 700
above 10 600 800

TThese rates must be based on the effective areas (figures 8-1 and
8-2).

¢. General design considerations for all clarifiers.

(1) Detention period. Detention time is commonly specified as
2.5 hours for primary tanks serving all types of plants, except when
preceding an activated sludge system where detention time is specified
as 1.5 hours. Selection of optimum detention time will depend on the
tank depth and the overflow rate. For those Army installations where
the contributing population is largely nonresident, the detention
period to be used xh design of primary settling tanks is 2 hours, based
on the average hourly rate for the 8-hour period when the maximum
number of personneél will be contributing to sewage flow.
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(2) Weir rate. The overflow loading on weirs will not exceed
5,000 gpd per lineal foot for plants designed for less than 0.1 mgd, or
10,000 gpd per lineal foot for plants designed between 0.1 and 1.0 mgd.
Weir loading for plants designed for flows of more than 1.0 mgd may be
higher, but must not exceed 12,000 gpd per lineal foot. When pumping
is required, the pump capacity will be related to tank design to avoid
excessive weir loadings.

(3) Typical design. Example A-1 illustrates a typical clarifier
design.

8-4. Tank types and design features.

a. General features. 1Inlets to a settling tank will be designed to
dissipate the inlet velocity, to distribute the flow uniformly, and to
prevent short-circuiting. The inlet and outlet channels will be
designed for a minimum velocity of 2 fps at the average flow rate and
will have cornmers filleted to prevent deposition and collection of
solids. Tanks can be circular or rectangular. Side water depths
should be a minimum of 6 feet and a maximum of 10 feet. A 2 to 4 foot
additional depth should be provided for the sludge blanket. Limit the
use of circular clarifiers to applications greater than 25 foot
diameter. Where space permits, at least two units will be provided.

b. Rectangular tanks. The minimum length of flow from inlet to
outlet of a rectangular tank will be 10 feet in order to prevent
short-circuiting of flow in the tank. Tank length-to-width ratio
should vary between 3:1 and 5:1. Tanks will be designed with a minimum
side water depth of 7 feet, except final tanks in activated sludge
plants, which will be designed with a 9-foot minimum depth.

(1) 1Inlets and outlets. 1Inlets to rectangular tanks will be
designed so as to prevent channeling of wastewater in the tank.
Submerged ports, uniformly spaced in the inlet channel, are an
effective means of securing distribution without deposition or
channeling. Outlet overflow weirs used in rectangular tanks will be of
the adjustable type, and serrated weirs are preferred over straight
ones. Overflow weirs will be used in most cases.

(2) Collection and removal of scum and sludge. Means for the
collection and removal of scum and sludge are required for all settling
tanks. The removal of scum from the tank will take place immediately
ahead of the outlet weirs and the equipment may be automatic or manual
in operation. Provisions will be made for the scum to be discharged to
a separate well or sump so that it can be either sent to the digester
or disposed of separately. Rectangular tanks will be provided with
scum troughs with the crest about 1 inch above maximum water surface
elevation. For small installations (less than 1.0 mgd), hand-tilt
troughs consisting of a horizontal, slotted pipe that can be rotated by
a lever or screw will be used. Proven mechanical scum removal devices

8-5



EM 1110-3-172
11 May 84

such as chain-and-flight types may be used for larger installatioms.
To minimize the accumulation of sludge film on the sides of the sludge
hoppers, a side slope of at least 1-1/2 vertical to 1 horizontal will
be used. Separate sludge wells, into which sludge is deposited from
the sludge hoppers and from which the sludge is pumped, are preferable
to direct pump connections with the hoppers.

c¢. Circular tanks. Circular tank diameters range from 25 to 150
feet. Side-water depths are 7 feet as a minimum, and tank floors are
deeper at the center. Adjustable overflow weirs (V-notch type) will
extend around the entire periphery of the tank. Scum baffles,
extending down to 6 inches below water surface, will be provided ahead
of the overflow weir, and the distance betwen scum collection troughs
will not exceed 75 feet along the periphery of the clarifier. Circular
sludge-removal mechanisms with peripheral speeds of 5 to 8 fpm will be
provided for sludge collection at the center of the tank.

8-5. 1Imhoff tanks. The removal of settleable solids can also be
accomplished through the use of Imhoff tanks. Imhoff tanks are simple
to operate and do not require highly skilled supervision. There is no
mechanical equipment to maintain. Imhoff tanks contain two
compartments whereby settling takes place in the upper compartment and
sludge digestion occurs in the lower compartment. Therefore, the
Imhoff process is a bi-functional process. Settling solids drop
through slots into the lower compartment for digestion. The slots are
trapped such that gas escaping from the digester zone passes through
gas vents but does not filter back through the sedimentation zone. If
this gas is not vented around the sedimentation zone, settling
characteristics would be disrupted. The settling compartments of-
Imhoff tanks are normally designed for a surface overflow rate of 600
gpd/square foot at the average rate of flow. Detention times are
generally around 2.5 to 3 hours. Average velocities through the
settling chamber should not exceed 15 inches per minute. The slot that
permits solids to pass through to the digestion compartment will have a
minimum opening of 6 inches. For more information on the sludge
digestion process of the Imhoff tank, refer to paragraph 12-3.b.(5) of
this manual.

8-6. Sludge characteristics. Table 8-3 represents typical
characteristics of domestic sewage sludge.
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Table 8-3. Typical Characteristics of Domestic Sewage Sludge

Solids Content

Origin of Sludge of Wet Sludgel Dry Solids?
percent pounds/day/capita
Primary Settling Tank 6 0.12

Trickling Filter
Secondary 4 0.04

Mixed Primary and
Trickling Filter
Secondary 5 0.16

Conventional Activated
Sludge Secondary 0.5-1 0.07

Mixed Primary and
Conventional Activated
Sludge Secondary 2-3 \0.19

. Extended Aeration
Secondary 2 . 0.02

IValues based on removal efficiencies of well-operated
treatment processes. :

2Average 24-hour values. To estimate maximum 24-hour values,
multiply given values by ratio of maximum 24-hour flow to
average 24-hour flow.

U. S. Army Corps of Engineers
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CHAPTER 9
WASTE STABILIZATION PONDS

9-1. Waste stabilization pond classification. Waste stabilization
ponds are classified as aerobic, aerobic-anaerobic (facultative) and
anaerobic (table 9-1).

a. Aerobic ponds.

(1) Photosynthetic wastewater treatment ponds. Oxygen to
satisfy the requirements of microorganisms in removing BOD from the
wastewater is produced by photosynthesis, utilizing predominately
algae, carbon dioxide, and sunlight. The ponds are 6 to 18 inches deep
and most oxygen requirements are met by the algae, with some oxygen
provided at the gas-liquid interface. BOD of the pond effluent may be
higher than that of the influent because algae are present. To achieve
the desired level of BOD reduction in such case, it is necessary to
remove the algae from the pond effluent. A major disadvantage is the
growth of noxious plants that can accumulate floatable debris which can
become septic, create odors, and allow propagation of mosquitos.

(2) Mechanically aerated wastewater treatment pond. These are
completely mixed wastewater treatment ponds utilizing surface-type
aerators, either submerged propeller or turbine-type aerators. The
principal source of oxygen is furnished by mechanical aeration rather
than by photosynthesis. The solids carry-over from the aeration pond
must be removed by a clarification process following treatment in the
aeration pond. The concentration of suspended solids in the effluent
is approximately equal to that in the pond.

b. Aerobic-anaerobic ponds (facultative).

(1) Natural aeration mode. These are partially mixed wastewater
treatment ponds utilizing the natural ambient environment to provide
aeration for the wastewater treatment pond. They are divided by
loading and stratification into distinct surface and bottom zoues, '
utilizing aerobic and anaerobic degradation, respectively. Oxygen for
aerobic stabilization in the surface layer is provided by
photosynthesis and surface reaeration. These are by far the most
widely used ponds for sewage treatment. They are operated as
flow-through, intermittent discharge or as complete retention of 10
days to 1 year or more. They may be operated as series or parallel
ponds, with or without recirculation. With an influent containing 200
mg/l suspended solids, the effluent can range up to 400 mg/l because of
algae carryover.

(2) Mechanical mode partial aeration. These are partially mixed
wastewater treatment ponds, utilizing surface or submerged propeller or
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turbine aerators to provide distribution but not suspension of solids
over the pond. The treatment is similar to the natural aeration mode,
but with a greater part of oxygen provided from aeration.

c. Anaerobic ponds. These wastewater treatment ponds, constructed
to depths of 15 feet, employ no aeration. Anaerobic conditions are
maintained- throughout the facility except at the air-liquid interface.
The major portion of the BOD is reduced through methane formation;
chemically bound oxygen is the primary oxygen source. Anaerobic ponds
are inherently odoriferous.

9-2. Design parameters for waste stabilization ponds. The design
parameters presented in table 9-1 will be used for the design of
aerobic—anaerobic and aerated ponds. The designer may select specific
design values as long as they are within the ranges presented in the
table. Stabilization ponds, when required to be aerated, will be
aerated by mechanical systems. These devices must be designed to
provide sufficient oxygen for biological metabolism and adequate
mixing.

a. Aerated aerobic waste stabilization ponds. The limitation on
sizing these ponds will be the ability to maintain aerobic conditions
and to increase the effectiveness of the microorganisms by mixing. The
aerated aerobic ponds will be designed to keep all active biological
solids in suspension and a minimum dissolved oxygen concentration of
2.0 mg/1. The power levels required to maintain solids under
suspension and to disperse oxygen uniformly throughout the basin are
.02 to .03 hp/1,000 gallons and 0.006 to .015 hp/1,000 gallons,
respectively. A mixing velocity (average velocity of any given
particle in the pond) greater than 1.0 fps should be maintained in the
basin to prevent solids deposition. Mixing energy input varies with
the size of the aeration unit. The values in table 9-2 will provide
sufficient mixing energy to disperse oxygen uniformly throughout the
basin.

Table 9-2. Mechanical Mixing Energy Required for Oxygen Dispersion

Size of Aerators Mixing Energy
hp hp/1,000 gallons

100 0.014

50 0.018

20 0.021

EPA Process Design Manual for Upgrading Wastewater Treatment Plants,
October 1974.

Mechanical aerators can be designed to provide either complete mixing
of solids including oxygen dispersion, or just to provide uniformly
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dispersed oxygen. In the latter case, solids deposition will occur in
the basin.

b. Aerated aerobic-anaerobic waste stabilization ponds. These
ponds will be designed to provide enough oxygen and mixing to maintain
an aerobic surface layer throughout the pond. This can be accomplished
by using shallow aerators or by maximizing the effect of the wind.

c. BOD removal efficiency. BOD removal efficiency in an aerated
pond is a function of temperature and detention time in the basin.
Table 9-3 lists the calculated efficiencies for combinations of
different temperatures and detention times.

The calculations in table 9-3 are based on the following equation:

E = 100 - 100
T¥KTE
where

K = Kyq x g (1-20)

E = Efficiency of BOD Removal (percent)

K90 = BOD Removal Rate per unit time at 20 degrees C.
(0.5 day~1)

0 = The Temperature-Dependence Coefficient

(0 = 1.055 for T from 20 degrees to 30 degrees C.;
60 =1.135 for T from 4 degrees to 20 degrees C.)
T = Liquid Temperature (degrees C.)
t = Detention Time (days).

d. Oxygen requirements. Oxygen required in an deration pond is
transferred into the liquid by the mechanical aerators. Surface_
ventilation and algae may provide additional amounts of oxygen, but
generally are not consldered signlflcant.; Oxygen requirements for an
aerated basin are defined as for activated sludge systems (chapter 11).

e. Horsepower requlrement. The horsepower requ1red will be
calculated as for activated sludge systems (chapter 11).

I 18 N(Further treatmeﬂt. ‘Aerated pond effluent may -be :further treated

in a "polish1ng" poﬂd designed for 1 day or less retention for settling
solids, or for longer retention time to provide for additional
biblogical tredthent:

g Poﬁd operatlon. Ponds can be aesigned to operdte in series or
parallel _ Provisions for recirculation will be provided when tiore thdn
one pord is used.

9-3. Pond faciiity réquirements.



Table 9-3.
Temge?ature (T-20)
degrees C.

4 0.1318
6 0.1698
8 0.2188
10 0.2819
12 0.3631
14 0.4678
16 0.6026
18 0.7763
20 1.000
22 1.1130
24 1.2387
26 i.3786
28 1.5343
30 1.7076
32 1.9005
34 2.1152
36 2.3542
38 2.6201

K20

0.066
0.085
0.109
0.141
0.181
0.234
0.301
0.388
0.500
0.557
0.619
0.689
0.767
0.854
0.950
1.058
1.177

1.310

U. S. Army Corps of Engineers
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a. Inlet. Inlet into the pond will be by a single inlet pipe, with
discharge into a circular, deeper, sludge storage zone below the bottom
of the normal pond. Discharge will be onto a concrete splash pad or
diffusion block. The sludge storage section should have a maximum
diameter of 200 feet, but not less than 50 feet, with a center depth
not less than 1.0 foot, below the normal bottom elevation, with inlet
pipe discharge at the center of the sludge storage section. The
discharge will be located near the leeward side of the pond or at right
angle to the prevailing winds near the end most remote from the outlet
structure. The inlet pipe from point of discharge to the outer berm of
the dike will be on a level grade at a depth sufficient to provide
adequate freeze protection when the pond is at minimum operating level
at maximum freeze depth. A standard manhole will be placed in the
outer berm of the pond dike on the inlet pipe. The manhole will be
utilized for rodding the inlet pipe or surge pumping through the
discharge to maintain a clean open inlet. The splash block, or
discharge diffusion block, will be so designed that scouring of the
bottom will not occur with the above operations.

b. Outlet structures. OQutlet structures will permit lowering the
water level at a rate of not less than 1.0 foot per week while the pond
is receiving its normal flow. Provisions will be made for complete
drainage of the pond. Outlet structures will be located on the
windward side of the dike at a point most remote from the inlet, will
be large enough to permit easy access for normal maintenance, and will
provide complete draining of the pond. The outlet from each cell
should have the capacity to change the depth from maximum to minimum
operating depth in 6-inch increments to give operational flexibility as
well as a drain for the entire pond. The structure will be designed to
minimize velocities at any point of withdrawal. In small ponds with
normal discharge of 50,000 gpd or less, a large pipe with adjustable
sections is adequate. Outlet velocity across the pipe entrance must be
kept under 0.5 fps. The provision will be met with an adjustable weir
in ponds with discharge in excess of 50,000 gpd. There will be three
sets of baffles concentrically around the outlet structure(s). The
first baffle will extend 3 to 5 feet around the outlet structure, with
the baffle extending at least 6 inches to 1 foot above the highest
water level and down to within 1 foot of the bottom of the pond. The
second baffle is set in the bottom of the pond and extends to within 6
inches of the lowest anticipated operating level. The third baffle is
the same as the first. When design includes siphoning, outlet line(s)
will be vented.

c. Dikes. Dikes will have a minimum top width 10 feet, a minimum
freeboard at 2 feet above high water level, and side slopes of a
minimum 3 horizontal to 1 vertical for inside and outside slopes.
Detcrmination of slope will be based on natural angle of repose of the
soil, ltength of open water, slope protection provided , and soil
charscieristics. Dikes will be compacted to 90 perceni ol waximum

dons i 4t optlmum moisture content and sealed agalosl seapage.  An
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excavated drain will be provided at the toe of the exterior slope to
convey seepage water, over-topping loss, or spillage due to dike
failure to the receiving watercourse for the waste stabilization pond

discharge. Protection from wind and water erosion will be provided as
needed.

d. Bottom. The bottom will be as level as practicable with
variations not exceeding 6 inches from the designed bottom elevation.
This does not apply to the dished area around the inlet, covered by
paragraph 9-3.a. The bottom will be cleared, grubbed, and sealed to
prevent loss of liquid through excess seepage. If ground water
protection is a requirement or desirable, then a liner would be
necessary depending on soil permeability. If the soil permeability is
1077 cm/second or better, a liner would not be required. For lesser
permeabilities, a water barrier of some kind should be provided. Some
acceptable lining materials are various synthetics, bentonite, clay, or
pavement materials such as concrete or asphalt.

e. Surface runoff control. Surface runoff will be excluded from
wastewater treatment ponds. Intercepting drains, diversion ditches,
and/or dikes will be constructed as required to comply with this
requirement. When surface drainage must be rerouted to meet the
requirement, rerouted drainage will be routed to the original drainage
course to the maximum extent possible.

f. Fencing and access. The entire wastewater treatment ponds area
will be provided with a locked security fence that will have a double
wide gate for vehicular access. A gravel road not less than 10 feet
wide will be provided through this gate and around the new dike.

g. Flow operation modes. In no case will a raw wastewater
treatment pond have less than two cells., Operation will normally be in
series, with piping flexibility permitting parallel or series
operation, recirculation if desired, and isolation and removal from
service of any unit without interference in operation of any other
unit. The maximum design BOD loading rate to each pond cannot be
exceeded for any mode of operation.
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CHAPTER 10
TRICKLING FILTER PLANTS

10>1. General considerations. Trickling filter plants have been
justified by their low initial cost, low operating and maintenance
costs, and simplicity of operation. Although the effluent from
trickling filter plants of earlier design was of poorer quality than
that from activated sludge plants, the performance of trickling filters
designed more recently is comparable to that of activated sludge
plants. Both processes offer certain advantages, with trickling
filters providing good performance with minimal operator care and few,
if any, energy requirements. Trickling filters are classified as
low-rate or high-rate, and according to the organic loading applied.
Another classification is shallow and deep filters; usually, filters
less than 7 feet deep are considered to be shallow filters; those with
a greater depth are considered to be deep trickling filters. Filters
are also classified according to the type of media utilized, i.e., rock
or synthetic media.

10-2. Design basis and criteria. The designer will provide
preliminary and primary treatment ahead of the filters, and circular or
rectangular settling tanks with mechanical sludge removal equipment
following the filters. Design criteria for settling tanks are in
chapter 8. Table 10-1 gives design data for the trickling filter
process. The designer normally will use the average of the hydraulic
or organic loading ranges presented in table 10-1 for the design of
each filter class, unless special conditions warrant the use of values
other than the average.

a. Filter depth. Stone media trickling filters will be designed
with depths of 5 to 7 feet for low-rate and depths of 3 to 6 feet for
high-rate applications. Synthetic media manufacturers recommend depths
of 10 to 40 feet for columnar or stacked module media. Randomly placed
polypropylene media filters are designed within the depth ranges of the
low-rate filters. The deeper trickling filters can improve
nitrification potential and can be used as the second stage in
two-stage biological system designs for nitrification.

b. Recirculation. This is an accepted method of increasing the BOD
removal efficiency of high-rate trickling filter processes. Figure
10-1 shows acceptable recirculation systems for single-stage and
two-stage trickling filters treating domestic wastewater. Table 10-2
lists recommended recirculation rates for high-rate filters. Whether
to use recirculation, and the amount to be recycled when used, are
matters of economics which may involve either first cost or annual
costs of various designs providing equal treatment. Unless other
conditions control, recirculation should provide continuous dosing at a
minimum surface application rate of 10 mgad. In flow diagrams B, C,
and D (figure 10-1) fluctuations in the organic loading applied to the
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filter are dampened. Filter sloughings are recycled to the filter in
flow diagram A, but little, if any, dampening of variations in organic
loading is provided. Flow diagram E may include a low-rate filter for
the second-stage unit. Intermediate settling tanks will always be
provided between first and second stage filters. Flow diagrams G and H
attempt to improve treatment by developing greater biological activity
on the second stage filter, but are not acceptable for Army
installations because there are no intermediate clarifiers. Flow
diagrams E, F, G, and H require inclusion of the recirculated flow in
the forward flow used for design of any tanks through which it passes.

Table 10-2. Design Recirculation Rates for High-Rate Filters

Recirculationl
Raw Sewage BOD, mg/l Single Stage Two Stage?
Up to 150 1.0 0.5
150 to 300 2.0 1.0
300 to 450 3.0 1.5
450 to 600 4.0 2.0

lRatio of recirculated flow to raw wastewater flow
2Ratio for each stage; one half of the single-stage rate

¢. Hydraulic and organic loadings. Loading rate is the key design
factor, whether the surface application is continuous, intermittent, a
constant rate, or a varying rate. The BOD removal efficiencies
obtainable for specific wastewater organic and hydraulic loading from
trickling filter installations can be compared when the loadings are
within the ranges presented in table 10-1 and the trickling filter
performance formula described in paragraph 10-2.f.(1) is utilized.

d. Ventilation., Ventilation provides aerobic conditions required
for effective treatment. Design for ventilation will provide the -
following:

(1) Underdrains and collecting channels designed to flow half
full at maximum design flow.

(2) Ventilating manholes with open grate covers installed at
both ends of the central collecting channel.

(3) Branch collecting channels with ventilating manholes or vent
stacks installed at the filter periphery for units over 50 feet in

diameter.

(4) Open area of slots in the top of the underdrain blocks not
less than 15 percent of the area of the filter.
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(5) Peripheral duct (or channel) interconnecting vent stacks and
collecting channels.

(6) One square foot of gross area of open grating in the
ventilating manholes and vent stacks for each 250 square feet of filter
surface.

(7) When the trickling filter is constructed with top of media
or distributor arms at or near grade, with underdrain system more than
3 feet below grade, or when normal climatic conditions do not include
adequate air movement, ventilation shafts will be provided.

e. Temperature. The performance of trickling filters will be
affected by temperature changes in the wastewater and filter films.
Filter efficiency changes attributed to temperature variations are
expressed by the following formula.

Etr = Ep9 x0 (T-20)

Note: For values of G(T‘ZO) when § = 1.035 see appendix B.

where:

Er = BOD removal efficiency at T degrees C.
Eop = BOD removal efficiency at 20 degrees C.
@ = Constant equal to 1.035

T = Wastewater temperature, degrees C.

The temperature formula will be used to correct the filter performance
predicted by the NRC design formula. In areas that experience
prolonged cold and/or icing, wind breaks or dome covers for trickling
filters to prevent freezing problems will be considered.

f. Plant efficiencies. Performance efficiencies, given as BOD
removal, of single-stage and two-stage filters, are to be estimated
using formulas in the following section,

(1) National Research Council (NRC) formulas. The NRC formulas
will be used to design all stone-media trickling filters for Army
installations. NRC developed the following formulas for predicting the
stone-media trickling filter performance at 20 degrees C.

First or Single Stage:
= 100
E =
1 172
1 + 0.0085(W/VF)

10
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Second Stage: (Includes intermediate clarifier)

172
1 + 0.0085 (W'/V'F)

1 -E
where:

E] = Percent BOD removal efficiency through the first or
single-stage filter and clarifier.

W = BOD loading (pounds/day) to the first or single-stage
filter, not including recycle.

V = Volume of the first filter stage (acre-feet)
F = Recirculation factor for a particular stage, where:
F = 1+R
(1 +0.1R)?2
R = Recirculation ratio = Recirculation flow

Plant influent flow

Eg = Percent BOD removal through the second-stage filter and
clarifier.

W' = Bop loading (pounds/day) to the second-stage filter, not
including recycle.
V' = Volume of the second filter stage (acre-feet)

A sample problem utilizing the NRC formula is presented in appendix A.

(2) oOther design formula. Although the NRC formula is required
for design of stone-media filters, the following formula is appropriate
for stacked synthetic media filters.

T-20
Le =exp -9 Koo D
Lo Qn
where
0 = Temperature constant equal to 1.035

Lo, = BOD of primary effluent (not including recirculation)
Le = BOD remaining, i.e., effluent BOD
D = Depth of filter
exp= Symbol designating that what follows is the exponent
to which the natural logarithm base, e, is to be raised

Q = Hydraulic loading (not including recirculation),
gpm/square foot of cross-sectional area
n = Exponent characteristics of filters (use 0.67 for

synthetic media)
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K20 = Treatabillty constant (use 0.088 for plastic media
treating Army installation wastewaters).

A sample problem, utilizing this formula for a synthetic media design,
is presented in appendix A. Unless particular fllter media usage or
unusual design conditions necessitate the use of one of these formulas,
the NRC formulas will be used in design of Army facilities.

10-3. Nitrification in trickling filters. The development and
maintenance of nitrifying organisms In trickling filter systems depend
mainly on the organic loading and wastewater temperature. Generally,
nitrification occurs best at low BOD loadings (less than 5 pounds
BOD/day/1,000 cubic feet) and high wastewater temperature (20 degrees
C. or higher). The degree of nitrification in trickling filters
improves as the volumetric BOD loading is reduced. Depending on
effluent requirements, in colder climates existing trickling filter

- plants will be modified to achieve a high degree of nitrification v
year-round, or only during the warmer months of the year. Year-round
nitrification facilities will be designed for the lowest daily average
wastewater temperatures experienced in the winter months. 1In this
instance, the required filter volume will be greater than that required
for seasonal nitrification and will requlre at least two-stage
treatment. Trickling filters intended to provide 80 to 90 percent
nitrification will be designed at a hydraulic loading of 50 gpd/square
foot and an organic loading of 4 pounds BOD/day/1,000 cubic feet.

10-4. Hydraulic components.

a. Influent distributors. Rotary reaction distributors consisting
. of two or more horizontal pipes supported by a central column are
available for dosing filter beds ranging from 20 to more than 200 feet
in diameter. Distributors will be sealed by pressurized oil, neoprene
gaskets, or air-gap "non-seal” methods. Hydraulic head requirements
for distributors vary approximately as the square of the influent flow,
with the hydraulic gradient usually 12 to 24 inches above the center
line of the distributor arms at minimum flow. Distributor design must
provide: (a) a means for correcting alinement, (b) adequate structural
strength, (c) adequate pipe size to prevent velocities in excess of 4
fps at maximum flow, (d) bearings, (e) drains for dewatering the inflow
column, and (f) pipe and openings at the end of each arm for ease of
renoving ice buildups during winter operation. A minimum clearance of
6 inches between media and distributor arms will be provided.
Motor—driven rotary distributors will be used only if the minimal
hydraulic head to drive the distributor is not available. Positive
drive will be provided by a totally enclosed electric motor and gear
arrangement.

b. Dosing siphons. Wastewater may be applied to the filters by
pumps, by gravity discharge from preceding treatment units when
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suitable flow characteristics have been developed, and by siphons.
Frequently during the day the flow will be less than the minimum set by
the distributor. 1If this is the case, a dosing tank and alternating
siphons will be required for each filter unit. Each siphon will have a
dosing tank with a volumetric capacity equal to thé average flow rate
for a 4-minute period so that dosing is nearly continuous.

c. Head loss computations. The net available head on the
horizontal center line of the distributor arms will be calculated by
deducting the following applicable losses from the available static
head:

(1) Entrance loss from the primary settling tank.

(2) When using dosing siphons: the drop in tank level dosing as
distributor pipes are filled, the friction losses in the siphon itself,
and the velocity head imparted from the siphons.

(3) Friction losses in piping and fittings.
(4) Loss through distributor column rise and center port.

(5) Friction loss in distributor arms and velocity head of
discharge through nozzles necessary to start reactor-type rotary
distributors in motion. The hydraulic head requirements of
distributors are specified by the manufacturers. The major head loss
is the elevation difference between the distributor arms and the lowest
water surface in the main underdrain channel. Approximately 8 feet of
head is lost in a 6-foot deep filter. Detailed computations and charts
for head loss in pipes are presented in EM 1110-3-174.

10-5. Other filter components. Table 10-3 gives a list of other
components normally associated with trickling filters and for which
design requirements are specified. Trickling filter design must
include provisions for flooding the filter and the filter walls, and
appurtenances must be able to structurally withstand the resulting
;hydrostatlc pressure forces when the filter is flooded. In northern
regions that are subject to extreme and/or prolonged freezing
conditions, including high wind chill factors, design considerations
_must be given to prpv1d1ng filter dome covers or wind breaks. Figure -
10-2 is a sectional view of a trxcklxng filter,
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Table 10-3. Miscellaneous Trickling Filter

Filter Component

.Underdrains

Drainage Channels

Wind Break
(if utilized)

Dome Cover
(if utilized)

Component Design Criteria

Design Requirement

The underdrains will have a minimum slope of
1 percent. Use the larger size openings for
high rate filters.

Either central or peripheral drainage
channels will be used. The channels will be
designed to provide 2 fps minimum velocity at
the average daily application rate to the
filter and so that no more than 50 percent of
their cross-sectional area will be submerged
under the design hydraulic loading.

The windbreak will be constructed on the side
of the prevailing winter wind. Its length
will be three filter diameters for each
filter diameter it is located away from the
filter's near edge. Its height will be a
minimum of 10 feet above the surface of the
filter, plus an additional 0.1 times the
filter diameter for each filter diameter it
is located away from the filter's near edge.

Consult approved manufacturers.

U. S. Army Corps of Engineers
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CHAPTER 11
ACTIVATED SLUDGE PLANTS

11-1. General considerations. The activated sludge process is a
biological treatment process in which a mixture of wastewater and
microorganisms is agitated and aerated. The activated sludge mixed
liquor is subsequently separated by sedimentation, and the sludge is
returned to the process, with some withdrawn as waste sludge. This
chapter presents the different modifications of the conventional
activated sludge process, including general bases for design, methods
of aeration, and design factors for aeration tanks, final sedimentation
units, and sludge handling systems. All designed processes will
include preliminary treatment consisting of screening as a minimum.

a. Basic process. ' Basically the activated sludge process uses
microorganisms in suspension to oxidize soluble and colloidal organics
to carbon dioxide and water in the presence of molecular oxygen.

During oxidation, portions of the organic material are synthesized into
new cells. Oxygen is required to support the oxidation and synthesis
reactions. The solids generated must be separated in a clarifier for
recycle to the aeration tank; the excess sludge is withdrawn for
treatment and disposal. ‘

b. Modifications of the process. Modifications to the conventional
activated sludge process include step aeration, contact stabilization,
plug flow, completely mixed, and extended aeration systems.

11-2. Activated sludge processes. The two basic reactor types .are
plug-flow and complete-mix models. 1In plug flow, fluid particles pass
through the tank and are discharged in the same sequence in which they
enter. Complete mixing occurs when the particles entering the tank are
immediately dispersed throughout the tank. Because of the continuous
mixing, completely mixed units are less susceptible to upsets caused by
toxic chemicals or shock loadings than are plug-flow units.

a. Conventional activated sludge. In a conventional (plug-flow)
activated sludge plant, the primary-treated wastewater and acclimated
microorganisms (i.e., activated sludge or biomass) are aerated in a
basin or tank. After a sufficient aeration period the flocculent
activated sludge solids are separated from the wastewater in a
secondary clarifier. The clarified wastewater flows forward for
further treatment or discharge. A portion of the clarifier underflow
sludge is returned to the aeration basin for mixing with the
primary-treated influent to the basin, and the remaining sludge is
returned to head of plant. The portion recirculated is determined on
the basis of the ratio of MLVSS to influent wastewater BOD which will
produce the maximum removal of organic material from the wastewater.
Recirculation varies from 25 to 50 percent of the raw wastewater flow,

11-1



EM 1110-3-172
11 May 84

depending on treatment conditions and wastewater characteristics. A
flow schematic for a conventional activated sludge plant is shown in
figure 11-1la.

b. Step aeration. 1In this process, the influent wastewater is
introduced at various points along the length of the aeration tank.
Sludge return varies between 25 and 50 percent. Aeration or the oxygen
requirement during step aeration (3 to 7 hours) is about half that
required for the conventional process. This results from a more
efficient biomass utilization in the aeration basin, allowing organic
loadings of 30 to 50 pounds BOD per 1,000 cubic feet per day, as
compared to loadings of 30 to 40 pounds BOD per 1,000 cubic feet per
day permitted for conventional systems. A flow schematic for a step
aeration activated sludge plant is shown in figure 11-1b.

c. Contact stabilization. The contact stabilization activated
sludge process is characterized by a two-step aeration system.
Aeration of short duration (1/2 to 2 hours) is provided in the contact
tank, where raw or primary settled wastewater is mixed with the
activated sludge in the contact tank. The effluent from the contact
tank is then settled in a final settling tank. The settled activated
sludge to be recycled.from the final clarifier is drawn to a separate
reaeration or stabilization basin for 3 to 6 hours of aeration time.
It is then returned to the contact aeration basin for mixing with the
incoming raw wastewater or primary settled effluent. In addition to a
shorter wastewater aeration time, the contact stabilization process has
the advantage of being able to handle greater shock and toxic loadings
than conventional systems because of the buffering capacity of the
biomass in the stabilization tank. During these times of abnormal
loadings, most of the activated sludge is isolated from the main stream
of the plant flow. Contact stabilization plants will not be used
unless daily variations of hydraulic or organic loadings routinely
exceed a ratio of 3:1 on comsecutive days. A flow schematic for a
contact stabilization activated sludge plant is shown in figure ll-lec.

d. Completely mixed activated sludge. In the completely mixed
process, influent wastewater and the recycled sludge are introduced
uniformly through the aeration tank. This allows for uniform oxygen
demand throughout the aeration tank, and adds operational stability
when treating shock loads. Aeration time ranges between 3 and 6 hours.
Recirculation ratios in a completely mixed system will range from 50 to
150 percent. A flow schematic for a completely mixed activated sludge
plant is shown in figure 11l-1d.

e. Extended aeration. Extended aeration activated sludge plants
are designed to provide an aeration period of from 18 to 36 hours for
low organic loadings of less than 20. pounds BOD per 1,000 cubic feet of
aeration tank volume. This approach, which is to be used for treatment
plants of less than 0.1 mgd capacity, reduces the amount of sludge
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being wasted for disposal. It will be considered as an option in
larger plants.

f. Oxidation ditch process. The oxidation ditch process is an
attractive alternative for Army application. The process is simple to
operate and maintain and performs reliably without highly skilled
operators. There are few moving parts which can wear out or fail. By
their very nature, oxidation ditches provide flow equalization -- an
important requirement for Army plants. They need no primary clarifier
and produce a stabilized sludge which requires no further treatment
(i.e., no anaerobic digester). Despite their simplicity, oxidation
ditches are a flexible technology and can be configured not only for
BOD oxidation, but also for nitrification and denitrification.
Oxidation ditches have lower capital and operation and maintenance
costs tnan any other biological process for the capacity range within
which 75 percent of all Army plants fall. :

(1) An oxidation ditch is a modification of the activated-sludge
treatment process. It is commonly operated in an extended aeration
mode, although conventional activated-sludge treatment is also
possible. Typical oxidation ditch treatment systems consist of a
single, closed-loop channel 4 to 8 feet deep, with 45 degree sloping
side walls. :

(2) Some form of preliminary treatment, such as screening,
normally precedes the oxidation ditch process. Primary clarification
is usually not done. Single or multiple mechanical aerators are
mounted across the channel, in a fixed or semi-fixed floating position.
Horizontal-brush, cage, or disc-type aerators or vertical-shaft
aerators designed for oxidation ditch applications are normally used.
The aerators provide mixing and circulation in the ditch, as well as
sufficient oxygen transfer. Besides BOD removal, a high degree of
nitrification may occur without special modifications because of the
ditch's long detention time (normally 16 to 24 hours) and the long
solid retention time (10 to 50 days). Secondary clarification is
provided in a separate clarifier, although an intrachanmel
clarification modification may be used, if feasible.

(3) Ditches may be built of various materials, including
concrete, shotcrete, asphalt, or impervious membranes. Concrete is the
most common. Ditch loops may be oval or circular, although "ell" and
"horseshoe'" configurations have been used to maximize land usage.

11-3. Design basis and criteria.

a. Design formulation. Table 11-1 provides design criteria.
Standard design values provided hereinafter will be used.
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Table 11-1. Design Criteria for Activated Sludge Modifications

Process Type ' Des15n Flow Aeratlon Period BOD Loadin
mgd hours - pounds/1,000
cubic feet
Conventional below 0.5 7.5 30
0.5 to 1.5 7.0 350
above 1.5 6.0 40
Step Aeration below 1.5 6.0 30
above 1.5 5.0 50
Complete Mix All 6.0 50
Extended Aeration below 0.1 18 to 36 <20
Contact Stabilization below 0.5 2.0 contact 30
' ‘ 5.0 reaeration
0.5 to 1.5 1.5 contact 40
5.0 reaeration
above 1.5 1.0 contact 50
4, 0

reaeration

b. Aeration period. The requlred aeration perlod is a function of
influent characterlstlcs ‘mixed 'liquor volatile suspended solids
concentration, and BOD removal rate. The de31gn aeration perlod 1s the
hydraulic detentlon time and 'is equal to the 'volume of the reactor
d1v1ded by the de81gn 1nf1uent wastewater flow rate.'J

c. Organlc loadings. The organic loadings are tabulated in table
fll -1 for the des1gn of spec1f1c actlvated sludge procesSes and plant
s1zes ’

d. Sludge productlon. Excess sludge productlon in, an, actlvated
sludge’ plant will ‘be’ estlmated to be between 0.4 and 0. Z pound '
VSS[pounds 'BOD removed for normal organlc loa41ngs‘of 0 3 to 0 6 pound
BOD/ pounds MLVSS/day ‘Waste' sludge will he retur eq to the head ‘of the
urlmary c1ar1f1er for thlckenlhg W1th the prlmary sludge.'

11 ~4. Methods of aeration. Aeration in the activated sludge process
may be ach1eved through dlffused aeratlon mechanlcal aeratlon, or a
comb1natlon of both . ‘
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a. Air requirements., Table 11-2 contains ranges for oxygen and air
required per pound of BOD removed for the activated sludge
modifications previously discussed. These values represent overall
process requirements. The total amount of oxygen required will vary
within the ranges shown depending upon the food to microorganism ratio
(F/M) or pounds BOD/pound MLVSS, increasing as F/M decreases. 1In
diffused air systems, the air requirements will vary depending on the
oxygen transfer efficiency of the diffusers employed. The designer
must recognize that the various process modifications will require
different air and oxygen distribution patterns. Also the values shown
in the table do not include allowances for nitrification or for other
plant air requirements.

Table 11-2. Oxygen and Air Requirements for Activated
Sludge Modifications -

Process 1b 05/1b BOD Removed! scf Air/1b BOD Removed!,?2
Conventional 0.8 - 1.1 800 - 1,500
Step Aeration 0.7 - 1.0 800 - 1,200
Contact Stabilization 0.7 - 1.0 800 - 1,200
Complete Mix 0.7 - 1.0 800 -~ 1,200
Extended Aeration 1.2 -1.5 1,700 - 2,000

lyse mid-point value for design purposes.

2pAssuming air equipment is capable of transferring 1.0 pound of
oxygen to the mixed liquor per pound of BOD aeration tank loading.
To these air volume requirements will be added air required for
channels, pumps, or other air-use demand.

b. Oxygen transfer rates. The oxygen transfer rates in wastewater
are affected by various physical and chemical variables, such as
temperature, degree of turbulent mixing, pressure, liquid depth, type
of aeration device, and chemical characteristics of the wastewater.
Aeration equipment will be required to maintain a minimum of 2.0 mg/l
of dissolved oxygen in the mixed liquor at all times and provide
thorough mixing of the aeration taunk or basin contents.

(1) Diffused air systems. Porous, plate, and tube diffusers are
the most common types used for diffused-air aeration systems. These
devices have demonstrated approximately the same oxygen transfer
efficiency. Specific selection will be based on cost of installation
and anticipated cost of maintenance. Individual assembly units of
diffusers will be equipped with control valves. Diffusers in any
single assembly will have substantially uniform pressure loss.
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Nonporous diffusers such as ejectors, impingement plates, jet-air
diffusers, helrx—type diffusers, and nozzles are used for aerating
mixed liquor in activated sludge processes. Many of these diffusers
requ1re as much as 50 percent more air than porous diffusers.

(2) Provisions for cleaning. Selection and design of diffuser
systems must include prov1s1ons for cleanlng the diffusers and for
cleaning the air supply to minimize clogging disruptions of the
actlvated sludge processes.

c. Blowers and piping.

(1) Blowers. The supplylng of air by blowers for the activated
sludge process constitutes a major power requirement. Blowers will be
prov1ded in multlple units, with arrangement and capac1t1es to meet the
maximum oxygen demand with the largest unit out of service.
Positive-displacement rotary and centrifugal blowers are acceptable.
Centrifugal blowers will be permltted only when unit capacity
requirements call for free air flows equal to or greater than 15,000
cfm. As a conservation measure, sludge-digestion gas can be more
efficiently used as fuel for driving p051t1ve—dlsp1acement blowers than
for dr1v1ng electric generators. The type, size, and number of blowers
required will be determined by the anticipated max1mum peak, average,
low, and mlnlmum oxygen demands.

(2) Piping. Air mains will be des1gned so that pressure loss
will be negligible and so that uniform a1r flow through each square
foot of distributed surface is attalned The air dlffu51on p1p1ng and
diffuser system will be capable of dellverlng 200 percent of the normal
air requlrements.’ It is essentlal that the interior of the air pipes
remain free from corrosion and sca11ng that mlght cause clogging of the
diffusers. Expan81on and contraction JOlnts should be part of the
piping des1gn. Blower dlscharges and a1r de11very to aeration tanks
should be metered by or1f1ce or Ventur1 type flow meters.

d. Mechanical aerators.
a R e N S

(1) Surface and turk 1ne. Surface aerators may be fixed or
floatlng dev1ces:W1th h1gh 8peed 1ow—sPeed two speed, or N
variable- speed motors. ' Float 1ng aerators are appllcable ‘for use where
the water elevatlon fluctuates, ‘or where rlgld support would be
1mpract1cal Slow-speed surfaCe aerators are considerably more
expens1ve than hlgh peed un1ts desplte the fact’ both units have
esSentlally the same oxygen transfer eff1c1enc1es, however, low—speeq
mechanical’ surface aerators are more rellaBIe and provide better
m1x1ng Turblne aerators are not ‘as efflclent as surface aerators but
are useful ‘where baSLH ared’ 11m1tat;ons wi¥1 ‘not permlt the use of
mechanlcal aerator§ An aqvaﬁtage of mechanlcai aeratlon over
dlffused air aeratlon 11estﬁ he re at1ve 31mp11c1ty of mechan1ca1
equlpment.' Mechanlcal aerators 1n common use are proprletary dev1ces
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with unique, usually patented characteristics. Aerator design will be
based on the most adverse climatic conditions anticipated, when oxygen
transfer efficiencies are lowest, to assure adequate capacity.

(2) Oxygen transfer capability. The oxygen transfer capability
of aeratjon equipment will be determined by the following formula:

Cs

where:

Csw = B x Cg .. .
Alpha (a) = oxygen transfer coefficient in wastewater

oxygen transfer coefficient in tapwater
Beta (B) = OXygen saturation value in wastewater

oxygen saturation value in tapwater

Use a = 0.8 and f = 0.9 unless laboratory data are available to
demonstrate other values.

N = pounds Op/hp-hour transferred at design conditions
N, = pounds Op/hp-hour transferred at standard conditions as
rated by the manufacturer.
saturation value of dissolved oxygen at design
temperature and specific elevation (appendix B).
Cs = saturation value of dissolved oxygen of tapwater at
20 degrees C. and sea level; use 9.2 mg/l.
C, = DO level (mg/l) desired at design conditions; use
2 mg/l.
T = Design operation temperature (degrees C.).

The designer will compute the value of N for summer and winter
temperatures. The aeration equipment will be selected on the basis of
the lower value of N, i.e., the lower rate of transfer.

(3) Mixing requirement. For diffused-air systems, a minimum of
an additional 20 scfm/1,000 cubic feet of aerationm tank volume will be
provided to insure good mixing. To maintain a completely mixed flow
regime with mechanical aerators, allow 1.9 hp/1,000 cubic feet of
aerated volume. Mixing horsepower requirements usually control aerated
lagoon designs; that is, the total horsepower required for mixing is
larger than the total horsepower required to meet the design oxygen
demand.

e. Combination of diffused and mechanical aerators. In the last 20
years, many manufacturers have introduced equipment that mechanically
disperses the air after being diffused in the aeration tank. In some
of these devices, air is introduced through spargers and then dispersed
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by means of a turbine mixer. Table 11-3 lists power requirements
associated with various types of aerators.

Table 11-3. Power Requirements for Different Types of Aerators

Oxygen Power
Type of Aeration System Delivered Required
B , pounds Og/hp/hour ' kW-hour/pounds 09
Diffused Air, Fine-Bubble 2.1 0.35
Diffused Air, Coarse-Bubble 1.4 0.55
ﬁechanical'Aerator, Vertical . 3.7 0.20

Shaft (Surface Aerator)
Agitator Sparger System 2.1 0.35

11-5. Aeration tank design.

a. Number and arrangement of aeration tanks. If the total aeration
tank volume exceeds 5,000 cubic feet, except for the extended aeration
process, the total capacity will be divided into two or more units
capable of independent operation. Diffused-air aeration tanks,
rectangular in shape, will be divided into one or more channels in such
a manner that the length of travel exceeds four times the width of the
channels. 1Inlets and outlets for each aeration tank will be suitably
equipped with valves, gates, stop plates, weirs, or other devices to
facilitate control of the flow and liquid levels in the tank. Channels
and pipes carrylng liquids with solids in suspension will be designed
to maintain self—cleanlng velocities (i.e., not less than 2 fps).
Devices for ‘indicating flow rates of raw sewage or primary effluent,
‘return sludge, and a1r to each aeration tank will be provided.

~be Aerat1on tank volume. Aeratlon tank ‘volume must satisfy the
f0110W1ng crltefla (1f more than oﬁe of these 18 app11cab1e in ‘a given
51tuat10n the most strlngent ‘must be satlsfied)

“(i) A*ﬁiﬁ’:um detentlon t{iie (aerat1on time)
p&ragraph Il 3

vyhﬁjliﬁitation ofwof
BOD/day/pound MLVSS.
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Contact Stabilization. For extended aeration, this ratio varies
between 0.03 and 0.2.

(5) An optimum BOD-to-nutrient ratio of 100:5:1 of BOD :
Nitrogen : Phosphorus is to be maintained for proper microbiological
growth. Domestic wastewater does not need any supplemental nutrients,
but if some industrial wastes encumber the system, some nutrient
addition may be required.

c. Aeration tank dimensions.

(1) Conventional activated sludge. Minimum tank depth,
side-water depth, (SWD), will be 7 to 10 feet for small plants (0.1
mgd) and from 10 to 14 feet for larger plants; minimum free board will
be 2 feet. The tank bottom will slope along the longitudinal axis to a
sump. Aeration tank width will be 1.65 to 2.0 times the SWD; the
larger ratio is the width used for deeper tanks. For example, a tank
with a SWD of 10 feet will be 16.5 feet wide, while a tank with a SWD
of 15 feet will be 30 feet wide. However, these limitations do not
apply to a completely mixed system.

(2) Completely mixed activated sludge. Aeration tanks will be
designed in a manner to insure proper turbulent flow of wastewater.
For diffused-air systems, the air diffusers will be installed along one
side of the channel and near its bottom. The opposite bottom corner
will have a fillet of concrete, and deflector baffles (at an angle of
approximately 45 degrees) placed at the water surface so as to assist
in maintaining the desired circulation of liquid in the tank. The
traverse velocity across the bottom of these tanks should be at least 1
fps and preferably 1.5 fps in order to prevent deposition of solids in
the tank bottom. For mechanical aerator systems, the installed
horsepower should not exceed 2.5 hp/1,000 cubic feet of the tank's
liquid volume. The minimum liquid depth will be 10 feet and the
maximum depth 12 feet. Draft-tube aerators must be used for depths
greater than 12 feet, and the largest horizontal distance of the unit
from wall to wall will be 24 feet. If circular tanks are used for
mechanical aeration systems, internal wall baffles will be provided in
order to prevent potential vortexing problems. If more than one
aerator is required for an aeration basin, the minimum center-to-center
spacing of the units, in feet, will be 0.8 times the unit aerator
horsepower.

11-6. Final settling tank. It will be the function of the final
sedimentation tank to remove solids from the aeration tank effluent.
The final sedimentation tank will be designed to handle a flow equal to
the projected design raw wastewater flow. The design will provide for
the sludge return to the aeration tank. The design parameters
indicated in paragraphs 8-3.b. and 8-4. should be observed.
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11-7. Sludge handling.

a. Sludge return. Provisions will be made for returning sludge
from the secondary settling tank to the aeration tank by centrifugal
pumps or air lifts; return sludge piping will be at least 4 inches in
diameter and will be designed to avoid sludge velocities of less than 2
fps. A continuous purge system will be provided which means that a

-water 'supply of suitable quality, volume, and pressure must be provided
at the metering site. The sludge return rates, expressed as a
percentage of the average forward flow of wastewater, that will be
obtainable for specific activated sludge processes are as follows:

Minimum* Normal Maximum*
Conventional Activated Sludge 25 30 50
Completely Mixed 50 100 150
Step Aeration 25 35 50
Contact Stabilization 50 100 150
Extended Aeration 50 100 200

*Sludge pump and piping design will permit these sludge recycle rates
to be obtainable.

b. Sludge wasting. Sludge in excess of the ‘quantity returned to
the aeration tank will be returned to the inlet end of the primary
settling tank for settling and concentration. Waste sludge control
facilities will have a maximum capacity of at least 25 percent of the
average rate of wastewater flow and must function satisfactorily at
rates of 0.5 percent of the average flow or 10 gpm, whichever is
larger.
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CHAPTER 12
SLUDGE HANDLING, TREATMENT, AND DISPOSAL

12-1. General considerations. Sludge, residual solids, is the end
product of wastewater treatment. Primary sludge is from 3 to 6 percent
solids. Treatment objectives are reduction in volume and rendering it
suitable for ultimate disposal.

12-2. Sludge pumping. Sludges with less than 10 percent solids can be
pumped through force mains. Sludges with solids content less than 2
percent have hydraulic characteristics similar to water; this can be
assumed for design purposes. For solids content greater than 2
percent, however, friction losses are from 1-1/2 to 4 times the
friction losses for water. Both head losses and friction increase with
decreasing temperature. Velocities must be kept above 2 fps. Grease
content can cause serious clogging, and grit will adversely affect flow
characteristics as well. Adequate clean-outs and long sweep turns will
be used when designing facilities of these types.

a. Piping. Sludge withdrawal piping will not be less than 6 inches
in diameter. Minimum diameters for pump discharge lines are 4 inches
for plants less than 0.5 mgd and 8 inches for plants larger than 1.0
mgd. Short and straight pipe runs are preferred, and sharp bends and
high points are to be avoided. Blind flanges and valves should be
provided for flushing purposes.

b. Pumps. Sludge pumps will be either plunger, progressing cavity,
torque-flow, or open impeller centrifugal types. Plunger and .
progressing cavity pumps generally should be used for pumping primary
sludges; centrifugal pumps are more suitable for the lighter secondary
sludges. Centrifugal and torque-flow pumps are used for transporting
digested sludge in most cases; plunger and progressing-cavity pumps are
used when a suction lift is involved.

12-3. Sludge digestion.

a. Aerobic sludge digestion. The major function of sludge
digestion (and its principal advantage) is the stabilization of the
sludge in terms of volatile content and biological activity. Aerobic
digestion accomplishes this through biological oxidation of cellular
matter, which is done without the excess production of volatile solids
associated with anaerobic digestion. This is accomplished without the
production of a high-BOD liquor as results from the production of
volatile acids in the anaerobic digestion process.

(1) Modes of operation. Aerobic digesters can be either
continuous or intermittent batch operations. With batch operation,
waste sludge feed will be discontinued at a specified time before
digested sludge withdrawal. In continuous operation, supernatant is
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constantly withdrawn. This mode of operation is used when phosphorus
is a problem and low phosphorus levels are required in the effluent,
because batch operatlon produces high phosphorus concentrations in the
supernatant.

(2) Design factors. A summary of design factors is given in
table 12-1. Tank design is open (can be cold-climate problem with
mechanical aeration), and no heating is requitred although some.increase
in volatile solids reduction can be obtained with increased
temperature. Tank design is similar to aeration basin design.with the
addition of sludge thickening apparatus. A major disadvantage of
aerobic digestion is the high energy requirement, with diffused air
aeration having the highest, as it requires as much as 100 percent more
horsepower than does mechanical aeration.

b. Anaerobic sludge digestion.

(1) Process description. Anaerobic digestion is the predominant
method and also usually effective and energy efficient.  The process
involves gasification, liquefaction, stabilization, colloidal structure
breakdown, and water reduction.

(2) oObjectives. The objectives of anaerobic digestion are the
stabilization of organic solids, sludge volume reduction, odor
reduction, destruction of pathogenic organisms, useful gas production,
and the improvement of sludge dewaterability. Volatile solids
typically are reduced by 60 to 75 percent, with final volatile matter
contents of 40 to 50 percent.

(3) Conventional (standard-rate) digestion systems. This type
of system will consist of a single- or two-stage process for which
tanks will provide for the simultaneous digestion, supernatant
separation, and concentration of sludge. The volume will be calculated
for a load of from 0.04 to 0.10 pounds of volatile suspended solids per
day per cubic foot or for the criteria given in table 12-2. Two-stage
processes are more applicable for plants having capacities of more than
1 mgd. The minimum total retention time will be 30 days. For
two-stage processes; the retention time in the first stage will be 8
days and in the second, 22 days minimum. The sludge will be heated to

‘and maintained at 95 degrees F., ‘when possible. +If.sludge heating is

not feasible, the tank size will be increased in accordance with local
climatic conditions, but not less than twice the volume computed for
heated sludge.
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Table 12-1. Aerobic Digestion Design Parameters
Parameter Val ue Remarks
"Solids Retention Time, . 10-154 Depending on temperature,
days type of sludge, etc.
Solids Retention Time, 15-20b
days
Volume Allowance, 3-4
cubic feet/capita
VSS Loading, pcf/day 0.024-0.14 Depending on temperature,
type of sludge, etc.
Air Requirements
Diffuser System, 20-358 Enough to keep the solids in
cfm/1,000 cubic féeet suspension and maintain a DO
between 1-2 mg/l.
Diffuser Systenm, >60b
cfm/1,000 cubic feet :
Mechanical System, 1.0-1.25 This level is governed by
hp/1,000 cubic feet mixing requirements. Most

mechanical aerators in aerobic
digesters require bottom
mixers for solids
concentration greater than
8,000 mg/l, especially if
deep tanks (>12 feet) are
used.

Minimum DO, mg/l 1.0-2.0

Temperature, degrees C >15 If sludge temperatures are
: lower than 15 degrees C,
additional detentiom time
should be provided so that
digestion will occur at the
lower biological reaction
rates.

VSS Reduction, percent 35-50

Tank Design Aerobic digestion tanks are
open and generally require no
special heat transfer
equipment or insulation. For

. small treatment systems (0.1
"mgd), the tank design should
be flexible enough so that
the digester tank can also
act as a sludge thickening
unit. If thickening is to be
utilized in the aeration tank,
sock type diffusers should be
used to minimize clogging.

Power Requirement,
BHP/10,000
Population Equivalent 8-10

dExcess activated sludge alone.

bprimary and excess activated sludge, or primary sludge alone.
Source: EPA Process Design Manual for Sludge Treatment and
Disposal, October 1974.
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Table 12-2. Standard-Rate Anaerobic Digester Capacity Design Criteria

Feed Sludge Source Cubic Feet Per Capita

Primary settling only

Trickling filter with primary settling
Activated sludge with primary settling
‘Imhoff prbcess

S~ oW

.5

(4) High-rate digestion. The high-rate digestion process
differs from the standard-rate process in that the solids loading rate
is much greater (up to 4 times), the retention period is lower
(one-half), mixing capacity is greater and improved (there is no
supernatant, nor thickened sludge produced), and the sludge is always
heated. High-rate tanks will be those where the digestion process,
accomplished separately from supernatant separation and sludge
concentration and storage, includes rapid and intimate mixing of raw
and digesting sludge in the entire tank contents with an operating
temperature of 95 degrees F. The process will be a two-stage system
applicable for treatment plants with capacities greater than 1 mgd and
with the primary digestion tank considered the high-rate tank. If
sludge drying beds or ponds are to be used for dewatering of the
digested sludge, the retention time of the solids in the primary
digester will be 15 days. If mechanical sludge'dewatering processes
are employed, the retention time in the primary digester may be reduced
to 10 days. The secondary digester must be of sufficient capacity to
provide for supernatant separation and storage of digested sludge. The
total volume will be calculated for a load of from 0.15 to 0.40 pounds
of volatile suspended solids per day per cubic foot or for the criteria
given in table 12-3. The primary digestion tanks will be sized to
provide 75 percent of the total design tank volume.

(5) 1Imhoff tanks. In addition to the removal of settleable
solids, anaerobic digestion of these solids is accomplished
simultaneously in Imhoff tanks. These units are simple to operate
usually consisting of scum removal daily by discharging it into the
nearest gas vent; reversal of flow every 2 weeks to even up solids in
different ends of the digestion compartment; and drawing off sludge
periodically to the sludge drying beds. The tank will be sized based
on the per capita figure given in table 12-2, - No-heating of sludge nor
mechanical equipment will be required for the Imhoff tank. The Imhoff
tank will be designed such that gas vents are a minimum of 20 percent
of the tank surface area. .For more information on the settling process
of the Imhoff tank, refer to paragraph .8-5. of this manual.
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Table 12-3. High-Rate Anaerobic Digester Capacity Design Criteria

Design Capacity

Feed Sludge Source Cubic Feet Per Capita
Primary settling only 2
Trickling filter with primary settling 4
Activated sludge with primary settling 4

(6) pH control. The pH .level of the sludge inside the digester
is a critical factor in anaerobic digestion, and will be kept as near
as 7.0 as possible, with a range of 6.6 to 7.4 considered acceptable.
The pH is maintained with bicarbonate buffering and, when natural
buffering fails and the pH becomes less than 6.6, hydrated lime
(calcium hydroxide) should be added to the digester. Design provisions
must be made that will provide a simple means for adding lime to the
digester if and when needed. One of the more practical means is to
provide for convenient manual addition of lime to the raw sludge pit
before the raw sludge is pumped to the digester.

c. Tank element design.

(1) Tank dimensions. No particular shape possesses advantages
over all others, but circular tanks are more popular. Circular tanks
will not be less than 20 feet, or more than 100 feet in diameter.
Side-wall water depths will be a minimum of 20 feet and a maximum of 30
feet. A 2.5-foot freeboard will be provided between the top of the
wall and the working liquid level. With mechanisms for removing
sludge, the bottoms of the tanks will be flat; otherwise hopper bottoms
with steep slopes of 3 feet horizontal to 1 foot vertical will be
provided. All tanks designed for treatment plants rated at or above
1.0 mgd will be multiple units.

(2) Covers. Two types of covers are used on sludge digestion
tanks, fixed and floating. If a combination of covers is used, fixed
covers will be used for the primary stage of a two-stage digestion
process and floating covers will be used for the secondary stage. In
lieu of floating covers on separate digesters and in cold regions where
freezing ice and snow are problems, fixed covers may be used provided
a gas collection dome is installed in the top of the cover. At least
two access manholes will be provided in the tank roofs. In additionm,
the tank covers will be provided with sampling wells, pressure and
vacuum~relief valves, and flame traps.

(3) Control chamber. A control chamber should be provided for
plant operations. Entrance to the control chamber must be designed for
the safety of the operator and the equipment. The chamber will be
well-lighted, ventilated, and equipped with a water service and drain.
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(4) Piping. The particular piping requirements for sludge
digesters will include provisions for adding sludge, withdrawing
sludge, multi-leveél supernatant removal points, heating, recirculating
sludge or supernatant, flushing, sampling gas collecting, and gas
recirculating. All supernatant will be returned to process for further
treatment. Supernatant draw-off facilities will be designed to provide
variable-rate return to prevent plant upset.

(5) Heating. The method to be used for heating sludge digestion
tanks is the circulation of the contents of the tank through a heat
exchanger. Heated tanks will be insulated and the heating equipment

sized to maintain a temperature of 95 degrees F. during the coldest
weather conditions,

(6) Chemical feeding. Practical means for feeding lime or other
chemicals that are commonly used to correct digester operational
problems must be included as part of the digester design.

(7) Gas collection. Sludge gas will be collected from the
digesters either for utilization or for burning it to waste. Two-stage
units will provide interconnecting lines permitting transfer and
storage from one unit to the other.

(8) Gas utilization. Gas storage facilities will have to be
provided if the gas is to be utilized and not wasted by burning.
Sludge gas has a heat value of between 500 and 700 Btu/cubic feet. An

average gas yield is 15 cubic feet per pound of volatile solids
destroyed.

12-4, Sludge storage.

a. Sludge tanks. Sludge storage tanks may have depths no less than
15 feet and bottom slopes of 1 to 4. The tanks may be open or closed.
Ventilation must be provided with closed tanks. Decanting lines as
well as sludge withdrawal lines must be provided for all tanks.

b. Sludge retention ponds. Sludge retention facilities will be
provided at either the treatment plant or land application site. The
design detention period will be large enough to compensate for periods
when sludge spreading is not feasible but will not be less than 30
days. Storage will permit operational flexibility, additional
destruction of pathogens, and further sludge stabilizatiom.

c. Sludge storage ponds. Sludge storage ponds are applicable for
storage of well-digested sludge when land area is available. Storage
is usually long-term (2 to 3 years), with moisture content being
reduced to 50 to 60 percent. Lagoon storage can be used as a
continuous operation or can be confined to peak load situations, and
serves as a simple and economical sludge storage technique. Land
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requirements and possible ground water pollution are the major
disadvantages.

12-5. Sludge drying. Sludge drying beds rely on drainage and
evaporation to effect moisture reduction. These beds are open, and as
such -are very susceptible to climatic conditions such as precipitation,
sunshine, air temperature, relative humidity, and wind velocity. For
example, a sludge drying in 6 weeks in the summer would take at least
12 weeks to dry in the winter. Sludge bed drying efficiency can be
improved significantly by covering the bed with glass or plastic. Area
requirements can be interpreted in terms of the per capita values in
table 12-4. These values are very arbitrary and depend largely on
climatic conditions., Embankment height - will be 12 to 36 inches using
concrete, concrete-block, earth or timber walls. Underdrains are to be
provided with lateral tiles 12 feet apart and their transported
leachate must be returned to the head of the treatment plant. Sand
depth will be 9 to 18 inches, with the sand being washed and dirt-free.
The sand will have an effective size of between 0.3 to 0.75 mm, with a
uniformity coefficient of not more than 4.0. Anthracite coal, pea
gravel, and washed grit have also been used as bedding. Sludge
distribution can be of various design, although an ‘impervious splash
plate of some kind is always provided. Sludge cake removal can be by
hand or mechanical means. Bed widths may range from 15 to 25 feet,
with lengths of 50 to 150 feet. Multiple beds provide operational
flexibility and will be used if appropriate. Sides of enclosed beds
will be no higher than 36 inches but will be oriented with the sun such
that shading of the sludge is held to a minimum. Open sides, forced
ventilation, and artificial heating are enclosed bed modifications.
Usually, a combination of open and closed beds performs best in average
situations. Odor and insects can be a problem unless the sludge is
digested completely. Land requirements and sludge cake removal costs
are other disadvantages.

Table 12-4. Area Required for Sludge Drying Beds
(Square feet per capita)

Type of Sludge Open Beds Covered Beds

Primary digested 1.5 1.0
Primary and humus digested 1.75 1.25
Primary and activated digested 2.5 1.5

Note: For facilities to be located in regions south of latitude 35
degrees, open bed area requirements may be reduced by 0.5 square feet
per capita for all types of sludge and 0.25 square feet per capita for
covered beds.

12-6. Sludge disposal. The proper treatment of all residual sludge

streams will be provided for in each plant design. The methods of
final disposal can be broadly categorized as disposal or utilization
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procedures. The sanitary landfill and land surface application are,
respectively, disposal and utilization methods most suitable for Army
installations. The method selected for final sludge disposal or
utilization must be in accordance with regulatory agency requirements.

a. Land spreading of sludges. Cropland application and land
application are the major sludge utilization methods. The application
of sludge to land is economical and simple, but its use may be limited
because of the presence of heavy metals in the sludge, public
resistance, and the availability of suitable land. 1In developing a
system for the application of either liquid or dewatered sludge to
cropland, the mode of transportation, application procedure, and rate
of application must be considered.

(1) Transportation. Tank trucks, rail, and pipelines are
suitable means for transporting sludge. Sludge characteristics,
elevation differences, distance, sludge volume, and land availability
are important factors in selecting a method for transporting sludge
from the treatment plant to the utilization site. Tank trucks afford
flexibility in the selection of utilization sites but their ton-to-mile
cost is relatively high. Their use is most feasible where there is
available land near the treatment plant. Pipelines are feasible when
there is assurance of the availability of land for a long period.

(2) Application procedures. The application of sludge can be
accomplished by the following procedures:

(a) Spraying on site.

(b) Gravity flow from tank truck.
(¢c) Furrowing.

(d) Deep disking.

Furrow irrigation is less objectionable than spray irrigation, which is
more visible and which may generate a mist of suspended droplets of
liquid that can be blown away from the application areas. The sludge
placed deep into the natural soil by burial, deep disking, or rotary
tilling, is desirable but not necessary.

) (3) Application rates. Sludge composition, soil
characteristics, climate, vegetation, and cropping practices will
determine the application rate to be used for cropland utilization. It
can be assumed that the allowable design application rate of either
liquid or dewatered sludge will rarely exceed 20 tons of dry solids per
acre per year. Much higher application rates (100 tons of dry solids
per acre per year) may be used to reclaim low-quality land, but proper
precautions must be taken to prevent or control potential leachate or
surface runoff problems. Local representatives of the U.S. Department
of Agriculture should be consulted to learn about local soil conditions
and their suitability for specific sludge application rates.
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b. Landfill disposal of dewatered and stabilized sludge. Most
landfills will eventually produce leachate, as well as gases. The
quality of leachate depends on the degree of decomposition activity
within the landfill. Adequate digestion or chemical stabilization of
sludge before disposal to a landfill is essential to avoid poor quality
of leachate. To minimize leachate contamination, the landfill
operation will be above the high ground water table, and surface runoff
from areas tributary to the landfill will be intercepted in drainage
ditches to carry it around the landfill. It may be necessary to collect
and treat leachate before it reaches a stream or other fresh surface or
ground water supply. Prevention of rainfall percolation into the
landfill also reduces the pollution potential. This will be
accomplished by adequate surface slopes in combination with impervious
surface ditches, maintenance of the landfill surface, such as filling
settlement areas immediately, and use the planting of cover crop to
consume a large volume of water. The use of tight cover material also
will decrease the rate of rainfall percolation, but adequate vents must
be provided for the gases that are produced in the decomposition
process.
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CHAPTER 13
DISINFECTION

13-1. General considerations. Disinfection is a process in which
pathogenic organisms are destroyed or inactivated. Several methods
have been ‘utilized and include the following: (1) physical agents, (2)
mechanical means, (3) radiation, and (4) chemical agents. Physical
agents include heat (boiling) and light. Mechanical means include the
removal of pathogens during wastewater treatment. Radiation utilizes
gamma rays to sterilize wastewater. Chemical disinfection is the most
commonly used method and will be used for mobilization work unless
other methods outlined above become expedient or feasible.

13-2. Types of chemical disinfectants. Chemical disinfectants include
(1) chlorine and its compounds, (2) bromine, (3) iodine, (4) ozone, (5)
alcohols, and (6) various alkalies and acids. Discussion herein is
limited to disinfection of wastewater treatment plant effluents by
chlorine and its compounds since it is the most universally accepted
disinfectant. Other chemicals as outlined above may be employed when
chlorine is not available.

13-3. Design basis and criteria.

a. Chlorine forms. Chlorine is available as a liquid contained in
cylinders or in the form of chlorine compounds such as calcium
hypochlorite or sodium hypochlorite. These are the most commonly used
compounds for disinfection. Liquid chlorine is evaporated and
dissolved into the wastewater as a gas. Sodium hypochlorite is,
available in solution form, calcium hypochlorite is available in solid
form.

b. Limitations on chlorine. Although chlorine is an effective
disinfectant when in actual contact, the chlorine may not always come
in contact with the microorganisms. Bacteria and viruses can hide (and
often do) inside particles of suspended or colloidal matter.

Therefore, chlorine disinfection will not guarantee removal of all
health hazards from wastewater. Chlorine disinfection involves a very
complex series of events and is influenced by the kind and extent of
reactions with chlorine-reactive materials, temperature, pH, suspended
solids concentrations, and the resiliency of some pathogenic organisms.
Effective treatment will reduce the need for disinfection so proper
design and operation of the treatment plant are essential. Nitrogen
compounds in the wastewater affect chlorine dosages. Sufficient
chlorine must be added to overcome their neutralizing effect.

c. Design parameters. For chlorination of wastewater treatment
plant effluent, a detention period of 30 minutes in the contact chamber
to provide maximum disinfection is required. Table 13-1 should be used
to estimate chlorine dosage requirements.
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Table 13-1. Typical Chlorine Dosages Required for Sewage Disinfection

Type of Effluent to

be Disinfected Dosage Dosage
mg/1 pounds/mil gallon
Raw Wastewater 20 167
Raw Wastewater (Septic) 50 417
Settled Wastewater 20 167
Settled Wastewater (Septic) 40 334
Trickling Filter Effluent 15 126
Activated Sludge Effluent 8 67

For the recommended treatment scheme presented in chapter 5, chlorine
dosages of 15 mg/l or 126 pounds/mil gallon will be applied at average
daily flows and a maximum of 27 mg/l or 226 pounds/mil gallon will be
applied at peak daily flow rates, when disinfection is required.

Sodium hypochlorite solution normally provides 12.5 percent available
chlorine, and calcium hypochlorite solution normally provides 70
percent available chlorine. To determine the equivalent dosages
required for these chemicals if used to disinfect the various types of
effluents described above, divide the dosage figures by the fraction of
available chlorine attributable to the specific chlorine compound.
Chlorination of wastewater can reduce its BOD by 15 to 35 percent; this
is a common practice to relieve overloaded plants until additional
capacity is provided. Approximately 2 mg/l of BOD can be removed by 1
mg/1l of chlorine up to the point at which residual chlorine is
produced. Odor control can be achieved by prechlorination doses of 4
to 6 mg/l. Odors off sludge drying beds can be reduced by applying
calcium hypochlorite at a rate of 1/2 pound per 100 square feet of bed
area. Periodic application of chlorine to trickling filter influent
will reduce filter clogging and ponding. A chlorine dose of 1 to 10
mg/1 based on the returned sludge flow is sometimes required for
control of bulking sludge in an activated sludge process. A chlorine
residual of 1 mg/l in sludge thickener supernatant prevents sludge from
becoming septic during its holding period.

d. Mixing. Rapid mixing at the point of chlorine application is
critical for disinfection efficiency, while adequate mixing at the same
point is critical for control purposes. The following methods are
acceptable mixing practices to be used at Army installations: the
hydraulic jump, submerged weir, the over and under baffle, the
mechanical mixer, and the closed conduit flowing full and with adequate
turbulence.

13-4, Chlorine feeding equipment. The chlorinator capacity will be
designed to have a capacity adequate to provide the dosage requirement
stipulated in paragraph 13-3.d. at maximum flow conditions. Design
considerations will be based on the assumption that chlorine can be
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vaporized from 150-pound cylinders at a rate of 40 pounds per 24 hours,
30 pounds per 24 hours from 105-pound cylinders, and 450 pounds per 24
hours from l-ton cylinders. Where greater rates of feed are required,
a suitable number of containers will be manifolded, unless facilities
are installed to prevent chlorine system freezing due to evaporation,
The use of 1l~-ton cy11nders will be used where the average daily
chlorine consumption is over 150 pounds.

a. Direct feed chlorinator. The use of equipment for feeding
chlorine gas from the cylinder through a control apparatus to the point
of application is not permitted except under special conditions which
prevent the use of solution-feed chlorinators.

b. Solution feed chlorinator. Pressure-feed type and vacuum-feed
type are, in general, two types of solution feeders. The vacuum-feed
type chlorinator is the preferred type and will be used for all
installations where a suitable make-up water supply is available, such
as potable water or suitable plant effluent.

c. Hypochlorite feeders. These feeders are of the mechanical
positive~-displacement metering type and their use will be limited to
installations designed for the addition of hypochlorite solution.

d. Scales. Scales will be sized to accommodate the maximum number
of cylinders required to serve the maximum chlorine rate. They may be
mounted flush with the floor or on the floor surface within an
enclosing box. With above-floor mounting, overhead hoist equipment
must be considered. Flush-mounted scales will require drainage of the
scale sump. A loss-of-weight recorder is desirable to provide a
continuous record of chlorine feed.

e. Hoists. Electric hoisting equipment is recommended for
installations using l-ton cylinders. Hoists will have a minimum
capacity of 2 tons and will be equipped with an approved type of
lifting-beam container grab.

f. Piping. Only pipe and materials suitable for chlorine and
chlorine solutions such as PVC plastic pipe, rubber-lined pipe, or
materials otherwise acceptable by the manufacturers of chlorine
equipment will be used in chlorine installations. Piping and valves
will be identified as components of the chlorination system.

g. Housing.

(1) Room separation. If chlorinators and/or cylinders are in a
building used for other purposes, a gas—tight partition will separate
the chlorine room from any other portion of the building. Doors to the
room will open only to the outside of the building and will be equipped
with panic hardware. The storage area will be separated from the feed
area.
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(2) Inspection window. A clear glass, gas-tight window will be
installed in an exterior door or interior wall of the chlorinator room
to permit the chlorinator to be viewed without entering the room.

(3) Heat. Chlorine equipment rooms will be provided with a
means of heating so that a room temperature of at least 60 degrees F.
can be maintained. This will help insure a continuous flow of gas from
the chlorine cylinder and will help prevent the formation of chlorine
hydrate in the chlorinator.

(4) Ventilation. Forced, mechanical ventilation, which will
provide one complete air change every 3 minutes, will be installed.
The entrance to the air exhaust duct from the room will be near the
floor, and the point of discharge will be so located as not to
contaminate the air inlet to any building or inhabited areas. Air
inlets will be so located as to provide cross-ventilation. To prevent
a fan from developing a vacuum in the room, thereby making it difficult
to open the doors, louvers should be provided above the entrance door
and opposite the fan suction. Where duct work is required to carry air
to the fan, it should be laid out so that the suction openings are at
floor level and spaced so as to exhaust air from all equipment areas.
Exhaust openings should be designed so that covers are not required.

(5) Electrical controls. A common control for the fans and
lights keyed to an exterior lock on the entrance door will be installed
so that they will automatically come on when the door is opening, will
only be deactivated by relocking the door externally, and can also be
manually operated from the outside without opening the door.

(6) Cylinder storage. A storage area will be provided to allow
for a minimum 15-day inventory of reserve and empty containers.
Cylinders may be stored outdoors on suitable platforms at or above
grade and under cover of a well-ventilated fireproof structure.

(7) Precautions in the use of chlorine. The presence of
chlorine gas in the atmosphere can pose immediate and serious hazards
to the health of any person breathing the air. Gas masks approved by
the National Institute for Occupational Safety and Health (NIOSH) will
be provided outside any area where an individual would be exposed in
the event of chlorine leaks, spills, etc. All rooms in which chlorine
is to be stored or handled should be adequately ventilated to the
outside. A fan automatically turned on prior to entry into the
chlorination or storage facility will be provided. Since chlorine gas
is heavier than air, vent outlets will be placed at floor level.
Chlorine detectors of the electronic, solid state type, sensitive to
one part per million chlorine (by volume) in air, that continuously
monitor the air for chlorine will be installed to provide a
visual/audible alarm in the event of a chlorine leak. Alternatively,
the enclosed space should be entered only if the worker is under
observation by a co-worker and if the worker has in his possession a
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respirator suitable for escape. The applicable safety recommendations
as given in AWWA Manual No. 3 and WPCF Manual of Practice No. 1 should
be followed.. Information on the properties of chlorine and its safe
handling are also available in the CI Chlorine Manual. When
hypochlorite compounds are used, the above requirements do not apply.
13-5. Chlorine contact chambers. A chlorine mixing contact chamber
will be designed to provide a minimum of 30 minutes detention time at
the average design flow. Consideration will be given to two
flow-through units with common wall comstruction so that their total
volume satisfies detention requirements, to allow for periodic
cleaning. Minimize short-circuiting with inlet baffles and end-around
baffling within the tank. The chlorine feed rate will be proportioned
in accordance with the flow and the chlorine demand of the wastewater.
Adequate mixing during the chlorine contact period will be insured by
the installation of adequate baffling, or by mechanical mixing
equipment. '

13-6. Residual limitations. Residual chlorine in the plant effluent
must be kept to just below 1.0 mg/l.
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CHAPTER 14
SMALL SEWAGE TREATMENT FACILITIES

14-1. General considerations. Treatment plants handling less than 1.0
mgd are generally considered small treatment plants. The principles of
design are no different, but the choice of equipment will usually
differ from that used in large plants. This is usually due to the
effect of economies of scale, whereby certain operations are
economically feasible only on a large scale. This is often the case
for certain sludge handling systems and most advanced treatment
operations. Small plants must make larger safety factor allowances for
flow variation and temperature effects relative to total wastewater
flows. Smaller plants inherently have less operational flexibility;
however, they are capable of performing effectively and efficiently.
These small treatment plants may consist of wastewater stabilization
ponds, trickling filter plants, physical-chemical plants, extended
aeration activated sludge plants, and septic tanks. Design criteria
for septic tanks are given below. Criteria for other processes have
been presented in previous chapters.

14-2. Septic tank design factors. Septic tanks, with appropriate
effluent disposal systems, are acceptable as a treatment system for
isolated buildings or for single-unit residential buildings when
permitted by a regulatory authority and when alternative treatment is
not practical. When soil and drainage characteristics are well
documented for a particular site, septic tank treatment may be
permanently feasible. Septic tanks perform settling and digestion
functions, are effective in treating from 1 to 300 population
equivalents of waste, but will be used only for 1 to 25 population
equivalents, except when septic tanks are the most economical solution
for larger populations within the above range. Minimum size will be at
least 500-gallon capacity. In designing tanks, the length-to-width
ratio should be between 2:1 and 3:1, and the liquid depth should be
between 4 and 6 feet. Detention time depends largely on the method of
effluent disposal. When effluent is disposed of in subsurface drainage
fields, 24 hours detention time based on average flows is required.
The septic tank must be sized to provide the required detention (below
the operating liquid level) for the design daily flow plus an
additional 25 percent capacity for sludge storage. If secondary
treatment such as a subsurface sand filter or an oxidation pond is
provided, this can be reduced to 18 hours. Open sand filter treatment
can further reduce detention time to 10 or 12 hours. "Tile field and
leaching well disposal will be limited to small facilities (less than
50 population equivalents). For larger operations, discharge of
effluent is usually through dosing tanks which periodically discharge
effluent quantities near 80 percent of the drainage system capacity.

14-3. Subsurface irrigation design factors. Subsurface irrigation can
be used in conjunction with septic tank treatment when soil conditions
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permit. Percolation tests must be performed as required by the U.S.
Public Health Service, and the ground water table at the highest known

or anticipated level must not reach the invert of the lowest tile
line.

14-4. Package treatment plants. Complete package treatment plants can
be obtained from various manufacturers; these plants may present a
practical and flexible solution to many wastewater handling problems.
However, the modified activated sludge plants may require relatively
high amounts of electrical energy consumption to operate aeration
equipment. The systems are usually based on biological treatment, with
modified aeration techniques such as extended aeration. These systems
are capable of handling population equivalents of 10 to more than
1,000, but will be considered for flows of 0.1 mgd or less. Some
prefabricated plants may be relocated, depending on size and original
construction. Specific design details are obtainable from individual
manufacturers.
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CHAPTER 15
SAFETY FEATURES

15-1. General considerations. The designer must be aware of the
oceupational and public health hazards associated with plant operations
and maintenance and provide the safety features to control such
hazards. These hazards include mechanical equipment, open pits and
tanks; electrical components; toxic, infectious and flammable
materials; and potential oxygen-deficient situatioms.

15-2. Applicable standards. The following will be considered minimum
standards. Additional standards may apply depending on the particular
plant design and individual features.

a. AR 385-10 Army Safety Program.
b. AR 40-5 Health and Environment.

¢. OSHA Standards. Design features will be consistent with the
requirements of standards promulgated by OSHA.

15-3. Safety features in plant design. The following safety features
listed below are minimum general requirements and are not intended to
be all-inclusive. For detailed requirements refer to the applicable
standards.

a. Assure adequate ventilation in wet wells and dry wells. The
chlorine storage area will be separated from the feed area and from the
remaining plant areas. Mechanical exhaust ducts for chlorine storage
rooms and the chlorination room will extend from near the floor level
and exhaust outside the building. The design will allow for provision
of adequate make-up air. Positive mechanical ventilation will be ample
in grit and screening chambers as well as in the wet and dry wells.

Fan capacities must be sufficient to effect a complete change of air
every 2 to 5 minutes. Emergency generators with internal combustion
engines will have their exhausts vented outside of the building to
prevent carbon monoxide build-up during test or emergency use.

b. Fencing and guard rails will be provided for open tanks,
hatchways, and other locations when needed. Stairs will be used for
access to pump rooms in preference to vertical ladders. However, when
vertical ladders cannot be avoided and their length exceeds 20 feet,
they will be equipped with a ladder climbing device, a hoop cage, or
offset landings.

c. All electrical wiring will be properly insulated and grounded.
Explosion-proof equipment will be provided for enclosed or confined
areas where explosive vapors, fumes or gases may accumulate; 110 volts
or less for control circuits is desirable in such areas.
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d. Guards will be provided for all exposed moving parts of pumps
and equipment. Hoists and rails for removal of heavy equipment will
also be provided for operation and maintenance purposes.

e. The plant will be fenced as necessary to protect the public and
the facility.

f. The public water supply must be protected to eliminate the
possibility of contamination by cross-connections with sewage or sludge
piping. This will be achieved by a vertical positive air gap no less
than 2 inches between the inlet and the outlet levels of a fixture.

The water line utilized for plant washdown will be provided with a
backflow prevention device.

g. Signs will be provided designating hazardous areas and
nonpotable water taps.

h. Flood lights will be provided for night-time inspection and
maintenance.

i. Crowding of equipment will be avoided around pumps, screens, and
vacuum filters. Valves and other operating devices must be readily
accessible to avoid injury and encourage proper use so that spillage
will be prevented. '

j. Sludge digestion tanks will be segregated from the rest of the
plant and provided with liquid-level indicators or alarms.

k. Good ventilation and a combustible gas indicator will be
provided for protection against any leakage in the gas-collection

piping and appurtenances.

1. Piping and valves in chlorine room will be color-coded with a
primary color of brown and a secondary color of green.

15-4. Séfety:équipment.“Facilities for the following safety equipment
must be provided for at the plant:

a. Safety harness with lifeline.
b. First-aid kif.
c. Fire extinguishérs (type suitablé for anticipated fires).

‘d. A portable combustible gas indicator where sludge gas is
collected.

e. An oxygen déeficiency indicator.

f. Hydroget sul fide and carbon monoxide indicators.
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g. A portable air blower.

h. Two or more pressure demand-type compressed-air masks, certified
by NIOSH.

15-5. Quick shower. A suitable facility for quick drenching or
flushing of the eyes and body will be provided within areas where
chemicals are handled, stored, or used except when water presence is a
hazard with the chemical.
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APPENDIX A
SAMPLE PROBLEMS

A-1. Sedimentation.

a. Design requirements and criteria. Design a sedimentation unit
to provide settling for a sewage flow rate of 4 mgd with suspended
solids -concentration of 300 mg/l. The following conditions apply:

Surface loading rate = 600 gpd/square foot
Suspended solids removal = 60 percent
Sludge solids content = 4 percent
Sludge specific density = 1.02

b. Calculations and results.

(1) cCalculate total tank surface area,

Surface = Flow Rate = 4,000,000 gpd = 6,666.7
Area Surface Loading Rate 600 gpd/square foot square feet

use 6,670 square feet

(2) Using a depth of 8 feet, calculate total volume. -
V=28x 6,670 = 53,360 cubic feet

(3) This volume can be divided among three rectangular tanks (in
parallel) 20 feet wide and 120 feet long with a length-to~width ratio
of 6 to 1. Two circular tanks (in parallel) 65 feet in diameter would
also be suitable. This will provide flexibility of operation during
routine or emergency maintenance and operations cleaning and repair of
the units.

(4) cCalculate weir length requirement assuming three rectangular
tanks and allowable weir loading rate of 12,000 gpd/linear foot.

Design Flow per Tank = Total Flow = 4,000,000 gpd = 1,333,333 gpd
3 3

Weir Length/Tank = 1,333,333 gpd = 111 linear feet
12,000 gpd/linear foot

(5) Compute weight of solids removed assuming 60 percent
removal:
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Weight Removed = 4 mgd x 300 mg/l x 8.34 pounds/gallon x 0.60
= 6,000 pounds/day
Therefore 1,500 pounds are removed per 1 mgd flow.

(6) Calculate sludge volume assuming a specific gravity of 1.02,
and a moisture content of 96 percent (4 percent solids),

6,000 pounds/day
1.02(62.4 pounds/cubic foot)(0.04)

Sludge Volume

2,360 cubic feet/day (at 4 mgd)

17,700 gpd

(7) Sludge handling in this example consists of removing sludge
from the settling tank sludge hopper using a telescoping sludge valve
which discharges the sludge into a sump from which it is removed by a
sludge pump (or pumps). Assume that the sludge will be wasted every 8
hours and pumps for ome-half hour to the digester.

Daily Sludge Volume
Number of Wasting Periods Per Day

Sludge Sump Capacity

2,360 cubic feet
3

[}

]

787 cubic feet (= 5,900 gallons)
Increase capacity 10 percent to compensate for scum removal volumes:

Sludge Pumping Capacity = Sludge and Scum Volume/Wasting Period
30 minutes pumping/Wasting Period

= 6,500 gallons = 217 gpm; use 220 gpm
30 minutes

c. DPumps. Pump types used to convey sludge include the plunger,
progressing-cavity, centrifugal, and torque-flow. The pump information
- provided is for guidance only and does not represent design criteria.
For more information, refer to Pump Application Engineering.

(1) Plunger. The advantages of plunger pumps may be listed as
follows:

(a) Pulsating action tends to concentrate the sludge in the
hoppers ahead of the pumps.
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(b) They are suitable for suction lifts up to 10 feet, and
are self-priming.

(c) Low pumping rates can be used with large port openings.

. (d) Positive delivery is provided unless some object prevents
the ball check valves from seating.

(e) They have constant but adjustable capacity, regardless of
large variations in pumping head.

(f) Large discharge heads may be provided for.

(g) Heavy-solids concentrations may be pumped if the
equipment is designed for the load conditions.

Plunger pumps come in simplex, duplex, and triplex models with
capacities of 40 to 60 gpm per plunger, and larger models are
available. Pump speeds will be between 40 and 50 rpm, and the pumps
will be designed for a minimum head of 80 feet, since grease
accumulations in sludge lines cause a progressive increase in head with
use. Capacity is decreased by shortening the stroke of the plunger;
however, the pumps seem to operate more satisfactorily at, or near,
full stroke. For this reason, many pumps will be provided with
variable-pitch V-belt drives for speed control of capacity.

(2) Progressing-cavity. The progressing-cavity pumps can be
used successfully, particularly on concentrated sludge. The pump is
composed of a single-threaded rotor that operates with a minimum of
clearance in a double-threaded helix of rubber. It is self-priming at
suction lifts up to 28 feet, is available in capacities up to 350 gpm,
and will pass solids up to 1.125 inches in diameter.

(3) Centrifugal. With centrifugal pumps, the objective is to
obtain a large enough pump to pass the solids without clogging and a
small enough capacity to avoid pumping a sludge diluted by large
quantities of the overlying sewage. Centrifugal pumps of special
design can be used for pumping primary sludge in large plants (greater
than 2 mgd). Since the capacity of a centrifugal pump varies with the
head, which is usually specified great enough so that the pumps may
assist in dewatering the tanks, the pumps have considerable excess
capacity under normal conditions. Throttling the discharge to reduce
the capacity is impractical because of frequent stoppages; hence it is
essential that these pumps be equipped with variable-speed drives.
Centrifugal pumps of the bladeless impeller type have been used to some
extent and in some cases have been deemed preferable to either the
plunger or screw-feed types of pumps. Bladeless pumps have
approximately one-half the capacity of conventional nonclog pumps of
the same nominal size and consequently approach the hydraulic
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requirements more closely. The design of the pump makes clogging at
the suction of the impeller almost impossible.

(4) Torque~flow. This type of pump, which uses a fully recessed
impeller, is very effective in conveying sludge. The size of particles
that can be handled is limited only by ‘the diameter of the suction or
discharge valves. The rotating ‘impeller develops a vortex in ‘the
sludge so that ‘the maln propulslve force is the 11qu1d 1tse1f

(5) Pump appllcatlon. Types of sludge ‘that will be pumped
include primary, trickling-filter and activated, thickened, and
concentrated. Scum that accumulates at various points in a treatment
plant must also be pumped.

(6) Primary sludge. Ordinarily, it is desirable to obtain as
concentrated a sludge as practicable from primary tanks. The character
of primary sludge will vary considerably, depending on the
characteristics of the solids in the wastewater, the types of units and
their efficiency, and where biological treatment follows, the quantity
of solids added from:

- Overflow liquors from digestion tanks,
-~ Waste activated sludge,
- Humus sludge from settling tanks following trickling filters.

Primary sludge should be given special consideration since it is
denser, and contains more grit and trash than secondary sludge.. Pumps
having any chance of clogging will not be used. Plunger pumps may be
used on primary sludge. Centrifugal pumps of the screw-feed and
bladeless type, and torque-flow pumps may also be used.

(7) Trickling-filter and activated sludge. Sludge from
trickling filters is usually of such homogeneous character that it can
be easily pumped with either plunger or nonclog centrifugal pumps.
Return activated sludge is dilute and contains only fine solids,. so
‘that it may be pumped readily with nonclog centrifugal pumps, which
must operate at slow speed to help prevent the flocculent character of
the sludge from be1ng broken up.

(8) Scum pumplng Screw-feed pumps, plunger pumps, and
pneumatic ejectors may be used for pumplng scum, Bladeless or
torque~flow centrifugal pumps may also be used for this‘serv1ce.

A-2. Single stage stone-media trickling»filters.v
a. Desigh requirements and criteria. Design a trlck11ng filter to

treat 2 mgd of primary settled effluent, under the following
conditions:
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Raw wastewater BOD = 250 mg/l

Primary clarifier BOD removal
efficiency = 30 percent

Required effluent BOD = 30 mg/1
Design temperature 20 degrees C.
Design without and with recirculation

b. Calculations and results.
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(1) Design without recirculation. Therefore, R =0, F = 1

Primary treated effluent BOD = 250(1-0.3) = 175 mg/1

Required Trickling Filter Efficiency
175

= 0.83

175-30

Since the design temperature is 20 degrees C. no temperature correction

is required.

BOD loading to the filter =

(2.0 mgd) x (175 mg/1) x 8.34 pounds/mil gallon

mg/1

= 2,920 pounds/day

Assume a practical filter depth of 6 feet for stone-media filters.

Apply NRC formula

E = 100
1 + 0.0085./W/VF

Resulting in

83 = 100

1 + 0.0085+/2,920/V

Solving for the volume

5.03 acre feet

N

219,000 cubic feet
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With a filter depth of 6 feet, filter area, A = 219,000/6 = 36,500
square feet; therefore, to allow for plant flexibility and partial

treatment should a filter require maintenance, a minimum of two filters
should be provided.

Filter area (each)= 36,500 = 18,250 square feet
2

A= mp2
Z‘

or D = A X
v 7
Therefore D = /lngig_g_ﬁ = 152 feet (each filter)
' i

use 155 feet

(2) Design with 1l:1 recirculation

Recirculation factor F = 1 +R = 1.65
(1 +0.1R)2
E = 100
1 + 0.0085./W/VF
83 = 100
,920

1 +0.00854/1.65v

or, V = 3.05 acre feet
A = 132,760
6

22,100 square feet; again use two filters.
Filter diameter D = 119 feet; use 120 feet (each filter).
(3) Design with 2:1 recirculation

Recirculation factor F = 1+2 _
(1 +0.1x 2)2

0.83 =

V = 2.4 acre feet
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Filter area = 2.4 x 43,560 = 17,500 square feet; again use two filters "
6

Filter diameter = 105 feet (each filter)

c. Pumps. Recirculation pumps will be sized to provide constant
rate recirculation. Vertical-shaft, single suction units,
installed in a dry well, with motors mounted on top of the pumps,
or on an upper floor will be used. Each pump will be provided
with its individual pipe connection to the wet well.

A-3., Two stage stone-media trickling filters.

a. Design requirements and criteria. Design a two-staged
trickling filter to treat 3.0 mgd of primary settled effluent,
assuming the following conditionms.

Raw wastewater BOD = 250 mg/l

Primary clarified BOD removal efficiency = 30 percent
Required effluent BOD = 30 mg/l

Design temperature = 20 degrees C.

b. Calculations and results.

Primary clarifier effluent BOD

250 (1 - 0.3)

175 mg/1
Overall trickling filter efficiency

= 175-30
175

= (0.828
Filter Depth = 6 feet
Recirculation = 2:1

Assuming that the first stage filter efficiency = 75 percent
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Overall efficiency = 0.828

E] + E9 (1 - E})

0.75 + E3 (1 - 0.75)

Eg = 0.31
Récirculation factor F = 1 +R
(1 + 0.1R)2
= 1+ 2 = 2.08

(1 +0.1 x 2)2
Organic loading to first stage filter,

W = 3.0 mgd x 8.34 x 250(1-0.30) = 4,379 pounds/day;
use 4,380 pounds/day

Now using the NRC formula

E; = 1

W
1 + 0.0085+/yF

0.75 = 1

/4,380
1 + 0.00854/2.08v

V = 1.37 acre feet

Filter area= 1.37 x 43,560 = 9,946 square feet;
6

Use two filters, 5,000 square feet each
Filter diameter = 79.8 feet, use 80 feet (each filter)
Design second stage filter:
Organic loading, W' = W (1 - 0.75)

4,380 (1 - 0.75)

1,095 pounds/day
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Ey = 1
1+0.0085 /W'
1-E; +fv'F
1
1+ 0.0085 /1,095
1 -0.75+f 2.08V'

V' = 0.122 acre feet

y 0.31

Filter area A = 0.122 x 43,560 = 892 square feet; use one filter
6

Filter diameter D = 33,7 feet; use 35-foot filter
A-4. Plastic-media trickling filters.

a. Design requirements and criteria. Design a plastic media
trickling filter to treat 2 mgd of primary settled effluent, assuming
the following conditions:

Raw wastewater BOD = 250 mg/l

Primary clarifier BOD removal efficiency = 30 percent
Required final effluent BOD = 25 mg/l

Winter design temperature = 10 degrees C.

b. Calculations and results. The formula presented in paragraph
10-2.£.(2) states the following with Lg and Ly in units of mg/l, Ko as
day'l, D as feet, and Q as gpm/square foot.

T-20

Le = exp | ~0 K29 D
Lo Qn

The raw waste BOD = 250 mg/l; 30 percent removal is obtained in the
primary clarifiers; therefore:

250 x (1-0.3)

175 mg/1

Lo
Le = 25 mg/1 based on local, state, and Federal requirements

Assume a filter depth of 12 feet:

25 = exp|-[1.035(10-20)](0.088)(12)
175 Q067

175

A-9
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therefore,

0.143 = exp
QO 67

Taking the natural logarithm of both sides of the equation results as

follows:
In 0.143 = -{ 0.75| In e
‘Q0.67

-1.94 = -1 0.75] x 1.0
Q0.67

Q0.67 = 0.75/1.94

QO.67 = 0.387

Q = (0.387)1.49

0.243 gpm/square foot

Required surface area can be computed by:

Surface area = Flow
Q
2 x 106 gpd
Surface Area = 1,440 minutes/day = 5,716 square feet
~0.243 gpm/square foot use 5,720 square

feet

Since A = = D2
4

aD2 = 5,720
4

D = /5,720 x 4 = 85.4, use 86 feet
s

Therefore, the filter dimensions should be:
86 feet diameter by 12 feet deep
Plastic media manufacturers will be consulted to determine the exact

proportions of filter media that provides for a minimum of 5,720 square
feet area and 12-foot depth.

A-10
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A-5. Activated sludge, plug flow aerationm.

a. Design requirements and criteria. Design an activated sludge
plant to treat 2 mgd of settled domestic wastewater, assuming the
following conditions:

Raw wastewater BOD = 250 mg/1
BOD removal in primary clarifier = 20 percent

Final effluent BOP = 20 mg/l

b. Calculations and results. Design for 50 percent recycle. The
required activated sludge removal efficiency is calculated as follows:

E = Raw BOD x (1 -~ BOD removed in primary) - effluent BOD

Raw BOD x (1 - BOD removed in primary)

250(1 - 0.2) - 20 = 0.90
250(1 - 0.2)

BOD applied = (0.8) (250) = 200 mg/1
Converting to pounds/day:
2 x 200 x 8.34 = 3,340 pounds/day applied

Check detention time:
From table 11-2:

BOD loading = 40 pounds/1,000 cubic feet tank/day, therefore,
Tank Vol = 3,340 pounds/day = 83,500 cubic feet

40 pounds/day/1,000 cubic feet
(will provide 7 hour 30 minute aeration at average flow)

624,580 gallons x 24 hours/day = 7.4 hours - O.K.
2 x 100 gallons/day

12 feet SWD + 2 feet freeboard

Required depth

2 x 12 = 24 feet

2 x SWD

Required width

therefore, Length = Vol = 83,500 = 290 feet
W=xD 12 x 24

Total tank dimensions 290 feet by 24 feet by 14 feet

From table 11-3:
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Aeration requirements
applied = 1,000 cubic feet/pound BOD
= 1,000 x 3,340 = 3,340,000 cubic feet/day
2,319 cfm required

The final clarifier is designed on the basis of surface loading equal
to 600 gpd/square foot. Assume a depth of 8 feet.

Final clarifier area =

2 x 106gpd = 3,333 square feet; use 3,400 square
600 gpd/square foot feet

Clarifier diameter = 65 feet
Compute clarifier detention time as a check:

t = 3,400 x 8 x 7.48 = 2.4 hours
2 x 100/24

A-6. Activated sludge, completely mixed aeration.

a. Design requirements and criteria. Design a completely mixed
aeration tank to treat the same effluent described in example A-5.

b. Calculations and results. From table 11-2, BOD loading = 50
pounds BOD/1,000 cubic feet/day.

Therefore,

Tank Volume = 3,340 = 66,800 cubic feet
50/1,000 :

or, converting to gallons:
66,800 cubic feet x 7.48 gallons/cubic feet = SO0,00Q gallons
Check detention time (table 11-2):

500,000 gallons x 24 hours/day = 6 hours - 0.K.
2 x 106 gallons/day

Select SWD = 12 feet + 2 foot freeboard

Assume L = 2. Therefore: L x W x D = Volume
W

Since L = 2W

A-12
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2W2 x D = Volume

W= /Volume = /66,800 cubic feet
2D 2 x 12 feet

= 53 feet

L=2W=2x53=106 feet

Therefore use as basis -

110 feet by 55 feet by 14 feet
A-7. Anaerobic sludge digestionm.

a. Design requirements and criteria. Determine the digester volume
and gas yield and heat requirement for the anaerobic digestion of
combined activated sludge and primary sludge. Assuming the following
conditions apply: :

Sludge amount = 1,200 pounds/day
Sludge solids after thickening = 3 percent
Detention time = 15 days
Volatile matter reduction = 60 percent
Temperature = 80 degrees F. (in digester)
Gas yield rate = 15 cubic feet/pounds VSS destroyed
Volatile sludge content = 75 percent
b. Calculations and results.

(1) Determine digester volume,

1,200 pounds/day = 4,796 gpd;
8.34 x 0.03

[

sludge volume

use 4,800 gpd

4,800 x 1 = 642 cubic feet/day
7.48

digester volume = 642 cubic feet/day x 15 days = 9,630 cubic feet

(2) Determine gas yield

A-13
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Gas yield = 15 cubic feet 1,200 pounds/day x 0.75 x 0.60
pound VSS destroyed

]

8,100 cubic feet/day = 5.6 cfm

(3) Using a circular tank 20 feet deep and 26 feet in diameter,
determine the heat requirement. Given:

Heat Transfer Coefficient Temperature

Btu/hour/square foot/degrees F. degrees F.
) T Walls = 0.14 (air) 40
Floor = 0.12 (ground) 50
Roof = 0.16 (air) 40
Area
Walls = 7 (26)(20) = 1,634 square feet
Floor = w (13)2 = 531 square feet
Ro6f = m (13)2 = 531 square féet’
Heat Loss
Walls = (0.14)(1,634)(80-40) = 9,150 Btu/hour
Floor = (0.12)(531)(80-50) = 1,908 Btu/hour

Roof = (0.16)(531)(80-40) = 3,392 Btu/hour
Total Heat Loss = 14,450 Btu/hour = 346,800 Btu/day

Sludge Heat Requirement = (1,200 pounds/day) (80-45)
degrees F. .03

x 1.0 Btu/pound/degree F. = 1,400,000 Btu/day
Total Heat Requiremeant = 346,800 + 1,400,000
= 1,746,800 Btu/day

(4) Determine heat supplied by utilizing sludge gas,
assuming a heat value of 600 Btu/cubic foot:

(8,100 cubic feet/day) (600 Btu/cubic foot)

L}

Heat from sludge gas

4,860,000 Btu/day
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A-8. Aerobic sludge digestion.

a. Design requirements and criteria. Determine digester volume and
air requirements for the aerobic digestion of activated sludge after
thigkening. Assume the following conditions apply:

Sludge quantity = 1,200 pounds/day

Sludge concentration = 3 percent

Detention time = 20 days

Air supply requirement = 30 cfm/1,000 cubic feet digester volume
b. Calculations and results.

(1) Determine digester volume, -

Sludge volume = 1,200 pounds/day = 4,796 gallons/day
8.34 (0.03)

= 4,796 x 1 cubic foot = 641 cubic feet/day
7.48 gallons

Digester volume = 641 cubic feet/day x 20 days = 12,820 cubic feet

(2) Determine air requirement:

(12,820 cubic feet)(30 cfm/1,000 cubic feet)

Air required

384.6 cfm; use 385 cfm
(this also satisfies mixing requirements).
A-9. Sludge pumping.

a. Design requirements and criteria. Determine the horsepower and
pressure requirements for pumping sludge from a settling tank to a
thickener. Assume the following conditions apply:

Sludge is pumped at 6 fps g
150 feet of 8 inches pipe is used

Thickener is 10 feet above settling tank (elevation difference

= 10 feet)
Sludge specific gravity = 1.02
Sludge moisture content = 95 percent
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Pressure at inlet side of pump = 3 psi
Coefficient of friction = 0,01
b. Calculations and results.

(1) cCalculate head loss using the Darcy-Weisbach equation to
give friction loss, F (for water): '

coefficient of friction
length of pipe, feet
diameter of pipe, feet
mean velocity, fps
gravity constant, feet/second?
(0.01)(150 feet) _x____ (6 £ps)?
(8 inches x 1/12 foot/inch) = 2(32.17 feet/second?)
1.3 feet of fluid

W n nn KN

Assuming friction losses for sludge three times that for water, the
head loss from friction is:

hy = (1.3 feet)(3) = 3.9 feet; use 10 feet
(2) Calculate ‘total pumping head
H = 10 feet + 10 feet = 20 feet of sludge
add 3 feet to this to account for losses due to valves, elbows, etc.
Total H = 23 feet of sludge

(3) Assuming a pump efficiency of 60 percent, calculate
horsepower requirement

hp = f'QPw"(iSLp 8r JH
' 550 e

where:

horsepower requirement

fluid flow

density of water

specific gravity of pumped fluid
total head

= efficiency

&
o]
oo
(]
U
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Q = (6 fps) (0.333)2 = 2,1 cfs
hp =

(2.1 cfs)(62.4 pcf)(1.02)(23 feet)
. 550(0.60)

= 9.3 hp; use 10 hp
(4) Determine discharge pump pressure

P = _ (Total head)(sp gr)(w)
144 square inches/square foot

(23 feet)(1.02)(62.4 pcf)
144 square inches/square foot

= 10.2 psi
A-10. CcChlorinator.

a. Design requirements and criteria. Determine the capacity of a
chlorinator for an activated sludge wastewater treatment plant with an
average flow of 2 mgd. The peaking factor for the treatment plant is
2.5. The average required chlorine dosage is 8 mg/l and the maximum
required chlorine dosage is 20 mg/l. EPA regulations require 30-minute
contact time at peak hour conditions.

b. Calculations and results,

(1) Determine capacity of the chlorinator at peak flow
pounds Cljy/day = 20 mg/l x 8.34 pounds/gallon x 2 mgd x 2.5 = 834
Use four 250-pound/day units
(2) Estimate the daily consumption of chlorine.
Average dose = 8 mg/1
(see table 13-1)
pound Clp/day = 8 X 8.34 X 2.0
= 133.4; use 140
It should be noted that the total unit capacity is about six times the

average needed chlorine. This is to cover the peak hydraulic flow of
wastewater and to cover a wider range of dosage of chlorine that might
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be needed under unfavorable conditions. $Space requirements for the
four units and for storage of chlorine tanks is estimated to ‘be about
400 square feet.

(3) Chlorine contact tank. Required volume for 30-minute contact
‘time.

 Volume = Q x T
where:

Q = peak flow rate, gpm
T = detention time, minutes

Vol = 2.0 x 306~gallons/day (2.5)(30 minutes) = 104,170 gallons
1,440 minutes/day :

= 13,930 cubic feet; use 14,000 cubic feet
Assume 6 feet SWD + 2 feet freeboard
Let L = 10 for plug flow tank; therefore,

W
L x W x D = Volume

Since L = 10W, therefore:

10 w2 = Yolume
D

= 15.3 feet
L = 10W = 158 feet in length
Therefore, the basic .chlorine contact tank dimensions are:
153 feet by 15.3 feet by 8 feet €6 feet SWD)
Baffling is used to construct a more régular~tank shape and to prevent
flow short-circuiting. {(Refer to EPA Process Design Manual for
Upgrading Existing Wastewater Treatment Plants for layout of: tank

baffles). Using a flow channel width of 15.3 feet and 4 side-by-side
plug flow compartments, the overall tank width is:

153

Feet = 38.3 Feet
%

&8
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The length is:
4 x 15.3 feet = 61.2 feet
The tank dimensions are therefore:

61.2 feet by 38.3 feet by 8 feet (6 feet SWD)
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APPENDIX B
OXYGEN SOLUBILITY TABLE
Solubility of Oxygenl in Fresh Water and Values of
1.035(T‘29) for Temperature Correction?
Saturation Saturation
Temperature DO Temperature DO
mg/1 mg/1
F 1.035(T-20) ¢ F 1.035(T-20)

0 32 14.6 .503 21 69 .8 9.0 1.035
1 33.8 14.2 .520 22 71.6 8.8 1.071
2 35.6 13.8 .538 23 73.4 8.7 1.109
3 37.4 13.5 .557 24 75.2 8.5 1.148
4 39.2 13.1 577 25 77.0 8.4 1.188
5 41.0 12.8 .597 26 78.8 8.2 1.229
6 42.8 12.5 .618 27 80.6 8.2 1.272
7 44.6  12.2 .639 28 82.4 7.9 1.317
8 46.4 11.9 .662 29 84.2 7.8 1.363
9 48,2 11.6 .685 30 86.0 7.6 1.411
10 50.0 11.3 .709 31 87.8 7.5 1.460
11 51.8 11.1 .734 32 89.6 7.4 1.511
12 53.6 10.8 . .759 33 91.4 7.3 1.564
13 55.4 10.6 .786 34 93.2 7.2 1.619
14 57.2 10.4 .814 35 95.0 7.1 1.675
15 59.0 10.2 L£42 36 96.8 7.0 1.734
16 60.8 10.0 .871 37 98.6 6.9 1.795
17 62.6 9.7 .902 38 100.4 6.8 1.857
18 64.4 9.5 .934 39 102.2 6.7 1.923
19 66.2 9.4 .966 40 104.0 6.6 1.990
20 68.0 9.2 1.000 '

Temperature effect on Ef = Egq 6 (T-20)

1To be used for calculating oxygen transfer capability.
270 be used for trickling filter design.
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Department of the Army.
AR 40-5 Health and Environment.
AR 200-1 Environmental Protection and Enhancement.
AR 385-10 Army Safety Program.
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EM 1110-3-174 Sanitary and Industrial Wastewater

Collection.

U.S. Department of Labor.

Occupational Safety and Health, General Industry Standards and
Interpretations (October, 1972).
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Documents, U.S. Government Printing Office, Washington, DC 20014

Process Design Manual for Sludge Treatment and Disposal,
Technology Transfer Series (October, 1974).

Process Design Manual for Upgrading Existing Wastewater Plants,
Technology Transfer Series (January, 1975).

PL 92-500 ‘ Federal Water Pollution Control Act
Amendments of 1972.

Nongovernment Publicationms.

" American Water Works Association (AWWA), 6666 W. Quincy, Denver,
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(1977).

Hicks, T.G. and Edwards, T.W., Pump Application Engineering,
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10173
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