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* NOTICE TO THE ENGINEER *

This manual has been prepared for use as a guideline for minimum standards to be met in the
collection, treatment, and disposal of sanitary sewage in the Atlantic Provinces. Every effort has
been made to ensure that the manual is consistent with current technology and environmental
considerations.

THIS MANUAL DOES NOT ELIMINATE THE NECESSITY FOR DETAILED DESIGN. ENGINEERS
WHO USE THIS MANUAL IN PREPARING REPORTS, DESIGN DRAWINGS AND SPECIFICATIONS
MUST RECOGNIZE THAT HE/SHE RETAINS FULL RESPONSIBILITY FOR THEIR WORK.







PURPOSE AND USE OF MANUAL

This manual is divided into three sections.

Section One is the Policy Section. This section initially outlines all relevant and applicable
legislation and guidelines which control the subsequent design criteria. The section then describes
the minimum required effluent and water quality standards, and the requirements of a receiving
water study. The policy section further describes monitoring and enforcement requirements as well
as mandatory approval requirements and procedures.

Section Two is the Design Section. This section is intended for use as a guide in the design and
preparation of plans and specifications for sewage works and sewage collection and treatment
systems; to list and suggest limiting values for items upon which an evaluation of such plans and
specifications will be made by the reviewing authority; and to establish as far as practicable,
uniformity of practice in Atlantic Canada with practice in other parts of Canada and the United
States.

A complete documentation of all parameters related to sewerage works design is beyond the scope
of these guidelines, but an attempt has been made to touch upon. the parameters of greatest
importance from process and reliability standpoints.

By issuing these guidelines, it is not the intention of the regulatory agencies to stifle innovation.
Where the designer can show that alternate approaches can produce the desired results, such
approaches will be considered for approval.

Wherever possible, designers are encouraged to use actual data obtained from sewage treatment
plant flow records, operational studies, etc., rather than use arbitrary design parameters. This is
particularly important with sewage treatment plant expansions where the designer may want to use
hydraulic and/or organic loading rates in the upper levels of the acceptable loading ranges, or where
the designer proposes to deviate from the recommended design parameters.

Where the term “shall” is used, it is intended to mean a mandatory requirement insofar as any
confirmatory action by the reviewing authority is concerned. Other terms such as "should",
‘recommended®, "preferred”, and “the like" indicate discretionary use on the part of the reviewing
authority and deviations are subject to individual consideration.

Designers are advised to familiarize themselves with the requirements of all legislation (as outlined
in the policy section) dealing with sewage treatment works, their associated equipment and labour
safety requirements. ;

Section Three is the Operations Section. This section outlines typical manpower requirements for
various types and sizes of treatment plants, as well as ‘operator training requirements. The section
also describes treatment plant process control techniques and the recommended format for plant
operation and maintenance manuals.

Definition of terms and their use in this document is intended to be in accordance with Glossary -
Water and Sewage Control Engineering, published by APHA, ASCE, AWWA, and APCF.

The considerable experience of other provineial agencies, authorities and commissions have been
freely referred to in the presentation of this manual. Material from the Ministry of the Environment
of Ontario, the Water Pollution Control Federation (WPCF), the Environmental Protection Agency




PURPOSE AND USE OF MANUAL

Office of Technology Transfer, the Nova Scotia Interim Guidelines for the Collection and Treatment
of Municipal Wastewaters (1976), the New Brunswick Guidelines for the Collection and Treatment
of Wastewater (1987), the Great Lakes - Upper Mississippi River Board of State Sanitary Engineers
(1990), and the Alberta Standards and Guidelines for Municipal Water Supply, Wastewater, and
Storm Drainage Facilities (1988) have all been carefully reviewed and applicable standards have
‘been adopted.

Policies and Criteria contained in this publicaﬁon will be changed from time to time to conform
with advances and improvement in the science, art and practice of Sanitary Engineering. These
changes shall be noted in the revision record.

N
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DESIGN SECTION

This manual is intended to present minimum required design standards and guidelines for
all new or modified sewerage systems. In the event that a particular Municipality has
incorporated its own design criteria, the most stringent of the two procedures shall
govern.

Where the designer uses standards other than those outlined in this Manual, he/she shall
clearly indicate in all appropriate documents and plans those areas of difference.







POLICY SECTION

This section presents all relative policy requirements for all new or modified sewerage
systems. Clarification or explanation of policy issues may be obtained by contacting any
of the regulatory authorities. In the event that certain municipalities have adopted their
own policies, the most stringent of the various policies shall govern.







Chapter 1

LEGISLATION

1.1

GENERAL

A summary of provincial and federal legislation that apply to sewerage works are
presented in this section. Applicable sections from all acts that appear in bold text are
located in Appendix A at the back of this document. Other acts are available from the
applicable administering department. The designer, operator and owner of any sewerage
works should become familiar with the relevant legislation, as well as any environmental
assessment requirements.
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PROVINCIAL LEGISLATION
New Brunswick

The Water Quality Regulation under the Clean Environment Act is the main legislation
administered by the New Brunswick Department of Environment which has application
to sewerage works. The Health Act administered by the New Brunswick Department of
Health and Community Services, has similar applicability.

Newfoundland

The main legislation administered by the Newfoundland Department of Environment and
Labour include the Environment Act and the Environmental Control (Water and Sewage)
Regulations. Other legislation such as the Public Health Act and other standards such as
the Department of Municipal & Provincial Affairs, Municipal Water, Sewer, and Roads
Master Specifications will also be applicable to sewerage works.

Nova Scotia

The Environmental Protection Act and the Nova Scotia Water Act are the two main
statutes administered by the Nova Scotia Department of .the Environment which have
application to sewerage works. The Nova Scotia Health Act, administered by the Nova
Scotia Department of Health, has similar applicability.

Other Acts which may have some jurisdiction over a particular project include the Nova
Scotia Towns Act, the Nova Scotia Municipal Act, the Nova Scotia Environmental
Assessment Act, and the Nova Scotia Lands and Forest Beach Protection Act. The
proponent should investigate whether there are any applicable Municipal by-laws that may
limit which materials may be disposed of via the sanitary sewer system.

The Nova Scotia Departments of the Environment and Health have also adopted a "Sewage
Effluent Discharge Policy”. This policy outlines minimum effluent requirements for any
sanitary sewerage system.

Prince Edward Island

The Environmental Protection Act and the Water and Sewerage Act are the main statutes
administered by The Prince Edward Island Department of Environmental Resources. The
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Island Regulatory and Appeals Commission Act creates the Island Regulatory and Appeals
commission which also has some jurisdiction over sewerage projects.

Other Acts which may have some jurisdiction over a particular project include the
Charlottetown Area Municipality Act, the City of Summerside Act, the Municipalities Act,
the Provincial Affairs and Attorney General (Miscellaneous Amendments) Act, and the
Administration Act. '
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1.3.1

FEDERAL LEGISLATION
THE FISHERIES ACT

The Federal Fisheries Act, with respect to sanitary sewage collection, treatment and
disposal, provides for the protection of fish habitat. Under Section 35 of the Act:

"(1)  No person shall carry on any work or undertaking that results in the
harmful alteration, disruption or destruction of fish habitat;

) No person contravenes subsection (1) by causing the alteration,
disruption or destruction of fish habitat by any means or under any
conditions authorized by the Minister or under regulations made by the
Governor in Council under this Act.”

In other words, no person shall cause the alteration, disruption, or destruction of fish
habitat unless approved by the Minister of the Department of Fisheries and Oceans (DFO).

Under Section 36 of the Act, any person who is authorized by DFO to deposit any
deleterious substance into any water frequented by fish shall, when directed by the
Minister:

*...conduct such sampling, analyses, tests, measurements
or monitoring, install or operate such equipment or
comply with such procedures, and report such
information, as may be required by the Minister in order
to determine whether the person is depositing the
deleterious substance in the manner authorized.”

- Under Section 37, the intent or strength of the Act is described as follows:

"Where a person carries on or proposes to carry on any
work or undertaking that results or is likely to result in
the alteration, disruption or destruction of fish habitat,
or in the deposit of a deleterious substance in water
frequented by fish or in any place under any conditions
where that deleterious substance or any other
deleterious substance that results from the deposit of
that deleterious substance may enter any such waters,
the person shall, on the request of the Minister or
without request in the manner and circumstances
prescribed by regulations made under paragraph (3)(a),
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provide the Minister with such plans, specifications,
studies, procedures, schedules, analyses, samples or
other information relating to the work or undertaking
and with such analyses, samples, evaluations, studies or
other information relating to the water, place or fish
habitat that is or is likely to be affected by the work or
undertaking as will enable the Minister to determine

(@) whether the work or undertaking results or is likely to result in any
alteration, disruption or destruction of fish habitat that constitutes or
would constitute an offence under subsection 40(1) and what measures,
if any, would prevent that result or mitigate the effects thereof; or

®) whether there is or is likely to be a deposit of a deleterious substance by
reason of the work or undertaking that constitutes or would constitute an
offence under subsection 40(2) and what measures, if any, would prevent
that deposit or mitigate the effects thereof.

If, after reviewing any material or information provided under subsection
(1) and affording the persons who provided it a reasonable opportunity
to make representations, the Minister or a person designated by the
Minister is of the opinion that an offence under subsection 40(1) or (2)
is being or is likely to be committed, the Minister or a person designated
by the Minister may, by order, subject to regulations made pursuant to
paragraph (3)(b), or, if there are no such regulations in force, with the
approval of the Governor in Council,

(a). require such modifications or additions to the work or
undertaking or such modifications to any plans, specifications,
procedures or schedules relating thereto as the Minister or a
person designated by the Minister considers nécessary in the
circumstances, or

®) restrict the operation of the work or undertaking,

and, with the approval of the Governor in Council in any case, direct the
closing of the work or undertaking for such period as the Minister or a
person designated by the Minister considers necessary in the
circumstances."

THE NAVIGABLE WATERS PROTECTION ACT (NWPA)

The Navigable Waters Protection Act, R.S.C. 1985, Chapter N-22, is a Federal Statute
designed to protect the public right to navigation by prohibiting the building or placement
of any work in navigable waters without the approval of the Minister of Transport. The
Act is administered by the Canadian Coast Guard of the Department of Transport.

Sewer pipes or outlets and outfall structures lying within navigable waters are subject to
the NWPA.
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"Navigable Waters" includes any body of water capable, in its natural state, of being
navigated by floating vessels of any description for the purpose of transportation,
recreation or commerce; it also includes a canal and any other body of water created or
altered for public use, as a result of the construction of any work, as well as any waterway
where the public right of navigation exists by dedication of the waterway for public
purposes, or by the public having acquired the right to navigate through long use. The
authority to determine navigability of waterways rests with the Federal Minister of

Transport.

Under the Act:
"1 No work shall be built or placed in, on, over, through or across any
navigable water unless

(@) the work and the site and plans thereof have been approved by
the Minister, or such terms and conditions as the Minister deems
fit, prior to commencement of construction;

®) the construction of the work is commenced within six months
and completed within three years after the approval referred to
in paragraph (a) or within such further period as the Minister
may fix; and

(J] the work is built, placed and maintained in accordance with the
plans, the regulations and the terms and conditions set out in the
approval referred to in paragraph (a).

2) Except in the case of a bridge, boom, dam or causeway, this section does
not apply to any work that, in the opinion of the Minister, does not
interfere substantially with navigation. R.S., ¢. N-19, s.5."

An approval granted for the construction of a work, and the site and plans thereof, is only
an authorization to interfere with the public right of navigation to the extent of the work
for which site and plans have been approved. It is not a general approval of construction
nor an authorization in respect of any law, regulation or bylaw, Federal, Provincial or
Municipal which may require some other form of authorization (e.g. land use, noise, weed
or pollution control, zoning or like manners).

An approval granted under the Navigable Waters protection Act remains applicable to the
work notwithstanding the transfer of title to the work. Alterations to the originally
approved work will also require approval.

FEDERAL ENVIRONMENTAL ASSESSMENT AND REVIEW PROCESS (EARP)

The Environmental Assessment and Review Process (EARP) Guidelines Order has been in
effect since 1984 and applies to all Federal departments, boards and agencies and, in some
circumstances, regulatory bodies and Schedule DFAA corporations. The process is a
planning tool for predicting the potential environmental consequences of proposals that
require a Federal Government decision. EARP is intended to ensure that the Government
understands the environmental consequences of its decisions before those decisions are
taken. EARP does not demand an exhaustive study when none is warranted. EARP is a
procedural regulation. It requires certain steps to be taken at key points, when those steps
are required. EARP is not an environmental protection regulation. It does not require a
particular degree of environmental protection; it requires understanding of the
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environmental consequences of proposals. The definition of "proposal® to which EARP
applies “includes any initiative, undertaking or activity for which the Government of
Canada has a decision-making responsibility.” A Federal department with the authority
to make a decision about a proposal is called the "initiating department." The private
sector organization or the department that intends to undertake the proposal is called the
"proponent.”

Recent Federal Court of Appeal rulings have elevated the EARP guidelines order to new
heights. Rather than constituting guidelines for use by departments in the exercise of the
powers and duties, it imposes duties independently of any particular statutory scheme.
EARP guidelines must be complied with. As part of this process, public review of a
proposal may be required. It is also no longer enough simply for an initiating department
to determine that mitigation is feasible; they must also outline specific measures that can
be taken to lessen environmental impacts.

14

LAND ACQUISITION

Approval, under any of the above Acts, does not vest in the recipient any title, easement,
restriction or other property rights in respect of the land on which the work is to be
placed or in respect of any property adjacent to or in the vicinity of the work. In view of
the foregoing, it is suggested that application be made for permits of occupation where
these are applicable. Where Federal or Provincial lands are involved, arrangements should
be made with the department or agency charged with the administration of such land
before construction is commenced.

15

SEWER-USE BY-LAWS

The discharge of industrial wastes to a public sewer system can result in a wide variety
of problems. Industrial waste dischargers are the major sources of toxic organic chemicals
and metals in wastewater. These materjals may be sufficiently high to upset the treatment
process; high concentrations may discharge through the treatment process and negatively
affect the receiving water or; if removed in the treatment process, they will affect the
sludge quality. Since many industrial wastes have the potential to cause these adverse
effects, certain control measures are necessary. The normal method of exerting control
of industrial discharges is through sewer-use by-laws administered by the individual
municipalities. These by-laws typically set out the maximum permissible concentrations
of various waste constituents, and otherwise define the acceptable characteristics of wastes
which can be discharged to municipal sewer systems. Sewer-use by-laws may also be used
as a means of controlling infiltration/inflow and illicit connections into a sanitary
sewerage system.

A municipality must adopt an approved sewer-use by-law to be eligible for a permit to
operate a sewage treatment plant.
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Chapter 2

MINIMUM EFFLUENT STANDARDS

2.1

WATER QUALITY OBJECTIVES AND WATER USE GUIDELINES

The typical level of treatment required for any new treatment plant in the Atlantic
Provinces is secondary treatment with disinfection. However, each new plant will be
evaluated on a case by case basis. In the province of Nova Scotia effluent requirement are
outlined in the Sewage Treatment Plant Effluent Discharge Policy which is located in an
appendix at the back of this manual. Required levels of treatment may be determined to
be higher or lower than secondary treatment based on waste assimilation studies. The
procedure for carrying out these studies is described in the following section.

22

WASTE ASSIMILATION STUDY PROCEDURES
a) Level of Effort

As part of the pre-design evaluation (described in Policy Section 4.2), the engineer shall
determine from the applicable regulatory agencies the level of effort required for the
particular waste assimilation study. The regulatory agencies will require one of three
possible levels of effort as outlined in Figure 2.1.

The regulatory agencies may conclude that the effects of the proposed project on the
receiving water will be minimal. In this case, the regulatory agencies will set effluent
limitations based upon a simple model (possibly basic dilution calculations). In this case,
only a minimal level of effort is required for the receiving water study (RWS). The
regulatory agencies will determine which parameters will require measurement. '

When the regulatory agencies are unsure of the possible effects of a project on the
receiving water, they may require that an intermediate RWS and model simulation be
conducted as a preliminary assessment tool. If the results of this study indicate that the
proposed project would have only a minor effect on the receiving water, the regulatory
agencies may, at that point, set effluent limitations. The regulatory agencies shall set the
data requirements for the intermediate RWS's.

The third level of effort that may be required is a detailed RWS and complex modelling
application. The results of this procedure will determine required effluent limitations.
This approach will be required when the regulatory agencies believe that a proposed
project may have a significant impact on the receiving water quality. The regulatory
agencies will determine RWS data requirements.

b. Water Sampling Procedures

Instruments for electronic in situ determination of water quality parameters should be

calibrated at least before and after each sampling trip. For example, samples should be
collected for salinity to verify field measurements and samples fixed in the field for
dissolved oxygen to verify dissolved oxygen probes.
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All field collection equipment should be listed and prepared before each sampling trip,
insuring that all collection containers are clean and proper log forms and labelling
equipment are available. Different containers should be available for metals, nutrients,
organics, dissolved oxygen, etc. due to their cleaning and preservation requirements.

An established sequence of collection should be developed and maintained throughout the
monitoring effort, insuring that new personnel are trained in the proper methods and
sequence of data collection. All samples should be logged and sample log sheets should '
include station location, time, depth, results of in situ sampling, and container numbers
for each type of sample. Datum should always be clearly specified (e.g. time of day
standard, datum for water surface elevations).

All samples should be preserved on board, where the preservation technique will vary with
the type of analysis required, but may involve icing, acidification, organic extraction, etc.
The preservation techniques should be documented prior to implementation to the
monitoring study. For some samples that do not preserve well it may be necessary to
either conduct analyses on board or quickly transfer them to nearby on-shore facilities.

Additional samples should be collected to determine sampling variability and individual
samples may be split prior to analysis to determine analytical variability. The number of
replicate samples should be established as part of the planning for the monitoring effort.
Field samples may also be spiked with a known amount of a standard prior to analysis.
The identity of the spiked, split and duplicate samples should be kept on separate logs and
the analyst should not be aware of their identity.

The samples should be transferred from the field to the laboratory in a timely manner.
The field logs should be recorded and a laboratory log kept of the samples and their
arrival. Custody sheets may be kept to further document the transferral of samples.

WASTE ASSIMILATION CAPACITY
General

In essence, a waterbodys dilution/assimilative capacity for wastes depends on waste
characteristics and a host of physical, chemical and biological factors, such as the flow or
volume of the waterbody and the waste discharges, dispersion of effluent, depth and width
of the waterbody, type of substrate, algal growths, benthic deposits or organic sludges, etc.

A waste assimilation study is the mechanism to be used in estimating a waterbody’s
assimilative capacity and establishing effluent requirements to meet the CCREM
guidelines. Either simple dilution formulae or more sophisticated mathematical models
can be used as assessment techniques, depending on the circumstances. For example,
with a dilution ratio greater than 20 to 1, simple dilution formulae may be adequate for
estimating effluent requirements for discharges with a high degree of treatment (e.g.
secondary treatment) and which do not contain hazardous substances. With a dilution
ratio less than 20 to 1, more complex assessment techniques may be required to estimate
assimilative capacity. Further, under complex situations (e.g. multiple uses of water, flood




MINIMUM EFFLUENT STANDARDS Page P2-4

233

2.3.3.1

2332

control requirements, etc.) sophisticated mathematical models may be used to estimate
assimilative capacity and effluent requirements.

In areas with existing water quality better than the CCREM Guidelines, it is a good
general principle not to allocate the entire assimilative capacity of a receiving waterbody.
The need for maintenance of a reserve capacity should be established on a case-by-case
basis.

In addition to meeting the CCREM Guidelines a thorough receiving water assessment may
be required before the discharge of effluent containing toxic substances will be permitted.
Such an assessment should include studies of the potential accumulation and
concentration of the substances in the environment (such as bed sediments and aquatic
flora and fauna), synergistic effects with other substances and physical factors (such as
temperature changes or radiant energy) that may affect the environmental impact of
contaminants.

Dilution Ratio

Dilution ratio is a simple measure of a receiving water’s assimilative capacity. Dilution
ratios should be based upon the 7 consecutive day average low streamflow occurring once
in 20 years (7Q20), and the peak hourly effluent discharge rate (both expressed in the
same units).

Mixing Zone
General

It may not be practical to treat all effluents so they meet the Water Quality Objective
concentrations. Therefore, some volume of water must be provided for dilution or
modification of the waste effluent before the Objectives can be met.

A mixing zone is a region of a waterbody in which an effluent discharge of quality
(chemical/physical/biological) characteristics different from those of the receiving water
is in transit and is progressively assimilated from the immediate outfall area to the outer
limits of the region. At the boundaries or outer limits of the mixing zone, water quality
objectives established by the regulatory authorities to protect beneficial water uses should
be achieved. Within the mixing zone, where the objectives are not met, there will be
some damage or loss to the aquatic environment. Nevertheless, at no point should
conditions be immediately lethal so that swimming organisms cannot evade the area.

Mixing Zone Requirements

Terms and conditions related to the mixing zones may be outlined in the "Permit to
Operate,” based on the minimum requirements outlined below. Inherent in these
conditions, a mixing zone may not be used as an alternative to adequate treatment.

1 The mixing zone should be as small as practicable, and shall not be of such size
or shape to cause or contribute to the impairment of existing or likely water uses.
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a)

b)

a)

'b)

c)

d)

e)

a)

b)

Mixing zone size shall be established on a case-by-case basis, but in no case shall
it exceed the following:

in streams and rivers the mixing zone shall be apportioned no more than 25% of
the cross-sectional area or volume of flow, nor more than one-third of the river
width at any transect in the receiving water during all flow regimes which equal
or exceed the 7Q20 flow for the area;

in lakes and other surface impoundments the mixing zone volume shall not
exceed 10% of that part of the receiving water available for mixing, and surface
water quality objectives must be achieved at all points beyond a 100m (300 ft)
radius from the effluent outfall.

The mixing zone shall be:

Free from substarces in concentrations or combinations which may be harmful
to human, animal or aquatic life;

free from substances that will settle to form putrescent or otherwise objectionable
sludge deposits, or that will adversely affect aquatic life or waterfowl;

" free from debris, oil, grease, scum or other materials in amounts sufficient to be

noticeable in the receiving water;
free from colour, turbidity or odour-producing materials that would:

D adversely affect aquatic life or waterfowl;

ii) significantly alter the natural colour of the receiving water;

if) directly or through interaction among themselves or with chemicals used
in water treatment, result in undesirable taste or odour in treated water,
and;

free from nutrients in concentrations that create nuisance growths of aquatic
weeds or algae or that results in an unacceptable degree of eutrophication of the
receiving water;

The presence of a mixing zone should in no way pose a threat to the species
survival of any organism in the receiving water outside the mixing zone.

No conditions within the mixing zone should be permitted which:
are rapidly lethal to important aquatic life (resulting in conditions which result
in sudden fish kills and mortality of organisms passing through the mixing zones)

; or

cause irreversible responses which could result in detrimental post-exposure
effects; or
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)

d)

10.

11.

12.

13.

14.

15.

result in bioconcentration of toxic materials which are harmful to the organism
or its consumer; or

attract organisms to the mixing zones, resulting in a prolonged and lethal
exposure period.

The mixing zone should be designed to allow an adequate zone of passage for the
movement or drift of all stages of aquatic life; specific portions of a cross-section
of flow or volume may be arbitrarily allocated for this purpose;

Mixing zones should not interfere with the migratory routes, natural movements,
survival, reproduction, growth, or increase the vulnerability to predation, of any
representative aquatic species, or endangered species;

Mixing zones should not interfere with fish spawning and nursery areas;

Rapid changes in the water quality which could kill organisms by shock effects
must not be present. Such conditions could have the effect of creating a higher
toxicity value;

Municipal and other water supply intakes and recreational areas, as a general
rule, should not lie within a mixing zone. However, knowledge of the effluent
characteristics and the type of discharge associated with the mixing zone could
allow such a mixture of uses;

Mixing zones may overlap unless the combined effects exceed the conditions
specified in these mixing zone guidelines;

Limitations on mixing zones should be established by the regulatory aithorities
on a case-by-case basis, where "case” refers to both local considerations and the
waterbody as a whole or segments of the waterbody;

Existing biological, chemical, physical and hydrological conditions should be
known when considering the location of a new mixing zone or limitations on an
existing one;

The design and location of the outfall should be considered on a’case-by-case
basis to reduce the impact of the mixing zone on the receiving waters;

Total loadings into all the mixing zones within a river, lake or segment thereof,
must not exceed the acceptable loadings from all point-source discharges required
to maintain satisfactory water quality;

Mixing zones should not result in contamination of natural sediments so as to
cause or contribute to exceedences of the water quality objectives outside the
mixing zone.
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2.34.1.1

2.34.1.2

2.34.1.3

Waste Assimilation Study Field Procedures For Streams and Rivers

General Strategies
Defining Problem and Objectives

Before any field work is carried out on a stream, the problem(s) should first be defined,
and the objective(s) of the study laid out.

Preliminary Office Planning

Maps and aerial photographs of the survey area should be obtained, as well as any
previous reports on the waterbody and municipal and/or industrial discharges. All
discharges to the waterbody should be pinpointed on the map. The drainage area of the
stream or river should also be calculated.

All existing data on water quality monitoring, streamflow, water takings and consumption,
water uses, and volumes and characteristics of waste discharges should be obtained.

Preliminary Field Studies

The entire reach of stream to be studied should be inspected. Waste discharges,
dispersion patterns of effluent and tributaries, physical characteristics of the stream
(depth, width, water velocity, type of substrate), water uses, algal growths, the presence
of benthic deposits or organic sludges and any other pertinent characteristics should be
noted.

Preliminary chemical data (BOD,, nutrients, day and night-time DO) should be obtained
to determine the length of stream to be studied, expected concentrations of chemical
parameters, and whether night-time sampling is necessary. This data should be collected
far enough in advance of the Proposed intensive survey data to allow for the lab analyses
to be completed and evaluated.

Based on the preliminary information, sampling stations can be selected. Times of travel
(TOT) should be determined between sampling stations, also noting times of waste inputs
and tributary confluences. Observations should be made at three or more different stream
flow stages over a suitable range from low flow to average summer flows and data plotted
on log-log graph paper (Times of Travel vs. Streamflow) which will permit interpolation
or limited extrapolation for the streamflow conditions to be modelled.

Mixing studies should be carried out on waste discharges and tributary inflows to
determine if lateral and/or vertical multi-point sampling is necessary at any downstream
stations where complete mixing of the inflows with the stream water has not occurred.

Stream cross-sections should be obtained at about 300 m (1,000 ft). intervals and at those
points where the physical character of the stream changes significantly.

At each sampling location, a staff gauge or other stage measuring device (e.g. bench
mark) should be installed. Each time the station is visited the gauge height and date
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should be recorded to develop a gauge height vs. flow curve to provide stage height at any
flow. Flow may be obtained by streamflow gauging and/or may be extrapolated by
drainage area ratios.

The low flow to be used in the loading designs must be determined or obtained from a
hydrologist. The recommended design streamflow for continuous discharge to a stream
is the seven consecutive day average low streamflow occurring once in 20 years (7Q20).
Physical data affected by streamflow, such as depth, TOT, mixing, etc., must be
extrapolated to this flow. It is therefore important to conduct assimilation studies under
flow conditions as close as possible to low flow so extrapolation of data to design
conditions (Jlow flow) will be minimal.

Where benthic deposits are believed to exert an appreciable demand on the oxygen
resources of the stream, benthic respiration studies should be carried out.

Pre-Intensive Survey Planning

Based on the preliminary data and the objectives of the study, the type of survey to be
conducted will be determined. If 24 hour dissolved oxygen concentrations fluctuate
greatly or if wastewater loadings or streamflows fluctuate greatly, then “round-the-clock”
sampling will be necessary. However, if streamflows and waste loadings are stable and
dissolved oxygen concentrations do not fluctuate greatly (i.e. more than 2 mg/1) from day
to night then a simple water quality study with limited sampling may be sufficient
(enough samples should be taken, however, to provide statistically valid data). Generally
a minimum of 12 samples per station will provide statistically valid data.

Once the type and scope of the study has been determined, the number of samples that
will be submitted to the laboratories can be determined. Parameters that may be
measured during an assimilation study are:

- pH

- turbidity

- dissolved oxygen (DO) and temperature

- total and fecal coliforms

- BOD,

- total phosphorous

- soluble reactive phosphorus

- filtered ammonium nitrogen

- total kjeldahl nitrogen

- nitrate and nitrite nitrogen

. BOD,,

- plus any other waste component that may affect water quality and use such as
heavy metals or volatile suspended solids

A tentative survey date, when streamflow conditions are low and water temperatures high
(mid-July to early September), should now be selected. This date should be verified with
all participating personnel and the laboratories. At this time the laboratories will need
to know the number of samples expected and parameters requested. Water Pollution
Control Plant (WPCP) operators and/or industrial contacts must be informed of the
expected date of the survey and access to their plants should be arranged for sampling
personnel.
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A few days before the survey, the local police departments, the local conservation
authority and municipal offices should be informed of survey plans. If dye is to be used
in the river during the study, these same agencies should be informed. Regional and
district regulatory agency staff and Federal DFO/EPS officers must also be informed of the
survey.

The Field Survey -

The culmination of the preliminary field work and the office planning is a well-executed
field survey. This survey generally extends for 30 to 60 hours with samples collected at
selected time intervals (generally 3 to 6 hours apart depending on manpower, equipment
and time constraints). The duration of the survey depends upon various factors such as:

a) manpower constraints

b) laboratory capabilities

c) if Photosynthesis and Respiration modelling will be attempted
d) time constraints

e) length of time for sampling run.

Enough samples must be collected to provide statistical validity to the data (generally 10
to 12 samples at each station). If discrete sampling (grab samples taken at a specific
location and specific time) cannot be carried out, composite samples may be collected
with the approval of the regulatory agency.

If sampling runs can be conducted every 3 hours, then 12 samples can be collected during
a 36 hour period providing statistically valid data and adequate DO data for modelling.
The study could be conducted from 9:00 pm. one day to 9:00 a.m. two days hence, to
obtain the proper DO curve. If time constraints dictate sampling every 4 hours, then a 48-
hour study should be conducted. Timing of the beginning of a 48 hour survey is not too
critical as only one complete 30-hour DO cycle can be obtained. However, if data is
collected at intervals greater than 4 hours it is difficult to obtain a good diurnal-nocturnal
DO graph. A 60 hour study with 4 hour sampling intervals will provide 15 samples and
if started at 9:00 p.m. and finished at 9:00 a.m. 60 hours later, will provide two complete
diurnal-nocturnal cycles for modelling needs. In any event a survey should not be started
or ended at a critical low point on the DO graph (i.e. early morning - 4:00 am to 8:00
am.).

Situations may arise which may force cancellation or modification of a study. Among
them are:

° overcast weather - if a survey had been planned to obtain data during hot, dry
weather, then overcast weather will change the DO curve if diumnal-nocturnal
effects of algae are of significance. ’

] streamflow changes (including rain) - concentrations of parameters change
greatly during a rainfall, especially during the first 1/2 hour of the rain.

] abnormal changes in waste loading - waste loadings are averaged over the survey
period; large changes in loads result in changes of concentrations of parameters
in the stream during the survey.
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These three situations result in changes in the “"steady-state” conditions which are
desirable for ease of modelling.

Cancellation of surveys because of these conditions may be minimized by:

a)
b)

c)

checking with the weather bureau prior to conducting the study;

arranging with the proper authorities if streamflow is controlled by dams to
ensure steady streamflows for the period of the survey;

arranging with the WPCP or Industrial Plant operator to attempt to ensure that
atypical loading conditions do not prevail during the study, due to construction,
plant or equipment breakdown etc.

Duties and manpower generally required to carry out an assimilation study are
approximately as follows:

day sampling - one person and vehicle per route

night sampling - two people and 1 vehicle per route

time of travel - one person and 1 vehicle

co-ordinator - one person and 1 vehicle

sample transport - one person and 1 vehicle

flows by velocity measurement (if necessary) - two people and 1 vehicle.

Some pointers for carrying out an intensive survey are:

DO meters should be calibrated to a Winkler titration before each run to ensure
accuracy of data. Meters should be calibrated to DO levels in the same range as
those expected to be measured.

Recording DO/temperature meters and/or automatic samplers should be installed
prior to the start of the survey.

Care should be taken when installing recording DO meters in the streams to
ensure that water is moving past the probe with a velocity of at least 1 cm per
second (0.4 in/sec) to prevent oxygen depletion at the membrane.

DO recorders should be calibrated and automatic samplers checked at least once
per day. Samples should be removed from the sampler at least once per day as
levels of non-conservative parameters may change with time and temperature.

Samples at each location should be collected at least 12 times during the survey
(tributaries may not need to be sampled as often). This number of samples
should provide statistical reliability to the data.

DO readings should be taken no more than 4 hours apart to provide a smooth
representative DO graph.
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° Data should be recorded on field data cards (e.g. Figure 2.1 a) and b) and any
observation out of the ordinary should be noted on the cards (e.g. turbid
discharge, rainfall, etc.).

. Laboratory submission sheets should be completed at the end of each samplin

run to avoid confusion and a back-log of samples with no lab sheets. :

° Time of travel data can be collected during the survey. If graphs of TOT vs. flow
have been previously drawn up and encompass the flow regime at the time of the
study and if manpower is limited, this function may be eliminated.

] The survey co-ordinator should be available for consultation any time of the day
or night during the intensive survey. Portable radios may prove valuable in
maintaining communication with crews.

° Data should be reviewed as it is collected and changes made to plans if the data
warrants such changes (e.g. re-locating stations, changing sampling frequency
etc.).

Survey Procedures

Station Selection

Many factors are involved in deciding the location of stations for water quality sampling.
These include: objectives of the survey, accessibility to the streams, time of travel from
waste source, mixing of wastes with the stream, physical characteristics of the stream (e.g.
is the location on a sharp bend in the river, upstream or downstream of a dam, in the
middle of a large impoundment etc.), length of survey reach, and personnel and
equipment availability.

An ideal sampling station is one which would yield the same concentration of parameter
no matter where in the cross-section the sample is taken. However, immediately
downstream of waste inputs, complete lateral mixing of wastes and stream water rarely
exists, so samples should be collected at various locations across the stream. Sometimes
vertical mixing does not occur necessitating vertical sampling. Ideally, samples should be
collected at various locations and the concentration at each location multiplied by the
fraction of flow at each location to give the total loading. Dye dispersion studies can be
very helpful in establishing sampling points in a cross-section of stream.

It is good practice to sample at quarter points in the cross-section. Samples should be
collected from exactly the same location at each station. Multi-point sampling locations
should be marked with paint (if on a bridge) or with poles driven into the steam bed (if
shallow enough) or with anchored floats in the stream.

Time of travel between stations should be approximately 2 hours (less for small streams,
more for larger).
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.Sampling from the edge of a stream should be avoided. However, if a sample must be

collected from the river bank, select a location on the outside of a bend where the current
flows along the bank.

Stations should be spaced far enough apart that changes in water quality are measurable,
but not too far apart that too great a change in water quality has occurred since the
previous station.

All waste sources and tributaries should be sampled where they enter the stream and their
volumes should be known. Samples of final effluent shall also be taken prior to
chlorination. The mainstream should also be sampled immediately upstream of the waste
source or tributary to properly assess the effects of that load on water quality. If direct
sampling of the waste source or tributary is impossible, then the river should be sampled
and gauged  directly above the source and at an appropriate distance downstream
(immediately downstream for gauging and after complete mixing for sampling). The
differences between the downstream and upstream loadings can then be attributed to the
input.

Control samples (upstream from waste sources) should be obtained for comparative
purposes.

Stream Cross-Sections

Cross-sections of the stream bed should be obtained wherever there is a significant change
in the physical characteristics of the stream channel. These are used for calculating the
reaeration coefficient (Ka) for each different section of the stream.

Cross-sections may be obtained using a graduated pole, a weighted rope or depth sounder.
Stream widths must also be measured (using a tape, graduated rope or stadia and transit).
The distances between cross-sections must also be obtained (from a map, by stadia or with
a graduated rope).

If stream profiles must be known for flows greater than those under which the cross-
sections were obtained, then the profiles should be continued up the stream bed to the
height required.

Flows

Flow information must be known when carrying out time of travel and dispersion studies,
cross-sectioning and intensive sampling. For modelling purposes it is necessary to know
the stream flow, tributary flows and the volumes of all waste inputs.

Streamflows may be obtained from the DOE regional hydrologist for rivers that are gauged
by the Water Survey of Canada or the DOE (either by continuously recording or staff
gauges.) If flow data are not available from this agency, it will be necessary to gauge the
stream. Flow data for the stream and major tributaries should be obtained at least once
per day during the survey. WPCP and industrial wastewater flows can normally be
obtained from the plant operators (usually in the form of continuous flow chart).
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Otherwise, temporary weirs, upstream-downstream flow gauging or some other method
of measuring the wastewater flows must be implemented.

Time of Travel Studies

Time of travel (TOT) data are a vital part of a water quality study (e.g. K, rates are
calculated from BOD vs TOT graph, K, rates from TKN vs TOT graph). Time of travel is
an important consideration when selecting sampling station locations.

Time of travel data will not change unless some physical change is made to, or occurs
naturally in the stream (e.g. straightening oxbows, installing dams etc.) Varying densities
of aquatic weed growths can change TOT values under similar flow conditions.

Extrapolation of TOT data to low flows may result in erroneous values if data has not
been collected over a reasonably large flow range that includes low streamflows.

Time of travel may be determined for river reaches by any one of three methods:

a) floats;
b) volume-displacement method;
c) tracers. .

Reaeration Coefficient Measurement

Occasionally, the .expense and effort required to measure stream reaeration coefficients
directly in the field may be justified. A technique which has been used with a fair degree
of success is the modified tracer-ethylene gas technique developed by Rathbun, Schultz
and Stephens.'

1 Rathbun, R.E, Schultz and Stephens; 1975; *Preliminary Experiments with Modified
Tracer Technique for Measuring Stream Reaeration Coefficients”; U,S. Department
of Interior Geological Survey Open File Report No. 75-256; Bay St., Louis, Miss.,
USA

Sample Transportation

Samples for chemical and bacteriological analyses should be transported to the
laboratories within 24 hours following sampling; all samples should be refrigerated and
shipped in a cooler if possible. Samples for BOD, analysis should be kept cool.

Field Notes

To aid in recording field data in intensive surveys, a separate card should be made up for
each station and kept in a note book. Each card should clearly indicate the station
number, its location and any special sampling instructions (Figure 2.1a). The run
number, time of day, DO and temperature and any notable remarks should be entered as
the data are collected (Figure 2.1b).
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FIGURE 2.1a
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FIGURE 2.1b
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Sample Numbering

It is very important to clearly label samples to identify the exact time and place the sample
was taken.

WPCP and industrial effluents should be clearly labelled as such so the laboratory will
recognize these samples and be able to give them special attention.

If there is more than one sampling point at a Jocation, number the points A, B, C, ete. (or
L, C, R) from left to right side of the stream facing upstream.

Water sampling procedures
Chemical
a) Manual

Samples should be collected, if possible, directly in the bottle submerged in the river. If
sampling by immersing the bottle is not possible then the sample should be collected with
a stainless steel, plastic or brass sampling apparatus and transferred to the bottle taking
care not to contaminate the sample with the hands or with water from previous sampling.

When sampling by hand (i.e. wading into the stream) the sampler should face upstream
and grasp the bottle so the water coming into contact with the hands does not enter the
bottle, thereby contaminating the sample. The bottle should be immersed below the water
surface (except phenol samples which are skimmed from the surface, and samples for
ammonium nitrogen analysis, which should not be bubbled) and the water should be
allowed to overflow the bottle to ensure a representative sample.

b) Automatic

Samples may be obtained using an automatic sampler where manpower is limited or
access is poor. Automatic samplers should never be used to collect samples for
bacteriological or DO analyses. The sampling hose should be placed in the main current
on a stake or rod to obtain a representative sample and to allow the current to
continuously cleanse the intake so the build-up of algae will be reduced on the intake.
Samples should be removed daily.

Dissolved Oxygen (DO)

When taking a water sample for DO analysis, care should be taken to ensure that there
is no bubbling of water into the bucket. After the bucket is filled with water let it settle
underwater for a few seconds to allow the river water to be exchanged, thereby ensuring
that a representative sample is obtained. If possible, obtain the sample for DO analysis
directly from the stream using the bottle in a DO field kit.

When measuring DO with a meter, insert the probe directly into the river or sample
bucket and gently agitate the probe (at a velocity of about 1 cm/sec) to prevent oxygen
depletion around the membrane. When the readings have stabilized, record the DO and
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temperature values. Take care to avoid banging the probe on rocks or the sides of the
bucket as erratic readings will result.

When installing a DO meter for continuously recording DO, care should be taken to
ensure that the probe is situated in the mainstream to avoid oxygen depletion around the
membrane and to cleanse the probe. Fouling of the probe by floating debris can be
minimized by positioning a 30 cm by 30 cm mesh screen about 2.5 m upstream from the
probe. This screen must be cleaned periodically.

When calibrating DO meters, 3 Wet Winkler DO determinations should be made and the
values averaged. DO meter readings must also be adjusted for differences in elevation
(atmospheric pressure).

BOD,, (for ky Rate)
A 20 day incubation test shall be performed to determine the relationship between BOD,

and the ultimate BOD (BOD,) of the streamwater. Samples for incubation tests should
be taken at the first station downstream from the waste discharge where complete mixing

. of the waste and streamwater has taken place. If possible, samples for another BOD,, test

should also be taken in the effluent and also near the downstream end of the survey
reach.

A total of 12-1 litre bottles should be taken at each site and all numbered identically. The
lab submission sheet should be labelled *For k, Analysis - complete nitrogen analyses to
be performed on the incubated sample on days 0, 5, 10, 15, and 20 days." The nitrogen
analyses are performed concurrently to establish a true k, attributable to carbonaceous
BOD (CBOD).

BOD g with Nitrogen in Parallel

To determine the portion of the BOD; that is actually carbonaceous, BOD, analyses, with
complete nitrogen analyses on the first and fifth days, should be taken at least three times
at all stations. The difference between the total BOD, and the BOD attributed to nitrogen
is the carbonaceous BOD, (CBOD) which is used to calculate the true CBOD loadings from
which a true L, and K, can be calculated.

Special Sampling Techniques and Handling of Samples
a) Input Sampling

One of the most important samples collected during an assimilation study is from the final
effluent of an STP or industrial plant. This effluent often contains residual chlorine for
disinfection purposes. Chlorine is a strong oxidizing agent which inhibits the BOD test.
Although the chlorine may be eliminated by the addition of the proper amount of sodium
thiosulphate, the titration procedure is somewhat complicated to perform in the field. It
is therefore very important that all samples of final effluents be taken prior to chlorination
to ensure a representative BOD, concentration.
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It is wise to obtain a good number of samples (at least 12) of the final effluent, as the
BOD; and nutrient levels form a very important input to the dissolved oxygen model. It
is also a good idea to obtain samples directly upstream from the inputs (including
tributaries) and after complete mixing of the stream with the input as a check on the
input loading (using mass balance equation).

b) Sampling for Ammonium Nitrogen

As ammonia gas is released by bubbling action (or converted to other forms of nitrogen)
care should be taken to minimize bubbling of the sample for ammonium nitrogen analysis.
This may be accomplished by special sampling devices (such as a Kemmerer sampler)
which can be used to obtain a representative sample below the surface of the water,
special pumps which will not bubble the sample, or by carefully obtaining a sample from
the surface of the water by allowing the water to gently flow down the sides of the bottle.
Wide-mouthed bottles can best be used to sample by this method.

Equipment
Water Sampling
a) Buckets

Sampling buckets should be made from relatively non-contaminating materials such as
stainless steel or plastic (e.g. PVC). However, care should be taken when sampling for
certain parameters that the bucket material does not contaminate the sample. The
sampling bucket should always be rinsed thoroughly before taking the sample.

b) Depth Samplers

Various types of samplers can be used to sample water from depths. These are made from
brass, PVC or acrylic; some are nickel-plated or teflon-lined to virtually eliminate any
chance of sample coritamination.

DO Meters
Electronic DO meters considerably reduce the manpower required to perform DO tests.

To save effort and reduce chance of errors, consideration should only be given to the use
of temperature compensated models when purchasing DO meters.

Fluorometer

Approved fluorescent dyes used in time of travel, effluent dispersion and flow measuring
studies may be detected in the stream using a fluorometer with filters which measure the
appropriate wavelength of fluorescence. Fluorometers are usually portable and may be
powered in the field by a small A.C. generator. Fluorometers should be calibrated before
each use,
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Pyranograph

This portable instrument measures and records solar radiation in g cal/cm?/min, for either
a 24 hour or 7-day period. The recorded data will provide the time of sunrise and sunset
and the intensity of sunlight for that day. This information is necessary for input to the
dissolved oxygen balance when modelling for photosynthesis and respiration.

Depth Sounder

This equipment is useful for determining the cross-sectional area of the stream. The data
is used in K, calculations and time of travel calculations in large rivers. Some points to
consider when purchasing a depth sounder are:

- chart speed (the faster the better)

- printout - perpendicular printout rather than circular to prevent distortion of
recording

- ensure that scale provides adequate profiles at shallow depths

- portability (including the necessary power supply-battery/generator)

- accuracy

- precision

- durability

- splash proof case

Current Meter

If flows must be obtained manually a suitable current meter should be used.
Waste Assimilation Study Field Procedures For Lakes

Conditions Necessitating a Waste Assimilation Study

When sewage discharge is proposed to a lake, a waste assimilation study will be required
when any of the following conditions are expected or present:

a) The waste discharge exceeds 2.2 L/s);

b) The average lake outflow rate is less than 200 times the effluent design average
flow;
) The average lake outflow rate is less than 1000 times the effluent design average

flow and the lake’s theoretical retention time is greater than 10 years; or

d) The proposed discharge increases the total discharge to a lake to greater than 44
L/s.

In addition, a waste assimilation study will be required where local conditions indicate
that sewage effluent may drift into certain areas. These could include areas which might
reasonably be utilized for water contact recreation or where water is extracted for any

purpose.
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General Strategies
Defining the Problem and Objectives

Before any field work is carried out on a lake, the problem(s) should first be defined, and
the objective(s) of the study laid out.

Preliminary Office Planning

Maps and aerial photographs of the survey area should be obtained, as well as any
previous reports on the waterbody and municipal and/or industrial discharges. All
discharges to the waterbody should be pinpointed on the map. All existing data on water
quality monitoring, water takings and consumption, water uses and volumes, and
characteristics of waste discharges should be obtained.

An outline map should be prepared showing the lake outline, all inflowing and outflowing
waters, any rock outcrops and shoal locations, and any musky, bog and flooded areas.
Man-made features such as settlements, railroads, highways, bridges, docks, dams and
access points should also be shown. From this map the surface water area and perimeter
of the lake and islands should be measured and recorded. The lake's drainage area should
also be calculated and shown on the map.

Preliminary Field Studies

A shoreline cruise of the lake should be conducted. The shoreline cruise is intended to
collect and record specific information about the physical attributes of a waterbody. These
particular attributes are as follows: .

Fluctuation

Number of Resorts and available discharge data

Number of Cottages and available discharge data

Dams (type and location)

Slope Angle of Terrain

Inlets and Outlets

Shoreline Soil Types

Bottom Soil Types

Pollution

Vegetation

Qe an o

The collection of this information should be carried out prior to the field survey, so as to
familiarize the survey personnel with the lake.

a. Fluctuation

- Fluctuation refers to the change in water levels. However, in a number
of cases it will be difficult to detect water fluctuations if there is no
exposed rock, so it will be up to the discretion of the survey crew to
obtain the measurement. The vertical distance in metres between the
high water mark and the low water mark is the fluctuation. These marks
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are usually stains on the rock. The high water mark is indicated by the
growth of lichens which give rocks a dark stain and a light exposed
surface below. The low water level is recognized by a light area exposed
to weathering and a dark stain below indicating permanent submergence
by water. Of course, if there is a permanent monitoring station such as
a power dam on the lake, the appropriate authorities can be contacted
and the accurate measurements can be obtained.

Number of Resorts

The number of resorts is the total number of commercial establishments
on the lake.

Number of Cottages

The number of cottages is the total number of private residences (year
round living), cottages and cabins. A distinction should be noted
between the number of year round and seasonal residences.

Dams are any structures, natural or man made, that impede the flow of
water into or out of a lake. These can be beaver dams, log jams, hydro
dams, etc.

Slope Angle of Terrain

Slope angle of terrain is the inclination at which the backshore is
elevated from the water surface. The inclination is normally measured
on-site at regular intervals using a clinometer and is expressed in degrees.

To accurately measure the slope angle with a clinometer, the boat must
be at the shoreline. A reading is then taken from the front seat of the
boat.

Inlets and Outlets

Inlets and outlets are the streams and rivers flowing in and out of a lake.
These waters should be divided into two groups: perennial, being a
stream which has a continuous flow and non-perennial, being a stream
which has a discontinuous flow. The discharge from each inlet and
outlet should be calculated.

Since a quick approximation is needed to calculate flows into and out of
lakes, the following formula can be used.
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Discharge = WD LK

At
W = average width (m) K = velocity correction factor
D = average depth (m) = 0.8 (rough bottom)
L = length of station (m) = 0.9 (smooth bottom)

At = average time(s)

The section of stream selected should be as straight as possible, without
obstructions, of approximately the same width and the same type of bottom
throughout and far enough away from the lake that there is no effect of wind or
wave action. Ten metres of stream is a convenient length.

A floating object should be clocked to determine the time it takes to float the
length of the station. The float should be timed over the distance at least three
times then averaged.

Shoreline Soil Type

- Shoreline soil type is the material on the foreshore.
Bottom Soil Type ‘

- Bottom soil type is the material on the offshore.
Pollution

- Pollution should be checked for and noted. Any visible signs of
contamination and possible sources should be noted. Examples could
range from litter to algal blooms caused by sewage. All waste discharge
to the lake should be pinpointed on the map.

Vegetation

- Vegetation is important to inventory but only in a generalized manner.
Vegetation whether it be terrestrial or aquatic enhances the environment
by impeding the erosion of soils, providing food whether direct or
indirect, producing oxygen and increasing surface area for larger
populations of animals. The type and quality of vegetation is limited by
climate and soils. Soils derived from infertile hard rock have significantly
less abundant vegetation than do soils derived from glacial till and
sedimentary rocks.

Pre-Intensive Survey Planning

Parameters that should be measured during an assimilation study are:

total and soluble phosphorus
total and soluble nitrite

AL
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total and soluble nitrate

total and soluble ammonia

total and soluble organic nitrogen

pH

dissolved oxygen (DO)

temperature

algal biomass in the upper mixing zone
alkalinity

suspended and dissolved solids

BOD,

Bacteria

- Fecal coliforms

- Fecal streptococcus

chlorophyll a

[ ] pheophytin a

° Turbidity, colour and Secchi depth throughout all vertical Zones

The Field Survey

The field survey should be conducted over the period of one year. The actual duration of
the survey depends upon various factors such as:

a) manpower constraints
b) laboratory capabilities
) time constraints

Enough samples, at each station, must be collected to provide statistical validity. Samples
should be collected on a monthly basis during the months of September through April and
bi-weekly during May through August.

The bi-weekly samples must be scheduled to coincide with the period of elevated
biological activity. If possible, a set of samples should be collected immediately following
spring turnover of the lake. Samples should be collected between the hours of 1130 and
1400.

The preparation of a contour map is essential to develop the profile characteristics of the
lake basin and to calculate the volume of water. To prepare the contour map, the various
depths of the water basin should be measured by an echo sounder. Transects must be
straight runs from and to visible shoreline features which can be identified on the field
map, (i.e. projections, centre of indentations, landmarks, etc.) Transects must be kept as
short as possible and perpendicular to the shore. Transects must be run at a constant
outboard motor speed. Speeds may vary from line to line but never while running the
same transect. If variation occurs, return to the starting point and recommence the
sounding run. If the echo sounder has adjustable paper speed, it should not be changed
during a sounding run. Line number, direction of run and distance from shoreline(s) of
the sounding recording terminals must be indicated on the transect map and on the tape.
This eliminates any doubt in the interpretation of the sounding tape.
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Survey Procedures
Station Selection
The following criteria are recommended as guidelines in establishing chemistry stations:

1) One chemistry station must be conducted in the deepest basin of the waterbody.
If the echo sounding tapes indicates more than one basin of equal depth (within
+ 5 metres), then sample each basin at the deepest part.

2) If there is a basin in proximity to an inlet(s) and/or and outlet(s), a sample
station should be set up. However, do not sample where there is movement of
water since these data will reflect the inlet characteristics and not those of the

- lake. Also, if the discharge is less than 0.5m?s a station is not required.

3) If a basin is 75% of the maximum depth of the deepest basin of the waterbody,
a sample station should be set up.

4) If there are bays that are isolated from the main body of water, it is advisable to
set up a station.

5) As a rule of thumb, there should be at least one chemistry station for every 250
hectares of water surface area.

Sample Transportation

Samples for chemical and bacteriological analysis should be transported to the laboratories
within 24 hours following sampling. All samples should be refrigerated and shipped in
a cooler if possible. '

Sample Numbering

It is very important to clearly label samples to identify the exact time and place the sample
was taken.

Water Sampling Procedures
Water Transparency

Transparency describes the extent of light penetration into water. As light plays an
important part in many biological processes, this measurement must be performed
accurately. Transparency is always measured at the time of each and every chemistry test.
If the chemistry tests are done before noon the transparency tests are done on completion
of the chemistry tests. If in the afternoon, transparency is done first so as to get the
reading as close to high noon as possible, The actual times of Secchi depth readings
should be recorded.
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Transparency in lakes is measured with a weighted metal disc, twenty centimetres in
diameter with alternate white and black quadrants. This instrument is known as a Secchi

disc. A

line, graduated in metres and centimetres is attached to the disc.

To obtain a Secchi disc reading:

1)

2)

3)

4)

Lower the disc into the water on the shady side of the boat and note the depth
at which the disc disappears from view in descent.

Raise the disc and note the depth at which the disc reappears in ascent.

Calculate and record the arithmetic mean of these two readings. This is the
Secchi disc reading.

If the lake bottom is contacted during visual descent, x;ecord station depth for
Secchi depth and indicate that this depth is bottom.

Surface conditions will alter the Secchi disc readings. Therefore, it is important that these
conditions are recorded when the test is performed. The various categories are listed

below:

Rough

N.B.

- complete absence of wind
glass like appearance of water

lightly ruffled - not more than a
2 cam (1 in) rise in the undulations

- ruffled - not more than 5 cm rise
in the undulations

- waves more than 5 cm in height

Chemistry tests should not normally be done in rough conditions.

Water Temperature Series

A vertical temperature series in lakes should be recorded at all water chemistry stations.
The procedure should be as follows:

1

2)

Measure and record the air temperature by use of a dry bulb thermometer, in the
shade over the side of the boat and near the water surface. Don't let the
thermometer get wet.

Observe and record the water temperature at the surface and 1.5 meters below
the surface. Continue at 1.5 metre intervals, until the lake bottom is reached or
the water temperature reads 4°C.
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3) Water temperature recordings are waived in the 4°C temperature depths - BUT
temperatures will be taken and recorded one metre above the bottom and midway
between the bottom and upper 4°C temperature recording.

4) Stations less than 10 m deep should have the temperature recorded at one metre
intervals.

5) In addition, water temperatures must be taken and recorded at all depths where
water chemistry tests are made, e.g. mid-thermocline and the four mg/L dissolved
oxygen level.

Chemistry Measurement Series

A vertical chemistry measurement series shall be developed at each water chemistry
station. A Secchi disc reading and the accompanying data are recorded for each sample
site. )

Samples must be collected between 0.5 m below the surface and 0.5 m above the bottom.
They must also be collected at intervals of every 1.5 m or at six equal depth intervals,
whichever number of samples is less.

Total Dissolved Solids

The concentration of total dissolved solids is calculated by measuring specific conductance
within a lake. Conductivity is a numerical expression of the ability of an aqueous solution
to carry an electric current. This ability depends on the presence of ions, their total
concentration, mobility, valence, and on the temperature of measurement. Electrolytic
conductivity increases with temperature.

Equipment
Water Sampling

Two devices for collecting the water sample for chemistry measurements are
recommended. These are the Kemmerer Bottle and the Van Dorn Bottle.

The vertical type Kemmerer bottle is brass or plastic in construction and is available in
different sizes. The unit is secured by a graduated braided nylon line not exceeding
5.0 mm in diameter for lowering and/or suspension in water.

The mechanism to close the stoppers and isolate the water at desired depths is controlled
by the striking impact of a split or solid brass component called a messenger. It is
released by the operator once the bottle is located at the desired depth.

The Van Dorn bottle is a sampler made of non-metallic components. The body and drain
valves are constructed of P.C.V. plastic or clear acrylic. Closure of the bottle is by means
of a messenger similar to the Kemmerer Bottle. The Van Domn bottles are available in
many sizes and come in two types. One is a vertical sampler, the other is a horizontal

type.
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Conductivity Measuring Bridges

- There are a number of conductivity measuring bridges available with a variety of cell

types. It is important that the user becomes familiar with the unit before proceeding to
take measurements.

Depth Sounder

Some points to consider when using a depth sounder are:

chart speed (the faster the better)

printout - perpendicular printout rather than circular to prevent distortion of
recording

ensure that the scale provides adequate profiles at shallow depths

portability (including the necessary power supply)

accuracy ‘

Pprecision

durability

splash proof case

Thermometers

Hydrographic thermometers and maximum/minimum thermometers are used to determine
water temperatures. Hydrographic thermometer units consist of a sensitive direct current
meter and a calibrated bridge network that contains a temperature sensitive resistor called
a thermistor. All thermometers must be standardized.

Waste Assimilation Study Field Procedures for Coastal Waters
General Strategies
Defining the Problem and Objectives

Before any field work is carried out on any coastal water, the problem(s) should first be
defined, and the objective(s), of the study laid out.

Preliminary Office Planning

Maps and hydrographic charts of the proposed discharge area shall be obtained, as well
as any previous reports on the waterbody and any nearby municipal and/or industrial
discharges.

All existing data on water quality monitoring, water uses, current speed and direction,
receiving water density distribution, and volumes and characteristics of waste discharges
should be obtained.
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Pre-Design Surveys vs. Monitoring Surveys

Oceanographic surveys for waste-water disposal systems can be placed in one of two
general categories - predesign or monitoring. Each of the two types of surveys has a
different objective and possesses unique requirements that demand careful consideration.

Predesign surveys must provide not only the necessary information to determine the
proper alignment of the submarine outfall, the location and orientation of the wastewater
diffuser system, but also the final design criteria for the outfall and diffuser system which
will assure the protection and enhancement of the receiving environment. In addition,
accurate bathometric profiles, benthic soil characteristics for outfall placement and
foundation, and sediment erosion and deposition behaviour must be determined.

Monitoring surveys are of several types. Predischarge monitoring surveys are conducted
to establish the baseline or natural conditions of the receiving water, receiving sediments
and adjacent shoreline prior to discharge of waste waters. Post discharge monitoring
surveys are conducted for the purpose of determining the effects of the wastewater
discharge on the receiving environment or for the purpose of assessing the performance
of the disposal system for verification of design criteria and future design improvements.

Pre-Design Waste Assimilation Studies
General Objectives

Three major objectives must be satisfied in the conduct of a pre-design oceanographic
survey. Firstly, a pre-design survey must determine the dispersion or diluting .
characteristics of the receiving water. Secondly, a pre-design survey must provide
sufficient information on the ecosystem in the proposed discharge area to assure that
biologically significant or sensitive areas will not be adversely affected by the disposal
system, both during construction of the outfall and during the continuing discharge of the
wastewater. Thirdly, foundation conditions for outfall and diffuser placement must be
determined prior to preparation of engineering plans and specifications on the waste

disposal system.

To satisfy all three objectives a general area for placement of the disposal system must be
surveyed and potential alternative outfall sites chosen.

Because the rational determination of an outfall length necessary to meet particular
receiving environment requirements for a specified level of treatmnent will be dependent
upon the survey results, the predesign oceanographic survey should be designed to provide
the greatest practical flexibility in the selection of outfall alignments and lengths.

Parameters Requiring Measurement

Those parameters which are most critical to the design should be most thoroughly
measured in the conduct of the oceanographic survey, with less effort expended in
assessing perhaps more traditional parameters which have a much lesser effect on design
considerations.
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a) Deunsity of Receiving Water

Density measurements throughout the water column are required in order to estimate the
extent of initial dilution occurring over a diffuser. Water density may be determined by
calculation from temperature and salinity, conductivity or specific measurements.

b) Horizontal Ocean Currents

Horizontal current velocity may be measured by using propeller or cone-type meters
suspended at a specific depth. .

c) Horizontal Eddy Dispersion

Measurement and prediction of the magnitude of horizontal eddy dispersion requires
determination of horizontal ocean currents occurring in the horizontally moving waste-
water field and of the appropriate eddy diffusivity. Measurements of the diffusivity, or
diffusion coefficient, is very difficult and requires sophisticated and complex techniques.
The relative dilution effected by éddy dispersion of concern to most wastewater disposal
systems, however, is small, permitting a rather gross estimate of the diffusivity without
affecting the design substantially. The effect of wave climate on surface and alongshore
currents should also be evaluated. The effect of ice accumulation around outfall pipes
should also be analyzed. :

d) Decay/Disappearance Rates

Determination of disappearance rates for specific non-conservative constituents requires,
in most cases, special studies wherein a mass of the discharged wastewater containing the
constituent is monitored in the receiving environment over a period of time to determine
its decay as a function of time. The observed diminution must be corrected for physical
dilution that has occurred by eddy dispersion over the period of observation. A tracer
material, usually non-toxic fluorescent dye, should be employed in these studies to obtain
physical dilution.

e) Wind Velocity and Direction
) Receiving Water Quality Parameters

To assure placement of an outfall in an area which will provide the least deleterious
effects on the environment and to predict what effects the wastewater discharge will have
on the receiving environment, it is necessary to characterize the physical and chemical
conditions of the receiving environment and the indigenous flora and fauna in the
intertidal zones, in the benthic sediments and in the overlying waters.

Water quality characterization should include dissolved oxygen, PH, temperature, salinity,
transparency or turbidity, total and fecal coliforms, BOD, and in some cases, nitrogenous
and phosphorous forms. Benthic sediments should be characterized with respect to
particle size distribution, organic carbon and nitrogen, dissolved sulfide, heavy metals, and
chlorinated hydrocarbons.
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Microplankton, macroplankton and nekton populations in the receiving waters may be
sampled and their diversity determined. The benthos should be properly examined for
specific enumeration, and the extent of biological productivity and diversity should be
determined.

2 Benthic Soil

Prior to preparation of engineering plans and specifications the structural characteristics
of the benthic soils must be determined. For ease and economics of construction of the
outfall, the alignment should not encounter rock outcroppings, and other submerged
obstructions, abrupt vertical discontinuities or escarpments. Coring and soil analysis
should be performed to determine footing characteristics, and bathometric profiles should
be made over a period of time to determine if problems with shoaling and shifting
sediments are likely to occur.

Survey Procedure

Because oceanographic surveys for pollution control facilities are usually restricted by
economic and time constraints, it is extremely important to specify a survey program that
will provide the most useful and meaningful datd within the resources available.

a) Sampling Stations

Sampling station location should be selected to provide an adequate areal coverage of the
receiving environment and should be for the most part located at coordinates representing
potential diffuser locations and outfall alignments.

Sampling points for certain measurements within the water column should be selected to
provide the best representative sample, or samples, of the entire column or of the
characteristic under consideration.

b) Current Measurements

Synoptic current measurements throughout the receiving water mass over an extended
period of time will provide the best description of the current structure and circulation
pattern, but sufficient resources are generally not available for such extensive sampling.
A reasonable assessment of a current regime at any particular time can be obtained by
taking measurements of current speed and direction near the bottom and top of the water
column, and at mid-depth. If the number of current metering points is further limited
because of time or other constraints, single-depth current measurements will be most
useful at a depth representative of the currents responsible for horizontal movement away
from the diffuser following the initial dilution process. In those instances where a
pronounced pyenocline exists, the best single depth for measurement would be several
meters below the pyenocline. Where there is no such pyeriocline, single-depth
measurements at several meters below the surface would usually provide the most useful
information.

Coastal currents are affected by lunar tides, major oceanic currents, wind stress, and
tributary freshwater discharges, which are all variable in magnitude and effect with
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respect to time. To obtain a reasonable estimate of the current velocity distribution,
therefore, measurements should be taken over a sufficiently long period (preferably one
year) to account for the diurnal and seasonal changes.

o Water Quality Measurements

Water quality characteristics are less variable than current characteristics, but do vary
somewhat diurnally and greatly seasonally. Thus, only one or two measurements of water
quality characteristics are generally required during a single day several times during a
year.

Water quality characteristics can be measured either in situ with direct reading or
recording devices or from discrete collected samples. Existing equipment allows in situ
simultaneous measurement of DO, pH, transmittance, temperature and conductivity, and
easily provides the necessary vertical definition to establish density gradients and
pycnoclines. Other measurements, such as nutrient concentrations, must be made from
discrete samples collected with an appropriate water sampling device,

d Biological Parameters

Of the biological parameters, the benthic flora and fauna are the least affected by diurnal
and seasonal factors, and thus can be characterized adequately by sampling only several
times during a year. Benthic samples can be collected either remotely from a vessel or
directly by divers. Remote sampling is performed either with a dredge, which allows for
recovery of a disturbed sample, or a coring tool, which provides a relatively undisturbed
specimen. Generally, dredges are used for biological characterization of the sediments and
corers are employed for physical and chemical assay of the benthic materials.

Several samples are usually taken per time in order to provide an indication of localized
sample variation.

A more systematic and specific approach, but also more biased, to benthos
characterization is provided by divers who can observe and report on general biological
conditions and obtain samples and specimens for later analysis that are highly controlled
with respect to size and location.

Because the dism'butions of the most motile and the floating forms, e.g. microplankton,
macroplankton and nekton, are highly time and space dependent, a large number of

samples for these organisms must be collected to obtain a statistically significant
characterization.

Plankton sampling is usually accomplished by vertical or horizontal tows with
appropriately sized netting. Discrete samples collected with conventional water samplers
can also be used for plankton enumeration and identification, but this procedure allows
for much greater sampling error due to the generally large spatial variations encountered
in plankton populations and distributions.

Equipment
Current Meters

Current meters can be classed either as moored or non-moored, and can be direct reading
or recording. Moored recording meters provide an almost continuous record of current
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velocity, but are restricted because each individual meter is fixed in both the vertical and
horizontal plane. Meters operated from a vessel, on the other hand, provide
measurements from a variety of depths and locations, but present only an instantaneous
sampling of the current regime. -

Waste Assimilation Study Field Procedures for Estuaries

General Strategies
Defining Problem and Objectives
An estuary is defined as the tidal mouth of a large river.

Before any field work is carried out on an estuary, the problem(s) should first be defined,
and the objectives of the study laid oiit.

Preliminary Office Planning

Maps and aerial photographs of the survey area should be obtained, as well as any
previous reports on the waterbody and municipal and/or industrial discharges. All
discharges to the waterbody should be pinpointed on the map. All existing data on water
quality monitoring, water takings and consumption, water uses, flows, and volumes and
characteristics of waste discharges should be obtained.

Preliminary Field Studies

If manpower and time permit, the entire reach of the estuary to be studied should be
inspected. Waste discharges, dispersion patterns of effluents, physical characteristics of
the estuary, water uses, algal growths, the presence of benthic deposits or organic sludges
and any other pertinent characteristics should be noted.

Boundary Conditions

Boundary condition data are external to the model domain and are driving forces for
model simulations. For example, atmospheric temperature, solar radiation and wind
speeds are not modelled but are specified to the model as boundary conditions and drive
modelled processes such as mixing, heat transfer, algal growth, reaeration, photolysis,
volatilization, etc. Nonpoint and point source loadings as well as inflow water volumes
are model boundary input. The boundaries at the upstream end of the estuary and the
open boundary at the ocean provide major driving forces for change. Models do not
make predictions for the boundary conditions but are affected by them.

Pre-Intensive Survey Planning

In setting limits on wastewater quantity and quality, the following factors affecting
estuarine water quality should be assessed: salinity, sediment, bacteria and viruses
dissolved oxygen depletion, nutrient enrichment and over-production, aquatic toxicity,
toxic pollutants and bicaccumulation and human exposure.
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Salini

Salinity is important in determining available habitat for estuarine organisms.
Large wastewater discharges into relatively small estuaries or embayments can
alter the local salinity regime through dilution. Even when the salinity is not
affected by the discharge, it is measured and modelled in order to quantify
advection and dispersion. These processes help determine how wastewater is
assimilated into the estuary.

Sediment

Sediment enters estuaries from many sources, and can alter the habitat of benthic
organisms. Sediment is also an important carrier of such pollutants as
hydrophobic organic chemicals, metals, and nutrients. Sediment transport can
move pollutants upstream, or between the water column and the underlying bed.
Even when wastewater does not introduce excess sediment into an estuary, it is
often measured and modelled in order to quantify the transport of sediment-
bound pollutants,

Bacteria and Viruses

Bacteria and viruses may enter estuaries in runoff from farms and feedlots and in
effluent from marinas as well as from municipal or industrial wastewater
discharges. These pathogens may be transported to bathing beaches and
recreational areas, causing direct human exposure and possibly disease.
Pathogens also may be transported to shellfish habitat; there they may
accumulate in oysters, clams, and mussels and, subsequently, cause disease when
eaten by humans. "

Dissolved Oxygen Depletion

Adequate, sustained DO concentrations are a requirement for most aquatic
organisms. Seasonal or diurnal depletion of DO, then, disrupts or displaces
estuarine communities. Ambient DO levels are affected by many natural
processes, such as oxidation of organic material, nitrification, diagenesis of
benthic sediments, photosynthesis and respiration by phytoplankton and
submerged aquatic vegetation, and reaeration. The natural balance can be
disrupted by excessive wastewater loads of organic material, ammonia, and
nutrients. Other sources of nutrients, such as runoff from agricultural, residential,
and urban lands and atmospheric deposition, can also disrupt the DO balance.
Excessive heat input from power plants can aggravate existing problems. Because
of its intrinsic importance, and because it is affected by so many natural and man-
influenced processes, DO is perhaps the best conventional indicator of water
quality problems.

Nutrient Enrichment and Overproduction

Adequate concentrations of nitrogen and phosphorus are important in
maintaining the natural productivity of estuaries. Excessive nutrient loading,
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however, can stimulate overproduction of some species of phytoplankton,
disrupting the natural communities. Periodic phytoplankton "blooms" can cause
widely fluctuating DO concentrations, and DO depletion in benthic and
downstream areas. Nutrient loads can be introduced in wastewater and runoff
and through atmospheric deposition.

Aquatic Toxicity

High concentrations of ammonia, many organic chemicals, and metals can disable
or kill aquatic organisms. Acute toxicity is caused by high exposure to pollutants
for short periods of time (less than four days). The toxicity of a chemical can be
affected by such environmental factors as pH, temperature, and sediment
concentrations. Overall toxicity results from the combined exposure to all
chemicals in the effluent and the ambient waters.

Bioaccumulation and Exposure to Humans

Lower concentrations of organic chemicals and metals that do not cause aquatic
toxicity can be taken up and concentrated in the tissues of estuarine organisms.
As fish predators consume contaminated prey, bioaccumulation of these chemicals
can occur. This food chain contamination can persist long after the original
chemical source is eliminated. Humans that regularly consume tainted fish and
shellfish can receive harmful doses of the chemical.

Human exposure to harmful levels of organic chemicals and metals can also occur
through drinking water withdrawals from fresh water tidal rivers.

The Field Survey

Two general types of surveys may be utilized in estuary modelling. These are described
as: those used to identify short-term variations in water quality and those used to
estimate trends or mean values.

a.

Intensive Surveys

Intensive surveys are intended to identify intra-tidal variations or variations that
may occur due to a particular event in order to make short-term forecasts.
Intensive surveys should encompass at least two full tidal cycles of approximately
25 hours duration. Intensive surveys should usually be conducted regardless of
the type of modelling study being conducted.

Wherever possible, all stations and depths should be sampled synoptically. For
estuaries that are stationary wave systems (high water slack occurs nearly
simultaneously everywhere), this goal may be difficult to achieve due to the
logistics and manpower required. Synoptic sampling schemes are constrained by
distance between stations, resources in terms of manpower and equipment, and
other factors which may limit their applicability. Where it is not possible to
sample synoptically, careful attention should be given to the time of collection.
For some estuaries, where movement of the tidal wave is progressive up the
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channel, sampling the estuary at the same stage of the tide may be possible by
moving upstream with the tide to obtain a synoptic picture of the water quality
variations at a fixed tide stage, that is a lagrangian type of sampling scheme.
Sampling should not be conducted during unusual climatic conditions in order
to ensure that the data is representative of normal low flow, tidal cycle and
ambient conditions. ]

Boundary conditions must be measured concurrently with meonitoring of the
estuary. In addition, a record of waste loads during the week prior to the survey
may be critical. It is necessary to identify all of the waste discharging facilities

prior to the survey so that all waste discharged can be characterized. Estimates
of non-point loads are also required. -

Where project resources limit the number of samples, an alternative may be to
temporally integrate the samples during collection or prior to analysis. This will,
however, not provide information on the variability associated with those
measurements.

Trend Monitoring

Trend monitoring is conducted to establish seasonal and long-term trends in
water quality. Intensive data is not sufficient to calibrate and validate a model
which will be used to make long-term projections, due to differences in the time
scales of processes affecting those projections. Trend sampling may take place on
a bi-weekly or monthly basis. Stations should be sampled at a consistent phase
of the tide and time of day to minimize tidal and diurnal influences on water
quality variations. Diurnal variations must still be considered, however, tidal
affects may be less important in wind dominated estuarine systems. Care should
be exercised to sample during representative conditions and not during unusual
climatic events in order to allow comparison between sampling times. Some
stations may be selected for more detailed evaluation. Intensive surveys, spaced
over the period of monitoring, should also be considered where the trend
monitoring will be used to track changes in parameters between intensive surveys.

Boundary data should generally be measured at a greater frequency than
estuarine stations used for monitoring trends. Boundary conditions are critical
in that they will drive the model used for waste load allocation. The rate at
which the boundary conditions are expected to change will indicate the time scale
required for boundary sampling. Tiered or stratified sampling programs may be
required which include different sampling strategies, such as between low and
high flow periods. The more intensive boundary data will provide an estimate of
the mean driving forces for the model as well as their associated variability.
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Survey Procedures
Spatial Coverage

An intensive spatial coverage of the estuary for some indicator or surrogate water quality
parameter, such as: salinity or turbidity, is generally needed in order to estimate spatial
variability, as well as determine the model type and segmentation required.

Generally, the spatial grid for an estuarine model should extend from above the fall line,
or zone of tidal influence, to the open boundary of the estuary. The last gauging station
is often a good upper boundary since they are typically placed outside of the region of
tidal influence. In some cases the ocean boundary will extend beyond the estuary into the
ocean to insure a representative boundary condition or to allow use of tidal gauge
information collected at some point away from the estuary.

Where simple waste load allocation studies are planned on a portion of an estuary, and
it is unrealistic to model the entire estuary, then the spatial grid may be delimited by
some natural change in depth or width, such as a restriction in the channel or regions
where the velocity and water quality gradients are small. The spatial grid must
encompass the discharges of interest in all cases.

Sampling stations should generally be located along the length of the estuary within the
region of the model grid, with stations in the main channel margins and subtidal flats for
the intensive surveys. Lateral and longitudinal data should be collected, including all
major embayments. The spatial coverage required is governed by the gradients in
velocities and water quality constituents. Where no gradients exist, then a single sample
is sufficient. Some caution should be exercised in the selection of the indicator parameter
for this decision. For example, strong vertical dissolved oxygen gradients may occur in
the absence of velocity, thermal or salinity gradients. Two areas where cross-channel
transects are generally required are the upper and lower boundaries of the system.

The spatial coverage should consider the type of model network to be used. For model
networks with few, large segments, several stations (e.g. 3-6) should be located in each
model segment in order to estimate spatial variability. For detailed models with many
segments, it may not be possible to determine the parameters for each segment. For
initial conditions and model evaluation, sufficient samples should be collected to estimate
missing data by interpolation.

Where resources are limited, one possible monitoring strategy is to spatially integrate
samples, such as over depth or width depending on the modelling approach used. Careful
consideration will need to be given to the integration scheme for this type of monitoring.
For example, a flow weighted integration would require some prior knowledge of the
fraction of the total flows associated with all sampling stations.

Estuary Bathometry
Data are always required to determine model morphometry. Morphometry affects the

characterization of the estuary and the type of modelling approach required. Estuarine
depth controls propagation of the tidal wave. Shallow channels and sills increase vertical
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mixing while deep channels are more likely to be stratified with greater upstream
intrusion. Deep fjords with shallow sills usually have little circulation and flushing in
bottom waters. The length of the estuary determines the type of tidal wave, phase
between current velocities and tidal heights. The width effects velocities (narrow
constrictions increase vertical mixing and narrow inlets restrict tidal action). Wind-
induced circulation is transient and interacts with channel geometry to produce various
circulation patterns and affects vertical mixing and sediment transport. Bathometric data
are available from the Canadian Hydrographic Service.

For certain estuaries, the affects of tidal marshes can dramatically effect estuarine
circulation and water quality. These are generally some of the more difficult systems to
model. An initial decision may be whether to measure flows and quality and provide
information to the model as boundary conditions or to attempt to model them. Where
modelling is required then the corresponding bathometry data must be collected.

Transport

Either description or prediction or transport is essential to all waste load allocation
studies. All mechanistic waste load allocation models are based on mass balance
principles, and both concentrations and flows are required to compute mass rates of
change. For example, a loading to the system is expressed in umits of mass/time, not
concentration. Essential physical data required for prediction of description of transport
are listed as follows:

Morphomeiry Data: Channel Geometry, "roughness” or bottom type.

Hydrodynamic Data: Water surface elevations
Velocity and direction
Incoming flow
Point and distributed flows

Meteorological Data: Solar radiation
Air temperature
Precipitation
Wind speed and direction
Wave height, period and direction
Relative humidity
Cloud cover

Water Quality Data: Salinity
Water temperatures
Suspended sediments
Dye studies

The type of data used to quantify transport depends upon the model application and the
characteristics of the system.

For complex estuaries, time virying flows, depths, and cross sections will make estimation
of flows and dispersion from field dgta difficult. Then the flows have to be measured,
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estimated from dye studies, estimated by trial and error methods, or obtained from
hydrodynamics studies. However these parameters are determined they must adequately
reflect the flushing characteristics of the system. Data requirements for flow measurement
and hydrodynamic modelling are discussed below.

Flow Measurement

Flow measurements can be used directly in waste load allocation models or be used to aid
in the calibration and validation of hydrodynamic models. Tidal current is determined by
placing a network of current meters at selected stations and depths throughout the estuary
and measuring velocities over time. A tidal velocity curve can then be constructed. The
data measured at different points can be integrated over space (i.e. laterally or vertically)
and/or time depending on the needs of the water quality model. Data from the flow
measurements should be evaluated when incorporated into models to insure that
continuity is maintained and that constituents are properly transported.

Freshwater inflow measurements may be available for major tributaries from Federal or
Provincial agencies. The frequency at which data are required must be assessed in the
context of how rapidly flows are changing. Generally, hourly and often daily data are
sufficient. Flows must be estimated for ungauged tributaries and where the influence of -
ungauged tributaries is appreciable, a flow monitoring program initiated. Groundwater
inflows or flows from direct runoff may be estimated from flow gauges available in the
fluvial portion of most large drainage basins. Inflows from point source discharge
including municipal and industrial sources and combined sewer overflows are essential
input to any model.

Dye Studies

Dye and time of travel studies are often one of the better sources of data for estimating
dispersion coefficients, computing transport or for calibration and confirmation data for
hydrodynamic models. Dye studies can be conducted with injections toward the mouth
of the estuary or in areas where there is the greatest uncertainty in mode! predictions.
For example, dye studies can be used to estimate mixing in the freshwater portion of a
tidal river where no salinity gradients occur.

The type of dye study conducted varies with the study objectives. Studies may involve
continuous or slug releases of the tracer dye. Continuous discharges are particularly
useful in estimating steady-state dilution levels while slug studies are often useful for
estimating dispersion coefficients or for calibrating and testing hydrodynamic models.

Continuous tracer studies generally release dye over one or more tidal cycles or discharge
periods, which is then monitored within the estuary at selected locations over a series of
tidal cycles. Monitoring of continuous dye releases may be continuous or concentrate on
initial dilution and successive slack tides to obtain wastewater dilution levels for initial
dilution, high and low slack tides or tidally averaged conditions.

Some caution should be exercised in that dyes injected at a point will have different travel
times from those mixed over the modeled dimensions. For example, for a one-dimensional
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(longitudinal) model it may be preferable to distribute the dye as a vertically mixed band
across the estuary.

A variety of dye types may have been used. The most common dye presently in use is
Rhodamine WT. Generally boat mounted continuous flow fluorometers can be best used
to locate and track a dye cloud or to obtain dye concentrations at discrete stations. Some
consideration should be given to the toxicity of the dye as well as to its degradation by
chlorine in studies of treatment facilities or its absorption onto particulates and
macrophytes. Rhodamine WT is also slightly more dense than water and may require
adjustment to obtain neutral buoyancy. The background florescence should be determined
to aid in determining quantities of dye to be released and subtracted from field

" measurements. Care should also be exercised to schedule dye studies to avoid non-

representative meteorological conditions.

Water Quality .
The water quality data required, beyond that needed to quantify transport will vary
depending on how the variables will be used and their anticipated impacts on the waste
load allocation analysis. In addition, the water quality data required will vary depending
on the anticipated response time of the system to changes in the value of the variable.
For example, processes that vary over long time scales, in relation to the period of
modelling, are often assumed to have a constant effect over the period of simulation.
Sediment oxygen demand and sediment release rates are often treated in this way.

Data requirements will vary if the waste load allocation is intended for dissolved oxygen,
eutrophication or toxics. Variables critical for an analysis of toxicity, such as pH for
ammonia and metals, may not be required if the parameter of interest is DO. If the waste
load is not expected to impact particular variables, such as pH, then it may be sufficient
to use available data to determine their effects. If however, data are not available for
conditions of interest, or if the variable is expected to change, either directly or indirectly,
in response to the loading, then modelling may be required as well as collection of
additional supporting data.

Without limiting the number of possible water quality parameters, some of the more
commonly measured variables include;

Salinity or Conductivity
Temperature
Suspended Solids
Dissolved Oxygen
BOD,

Total Phosphorus

Total Kjeldahl Nitrogen
Nitrate-Nitrogen
Nitrite-Nitrogen

pH

Toxicity

Coliform Bacteria
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Some variables, such as dissolved oxygen (DO) are suggested for all studies. DO can
provide general information about the estuaries capacity to assimilate polluting materials
and support aquatic life. The specific type of data for a particular application will vary
depending on the level of effort required for the study. Concentrations for all pertinent
water quality variables should be provided at the model boundaries, as well as at stations
within the model system. -

Measurements of processes impacting water quality may be required in addition to
concentration measurements. For example, strongly sorbed contaminants are strongly
affected by sediment interactions, including re-suspension, settling, and sedimentation.
Some independent measurement of these processes may be required to reduce model
uncertainty.

Station Selection

All stations for data collection should be well deseribed and documented in order to insure
that they are re-established during subsequent sampling periods. Stations can be
established using an easily determined distance from some permanent structure or
landmark. However, care should be exercised to insure that the stations are not located
near some structure which would make them unrepresentative. Stations can be relocated
using electronic positioning equipment such as range instruments, radar or Loran if they
are sufficiently accurate to allow relocation within an acceptable distance. Methods
should be established for maintaining positions at stations during sampling. Records of
arrival and departure times for each site as well as surface observations should be made
during each sampling period.

Waste Load Allocation Modelling

General

Because of the wide array of variable elements that must be considered in assessing a
receiving water’s assimilative capacity, computerized mathematical models are generally
employed to make the necessary calculations. In the simplest situations, manual
calculations can be performed. In most cases, however, the use of computerized
mathematical models will be much more convenient.

Model Selection
General

The initial step of any waste load allocation study is to define the nature and the extent
of the problem. Once this is done, the preferred approach in model selection is to use the
simplest model that can be applied to a particular case. Ideally, the model should include
only those phenomena that are operative and important in the receiving water being
modeled. The most appropriate procedure for selecting a model is, therefore, to first
define the phenomena that are important for the particular site-specific analysis to be
performed. Activities that help to define phenomena that should be incorporated include
the following:
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a) review of existing data on waste loads, and receiving water quality;

b) preliminary mass balance calculations using simple models or equations that
provide analytical solutions for various load sources (combined sewer overflows,
nonpoint sources, sediment) and reaction phenomena.

It is also desirable to attempt to anticipate the technical issues with respect to control
actions (level of treatment, alternate discharge locations, etc.) and determine whether this
will influence the types of reactions that will be important. From the foregoing, the
analyst will generally be able to establish the phenomena that should be included in the
selected model and the time and space scale of the analysis which is most appropriate.

Under ideal circumstances, one would select a formal model or analysis approach that
included all the phenomena determined to be important in the study area, and which
excluded those reactions that are insignificant in the case in question. While this
guidance should be followed as much as possible, in practice a calculation framework or
model may be selected because it is available or familiar to the analyst.

In such cases, two criteria are important to apply. First, the model selected must be
capable of handling all of the important site-specific phenomena considering the time and
space scale of the analysis and using the equations and formulations specified. Secondly,
provision should be made, where possible, to eliminate from the calculation framework
the effect of any phenomena that are insignificant in the site-specific analysis. In some
cases, inclusion of phenomena judged to be unimportant on a site-specific basis can
increase the level of uncertainty of the analysis and thus directly affect decisions. In these
situations, additional data collection, sensitivity runs, and other aspects of the overall
waste load allocation program must be considered, in order that phenomena contained
in the calculations are adequately addressed.

Additional evaluation criteria for model selection include completeness of computer
program documentation, costs for manpower, and computer time.

Model Selection Guidelines

Guidelines for selection of a model fall under two categories: technical and operational.
The technical guidelines ultimately are concerned with matching the model capabilities
to the important physical and biochemical processes of the prototypical system. The
operational guidelines are concerned with the ease and cost associated with model
operation.

The following is the sequence of model selection guidelines, with a brief discussion of the
considerations involved.
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Technical Guideline #1

Determine Important Features of the Prototypical System
That are Required in the Analysis

Site-specific data should be collected and reviewed to understand the system and establish
the important factors associated with the identified problem. Valuable information can
also be obtained from other experienced professionals, especially those who have
modelling experience or site-specific field experience, and from personal site visits.

Technical Guideline #2
Review Available Models and Model Capabilities

There are a wide number of models available capable of performing waste load
allocations. It is important to be aware of those capabilities that involve a substantial
increase in complexity.

Technical Guideline #3

Match Important Features of the Prototypical System
With Model Capabilities

An important step in model selection is comparing the important features of the
prototypical system with the model capabilities and selecting, as technically acceptable,
those models whose capabilities match the features of the system. A rule of thumb is to
select the simplest model(s) that retains all important features in the prototypical system.
Choosing a more complex model is not cost effective since data requirements and
computer cost tend to increase rapidly. An overly complex program will not usually result
in an improved simulation and may increase uncertainty in the analysis.

Technical Guideline #4
Confirm Selection of Technically Acceptable Models
To confirm that the models are indeed technically appropriate, the potential user should
consult the user’s manual and other support documents, contact and discuss the potential

application with members of the support agency, and consult with other expenenced
professionals.
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Operational Guideline #1
Selection of Candidate Models Based on Ease of Application

Once a technically acceptable model has been selected, it is necessary to estimate the ease
of applying it. However, it is very difficult to evaluate the adequacy of documentation and
support and realistically estimate costs without prior experience with the model.
Therefore, it is recommended that the support agency be consulted. It may be possible
that special support arrangements (including short courses or informational or personnel
exchanges) are available under existing agreements or otherwise could be made available
to the potential user. The support agency may also be able to provide the potential user
with a list of local users who could be contacted for information regarding their past or
current experience with the computer program associated with the model.

Operational Guideline #2

Selection of Candidate Models Based on Cost of Application
and Problem Significance

It is difficult to estimate overall costs involved in a model application because each
application differs in scope and complexity, and the ability to solve or avoid certain
problems is very dependent on the experience and technical background of the analysts
involved. However, machine requirements and costs associated with typical runs are
usually estimated in the program documentation. As a rule, the simpler the model, the less
expensive it is to apply. Again, it is essential that the support agency and other
experienced professionals be contacted for information or assistance.

Once an estimate of the costs of application has been made, it should be compared with
the benefits of using the program as part of the water quality modelling effort and the
overall importance of the problem. In other words, the WLA study costs should be
consistent with the economic, social, or environmental values associated with the problem
and its solution.

Operational Guideline #3

Selection of Candidate Models Based on Data Availability
and Data Acquisition Costs

All models require data for input, calibration, and verification. It is best if model selection
is not restricted by availability of data and the decision is made to acquire the specific

* type of data required for the model. On the other hand, if data availability is a constraint,

selection of a less sophisticated model than would be warranted on technical grounds may
be appropriate.

SUMMARY:
The first step in model selection is to determine which programs are technically

acceptable, based on an understanding of the important physical and biochemical
processes in the prototypical system. The second step is to determine the ease and costs
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of application of those which are technically acceptable. The result of the second step is
a list of candidate models which may or may not be ranked according to convenience and
cost. The final selection of the preferred model from the list of candidates is based on the
overall judgment of the potential user taking into account all of the factors discussed.

Modelling Procedures

Figure 2.2 outlines the typical development of a site specific water quality model.
Initial Assessment

The first three steps in Figure 2.2 contribute t6 the initial assessment activity. The
historical data are reviewed and employed in conjunction with initial model runs, which
compare calculated and observed water quality to:

confirm existing or future water quality problems.

define the loads, sources, and sinks that control water quality.

define the important reactions that control water quality.
define issues in the area of transport that must be resolved.

The initial assessment is the first step of the process aimed at understanding the factors
controlling water quality. The initial assessment activity is a first full step in
understanding quantitatively the factors controlling water quality. It is not a preliminary
analysis; instead, the initial understanding is translated into a field and experimental
program whose data output begins to challenge and strengthen the understanding of the
system. :

Field Program

This task translates the results of the initial assessment into a practical field program that
can be carried out on the receiving water and in the laboratory using the resources and
manpower required and/or available.

Model Calibration
Following the selection of an appropriate model and the collection of the relevant field

data, it is necessary to calibrate the model. Model calibration is necessary because of the
semi-empirical nature of present day water quality models.
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In model calibration activities, the data from the field program are employed to define
model criteria, constants and equations. Water quality calculations using the model are
developed for the various conditions associated with each of the water quality data sets.
These conditions include those associated with the historical data and the data collected
in the field program. Adjustments in the value of model parameters must be made in a
consistent fashion for all conditions. The results of these activities are a set of consistent
model parameters, which are then employed to develop water quality calculations for the
conditions associated with all available data sets. Comparisons of calculated and observed
water quality profiles should be developed. The model runs and calculations employed
to search for and define the series of consistent coefficients should be retained since they
can provide an indication of system sensitivity.

Model Verification

At this stage in the modelling process, a calibrated model has been developed. The next
step involves a test of the adequacy of the model in terms of decisions required in the
waste load allocation study. Without validation testing, the calibrated model remains a
description of the conditions defined by the calibration 'data set. The uncertainty of any
projection or extrapolation of a calibrated model would be unknown unless this is
estimated during the validation procedure.

Model verification efforts should contain activities similar to those discussed under model
calibration. In general, model parameters should not be altered in the verification
analysis. If changes in these model inputs are required, the changes should be entered
for all data sets including historical, calibration, and verification data.

Comparison between observed and calculated water quality for all data sets should be
developed. Sensitivity analyses should be conducted on model parameters so as to
determine which parameters have the greatest impact on model predictions.

The next step in the process is to define a site-specific water quality model that consists
of: '

. A single set of model parameters that were developed and used in the calibration
and verification analysis. These parameters should be uniform in space and time
varying only as defined below.

° A set of rules for variation of model parameters in terms of measured information,

such as temperature, flow, loads, geometry, etc. The rules for variations of
parameters should be those used in the calibration and verification activities.

® A range of values for model parameters that cannot be adequately defined by a
single value. The range of parameters, determined from sensitivity analysis,
should be used in all projections.

] The quantitative and qualitative measures of model adequacy, including graphs,
statistics and appropriate discussions.
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2.3.83.5 Allocating Waste Loads

- The purpose of the waste load allocation analysis is to define the quantity of waste that
may be discharged into a receiving water while meeting the water quality objectives.

The initial requirement is to quantitatively define the critical conditions that will control
waste load allocations. There may be one or more critical conditions that should be
considered.

Once the critical conditions are established, the calibrated model can be used to predict
the water quality response due to various loads. With the model in place, the regulatory
agencies shall determine the receiving water use, and thus the required receiving water
quality (as outlined in the CCREM guidelines). By varying the loads from the calibrated
model, it is then possible to determine requlred effluent quality and the assoc1ated level
of treatment required. This procedure is illustrated in Figure 2.3.

FIGURE 2.3
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Chapter 3

MONITORING AND ENFORCEMENT

3.1

3.1.1

3.12

3.13

3.14

PLANT CLASSIFICATION

General

It is necessary to classify facilities according to their "degree of difficulty to operate®. All
municipal wastewater facilities within Atlantic Canada be classified by the appropriate
regulatory agency. A facility Classification Certificate may then be issued for each facility.

The regulatory agency, upon application of a predesignated form, should classify all
wastewater collection systems and treatment plants. The Classification shall take due
regard to size, type and character of the wastewater to be treated, and other physical
conditions affected by such treatment plants and distribution systems and according to the
skill, knowledge, and experience required of an operator.

Classification System

Facilities shall be classified in one of four classes designated as Class I, II, 11I, or IV
according to complexity of operation (with Class IV being the highest). Classification of
treatment plants shall be based on a point system in accordance with Table 3.1 and 3.2.
Classification of collection and distribution systems shall be based upon population served.

Classification Changes

Classification of any facility may be changed at the discretion of the regulatory agencies
by reason of changes in any condition or circumstance upon which the original
classification was predated. Due notice of any such change shall be given to the owner
of the facility.

Classification Certificate

On satisfactory fulfilment of the requirements provided herein and based on the approval
of the appropriate regulatory agency, a suitable certificate to the applicant designating the
plant or system classification shall be issued.

Certificates of classification shall be permanent unless revoked for cause or replaced by
one of a higher class.
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TABLE 3.1 - FACILITY CLASSIFICATION SYSTEM

Wastewater Pop Served 1500 or 1501 - 15,001 - 50,000 &
Collection less 15,000 50,000 greater
(WWC*)
Wastewater Range of Points 30oriess | 31-55 56-75 76 & greater
Treatment
(Wwi)

* Simple *in-line* treatment (such as booster pumping or preventive chlorination or odour control) is

considered an integral part of a collection system.

TABLE 3.2 - POINT SYSTEM CLASSIFICATION OF WASTEWATER TREATMENT PLANTS (WWT)

Size

Maximum population equivalent (PE) served, peak day 1 pt. per 10,000 PE or part (Max 10).
Design flow (avg. day) or peak month's flow (avg. day), 1 pt. per MGD or part (Max 10}.
whichever Is larger

Effiuent Discharge

Recelving stream (sensitivity) 26 *
Land disposal-evaporation 2
Subsurface disposal 4
Variation in Raw Wastes (slight to extreme) . 0-6 **
Pretreatment

Screening, comminution 3
Grit removal 3
Plant pumping of main flow 3
Primary Treatment

Primary clarifiers ]
Combined sedimentation digestion 5
Chemical addition (except chior., enz.) 4
Secondary Treatment

Trickling filter w/sec. clarifiers 10
Activated sludge w/sec. clarifiers 15
(including ext. aeration and oxidation ditches)

Stabilization ponds without aeration 5
Aerated lagoon 8
Advanced Water Treatment

Polishing pond . 2
Chemical/physical - without secondary 15
Chemical/physical - following secondary 10
Biological or chemical/biological 12
lon exchange 10
Reverse osmosis, electrodialysis 15
Chemical recovery, carbon regeneration 4
Oxygen generation on-site 5
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Solids Handling
Thickening 5
Anaerobic digestion 10
Aerobic digestion 6
Evaporative sludge drying 2
Mechanical dewatering 8
Solids reduction(1) Incineration

(2} Wet oxidation 12

12

Disinfection
Chiorination or comparable 5
On-site generation or disinfection 5
Laboratory Control by Plant Personnel
Bacteriological (complexity) 3-10 ***
Chemical/physical (complexity) 1-10 *o*x

*  These items are based on judgement and should be given the higher number of points for
greater complexity. (See Point System Guidelines (WWT)).

POINT SYSTEM GUIDELINES (WWT)

*  Effluent Dlscharge

Receiving stream sens

The key concept is the degree of dilution provided under low flow conditions. Suggested

point values are:

“Effluent limited segment in EPA terminology
secondary treatment Is adequate

More than secondary treatment Is required

*Water quality limited segment® in EPA terminology:
stream conditions are very critical (dry run, for
example) and a very high degree of treatment is
required

** Variation in Raw Wastes (slight to extreme)

The key concept is frequency and/or intensity of deviation of excessive variation from normal or
typical fluctuations; such deviation can be in terms of strength, toxicity, shock loads, | and |,

ofe. Suggested point values are:

Variations do not exceed those normally or typically
expected

Recurring deviations or excessive variations of
approximately 100% in strength and/or flow
Recurring deviations or excessive variations of
approximately 200% in strength and/or flow

#** Laboratory Control by Plant Personnel
Bacteriological/biological (complexity).

The key concept is to credit bacti/bio lab work done on-site by plant personnel. Suggested

point values are;

Lab work done outside the plant

Membrane filter procedures

Use of fermentation tubes or any dilution method
Biological identification

V'irusit studies or similarly complex work conducted
on-site

~Nowo
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**+*  Chemical/Physical (complexity)

The key concept is to credit chemical/physical lab work done on-site by plant personnel.
Suggested point values are:

Lab work done outside the plant (1]
Push-button or visual methods for simple tests such

as pH, settleable solids - up to 3
Additional procedures such as DO, BOD, titration,

solids, volatile content - up to 5
More advanced determinations such as COD, gas

analysis, specific constituents - up to 7
Highly sophisticated instrumentation such as atomic
absorption and gas chromatography 10

3.2

321

3.2.2

OPERATOR CERTIFICATION
General

Owners of municipal wastewater facilities may be required to have one or more operators
certified at the same level as the facility classification or higher. This requirement will be
mandatory in Nova Scotia as of January 1, 1997, for Class I facilities; as of January 1,
1998, for Class Il facilities; as of January 1,1999, for Class III facilities; and as of January
1, 2000, for Class IV facilities. In New Brunswick, Newfoundland, and Prince Edward
Island, certification requirements are being administered under a voluntary certification
program. If and when operator certification becomes mandatory in these provinces, levels
achieved under the voluntary program will still be valid.

Operator Pre-Requisites

The minimum prerequisites for operator certification at the various levels are shown in
Table 3.3. The specific requirements for education/experience for each of the levels of
certification are further defined in the sections following.

TABLE 3.3 - OPERATOR CERTIFICATION PRE-REQUISITES

v Educﬂaeﬁon 16 166
Experience 4
DRC 2)

WWT - Wastoewater Treatment
WWC - Wastewater Collection
DRC - Direct Responsible Charge
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323

324

(@) Three (3) months operating experience or completion of an approved basic
training course. It is recognized that the position operator-in-training (OIT) is not
a legally required position. It is included here to illustrate a method of
encouraging new entrants in the field to enter into the certification program.

Experience Requirements

"Operating experience” is defined as time spent at a plant or system in satisfactory
performance of operation duties.

“Direct responsible charge” (DRC) is defined as follows:
@ In smaller facilities where shift operation is not required, DRC experience is:

1) Active, daily, on-site charge, and performance of operation duties in the
same or next lower certification class.

® In large facilities where shift operation is required, DRC experience is defined as
both:

1) Active, daily, on-site technical direction, and supervision of operation
duties in the same or next lower certification class; and/or

2) Active, daily, on-site charge of an operating shift, or a major segment of
a system or facility in the same or next lower certification class.

DRC Requirements
"Class I or II" - For Class I or Class II certification, DRC experience is not required.

"Class Il - For Class Il certification, one-half of the operating experience requirement
must be DRC experience gained:

(a) in Class II, if in a top supervisory position, and as specified in the definition of
DRC experience, or

or

)] in Class II or higher, in on-site charge, and as specified in the definition of DRC
experience.

"Class IV” - For Class IV certification, one-half of the operating experience requirements
must be DRC experience gained:

(a) in Class III, if in a top supervisory position, and as specified in the definition of .
DRC experience, or
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326

327

3.2.8

) in Class III or higher, in on-site charge, and as specified in the definition of DRC
experience.

"Collection and Distribution” - DRC experience is not required for wastewater collection.
Substitutions

“Class I" - No substitution for experience requirement for Class I is permitted.

"Class II, III or IV" - Substitutions may be made for required experience in Classes II, III
and IV, but with the limitation that 50 percent of any stated experience requirement (both
operating and DRC) must be met by actual on-site operating experience in a plant or

system.

Formal Education Substituted for Experience

- "School” - High school education cannot be credited for substitutional value toward any

experience requirement, high school education is in itself a basic requirement for
certification at any level.

"Post-High School” - Approved relevant formal academic education at the post-high school
or college level may be substituted for experience requirement (either operating or DRC)
on a year-for-year basis, subject to the 50 percent limitation previously described.

*Note" - Education applied in substitution for an experience requirement cannot also be
applied to the education requirement.

Experience Substituted for Formal Education
Substitutions may be made for required formal education, subject to the following criteria:

"Grades 1-12" - 1 year of operating experience (operating or DRC) may be substituted for
2 years of grade’school, without limitation.

"Class III" - A maximum of 1 year of DRC experience in a Class II (or higher) position may
be substituted for 1 year of post-secondary formal education requirement for Class II
certification.
"Class IV" - A maximum of 1 year of DRC experience in a Class Il (or higher) position may
be substituted for 1 year of post-secondary formal education requirement for Class IB
certification.

"Note 1" - Experience applied in substitution for an education requirement cannot also be
applied to the experience requirement.

Examinations

Once qualified under the education and experience requirements, an operator must pass
an exam approved by the regulatory agencies in order to be certified.
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3.3

33.1

3.32

MONITORING REQUIREMENTS

A monitoring program, including regular sampling of sewage treatment systems effluent
and recording of flows, shall be undertaken by the systems operating authority/owner.
This monitoring program should be carried out in compliance with sampling and analysis
requirements set by the appropriate regulatory agency.

A typical sampling frequency for compliance is presented in the following table:

I 6/year
II ! 2/month
I 2/month
v 1/week

Samples should be 24-hour composite samples, except for those collected at lagoons,
which may be grab samples. Samples shall be analyzed for BOD,, suspended solids and
fecal coliforms. Additional parameters requiring sampling shall be listed in the "Approval
to Operate” or " Certificate of Approval®, '

Owner/Operator Rsponsibﬂrty

The owner/operator of any wastewater treatment or collection facility shall be responsible
for conducting all compliance sampling. The owner/operator shall ensure that all
compliance sampling is conducted in accordance with Policy Section 3.4 and in the
stipulations of the "Approval to Operate” or "Certificate of Approval".

Regulators Agencies’ Responsibility

The regulatory agency shall be responsible for enforcing ‘compliance requirements, as
described in Policy Section 3.4, on any wastewater treatment or collection facility.

34

COMPLIANCE REQUIREMENTS

A sewage treatment plant shall be considered in compliance with the effluent limitations
if 80 percent of the sample test results, the frequency and number of which are specified
by the regulatory authority, meet the required standard for that plant. No single result
can be greater than two times the required standard for the plant.

3.5

REPORTING REQUIREMENTS

The operator/authority/owner shall ensure that all monitoring results are submitted to
the appropriate regulatory agency.
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Chapter 4

APPROVAL REQUIREMENTS AND PROCEDURES

4.1

APPLICATION FOR APPROVAL

The regulatory authorities require that application for approval shall be made in writing
by a person responsible for the construction, modification, or operation of sewage works.
The application shall be submitted to the appropriate regulatory agency.

An application for the construction or modification of sewage works shall include
engineering reports, plans and specifications and all other information which the
regulatory agencies may require.

Approval in principle of preliminary reports and plans (concept approval) shall not
constitute official approval. No approval for construction or modification can be issued
until final detailed plans and specifications have been submitted to the regulatory agency
and found to be satisfactory. Such works shall not be undertaken until an official
"Certificate of Approval® bearing the necessary signatures has been issued by the Minister
of the appropriate regulatéry agency.

All final reports, plans and specifications should be submitted at least 90 days prior to the
start of the construction or modification. The reports, plans or specifications shall be
stamped with the seal and signature of the designing engineer, licensed to practice in the
Province of application.

The application shall include sufficient design information and two complete sets of plans
and specifications submitted directly to the appropriate regulatory agency.

Engineering services are performed in four (4) steps:
a) preliminary evaluation;
b) pre-design report;

) preparation of construction plans, specifications, contractual documents and
design report; and .

d) construction .compliance, inspection, administration and acceptance, and
submission of a post-construction report.

These services are generally performed by engineering firms in private practice but may
be executed by municipal or provineial agencies.

The overall approvals process is outlined in Figure 4.1,
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FIGURE 4.1
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4.2

4.2.1

422

PRE-DESIGN EVALUATION

A pre-design evaluation shall broadly:

a) describe existing problems;

b) assess a receiving waters’ assimilative capacity;

©) consider methods for alternate solutions including site and/or route selection;
d) estimate capital and annual operating costs; and

e) outline steps for further project implementation including applications for grants-
in-aid and approval by regulatory agencies.

Flow Gauging and Wastewater Characterization Studies

Prior to the preparation of a pre-design report on an existing sewerage system, a
comprehensive flow gauging and wastewater characterization study should be conducted.
This will aid in gaining a better understanding of important design criteria such as flow
rates and variations and wastewater composition.

Infiltration/Inflow Investigations

Prior to the preparation of a pre-design report on a existing sewerage system, a
comprehensive infiltration/inflow investigation should be conducted. This will give the
designers a better indication of extraneous flow contributions, as well as aid in design
solutions, (i.e. the potential for reducing flows at an existing plant).

43

PRE-DESIGN REPORT

Pre-design reports are necessary in order to obtain a "Concept Approval® from the
appropriate regulatory agency. The pre-design report assembles basic information;
presents design criteria and assumptions; examines alternate projects with preliminary
layouts and cost estimates; describes financing methods giving anticipated charges for
users; reviews organizational and staffing requirements; offers a conclusion with a
proposed project for client consideration; and outlines official actions and procedures to
implement the project.

The concept, factual data and controlling assumptions and considerations for the
functional planning of sewage facilities are presented for each process unit and for the
whole system. These data form the continuing technical basis for detail design and
preparation of construction plans and specifications.

Architectural, structural, mechanical and electrical designs are usually excluded. Sketches
may be desirable to aid in presentation of a project. Outline specifications of process
units, special equipment, etc., are occasionally included.
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43.1

432

433

Purpose

A pre-design report for a proposed project is used:

a)

b)

<)

d)

by the municipality for a description, cost estimates, financing requirements, user
commitments, findings, conclusions and recommendations, as a guide to adopta
well-defined project;

by the regulatory agency for examination of process operation, control, safety and
performance directed to maintenance of water quality when facilities are
discharging processed sewage;

by investment groups and government funding agencies to evaluate the "quality”
of the proposed project with reference to authorization and financing; and

by news media for telling a story.

Relation to a Comprehensive Study

The pre-design report for a specific project should be an "outgrowth" of and consistent

with an

area wide and drainage basin comprehensive study or master plan.

Contents

The pre-design report, to be acceptable for review and approval, must:

a)
b)

9

d
e)

h)
D

develop predicted population;

establish a specific service area for immediate consideration and indicate possible
extensions;

present reliable measurements of flow and analyses of wastewater constituents as
a basis of process design;

estimate costs of immediately proposed facilities;

present a reasonable method of financing and show typical financial
commitments;

suggest an organization and administrative procedure;

consider operational requirements with regard to protection of receiving water
quality;

reflect local bylaws and Federal/Provincial regulations;

present summarized findings, conclusions and recommendations for the owner's
guidance;
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4.34

4.3.5

4.3.5.1

4352

4.3.5.3

|X‘ h”
iy
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) include a siting plan. This plan must indicate locations of residences, private and
public water supplies, recreational areas, watercourses, zoning, floodplains and
other areas of concern when siting sewage collection and treatment facilities;

k) identify existing problems;

)] identify existing and potential receiving water uses; and

m) identify possible treatment plant locations.

Concept and Guidance for Plans and Specifications

The pre-design report should be complete so that plans and specifications may be

developed from it without substantial alteration of concept and basis considerations. In

short, basic thinking, fundamentals and decisions are spelled out in the pre-design report
and carried out in the detailed design plans and specifications.

Format for Content and Presentation

It is urged that the following subsections be utilized as a guideline for content and

presentation of the project pre-design report to the Nova Scotia Department of the

Environment for review and approval.

Title

The Wastewater Facilities Pre-Design Report - collection, conveyance, processing and
discharge of wastewater.

Letter of Transmittal
A one page letter typed on the firm’s letterhead and bound into the report should include:

a) submission of the report to the client;
b) statement of feasibility of the recommended project;
c) acknowledgement to those giving assistance; and

4 reference to the project as outgrowth of approved or "master” plan.
Title Page |

a) Title of project;

b) municipality, county, etc.;

c) names of officials, managers, superintendents;

d) name and address of firm preparing the report; and

e) seal and signature of professional engineer(s) in charge of the project.
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4.3.5.5

4.3.5.5.1

Table of Contents

a) Section headings, chapter headings and sub-headings;

b) maps;

) graphs;

d) illustrations, exhibits;

e) diagra:cqs; and

) appendices.

Summary

Highlight, very briefly, what was found from the study.

Findings

a) population-present, design (when), ultimate;

b) land use and zoning - portion per residential, commercial, industrial, greenbelt,
etc.;

c) wastewater characteristics and concentrations - portions of total hydraulic,
organic and solid loading attributed to residential commercial and industrial
fractions;

d) collection system projects - immediate needs to implement recommended project,
deferred needs to complete recommended project and pump stations, force mains,
appurtenances, etc.

e) selecte& process - characteristics of process and characteristics of output.

f) receiving waters - existing water quality and quantity, downstream water uses and
impact of project on receiving water;

g proposed project - total project cost, total annual expense requirement for: debt
service; operation, personnel and operation, non-personnel;

h) environmental assessment of selected process;

i) energy requirements - quantities, costs and forms;

b)) finances - indicate financing requirements and typical annual charges;
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4.3.5.5.2

4.3.5.5.3

4.3.5.6

4.3.5.6.1

4.3.5.6.2

k) organization - administrative control Necessary to implement project, carry
through to completion and operate and maintain wastewater facility and system;
and

D changes - alert client to situations that could alter recommended project.

Conclusions

Project, or projects, recommended to client for immediate construction, suggested
financing program, etc.

Recommendations

Summarized, step-by-step actions, for the client to follow in order to implement
conclusions:

a) ' acceptance of report;

b) adoption of recommended project;

c) submission of report to regulatory agencies for review and approval;

d) authorization of engineering services for approved project (construction plans,
specifications, contract documents, etc.); '

e) legal services

f) enabling ordinances, resolutions, etc., required;

2 adoption of sewer-use ordinance;

h) adoption of operating rules and regulations;
i) financing program requirements;
b)) organization and administration (structure, personnel, employment, ete.);

k) time schedules - implementation, construction, completion dates, reflecting
applicable hearings, stipulations, abatement orders.

Introduction

Purpose

Reasons for report and circumstances leading up to report.
Scope

Coordination of recommended project with approved comprehensive master plan and
guideline for developing the report.




APPROVAL REQUIREMENTS AND PROCEDURES Page P4 -8

4.3.5.7

4.3.5.7.1

4.3.5.7.2

4.3.5.7.3

Background

Present only appropriate past history.

General

a) existing area, expansion, annexation, inter-municipal service, ultimate area;

b) drainage basin, portion covered;

c) population growth, trends, increase during design life of facility (graph);

d) residential, commercial and industrial land use, zoning, population densities,
industrial types and concentrations;

e) topography, general geology and effect on project; -

f meteorology, precipitation, runoff, flooding, etc. and effect on project; and

g) total period of time for which project is to be studied.

Economic

a) Assessed valuation, tax structure, tax rates, portions for residential, commercial,
industrial property.

b) employment from within and outside service area;

c) transportation systems, effect on commuter influx;

d exempt property; churches and agricultural exhibition, properties and effect on
project; and

e) costs of present water and wastewater services.

Regulations

a) Existing ordinances, rules and regulations including defects and deficiencies, etc.;

b) recommended amendments, revisions or cancellation and replacement;

c) sewer-use ordinance (toxic, aggressive, volatile, etc., substances);

d) surcharge based on volumes and concentration for industrial wastewaters;

e) existing contracts and agreements (inte;-municipal, etc.); and

f enforcement provisions including inspection, sampling detection, penalties, etc.
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4.3.5.8

4.3.5.9

4.3.5.9.1

Hydraulic Capacity

The following flows for the design year shall be identified and used as a basis for design
for sewers, lift stations, wastewater treatment plants, treatment units, and other
wastewater handling facilities. Where any of the terms defined in this Section are used
in these design standards, the definition contained in this Section applies.

a. Design Average Flow

The design average flow is the average of the daily volumes to be received for the
continuous 12 month period expressed as a volume per unit time. However, the design
average flow for facilities having critical seasonal high hydraulic loading periods (e.g.,
recreational areas, campuses, industrial facilities) shall be based on the daily average flow
during the seasonal period.

b. Design Maximum Day Flow

The design maximum day flow is the largest volume of flow to be received during a
continuous 24 hour period expressed as a volume per unit time.

c. Design Peak Hourly Flow

The design peak hourly flow is the largest volume of flow to be received during a one
hour period expressed as a volume per unit time.

d. Design Peak Instantaneous Flow

The design peak instantaneous flow is the instantaneous maximum flow rate to be
received.

e. Design Minimum Day Flow
The design minimum day flow is the smallest volume of flow to be received during a 24
hour period during dry weather when infiltration/inflow are at a minimum, expressed as

a volume per unit time.

Investigative Considerations - Existing Facilities Evaluation

Existing Collection System
a) Inventory of existing sewers;
b) isolation from water supply wells;

c) adequacy to meet project needs (structural condition, hydraulic capacity
tabulation);

d) gauging and infiltration tests (tabulate);

e) overflows and required maintenance, repairs and improvements;
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4.3.5.9.2

4.3.5.9.3

4.3.5.9.4

f outline repair, replacement and storm water separation requirements;

g) evaluation of costs for treating infiltration/inflow versus costs for rehabilitation
of system,

h) establish renovation priorities, if selected;

i) present recommended annual program to renovate sewers; and

b)) | indicate required annual expenditure.

Existing Treatment Plant

a) Area for expansion;

b) surface condition;

c) subsurface conditions;

d) isolation from habitation;

e) isolation from water supply structures;

H enclosure of units, winter conditions, odour control, landscaping, etc.; and

g flooding (predict elevation of 25 and 100 year flood stage).
Existing Process Facilities

a) Capacities and adequacy of units (tabulate);

b) relationship and/or applic;'tbility to proposed project;

c) age and condition;

d) adaptability to different usages;

e) structures to be retained, modified or demolished; and

f outfall.

Existing Wastewater Characteristics

a) Water consumption tfrom records) total, unit, industrial;
b) wastewater flow pattern, peaks, total design flow;

c) physical, chemical and biological characteristics and concentrations; and
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4.3.5.10

4.3.5.10.1

4.3.5.10.2

4.3.5.10.3

4.3.5.10.4

d) residential, commercial, industrial, infiltration fractions, considering organic
solids, t?xic aggressive, etc., substances; tabulate each fraction separately and
summarize.

Proposed Project

Collection System

a) Inventory of proposed additions;

b) isolation from water supply well, reservoirs, facilities, etc.;

.€) area of services;

d) unusual construction problems;

e) utility inten'uptiorl and traffic interference;

f restoration of pavements, lawns, etc.; and

g basement flooding prevention during power outage.

Site Requirements

Comparative advantages and disadvantages as to cost, hydraulic requirements, flood
control, accessibility, enclosure of units, odour control, landscaping, etc., and isolation
with respect to potential nuisances and protection of water supply facilities.

Wastewater Characteristics

a) Character of wastewater necessary to insure amenability to process selected;

b) need to pretreat industrial wastewater before discharge to sewers;

) portion of residential, commercial, industrial wastewater fractions to comprise
projected growth.

Receiving Water Considerations and Assimilative Capacity

a) Wastewater discharges upstream;

b) receiving water base flow (utilize critical flow as specified by approving agency);

c) chc;lracterisu’cs (concentrations) of receiving waters;

d) downstream water uses including water supply, recreation, agricultural, industrial,
etc.;

e) impact of proposed discharge on receiving waters;
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4.3.5.11

4.3.5.11.1

4.3.5.12

) tabulate assimilative capacity requirements;

2) listing of effluent characteristics; and

h) tabulation and correlation of plant performance versus receiving water
requirements. -

Alternatives

Alternatives should consider such items as regional solution, optimum operation of
existing facilities, flow and waste reduction, location of facilities,phased construction,
necessary flexibility and reliability, sludge disposal, alternative treatment sites, alternative
processes and institutional arrangements.

Alternate Process and Site

a) Describe and delineate (line diagrams);

b) preliminary design for cost estimates;
<) estimates of project cost (total) dated, keyed to construction cost index, escalated,
etc.;

d) advantages and disadvantages of each;

e) individual differences, requirements, limitations;

f characteristics of process output;

2 comparison of process performances;

h) operation and maintenance expenses;

i) annual expense requirements (tabulation of annual operation, maintenance,

personnel, debt obligation for each alternate), and
D environmental assessment of each.
Selected Process and Site
a) Identify and justify process and site selected;
b) adaptability to future needs;
c) environmental assessment;
d) outfall location; and

e) describe immediate and deferred construction.
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4.3.5.13

4.3.5.14

@

4.3.5.15

4.3.5.15.1

4.3.5.15.2

Project Financing

a) Review applicable financing methods;

b) Effect of Provincial and Federal funding;

c) assessment by front meter, area unit or other benefit;

d) charges by connection, occupancy, readiness-to-serve, water consumption,
industrial wastewater discharge, etc.;

e) existing debt service requirements;

f annual financing and bond retirement schedule;

g tabulate annual operating expenses;

h) show anticipated typical annual charge to user and non-user; and

) shz;w how rei:resentative properties and users are to be affected.

Legal and Other Considerations

a) Needed enabling legislation, ordinances, rules and regulations;

b) contractual considerations for inter-municipal cooperation;

c) public information and education; and

d) statutory requirements and limitations.

Appmdics:TedmimIIly'nnnaﬁanmdDesignOita'ia

Collection System

a) Design tabulations - flow, size, velocities, etc.;

b) regulator or overflow design;

c) pump station calculations, including energy requirements;
d) special appurtenances;

e) stream crossings; and

f) system map (report size).

Process Facilities

a) Criteria selection and basis;

b)

hydraulic and organic loadings - minimum, average, maximum and effect;
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4.3.5.15.3

4.3.5.154

4.3.5.15.5

4.3.5.15.6

- K)

c) unit dimensions;
d) rates and velocities;
e) detentions;
f concentrations;
recycle;
h) chemical additive control;
) physical control;
N removals, effluent concentrations, etc. Include a separate tabulation for each unit
to handle solid and liquid fractions;
energy requirement; and
D flexibility.
Process Diagrams
a) Process configuration, interconnecting piping, processing, flexibility, etc.;
b) hydraulic profile;
c) organic loading profile;
d) solids control system;
e) selids profile; and
f) flow diagram with capacities, etc.

Space for Personnel, Laboratories and Records

Chemical Control

a) Processes needing chemical addition;

b) chemicals and feed equipment; and

c) tabulation of amounts and unit and total costs. °

Support Data

a) Outline unusual specifications, construction materials and construction methods;
b) maps, photographs, diagrams (report size);

3]

other.
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4.4

44.1

442

442.1

4.4.2.1.1

44.2.1.2

4.4.2.1.3

4.4.2.14

DETAILED DESIGN DOCUMENTATION
General
Upon obtaining a "Concept Approval," the owner or his/her representative must prepare

and submit detailed design documentation. This includes a Design Report, plans,
specifications and contractual documents, and an application for a "certificate of approval”.

Dsig}n Report

The Design Report shall contain detailed design calculations for each unit or process of
the wastewater treatment or collection facility. The design report shall also address
operational and maintenance issues for that particular facility.

Format for Content and Presentation

It is urged that the following subsection be utilized as a guideline for content and
presentation of the project Design Report to the appropriate regulatory agency for review
and approval.

Title

The Wastewater Facilities Design Report - collection, conveyance, processing and
discharge of wastewater.

Letter of Transmittal
A one page letter typed on the firm’s letterhead and bound into the report should include:
a) submission of the report to the client; .

b) acknowledgement to those giving assistance; and

c) reference to the project as outgrowth of approved or "master” plan.
Title Page

a) Title of project;

b) municipality, county, etc.;

c) names of officials, managers, superintendents;

d) name and address of firm preparing the report; and

e) seal and signature of professional engineer(s) in charge of the project.
Table of Contents

a) Section headings, chapter headings and sub-headings

'b) maps,
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44.2.15

. 4.4.2.1.6

44.2.1.7

Q graphs;
d) illustrations, exhibits;
e) diagrams; and
f appendices.
Collection System
a) Detailed design tabulations - flow, size, velocities, etc;
b) regulator or overflow design calculations;
) detailed pump station calculations, including energy requirements;
d) special appurtenaxices;
e) stream crossings; and
f system map (report size).
Process Facilities
a) Hydraulic and organic loadings - minimum, average, maximum and effect;
b) detailed calculations used to determine:
- unit dimensions;
- rates and velocities;
- detentions;
- concentrations;
- recycle;
- removals, effluent concentrations, etc. Include a separate tabulation for each
unit to handle solid and liquid fractions;
- energy requirement;
- flexibility; and
c) chemical requirements and control.
Process Diagrams
a) Process configuration, interconnecting piping, processing, flexibility, etc;
b) hydraglic profile;
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4.4.2.1.8

4.4.2.1.9

4.4.2.1.10
4.4.2.1.11
4.4.2.1.12

44.2.1.13

<) organic loading profile;
d) solids control system;
e) solids profile; and

f) flow diagram with capacities, etc.

Laboratory

a) Physical and chemical tests and frequency to control process;

b) time for testing;

c) space and equipment requirements; and

d) personnel requirements - number, type, qualifications, salaries, benefits (tabulate).

Operation and Maintenance

a) Routine and special maintenance duties;

b) time requirements;

3] tools, eqﬁipnient, vehicles, safety, etc.;

d) personnel requirements - number, type, qualifications, salaries, benefits,

(tabulate); and
e) maintenance work space and storage.
Office Space for Administrative Personnel and Records
Personnel Service - Locker Room and Lunch Room
Chemical Control
a) Process needing chemical addition;

b) chemicals and feed equipment; and

c) tabulation of amounts and unit and total costs.
Collection System Control

a) Cleaning and maintenance;

b) reguiator and overflow inspection and repair;

c) flow gauging;

d) industrial sampling and surveillance;
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4.4.2.1.14

4.4.2.1.15

4.4.2.1.16
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4.4.3.1

e) - regulation enforcement;

f) equipment requirements;

2 trouble-call investigation; and

h) personnel requirements - number, type, qualifications, salaries, benefits (tabulate).

Control Summary
a) Personnel;
b) equipment;

c) chemicals;

d) utilities - list power requirements of major units; and

e) summation.

Support Data

a) Outline unusual specifications, construction materials and construction methods;

b) maps, photographs, diagrams (report size); and
c) other.
Appendices

Related data not necessary to an immediate understanding of the design report should be
placed in the appendices.

Plans
General

All plans for sewage work shall bear a suitable title showing the name of the municipality,
sewer district, or institution; and shall show the scale in appropriate units, the north
point, date and the name of the engineer, his signature on an imprint of his registration
seal.

The plans shall be clear and legible. They shall be drawn to scale which will permit all
necessary information to be plainly shown. The size of the plans should be 570 x 817 mm
(size Al (21 x 33 in (size D)). Datum used should be indicated. Locations and logs of
test borings, when made, shall be shown on the plans.

Detail plans shall consist of plan views, elevations, sections and supplementary views
which, together with the specifications and general layouts, provide the working
information for the contract and construction of the works. Include dimensions and
geodetic elevations of structures, the location and outline form of equipment, location and
size of piping, water levels and ground elevations.
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4.4.3.2

4.4.3.2.1

4.4.3.2.2

Plans of Sewers

General Plans

A comprehensive plan of the existing and proposed sewers shall be submitted for projects
involving new sewer systems or substantial additions to existing systems. This plan shall
show the following:

] Geographical Features

a) topography and elevations - existing or proposed streets and all streams or water
surfaces shall be clearly shown. Contour lines at suitable intervals should be
included;

b) streams -the direction of flow in all streams and high and low water elevations

of all water surfaces at sewer outlets and overflows shall be shown.

) boundaries - the b‘oundary lines of the municipality, the sewer district or area to
be sewered shall be shown.

i) Sewers

The plan shall show the location, size and direction of flow of all existing and proposed
sanitary and combined sewers draining to the treatment works concerned.

Detail Plans

Detail plans shall be submitted. Profiles should have a horizontal scale of not more than
1:500 (1 in = 40 ft.) and a vertical scale of not more than 1:50 (1in = 4 ft.). Plans and
profiles shall show:

a) location of streets and sewers;

b) line of ground surface, size, material and type of pipe, length between manholes,
invert and surface elevation at each manhole and grade of sewer between each
two adjacent manholes. All manholes shall be numbered on the plan and
correspondingly numbered on the profile.

Where there is any question of the sewer being sufficiently deep to serve any
residence, the elevation and location of the basement floor shall be plotted on the
profile of the sewer which is to serve the house in question. The engineer shall
state that all sewers are sufficiently deep to serve adjacent basements except
where otherwise noted on the plans.

c) locations of all special features such as inverted siphons, concrete encasement,
elevated sewers, etc.;

d) all known existing structures both above and below ground which might interfere
with the proposed construction, particularly water mains, gas mains, storm drains,
etc.;
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44.3.3

4.4.3.3.1

4.4.3.3.2

4.4.34

4.4.3.4.1

e) special detail drawings, made to a scale to clearly show the nature of the design,
shall be furnished to show the following particulars:

)] all stream crossings and sewer outlets, with elevations of the
stream bed and of normal and extreme high and low water
levels;

(i) details of all special sewer joints and cross-sections; and

(iii) details of all sewer appurtenances such as manholes, lamp holes,
inspection chambers, inverted siphons, regulators, tide gates and
elevated sewers.

Plans of Sewage Pumping Stations
Location Plan

A plan shall be submitted for projects involving construction or revision of pumping
stations. This plan shall show the following:

a) the location and extent of the tributary area;

b) any municipal boundaries with the tributary area; and

c) the location of the pumping station and force main and pertinent elevations.
Detail Plans

Detail plans shall be submitted showing the following, where applicable:

a) topography of the site;

b) existing pumping station;
c) proposed pumping station, including provisions for installation of future pumps;
d) elevation of high water at the site and maximum elevation of sewage in the

collection system upon occasion of power failure;

e) maximum hydraulic gradient in downstream gravity sewers when all installed
pumps are in operation; and

f test borings and groundwater elevations.
Plans of Sewage Treatment Plant
Location Plans

A plan shall be submitted, showing the sewage treatment plant in relation to the
remainder of the system.
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4.4.3.4.2

4.4.3.4.3

444

Sufficient topographic features shall be included to indicate its location with relation to
streams and the point of discharge of treated effluent.

General Layout

Layouts of the proposed sewage treatment plant shall be submitted, showing:
a) - topography of the site;

b) size and location of plant structures;

o) schematic flow diagram showing the flow through various plant units;

d) piping, including any arrangements for by-passing individual units. Materials
handled and direction of flow through pipes shall be shown;

e) hydraulic profiles, showing the flow of sewage, supernatant, mixed liquor and
sludge; and

b)) test borings and ground water elevations.

Detail Plans

a) Location, dimensions and elevations of all existing and proposed plant facilities;

b) elevations of high and low water level of the body of water to which the plant
effluent is to be discharged;

c) type, size, pertinent features and manufacturers rated capacity of all pumps,
blowers, motors and other mechanical devices;

d) minimum, average and maximum hydraulic flow in profile; and

€e) adequate description of any features not otherwise covered by specifications or
engineer’s report. :

Specifications '

Complete technical specifications for the construction of sewers, sewage purnping stations,
sewage treatment plants and all appurtenances, shall accompany the plans.

The specifications accompanying construction drawings shall include, but not be limited
to, all construction information not shown on the drawings which is necessary to inform
the builder in detail of the design requirements as to the quality of materials and
workmanship and fabrication of the project and the type, size, strength, operating
characteristics and rating of equipment; allowable infiltration; the complete requirements
for all mechanical and electrical equipment, including machinery, valves, piping and
jointing of pipe; electrical apparatus, wiring and meters; laboratory fixtures and
equipment; operating tools; construction materials; special filter materials such as stone,
sand, gravel or slag; miscellaneous appurtenances, chemicals when used; instructions for
testing materials and equipment as necessary to meet design standards; and operating
tests for the completed works and component units. It is suggested that these
performance tests be conducted at design load conditions wherever practical.
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4.5

REVISIONS TO APPROVED PLANS

Any deviations from approved plans or specifications affecting capacity, flow or operation
of units shall be approved in writing before such changes are made. Plans or
specifications so revised should, therefore, be submitted well in advance of any
construction work which will be affected by such changes, to permit sufficient time for
review and approval. Structural revisions or other minor changes not affecting capacities,
flows, or operation will be permitted during construction without approval. "As-built*
plans clearly showing such alterations shall be submitted to the reviewing agency at the
completion of the work.

4.6

CERTIFICATE OF APPROVAL

A "Certificate of Approval® shall be issued by the appropriate regulatory agency to the
owner/operator only upon final approval of the Design report, plans, specifications and
contract documents. The permit shall provide the owner/operator with the authority to
proceed with the construction of that particular project. The "Certificate of Approval” does
not provide the owner/operator with the authority to operate the newly constructed
system or plant.

4.7

OPERATION DURING CONSTRUCTION

Specifications shall contain a program for keeping existing treatment plant units in
operation during construction of plant additions. Should it be necessary to take plant
units out of operation, a shut-down schedule which will minimize pollution effects on the
receiving stream, shall be reviewed and approved in advance by the appropriate reviewing
agency and shall be adhered to.

4.8
4.8.1

4.82

OPERATING REQUIREMENTS
General

Any newly constructed sewerage system or treatment plant shall be put into operation
only if it meets each of the following criteria:

a) in the case of Nova Scotia and New Brunswick a *Construction Report”, and in the
case of Prince Edward Island and Newfoundland a "Certificate of Compliance"” has
been submitted by the engineer to the regulatory agency and has subsequently
been reviewed and approved; and

b) in the case of Nova Scotia and New Brunswick an "Approval to Operate” has been
issued by the regulatory agency to the owner/operator of the system or plant. In
the case of Prince Edward Island and Newfoundland the "Certificate of Approval®
issued before construction will address operating issues.

Post-Construction Report / Certificate of Compliance

The "Post-Construction Report / Certificate of Compliance” shall contain all information
regarding major changes from the approved plans or specification made during
construction. These major changes include any deviations which affect capacity, flow or
operation of units. The "Post-Construction Report / Certificate of Compliance" shall also
include all commission or start-up of equipment tests and any other tests results produced
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during construction. The "Post-Construction Report / Certificate of Compliance" must also
guarantee that all as-built drawings, operation and maintenance manuals, and any other
relevant documentation have been turned over to the owner/operator by the engineer.

Approval To Operate

In the provinces of Nova Scotia and New Brunswick, after the completion of construction
and submission of the construction report, the owner/operator or his authorized agent
shall apply to the appropriate regulatory agency for an "Approval to Operate".

The purpose of the permit is to clearly outline the operating and reporting requirements
for the wastewater treatment facility. The permit shall outline the plant’s effluent
limitations. The owner or his authorized agent should consult with the regulatory agency
to develop the terms and conditions of the licence, followed by the submission of an
application for the licence itself. The application should include a letter with enclosed
completed application forms and a copy of the operations manual for the facility.

The terms and conditions of any "Permit to Operate® shall only remain in effect for a
period of five (5) years. Following this period, the owner/operator shall apply for a
renewal of the permit.

In Newfoundland and Prince Edward Island operating issues will be covered in the
"Certificate of Approval” issued prior to contruction.
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Chapter 1

DESIGN OF SEWERS

11 TYPE OF SEWERAGE SYSTEM
In general and except for special reasons, the Minister will approve plans for new systems
or extensions only when designed upon a separate sewer basis, in which rain water from
roofs, streets and other areas and groundwater from foundation drains are excluded.
Overflows from intercepting sewers should not be ‘permitted at points where they will
adversely affect a watercourse or the use of water therefrom. Otherwise provision shall
be made for treating the overflow.

12 DESIGN CAPACITY CONSIDERATIONS
In general, sewer systems should be designed for the estimated ultimate tributary
population; except in considering parts of the systems that can be readily increased in
capacity. Similarly, consideration should be given to the maximum anticipated capacity
of institutions, industrial parks, etc.
In determining the required capacities of sanitary sewers the following factors should be
considered:
a. maximum hourly domestic sewage flow;
b. additional maximum sewage or waste from industrial plants;
c. inflow and groundwater infiltration;
d. topogmpﬁy of area;
e. location of waste treatment plant;
f. depth of excavation; and
g pumping requirements,
The basis of design for all sewer projects shall accompany the documents.

13 HYDRAULIC DESIGN

131 Sewage Flows

Sewage flows are made up of waste discharges from residential, commercial, institutional
and industrial establishments, as well as extraneous non-waste flow contributions such
as groundwater and surface runoff.
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132

1321

1322

133

Extraneous Sewage Flows

Inflow

When designing sanitary sewer systems, allowances must be made for the leakage of
groundwater into the sewers and building sewer connections (infiltration) and for other
extraneous water entering the sewers from such sources as leakage through manhole
covers, foundation drains, roof down spouts, etc.

Due to the extremely high peak flows that can result from roof down spouts, they should
not, in any circumstances, be connected directly, or indirectly via foundation drains, to
sanitary sewers. The Departments of Municipal Affairs, The Environment and Health also
discourage the connection of foundation drains to sanitary sewers. Studies have shown
that flows from this source can result in gross overloading of sewers, pumping stations
and sewage treatinent plants for extended periods of time. The Departments recommend
that foundation drainage be directed either to the surface of the ground or into a storm
sewer system, if one exists.

Infdtration

The amount of groundwater leakage directly into the sewer system (infiltration) will vary
with the quality of construction, type of joints, ground conditions, level of groundwater
in relation to pipe, etc. Although such infiltration can be reduced by proper design and
construction, it cannot be completely eliminated and an allowance must be made in the
design sewage flows to cover these flow contributors. Despite the fact that these
allowances are generally referred to as infiltration allowances, they are intended to cover
the peak extraneous flows from all sources likely to contribute non-waste flows to the
sewer system. The infiltration allowances used for sewer design should not be confused
with leakage limits used for acceptance testing following construction. The latter
allowance are significantly lower and apply to a sewer system when the system is new and
generally without the private property portions of the building sewers constructed.

Domestic Sewage Flows
Unless actual flow measurement has been conducted, the following criteria should be used
in determining peak sewage flows from residential areas, including single and multiple

housing, mobile home parks, etc.:

a. design population derived from drainage area and expected maximum population
over the design period;

b. average daily domestic flow (exclusive of extraneous flows) of 340 L/cap-d;

c. peak extraneous flow (including peak infiltration and peak inflow) of from 0.14
to greater than 0.28 L/s per gross hectare; and
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134.1

1342

d. peak domestic sewage flows to be calculated by the following equation:

Qd = PgM + IA
86.4

where:

Qd = peak domestic sewage flow (including extraneous flow) in L/s.

P = design population, in thousands

q = average daily per capita domestic flow in L/cap.d. (exclusive of
extraneous flows)

M = peaking factor (as derived from

Harman Formula Babbit Formula
M=1+_14 or M=_5 or as
4+ P2

determined from flow studies for similar developments in the
same municipality). The minimum permissible peaking factor

shall be 2.0.
I = unit of peak extraneous flow, in L/s per hectare.
A = tributary area in gross hectares.

Commercial and Institutional Sewage Flows
Flow Variation

The sewage flow from commercial and institutional establishments vary greatly with the
type of water-using facilities present in the development, the population using the
facilities, the presence of water metering, the extent of extraneous flows entering the
sewers, etc.

Flow Equivalent

In general, the method of estimating sewage flows for large commercial areas is to
estimate a population equivalent for the area covered by the development and then
calculate the sewage flows on the same basis in the previous section. A population
equivalent of 85 persons per hectare is often used. It is also necessary to calculate an
appropriate peaking factor and select a representative unit of peak extraneous flow.
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13.5

13.5.1

Individual Flow Rate
For individual commercial and institutional users the following sewage flow rates are
commonly used for design. Where a range is stated the lower figure is the minimum

requirement.

Sewige Flows (Average Daily)

Shopping Centres - 2500-5000 L/1000 m-day (based on total floor area)
School (basic) - 40 L/student-day

cafeteria - 60 L/student-day

shower - 80 L/student-day
Nursing Home - 375 L/bed-day
Senior Citizen Home

- 650 L/apartment-day

Hospital - 950 L/bed-day
Restaurant - 225 L/seat-day + 100 L/employee-day
Motel - 300 L/room-day (add for restaurant)
Campgrounds - 500 L/campsite-day

Peak Factor

When using the above unit demands, maximum day and peak rate factors must be
developed. For establishments in operation for only a portion of the day, such as schools,
shopping plazas, etc., the water usage should also be factored accordingly. For instance,
with schools operating for 8 hours per day, the water usage rate will be at an average rate
of say 70 L/student-day x 24/8 or 210 L/student day over the 8-hour period of operation.
The water usage will drop to residual usage rates during the remainder of the day.
Schools generally do not exhibit large maximum day to average day ratios and a factor
1.5 will generally cover this variation. For estimation of peak demand rates, an
assessment of the water using fixtures is generally necessary and a fixture-unit approach
is often used.

The peak water usage rates in campgrounds will vary with the type of facilities provided
(showers, flush toilets, clothes washers, etc.) and the ratio of these facilities to the number
of campsites. A peak rate factor of 4 will generally be adequate, however, and this factor
should be applied to the average expected water usage at full occupancy of the campsite.

Industrial Sewage Flows
Flow Variation
Peak sewage flow rates from industrial areas vary greatly depending on such factors as the

extent of the area, the types of industries present, the provision of in-plant treatment or
regulation of flows, and the presence of cooling waters in the sanitary sewer system.




Page D1-5

1352

1353

1.3.6

13.7

Flow Rate

The cdlculation of design sewer flow rates for industrial areas i, therefore, difficult.
Careful control over the type of industry permitted in new areas is perhaps the most
acceptable way to approach the problem. In this way, a reasonable allowance can be
made for peak industrial sewage flow for an area and then the industries permitted to
locate in the area can be carefully monitored to ensure that all the overall allowances are
not exceeded. Industries with the potential to discharge sewage at higher than the
accepted rate could either be barred from the area, or be required to provide flow
equalization and/or off-peak discharge facilities, or be restricted by a sewer-use by-law.

Flow Allowanices

Some typical sewage flow allowances for industrial areas are 35 m®/hectare-day for light
industry and 55 m°/hectare-day for heavy industry.

Combined Sewer Interceptors

In addition to the above requirements, interceptors for combined sewers shall have
capacity to receive sufficient quantity of combined wastewater for transport to treatment
works to insure attainment of the appropriate provincial and federal water quality
standards

Combined Sewer Overflows

The design requirements for sanitary sewers outlined in this manual specify that all new
sewer systems be designed as separate sewers. There will, however, still remain many
existing combined sewer systems. This will result in the continued existence of combined
sewer overflows (CSO’s). This being the case, all receiving water quality studies  and
waste load allocation models must take into account the effect of CSO’s. It is the objective
of the regulatory agencies to reduce, where possible and practical, the frequency and
duration of CSO's so as to minimize their associated impacts on a receiving water.

14

141

DETAILS OF DESIGN AND CONSTRUCTION

Sewer Capacity

Manning’s, Kutter’s or Hazen-Williams’ formula should be used for computing the capacity
of sanitary sewers. Sewers shall be designed to handle the peak anticipated sewage flow
when flowing full.

Calculations should be presented, in a tabular form, to indicate depths and velocities at
minimum, average and maximum daily waste flow for the different sizes of sewers
proposed.
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14.5.1

Pressure Pipes

Sanitary sewers may be designed as pressure pipes provided that the hydraulic gradient
for maximum flow is below basement elevations.

Minimum Pipe Size
No public sewer shall be less than 200 mm in diameter.

Depth

In general, sewers shall be deep enough to prevent freezing and to receive sewage from
basements.

Insulation shall be provided for sewers that cannot be placed at a depth sufficient to
prevent freezing. :

Slope
Sewers shall be laid with a uniform slope between manholes.
Minimum Slopes

All sewers shall normally be designed and constructed to give mean velocities, when
flowing full, of not less than 0.6 meters per second or greater than 4.5 meters per second
based on Kutter's or Manning’s formula using "n" value of 0.013. Use of other practical .
"n" values may be permitted by the reviewing agency if deemed justifiable. Velocities
above 4.5 m/s may be permitted with high velocity protection.

The following are the minimum slopes which will provide a velocity of 0.6 m/s when
sewers are flowing full:
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Sewer Size Minimum Slope in Metres (ft)
per 100 Metres (ft)

200 mm 0.40

250 mm 0.28

300 mm 0.22

350 mm 0.17

375 mm 0.15

400 mm 0.14

450 mm . 0.12

525 mm ’ 0.10

600 mm 0.08

675 mm 0.067

750 mm 0.058

900 mm ' 0.046

Actual pipe slopes should not be less than 0.5 percent (0.5 m/100 m).
Increased Slopes

To achieve 0.6 m/s flow velocities in sewers which will flow less than 1/3 full, steeper
slopes than given above must be used where conditions permit. For instance, the
minimum slopes mentioned above would have to be doubled when depth of flow is only
1/5 full and quadrupled when depth of flow is only 1/10 full to achieve 0.6 m/s flow
velocity.

Reduced Slopes

Under special conditions, if full and justifiable reasons are given, slopes slightly less than
those required for the 0.6 meter per second velocity when flowing full may be permitted.
Such decreased slopes will only be considered where the depth of flow will be 0.3 of the
diameter or greater for design average flow. Whenever such decreased slopes are selected,
the design engineer must furnish with his report his computations of the anticipated flow
velocities of average and daily or weekly peak flow rates. The pipe diameter and slopes
shall be selected to obtain the greatest practical velocities to minimize settling problems.
The operating authority of the sewer system will give written assurance to the appropriate
reviewing agency that any additional sewer maintenance required by reduced slopes will
be provided.

High Velocity Protection

Where velocities greater than 4.5 meters per second are unavoidable, special provisions
shall be made to protect against displacement by erosion and shock.
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147

148

Sewers on 20 percent slopes or greater shall be anchored securely with concrete anchors
or equal, spaced as follows:

a. not over 11 meters center to center on grades 20 percent and up to 35 percent.
b. not over 7.3 meters center to center on grades 35 percent and up to 50 percent.
c. "not over 5 meters center to center on grades 50 percent and over.

Alignment

Sewers 600 mm or less in diameter shall be laid with a straight alignment between
manholes.

Curvi-linear Sewers

Curvi-linear sewers may be considered for pipe sizes in excess of 600 mm with the
following restrictions applicable:

1. The sewer shall be laid as a simple curve of a radius equal to or greater than 60
m.

2. Manholes shall be located at the ends of the curve and at intervals not greater
than 90 m along the curve.

3. The curve shall run parallel to the curb or street center line.

4. The minimum grade on curves shall be fifty percent greater than the minimum
grade required for straight runs of sewers.

5. Length of pipe shall be such that deflections at each joint shall be less than the
allowable maximum recommended by the manufacturer,

6. In general, curved sewers should be used only where savings in costs or the
difficulty of avoiding other utilities necessitates their use.

7. A free ball or tethered ball test should be used, such a ball being 10 mm to 25
mm less in diameter than the sewer.

Changes in Pipe Size

When a sewer joins a larger one, the invert of the larger sewer should be lowered
sufficiently to maintain the same energy gradient. An approximate method of securing
these results is to place the 0.8 depth point of both sewers at the same elevations.
Changes in size of sewers less than or equal to 600 mm shall be at manholes only.
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Allowance for Hydraulic Losses at Sewer Manholes

Differences in elevation across manholes should be provided to account for hydraulic
losses. The elevation drop may be calculated using the head loss formula:

Headloss Across Manholes
H=k V22.Vv1)

2g )
where:
H = Headloss ’ m
k = coefficient dimensionless
Vi = entrance velocity m/s
V2 = exit velocity m/s
g = acce!eration due to m/s/s

gravity

Where sewer velocities are less than 2.5 m/s and the velocity change across the manhole
is less than 0.6 m/s the invert drop may be determined using the following table.

Invert Drop
a) straight run 15 mm
b) 45 degree turn 30 mm
c) 90 degree turn 60 mm

Sewer Services

Sewer services shall be consistent with the Local or Provincial Plumbing and Drainage
Regulations. It is required that unless Tees or "Wyes" have been installed, that saddles be
used in connecting the service to the sewer. Generally these are placed at an angle of 45
degrees above horizontal. Connections shall be made by authorized personnel only.

/

Pipes with watertight and rootproof joints should be used for house connections.
Minimum pipe size should be 150 mm diameter for double connections and 100 mm 4
in) diameter for single connections. )

Sulphide Generation

Where sulphide generation is a possibility, the problem shall be minimized by designing
sewers to maintain flows at a minimum cleansing velocity of 1.0 m/s.

Where corrosion is anticipated because of either sulphate attack or sulphides,
consideration shall be given to the provision of corrosion resistant pipe material or
effective protective linings.
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14.15

14.15.1

14.152

Materials

Any generally accepted materijal for sewers will be given consideration, but the material
selected should be adaptable to local conditions, such as character of industrial wastes,
possibility of septicity, soil characteristics, exceptionally heavy external loading, abrasion
and similar problems.

All sewers shall be designed to prevent damage from super-imposed loads. Proper
allowance for loads on the sewer shall be made because of the width and depth of trench.
When standard strength sewer pipe is not sufficient, the additional strength needed may
be obtained by using extra strength pipe or by special construction.

Metering and Sampling

Where no other measuring devices are provided, one manhole on the outfall line shall be
constructed with a suitablé removable weir for flow measurements. Easy access for flow
measurement and sampling shall be provided. Similar manholes should be constructed
on sewer lines from industries to facilitate checking the volume and composition of the
waste.

Sewer Extensions

In general, sewer extensions shall be allowed only if the receiving sewage treatment plant
is either:

a. Capable of adequately processing the added hydraulic and organic load or

b. Provision of adequate treatment facilities on a time schedule acceptable to the
approving agencies is assured.

Installation

Standards

Installation specifications shall contain appropriate requirements based on the criteria,
standards and requirements established by industry in its technical publications.
Requirements shall be set further in the specifications for the pipe and methods of
bedding and backfilling thereof so as not to damage the pipe or its joints, impede cleaning
operations and future tapping, nor create excessive side fill pressures or ovalation of the
pipe, nor seriously impair flow capacity.

Trenching

a. The width of the trench shall be ample to allow the pipe to be laid and jointed
properly and to allow the backfill to be placed and compacted as needed. The
trench sides shall be kept as nearly vertical as possible. When wider trenches are
dug, appropriate bedding class and pipe strength shall be used.

b. Ledge rock, boulders and large stones shall be removed to provide a minimum
clearance of 150 mm below and on each side of all pipe(s).

e e
SO
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14.15.5

14.15.6

14.15.7

Foundation

The foundation provides the base for the sewer pipe soil system. The project engineer
should be concerned primarily with the presence of unsuitable soils, such as peat or other
highly organic or compressible soils, and with maintaining a stable trench bottom.

Bedding

The sewer pipe should be bedded on carefully compacted granular material. The granular
material shall have a minimum thickness of 150 mm and cover the full width of the

_ trench.

In general, a well-graded crushed stone is a more suitable material for sewer pipe bedding
than a uniformly graded pea gravel. For small sewer pipes, the maximum size should be
limited to about 10% of the pipe diameter. Crushed stone or gravel meeting the
requirement of ASTM Designation C33, Gradation 67 (19-9.8 mm) will provide the most
satisfactory sewer pipe bedding. However, the recommendation of the manufacturer
should also be taken into consideration when specifying a particular bedding material.
Material removed from the trench shall not be used as bedding material.

Haunching

The material placed at the sides of a pipe from the bedding up to the spring line is the
haunching.

Material used for sewer pipe haunching should be shovel sliced or otherwise placed to
provide uniform support for the pipe barrel and to fill completely all voids under the pipe.
Haunching material is to be compacted manually. The material used may be similar to
the material used for bedding. Material removed from the trench shall not be used as
haunching material.

Initial Backfill

Initial backfill is the material which covers the sewer pipe and extends from the
haunching to a minimum of 300 mm above the top of the pipe. Its function is to anchor
the sewer pipe, protect the pipe from damage by subsequent backfill and insure the
uniform distribution of load over the top of the pipe. It should be placed in 150 mm
layers. The material used for initial backfill may be similar to the material used for
bedding and haunching, however, it shall be of a material which will develop a uniform
and relatively high density with little compactive effort. Material removed from the trench

shall not be used as initial backfill. '

Final Backfill

Final backfill is the material which extends from the top of the initial backfill to the top
of the trench. It should be placed in 300 mm layers.

The material consists of the excavated material containing no organic matter or rocks
having any dimension greater than 200 mm. In most cases, final backfill does not affect
the pipe design. Compaction of the final backfill is usually controlled by the location as

- follows: traffic areas; 95% of modified Proctor density required; general urban areas; 90%
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14.15.9

1.4.16

of modified Proctor density may be adequate; undeveloped areas; 85% of modified Proctor
density may be required. Trench backfilling should be done in such a way as to prevent
dropping of material directly on the top of pipe through any great vertical distance.

Borrow Materials

Because the material removed from the trench is not to be used as part of the bedding,
haunching, nor initial backfill, material must be imported from another source. Borrow
material must meet the specifications for final backfill.

Either cohesive or noncohesive material may be used; however, the project engineer
should assess the possible change in groundwater movement if cohesive material is used
in rock or if noncohesive material is used in impermeable soil.

Deflection Test

a. Deflection testing will not be necessary unless one or more of the following
conditions are known to exist: :

- Improper construction practices are evident

- Questionable embedment materials have been used

- Severe trench construction conditions were encountered

- Other inspection or testing methods have indicated unacceptable
installation conditions.

b. Measure pipe deflection by pulling a mandrel gauge through each pipe from
manhole to manhole after backfilling. Within thirty days after installation, pull
a mandrel gauge measuring 5% deflecion through the installed section of
pipeline. If this test fails, proceed with 71%4% deflection test.

c. 7%% deflection test: Thirty days prior to completion of the Period of
Maintenance, pull a mandrel gauge measuring 7%4% deflection through the
installed section of pipeline. If the 71%2% deflection test fails, the defects must be
located and repaired, and the pipe subsequently retested.

d. If the deflection test is to be run using a rigid ball or mandrel, it shall have a
diameter equal to 92.5% of the inside diameter of the pipe. The test shall be
performed without mechanical pulling devices.

Joints
The installation of joints and the materials used shall be included in the specifications.

Sewer joints shall be designed to minimize infiltration and to prevent the entrance of roots
throughout the life of the system.
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1.5.3
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1.5.5

MANHOLES
Location

Manbholes shall be located at all junctions, changes in grade, size or alignment (except
with curvilinear sewers) and termination points of sewers.

Spacing
Normal Spacing

The maximum acceptable spacing for manholes is 90 to 120 m for sewers 200 to 450 mm
in diameter. Spacings of up to 150 m may be used for sewers 450 mm to 750 mm in
diameter. Larger sewers may use greater manhole spacing.

Cleanouts may be used only with approval of the regulatory agencies and shall not be
substituted for manholes nor installed at the end of laterals greater than 45 m in length.

Extended Spacing
For any particular municipality, the acceptable manhole spacing will vary depending upon
the sewer cleaning equipment available. Some municipalities may allow longer spacing

intervals. The above limits may, therefore, be exceeded provided the applicant can
demonstrate the suitability of equipment available to handle such spacing.

Minimum Diameter
The minimum diameter of a sanitary manhole shall be 1050 mm.

Drop Manholes

A drop pipe should be provided for a sewer entering a manhole at an elevation of 600 mm
or more above the manhole invert. Where the difference in elevation between the
incoming sewer and the manhole invert is less than 600 mm the invert should be filleted
to prevent solids depesition.

Drop manholes should be constructed with an outside drop connection. Inside drop

connections (when necessary) shall be secured to the interior wall of the manhole and
provide access for cleaning.

Due to the unequal earth pressures that would result from the backflling operation in the
vicinity of the manhole, the entire outside drop connection shall be encased in concrete.

Manhole Bases

Precast bases may be used for manholes up to 9 m deep.
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1.5.11.1

Pipe Connections

A flexible watertight joint shall be provided on all pipes, within 300 mm of the outside
wall of the manhole.

Frost Lugs
Where required, frost lugs shall be provided to hold precast manhole sections together.
Frame and Cover

The manhole frame and cover shall be made of cast iron and designed to meet the
following conditions:

a. adequate strength to support superimposed loads;

b. provision of a good fit between cover and frame to eliminate movement in traffic;
gnd

c. a reasonably tight closure.

Watertightness

Manholes shall be of the pre-cast or poured-in-place concrete type, or of another type
approved by the regulatory agencies. All manhole joints must be watertight and the
manhole shall be waterproofed on the exterior, if required.

Watertight manhole covers are to be used wherever the manhole tops may be flooded by
street runoff or high water. Locked manhole covers may be desirable in isolated easement
locations, or where vandalism may be a problem.

Ladders

Ladders must be provided in all manholes. Cast in place ladders are not permitted unless
specifically requested by the owner.

Flow Channel and Benching

The channel should be, as far as possible, a smooth continuation of the pipe. The
completed channel should be U-shaped.

Small Pipe Channel

For sewer sizes less than 375 mm, the channel height should be at least one half the pipe
diameter.
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15112 Large Pipe Channel
For sewer sizes 375 mm and larger, the channel height should not be less than three-
fourths of the pipe diameter.

15.11.3 Bench Area
The bench should provide good footing for a workman and a place for tools and
equipment.

1.5.11.4 Bench Slope
Benching should be at a slope of at least 1:12 (vertical:horizontal) and not greater than
1:8. Benching should have a wood float finish.

15.12 Corrosion Protection ‘
Where corrosion is anticipated because of either sulphate attack or sulphides,
consideration shall be given to the provision of corrosion resistant material or effective
protective linings.

1.6 TESTING AND INSPECTION

16.1 General
Each section of a sanitary sewer shall be tested for exfiltration and/or infiltration. A
section is the length of pipe between successive manholes or tenmnanon points, including
service connections.
Each section of a sewer, and it's related appurtenances, shall be flushed prior to testing.

1.62 Exfiltration Test

Each sewer section shall be filled with water and a nominal head shall remain on the
section for twenty-four hours immediately prior to testing.

Water shall be added to the section to establish a test head of 1.0 m over either the crown
of the pipe, measured at the highest point of the section, or the level of static
groundwater, whichever is greater. This may be increased by the inspector in order to
satisfy local conditions.

The test head shall be maintained for one hour. The volume of water required to
maintain the head during the test period shall be recorded.
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1.63

1.64

1.65

Infiltration Test

Infiltration tests shall be conducted in lieu of exfiltration tests where the level of static
groundwater is 750 mm or more above the crown of the pipe, measured at the highest
point in the section.

A 90 degree V-notch weir shall be placed in the invert of the pipe at the downstream end
of the section. The total volume of flow over the weir for one hour shall be measured and
recorded.

Allowable Leakage
Allowable leakage shall be determined by the following formula:

L=FxDx S
100
where:

L = allowable leakage in litres per hour

D = diameter in mm

S = Length of section, in metres

F = leakage factor, (litres per hour per mm of diameter per 100 metres of sewer):

Exfiltration Test:

Porous Pipe F = 0.12 litre
Non-Porous Pipe F = 0.02 litre
Infiltration Test:

Porous Pipe F = 0.10 litre
Non-Porous Pipe F = 0.02 litre
Low Pressure Air Testing

Air testing equipment shall be designed to operate above ground. No personnel will be
permitted in the trench during testing. Air testing will not be penmtted on pipes w:th
diameter greater than 600 mm.

The test section shall be filled with air until a constant pressure of 28 kPa is reached.
After a two minute period the air supply shall be shut off, and the pressure decreased to
24 kPa. The time required for the pressure to reach 17 kPa shall be measured.
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1.6.6

1.6.7

1.6.7.1

1.6.72

1.6.7.3

Allowable Time for Air Pressure Decrease

Minimum times allowed for air pressure drop is as follows:

100 1:53
150 2:50
200 3:47
250 4:43
300 5:40
375 7:05
450 8:30
- 525 9:55
600 . ‘ 11:20

Sewer Inspection

The specifications shall include a requirement for inspection of manholes and sewers for
watertightness, prior to placing into service.

Video Inspection

Inspection on 100% of the sewer using the closed circuit television method and recorded
on videotape should be specified. This should be conducted within the one-year guarantee
period. This inspection should be carried out preferably during the periods of high
ground water table in the spring or fall, or at the discretion of the regulatory agencies.

Inspection Record

The complete record of the inspection shall be the property of the owner or the
municipality. The original videotape and one edited copy of the tape of the sections
showing defects shall be turned over to the owner or municipality.

Record Content

The maximum speed of the television camera through the pipe shall be 0.30 meters per
second with a 5-second minimum stop at each defective location and a 15 - second
minimum stop at each lateral showing a flow discharging into the pipe. The audio part
shall include the recording of distances at a maximum interval of three meters and a brief
description of every defective location and of each service connection.

1.7

INVERTED SIPHONS

Inverted siphons should have not less than two barrels with a minimurm pipe size of 150
mm and shall be provided with necessary appurtenances for convenient flushing and

_ maintenance. The manholes shall have adequate clearances for rodding; and in general,

sufficient head shall be provided and pipe sizes selected to secure velocities of at least 0.9
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m/s for average flows. The inlet and outlet details shall be so arranged that the normal
flow is diverted to one barrel and that either barrel may be cut out of service for cleaning.
The vertical alignment should permit cleaning and maintenance.

1.8

1.8.1

182

183

1.83.1

1.832

PROTECTION OF WATER SUPPLIES
Water-Sewer Cross Connections

There shall be no physical connection between a public or private potable water supply
system and a sewer, or appurtenance thereto which would permit the passage of any
sewage or polluted water into the potable supply. No water pipe shall pass through or
come in contact with any part of a sewer manhole, gravity sewer or sewage forcemain.

Relation to Water Works Structures

While no general statement can be made to cover all conditions, it is generally recognized
that sewers shall be kept remote from public water supply wells or other water supply
sources and structures.

Relation to Water Mains

Horizontal and Vertical Separation

Whenever possible, sewers should be laid at least three meters horizontally, from,any'

existing or proposed water main. Should local conditions prevent a lateral separation of
three meters a sewer may be laid closer than three meters to a water main if:

a. it is laid in a separate trench, or if;

b. it is laid in the same trench, with the water main located at one side with a
minimum horizontal separation of 300 mm and on a bench of undisturbed earth
and if;

c. in either case the elevation of the top (crown) of the sewer is at least 300 mm

below the bottom (invert) of the water main. Where a water main must be
installed paralleling a gravity sewer and at a lower elevation than the gravity
sewer, the water main must be installed in a separate trench. The soil between
the trenches must be undisturbed.

Crossings

Whenever sewers must cross under the water mains, the sewer shall be laid at such an
elevation that the top of the sewer is at least 450 mm below the bottom of the water
main. When the elevation of the sewer cannot be varied to meet the above requirement,
the water main shall be relocated to provide this separation or reconstructed with
mechanical - joint pipe for a distance of three meters on each side of the sewer. One full
length of water main should be centered over the sewer so that both joints will be as far
from the sewer as possible.
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When it is impossible to obtain proper horizontal and vertical separation as stipulated
above, the sewer shall be designed and constructed equal to water pipe and shall be
pressure-tested to assure water-tightness.

19
19.1

1.9.1.1

19.12

1.9.1.3

19.14

SEWERS IN RELATION TO STREAMS

Location of Sewers on Streams

Cover Depth
The top of all sewers entering or crossing streams shall be at a sufficient depth below the

natural bottom of the stream bed to protect the sewer line. In general, the following cover
requirements must be met:

a, 0.3 m of cover is required where the sewer is located in Tock;
b. 2 meters of cover is required in other material.

c. in paved stream channels, the top of the sewer line should be placed below the
bottom of the channel pavement,

Less cover will be approved only if the proposed sewer Erossing will not interfere with the
future improvements to the stream channel. Reasons for requesting less cover should be
given in the project proposal.

Horizontal Location

Sewers located along streams shall be located ourside of the stream bed and sufficiently
remote therefrom to provide for future possible stream widening and to prevent pollution
by siltation during construction. :

Structures

The sewer outfalls, headwalls, manholes, gate boxes or other structures shall be located
so they do not interfere with the free discharge of flood flows of the stream.

Alignment

Sewers crossing streams should be designed to cross the stream as nearly perpendicular
to the stream flow as possible and shall be free from change in grade. Sewer systems
shall be designed to minimize the number of stream crossings.
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Construction
Materials

Sewers entering or crossing streams shall be constructed of cast or ductile iron pipe with
mechanical joints; otherwise they shall be constructed so they will remain watertight and
free from changes in alignment or grade. Material used to backfill the trench shall be
stone, coarse aggregate, washed gravel or other materials which will not cause siltation.

" Siltation and Erosion

Construction methods that will minimize siltation and erosion shall be employed. The
design engineer shall include in the project specifications the method(s) to be employed
in the construction of sewers in or near streams to provide adequate control of siltation
and erosion. Specifications shall require that cleanup, grading, seeding and planting or
restoration of all work areas shall begin immediately. Exposed areas shall not remain
unprotected for more than seven days.

1.10

AERIAL CROSSINGS

Support shall be provided for all joints in pipes utilized for aerial crossings. The supports
shall be designed to prevent frost heave, overturning and settlement.

Precautions against freezing, such as insulation and increased slopes shall be provided.
Expansion jointing shall be provided between above-ground and below-ground sewers.

For aerial stream crossings the impact of flood waters and debris shall be considered. The
bottom of the pipe shall be placed no lower than the elevation of the fifty (50) year flood.

111

1.11.1

1.11.1.1

ALTERNATIVE WASTEWATER COLLECTION SYSTEMS
Applications

Each alternative system has individual characteristics which may dictate proper usage
under a certain et of circumstances. Each potential application should be analyzed to
determine which system is most cost effective and which will comply with local
requirements. The following features of various sewerage alternatives are considered in
planning a project.

Population Density

Conventional sewers are typically costly on a lineal foot basis. When housing id sparse,
resulting in long reaches between services, the cost of providing conventional sewers is
often prohibitive. Pressure sewers, small diameter gravity sewers, and vacuum sewers are
typically less costly on a lineal foot basis, so often prove to be more cost-effective when
serving sparse populations.
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1.11.2.1

Ground Slopes

Where the ground profile over the main slopes continuously downward in the direction
of flow, conventional or small diameter gravity sewers are normally preferred. If
intermittent rises in the profile occur, conventional sewers may become cost-prohibitively
deep. The variable grade gravity sewer variation of small diameter gravity sewers, by use
of inflective gradients and in conjunction with STEP pressure sewer connections, can be
economically applied. Vacuum sewers may be particularly adaptable to this topographic
condition, so long as head requirements are within the limits of available vacuum.

In flat terrain conventional sewers become deep due to the continuous downward slope
of the main, requiring frequent use of lift stations. Both the deep excavation and the lift
stations are expensive. SDGS are buried less deep, owing to the flatter gradients permitted.
Pressure sewers or vacuum sewers are often found to be practical in flat areas, as ground
slope is of little concern. In areas where the treatment facility or interceptor sewer are
higher than the service population, pressure sewers and vacuum sewers are generally
preferred, but should be evaluated against SDGS systems with lift stations.

Subsurface Obstades

Where rock excavation is encountered, the shallow burial depth of alternative sewer mains
reduces the amount of rock to be excavated.

Deep excavations required of conventional sewers sometimes encounter groundwater.
Depending on severity, dewatering can be expensive and difficult to accomplish.

Pressure Sewer Systems

Pressure sewers are small diameter pipelines, buried just below frost level, which follow
the profile of the ground. Each home connected to the pipeline requires either a grinder
pump (GP) or a septic tank effluent pump (STEP). Main diameters typically range from
50 - 150 mm with service lateral diameters of 25 - 38 mm. Polyvinyl Chloride (PVC) is the
most common piping material. .

System Layout

Pressure sewer systems should be laid out taking the following into consideration:

a. Branched layout rather than gridded or looped.

b. Maintain cleansing velocities especially when grinder pump type pressure sewers
are used.

c. Minimize high head pumping and downhill flow conditions.
d. Locate on lot facilities close to the home for ease of maintenance.

e. Provide for each home to have its own tank and pump.
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1.11.3

1.113.1

1.11.32

1.11.3.3

Vacuum Sewer Systems

Vacuum sewer systems consist of a vacuum station, collection piping, wastewater holding
tanks, and valve pits. In these systems, wastewater from an individual building flows by
gravity to the location of the vacuum ejector valve. The valve seal the line leading to the
main in order to maintain required vacuum levels. When a given amount of wastewater
accumulates behind the valve, the valve opens and then closes allowing a liquid plug to
enter the line. Vacuum pumps in a central location maintain the vacuum in the system.

Services

Each home on the system should have its own holding tank and vacuum ejector valve.
Holding tank volume is usually 115 L. As the wastewater level rises in the sump, air is
compressed in a sensor tube which is connected to the valve controller. At a preset point,
the sensor signals for the vacuum valve to open. The valve stays open for an adjustable
period of time and then closes. During the open cycle, the holding tank contents are
evacuated. The timing cycle is field adjusted between 3 and 30 seconds. This time is
usually set to hold the valve open for a total time equal to twice the time required to
admit the wastewater. In this manner, air at atmospheric pressure is allowed to enter the
system behind the wastewater. The time setting is dependent on the valve location since
the vacuum available will vary throughout the system, thereby governing the rate of
wastewater flow.

The valve pit is typically located along a property line and may be combined with the
holding tank. These pits are usually made of fibreglass, although modified concrete
manhole sections have been used. An anti-flotation collar may be required in some cases.

' Collection Piping

The vacuum collection piping usually consists of 150 mm and 100 mm mains. Smaller 75
mm mains are not recommended as the cost savings of 75 mm verses 100 mm mains are
considered to be insignificant.

Rubber gasketed PVC pipe which has been certified by the manufacturer as being suitable
for vacuum service is recommended. Solvent welding should be avoided when possible.
The mains are generally laid to the same slope as the ground with a minimum slope of
0.2 percent. For uphill transport, lifts are placed to minimize excavation depth. There are
no manholes in the system; however, access can be gained at each valve pit or at the end
of a line where an access pit may be installed. Installation of the pipe and fittings follows

* water distribution systemn practices. Division valves are installed on branches and

periodically on the mains to allow for isolation when troubleshooting or when making
repairs. Plug valve and resilient wedge gate valves have been used.

Vacuum Station
Vacuum stations are typically two-storey concrete and block buildings approximately 7.5

m x 9 m in floor plan. Equipment in the station includes a collection tank, a vacuum
reservoir tank, vacuum pumps, wastewater pumps, and pump controls. In addition, an
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1.114.1

11142

1.114.3
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emergency generator is standard equipment, whether it is located within the station,
outside the station in an enclosure, or is of the portable, truck mounted variety.

The collection tank is made of either steel or fibreglass. The vacuum reservoir tank is
connected directly to the collection tank to prevent droplet carryover and to reduce the
frequency of vacuum pump starts. Vacuum pumps can be either liquid ring or sliding vane
type and are sized for a 3 - 5 hr/d run-time. The wastewater discharge pumps are non-
clog pumps with sufficient net positive suction head to overcome tank vacuum. Level
control probes are installed in the collection tank to regulate the wastewater pumps. A
fault monitoring system alerts the system operator should a low vacuum or high
wastewater level condition occur.

Small Diameter Gravity Sewers

Small diameter gravity sewers (SDGS) require preliminary treatment through the use
interceptor or septic tanks‘upstream of each connection. With the solids removed, the
collector mains need not be designed to carry solids as conventional sewers must be.
Collector mains are smaller in diameter and laid with variable or inflective gradients.
Fewer manholes are used and most are replaced with cleanouts except at major junctions
to limit infiltration/inflow and entry of grit. The required size and shape of the mains is
dictated primarily by hydraulics rather than solids carrying capabilities.

House Connections

House connections are made at the inlet to the interceptor tank.. All household
wastewaters enter the system at this point.

Interceptor Tanks

Interceptor tanks are buried, watertight tanks with baffled inlets and outlets. They are
designed to remove both floating and settleable solids from the waste stream through
quiescent settling over a period of 12-24 hours. Ample volume is provided for storage of
the solids which must be periodically removed through an access port. Typically, a single-
chamber septic tank, vented through the house plumbing stack vent, is used as an
interceptor tank. .

Service Laterals

Service Laterals connect the interceptor tank with the collector main. Typically, they are
75-100 mm in diameter, but should be no larger than the collector main to which they
are connected. They may include a check valve or other backflow prevention device near
the connection to the main.

Collector Mains
Collector mains are small diameter plastic pipes with typical minimum diameters of 75 -

100 mm. The mains are trenched into the ground at a depth sufficient to collect the
settled wastewater from most connections by gravity. Unlike conventional gravity sewers,

. small diameter gravity sewers are not necessarily laid on a uniform gradient with straight
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alignments between cleanouts or manholes. In places, the mains may be depressed below
the hydraulic gradeline. Also, the alignment may be curvilinear between manholes and
cleanouts to avoid obstacles in the path of sewers.

Cleanouts, Manholes, and Vents

Cleanouts, manholes, and vents provide access to the collector mains for inspection and
maintenance. In most circumstances, cleanouts are preferable to manholes because they
are less costly and can be more tightly sealed to eliminate most infiltration and grit which
commonly enter through manholes. Vents are necessary to maintain free flowing
conditions in the mains. Vents in household plumbing are sufficient except where
depressed sewer sections exist. In such cases, air release valves or ventilated cleanouts
may be necessary at the high points of the main.

Lift Stations

Lift stations are necessary where the elevation differences do not permit gravity flow.
Either STEP units (see 1.11.1) or mainline lift stations may be used. STEP units are small
lift stations installed to pump wastewater from one or a small cluster of connections to
the collector main, while a mainline lift station is used to service all connections in a
larger drainage basin.

Detailed Design Guidelines
The above are general design considerations only. For detailed design refer to:

Alternative Sewer Sjstems, Manual of Practice no. FD-12, Facilities Development, Water
Pollution Control Federation, Alexandria, VA, 1986.

U.S. Environmental Protection Agency: Manual: Alternative Wastewater Collection Systems,
EPA-625/1-91/024, Office of Research and Development, Washington, DC, 1991.
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SEWAGE PUMPING STATIONS
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GENERAL
Location

Sewage pumping station structures and electrical and mechanical equipment shall be
protected from physical damage from the one hundred (100) year flood. Sewage pumping
stations should remain fully operational and accessible during the twenty-five (25) year
flood. .

During preliminary location planning, consideration should be given to the potential of
emergency overflow provisions and as much as practically possible the avoidance of health
hazards, nuisances and adverse environmental effects.

Design Capacity
i) Separate Sewer Systems

Sewage pumping stations should be able to pump the expected twenty-five year peak
sewage flows, under normal growth conditions, with the largest capacity pump out of
operation. See Design Section 1.3 for the recommended approach for the calculation of
peak sewage flows. In certain cases, where it can be shown that staging of construction
will be economically advantageous, lesser design periods may be used provided it can be
demonstrated that the required capacity can be "on-line” when needed. Pumping station
overflows shall be permitted under the requirements of Design Section 2.3.

If only two pumps are provided, they should have the same capacity. Each shall be
capable of handling the expected peak sewage flow. Where three or more units are
provided, they should be designed to fit actual flow conditions and must be of such
capacity that with any one unit out of service the Temaining units will have capacity to
handle maximum sewage flows, taking into account head losses associated with paralle]
operation. ’

ii) Combined Sewer Systems

It may be impractical or economical to design a sewage pumping station on a combined
sewer system to pump the expected twenty-five year peak sewage flow, with the largest
capacity pump out of operation. Under these conditions the following shall be considered
in determining the appropriate design capacity:

a) the minimization of combined sewer overflows (see Policy Section 5.2).
b) the minimization of pumping station overflows as outlined in Design Section 2.3.
Accessibility

Sewage pumping stations shall be readily accessible by maintenance vehicles during all
weather conditions. The facility should be located off the traffic way of streets and alleys.
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214

215

216

21.7

218

2.1.9

21.10

Grit

Where it may be necessary to pump sewage prior to grit removal, the design of the wet
wells should receive special attention and the discharge piping shall be designed to
prevent grit settling in pump discharge lines of pumps not operating.

Sewer Entry

If more than one sewer enters the site of the pumping station, a junction manhole should
be provided so that only a single sewer entry to the wet well is required.

Fencing

All above ground pumping stations and associated facilities may require fencing. The
fence shall have an opening gate for entry of vehicles and equipment, and the gate shall
be kept locked to prevent vandalism.

Heating
Automatic heating may be required at pumping stations, to prevent freezing in cold

weather and to maintain a comfortable working temperature (there may be exceptions in
the case of small below ground wet well or manhole type lift stations).

Plpmg System

The design of the pumping and piping systems should account for the potential of surge,
water hammer, and special requirements for pump seals associated with wastewater
service.

Suction and discharge piping should be sized to accommodate expected peak hourly flows
with velocities ranging from 0.8 m/s to 2.0 m/s, where feasible velocities at the low end
of the range are preferable. Consideration should be given to providing access ports for
such things as sampling, swabbing, and/or flushing discharge pressure gauge(s).
Electrical

All wiring shall be in accordance with the requirements of the Canadian Electrical Code
and the Nova Scotia Power Standards.

Dehumidification should be provided to protect electrical control equipment from excess
moisture.

Lighti

Adequate light intensity shall be provided for all corriders, stairways, and in areas where
machinery or equipment is located.
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2111 Safety
The design and construction of all components of wastewater pumping stations shall
conform to the safety provisions of the Nova Scotia Occupational Health and Safety Act
and The Construction Safety Act.

2112 Construction Materials
Due consideration shall be given to the selection of materials and equipment because of
the presence of hydrogen sulphide and other corrosive and inflammable gases, greases,
oils and other constituents present in sewage.

22 DESIGN

221 Types of Pumping Systems
The type of sewage pumping station should be selected on the basis of such considerations
as reliability and serviceability; operation and maintenance factors; relationship to existing
stations/equipment; sewage characteristics; flow patterns and discharge; and long-term
capital, operating and maintenance costs.
For large main pumping stations, wet well/dry well type stations are recommended. For
smaller stations and in cases for which wet well/dry well types are not feasible, wet well
(submersible) pump stations may be used if pumps can be easily removed for replacement
Or Tepairs.

222 Structures

222.1 Separation
Wet and dry wells including their superstructure shall be completely separated.

2222 Equipment Removal
Provision shall be made to facilitate removing pumps, motors and other mechanical and
electrical equipment.

2223 Access

Suitable and safe means of access shall be provided to dry wells of pump stations and to
wet wells or to other parts of the building containing bar screens or mechanical
equipment requiring inspection or maintenance. Stairways should be installed, with rest
landings not to exceed 3 m vertical intervals.




SEWAGE PUMPING STATIONS Page D2 -4

223.1

2232

2233

2234

2235

223.6

2237

Pumps and Pneumatic Injectors
Duplicate Units

At least two pumps or pneumatic ejectors shall be provided. A minimum of three pumps
should be provided for stations handling flows greater than 4500 m®/d.

Protection Against Clogging

The need for and the type of screening facilities required for pumping stations varies with
the characteristics of the sewage, size of sewers and the requirements of the operating
authority. For wet well/dry well stations, it is generally accepted practice to provide
screening in the form of a basket screen or a manually or mechanically cleaned bar
screen. Although basket screens may be cumbersome to remove and empty, they have the
advantage of not requiring entry of operating staff into the wet well for cleaning
operations. With basket screens, guide rails should be tubular and similar to submersible
pump guide rails. Manually cleaned bar screens should be provided with 38 mm clear
openings in the inclined (60°) and horizontal bars. The vertical sides should be solid.
The minimum width should be 600 mm. A drain platform should be provided for
screenings. Pumps handling separate sanitary sewage from 750 mm or larger diameter
sewers shall be protected by bar screens meeting the above requirements.

Pump Openings

Pumps shall be capable of passing spheres of at least 75 mm in diameter. Pump suction
and discharge openings shall be at least 100 mm in diameter.

Primi
The pump shall be so placed that under normal operating conditions it will operate under
a positive suction head, except as specified in Design Section 2.2.10.

Electrical Equipment

Electrical systems and components (i.e. motors, lights, cables, conduits, switch boxes,
control circuits, etc.) in enclosed or partially enclosed spaces where flammable mixtures
occasionally may be present (including raw sewage wet wells) shall comply with the
Canadian Electrical Code and the Nova Scotia Power Standards. In the interest of the
operating authority, provide only three phase power to operate the required equipment.

Intake

Each pump should have an individual intake. Wet well design should be such as to avoid
turbulence near the intake.

Constant Speed vs. Variable Speed Pumps

In certain instances, such as pumping stations discharging directly into mechanical sewage
treatment plants or into other pumping stations, some means of flow pacing may be
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223.8

2239

2.24.1

2242

2243

1 2.25.1

required. This can be provided by various means, depending upon the degree of flow
pacing necessary. If even minor pump surges would have serious effects, variable speed
pumps should be used. If minor surges can be tolerated, two-speed pumps or multiple
constant speed pumps can be used.

Controls

Control systems shall be of the air bubbler type or the encapsulated float type. Float-tube
control systems on existing stations being upgraded may be approved. Float control
should be positioned as per Design Section 2.2.5.5.

Alternation

Provisions shall be made to automatically alternate the pumps in use.
Valves

Suction Line

Suitable shutoff valves shall be placed on the suction line of each pump except on
submersible and vacuum-primed pumps.

Discharge Line

Suitable shutoff and check valves shall be placed on the discharge line of each pump. The
check valve shall be located between the shutoff valve and the pump. Check valves shall
be suitable for the material being handled. Valves shall be capable of withstanding
normal pressure and water hammer.

Where limited pump backspin will not damage the pump and low discharge head
conditions exist, short individual force mains for each pump may be considered in lieu of
discharge valves.

Location

Valves shall not be located in the wet well.

Wet Wells

Divided Wells

Where continuity of pumping station operation is important, consideration should be
given to dividing the wet well into multiple sections, properly interconnected, to facilitate

repairs and cleaning. Divided wet wells should also be considered for all pumping
stations with capacities in excess of 100 L/s.
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2252 Pump Cyde

For any pumping station, the wet well should be of sufficient size to allow for a minimum
of a fifteen minute cycle time for each pump. For a two-pump station, the volume in
cubic meters, between pump start and pump stop should be 0.225 times the pumping rate
of one pump, expressed in L/s. For other numbers of pumps, the required volume
depends upon the operating mode of the pumping units.

2253 Size

Wet well size and control settings should be based on consideration of the volume
required for pump cycling; the design fill time, dimensional requirements to avoid
turbulence problems; vertical separation between pump control points; inlet sewer
elevation; capacity required between alarm levels and basement flooding and/or overflow
elevations; etc. To avoid septicity problems, wet wells should not provide retention times
greater than 30 minutes. -

2254 Floor Slope

The wet well floor shall have a minimum slope of 1 to 1 to the hopper bottom. The
horizontal area of the hopper bottom shall be no greater than necessary for proper
installation and function of the inlet.

22.5.5 Float Controls

Float controls should be at least 300 mm vertically and 125 mm horizontally apart and
positioned against a wall away from turbulent areas.

2256 Pump Start Elevation

To minimize pumping costs and wet well depth, normal high water level (pump start
elevation) may be permitted to be above the invert of the inlet sewer provided basement
flooding and/or solids deposition will not occur. Where these problems cannot be
avoided, the high water level (pump start elevation) should be approximately 300 mm
below the invert of the inlet sewer.

225.7 Pump Stop Elevation

Low water level (pump shut-down) should be at least 300 mm or twice the pump suction
diameter, whichever is greater, above the center line of the pump volute.

2258 Bottom Elevation

The bottom of the wet well should be no more than D/2, nor less than D/3 below the
mouth of the flared intake where turmed-down, bell-mouth inlets are used. "D" being the
diameter of the mouth of the flared intake.
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2259

226.1

2262

227

2271

22.72

2273

Air Displacement

Covered wet wells shall have provisions for air displacement such as an inverted *j* tube
or other means which vents to the outside.

Dry Wells
Dry Well Dewatering

A separate sump pump equipped with dual check valves shall be provided in the dry wells
to remove leakage or drainage, with the discharge above the overflow level of the wet
well. A connection to the pump suction is also recommended as an auxiliary feature.
Water ejectors connected to a potable water supply will not be approved. All floor and
walkway surfaces should have an adequate slope to a point of drainage. Pump seal water
shall be piped to the sump.

Maintenance

The dry well should be equipped with a lifting beam to facilitate removal of pump motors.
A roof hatch is recommended to provide access for removal of the entire pump and motor.
Ventilation |

General

Adequate ventilation shall be provided for all pump stations. Where the pump pit is
below the ground surface, mechanical ventilation is required, so arranged as to
independently ventilate the dry well and the wet well. There shall be no interconnection
between the wet well and dry well ventilation systems. Ventilation must avoid dispensing
contaminants throughout other parts of the pumping station, and vents shall not open into
a building or connect with a building ventilation system.

Alr Inlets and Outlets

In dry wells over 4.6 m deep multiple inlets and outlets are desirable. Dampers should
not be used on exhaust or fresh air ducts and fine screens or other obstructions in air
ducts should be avoided to prevent clogging.

Electrical Controls

Switches for operation of ventilaton equipment should be marked and located

. conveniently. All intermittently operated ventilation equipment shall be interconnected

with the respective pit lighting system. Consideration should be given also to automatic
controls where intermittent operations is used. The manual lighting ventilation switch
shall override the automatic controls. .
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22.74

2275

22.7.6

228

2210

22.10.1

Fans, Heating, and Dehumidification -

The fan wheels shall be fabricated from non-sparking material. Automatic heating and
dehumidification equipment shall be provided in all dry wells. The electrical equipment
and components shall meet the requirements in Design Section 2.2.3.5.

Wet Wells

Ventilation may be either continuous or intermittent. Ventilation, if continuous, should
provide at least 12 complete air changes per hour; if intermittent, at least 30 complete air-
changes per hour. Fresh air shall be forced into the wet well, by mechanical means, at
a point 300 mm above the expected high liquid level. There shall be a provision for
automatic blow-by to elsewhere in the well, should the fresh air outlet become submerged.
Portable ventilation equipment shall be provided for use at submersible pump stations.

Dry Wells

Ventilation may be either continuous or intermittent. Ventilation, if continuous, should
provide at least six complete air changes per hour; if intermittent, at least 30 complete air
changes per hour. Ventilation shall be forced into the dry well at a point 150 rom above
the pump floor, and allowed to escape through vents in the roof superstructure. A system
of two speed ventilation with a initial ventilation rate of 30 changes per hour for 10
minutes and automatic change over to 6 changes per hour may be used to conserve heat,

Flow Measurement

Suitable devices for measuring wastewater flow shall be provided at all pumping stations.
Indicating, totalizing, and recording flow measurement shall be provided at pumping
stations with a 75 L/s or greater design peak hourly flow. Elapsed time meters used in
conjunction with pumping rate tests may be acceptable for pumping stations with a design
peak hourly flow up to 75 L/s.

Water Supply

There shall be no physical connection between any potable water supply and a sewage
pumping station which under any conditions might cause contamination of the potable
water supply. If a potable water supply is brought to the station it shall be protected with
a suitable backflow prevention device (see Design Section 3.7.2).

Suction Lift Pumps
General

Suction lift pumps shall be of the self-priming or vacuum-priming fype and shall meet the
applicable requirements of Design Section 2.2. Suction lift pump stations using dynamic
suction lifts exceeding the limits outlined in the following sections may be approved by

the appropriate reviewing agency upon submission of factory certification of pump
performance and detailed calculations indicating satisfactory performance under the
proposed operating conditions. Such detailed calculations must include static suction lift
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2.2.10.2

2.2.10.3

2211

22.11.1

22112

22113

as measured from "lead pump off* elevation to center line of pump suction, friction and
other hydraulic losses of the suction piping, vapor pressure of the liquid, altitude
correction, required net positive suction head and a safety factor of at least 1.8 meters.

The pump equipment compartment shall be above grade or offset and shall be effectively
isolated from the wet well to prevent the humid and corrosive sewer atmosphere from
entering the equipment compartment. Wet well access shall not be through the
equipment compartment. Valving shall not be located in the wet well.

Self-Priming Pumps

Self-priming pumps shall be capable of rapid priming and re-priming at the “lead pump
on® elevation. Such self-priming and re-priming shall be accomplished automatically
under design operating conditions. Suction piping should not exceed the size of the pump
suction and shall not exceed 7.6 m in total length. Priming lift at the "lead pump on"
elevation shall include a safety factor of ar least 1.2 m from the maximum allowable
priming lift for the specific equipment at design operating conditions. The combined total
of dynamic suction lift at the "pump off* elevation and required net positive suction head
at design operating conditions shall not exceed 6.7 m.

Vacuum-Priming Pumps

Vacuum-priming pump stations shall be equipped with dual vacuum pumps capable of
automatically and completely removing air from the suction lift pump. The vacuum
pumps shall be adequately protected from damage due to sewage. The combined total of
dynamic suction lift at the "pump off" elevation and required net positive suction head at
design operating conditions shall not exceed 6.7 m.

Submersible Pump Stations
General

Submersible pump stations shall meet the applicable requirements under Design Sections
2.2.1 to 2.2.9 except as modified in this section.

Construction

Submersible pumps and motors shall be designed specifically for raw sewage use,
including totally submerged operation during a portion of each pumping cycle. An
effective method to detect shaft seal failure or potential seal failure shall be provided and
the motor shall be of squirrel-cage type design without brushes or other arc-producing
mechanisms.

Pump Removal

Submersible pumps shall be readily removable and replaceable without dewatering the
wet well or disconnecting any piping in the wet well.
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22114

22115

22.11.6

2211.7

22118

Power Supply

Electrical supply, control and alarm circuits shall be designed to provide strain relief and
to allow disconnection from outside the wet well. Terminals and connectors shall be
protected from corrosion by location outside the wet well or through use of water-tight
seals. If located outside, weatherproof equipment shall be used.

Controls

The motor control center shall be located outside the wet well and be protected by a
conduit seal or other appropriate measures meeting the requirements of the Canadian
Electrical Code, to prevent the atmosphere of the wet well from gaining access to the
control center. The seal shall be so located that the motor may be removed and
electrically disconnected without disturbing the seal.

Power Cord

Pump motor power cords shall be designed for flexibility and serviceability under
conditions of extra hard usage and shall meet the requirements of the Canadian Electrical
Code. The ground fault system shall be used to de-energize the circuit in the event of any
failure in the electrical integrity of the cable. Power cord terminal fittings shall be
corrosion-resistant and constructed in a manner to prevent the entry of moisture into the
cable. They shall also be provided with strain relief appurtenances and shall be designed
to facilitate field connecting.

Valves

Valves required under Design Section 2.2.4 shall be located in a separate valve pit.
Accumulated water shall be drained to the wet well or to the soil. If the valve pit is
drained to the wet well, an effective method shall be provided to prevent sewage from
entering the pit during surcharged wet well conditions.

Ventilation

Gravity ventilation may be acceptable provided that maintenance crews carry suitable
portable ventilation equipment when visiting the site.

Cathodic Protection

Steel fabricated pumping stations shall require cathodic protection for corrosion control.
Impressed current or magnesium anode packs are generally used for this purpose in
conjunction with a suitable protective coating on underground surfaces, applied in
accordance with the manufacturer’s directions. The unit should be electrically isolated by
dielectric fittings placed on inlet and outlet pipes, anchor bolts and electrical conduit
boxes.

Upon completion of the installation, the capability of the anti-corrosion system should be
verified by instrumentation. Such inspection should be carried out by a person approved
by the reviewing agencies.
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Alarm Systems

Alarm systems shall be provided for pumping stations. The alarm shall be activated in
cases of power failure, pump failure, use of the lag pump, unauthorized entry, or any
cause of pump station malfunction. Pumping station alarms shall be telemetered,
including identification of the alarm condition, to a municipal facility that is manned 24
hours a day. If such a facility is not available and 24 hour holding capacity is not
provided, the alarm may be telemetered to municipal offices during normal working hours
or to the home of the person(s) in charge of the pumping station during off-duty hours.
Audio visual alarm systems with a self-contained power supply may be acceptable in some
cases in lieu of the telemetering system outlined above, depending upon location, station
holding capacity and inspection frequency.

23

23.1

232

EMERGENCY OPERATION

Pumping stations and collection systems shall be designed to prevent or minimize
bypassing of raw sewage. For use during possible periods of extensive power outages,
mandatory power.reductions, or uncontrolled storm events, consideration should be given
to providing a controlled, high-level wet well overflow to supplement alarm systems and
emergency power generation in order to prevent backup of sewage into basements, or
other discharges which may cause severe adverse impacts on public interests, including
public health and property damage. Where a high level overflow is utilized, consideration
shall also be given to the installation of storage/detention tanks, or basins, which shall
be made to drain to the station wet well." Storage capacity should be related to frequency
and length of power outages for the area. Where public water supplies, shellfish
production, or waters used for culinary or food processing purposes exist, overflows shall
not be permitted.

Overflow Prevention Methods

A satisfactory method shall be provided to prevent or minimize overflows. The following
methods should be evaluated on a case by case basis:

a, storage capacity, including trunk sewers, for retention of wet weather flows
(storage basins must be designed to drain back into the wet well or collection
system after the flow recedes); and

b. an in-place or portable pump, driven by an internal combustion engine meeting
the requirements of Design Section 2.3.3 below, capable of pumping from the wet
well to the discharge side of the station.

Overflows

If the avoidance of overflows is not possible, provision shall be made for chlorination of
the overflow raw sewage unless waived by the regulatory agencies. The overflow facilities
should be alarmed and equipped to indicate frequency and duration of overflows, and
provided with facilities to permit manual flow measurement. Overflows should be
recorded and reported to the regulatory agencies.
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233.1

2332

23.3.3

2334

2335

23.3.6

Equipment Requirements

The following general requirements shall apply to all internal combustion engines used
to drive auxiliary pumps, service pumps through special drives, or electrical generating
equipment.

Engine Protection

The engine must be protected from operating conditions that would result in damage to
equipment. Unless continuous manual supervision is planned, protective equipment shall
be capable of shutting down the engine and activating an alarm on site and as provided
in Design Section 2.2.13. Protective equipment shall monitor for conditions of low oil
pressure and overheating, except that oil pressure monitoring will not be required for
engines with splash lubrication.

Size

The engine shall have adequate rated power to start and continuously operate all
connected loads. .

Fuel Type

Reliability and ease of starting, especially during cold weather conditions, should be
considered in the selection of the type of fuel.

Engine Ventilation

The engine shall be located above grade with adequate ventilation of fuel vapours and
exhaust gases.

Routine Start-up

All emergency equipment shall be provided with instructions indicating the need for
regular starting and running of such units at full loads.

Protection of Equipment

Emergency equipment shall be protected from damage at the restoration of regular
electrical power.

Engine-Driven Pumping Equipment

Where permanently-installed or portable engine-driven pumps are used, the following
requirements in addition to general requirements shall apply.
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2.3.4.1

2342

2343

2.3.5.1

2352

2.3.5.3

Pumping Capacity

Engine-driven pumps shall meet the design pumping requirements unless storage capacity
Is available for flows in excess of pump capacity. Pumps shall be designed for anticipated
operating conditions, including suction lift if applicable.

Operation

The engine and pump shall be equipped to provide automatic start-up and operation of
pumping equipment. Provisions shall also be made for manual start-up. Where manual
start-up and operation is justified, storage capacity and alarm systems must meet the
requirements of Design Section 2.3.4.3.

Portable Pumping Equipment

Where part or all of the engine-driven pumping equipment is portable, sufficient-storage
capacity to allow time for detection of pump station failure and transportation and hookup
of the portable equipment shall be provided. A riser from the force main with quick-
connect coupling and appropriate valving shall be provided to hook up portable pumps.

Engine-Driven Generating Equipment

Where permanently-initalled or portable engine-driven generating equipment is used, the
following requirements in addition to general requirements shall apply.

Generating Capaci

Generating unit size shall be adequate to provide power for pump motor starting current
and for lighting, ventilation and other auxiliary equipment necessary for safety and proper
operation of the pumping station. The operation of only one pump during periods of
auxiliary power supply must be justified. Such justification may be made on the basis of
maximum anticipated flows relative to single-pump capacity, anticipated length of power
outage and storage capacity. Special sequencing controls shall be provided to start pump
motors unless the generating equipment has capacity to start all pumps simultaneously
with auxiliary equipment operating.

Operation

Provisions shall be made for automatic and manual start-up and load transfer. The
generator must be protected from operating conditions that would result in damage to
equipment. Provisions should be considered to allow the engine to start and stabilize at
operating speed before assuming the load. Where manual start-up and transfer is

justified, storage capacity and alarm systems must meet requirements of Design Section
2353

Portable Generating Equipment

Where portable generating equipment or manual transfer is provided, sufficient storage
capacity to allow time for detection of pump station failure and transportation and
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connection of generating equipment shall be provided. The use of special electrical
connections and double throw switches are recommended for connecting portable
generating equipment.

24 INSTRUCTIONS AND EQUIPMENT
The operating authority of sewage pumping stations shall be supplied with a complete set
of operational instructions, including emergency procedures, maintenance schedules, tools
and such spare parts as may be necessary.

25 FORCE MAINS

25.1 Velocity
At design average flow, a cleansing velocity of at least 0.6 meters per second shall be
maintained.

252 Air Relief Valve and Blowoff
An automatic air relief valve shall be placed at high points in the force main to prevent
air locking. Blowoffs should be provided at all low points in pressure sewers.

253 Termination
Force mains should enter the gravity sewer system at a point not more than 0.6 m above
the flow line of the receiving manhole. A 45° bend may be considered to direct the flow
downward.

254 Design Pressure
The force main and fittings, including reaction blocking, shall be designed to withstand
normal pressure and pressure surges (water hammer).

255 Size
Force mains shall be sized to provide sufficient flow velocity, required capacity at the
available head and to withstand operating pressures as outlined in Design Sections 2.5.1
and 2.54.

25.6 Slope and Depth

Force main slope does not significantly affect the hydraulic design or capacity of the
pipeline itself. Under no circumstance, however, shall any force main be installed at zero
slope. Zero slope installation makes line filling and pressure testing difficult, and
promotes accumulation of air and wastewater gases.

A forcemain should have a minimum cover of 1.8 m.
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Spedial Construction

Force main construction near watercourses or used for aerial crossing shall meet
applicable requirements of Design Sections 1.9 and 1.10.

Design Friction Losses

Friction losses through force mains shall be based on the Hazen Williams formula or
another acceptable method. When the Hazen Williams formula is used, the following
values for "C" shall be used for design.

Unlined iron or steel - 100
All other - 120

When initially installed, force mains will have a significantly higher “C* factor. The "
factor of 120 should be considered in calculating maximum power requirements for
smooth pipe.

Separation from Water Mains

Water mains and sewage force mains are to be installed in separate trenches. The soil
between the trenches shall be undisturbed. Force mains crossing water mains shall be
laid to provide a minimum vertical distance of 450 mm between the outside of the force
main and the outside of the water main. The water main shall be above the force main.
At crossings, one full length of water pipe shall be located so both joints will be as far
from the force main as possible. Special structural support for the water main and the
force main may be required.

Identification

Where force mains are constructed of material which might cause the force main to be
confused with potable water mains, the force main should be appropriately identified.

2.6
2.6.1

2.6.2

TESTING
General

The entire length of a force main shall be tested for leakage. If the length of a force main
exceeds 400 m, the allowable leakage must not exceed the allowable leakage for a similar
force main 400 m in length. All valves in the force main must be opened immediately
prior to testing.

Leakage Test

The force main shall be filled with water, and a test pressure of 1035 kPa or equal to 1.5
times the working pressure shall be applied, measured at the lowest point in the test
section. The pressure shall be maintained by pumping water from a suitable container
of known volume. The amount of water used for a period of two hours shall be recorded.
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263 Allowable Leakage
Allowable leakage for a force main shall be determined by the following formula:

L = (SD) x P**
. 727,500

where:

L = allowable leakage in litres/hour
= length of pipe in metres

D = nominal diameter of pipe in mm

P = test pressure in kPa .

Allowable leakage for closed metal seated valves is 12 ml per mm of nommal valve
dxameter per hour.




Chapter 3 SEWAGE TREATMENT FACILITY

3.1 PERFORMANCE EXPECTATIONS
Treatment, the extent of which will depend upon local conditions, shall be provided in
connection with all sewer installations. The engineer should confer with the regulatory
agencies before proceeding with the design of detailed plans.

3.1.1

Preliminary Treatment

Coarse screens, bar screens and comminutors are generally provided S0 as to protect
downstream pumps and other equipment from damage caused by the movement of large
solids and trash. '

Usually, grit chambers remove all particles that have setding velocities (in a quiescent
settling column) greater than 1.5 to 3 em/sec at 20°C. Sand particles of specific gravity
2.65 and size 0.2 mm (retained on a 65-mesh screen) are known to have a settling
velocity of approximately 3 cm/sec and grit chambers are designed to remove all sand
(and gravel) particles of size greater than 0.2 mm. However, particles of specific gravity
lower than 2.65 can also have senling velocity greater than 3 cm/sec when they are of
very coarse size, and such solids are also removed in a grit chamber whether they are
inorganic or organic. Design engineers have no control over this. The only controlling
factor is the settling (or subsiding) velocity of a solid particle and this depends on particle
size as well as specific gravity (at a given temperature). Consequently, particles collected
even in properly designed and operated grit chambers have been known to have wide
ranges of specific gravity, size, shape, character and organic content.

Pre-aeration of wastewater can be used to achieve the following objectives:

odour control;

grease separation and increased grit removal;

prevention of septicity;

grit separation;

flocculation of solids;

maintenance of dissolved oxygen (D.0.) in primary treatment tanks at low flows;
increased removal of BOD and SS in primary units (see Figure 3.1); and

to minimize solids deposits on side walls and bottom of wetwells.

PR me an o

The flocculation process in preliminary wastewater treatment is used for the following
purposes and benefits:

1. Increased removal of SS in the primary settling basin by mechanically or
physically induced agglomeration of the finer particles.

2. Increased removal of BOD, SS, and phosphorus by treating raw wastewater with
chemicals ahead of primary sedimentation.

Pre-chlorination (the practice of applying chlorine at the plant headworks) is used
principally to control odour, corrosion and septicity, and to aid in grease removal. The
provision to pre-chlorinate influent wastewater should be provided for all wastewater

treatment plants.
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FIGURE 3.1

EFFECT OF PREAERATION ON REMOVAL OF
SS IN A PRIMARY SETTLING TANK
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Primary, Secondary and Tertiary Treatment

Table 3.1 lists expected effluent quality produced by well operated treatment facilities
treating typical municipal sanitary sewage. The table can be used to illustrate potential
effluent quality for selected processes, and as a guide for performance comparisons.
Specific facilities may have different treatent objectives and quality requirements.

32

3.2.1

SITE CONSIDERATIONS

Plant Location

The following items shall be considered when selecting a plant site:

a. proximity to residential areas;
b. direction of prevailing winds;
c. accessibility;
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d. area available for expansion;

e. local zoning requirements;

f. local soil characteristics, geology, hydrology and topography available to minimize
pumping;

g access to receiving stream;

h. downstream uses of the receiving stream; and

i compatibility of treatment process with the present and planned future land use,
including noise, potential odors, air quality and anticipated sludge processing and
disposal techniques.

j- proximity to surface water supplies and water wells.

Where a site must be used which is critical with respect to these items, appropriate
measures shall be taken to minimize adverse impacts.

Separation Distances

Separation distances should be designed to prevent the occurrence of objectionable odours
in subdivisions and surface water and groundwater contamination, when sewage
treatment plants are operated normally and within designed capacities. They should not
be designed to accommodate unusual upset conditions that may occur from time to time.

Separation distances will be measured from the proposed odour producing source to the
nearest neighbouring lot line. Specific separation distances are as follows:

a. Mechanical plants shall be located a minimum of 150 m from residences, 30 m
from commercial-industrial developments and 30 m from any other adjacent
property boundaries. Under special circumstances a lesser separation distance to
residences may be adopted, provided provision for odour control equipment is
provided at the plant; and

b. Waste stabilization lagoons shall be located at least 150 m from isolated human
habitation and 300 m from built-up areas.

Flood Protection

The treatment works structures, electrical and mechanical equipment shall be protected
from physical damage from the one hundred (100) year flood. Treatment works should
remain fully operational and accessible during the twenty-five (25) year flood. This
applies to new construction and to existing facilities undergoing major modifications. The
designer should consult the Canada - Nova Scotia Agreement regarding flood protection
and designated flood areas.

General Plant Layout
The general arrangement of the plant within the site should take into account the

subsurface conditions and natural grades to provide the necessary facilities at minimum
cost.
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In the layout of the plant, the designer should orient the buildings to provide adequate
allowances for future linear expansions of the various treatment sections and orjent the
Plant so that the best advantage can be taken of the prevailing wind and weather

- conditions to minimize odour, misting and freezing problems and energy consumption.

The plant layout should also allow for the probability of snow drifting, with entrances,
roadways and open tankage located so that the effect of snow drifting on operations will
be minimized.

It is not recommended that construction of any of the facilities be in close proximity to
a shore line, except where this is unavoidable. Suitable measures must be taken to
adequately protect the structures from the effects of wave action and shore erosion.

Within the constraints mentioned above, the designer should work towards a plant layout
where the various processing units are arranged in a logical progression to avoid the
necessity for major pipelines or conduits to transmit wastewater, sludges, or chemicals
from one module to the next, and also to arrange the plant layout to provide for
convenience of operation and ease of flow splitting for proposed and future treatment
units.

Where site roadways are provided for muck access, the road design should be sufficient
to withstand the largest anticipated delivery or disposal vehicles with due allowance for
vehicle turning and forward exit from the site.

In order to avoid the dangers of high voltage lines crossing the site, it is suggested that
a high voltage pole be locared at the property line. Depending on the distance from the
terminal pole to the control building, the step-down transformer would be located at the
terminal pole or adjacent to the control building. If the distance between the terminal
pole and the building is excessive, the transformer should be located adjacent to the
building. Then the high voltage connections should be brought by underground cable to
the pothead at the transformer. In this way, the primary and secondary terminals of the
transformer are fully enclosed and no fence is required around the transformer.

Sewage treatment works sites must be adequately fenced and posted 1o prevent persons
from obtdining unauthorized access.

Provision For Future Expansion

In addition to the general site considerations outlined in Design Section 3.2.4, there are
a number of allowances needed to provide for economical and practical expansion of the
Wastewater treatment facilities. Key provisions include:

a. Design of on-site pumping stations such that their capacity can be increased
and/or parallel facilities constructed without the need for major disruption of the
plant’s operation;

b. Layout and sizing of channels and plant piping such that additional treatment
units can be added or increases in loading rates accommodated. Similarly, the
layout of buildings and tankage should accommodate the location of the future
stages of expansion;




SEWAGE TREATMENT FACILITY Page D3 -6

c. Space provision within buildings to provide for replacement of equipment with
larger capacity units. This is particularly important with equipment such as
pumps, blowers, boilers, heat exchanges, etc. Adequate working space shall be
provided around equipment, and provision made for the removal of equipment;
and,

d. Sizing of inlet and outlet sewers to account for the ultimate plant capacity.
Provided that problems will not occur with excessive sedimentation in the sewers,
these sewers should be sized for the ultimate condition. With diffused outfalls,
satisfactory port velocities can often be obtained by blocking off ports which will
not be required until subsequent expansion stages.

33

QUALITY OF EFFLUENT

The required degree of treatment for sewage treatment plants shall be based on the
Provincial Water Quality objectives (reference chapter P2) for the receiving waters as
established by the regulatory agencies.

34

34.1

34.2

GENERAL DESIGN REQUIREMENTS
Type of Treatment

A process should be capable of providing the necessary reatment and effluent discharge
control to protect the adjacent and receiving environment.

As a minimum, the following items shall be considered in the selection of the type of
treatment:

present and future effluent requirements;

location of and local topography of the plant site;

space available for future plant construction;

the effects of industrial wastes likely to be encountered;

ultimate disposal of sludge;

system capital costs;

system operating and maintenance costs, including basic energy requirements;
process complexity governing operating personnel requirements;
environmental impact on present and future adjacent land use;

sewage characteristics and the results of any treatability or pilot plant studies;
and

reliability of the process and the potential for malfunctions or bypassing needs.

Torep e Ao o

=

Engineering Data for New Process Evaluation

The policy of the reviewing authority is to encourage rather than obstruct the
development of any methods or equipment for the treatment of wastewater. The lack of
inclusion in these standards of some types of wastewater treatment processes or
equipment should not be construed as precluding their use. The reviewing authority may
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approve other types of wastewater treatment processes and equipment under the condition
that the operational reliability and effectiveness of the process or device shall have been
demonstrated with a suitably-sized prototype unit operating at its design load conditions,
to the extent required.

The reviewing authority may require the following:

a. monitoring observations, including tests results and engineering evaluations,
. demonstrating the efficiency of such processes;

b. detailed description of the test methods;

c. testing, including appropriately composite samples, under various ranges of
strength and flow rates (including diurnal variations) and waste temperatures
over a sufficient length of time to demonstrate performance under climatic and
other conditions ‘which may be encountered in the area of the proposed
installations; and

d. other appropriate information.

The reviewing authority may require that appropriate testing be conducted and
evaluations be made under the supervision of a competent process engineer other than
those employed by the manufacturer or developer.

Design Loads
Design Period

Factors which will have an influence on the design period of sewage treatment works
include the following:

population growth rates;

prevailing financing interest rates;

inflation rates;

ease of expansion of facilities; and

time requirements for design and construction or expansion.

Wherever possible, sewage treatment plants should be designed for the flows expected to
be received 20 years hence, under normal growth conditions. In certain cases, where it
can be shown that staging of construction will be economically advantageous, lesser
design periods may be used provided it can be demonstrated that the required capacity
can be "on line” when needed.

Hydraulic Design

Flow conditions critical to the design of the treatment plant are described in Policy section
4.5.5.8.
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3.4.3.2.1

3.4.3.2.2

Initial low flow conditions must be evaluated in the design to minimize operational
problems with freezing, septicity, flow measurements and solids dropout. The design peak
hourly flows must be considered in evaluating unit processes, pumping, piping, etc.

The treatment plant design flow selected shall meet the appropriate effluent and water
quality standards that are set forth in the permit to operate. The design of treatment units
that are not subject to peak hourly flow requirements shall be based on the design average
flow. For plants subject to high wet weather flows or overflow detention pumpback flows,
the design maximum day flows that the plant is to treat on a sustained basis should be
specified. )

New Systems
Hydraulic Capacity for Wastewater Facilities to serve New Collection Systems.

i) The sizing of wastewater facilities receiving flows from new wastewater collection
systems shall be based on an average daily flow of 340 L per capita plus
wastewater flow from industrial plants and major institutional and commercial
facilities unless water use data or other justification upon which to better estimate
flow is provided.

ii) The 340 L/cap-d figure shall be used, in conjunction with an extraneous flow
allowances (see Design Section 1.3) intended to cover infiltration.

iii) If the new collection system is to serve existing development the likelihood of I/1
contributions from existing service lines and non-wastewater connections to those
service lines shall be evaluated and wastewater facilities designed accordingly.

Existing Systems
Hydraulic Capacity for Wastewater Facilities to serve existing Collection Systems:
i) Projections shall be made from actual flow data to the extent possible.

i) The probable degree of accuracy of data and projections shall be evaluated. This
reliability estimation should include an evaluation of the accuracy of existing
data, as well as an evaluation’of the reliability of estimates of flow reduction
anticipated due to infiltration/inflow (/1) reduction or flow increases due to
elimination of sewer bypasses and backups.

i) Critical data and methodology used shall be included. It is recommended that
graphical displays of critical peak wet weather flow data (refer to Policy Section
4.5.5.8) be included for a sustained wet weather flow period of significance to the
project.

iv) At least one year’s flow data should be taken as the basis for determining the
various critical flow conditions.
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3.4.3.2.3

34.3.2.4

3.4.3.3

3.4.3.3.1

Wet Weather Flows

If unusually high flows are encountered during wet weather periods, a thorough
investigation of the collection system should be made and a program for corrective action
initiated.

Flow Equalization

Facilities for the equalization of flows and organic shock loads shall be considered at all
plants which are critically affected by surge loadings. The sizing of the flow equalization
facilities should be based on data obtained herein and from Design Section 1.3.

Organic Design Loads
Organic Load Definitions and Identification

The following organic loads for the design year shall be identified and used as a basis for
design of wastewater treatment facilities. Where any of the terms defined in this Section
are used in these design standards, the definition contained in this Section applies.

a. Biochemical Oxygen Demand Defined

The 5-day Biochemical Oxygen Demand (BOD,) is defined as the amount of oxygen
required to stabilize biodegradable organic matter under aerobic conditions within a five
day period in accordance with Standard Methods, 19th Edition. Total S-day Biochemical
Oxygen demand (TBOD,) is equivalent to BOD, and is sometimes used in order to
differentiate carbonaceous plus nitrogenous oxygen demand from strictly carbonaceous
oxygen demand.

The carbonaceous 5-day Biochemical Oxygen Demand (CBOD,) is defined as BOD, less the
nitrogenous oxygen demand of the wastewater. See Standard Methods, 19th Edition.

b. Design Average BOD,

The design average BODj is generally the averagé of the organic load received for a
continuous 12 month period for the design year expressed as weight per day. However,
the design average BOD, for facilities havi g critical seasonal high loading periods (e.g.,

recreational areas, campuses, industrial facilities) shall be based on the daily average
BOD, during the seasonal period.

c Design Maximmum Day BOD,

The design maximum day BOD; is the largest amount of organic load to be received
during a continuous 24 hour period expressed as weight per day.

d Design Peak Hourly BOD,

The design peak hourly BOD; is the largest amount of organic load to be received during
a one hour period expressed as weight per day.
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3.4.3.3.2

3.4.3.3.3

3.4.3.4

New Systems

Organic Capacity of Wastewater Treatment Facilities to Serve New Collection Systems.

a.

Domestic waste treatment design shall be on the basis of at least 0.08 kg of BOD,
per capita per day and 0.09 kg of suspended solids per capita per day, unless
information is submitted to justify alternate designs.

When garbage grinders are used in areas tributary to a domestic treatment plant,
the design basis should be increased to 0.10 kg of BOD, per capita per day and
0.11 kg pounds of suspended solids per capita per day.

Where appreciable amounts of industrial waste are included, consideration shall
be given to the character of wastes in the design of the plant.

Data from similar municipalities may be utilized in the case of new systems.
However, thorough investigation that is adequately documented shall be provided
to the reviewing authority to establish the reliability and applicability of such
data.

Existing Systems

Design of Organic Capacity of Wastewater Treatment Facilities to Serve Existing Collection
Systems:

a.

Projections shall be made from actual wasteload data to the extent possible.
Laboratory analyses shall be made on composite samples taken over 24 hour
periods. This data shall include composite samples for the maximum significant
period of sewage and industrial waste discharge, and shall cover a significant
period of time to be representative of actual conditions. It is recommended that
the designing engineer confer with the reviewing agency for details concerning
the collection and analysis of samples. Recognition should be given to flow
patterns for institutions, schools, motels, etc.

b. Projections shall be compared to Design Section 3.4.3.3.2 and an accounting
made for significant variations from those values.

c. . Impact of industrial sources shall be documented. For projects with significant
industrial contributions, pretreatment may be required.

Shock Effects

The shock effects of high concentrations and diurnal peaks for short periods of time on
the treatment process, particularly for small treatment plants, shall be considered.
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3.4.3.5

3.4.3.6

Design by Analogy

Data from similar municipalities may be utilized in the case of new systems; however, a
thorough investigation that is adequately documented shall be provided to the reviewing
authority to establish the reliability and applicability of such data.

Design Capacity of Various Plant Components (Without Flow Equalization)

In general, all components of mechanical sewage treatment plants should be hydraulically
capable of handling the anticipated peak sewage flow rates without overtopping channels
and/or tankage. From a process point-of-view, however, the design of various sections of
sewage treatment plants should be based upon the following hydraulic, organic and
inorganic loading rates:

Sewage Pumping Stations

] peak hourly flow rate.

Screening

® peak flow rate.

Grit Removal

) peak flow rate, peak grit loading rate.

Prim;ary Sedimentation

. peak flow rate, peak suspended solids loading rate.

Aeration (without nitrification)

average diurnal BOD, loading rate is usually sufficient with predominantly
domestic wastes, but the presence of significant industrial waste loadings may
create sufficient diurnal variations to warrant consideration. Daily or seasonal
variations in domestic and/or industrial BOD loading rates should be taken into
consideration. Except for short detention treatment systems, such as contact
stabilization or high rate processes, hydraulic detention time is seldom critical.

Aeration (with nitrification)

average diurnal BOD, loading rate is usually sufficient with predominantly
domestic wastes, but the presence of significant industrial waste loadings may
create sufficient BOD diurnal variations to warrant consideration. Diurnal peak
flow rate and diurnal peak ammonia (total Kjeldahl nitrogen with extended
aeration) loading rates must be designed for. Daily or seasonal variations in
BOD,, ammonia, total Kjeldahl (with extended aeration) and peak flow rates
should also be taken into consideration. '
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Secondary Sedimentation
] peak hourly flow rate or peak solids loading rate, whichever governs.
Sludge Return

. capacity requirements will vary with the treatment system (see Design Section
10).

Disinfection Systems

] peak flow rate.

Chemical Feed Systems

. peak flow rate.

Effluent Filtration

L] peak flow rate, peak solids loading rate.

Outfall Sewer

° peak flow rate.

Sludge Treatment (digestion, thickening, dewatering, incineration, etc.)

° average loading rates Chydraulic, total solids, volatile solids) unless sustained
peaks are of significance to the individual treatment process.

Conduits

All piping and channels should be designed to carry the maximum expected flows. The
incoming sewer should be designed for unrestricted flow. Bottom comners of the channels
must be filtered. Conduits shall be designed to avoid creation of pockets and corners
where solids can accumulate. Suitable gates should be placed in channels to seal off
unused sections which might accumulate solids. The use of shear gates or stop planks is
permitted where they can be used in place of gate valves or sluice gates. Non-corrodible
materials shall be used for these control gates.

Flow Division Control

Flow division control facilities shall be provided as necessary to insure organic and
hydraulic loading control to plant process units and shall be designed for easy operator
access, change, observation and maintenance. Appropriate flow measurement shall be
incorporated in the flow division control design.
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34.6.3
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Wastewater Flow Measurement

Facilities for measuring and recording all wastewater flows through the treatment works
shall be provided. All plant and process unit bypasses should also be equipped with flow
measuring devices, such that hydraulic balances around each treatment process unit and
the total plant are possible. Flow measuring devices should be located so that the flows
measured are meaningful and recordable.

Location

Flow measurement facilities shall be provided to measure the following flows:
a. Plant influent or effluent flow;

b. Plant influent flow: If influent flow is significantly different from effluent flow,

both shall be measured. This would apply for installations such as lagoons, and
plants with excess flow storage or flow equalization;

c. Excess flow treatment facility discharges;

d. Other flows required to be monitored under the provisions of the permit to
operate; and

e. Other flows such as returned activated sludge, waste activated sludge,

recirculation, and recycle required for plant operational control.

Fadlities

Indicating, totalizing, and recording flow measurement devices shall be provided for all
mechanical plants. Flow measurement facilities for lagoon systems shall not be less than
elapsed time meters used in conjunction with pumping rate tests or shall be calibrated
weirs. All flow measurement equipment must be sized to function effectively over the full
range of flows expected and shall be protected against freezing.

Hydraulic Conditions

Flow measurement equipment including entrance and discharge conduit configuration and
critical control elevations shall be designed to ensure that the required hydraulic
condjtions necessary for accurate measurement are provided. Conditions that must be
avoided include turbulence, eddy currants, air entrainment, etc., that upset the normal
hydraulic conditions that are necessary for accurate flow measurement.

Component Back-up Requirements
The components of sewage treatment plants should be designed in such a way that

equipment breakdown and normal maintenance operations can be accommodated without
causing serious deterioration of effluent quality.
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To achieve this, critical treatment processes should be provided in multiple units so that
with the larger unit out of operation, the hydraulic capacity (not necessarily the design
rated capacity) of the remaining units shall be sufficient to handle the peak wastewater
flow. ‘There should also be sufficient flexibility in capability of operation so that the
normal flow into a unit out of operation can be distributed to all the remaining units.
Similarly, it should be possible to distribute the flow of all of the units in the treatment
process downstream of the affected process. In addition, where feasible, it should be
possible to operate the sections of treatment plants as completely separate process trains
to allow full-scale loading tests to be carried out.

Sampling Equipment

Effluent composite sampling equipment shall be provided at all mechanical plants with
a design average flow of 380m®/day or greater and at other facilities where necessary to
meet "permit to operate” monitoring requirements. Composite sampling equipment shall
also be provided as needed for influent sampling and for monitoring plant operations.

Plant Hydraulic Gradient

The hydraulic gradient of all gravity flow and pumped waste streams within the sewage
treatment plant, including by-pass channels, should be prepared to ensure that adequate
provision has been made for all head losses. In calculating the hydraulic gradient,
changes in head caused by all factors should be considered, including the following:

a. head losses due to channel and pipe wall friction;

b. head losses due to sudden enlargement or sudden contraction in flow cross
section;

c. head losses due to sudden changes in direction, such as at bends, elbows, Wye

branches and tees;

d. head losses due to sudden changes in slope, or drops;
e. head losses due to obstructions in conduits;
£ head required to allow flow over weirs, through flumes, orifices and other

measuring, controlling, or flow division devices;

g head losses caused by flow through comminutors, bar screens, tankage, filters and
other treatment units;

h. head losses caused by air entrainment or air binding;

i. head losses incurred due to flow splitting along the side of a channel;

je head increases caused by pumping;

k. head ﬂo@ces for expansion requirements and/or process changes; and

L head allowances due to maximum water levels in receiving waters.
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34.10

Arrangement of Units

Component parts of the plant should be arranged for. greatest operating and maintenance
convenience, flexibility, economy, continuity of maximum effluent quality and ease of
installation of future units.

3.5

3.5.1

3.52

3521

3522
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PLANT DETAILS
Installation of Mechanical Equipment

The specifications should be so written that the installation and initial operation of major
items of mechanical equipment will be supervised by a representative of the manufacturer.

By-Passes
General

Except where duplicate units are available, properly located and arranged by-pass
structures shall be provided so that each unit of the plant can be removed from service
independently. The by-pass design shall facilitate plant operation during unit
maintenance and emergency Tepair so as to minimize deterioration of effluent quality and
insure rapid process Tecovery upon return to normal operational mode. By-pass systems
should also be constructed so that each unit process can be separately by-passed.

Unit By-Pass During Construction

Final plan documents shall include construction requirements as deemed necessary by the
reviewing agency to avoid unacceptable temporary water quality degradation.

Overflows

If sewage entering the treatment plant must be pumped into the treatment units, an
emergency overflow for the pumping station should be provided, if it is physically possible
(reference to chapter D2). The purpose of this overflow is to prevent basement flooding
by back-ups in the sewer system in the event of pumping station failure. Wherever
possible, this overflow should be routed through the chlorine contact chamber and plant
outfall sewer. If this is not possible, provision should be made for chlorination of such
overflows.

The overflow elevation and the method of activation should ensure that the maximum
feasible storage of the wet well will be utilized before the controlled overflow takes place.
The overflow facilities should at least be alarmed and equipped to indicate frequency and
duration of overflows and provided with facilities to permit manual flow measurement.
Automatic flow measurement and recording systems may be required in certain cases
where effluent quality requirements dictate.
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3.5.5

3.5.6

3.5.7

Drains

Means shall be provided to dewater each unit to an appropriate point in the process. Due
consideration shall be given to the possible need for hydrostatic pressure relief devices to
prevent flotation of structures. Pipes subject to clogging shall be provided with means for
mechanical cleaning or flushing. '

Construction Materials

Due consideration should be given to the selection of materials which are to be used in
sewage treatment works because of the possible presence of hydrogen sulphide and other
corrosive gases, greases, oils and similar constituents frequently present in sewage. This
is particularly important in the selection of metals and paints. Dissimilar metals should
be avoided to minimize galvanic action.

Painting

The use of paints containing lead or mercury should be avoided. In order to facilitate
identification of piping, particularly in the large plants, it is suggested that the different
lines be color-coded. The following color scheme is recommended for purposes of
standardization.

Raw sludge line - brown with black bands

Sludge recirculation suction line - brown with yellow bands
Sludge draw off line - brown with orange bands

Sludge recirculation discharge line - brown

Sludge gas line - orange (or red)

Natural gas line - orange (or red) with black bands
Nonpotable water line - blue with black bands

Potable water line - blue

Chlorine line - yellow

Sulfur Dioxide - yellow with red bands

Sewage (wastewater) line - grey

Compressed air line - green

Water lines for heating digesters or buildings - blue with a 150 mm red band
spaced 760 mm apart

The contents and direction of flow shall be stencilled on the piping in a contrasting color.
Operating Equipment

A complete outfit of tools and accessories and spare parts necessary for the plant
operator’s use shall be provided. A portable pump is desirable. Readily accessible storage
space and work bench facilities shall be provided and consideration given to provision of
a garage area which would also provide space for large equipment, maintenance and
repair,
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3.5.8

3.5.9

3.5.10

Grading and Landscaping

Upon completion of the plant, the ground should be graded. Concrete or gravel walkways
should be provided for access to all units. Where possible, steep slopes should be avoided
to prevent erosion. Surface water shall not be permitted to drain into any unit. Particular
care shall be taken to protect trickling filter beds, sludge beds and intermittent sand
filters, from surface wash. Provision should be made for landscaping, particularly when
a plant is located near residential areas.

Erosion Control During Construction

Effective site erosion control shall be provided during construction as outlined in the Nova
Scotia Department of the Environment publication, “Erosion and Sedimentation Control
Handbook for Construction Sites®. An approved erosion control Plan is required before
construction begins.

&

Cathodic Protection

Steel fabricated sewage treatment plants shall require cathodic protection for corrosion
control as specified in Design Section 2.2.12. :

3.6

3.6.1

3.6.2

3.63

PLANT OUTFALLS
Dilution

Outfall sewers shall consist of a completely piped system conforming to the Tequirements
of Design Section 1 of these guidelines and shall not discharge into any ditch or
watercourse in which adequate assimilative capacity is not available. In assessing the
available assimilative capacity the proximity of other outfalls must be taken into
consideration. The outfall sewer shall be designed to discharge to the receiving water in
a manner acceptable to the reviewing authority. Consideration should be given to each
of the following: a) utilization of cascade aeration of effluent discharge to increase
dissolved oxygen levels and b) limited or complete across-stream dispersion as needed to
protect aquatic life movement and growth in the immediate reaches of the receiving
stream.

Outlet

The outfall sewer, where practicable, shall be extended to the low water level of the
receiving body of water in such a manner to insure the satisfactory dispersion of the
effluent thereto and insofar as practicable, it shall have its outlet submerged. Where
greater depths are available, three (3) feet should be the achieved depth of submergence.

Protection and Maintenance
The outfall sewer shall be so constructed and protected against the effects of flood water,

tides, ice or other hazards as to reasonably insure its structural stability and freedom from
stoppage.
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A manhole should be provided at the shore end of all gravity sewers extending into the
receiving waters, complete with a flow measuring device.

Hazards to navigation must be considered in designing outfall sewers.

3.64 Dispersion of Flow

‘Where conditions exist that a point discharge of effluent could have deleterious effects on
" the receiving body of water, consideration shall be given to providing a means of effective

submerged dispersion of the effluent into the water course.

365 Sampling Provisions
All outfalls shall be designed so that a sample of the effluent can be obtained at a point
after the final treatment process and before discharge to or mixing with the receiving
water.

3.7 ESSENTIAL FACILITIES

371 Emergency Power Facilities

The need for standby power and the extent of equipment requiring operation by standby
power must be individually assessed for each sewage treatment plant. Some of the factors
which will require consideration in making the decisions regarding standby power and the
processes to be operated by the standby power equipment are as follows:

. reliability of primary power source;
o number of power feeder lines supplying grid system, number of alternate routes

within the grid system, and the number of alternate transformers through which
power could be directed to the sewage treatment plant;

. whether sewage enters the plant by gravity or is pumped;
. type of treatment provided;
) pieces of equipment which may become damaged or overloaded following

prolonged power failure;

. assimilation capacity of the receiving waters and ability to withstand higher
pollution loadings over short time periods; and

. other uses of the receiving water.
Each specific installation should provide for the following considerations:

. means for illuminating working areas to ensure safe working conditions; and
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3.72

3.7.2.1

3.72.2

3.7.2.3

.

. standby power source or equivalent to Ppower pumps, motorized valves and control
panels that are necessary to maintain the sewage flow through the treatment
plant.

Standby generating capacity normally is not required for aeration equipment used in the
activated sludge process. In cases where a history of long-term (4 hours or more) power
outages have occurred, auxiliary power for minimum aeration of the activated sludge will
be required. Full power generating capacity may be required by the reviewing authority
on certain critical stream segments.

Water Supply
General

An adequate supply of potable water under Pressure shall be provided for use in the
laboratory, chlorination equipment and general cleanliness around the plant. The
chemical quality should be checked for suitability for its intended uses such as heat
exchangers, chlorinators, etc.

No piping or other connections shall exist in any part of the treatment works, which,
under any conditions, might cause the contamination of a potable water supply. If a
potable water supply is brought to the plant, it shall be protected with a suitable backflow
prevention device.

Direct Connections

Potable water from a municipal or separate supply may be used directly at points above
grade for the following hot and cold supplies:

lavatory sink;

water closet;
laboratory sink;
shower;

drinking fountain;

eye wash fountain; and
safety shower.

ELBRMN I SN S

Hot water for any of the above units shall not be taken directly from a boiler used for
supplying hot water to a sludge heat exchanger or digester heating coils.

Indirect Connections

Where a potable water supply is to be used for any purpose in a plant other than those
listed in Design Section 3.7.2.2, a break tank, pressure pump and pressure tank shall be
provided. Wateér shall be discharged to the break tank through an air-gap at least 150
mm above the maximum flood line or the spill line of the tank, whichever is higher.

A sign shall be permanently posted at every hose bib, faucet or sill cock located on the

- ‘water system beyond the break tank to indicate that the water is not safe for drinking.
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3.724

3725

3.7.3

374

375

Consideration will also be given to backflow devices consisting of a system of check valves
and relief valves which provide protection against backflow.

Separate Potable Water Supply
Where it is not possible to provide potable water from a public water supply, a separate
well may be provided as long as sufficient pressure is available. Location and construction

of the well should comply with requirements of the regulatory authorities. Requirements
governing the use of the supply are those contained in Design Sections 3.7.2.2 and 3.7.2.3.

Separate Non-Potable Water Supply

" Where a separate non-potable water supply is to bé provided, a break tank will not be

necessary but all sill cocks and hose bibs shall be posted with a permanent sign indicating
the water is not safe for drinking.

Sanitary Facilities

Toilet, shower, lavatory and locker facilities should be provided in sufficient numbers and
convenient locations to serve the expected plant personnel.

Floor Slope
Floor surfaces shall be sloped adequately to a point of drainage.
Stairways

Stairways should be installed with a slope of 30 to 35 degrees from the horizontal to
facilitate carrying samples, tools, etc. All risers in a stairway should be of equal height.
Minimum tread run shall not be less than 200 mm. The sum of the tread run and riser
shall not be less than 430 mm nor more than 460 mm. A flight of stairs shall consist of
not more than 3 m continuous rise without a platform. Stairways shall be installed
wherever possible in lieu of ladders.

3.8

3.8.1

SAFETY
General

Adequate provision shall be made to effectively protect the operator and visitors from
hazards. The following shall be provided to fulfil the particular needs of each plant:

a. Enclosure of the plant site with a fence and signs designed to discourage the
entrance of unauthorized persons and animals;

b. Hand rails and guards around tanks, trenches, pits, stairwells, and other
hazardous structures with the tops of walls less that 1 m above the surrounding
ground level;

......
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3.82

3.82.1
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c. Gratings over appropriate areas of treatment units where access for maintenance
is required;
d. First aid equipment;

e “No Smoking" signs in hazardous areas;

f. Protective clothing and equipment, such as self-contained breathing apparatus,
gas detection equipment, goggles, gloves, hard hats, safety harnesses, etc.;

g. Portable blower and sufficient hose;

h Portable lighting equipment complying with the National and Provincial Electrical
Code requirements;

i Gas detectors; ’

e Appropriately-placed warning signs for slippery areas, non-potable water fixtures,

low head clearance areas, open service manholes, hazardous chemical storage
areas, flammable fuel storage areas, etc.;

k. Adequate ventilation in pump station areas in accordance with Design Section
2.27.

L Provisions for local lockout on stop motor controls; and

m. Provisions for confined space entry in accordance with regulatory agency
Tequirements.

Hazardous Chemical Handling

Reference should be made to Federal "Transportation of Dangerous Goods Act® and the
Provincial "Dangerous Goods and Hazardous - Wastes Management Act”.

Contaminant Materials

The materials utilized for storage, piping, valves, pumping, metering, splash guards, etc.,
shall be specially selected considering the physical and chemical characteristics of each
hazardous or corrosive chemical.

Primary Containment

Structures, rooms, and areas accommodating chemical storage and feed equipment should
be arranged to provide convenient access for chemical deliveries, equipment servicing and
repair, and observation of operation. It is recommended that wherever possible the
storage area be separated from the main plant, and that segregated storage be provided
for each chemical. Where two, or more, chemicals could react with undesirable effects,
the drainage piping (if provided) from the separate chemical handling areas should not

- be interconnected. For dangerous materials such as gaseous chlorine, either floor drains
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3.82.3

3.824

3.82.5

3.82.6

3.82.7

in the storage and scale rooms should be omitted entirely, with the floors sloped towards
the doors, or floor drains installed, but kept totally separated from the drainage systems
for the rest of the building.

Secondary Containment

Chemical storage areas shall be enclosed in dykes or curbs which are capable of
containing 110% of the stored volume until it can be safely transferred to alternate
storage or released to the wastewater at controlled rates which will not damage facilities,
inhibit the treatment processes or contribute to stream pollution. Liquid polymer should
be similarly contained to reduce areas with slippery floors, especially to protect travel-
ways. Non-slip floor surfaces are desirable in polymer handling areas.

Underground Storage

Underground storage and pgping facilities for fuels or for chemicals such as alum or ferric
chloride shall be constructed in accordance with applicable provincial and federal
regulations on underground storage tanks for both fuels and hazardous materials.

Liquified Gas Chemicals

Properly designed isolated areas shall be provided for storage and handling of chlorine
and sulfur dioxide and other hazardous gases. Gas detection kits, alarms, controls, safety
devices, and emergency repair kits shall also be provided.

Eye Wash Fountains and Safety Showers

Eye wash fountains and safety showers utilizing potable water shall be provided in the
laboratory and on each floor level or work location involving hazardous or corrosive
chemical storage, mixing (or shaking), pumping, metering, or transportation unloading.
These facilities are to be as close as practical to possible chemical exposure sites and are
to be fully useful during all weather conditions.

The eye wash fountains shall be supplied with water of moderate temperature (10 to
30°C), separate from the hot water supply, suitable to provide 15 to 30 minutes of
continuous irrigation of the eyes.

The emergency showers shall be capable of discharging 2 to 4 litres per second of water
at moderate temperature at pressures of 140 to 350 kPa. The eye wash fountains and
showers shall be not more than 7.0 m from points of hazardous chemical exposure.

Splash Guards

All pumps or feeders for hazardous or corrosive chemicals shall have guards which will
effectively prevent spray of chemicals into space occupied by personnel. The Splash
Guards are in addition to guards to prevent injury from moving or rotating machinery
parts. :
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3.8.2.8

3.8.2.9

3.82.10

3.82.11

Piping, Labelling, Coupling Guards, Location

All piping containing or transporting corrosive or hazardous chemicals shall be identified
with labels every 3 m and with at least two labels in each room, closet or pipe chase.
Colour coding may also be used but is not an adequate substitute for labelling. All
connections (flanged or other type), except adjacent to storage or feeder areas, shall have
guards which will direct any leakage away from space occupied by personnel. Pipes
containing hazardous or corrosive chemicals should not be located above shoulder level
except where continuous drip collection trays and coupling guards will eliminate chemical
spray or dripping on to personnel.

Protective Clothing or Equipment

The following items of protective clothing or equipment shall be available and utilized for
all operations or procedurgs where their use will minimize injury hazard to personnel:

a. self-contained air supply system recommended for protection against chlorine;

b. chemical worker's goggles or other suitable goggles (safety glasses are
imuﬂicignt) R

c. face muks or shields for use over goggles;

d. rubber gloves;

e. rubber aprons with leg straps;

f. rubber boots (leather and wool clothing should be avoided near caustics); and

g safety harness and line.

h. dust mask to protect the lungs in dry chemical areas.

Warning Systems and Signs

Facilities shall be provided for automatic shut-down of pumps and sounding of alarms
when failure occurs in a pressurized chemical discharge line.

Warning signs requiring use of goggles shall be located near chemical unloading stations,
pumps and other points of frequent hazard.

Dust Collection
Dust collection equipment shall be provided to protect personnel from dusts injurious to

the lungs or skin and to prevent polymer dust from settling on walkways. The latter is
to minimize slick floors which result when a polymer covered floor becomes wet.
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3.82.12

Container Identification

The identification and hazard warning data included on shipping containers, when
received, shall appear on all containers (regardless of size or type) used to store, carry or
use a hazardous substance. Sewage and sludge sample containers should be adequately
labelled. Below is a suitable label for sewage sample:

RAW SEWAGE

Sample point no.
Contains Harmful Bacteria.

May contain hazardous or toxic material..
Do not drink or swallow.
Avoid contact with openings or breaks in the skin.

3.9

3.9.1

LABORATORY
General

All treatment works shall include a laboratory for making the necessary analytical
determinations and operating control tests, except in individual situations where the
omission of a laboratory is approved by the reviewing agency. The laboratory shall have
sufficient size, bench space, equipment and supplies to perform all self-monitoring
analytical work required by the Permit to Operate and to perform the process control tests
necessary for good management of each treatment process included in the design.

The facilities and supplies necessary to perform analytical work to support industrial waste
control programs will normally be included in the same laboratory. The laboratory size
and arrangement must be sufficiently flexible and adaptable to accomplish these
assignments. The layout should consider.future needs for expansion in the event that
more analytical work is needed. Laboratory instrumentation and size should reflect
treatment plant size, staffing requirements, and process complexity. Experience and
training of plant operators should also be assessed in determining treatment plant
laboratory needs.

Treatment plant laboratory needs may be divided into the following three general
categories:

1 Plants performing only basic operational testing; this typically includes pH,
temperature, and dissolved oxygen;

1L Plants performing more complex operational and permit laboratory tests including
biochemical oxygen demand, suspended solids, and fecal coliform analysis, and;
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3.9.2.1.

3.9.2.2.

3.93

3.93.1

3932

3933

11 Plants performing more complex operational, permit, industrial pretreatment, and
multiple plant laboratory testing.

Expected minimum laboratory needs for these three plant classifications are outlined in
this section. However, in specific cases laboratory needs may have to be modified or
increased due to the industrial monitoring needs or special process control requirements.

Category I: Plants performing only basic operational testing.
Location and Space
A floor area up to 14 m® should be adequate. It is recommended that this be at the

treatment site. Another location in the community utilizing space in an existing structure
owned by the involved sewer authority may be acceptable.

Design and Materials

The facility shall provide for electricity, water, heat, sufficient storage space, a sink, and
a bench top. The lab components need not be of industrial grade materials. Laboratory
equipment and glassware shall be of types recommended by Standard Methods for the
Examination of Water and Wastewater and the reviewing authority.

Category II: Plants performing more complex operational and permit laboratory tests
incdluding biochemical oxygen demand, suspended solids, and fecal coliform analysis.

Location and Space

The laboratory size should be based on providing adequate room for the equipment to be
used. In general, the laboratories for this category of plant should provide a minimum of

. approximately 28 m? of floor space. The laboratory should be located at the treatment site

on ground level. It shall be isolated away from vibrating, noisy, high-temperature
machinery or equipment which might have adverse effects on the performance of
laboratory staff or instruments.

Floors

Floor surfaces should be fire resistant, and highly resistant to acids, alkalies, solvents, and
salts,

Cabinets and Bench Tops

Laboratories in this category usually perform both the permit testing and operational
control monitoring utilizing "acids" and “bases"® in small quantities, such that laboratory
grade metal cabinets and shelves are not mandatory. The cabinets and shelves selected
may be of wood or other durable materials. Bench tops should be of acid resistant
laboratory grade materials for protection of the non-acid proof cabinets. Glass doors on
wall-hung cabinets are not required. One or more cupboard style base cabinets should

- be provided. Cabinets with drawers should have stops to prevent accidental removal.
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3.934

3.9.34.1

3.9.34.2
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3.935

3.9.3.6

3.93.7

3.9.3.7.1

Cabinets for Category II laboratories are not required to have gas, air, vacuum, and
electrical service fixtures. Built-in shelves should be adjustable.

Fume Hoods, Sinks, and Ventilation
Fume Hoods

Fume hoods shall be provided for laboratories in which required analytical works results
in the production of noxious fumes.

Sinks
A laboratory grade sink and drain trap shall be provided.
Ventilation

Laboratories should be air conditioned. In addition, separate exhaust ventilation should

‘be provided.

Balance and Table

An analytical balance of the automated digital readout, single pan 0.1 mg sensitivity type
shall be provided. A heavy special-design balance table which will minimize vibration of
the balance is recommended. It shall be located as far as possible from windows, doors,
or other sources of drafts or air movements, so as to minimize undesirable impacts from
these sources upon the balance.

Equipment, Supplies, and Reagents

The laboratory shall be provided with all of the equipment, supplies, and reagents that are
needed to carry out all of the facility’s analytical testing requirements. If any required
analytical testing produces malodorous or noxious fumes, the engineer should verify that
the in-house analysis is more cost-effective than use of an independent off-site laboratory.
Composite samples may be required to satisfy permit sampling requirements. Permit to
operate, process control, and industrial waste monitoring requirements should be
considered when specifying equipment needs. References such as Standard Methods for
the Examination of Water and Wastewater and the U.S.E.P.A. Analytical Procedures
Manual should be consulted prior to specifying equipment items.

Utiliti
Power Supply

Consideration should be given to providing line voltage regulation for power supplied to
laboratories using delicate instruments.
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3.9.3.7.2
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3.9.3.8.1

3.9.3.8.2

3.94

3.94.1

. Laboratory Water

Reagent water of a purity suitable for analytical requirements shall be supplied to the
laboratory. In general, reagent water prepared using an all glass distillation system is
adequate. However, some analyses require deionization of the distilled water.
Consideration should be given to softening the feed water to the still. :

Safety
Equipment

Laboratories shall provide as a minimum the following: first aid equipment; protective
clothing including goggles, gloves, lab aproms, etc.; and a fire extinguisher.

Eyewash Fountains and Safety Showers

Eyewash fountains and safety showers utilizing potable water shall be provided in the
laboratory and should be as close as practical and shall be no more than 7.0 m from
points of hazardous chemical exposure.

The eyewash fountains shall be supplied with water of moderate temperature 10° to 30°
C (50" to 90° F) suitable to provide 15 minutes to 30 minutes of continuous irrigation
of the eyes. The emergency showers shall be capable of discharging 2 to 4 L/s of water
at 2 moderate temperature and at pressure of 140 to 350 Kpa.

CategoryIll: Plants performing more complex operational, permit, industrial pretreatment
and multiple plant laboratory testing.

Location and Space

The laboratory should be located at the treatment site on ground level, with
environmental control as an important consideration. It shall be located away from
vibrating, noisy, high temperature machinery or equipment which might have adverse
effects on the performance of laboratory staff or instruments.

The laboratory facility needs for Category Il plants should be described in the engineering
design report or facilities plan. The laboratory floor space and facility layout should be
based on an evaluation of complexity, volume, and variety of sample analyses expected
during the design life of the plant including testing for process control, industial
pretreatment control, user charge monitering, and the permit to operate monitoring
requirements,

Consideration should be given to the necessity to provide separate (and possibly isolated)
areas for some special laboratory equipment, glassware, and chemical storage. At large
plants, office and administrative space needs should be considered.

For less complicated laboratory needs bench-top working surface should occupy at least
35 percent of the total laboratory floor space. Additional floor and bench space should
be provided to facilitate performance of analysis of industrial wastes, as required by the
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3.94.2

3.94.2.1

3.94.22

3.943

3.9.4.3.1

3.9.4.3.2

permit to operate and the utility’s industrial waste pretreatment program. Ceiling height
should be adequate to provide for the installation of wall mounted water stills, deionizers,
distillation racks, hoods, and other equipment with extended height requirements.

Floor and Doors
Floors

Floor surfaces should be fire resistant, and highly resistant to acids, alkalies, solvents, and
salts.

Doors

Two exit doors should be located to permit a straight egress from the laboratory,
preferable at lease one to outside the building. Panic hardware should be used. They
should have large glass windows for easy visibility of approaching or departing personnel.

Automatic door closers should be installed; swinging doors should not be used.

Flush hardware should be provided on doors if cart traffic is anticipated. Kick plates are
also recommended.

Cabinets and Bench Tops
Cabinets

Wall-hung cabinets are useful for dust-free storage of instruments and glassware. Units
with sliding glass doors are preferable. A reasonable proportion of cupboard style base
cabinets and drawer units should be provided.

Drawers should slide out so that entire contents are easily visible. They should be
provided with rubber bumpers and with stops which prevent accidental removal. Drawers
should be supported on ball bearings or nylon rollers which pull easily in adjustable steel
channels. All metals drawer fronts should be double-wall construction.

All cabinet shelving should be acid resistant and adjustable. The laboratory furniture shall
be supplied with adequate water, gas, air, and vacuum ‘service fixtures, traps, strainers,
plugs, and tailpieces, and all electrical service fixtures.

Bench Tops

Bench tops should be constructed of materials resistant to attacks from normally used
laboratory reagents. Generally, bench-top height should be 900 mm. However, areas to
be used exclusively for sit-down type operations should be 760 mm high and include
kneehole space. Twenty-five millimetre overhangs and drip grooves should be provided
to keep liquid spills from running along the face of the cabinet. Tops should be furnished
in large sections, 32 mm thick. They should be field-jointed into a continuous surface
with acid, alkali, and solvent-resistant cements which are at least as strong as the material
of which the top is made.
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Hoods
General

Fume hoods to promote safety and canopy hoods over heat-releasing equipment shall be
provided.

Fume Hoods
a. Location

Fume hoods should be located where air disturbance at the face of the hood is minimal.
Air disturbance may be created by persons walking past the hood; by heating, ventilating,
or air-conditioning systems; by drafts from opening or closing a door, etc.

Safety factors should be considered in locating a hood. If a hood is situated near a
doorway, a secondary means or egress must be provided. Bench surfaces should be
available next to the hood so that chemicals need not be carried long distances.

b. Design and Material

The selection, design, and materials of construction of fume hoods and their appropriate
safety alarms must be made by considering the variety of analytical work to be performed.
The characteristics of the fumes, chemicals, gases, or vapours that will or may be released
by the activities therein should be considered. Special design and construction is
necessary if perchloric acid use is anticipated. Consideration should be given to providing
more than one fume hood to minimize potential hazardous conditions throughout the
laboratory. :

Fume hoods are not appropriate for operation of heat-réleasing equipment that does not
contribute to hazards, unless they are provided in addition to those needed to perform
hazardous tasks.

c. Fixtures

One sink should be provided inside each fume hood. A cup sink is usually adequate.

All switches, electrical outlets, and utility and baffle adjustment handles should be located
outside the hood. Light fixtures should be explosion-proof.

d Exhaust

Twenty-four hour continuous exhaust capability should be provided. Exhaust fans should
be explosion-proof. Exhaust velocities should be checked when fume hoods are installed.
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Canopy Hoods

Canopy hoods should be installed over the bench-top areas where hot plate, steam bath,
or other heating equipment or heat-releasing instruments are used. The canopy should
be constructed of heat and corrosion resistant material.

Sinks, Ventilation, and Lighting
Sinks

The laboratory should have a minimum of two sinks (not including cup sinks). At least
one of them should be a double-well sink with drainboards. Additional sinks should be
provided in separate work areas as needed, and identified for the use intended.

Sinks should be made of epoxy resin or plastic materials highly resistant to acids, alkalies,
solvents, and salts, and should be abrasion and heat resistant, non-absorbent, and light
in weight. Traps should be made of glass, plastic, or lead and easily accessible for
cleaning. Waste openings should be located toward the back so that a standing overflow
will not interfere.

All water fixtures on which hoses may be used should be provided with reduced zone
pressure backflow preventers to prevent contamination of water lines.

Ventilation

Laboratories should be separately air conditioned, with external air supplied for one
hundred percent make-up volume. In addition, separate exhaust ventilation should be
provided. Ventilation outlet locations should be remote from ventilation inlets.
Consideration should be given to providing dehumidifiers.

Lighting

Good lighting, free from shadows, must be prov1ded for reading dials, meniscuses, etc.,
throughout the laboratory.

Balance and Table

An analytical balance of the automatic, digital readout, single pan, 0.1 mg sensitivity type
shall be provided. A heavy special-design balance table which will minimize vibration of
the balance is needed. It shall be located as far as practical from windows, doors, or other
sources of drafts or air movements, so as to mmumze undesirable impacts from these
sources upon the balance.

Equipment, Supplies, and Reagents

The laboratory shall be provided with all of the equipment, supplies, and reagents that are
needed to carry out all of the facility’s analytical testing requirements. Composite
samplers may be required to satisfy permit sampling requirements. Permit to operate,
process control, and industrial waste monitoring requirements should be considered when
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specifying equipment needs. Reference such as Standard Methods for the Examination of
Water and Wastewater and the U.S.E.P.A. Analytical Procedures Manual should be
consulted prior to specifying equipment items. :

Utilities and Services
Power Supply

Consideration should be given to providing line voltage regulation for power supplied to
laboratories using delicate instruments.

Laboratory Water

Reagent water of a purity suitable for analytical requirements shall be supplied to the
laboratory. In general, reagent water prepared using an all glass distillation system is
adequate. However, some analyses require deionization of the distilled water.
Consideration should be given to softening water to the still.

Gas and Vacuum
Natural or LP gas should be supplied to the laboratory. Digester gas should not be used.

An adequately-sized line source of vacuum should be provided with outlets available
throughout the laboratory.

Safety
Equipment

Laboratories shall be provide the following: first aid equipment; protective clothing and
equipment such as goggles, safety glasses, full face shields, gloves, etc.; fire extinguishers;
chemical spill kits; posting of "No Smoking" signs in hazardous area; and appropriately
placed warning signs for slippery areas, non-potable water fixtures, hazardous chemical
storage areas, flammable fuel storage areas, etc.

Eyewash Fountains and Safety Showers

Eyewash fountains and safety showers utilizing potable water shall be provided in the
laboratory. These facilities are to be as close as practical and shall be no more than 7.0
m from points of hazardous chemical exposure.

The eyewash fountains shall be supplied with water of moderate temperature 10° to 30°
C, suitable to provide 15 minutes to 30 minutes of continuous irrigation of the eyes. The
emergency showers shall be capable of discharging 2 to 4 L/s of water at moderate
temperature and at pressures of 140 to 350 kPa.







Chapter 4 PRELIMINARY TREATMENT
4.1 SCREENING DEVICES
4.1.1 Bar Racks and Screens
4.1.1.1 Where Required
Coarse bar racks or screens shall be provided as the first treatment stage for the protection
of plant equipment against reduced operating efficiency, blockage, or physical damage.
4.1.1.2 Selection Considerations
When considering which ty;;es of screening devices should be used, the following factors
should be considered:
] effect on downstream treatment and sludge disposal operations;
] possible damage to comminutor or barminutor devices caused by stones or coarse
grit particles;
] head losses of the various alternative screening devices;
e  maintenance requirements;
° screenings disposal requirements, and quantities of screenings; and
° requirements for a standby unit.
4.1.1.3 Location
4.1.1.3.1 Outdoors
Screening devices installed outside shall be protected from freezing.
4.1.1.3.2 Indoors
Screening devices installed in a building where other equipment or offices are located
should be separated from the rest of the building, provided with separate outside
entrances and provided with adequate means of ventilation.
4.1.1.3.3 Access
Screens located in pits more than 1.2 m deep shall be provided with stairway access.
Access ladders are acceptable for pits less than 1.2 m deep, in lieu of stairways.
4.1.1.3.4 |

Ventilation

Fresh air shall be forced into enclosed screening device areas or into open pits more than
1.2 m deep. Dampers should not be used on exhaust or fresh air ducts and fine screens
or other obstructions should be avoided to prevent clogging. Where continuous
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4.1.14

. 4.1.1.4.1

4.1.1.4.2

4.1.14.3

4.1.1.44

4.1.1.4.5

ventilation is required, at least 12 complete air changes per hour shall be provided.
Where continuous ventilation would cause excessive heat loss, intermittent ventilation of
at least 30 complete air changes per hour shall be provided when workmen enter the area.

Switches for operation of ventilaton equipment should be marked and located
conveniently. All intermittently operated ventilation equipment shall be interconnected
with the respective pit lighting system. The fan wheel should be fabricated from non-
sparking material. Gas detectors shall be provided in accordance with Design Section 3.8.

Design and Installation
Bar Spacing
a) Manually Cleaned Screens

Clear openings between bars should be from 25 mm to 45 mm. Design and installation
shall be such that they can be conveniently cleaned.

b) Mechanical Screens
Clear openings for mechanically cleaned screens may be as small as 15 mm.

Mechanical screens are recommended where the installation is not regularly supervised
or where an increase in head results in plant bypass.

Velocities

At the design average rate of flow, the screen chamber should be designed to provide a
velocity through the screen of approximately 0.3 meters per second to prevent settling,
and a maximum velocity during wet weather periods no greater than 0.75 meters per
second to prevent forcing material through the openings. The velocity shall be calculated
from a vertical projection of the screen openings on the cross-sectional area between the
invert of the channel and the flow line.

Invert
The screen channel invert should be 75 to 150 mm below the invert of the incoming
sewers. To prevent jetting action, the length and/or construction of the screen channel
shall be adequate to re-establish hydraulic flow pattern following the drop in elevation.
Slope

Manually cleaned screens, except those for emergency use, should be placed on a slope
of 30 to 45 degrees with the horizontal.

Channels

The channel preceding and following the screen shall be shaped to eliminate stranding
and settling of solids and should be designed to provide equal and uniform distribution
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4.1.1.4.6

4115

4.1.1.5.1

4.1.1.5.2

4.1.1.5.3

4.1.1.5.4

4.1.1.6

4.1.1.6.1

of flow to the screens. Dual channels shall be provided and equipped with the necessary
gates to isolate flow from any screening unit. Provisions shall also be made to facilitate
dewatering each unit.

Flow Measurement

Flow measurement devices should be provided at each screen channel. They should be
selected based on reliability and accuracy. The effect of changes in backwater elevations,
due to intermittent cleaning of screens, should be considered in locating of flow
measurement equipment.

Sajety
Railings and Gratings

Manually cleaned screen channels shall be protected by guard railings and deck gratings,
with adequate provisions for removal or opening to facilitate raking.

Mechanically cleaned screen channels shall be protected by guard railings and deck
gratings. Consideration should also be given to temporary access arrangements to
facilitate maintenance and repair.

Mechanical Devices

Mechanical screening equipment shall have adequate removal enclosures to protect

personnel against accidental contact with moving parts and to prevent dripping in mult-
level installations.

A positive means of locking out each mechanical device and temporary access for use
during maintenance shall be provided. .

Drainage

Floor design and drainage shall be provided to prevent slippery areas.

Lightiﬁg

Suitable lighting shall be provided in all work and access areas. Refer to Design Section
4.1.1.6.2.

Control Systems

Timing Devices

All mechanical units which are operated by timing devices should be provided with
auxiliary controls which will set the cleaning mechanism in operation at preset high water
elevation. If the cleaning mechanism fails to lower the high water, a warning should be
signalled,
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4.1.1.6.2

4.1.1.6.3

4.1.1.7

4.1.1.8

4.12

4.1.2.1

Electrical Systems and Components

Electrical systems and components (i.e. motors, lights, cables, conduits, switchboxes,
control circuits, etc.) in enclosed or partially enclosed spaces where flammable mixtures
occasionally may be present (including all space above raw or partially treated
wastewater) shall comply with the Canadian Electrical Code, Part 1 and the regulations
under the Nova Scotia Power Standards. All electrical components in the headworks room
must be explosion proof.

Manual Override

Automatic controls shall be supplemented by a manual override.

Screenings Removal and Disposal

A convenient and adequate means for removing screenings shall be provided. Hoisting
or lifting equipment may be necessary depending on the depth of pit and amount of
screenings or equipment to be lifted.

Facilities must be provided for handling, storage, and disposal of screenings in a manner
acceptable to the regulatory agency. Separate grinding of screenings and return to the
sewage flow is unacceptable.

Manually cleaned screening facilities shall include an accessible platform from which the
operator may rake screenings easily and safely. Suitable drainage facilities shall be
provided for both the platform and storage area.

Awxdliary Screens

Where mechanically operated screening or comminuting devices are used, auxiliary
manually cleaned screens shall be provided. Where two or more mechanically cleaned
screens are used, the design shall provide for taking any unit out of service without
sacrificing the capability to handle the peak design flow.

Fine Screens
General

Fine screens may be used in lieu of primary sedimentation providing that subsequent
treatment units are designed on the basis of anticipated screen performance. Fine screens
should not be considered equivalent to primary sedimentation. Where fine screens are
used, additional provision for the removal of floatable oils and greases shall be considered.
Selection of screen capacity should consider flow restriction due to retained solids, gummy
material, frequency of cleaning and extent of cleaning.
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4122 Design
Tests should be conducted to determine BOD, and suspended solids removal efficiencies
at the design maximum day flow and design maximum day BOD, loadings. Pilot testing
for an extended time is preferred. '
A minimum of two fine screens shall be provided, each unit being capable of independent
operation. Capacity shall be provided to treat design peak instantaneous flow with one
umit out of service.
Fine screens shall be preceded by a mechanically cleaned bar screen or other protective
device. Comminuting devices shall not be used ahead of fine screens. Fine screens shall
be protected from freezing and located to facilitate maintenance.

4.1.2.3. Electrical Fixtures and Control
Electrical fixtures and controls in screening areas where hazardous gases may accurnulate
shall comply with the Canadian Electrical Code and the regulations under the Nova Scotia
Power Standards.

4124 Servicing
Hosing equipment (with hot and cold water) shall be provided to facilitate cleaning.
Provision shall be made for isolating or removing units from their location for servicing.

42 COMMINUTORS

421 General
Provisions for location shall be in accordance with those for screening devices, Design
Section 4.1.1.3.

422 When Required
Comminutors shall be used in plants that do not have primary sedimentation or fine
screens and should be provided in cases where mechanically cleaned bar screens will not
be used.

423 Design Considerations

4.2.3.1 Location

Comminutors should be located downstream of any grit removal equipment and be
protected by a coarse screening device. Consideration for a different sequence may be
given to suit individual cases.
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423.2

42.3.3

4.2.34

4.2.3.5

Size
Comminutor capacity shall be adequate to handle the design peak hourly flow.
Installation

A screened bypass channel shall be provided. The use of the bypass channel should be
automatic at depths of flows exceeding the design capacity of the comminutor.

Each comminutor that is not preceded by grit removal equipment should be protected by
a 150 mm deep gravel trap.

Gates shall be provided in accordance with Design Section 4.1.1.4.5.
Servicing

Provision shall be made to facilitate servicing units in place and removing units from their
location for servicing.

Electrical Controls and Motors

Electrical equipment in comminutor chambers where hazardous gases may accumulate
shall comply with the Canadian Electrical Code and the regulations under the Nova Scotia
Power Standards.

Motors in areas not governed by this requirement may need protection against accidental
submergence.

4.3

43.1

4.3.2

GRIT REMOVAL FACILITIES
When Required

Grit removal is required in advance of treatment units to prevent the undue wear of
machinery and the unwanted accumulation of solids in channels, settling tanks and
digesters.

Grit removal facilities should be provided for all sewage treatment plants and are required
for plants receiving sewage from combined sewers or from sewer systems receiving
substantial amounts of grit. If a plant, serving a separate sewer system, is designed
without "grit facilities, the design shall include provisions for future installation.
Consideration shall be given to possible damaging effects on pumps, comminutors and
other preceding equipment and the need for additional storage capacity in treatment units
where grit is likely to accumulate.

Location

Grit removal facilities should be located ahead of pumps and comminuting devices.
Coarse bar racks should be placed ahead of grit removal facilities.
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4.3.3

434

4.3.5

4.3.6

43.7

4.3.7.1

.

4.3.7.2

4.3.7.3

4.3.7.3.1

4.3.7.3.2

(TN
Ed

Accessibility

Consideration should be given in the design of grit chambers to provide safe access to the
chamber and, where mechanical equipment is involved, to all functioning parts.

Ventilation

Where installed indoor, uncontaminated air shall be introduced continuously at a rate of
12 air changes per hour, or intermittently at a rate of 30 air changes per hour. Odor
control facilities may also be warranted.

Electrical

Electrical equipment in grit removal areas where hazardous gases may accumulate shall
comply with the Canadian Electrical Code and the regulations under the Nova Scotia
Power Standards. .

Qutside Facilities

Grit removal facilities located outside shall be protected from freezing.

Design Factors

Inlet

Inlet turbulence shall be minimized.

Type and Nuwmber of Units

Grit removal facilities (channel type) should have at least two hand-cleaned units, or a
mechanically cleaned unit with bypass. A single manually cleaned or mechanically
cleaned grit chamber with bypass is acceptable for small sewage treatment plants serving
separate sanitary sewer systems. Minimum facilities for larger plants serving separate
sanitary sewers should be at least one mechanically cleaned unit with a bypass. Facilities
other than channel-types are desirable if provided with adequate and flexible controls for
agitation and/or air supply devices and with grit collection and removal equipment.

Grit Channels
Velocity

Channel-type chambers shall be designed to provide controlled velocities as close as
possible to 0.30 meters per second for normal variation in flow.

Control Sections

Flow control sections shall be of the proportional or Sutro Weir type.
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4.3.7.3.3

4.3.7.3.4

4.3.74

43.75

4.3.7.5.1

4.3.7.5.2

Channel Dimensions

The minimum channel width shall be 380 mm. The minimum channel length shall be
that required to settle a 0.2 mm particle with a specific gravity of 2.65, plus a fifty (50)
per cent allowance for inlet and outlet turbulence.

Grit Storage

With permanently positioned weirs, the weir crest should be kept 150 to 300 mm above
the grit channel invert to provide for storage of settled grit (weir plates that are capable
of vertical adjustment are preferred since they can be moved to prevent the sedimentation
of organic solids following grit cleaning). Grit storage is also a function of the frequency
of grit removal.

Detritus Tanks

Detritus tanks should be designed with sufficient surface area to remove a 0.2 mm, or
smaller, particle with a specific gravity of 2.65 at the expected peak flow rate. Detritus
tanks, since they are mechanically-cleaned and do not need dewatering for cleaning, do
not require multiple units, unless economically justifiable.

Separatidn of the organics from the grit before, during, or after the removal of the settled
contents of the tank can be accomplished in one of the following ways:

. the removed detritus can be washed in a grit washer with the organic laden wash
water being returned to the head of the detritus tank;

° a classifying-type conveyor can be used to remove the grit and return the orgamcs
to the detritus tank;

. the removed detritus can be passed through a centrifugal-type separator.

Aerated Grit Tanks

Aerated grit tanks for the removal of 0.2 mm, or larger, particles with specific gravity of
2.65, should be designed in accordance with the following parameters:

Detention Time

Detention time shall be 2 to 5 minutes at the peak sewage flow rate.

Air Supply

Air supply rates should be in the range of 4.5 to 12.4 L/s per linear meter of tank. The
higher rates should be used with tanks of large cross-section (i.e. greater than 3.6 m
deep). Air supply should be via air diffusers (wide band diffusion header) positioned

lengthwise along one wall of the tank, 600 to 900 mm above the tank bottom. Air supply
should be variable.
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4.3.7.5.3

4.3.7.5.4

4.3.7.5.5

4.3.7.5.6

4.3.7.5.7

4.3.7.5.8

4.3.7.5.9

4.3.7.6

Inlet Conditions

Inlet flow should be parallel to induced roll in tank. There shall be a smooth transition
from inlet to circulation flow.

Baffling

A minimum of one transverse baffle near the outlet weir shall be provided. Additional
transverse baffles in long tanks and longitudinal baffles in wide tanks should be
considered.

Outlet Conditions

The outlet weir shall be oriented parallel to the direction of induced roll (i.e. at a right
angle to the inlet).

Tank Dimensions

The lower limit of the above aeration rates are generally suitable for tanks up to 3.7 m
deep and 4.3 m wide. Wider or deeper tanks require aeration rates in the upper end of
the above range. Long, narrow aerated grit tanks are generally more efficient than short
tanks and produce a cleaner grit. A length to width ratio of 2:5 to 5:1 is desirable. Depth
to width ratios of 1:1.5 to 1:2 are acceptable.

Velocity
The surface velocity in the direction of roll in tanks should be 0.45 to 0.6 m/s (tank floor

velocities will be approximately 75 per cent of above). The velocity across the floor of the
tank shall not be less than 0.3 m/s.

Tank Geometry

"Dead spaces” in aerated grit tanks are to be avoided. Tank geometry is critical with
respect to the location of the air diffusion header, sloping tank bottom, grit hopper and
fitting of the grit collector mechanism into the tank structure. Consultation with
Equipment Suppliers is advisable.

Multiple Units

Multiple units are generally not required unless economically justifiable, or where the grit
removal method requires bypassing of the tank (as with clam shell bucket).

Mechanical Grit Chambers

Specific design parameters for mechanical grit chambers will be evaluated on a case-by-
case basis.
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43.7.7

4.3.7.8

4.3.7.9

4.3.8

4.3.9

4.3.10

. Grit Washing

The need for grit washing should be determined by the method of final grit disposal.
Dewatering

Provision shall be made for isolating and dewatering each unit. The design shall provide
for complete draining and cleaning by means of a sloped bottom equipped with a drain
sump.

Water
An adequate supply of water under pressure shall be provided for cleanup.
Grit Removal

Grit facilities located in deep pits should be provided with mechanical equipment for
pumping or hoisting grit to ground level. Such pits should have a stairway, approved-type
elevator or manlift, adequate ventilation and adequate lighting.

Grit Handling

Grit removal facilities located in deep pits should be provided with mechanical equipment
for hoisting or transporting grit to ground level. Impervious, non-slip, working surfaces
with adequate drainage shall be provided for grit handling areas. Grit transporting
facilities shall be provided with protection against freezing and loss of material.

Grit Disposal
Disposal of grit in sanitary landfills or lagoons, as well as grit incineration shall be

considered acceptable disposal methods. Whatever method of disposal is employed, the
full spectrum of environmental considerations must be embodied in the final design.

44

44.1

PRE-AERATION AND FLOCCULATION
General

Pre-aeration of raw wastewater, may be used to achieve one or more of the followin
objectives: .

Odor control;

Grease separation and increased grit removal;

Prevention of septicity;

Grit separation;

Flocculation of solids;

Maintenance of DO in primary treatment tanks at low flows;
Increased removals of BOD and SS in primary units; and
Minimizes solids deposits on side walls and bottom of wetwells.

Fame ap op
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4.4.2

4.4.3

4.4.3.1

Flocculation of sewage with or without coagulating aids, is worthy of consideration when
it is desired to reduce the strength of sewage prior to subsequent treatment. Also,
flocculation may be beneficial in pre-treating sewage containing certain industrial wastes.
Arrangement

The units should be designed so that removal from service will not interfere with normal
operation of the remainder of the plant,

Pre-aeration
Air Flow Measurements
Figure 4.1 represents air flow requirements for different periods of pre-aeration.

Pre-aeration periods should be 10 to 15 minutes if odor control and prevention of septicity
are the prime objectives.

FIGURE 4.1
AIR FLOW REQUIRED FOR DIFFERENT
PERIODS OF PREAERATION
AIR REQUIRED {cu.ft./18)
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4.4.4 Flocculation

4.4.4.1 Detention Period
When air or mechanical agitation is used in conjunction with chemicals to coagulate or
flocculate the sewage, the detention period should be about 30 minutes at the design flow.
However, if polymers are used this may be varied.

4442 Stirring Devices

4.44.2.1 Paddles
Paddles should have a peripheral speed of 0.50 to 0.75 meters per second to prevent

. deposition of solids.

4.4.4.2.2 Aerators
Any of the types of equipment used for aerating activated sludge may be utilized. It shall
be possible to control agitation, to obtain good mixing and maintain self-cleaning
velocities across the tank floor.

4.4.4.3 Details
Inlet and outlet devices should be designed to insure proper distribution and to prevent
short-circuiting. Convenient means should be provided for removing grit.

4444 Quick Mix
At plants where there are two or more flocculation basins utilizing chemicals, provision
shall be made for a quick mix of the sewage with the chemical so that the sewage passing
to the flocculation basins will be of uniform composition. The detention period provided
in the quick-mix chamber should be very short, one-half to three minutes.

45 FLOW EQUALIZATION

451 General
Flow equalization can reduce the dry-weather variations in organic and hydraulic loadings
at any wastewater treatment plant. It should be provided where large diurnal variations
are expected.

4.5.2 Location

Equalization basins should be located downstream of pre-treatment facilities such as bar
screens, comminutors and grit chambers.
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4.5.3

454

4.5.5

4.5.5.1

4.5.52

4553

Type

Flow equalization can be provided by using separate basins or on-line treatment units,
such as aeration tanks. Equalization basins may be designed as either in-line or side-line
units. Unused treatment units, such as sedimentation or aeration tanks, may be utilized
as equalization basins during the early period of design life,

Size

Equalization basin capacity should be sufficient to effectively reduce expected flow and
load variations to the extent deemed to be economically advantageous. With a diurnal
flow pattern, the volume required to achieve the desired degree of equalization can be
determined from a cumulative flow plot, or mass diagram, over a representative 24-hour
period. To obtain the volume required to equalize the 24-hour flow:

1. Draw a line between the points Tepresenting the accumulated volume at the

beginning and end of the 24-hr period. The slope of this line represents the
average rate of flow.

2. Draw parallel lines to the first line through the points on the curve farthest from
the first line.

3. Draw a vertical line between the lines drawn in No. 2. The length of this line
represents the minimum required volume.

Operation
Mixing

Where applicable, aeration or mechanical equipment shall be provided to maintain
adequate mixing. Corner fillets and hopper bottoms with draw-offs should be provided
to alleviate the accumulation of sludge and grit.

Aeration

Where applicable, aeration equipment shall be sufficient to maintain a minimum of 1.0
mg/1 of dissolved oxygen in the mixed basin contents at all imes. Air supply rates should
be a minimum of 0.15 litres per second per cubic meter storage capacity. The air supply
should be isolated from other treatment plant aeration requirements to facilitate process
aeration control, although process air supply equipment may be utilized as a source of
standby aeration.

Controls

Inlets and outlets for all basin compartments shall be suitably equipped with accessible
external valves, stop plates, weirs or other devices to permit flow control and the removal
of an individual unit from service. Facilities shall also be provided to measure and
indicate liquid levels and flow rates.
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4.5.6

4.5.7

Electrical

All electrical work in housed equalization basins shall comply with the Canadian Electrical
Code and the regulations under the Nova Scotia Power Standards.

Access

Suitable access shall be provided to facilitate cleaning and the maintenance of equipment.




Chapter 5

SETTLING

51

5.11

512

5.1.3

5.14

GENERAL DESIGN REQUIREMENTS

The need for and the design of primary sedimentation tanks will be influenced by various
factors, including the following:

. the characteristics of the raw wastewater; the type of sludge digestion systems,
either available or proposed (aerobic digestion should not be used with raw
primary sludges);

° the presence, or absence, of secondary treatment following primary treatment;

® the need for handling of waste activated sludge in the primary settling tank;

®  the need for, or possible economic benefits through, phosphorus removal in the
primary settling tank(s). ' .
Number of Units ) y

Multiple units capable of independent operation are desirable and shall be provided in all
plants where design flows exceed 500 cubic meters per day. Plants not having multiple
units shall include other provisions to assure continuity of treatment.

Arrangement of Units
Settling tanks shall be arranged in accordance with Design Section 3.4.10.

Interaction with Other Processes

a. Pumping directly to any clarifier is prohibited, unless special provision is included
in the design of pump controls. Attention should be focused so that pumps
deliver smooth flow transmissions at all times, with a minimal energy gradient.

b. For activated sludge plants employing high energy aeration, provisions should be
made for floc to be reformed before settling.

C. For primary clarifiers, tanks and equipment must be sized to not only
accommodate raw waste solids but also those solids introduced by thickener
overflows, anaerobic digester overflow and sometimes waste activated sludge.

Flow Distribution and Control

Effective flow measurement devices and control appurtenances (i,e., valves, gates, splitter
boxes, etc.) shall be provided to permit proper proportion of flow to each unit. Parallel
basins should be of the same size, otherwise flow shall be distributed in proportion to
surface area,
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5.15 Tank Configuration and Proportions
Consideration should be given to the probable flow pattern in the selection of tank size
and shape, and inlet and outlet type and location. Generally rectangular clarifiers are
designed with length-to-width ratios of at least 4:1, and width to depth ratios of 1:1 and
2.25:1.

5.1.6 Site Constraints
The selection of feasible clarifier alternatives should include the following site
considerations:
a. Wind direction;
b. Proximity to residents;
c. Soil conditions;
d. Groundwater conditions; and
e. Available space.

517 Size Limitations
Rectangular clarifiers shall have a maximum length of 90 m. Circular clarifiers shall have
2 maximum diameter of 60 m. The minimum length of flow from inlet to outlet shall be
3 m, unless special provisions are made to prevent short circuiting. The vertical sidewater
depth shall be designed to provide an adequate separation zone between the sludge
blanket and the overflow weirs.

5.1.8 Inlet Structures
Inlet structures should be designed to dissipate the inlet velocity, to distribute the flow
equally and to prevent short-circuiting. Channels should be designed to maintain a
velocity of at least 0.3 meters per second at one-half design average flow. Corner pockets
and dead ends should be eliminated and comner fillets or channelling used where
necessary. Provisions shall be made for elimination or removal of floating materials in
inlet structures.

519 Outlet Arrangements

5.1.9.1 General
Overflow weirs shall be adjustable for levelling, and sufficiently long to avoid high heads
which result in updraft currents.

5.1.9.2 Location

Overflow weirs shall be located to optimize actual hydraulic detention time and minimize
short circuiting. Peripheral weirs shall be placed at least 0.3 m from the wall.
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5.1.93

5.1.10

5.1.11

5.1.12

5.1.13

Weir Troughs

Weir troughs shall be designed to prevent submergence at maximum design flow and to
maintain a velocity of at least 0.3 meters per second at one-half design average flow.

Submerged Surfaces

The tops of troughs, beams and similar submerged construction elements shall have a
minimum slope of 1.4 vertical to 1 horizontal; the underside of such elements should have
a slope of 1 to 1 to prevent the accumulation of scum and solids.

Unit Dewatering

Unit dewatering features shall conform to the provisions outlined in Design Section 3.5.4.
The bypass design should also provide for redistribution of the plant flow to the remaining
units.

I3

Freeboard

Walls of settling tanks shall extend at least 150 mm above the surrounding ground surface
and shall provide not less than 300 mm freeboard. Additional freeboard or the use of
wind screens is recommended where larger settling tanks are subject to high velocity wind
currents that would cause tank surface waves and inhibit effective scum removal.

Clarifier Covers

Clarifiers may be required to be covered for winter operation. The structure should be
constructed with adequate head room for easy access. The structure must include
adequate lighting, ventilation and heating. Humidity and condensation shall be controlled
inside the structure.

52

521

522

TYPES OF SETTLING
Type I Settling (Discrete Settling)

Type I settling is assumed to occur in gravity grit chambers handling wastewater and in
basins used for preliminary settling (silt removal) of surface waters. A determination of
the settling velocity of the smallest particle to be 100% removed is fundamental to the
design of Type I clarifiers. Because each particle is assumed to settle independently and
with a constant velocity, a mathematical development is possible, based on Newton's Law
and Stoke’s Law.

Type II Settling (Flocculant Settling)

Type II settling occurs when particles initially settle independently but flocculate as they
proceed the depth of the tank. As a result of flocculation, the settling velocities of the
aggregates formed change with time, and a strict mathematical solution is not possible.
Laboratory testing is required to determine appropriate values for design parameters.
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523

Type 1I settling can occur during clarification following fixed-film processes, primary
clarification of wastewater, and clarification of potable water treated with coagulants.

Type 1I settling can also occur above the shudge blanket in clarifiers following activated
sludge treatment; however design procedures based on Type 1II settling are normally used
to design these units.

Type I Settling (Hindered or Zone Settling)

Type I settling occurs in clarifiers following activated sludge processes and gravity
thickeners. While Type II processes may occur to a limited extent in such units, it is Type
Il that governs design. In suspensions undergoing hindered settling, the solids
concentration is usually much higher than in discrete or flocculant processes. As a result,
the contacting particles tend to settle as a zone or blanket, and maintain the same
position relative to each other.

5.3

DESIGN CRITERIA

Table 5.1 outlines design parameters for sertling tanks based upon their associated settling
type. '

54

54.1

542

54.2.1

SLUDGE AND SCUM REMOVAL

Scum Removal

Effective scum collection and removal facilities, including baffling, shall be provided for

all settling tanks. Scum baffles are to be placed ahead of the outlet weirs and extend 300
mm below the water surface. The unusual characteristics of scum which may adversely
affect pumping, piping, sludge handling and disposal, should be recognized in design.
Provisions may be made for the discharge of scum with the sludge; however, other special
provisions for disposal may be necessary.

SLUDGE REMOVAL
Sludge Removal

Sludge collection and withdrawal facilities shall be designed to assure rapid removal of
the sludge and minimization of density currents. Suction withdrawal should be provided
for activated sludge plants designed for reduction of the nitrogenous oxygen demand and
is encouraged for those plants designed for carbonaceous oxygen demand reduction. Each
settling tank shall have its own sludge withdrawal lines to insure adequate control of the
sludge wasting rate for each tank.
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5422

5423

5424

5425

5.4.2.6

Sludge Collection

Sludge collection mechanisms shall remain in operation during sludge withdrawal.
Mechanism speeds shall be such as to avoid undue agitation while still producing desired
collection results.

Sludge Hopper

The minimum slope of the side walls shall be 1.7 vertical to 1 horizontal. Hopper wall
surfaces should be made smooth with rounded corners to aid in sludge removal. Hopper
bottoms shall have a maximum dimension of 0.6 meters. Extra depth sludge hoppers for
sludge thickening are not acceptable. The hoppers are to be accessible for sounding and
cleaning.

Cross-Collectors

Cross-collectors serving one or more settling tanks may be useful in place of multiple
sludge hoppers.

Sludge Removal Piping

Each hopper shall have an individually valved sludge withdrawal line at least 150 mm in
diameter. The static head available for withdrawal of sludge shall be 750 mm or greater,
as necessary to maintain a 1.0 meter per second velocity in the withdrawal line. Clearance
between the end of the withdrawal line and the hopper walls shall be sufficient to prevent
*bridging" of the sludge. Adequate provisions shall be made for rodding or back-flushing
individual pipe runs. Piping shall also be provided to return waste sludge to primary
clarifiers. :

Sludge Removal Control

Sludge wells equipped with telescoping valves or other appropriate equipment shall be
provided for viewing, sampling and controlling the rate of sludge withdrawal from each
tank hopper. The use of easily maintained sight glass and sampling valves may be
appropriate. A means of measuring the sludge removal rate from each hopper shall be
provided. Air lift type of sludge removal will not be approved for removal of primary
sludges. Sludge pump motor control systems shall include time clocks and valve
activators for regulating the duration and sequencing of sludge removal.

5.5

5.5.1

PROTECTIVE AND SERVICE FACILITIES

Operator Protection

All settling tanks shall be equipped to enhance safety for operators. Such features shall
appropriately include machinery covers, life lines, stairways, walkways, handrails and slip-
resistant surfaces.
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552

553

Mechanical Maintenance Access

The design shall provide for convenient and safe access to routine maintenance items such
as gear boxes, scum removal mechanisms, baffles, weirs, inlet stilling baffle area and
effluent channels.

Electrical Fixtures and Controls

Electrical fixtures and controls in enclosed settling basins shall comply with the Canadian
Electrical Code and the Nova Scotia Power Standards . The fixtures and controls shall be
located so as to provide convenient and safe access for operation and maintenance.
Adequate area lighting shall be provided.







Chapter 6 BIOLOGICAL TREATMENT

6.1 ACTIVATED SLUDGE

6.1.1 General

6.1.1.1 Applicability
The activated sludge process and its various modifications, may be used where sewage is
amenable to biological treatment. This process requires close attention and competent
operating supervision, including routine laboratory control. These requirements should
be considered when proposing this type of treatment.

6.1.1.2 Specific Process Selection
The activated sludge process and its several modifications may be employed to accomplish
varied degrees of removal of suspended solids and reduction of five day BOD. Choice of
the process most applicable will be influenced by the proposed plant size, type of waste
to be treated, degree amd consistency of treatment required, anticipated degree of
operation and maintenance and operating and capital costs. All designs shall provide for
flexibility in operation.

6.1.1.3 Aeration Equipment Selection
Evaluation of aeration equipment alternatives should include the following considerations:
The size of the aeration tank for any particular adaptation of the process shall be
determined by full scale experience, pilot plant studies, or rational calculations based
mainly on food to microorganism ratio and mixed liquor suspended solids levels. Other
factors, such as size of treatment plant, diurnal load variations, and degree of treatment
required, shall also be considered. In addition, temperature, pH, and reactor dissolved
oxygen shall be considered when designing for nitrification.
] Costs - capiﬁal, maintenance and operating;
° Oxygen transfer efficiency;
. Mixing capabilities;
. Diffuser clogging problems;
° Air pre-treatment requirements;
. Total power requirements;
] Aerator tip speed of mechanical aerators used with activated sludge systems;
. Icing problems; :
. Misting problems; and
° Cooling effects on aeration tank contents.

6.1.1.4 Energy Requirements

This process requires major energy usage to meet aeration demands. Energy costs in
relation to critical water quality conditions must be carefully evaluated. Capability of
energy usage phase-down while still maintaining process viability, both under normal and
emergency energy availability conditions, must be included in the activated sludge design.
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6.1.1.5

6.1.1.6

6.1.1.7

6.12

6.1.2.1

6.1.22

Winter Protection

Protection against freezing shall be provided to ensure continuity of operation and
performance.

Pretreatment

Where primary settling tanks are not used, effective removal or exclusion of grit, debris,
excessive oil or grease, and comminution or screening of solids shall be accomplished
prior to the activated sludge process. ’

Where primary settling is used, provision shall be made for discharging raw sewage
directly to the aeration tanks to facilitate plant start-up and operation during the initial
stages of the plant’s design life.

Waste Activated Sludge Concentration

In the absence of primary settling tanks, other effective means of waste sludge
concentration shall be provided.

Process Definitions

The following are brief descriptions of a number of modifications of the activated sludge
process.

Conventional Activated Sludge

The plug flow activated sludge process is a biological mechanism capable of removing 85
to 95% BOD from typical municipal wastewater. The flow pattern is plug-flow-type. The
process is characterized by 20 to 45% sludge return. This is the original activated sludge
process and was later modified to suit various applications, situations and treatment
requirements. One characteristic of the plug flow configuration is a very high organic
loading on the mixed liquor suspended solids (MLSS) in the initial part of the task. Plug
flow configurations are often preferred when high effluent DO’s are sought.

Complete Mix Activated Sludge

In a complete mix activated sludge process, the characteristics of the mixed liquor are
similar throughout the aeration tank. That is, the influént waste is rapidly distributed
throughout the tank and the operating characteristics measured in terms of solids, oxygen
uptake rate (OUR), MLSS, and soluble BOD, concentration are identical throughout the
tank. Because the entire tank contents are the same quality as the tank effluent, there is
a very low level of food available at any time to a large mass of microorganisms. This is
the major reason why the complete mix modification can handle surges in the organic
loading without producing a change in effluent quality.

it
3
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6.1.2.3

6.1.2.4

6.1.2.5

6.1.2.6

Step Aeration

Step feed is a modification of the plug flow configuration in which the secondary influent
is fed at two or more points along the length of the aeration tank. With this arrangement,
oXygen uptake requirements are relatively even, resulting in better utilization of the
oxygen supplied. Step feed configurations generally use diffused aeration . equipment.
Secondary influent flow is usually added in the first 50 to 75% of the aeration tank’s

length.
Contact Stabilization

Contact stabilization activated sludge is both a process and a specific tankage
configuration. Contact stabilization encompasses a short-term contact tank, secondary
clarifier, and a sludge stabilization tank with about six times the detention time used in
the contact tank.

This unit operation was developed to take advantage of the fact that BOD removal occurs
in two stages. The first is the absorptive phase and the second is the stabilization of the
absorbed organics. .

Contact stabilization is best for smaller flows in which the mean cell residence time
(MCRT) desired is quite long. Therefore, aerating return sludge can reduce tank
requirements by as much as 30 to 40% versus that required in an extended aeration
system.

Extended Aeration

The extended aeration process used the same flow scheme as the complete mix or plug
flow processes but retains the wastewater in the aeration tank for long periods of time.
This process operates at a high MCRT (low F/M) resulting in a condition where there is
not enough food in the system to support all the microorganisms present. The
microorganisms therefore compete very actively for the remaining food and even use their
own cell structure for food. This highly competitive situation results in a highly treated
effluent with low sludge production. However, extended aeration plant effluents generally
have significant concentrations of *pin floc® resulting in BOD, and SS removals of about
85%. Many extended aeration systems do not have primary clarifiers. Also, many are
package plants used by small communities. .

The main disadvantages of this system are the large oxygen requirements per umit of
waste entering the plant and the large tank volume needed to hold the wastes for the
extended period.

Oxidation Ditc}

The oxidation ditch is a variation of the extended aeration process. The wastewater is
pumped around a circular or oval pathway by a mechanical aerator/pumping device at
one or more points along the flow pathway. In the aeration tank, the mixed liquor
velocity is maintained between 0.2 to 0.37 m/s in the channel to prevent solids from
settling. '
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6.1.2.7

6.1.2.8

6.1.2.9

6.1.3

Ozxidation ditches use mechanical brush disk aerators, surface aerators, and jet aerator
devices to aerate and pump the liquid flow.

High Rate Aeration

This is a type of short-term aeration process in which relatively high concentrations of
MLSS are maintained, by utilizing high sludge recirculation rates (100 to 500%), and low
hydraulic retention times. Depending on the excess sludge wasting procedure, 60 to 90%
BOD removal is achieved for normal domestic wastes. This process is usually (but not
necessarily) accomplished in "combined-tank”® units.

High Purity Oxygen

The most common high purity oxygen activated sludge process uses a covered and staged
aeration tank configuration. The wastewater, return sludge, and oxygen feed gas enter
the first stage of this system and flow concurrently through the tank. The tanks in this
system are covered to retain the oxygen gas and permit a high degree of oxygen use. A
prime advantage of the staged reactor configuration of the oxygenation system is the
system’s ability to match approximately the biological uptake rate with the available

oxygen gas purity.
Sequencing Batch Reactor (SBR)

The Sequencing Batch Reactor (SBR) is a fill-and-draw activated sludge treatment system.
All SBR systems utilize five steps that occur sequentially within the same tank as follows:
(1) fill, (2) react (aeration), (3) settle (clarification), (4) decant, and (5) idle. Process
modifications can be made by varying the times associated with each step in order to
achieve specific treatment objectives. When designing or evaluating SBR systems care
must be taken with the processes that are unique to the SBR. These include:

Fill Method

Hydraulic Control Systems

Aeration Control Systemns

Method of Decant

Sizing of Disinfection Equipment for Decant Flows
Sludge Wasting Methods

me A o

One of the main strengths of the SBR process is the process flexibility that can be
achieved. Therefore, the above processes can be performed using a variety of methods.
Designers of SBR systems must be prepared to supply sufficient detailed information at
the request of regulatory authorities.

Activated Sludge Design Parameters

Table 6.1 shows typical design parameters and efficiencies for various activated sludge
process modifications.
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6.1.4
6.14.1

6.14.1.1

6.1.4.1.2

The size of the aeration tank for any particular adaptation of the process shall be
determined by full scale experience, pilot plant studies, or rational calculations based
mainly on food to microorganism ratio and mixed liquor suspended solids levels. Other
factors, such as size of treatment plant, diurnal load variations, and degree of treatment
required, shall also be considered. In addition, temperature, pH, and reactor dissolved
oxygen shall be considered when designing for nitrification.

Aeration

Arrangement of Aeration Tanks
General Tank Configuration

a. Dimensions

The dimensions of each independent mixed liquor aeration tank or return sludge re-
aeration tank shall be such as to maintain effective mixing and utilization of air.

Aeration basin depth is an important consideration in the design of aeration systems
because of the effect that depth has on the aeration efficiency and air pressure
requirements of diffused aeration devices and mixing capabilities of mechanical aerators.
A minimum aeration basin depth of 3.0 to 4.6 m is recommended for typical sewage
treatment plants. Oxidation ditches should have minimum depth of 1.6 m.

b. Short-circuiting

For very small tanks or tanks with special configuration, the shape of the tank, the
location of the influent and sludge return and the installation of aeration equipment
should provide for positive control of short-circuiting through the tank.

c. Number of Units

Total aeration tank volume shall be divided among two or more units, capable of
independent operation, when the total aeration tank volume required exceeds 140 m°.

Inlets and Outlets
a. Controls

Inlets and outlets for each aeration tank unit shall be suitably equipped with valves, gates,
stop plates, weirs or other devices to permit controlling the flow to any unit and to
maintain a reasonably constant liquid level. The hydraulic properties of the system shall
permit the design peak instantaneous hydraulic load to be carried with any single aeration
tank unit out of service. The effluent weir for an oxidation ditch must be easily adjustable
by mechanical means.
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6.1.4.1.3

6.14.1.4

6.1.4.2

6.1.4.2.1

b. Conduits

Channels and pipes carrying liquids with solids in suspension shall be designed to
maintain self-cleansing velocities or shall be agitated to keep such solids in suspension at
all rates of flow within the design limits. Adequate provisions should be made to drain
segments of channels which are not being used due to alternate flow patterns.

Measuring Devices

Devices should be installed for indicating flow rates of raw sewage or primary effluent,
return sludge and air to each tank unit. For plants designed for sewage flows of 5000
m®/d or more, these devices should totalize and record, as well as indicate flows. Where
the design provides for all return sludge to be mixed with the raw sewage (or primary
effluent) at one location, then the mixed liquor flow rate to each aeration unit should be
measured,

Freeboard ‘

All aeration tanks should have a freeboard of not less than 450 mm. Additional freeboard
or windbreak may be necessary to protect against freezing or windblown spray. If a
mechanical surface aerator is used, the freeboard should not be less than 900 mm.

Aeration Equipment
General

Oxygen requirements generally depend on maximum BOD loading, degree of treatment
and level of suspended solids concentration to be maintained in the aeration tank mixed
liquor. Aeration equipment shall be capable of maintaining a minimum of 2.0 mg/1 of
dissolved oxygen in the mixed liquor at all times and providing thorough mixing of the
mixed liquor. In the absence of experimentally determined values, the design oxygen
requirements for all activated sludge processes shall be 1.1 Kg 0./Kg peak BOD, applied
to the aeration tanks with the exception of the extended aeration process, for which the
value shall be 1.5. In the case of nitrification, the oXygen requirement for oxidizing
ammonia must be added to the above requirement for carbonaceous BOD removal. The
nitrogen oxygen demand (NOD) shall be taken as 4.6 times the diurnal peak TKN content
of the influent. In addition, the oxygen demands due to recycle flows - heat treatment
supernatant, vacuum filtrate, elutriates, etc. - must be considered due to the high
concentrations of BOD and TKN associated with such flows.

Careful consideration should be given to maximizing oxygen utilization per unit power
input. Unléss flow equalization is provided, the aeration system should be designed to
match diurnal organic load variation while economizing on power input.
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6.1.4.2.2

6.1.4.2.3

6.1.4.24

Variable Oxygenation Capacity

Consideration should be given to reducing power requirements of aeration systems by
varying oXygenation capacity to match oxygen demands within the system. Such a system
would utilize automatic D.O. probes in each aeration basin to measure dissolved oxygen
levels.

Mixing Requirements

The aeration system which is selected must not only satisfy the oxygen requirements of
the mixed liquor, but must also provide sufficient mixing to ensure that the mixed liquor
remains in suspension. The power levels necessary to achieve uniform dissolved oxygen
and mixed liquor suspended solids concentrations are shown in Table 6.2.

TABLE 6.2 - AERATION MIXING REQUIREMENTS

MECHANICAL 1.6 TO 2.5 W/cu. m 16 TO 25 W/cu. m
{0.06 to 0.09 HP/1000 cu. ft.) (0.6 TO 0.8 HP/1000 cu. f)
DIFFUSED (COARSE 0.33 L/cu, m/s
BUBBLE, SPIRAL ROLL) (20 cim/1000 cu. ft)
DIFFUSED (FINE BUBBLE 0.6 U/sq. m/s
DOMES, FULL FLOOR (0.12 cfm/sq. fY
COVERAGE)
NOTES:
1. Mixing requisements vary with basin g try, MLSS X t of tion devices, pumping efficlency of aerators,
etc. Wherever possible, rdnlhfuﬂfadstesﬂnquorm ul tor being idered,
2 Lfcu. m/s refers to vol of air per per vol of tank .
3 Lisq. m/s refers to vol of eir per d per hott: J ctional area of tion tank.

Back-up Requirements

Aeration systems will require faciliies to permit continuous operation, or minimal
disruption, in the event of equipment failure. The following factors should be considered
when designing the back-up requirements for aeration systems:

. effect on the aeration capacity if a piece of equipment breaks down, or requires
- maintenance (for instance, the breakdown of one or two blowers will have a
greater effect on capacity than the breakdown of one or four mechanical

aerators);
. time required to perform the necessary repair and maintenance operations;
° the general availability of spare parts and the time required to obtain delivery and

installation; and
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6.1.4.2.5

° means other than duplicate equipment to provide the necessary capacity in the
event of a breakdown (for instance, using over-sized mechanical aerators with
adjustable weirs to control power draw and oxygenation capacity, or using two
speed mechanical aerators, etc.).

Generally considerations such as the above will mean that diffused aeration systems will
require a standby blower but mechanical aeration systems may not require standby units,
depending upon the number of duty units, availability of replacement parts, etc.

Oxygen Transfer and Oxygen Transfer Efficiency

Aeration equipment must be designed to carry out its functions under conditions much
different than those under which it may be tested by the equipment supplier. The bulk
of oxygen transfer tests are conducted under conditions commonly referred to as standard
or are corrected to standard conditions.

The designer, therefore, must test the unit under standard conditions and project its
efficiency to the mixed liquor, or conduct the test in the mixed liquor. In either case,
there are intricacies (related to aerator testing) involved in making this conversion from
one condition to another. It is good practice to work with the suppliers when selecting
aerators to discuss and agree on, at the time of design, the planned test procedure and
interpretation of results.

It is most common to express the oxygenation rate of a particular activated sludge
aeration device either as standard oxygen rate, SOR or actual oxygen rate, AOR, both in
Kg of oxygen transferred per hour. Either value is considered to be determinable, given
the other and its transfer environment. Methods used to calculate oxygen transfer for
conditions other than standard, or to correct to standard conditions the results obtained
by mixed liquor testing are as follows:

Mechanical surface aerators: Diffused air and submerged turbine aerators:
AOR = a(SOR) Bc"é—'c" e (1) AOR = a(SOR) -ﬂ@ e ()
] S

o = relative rate of oxygen transfer as compared to clean water, dimensionless [equal
to 1.0 under standard conditions. Mixed liquor range is 0.6 (near basin influent)
to 0.94, with the higher value representative of well-treated wastes; values
generally range from 0.8 to 0.94; initial stages of plug flow systems may have
very low «; industrial wastes may reduce al;

B = relative oxygen saturation value as compared to clean water, dimensionless [equal
to 1.0 under standard conditions. Mixed liquor range to 0.9 to 0.97, with upper
level seen in well-treated wastes]; :

€ = temperature correction constant, 1.024;

C, = oxygen saturation value of clean water at standard conditions,
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6.1.4.2.6

6.1.4.2.7

C, = 9.17 mg/},

Cee = saturation value of clean water at the surface, at site conditions of temperature,
T, and actual barometric pressure, P,,

C.* = corrected C, value for water depth, D, and oxygen content of gaseous phase, mg/1,

C, = inital (or steady state) DO level mg/1 [equal to 0.0 mg/l under standard
conditions. Mixed liquor values range from 1.5 to 2.0 mg/1 at average oxygen
uptake conditions], and }

T = Temperature of bulk liquid, °C [equal to 20°C under standard conditions. Mixed
liquor values range from 5° to 30°C; highest operating temperature is most
conservative in terms of design (C, and 8®°7 to self-correct)].

In the absence of experimentally determined alpha and beta factors, wastewater transfer
efficiency shall be assumed to be 50% of clean water efficiency for plants treating
primarily (90% or greater) domestic sewage. Treatment plants where the waste contains
higher percentages of industrial wastes shall use a correspondingly lower percentage of
clean water efficiency and shall have calculations submitted to justify such a percentage.

Oxygen transfer efficiencies are generally represented in terms of Kg of O, transferred per
MJ (or 1b O/hp hr). Manufacturers of aeration equipment will generally designate the
specific equipment O, transfer rate as Ns (the standard transfer efficiency or rated
capacity). The rated capacity can be expressed as:

Ns = SOR 3
Total Power Consumed
(by mixer/aerator, pump, blower)

The designer must therefore use equation (3) to determine the AOR as described in
equation (1) or (2).

Characteristics of Aeration Equipment

Table 6.3 outlines various characteristics of some typical aeration equipment.

Diffused Air Systems

Typical air requirements for all activated sludge processes except extended aeration
(assuming equipment capable of transmitting to the mixed liquor the amount of oxygen

required in Design Section 6.1.4.2.1) is 100 cu. meters per Kg of BOD, peak aeration tank
loading. For the extended aeration process the value is 125 m®.
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Air requirements for diffused air systems should be augmented as required by
consideration of the following items:

a.

To the air requirements calculated shall be added air required for channels,
pumps, aerobic digesters or other air-use demand.

The specified capacity of blowers or air compressors, particularly centrifugal
blowers, should take into account that the air intake temperature may reach 40°C
or higher and the pressure may be less than normal. The specified capacity of the
motor drive should also take into account that the intake air may be -30°C or less
and may require oversizing of the motor or a means of reducing the rate of air
delivery to prevent overheating or damage to the motor.

The blowers shall be provided in multiple units, so arranged and in such
capacities as to meet the maximum air demand with the single largest unit out
of service. The design shall also provide for varying the volume of air delivered
in proportion to the load demand of the plant. Aeration equipment shall be easily
adjustable in increments and shall maintain solids suspension within these limits.

Diffuser systems shall be capable of providing for the diurnal peak oxygen

. demand or 200% of the design average day oxygen demand, whichever is larger.

The air diffusion piping and diffuser system shall be capable of delivering normal
air requirements with minimal friction losses.

Air piping systems should be designed such that total head loss from the blower
outlet (or silencer outlet where used) to the diffuser inlet does not exceed 3.4 Kpa
at average operating conditions.

The spacing of diffusers should be in accordance with the oxygen requirements
through the length of the channel or tank and should be designed to facilitate
adjustment of their spacing without major revision to air header piping. Fifty per.
cent blanks should be provided in at least the first half of the aeration system, for
possible addition of more diffusers if found necessary.

All plants shall be designed to incorporate removable diffusers that can be
serviced and/or replaced without dewatering the tank.

Individual assembly units of diffusers shall be equipped with control valves,
preferably with indicator markings for throttling, or for complete shutoff.
Diffusers in any single assembly shall have substantially uniform pressure loss.

Air filters shall be provided in numbers, arrangements and capacities to furnish
at all times an air supply sufficiently free from dust to prevent damage to blowers
and clogging of the diffuser system used. Blowers must have silencers, flexible
connections and gauges.

Blowers which require internal lubrication are not desirable because of the danger
of diffuser clogging from oil being carried in the air stream. Water-piston-type
compressors are not desirable because they increase the condensation in the air
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6.1.4.2.8

6.1.5

6.1.5.1

system, resulting in a more severe corrosion problem in the piping and greater
pressure loss required to pass the condensate through the diffusers.

Mechanical Aeration Systems

a. Oxygen Transfer Performance

The mechanism and drive unit shall be designed for the expected conditions in
the aeration tank in terms of the power performance. Certified testing shall verify
mechanical aerator performance. In the absence of specific design information,
the oxygen requirements shall be calculated using a transfer rate not to exceed
1.22 Kg 0/Kw hr in clean water under standard conditions.

b. Design Requirements

1.

maintain a minimum of 2.0 mg/1 dissolved oxygen in the mixed liquor at
all times throughout the tank or basin;

2. maintain all biological solids in suspension;

3. meet maximum oxXygen demand and maintain process performance with
the largest unit of service; and

4. provide for varying the amount of oxygen transferred in proportion to the
load demand on the plant. .

5. provide that motors, gear housing, bearings, grease fittings, etc., be easily
accessible and protected from inundation and spray as necessary for the
proper functioning of the unit.

c. Winter Protection

Due to high heat loss, the mechanism, as well as subsequent treatment units,
shall be protected from freezing where extended cold weather conditions occur.

-

Return Sludge Equipment

Return Sludge Rate

The minimum permissible return sludge rate of withdrawal from the final settling tank
is a function of the concentration of suspended solids in the mixed liquor entering it, the
sludge volume index of these solids and the length of time these solids are retained in the
settling tank. Since undue retention of solids in the final settling tank may be deleterious
to both the aeration and sedimentation phases of the activated sludge process, the rate of
sludge return expressed as a percentage of the average design flow of sewage should
generally be variable between the limits set forth as follows:
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6.1.52

6.1.5.3

6.1.5.4

Type of Process Minimum Normal Maximum
Plug Flow 25 30 100
‘Complete Mix 25 30 100
Carbonaceous Stage of Separate Stage

Nitrification 25 75
Step Aeration 25 50 75
Contact Stabilization 50 100 150°
Extended Aeration 50 100 150
Oxidation Ditch 50 100 150
High Rate 50 50 200
Nitrification Stage of Separate Stage

Nitrification ) 50 200

The rate of sludge return shall be varied by means of variable speed motors, drives or
timers (small plants) to pump sludge at the above rates.

Return Sludge Pumps

If motor driven return sludge pumps are used, the maximum return sludge capacity shall
be obtained with the largest pump out of service. A positive head should be provided on .
pump suctions. Pumps should have at least 100 mm suction and discharge openings.

If air lifts are used for returning sludge from each settling tank hopper, no standby unit
will be required, provided the design of the air lifts are such as to facilitate their rapid and
easy cleaning and provided other suitable standby measures are provided. Air lifts should
be at least 100 mm in diameter.

Return Sludge Piping

Suction and discharge piping should be at least 100 mm in diameter and should be
designed to maintain a velocity of not less than 0.6 m/s and not more than 2 m/s, when
return sludge facilities are operating at normal return sludge rates. Suitable devices for
observing, sampling and controlling return activated sludge flow from each settling tank
shall be provided.

Waste Sludge Fadilities

Waste sludge control facilities should be designed for the maximum sludge production of
the process. Means for observing, measuring, sampling and controlling waste activated
sludge flow shall be provided. Waste sludge may be discharged to the primary settling
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6.1.6

tank, concentration or thickening tank, sludge digestion tank, mechanical dewatering
facilities or any practical combination of these units.

Froth Control Units

It is essential to include some means of controlling froth formation in all aeration tanks.
A series of spray nozzles may be fixed on top of the aeration tank. Screened effluent or
tap water may be sprayed through these nozzles (either continuously or on a time clock
on-off cycle) to physically break up the foam. Provision may be made to use antifoaming
chemical agents into the inlet of the aeration tank or preferably into the spray water.

6.2

62.1

62.1.1

62.12

6.2.1.3

TRICKLING FILTERS
General
Applicability

Trickling filters may be used for treatment of sewage amenable to treatment by aerobic
biological processes. They are generally capable of producing adequate treatment of
domestic waste where effluent quality of 20 to 30 mg/L of BOD is acceptable.

Required Pretreatment

Trickling filters shall be preceded by effective settling tanks, equipped with scum
collecting devices or other suitable pretreatment facilities.

Design Basis
Consideration for biological filters should include:

Raw sewage amenability to biological treatment;

Pretreatment effectiveness including scum and grease removal;
Expected organic loadings, including variations;

Expected hydraulic loadings, including variations;

Treatment requirements, including necessary reduction of carbonaceous and/or
nitrogenous oxygen demand;

Sewage characteristics, including pH, temperature, toxicity, nutrients;
Maximum organic and hydraulic loading rates;

Type and dosing characteristics of the flow distribution system;

Type of filter media to be used;

Configuration of underdrain system;
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622

623

6.2.3.1

6.2.3.2

6233

Recirculation rate;

Provision for adequate ventilation;

Freezing problems in winter time; and
Provision for flushing the underdrain system.

Flow distribution system selection should be based on the following:

] Ruggedness of construction;

L Ease of cleaning;

. Ability to handle large variations in flow while maintaining adequate and uniform
flow distribution; and

° Corrosion resistance.

Filters shall be designed so as to provide the reduction in biochemical oxygen demand
required by local conditions, or to properly condition the sewage for subsequent treatment
processes. Each system shall include a primary settling tank, the filter bed and a humus
tank.

Design Characteristics

Table 6.4 presents design characteristics for various trickling filter classifications.
Dosing Equipment

i)isuﬁulion

The sewage may be distributed over the filter by rotary distributors or other suitable
devices which will permit reasonably uniform distribution to the surface area. At design
average flow, the deviation from a calculated uniformly distributed volume per square
meter of the filter surface shall not exceed plus or minus ten percent at any point.

Dasing

Sewage may be applied to the filters by siphons, pumps or by gravity discharge from
preceding treatment units when suitable flow characteristics have been developed.
Application of the sewage shall be practically continuous. The piping system shall be
designed for recirculation.

Piping System

The piping system, including dosing equipment and distributor, shall be designed to
provide capacity for the peak hourly flow rate, including recirculation required under
Design Section 6.2.6.5
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6234

6.2.3.5

6.2.4

6.2.4.1

6.2.4.2

6.2.4.3

Hydraulics

All hydraulic factors involving proper distribution of sewage on the filters should be
carefully calculated. For reaction type distributors, a minimum overhead of 600 mm
between the low water level in the siphon chamber and the center of the arms is generally
desirable.

Clearance

A minimum clearance of 150 mm between the media and distributor arms shall be
provided. Greater clearance is essential where icing occurs.

Filter Media
Materials

The trickling filter medium shall be crushed rock, blast furnace slag or a synthetic
medium specially manufactured for this purpose. The media should serve to provide the
anchorage and space for biologically active slime material, to assist in distributing the flow
as it passes downward through the bed and to permit circulation of air.

Quality

The media shall be durable, resistant to spalling or flaking and be relatively insoluble in
sewage. The media shall be chemically and biologically inert. The top 450 mm shall have
a loss by the 20-cycle, sodium sulfate soundness test of not more than ten percent, as
prescribed by ASCE Manual of Engineering Practice, Number 13. The balance shall pass
a ten-cycle test using the same criteria. Slag media shall be free from iron. Manufactured
media shall be resistant to ultraviolet degradation, disintegration, erosion, aging, all
common acids and alkalies, organic compounds and fungus and biological attack. Such
media shall be structurally capable of supporting a man’s weight or a suitable access
walkway shall be provided to allow for distributor maintenance.

Depth

Rock and/or slag filter media shall have a minimum depth of 1.8 meters above the
underdrains. Manufactured filter media should have a minimum depth of three meters
to provide adequate contact time with the wastewater. Rock and/or slag filter media
depths shall not exceed three meters and manufactured filter media depths shall not
exceed nine meters except where special construction is justified through extensive pilot
studies.
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6.2.4.4

6.24.5

6.2.4.6

Size and Grading of Media
a. Crushed Rock, Slag and Similar Media

Crushed rock, slag and similar media shall not contain more than five percent by weight
of pieces whose longest dimension is greater than three times the least dimension.

The media shall be free from thin, elongated and flat pieces, dust, clay, sand or fine
material and shall conform to the following size and grading when mechanically graded
over a vibrating screen with square openings:

Passing 115 mm screen - 100% by weight
Retained on 75 mm screen - 95% to 100% by weight
Passing 50 mm screen - 0-2% by weight
Passing 25 mm screen - 0-1% by weight

b. Hand-Packed Field Stone

Maximum dimensions of stone - 125 mm
Mmmmm dimensions of stone - 75 mm

Manufactured Media

Suitability shall be evaluated on the basis of experience with installations handling similar
wastes.

Handling and Placing of Media

Material delivered to the filter site shall be stored on wood planked or other approved
clean hard surfaced areas. All material shall be rehandled at the filter site and no
material shall be dumped directly into the filter. Crushed rock, slag and similar media
shall be re-screened or forked at the filter site to remove all fines. Such material shall be
placed by hand to a depth of 300 mm above the tile underdrains and all material shall be
carefully placed so as not to damage the underdrains. The remainder of the material may
be placed by means of belt conveyors or equally effective methods approved by the
engineer. Manufactured media shall be handled and placed as approved by the regulatory
authority. Trucks, tractors or other heavy equipment shall not be driven over the filter
during or after construction.
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62.5

62.5.1

6252

6253

6254

62.6

6.2.6.1

Underdrainage System
Arrangement

Underdrains with semi-circular inverts or equivalent should be provided and the
underdrainage system shall cover the entire floor of the filter. Inlet openings into the
underdrains shall have an un-submerged gross combined area equal to at least 15 percent
of the surface area of the filter. :

Slope

The underdrains shall have a minimum slope of one percent. Effluent channels shall be
designed to produce a minimum velocity of 0.6 meters per second at average daily rate
of application to the filter, including recirculation flows.

Flushing

Provision should be made for flushing the underdrains, unless high rate recirculation is
used. In small filters, use of peripheral head channel with vertical vents is acceptable for
flushing purposes.- Inspection facilities shall be provided.

Ventilation

The underdrainage system, effluent channels, and effluent pipe shall be designed to permit
free passage of air. The size of drains, channels, and pipe should be such that not more
than 50 percent of their cross-sectional area will be submerged under the design peak
instantaneous flow, including proposed or possible future recirculated flows.

Forced ventilation should be provided for covered trickling filters to insure adequate
oxygen for process requirements. Windows or simple louvred mechanisms so arranged
to ensure air distribution throughout the enclosure shall be provided. The design of the
ventilation facilities shall provide for operator control of air flow in accordance with
outside seasonal temperature. Design computations showing the adequacy of air flow to
satisfy process oxygen requirements shall be submitted.

Special Features
Flooding

Appropriate valves, sluice gates, or other structures shall be provided to enable flooding

- of filters comprised of rock or slag media for filter fly control.
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6.2.6.2

6.2.6.3

6.2.6.4

6.2.6.5

6.2.6.6

62.7

628

Freeboard

A freeboard of 1.2 m or more should be provided for tall, manufactured media filters to
maximize the containment of windblown spray.

Maintenance

All distribution devices, underdrains, channels and pipes shall be installed so that they
may be properly maintained, flushed or drained.

Protection from Freezing

Covers shall be provided to maintain operation and treatment efficiencies, when climate
conditions are expected to result in problems due to cold temperatures.

Recirculation

The piping system shall be designed for recirculation of filter effluents, secondary sludge
or settled effluent as required to achieve the design efficiency. The recirculation rate shall
be variable and subject to plant operator control.

Flow Measurement

Devices shall be provided to permit measurement of influent flow to the filter and the
recirculation rate. Time lapse meters and pump head recording devices are acceptable for
facilities treating less than 5000 m%/d.

Multi-Stage Filters

The foregoing standards and recommendations also apply to multi-stage filters. Muld-
stage filters may be used in series or in parallel.

Rotary Distributor Seals

Mercury seals shall not be permitted. Ease of seal replacement shall be considered in the
design to ensure continuity of operation.
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6.2.9 Treatmment Efficiency
6.2.9.1 Pilot Testing

Required volumes of trickling filters shall be based upon pilot testing with the particular
wastewater or any of the various empirical design equations that have been verified
through actual full scale experience. Such calculations must be submitted if pilot testing
is not utilized. Pilot testing is recommended to verify performance predictions based upon
the various design equations, particularly when significant amounts of industrial wastes

are present.
6.2.9.2 Design Equations
6.2.9.2.1 Stone Media Filters

Stone media filters shall be designed based on the following procedure:

NRC Formula

First or Single Stage:

100

E = :
LAY

1+ 0.0085 (—)
VF

Second Stage:

Percent BOD removal efficiency through the first-stage filter and

BOD loading (Ibs/day) to the first or single-stage filter, not

E = :
1+ 0.0085 (E),
1-E,
Where:
El
clarifier,
W
including recycle,
\"

Volume of the particular filter stage in acre-ft.,
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6.2.9.2.2

w1

Plastic Media Filters

Recirculation factor for a particular stage, (1 + R)/(1 + 0.1R)?
Recirculation ratio = recirculated flow/plant influent flow,

Percent BOD removal efficiency through the second-stage filter
and clarifier,

BOD loading (Ibs/day) to the second-stage filter, not including
recycle.

The following design criteria, parameters and procedures are suitable for designing a
plastic medium trickling filter. The procedure producing the most conservative results
(i-e. lowest efficiency) shall be considered acceptable. A designer who uses a different
design procedure or exceeds the proposed design criteria may do so provided that the
selected criteria are demonstrated and satisfied in an existing plant.

a. Procedure 1

L

(]

Where:

—‘. = e-xa(l’w)«.m (ﬂ)

QOJ

Clarified effluent BOD (mg/L)

BOD (mg/L) of the mixture of settled influent (primary settling
tank effluent) and recycled liquid (also known as applied BOD)

BOD removal constant at 20°C

Liquid temperature in °C

Specific surface area of media, sq. ft/cu. ft.
Filter media depth, ft.

Hydraulic loading rate, MGAD (millions gal/acre/day)
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b. Procedure 2

Log 100 = 0.02 (E-50)

L
Where:
L = Organic load on trickling filter (Ib BOD/day/1000 cft)
100 = A standard organic load (arbitrarily chosen) at which a plastic

medium filter can remove 50% of influent BOD
E = Average BOD removal efficiency of the filter at the organic load, L.

However, under the following operating ranges of various factors, the efficiency may vary
by plus or minus 5% from the average:

Wastewater temperature = 21t015C

Trickling filter deptix = 15 to 40 ft. (two filters in series, each -
20 ft. deep may be assumed to be 40 ft.
in effective depth)

Influent wastewater BOD = 100 to 400 mg/L
Hydraulic Load = 0.83 to 2.5 IG/min/ft*® (52 to 158
million 1G/day/acre)
62.10 Design Safety Factors

Trickling filters are affected by diurnal load conditions. The volume of media determined
from either pilot plant studies or use of acceptable design equations shall be based upon
the design peak hourly organic loading rate rather than the average rate. An alternative
would be to provide flow equalization.
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6.3

6.3.1

6.3.1.1

6.3.1.2

6.3.1.3

ROTATING BIOLOGICAL CONTACTORS

General

Applicability

The Rotating Biological Contactor (RBC) process may be used where sewage is amenable
to biological treatment. The process may be used to accomplish carbonaceous and/or
nitrogenous oxygen demand reductions.

Considerations for the rotating biological contactor (RBC) process should include:

Raw sewage amenability to biological treatment;

Pretreatment effectiveness including scum and grease removal;

Expected organic loadings, including variations;

Expected hydraulic loadings, including variations;

Treatment requirements, including necessary reduction of carbonaceous and/or
nitrogenous oxygen demand;

Sewage characteristics, including pH, temperature, toxicity, nutrients;

L Maximum organic loading rate of active disc surface area;

. Minimum detention time at maximum design flow.

Winter Protection (Enclosures)

Wastewater temperature affects rotating contactor performance. Year-round operation
requires that rotating contactors be covered to protect the biological growth from cold
temperatures and the excessive loss of heat from the wastewater with the resulting loss
of performance.

Enclosures shall be constructed of a suitable corrosion resistant material. Windows or
simple louvred mechanisms which can be opened in the summer and closed in the winter
shall be installed to provide adequate ventilation. To minimize condensation, the
enclosure should be adequately insulated and/or heated. Mechanical ventilation should
be supplied when the RBC’s are contained within a building provided with interior access
for personnel.

Required Pretreatment

RBC’s must be preceded by effective settling tanks equipped with scum and grease
collecting devices, unless substantial justification is submitted for other pretreatment
devices which provide for effective removal or grit, debris and excessive oil or grease prior
to the RBC units. Bar screening or comminution are not sole means of pretreatment.
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6.3.14

6.3.1.5

6.3.1.6

6.3.1.7

632

Flow Equalization

For economy of scale, the peaking factor of maximum flow to average daily flow should
not exceed 3. Flow equalization should be considered in any instance where the peaking
factor exceeds 2.5.

Operating Temperature

The temnperature of wastewater entering any RBC should not drop below 13°C unless there
is sufficient flexibility to decrease the hydraulic loading rate or the units have been
increased in size to accommodate the lower temperature. Otherwise, insulation or
additional heating must be provided to the plant.

Design Flexibility

Adequate flexibility in process operation should be provided by considering one or more
" of the following:

a) Variable rotational speeds in first and second stages;

b) Multiple treatment trains;

c) Removable baffles between all stages;

d) Positive influent flow control to each unit or flow train;

e) Positively controlled alternate flow distribution systems;

f) Positive airflow metering and control to each shaft when supplemental operation

or air drive units are used;
g Recirculation of secondary clarifier effluent.

Hydrogen Sulphide

When higher than normal influent or sidestream hydrogen sulphide concentrations are
anticipated, appropriate modifications in the design should be made.

Unit Sizing

The Designer of an RBC system shall conform to the following design criteria, unless it
can be shown by thorough documentation that other values or procedures are appropriate.
This documentation may include detailed design calculations, pilot test results, and/or
manufacturer’s empirical design procedures. It should be noted that use of manufacturer’s
design procedures should be tempered with the realization that they are not always
accurate and in some cases can substantially overestimate attainable removals.
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6.3.2.1

6322

6.3.2.3

Unit Sizing Considerations

Unit sizing shall be based on experience at similar full-scale installations or thoroughly
documented pilot testing with the particular wastewater. In determining design loading
rates, expressed in units of volume per day per unit area of media covered by biological
growth, the following parameters must be considered:

a) design flow rate and influent waste strength;

b) percentage of BOD to be removed;

c) media arrangement, including number of stages and unit area in each stage;
d) rotational velocity of the media;

e) retention time within the tank containing the media;

H wastewater temperature; and

£) percentage of influent BOD which is soluble.

In addition to the above parameters, loading rates for nitrification will depend upon
influent total kjeldahl nitrogen (TKN), pH and allowable effluent ammonia nitrogen
concentration.

Hydraulic Loading

Hydraulic loading to the RBC's should range between 75 to 155 L/d/m? of media surface
area without nitrification, and 30 to 80 L/s with nitrification.

Organic Loading

The RBC process is approximately first order with respect to BOD removal; ie., for a given
hydraulic loading (or retention time) a specific percent BOD reduction will occur,
regardless of the influent BOD concentration. However, BOD concentration does have a
moderate effect on the degree of treatment, and thus the possibility of organic overloading
in the first stage. With this in mind, organic loading to the first stage of an RBC train
should not exceed 0.03 to 0.04 kg BOD/m?/d or 0.012 to 0.02 kg BOD soluble/m%/d.

Loadings in the higher end of these ranges will increase the likelihood of developing
problems such as heavier than normal biofilm thickness, depletion of dissolved oxygen,’
nuisance organisms, and deterioration of overall process performance. The structural
capacity of the shaft; provisions for stripping biomass; consistently low influent levels of
sulfur compounds to the RBC units; the media surface area required in the remaining
stages; and the ability to vary the operational mode of the facility may justify choosing a
loading in the high end of the range, but the operator must carefully monitor process
operations.
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6.3.2.4

6.32.5

6.3.2.6

6.3.3

6.3.3.1

Tank Volume

For purposes of plant design, the optimum tank volume is measured as wastewater volume
held within a tank containing a shaft of media per unit of growth covered surface on the
shaft, or litres per square metre (L/m?. The optimum tank volume determined when
treating domestic wastewater up to 300 mg/L BOD is 0.042 L/m? which takes into
account wastewater displaced by the media and attached biomass. The use of tank
volumes in excess of 0.042 L/m? does not yield corresponding increases in treatment
capacity when treating wastewater in this concentration range.

Detention Time

Based on a tank volume of 0.042 L/m?, the detention time in each RBC stage should range
between 40 to 120 minutes without nitrification, and 90 to 250 minutes with nitrification.

Media Submergence and Clearance

RBC's should operate at a submergence of approximately 40 percent based on total media
surface area. To avoid possible shaft overstressing and inadequate media wetting, the
liquid operating level should never drop below 35 percent submergence. Media
submergence of up to 95 percent may be allowed if supplemental air is provided. A
clearance of 10 to 23 cm. between the tank floor and the bottom of the rotating media
should be provided so as to maintain sufficient bottom velocities to prevent solids
deposition in the tank.

Design Considerations
Unit Staging

The arrangement of media in a series of stages has been shown to significantly increase
treatment efficiency. It is therefore recommended that an RBC plant be constructed in at
least four stages for each flow path (or four zones of media area).

Four stages may be provided on a single unit by providing baffles within the tank. For
small installations where the total area requirements dictate two units per flow path, two
units may be placed in series with a single baffle in each tank, thus providing the
minimum of four stages. For larger installations requiring four or more units per flow
path, the units may be placed in a series within the flow path, with each unit itself serving
as a single stage. Generally, though, plants requiring more than four stages should be
constructed in a series of parallel floor trains, each comprised of four separate stages.

Wastewater flow to RBC units may be either perpendicular or parallel to the media shafts.
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6.3.3.6

Tankage

RBC units may be placed in either steel or concrete tankage with baffles when required,
and constructed of a variety of materjals. The design of the tankage must include:

Adequate structural support for the RBC and drive unit;
Elimination of the "dead" areas; :

Satisfactory hydraulic transfer capacity between stages of units; and
Considerations for operator safety.

.

The structure should be designed to withstand the increased loads which could result if
the tank were to be suddenly dewatered with a full biological growth on the RBC units.
The sudden loss of buoyancy resulting from unexpected tank dewatering could increase
the bearing support loadings by as much as 40%.

Provisions for operator protection can be included in the tankage design by setting the top
of the RBC tankage about one foot above the surrounding floor and walkways, with
handrails placed along the top of the tankage, to provide an effective barrier between the
operator and exposed moving equipment. The high tank walls will also prevent loss or
damage by any material accidentally dropped in the vicinity of the units and entering the
tankage. : .

High Density Media

Except under special circumstances, high density media should not be used in the first
stage. Its use in subsequent stages should be based on appropriate loading criteria,
structural limitations of the shaft and media, and media configuration.

Shaft Rotational Velocity

The peripheral velocity of a rotating shaft should be approximately 18 m/min for
mechanically driven shaft, and between 9 and 18 m/min for an air driven shaft. Provision
should also be made for rotational speed control and reversal.

Biomass Removal

A means for removing excess biofilm growth should be provided, such as air or water
stripping, chemical additives, rotational speed control/reversal, etc.

Dissolved Oxygen Monitoring

First-stage dissolved oxygen (DO) monitoring should be provided. The RBC should be
able to maintain a positive DO level in all stages.
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Supplemental Air

Periodic high organic loadings may require supplemental aeration in the first stage to
promote sloughing of biomass.

Side Stream Infiows

The type and nature of side stream discharges to an RBC must be evaluated, and the
resulting loads must be added to the total facility influent loads. Anaerobic digesters
increase ammonia nitrogen loadings, and sludge conditioning processes such as heat
treatment contribute increased organic and ammonia nitrogen loadings. Whenever septic
tank discharges comprise part of the influent wastewater or any unit processes are
employed that may produce sulfide ahead of the RBC units, the additional oxygen demand
associated with sulfide must be considered in system design.

Rediraulation

Consideration should be given to providing recirculation of RBC effluent flow. This may
be necessary during initial start-up and when the inflow rate is reduced to extremes.

For small installations, such as those serving an industrial park or school, the inflow over
weekends or at holiday periods may drop to zero. During such periods, the lack of
incoming organic load will cause the media biogrowth to enter the endogenous respiration
phase where portions of the biogrowth become the food source or substrate for other
portions of the biogrowth. If this condition lasts long enough, all of the biogrowth will
eventually be destroyed. When this condition is allowed to exist, the RBC process does
not have adequate biogrowth to provide the desired treatment when the inflow restarts.

If flow can be recycled through the sludge holding/treatment units and then to the RBC
process, an organic load from the sludge units can be imposed on the RBC process. This
imposed load will help to maintain the biogrowth and, as a secondary benefit, help
stabilize and reduce the sludge.

When any new facility is first started, the biogrowth is slow to establish. If it is desired
to build up the biogrowth before directing all of the inflow to the RBC process (as when
the RBC is replacing an older existing process) some inflow may be directed to the RBC
process and recycled.

In the first few days, minimal biogrowth will develop with only minimal removal of the
organic load. By recycling, the unused organic load again becomes available to the
biogrowth. As the biogrowth develops, the recycle rate should be reduced, with new
inflow added to increase the organic load. As the biogrowth develops further, the recycle
is eventually reduced to zero with all of the inflow being the normal RBC influent.
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Load Cells

Load cells, especially in the first stage(s), can provide useful operating and shaft load data.
Where parallel trains are in operation, they can pinpoint overloaded or-underloaded trains,
Stop motion detectors, rpm indicators and clamp-on ammeters are also potentially usefil
monitoring instruments. ’ -

Therefore, load cells shall be provided for all first and second stage shafts. Load cells for
all other shafts in an installation are desirable.

Shaft Access

In all RBC designs, access to individual shafts for repair or possible removal must be
considered. Bearings should also be accessible for easy removal and replacement if
necessary. Where all units in a large installation are physically located very close
together, it may be necessary to utilize large off-the-road cranes for shaft removal. Crane
reach, crane size, and the impact of being able to drain RBC tankage and dry a unit prior
to shaft removal should all be considered when designing the RBC layout.

Structural Design

The designer should require the manufacturer to provide adequate assurance that the
shaft and media support structures are protected from structural failure for the design life
of the facility. Structural designs should be based on appropriate American Welding
Society (AWS) stress category curves modified as necessary to account for the expected
corrosive environment. All fabrication during .construction should conform to AWS
welding and quality control standards.

Energy Requirements

Energy estimates used for planning and design should be based on expected operating
conditions such as temperature, biofilm thickness, rotational speed, type of unit (either
mechanical or air driven), and media surface area instead of normalized energy data
sometimes supplied by equipment manufacturers. Care should be taken to assure that
manufacturers’ data are current and reflect actual field-validated energy usage.

Only high efficiency motors and drive equipment should be specified. The designer should
also carefully consider providing Ppower factor correction for all RBC units.

Nitrification Consideration

Effluent concentrations of ammonia nitrogen from the RBC process designed for
nitrification are affected by diurnal load variations. Therefore, it may be necessary to
increase the design surface area Proportional to the ammonia nitrogen diurnal peaking
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rates to meet effluent limitations. An alternative is to provide flow equalization sufficient
to insure process performance within the required effluent limitations.

6.4

6.4.1

6.4.1.1

64.1.2

64.1.3

6.4.14

6.4.1.5

WASTE STABILIZATION PONDS AND AERATED LAGOONS
Supplement to Pre-Design Report
General

The Pre-Design report shall contain pertinent information on location, geology, soil
conditions, area for expansion and any other factors that will affect the feasibility and
acceptability of the proposed project.

The following information must be submitted in addition to that required in Policy
Section 4.

Location in Relation to Nearby Facilities

The location and direction of all residences, commercial developments, recreational areas
and water supplies within two kilometres of the proposed pond shall be included in the
Pre-Design report.

Land Use Zoning
Land use zoning adjacent to the proposed pond site shall be included.
Soil Borings

Data from soil borings, conducted by an independent soil testing laboratory to determine
subsurface soil characteristics and groundwater characteristics (including elevation and
flow) of the proposed site and their effect on the construction and operation of a pond,
shall also be provided. At least one boring shall be a minimum of 7.5 m in depth or into
bedrock, whichever is shallower. If bedrock is encountered, rock type, structure and
corresponding geological formation data should be provided. The boring shall be filled
and sealed. The permeability characteristics of the pond bottom and pond seal materials
shall also be studied.

Percolation Rates

Data demonstrating anticipated percolation rates at the elevation of the proposed pond
bottom shall be included.
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642.1

6.4.2.2.

6423

R

Site Description

A description, including maps showing elevations and contours of the site and adjacent
area suitable for expansion shall be identified. Due consideration shall be given to
additional treatment units and/or increased waste loadings or determining load
requirements.

Location of Field Tile

The location, depth, and discharge point of any field tile in the immediate area of the
proposed site shall be identified.

Sulfate Content of Water Supply

Sulfate content of the basic water supply shall be determined.

Well Survey

A pre-construction survey of all nearby wells (water level and water quality) is mandatory.
Location -

Distance From Habitation

A pond site should be located as far as practicable, with a minimum of 150 m from
isolated habitation and 300 m from built up areas or areas which may be built up within
a reasonable future period. Consideration should be given to site specifics such as
topography, prevailing winds, forests, etc.

A minimum distance of 100 m from public roads and highways is also recommended.
Prevailing Winds

If practicable, ponds should be located so that local prevailing winds will be in the
direction of uninhabited areas.

Surface Runoff

Location of ponds in watersheds receiving significant amounts -of storm water runoff is
discouraged. Adequate provision must be made to djvert storm water runoff around the
ponds and protect pond embankments from erosion.
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64.2.5

6.4.2.6

6.4.2.7

6.4.3

6.4.3.1

Groundwater Pollution

Existing wells which serve as drinking water sources shall be protected from health
hazards. Possible travel of pollutants through porous soils and fissured rocks should be
objectively evaluated to safeguard the wells. A pond shall be located as far as practicable,
with a minimum of 300 m from any well used as a drinking water source.

A minimum separation of 1.2 m between the bottom of the pond and the maximum
groundwater elevation shall be maintained.

Protection of Surface Water Supplies

Lagodns shall be located downhill, downstream and remote from all sources of surface
water supplies (lakes and rivers). The following minimum distances shall be employed
as the criteria:

120 m (400 ft) Lined lagoon, pervious soil

|l 75 m (250 fY) Lined lagoon, impervious soil ||

Ponds shall not be located in areas which may be subjected to karstification (i.e. sink
holes or underground streams generally occurring in areas underlain by limestone or
dolomite). :

A minimum separation of 3 m between the pond bottom and any bedrock formation is
recommended.

Floodplains

A pond shall not be located within the 100 year floodplain
Definitions

Aerobic Ponds

Aerobic ponds are shallow basins used for Wastewater Treatment. The organic
contaminants in the wastewater are degraded by aerobic and facultative bacteria. The

s
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6.4.3.3

6.4.4

basins characteristically receive a light organic loading. They are used primarily to
achieve additional organic removal following conventional wastewater treatment.
Dissolved oxygen is furnished by oxygen transfer between the air and water surface, and
by photosynthetic algae. The amount of oxygen supplied by natural surface re-aeration
depends largely on wind-induced turbulence.

Facultative Ponds

The facultative pond is divided into an aerobic layer at the top and an anaerobic layer on
the bottom. The aerobic layer is generated by algae which produce oxygen by
photosynthesis. Settleable solids are permitted to accumulate on the pond bottom, and
are broken down anaerobically. Waste stabilization is accomplished by a combination of
anaerobic, aerobic, and a preponderance of facultative organics interacting with the
wastewater.

Aerated Lagoons

An aerated lagoon may be aerated aerobic (completely mixed) or aerated facultative. It
does not depend on algae and sunlight to furnish DO or bacterial respiration, but instead
uses diffusers or other mechanical aeration devices to transfer the major portion of oxygen
and to create some degree of mixing. Because of the mixing, removal of suspended solids
in the Jagoon effluent is an important consideration.

Aerated lagoons can be described as heavily loaded oxidarion basins, or very lightly loaded
activated sludge systems. The micro-organisms responsible for the organic breakdown
tend to be similar to those found in activated sludge systems.

Aerated lagoons may be used in series with aerobic lagoons. In such cases, the primary
purpose of the lagoon without aeration is for is for solids removal.

Application, Advantages and Disadvantages of Different Lagoon Types

Table 6.5 presents advantages and disadvantages of the different pond and lagoon types
for various applications.
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TABLE 6.5 - APPLICATION, ADVANTAGES AND DISADVANTAGES OF THE DIFFERENT LAGOON TYPES
AEROBIC FACULTATIVE
APPLICATION NUTRIENT REMOVAL; TREATMENT OF TREATMENT OF RAW TREATMENT OF
TREATMENT OF RAW DOMESTIC DOMESTIC AND RAW DOMESTIC
SOLUBLE ORGANIC AND INDUSTRIAL INDUSTRIAL WASTES AND INDUSTRIAL
WASTES; SECONDARY WASTES WASTES
EFFLUENTS
ADVANTAGES LOW OPERATING AND LOW OPERATING SMALL VOLUME AND SMALL VOLUME
MAINTENANCE COSTS | AND MAINTENANCE AREA; RESISTANCE AND AREA;
COSTS; TO UPSETS RESISTANCE TO
UPSETS
DISADVANTAGES LARGE VOLUME AND LARGE VOLUME SIGNIFICANT MAINTENANCE AND
AREA; POSSIBLE AND AREA; MAINTENANCE AND OPERATION COSTS;
ODOURS POSSIBLE ODOURS OPERATING COSTS; FOAMING
HIGH SOLIDS IN
EFFLUENT; FOAMING
6.4.5 Basis of design
6.4.5.1 Waste Stabilization Ponds
6.4.5.1.1 Holding Capacity Requirements

Before the design of a waste stabilization pond system can be initiated, the designer shall

determine the following:

whether the lagoon can be continuously discharged or must operate on a fill-and-

draw basis;

the period of the year if any, when discharge will not be permitted;

what discharge rates will be permitted with fill-and-draw lagoons and what, if
any, provision must be made for controlling effluent discharge rates in proportion
to receiving stream flow rates;

what the minimum time for discharge of lagoon cell contents should be for fill-

and-draw systems.
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6.4.5.1.3
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The holding capacity of ponds shall be based upon average daily sewage flow rates,
making a special allowance for net precipitation entering the cells.

Area and Loadings

One hectare of water surface should be provided for each 250 design population or
population equivalent. In terms of BOD, a loading of 22 kilograms per hectare per day
should not be exceeded. Higher or lower design loadings will be judged after review of
material contained in the Pre-Design report and after a field investigation of the proposed
site by the regulatory authority.

Due consideration shall be given to possible future municipal expansion and/or additional
sources of wastes when the original land acquisition is made. Suitable land should be
available at the site for increasing the size of the original construction.

Where substantial ice cover may be expected for an extended period, it may be desirable
to operate the facility to completely retain winter-time flows.

Design variables such as pond depth, multiple units, detention time and additional
treatment units must be considered with respect to applicable standards for BOD,, total
suspended solids (TSS), fecal coliforms, dissolved oxygen (DO) ‘and pH.

Flow Distribution

The main inlet sewer or forcemain should terminate at a chamber which permits hydraulic
and organic load splitting between the lagoon cells. The ability to introduce raw sewage
to all cells is desirable, but as a minimum, there must be a capability to divide raw sewage
flows between enough cells to reduce the BOD, loading to 22 kg/ha/d, or less.

The inlet chamber should be provided with a lockable aluminum cover plate or grating,
divided into small enough sections to permit easy handling.

Typical Performance Potentials

Nova Scotia environmental conditions are expected to facilitate the following performance
of stabilization ponds treating typical domestic wastes:

Winter efficiency = 70% BOD removal
Summer efficiency = 80% BOD removal
Organic Load = 22 kg/hectare/day
Liquid depth = 15t0 1.8 m
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6.4.5.1.6

6.4.5.1.7

6.4.52

6.4.5.2.1

Detention Time = 155 days
Suspended Solids removal = 80% but may decrease with increasing algal
_ concentrations

Controlled -Discharge Stabilization Ponds

For controlled-discharge systems, the area specified as the primary ponds should be

- equally divided into two cells. The third or secondary cell volume should, as a minimum,

be equal to the volume of each of the primary cells.

In addition, the design should permit for adequate elevation difference between primary
and secondary ponds to permit gravity filling of the secondary from the primary. Where
this is not feasible, pumping facilities may be provided.

Flow-Through Pond System:s

At a minimum, primary cells shall provide adequate detention time to maximize BOD
removal. Secondary cells should then be provided for additional detention time with
depths to two meters to facilitate both solids and coliform reduction.

Tertiary Pond

When ponds are used to provide additional treatment for effluents from existing or new
secondary sewage treatment works, the reviewing authority will, upon request, establish
BOD loadings for the pond after due consideration of the efficiencies of the preceding
treatment units.

Aerated Lagoons
General

Aerated ponds can be either aerobic or facultative. An aerated aerobic pond contains
dissolved oxygen through the whole system with no anaerobic zones. The pond shape and
the aerating power provides complete mixing. The aerated facultative pond provides a
partially mixed condition which will cause an anaerobic zone to develop at the bottom as
suspended solids settle due to low velocity in the system.

a Aerated Aerobic Lagoons

In general, an aerated pond can be classified as an aerobic pond (complete mixed) if the
mechanical aeration power level is above six watts per cubic meters of maximum storage.
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6.4.5.2.2

Aerated aerobic ponds should be designed to maintain complete mixing with bottom
velocities of at least 0.15 m/s. It is important that sufficient mixing power be provided.

Quiescent settling areas adjacent to the aerated cell outlets or the addition of suspended
solids removal processes such as a clarifier must follow aerated aerobic treatment, to
insure compliance with suspended solids discharge requirements. In most cases, a
minimum detention time of one day is required to achieve solids separation. Algae
growth should be limited by controlling the hydraulic detention time to two days or less.
Water depth of not less than one meter shall be maintained to control odours arising from
anaerobic decomposition. Adequate provision must be made for sludge storage so that the
accumulated solids will not reduce the actual detention time.

b. Aerated Facultative Lagoons

Aerated facultative ponds should be designed to maintain a minimum of two mg/1 of
dissolved oxygen (DO) in the upper zone of the liquid.

The aeration system must be able to transfer up to 1.0 kilogram of oxygen per kilogram
of BOD, applied uniformly throughout the pond when the water temperature is 20°C. The
organic loading rate should be maintained between 0.031 and 0.048 kg/m*/day.

The escape of algae into the effluent should be controlled by providing a quiescent area
adjacent to each cell outlet with an overflow rate of 32 cubic meters per day per square
meter or less. If multiple aerated facultative cells are used, all cells following the first one
shall have diminished aeration capacity to permit additional setding.

Whenever possible, provisions should be provided for recirculating part (5-10%) of the
final aeration cell effluent back into the influent in order to maintain a satisfactory mix
of active micro-organisms.

Design Parameters
Detention Time

The mean cell residence time of an aerated pond should ensure that the suspended micro-
organisms have adequate detention time to transform non-settling and dissolved solids
into settleable solids, an adequate factor of safety is provided for periods of high hydraulic
loading and that the detention time in the aerated pond is controlled by the rate of
metabolism during the coldest period of the year.

As a minimum, the detention time should reflect 85% BOD; removal from November to
April, being based on good and efficient operation of the aeration equipment. For the
development of final design parameters, it is recommended that actual experimental data
be developed; however, the aerated pond system design for minimum detention time may

be estimated using the following formula:
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t = E
23K, x (100-E)

Where:

t = detention time, days

E = percent of BOD, to be removed in an aerated pond

K, = reaction coefficient, aerated lagoon, base 10. For normal domestic
sewage, the K, value may be assumed to be 0.12/day at 20°C and
0.06/day at 1°C.

The reaction rate coefficient for domestic sewage which includes some industrial wastes,
other wastes and partially treated sewage must be determined experimentally for various
conditions which might be encountered in the aerated ponds. Conversion of the reaction
rate coefficient at other temperatures shall be made based on experimental data.
Additional storage volume should be considered for sludge and ice cover.

Oxygen Requirement

Oxygen requirements generally will depend on the BOD loading, the degree of treatment
and the concentration of suspended solids to be maintained. Aeration equipment shall be
capable of maintaining a minimum dissolved oxygen level of two mg/L in the ponds at
all times.

The oxygen requirements should meet or exceed the peak 24 hours summer loadings. A
safety factor of up to two should be considered in designing oxygen supply equipment
based on average BOD; loadings. The amount of oxygen requirement has been found to
vary from 0.7 to 1.4 times the amount of BOD; removed. Suitable protection from
weather shall be provided for electrical control.

Industrial Wastes

Due consideration shall be given to the type and effects of industrial wastes on the
treatinent process. In some cases, it may be necessary to pretreat industrial or other
discharges. :

Multiple Units

At a minimum, a waste stabilization pond system shall consist of two cells designed to
facilitate both series and parallel operations. The maximum size of a pond cell should be
five hectares. A one cell system may be utilized in small installations. Larger cells may
be permitted for bigger installations.
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64.5.6

All systems should be designed with piping flexibility to permit isolation of any cell
without affecting the transfer and discharge capabilities of the total system.

Requirements for multiple units in an aerated lagoon system shall be similar to those in
an activated sludge system, including requirements for back-up aeration equipment.

Design Depth

The minimum operating depth should be sufficient to prevent growth of aquatic plants
and damage to the dykes, control structures, aeration equipment and other appurtenarnces.
In no case should pond depths be less than 0.6 metres.

Controlled-Discharge Stabilization Ponds

The maximum water de1;th shall be 1.8 meters in primary cells. Greater depths in
subsequent cells are permissible although supplemental aeration or mixing may be
necessary.

Flow-Through Stabilization Ponds
Maximum normal liquid depth should be 1.5 meters.
Aerated Pond Systems

In general, normal water depths vary from 1.2 to 3.6 meters when using surface aerators,
however, consideration should be given to depths of up to five meters to minimize surface
heat losses.

Pond Shape

Acute angles within any wastewater stabilization pond or aerated lagoon should be
avoided. Square cells are preferred to long narrow rectangular cells. The long dimension
of any pond should not align with the prevailing wind direction.
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Pond Construction Details
Embankments and Dykes
Materials

Embankments and dykes shall be constructed of relatively impervious materials and
compacted to at least 90 percent Standard Proctor Density to form a stable structure.
Vegetation and other unsuitable materials should be removed from the area where the
embankment is to be placed.

A soils consultant’s report shall be required for all earthen berm construction to
demonstrate the suitability of the soils. In certain instances a hydrogeologist’s report may
be required to assess possible impact on the water table. All topsoil must be stripped from
the area on which the berms are to be constructed.

Top Width

The minimum embankment top width should be three meters to permit access of
maintenance vehicles.

Maximum Slopes

Unless otherwise specified by a soil consultant’s report, embankment slopes should not be
steeper than:

a. Inner .

Three horizontal to one vertical.

b. Outer

Three horizontal to one vertical.

Minimum Slopes

Embankment slopes should not be flatter than:
a. Inner

Four horizontal to one vertical. Flatter slopes are sometimes specified for larger
installations because of wave action but have the disadvantage of added shallow areas
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conducive to emergent vegetation. Other methods of controlling wave action may be
considered.

b. Outer

Outer slopes shall be sufficient to prevent surface water runoff from entering the ponds.
Freeboard

Minimum freeboard shall be one m;ter.

Erosion Control

a. Outer Dykes

The outer dykes shall have a cover layer of at least 100 mm of fertile topsoil to promote
establishment of an adequate vegetative cover wherever rip rap is not utilized. Adequate
vegetation shall be established on dykes from the outside toe to 0.5 m below the top of
the embankment as measured on the slope. Perennial-type, low-growing, spreading grasses
that minimize erosion and can be mowed are most satisfactory for seeding on dykes.
Additional erosion control may also be necessary on the exterior dyke slope to protect the
embankment from erosion due to severe flooding of a watercourse.

b. Inner Dykes

Alternate erosion control on the interior dyke slopes has become necessary for ponds
because of problems associated with mowing equipment not designed to run on slopes as
well as a lack of maintenance by the plant owner. The inner dykes shall have a cover of
at least 200 mm of pit run gravel or other material graded in a manner to discourage the
establishment of any vegetation. The material should be spread on dykes from the inside
toe to the top of the embankment. Clean and sound Tip rap or an acceptable equal shall
be placed from 0.3 m above the high water mark to 0.6 m below the low water mark
(measured on the vertical). Maximum size of rock used should not exceed 150 mm.

c. Top of Embankment

The top of the embankment used for access around the perimeter of the dykes shall have
a cover layer of at least 300 mm of cover material similar to the one described in Design
Section 6.4.6.2. b.
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d. Additional Erosion Protection -

Rip rap or some other acceptable method of erosion control is required as a minimum
around all piping entrances and exits. For aerated cells the design should ensure erosion
protection on the slopes and bottoms in the areas where turbulence will occur.

e. Erosion Control During Construction

Effective site erosion control shall be provided during construction, as outlined in the
Nova Scotia Department of the Environment publication, "Erosion and Sedimentation
Control Handbook for Construction Sites”. An approved erosion control plan is required
before construction begins.

Vegetation Control

A method shall be specified which will prevent vegetation growth over the surface of the
inner slope and top of the embankment.

Pond Bottom
Location

A minimum separation of 3.0 m between the cell bottom and bedrock is recommended.
Cell bottoms should be located at least 1.2 m above the high groundwater level, in order
to prevent inflow and/or liner damage.

Uniformity

The pond bottom should be as level as possible at all points. Finished elevations should
not be more than 75 mm from the average elevation of the bottom.

Vegetation

The bottom shall be cleared of vegetation and debris. Organic material thus removed
shall not be used in the dyke core construction. However, suitable topsoil relatively free
of debris may be used as cover material on the outer slopes of the embankment as
described in Design Section 6.4.6.2.a.

Permeability Tests

Permeability tests shall be carried out on the soil material at each proposed lagoon site
except in cases where the soil is unmistakably impervious. The permeability tests may
take either of two forms:
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1. Laboratory tests on samples from below the proposed bottom of the lagoon and
from the material to be used in the dykes.

2. Field seepage tests. These may be conducted in the following way. A pit shall
be dug to the level of the proposed lagoon bottom and the bottom of the dug hole
carefully cleaned. At least one test shall be conducted for every two hectares of
lagoon area. A pipe with an internal diameter of at least 200 mm and length of
at least 1.2 meters shall be carefully placed in a vertical position resting on the
bottom of the hole. The hole shall be backfilled around the outside of the pipe
to a height of one meter with carefully tamped soil. Particular care should be
given to tamping the soil near the bottom. ‘

The pipe shall be filled with water to a depth of 1.2 m. The water must be placed in the
pipe gently so as not to disturb the soil at the bottom. :

The drop in water level f;om a head of 1.2 meters shall be recorded for each of at least
3 twenty-four hour periods, or until the readings become consistent. (Level shall be re-
adjusted to 1.2 m at the beginning of each 24 hour period).

Interpretation of Hydraulic Conductivity Measurements

There can be major differences between laboratory and field hydraulic conductivity
measurements. These differences are likely to occur because of complex geological and
hydrogeological conditions, in situ and errors in measurement methods. The ratio of K
(in situ) to K (laboratory) may be in the range of 0.38 to 64. The major reasons for
higher field values are: 1) laboratory tests are generally run on homogeneous, clayey
samples; 2) sand seams, fissures and other macrostructures in the field are not present in
laboratory samples; 3) measurement of vertical K in the laboratory and horizontal K in the
field; and 4) changes in soil structure, chemical characteristics of the permeant, air
entrapment in laboratory samples and other errors associated with laboratory tests.

The value of K from a field test as described above may be obtained from the following
equation:

h,

K= -I?t;; (n 'Z)
Where,
A = area of standpipe
t = time for head change from h, to h,
D =

diameter of hole
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h = head water above water table
F = 2.0 for a borehole with a flat
bottom at an upper impervious boundary,
or
= 2.75 for a cased borehole with a flat
bottom in the middle of a deep soil layer.
* Olson and Daniel (1981)

Alternatively, if the laboratory tests show a permeability greater than 1 x 10° cm per
second, or if the drop in head of the field test exceeds 10 mm per 24 hours, then provision
should be made to make.the soil more impermeable, as indicated in Design Section
6.4.6.4.8.

Soil

Soil used in constructing the pond bottom (not including liner) and dyke cores shall be
relatively incompressible and tight and compacted at or up to four percent above the
optimum water content to at least 90 percent Standard Proctor Density. Soft pockets that
would prevent sufficient compaction of the liner must be sub-excavated and replaced with
suitable, compacted fill.

Liner

Ponds shall be sealed such that seepage loss through the seal is as low as practicably
possible. Liners consisting of soils or bentonite as well as synthetic liners may be
considered, provided the permeability, durability and integrity of the proposed material
can be satisfactorily demonstrated for anticipated conditions. Results of a testing program
which substantiates the adequacy of the proposed liner must be incorporated into and/or
accompany the Pre-Design report. Standard ASTM procedures or acceptable similar
methods shall be used for all tests. Where clay liners are used, precautions should be
taken to avoid erosion and desiccation cracking prior to placing the system in operation.

Seepage Control Criterion

The seepage control criterion for municipal wastewater stabilization ponds and aerated
lagoons specifies a2 maximum hydraulic conductivity, K, for the pond liner as a function
of the liner thickness, L, and water depth, D, by the equation:
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6.4.7

6.4.7.1

6.4.7.2

Maximum K (m/s) = 4.6 x 10°m/s x L (m)
D(m) +L (m)

where all units are in meters and seconds.

For example, a’compacted clay liner that is 0.5 m thick must have a hydraulic conductivity
of about 1.3 x 10°® m/s (1.3 x 10° cm/s) or less. The "K" obtained by the above
expression corresponds to a percolation rate of pond water of less than 40 cubic meters
per day per hectare at a water depth of 1.2 metres.

For a seal consisting of a synthetic liner, seepage loss through the liner shall not exceed
the quantity equivalent to seepage loss through an adequate soil seal.

Site Drainage

Surface drainage must be routed around and away from cells. Field tiles within the area
enclosed by the berms must be located and blocked so as to prevent cell content leakage.
Measures must be taken, where necessary, to avoid disruption of field tile and surface
drainage of adjacent lands, by constructing drainage works to carry water around the site.

Design and Construction Procedures for Clay Liners
Delineation of Borrow Deposit

The first step in designing a compacted clay liner is delineating a relatively uniform
deposit of suitable borrow material, preferably from the pond cut or from a nearby borrow
area. The required volume of clayey soil is equal to the surface area of the pond interior
times the liner thickness (measured perpendicular to the bottom and side slope surfaces).
A large reserve volume is recommended to ensure that there is indeed sufficient clay
volume after removing silt and sand pockets and other unsuitable materials.

Liner Thickness

Recommended minimum compacted clay liner thicknesses are 0.5 m on the pond bottom
and 0.7 m (2.3 ft) on the side slopes, to allow for weathering, variations in actual
thickness, pockets of poor quality material that escape detection, etc. If a clay core in the
dyke is preferred over an upstream clay blanket liner, then the core should be well keyed
into the bottom liner. A minimum core width of three meters is suggested to allow
economic and proper placement and compaction of the clay using large earth-moving
equipment.
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6.4.7.4

6.4.7.5

Hydraulic Conductivity of Compacted Clay

The in situ hydraulic conductivity of the compacted clay liner should be predicted from
laboratory tests on the proposed clay borrow material. Several samples should be selected
representing the range of material within the designated borrow zone, not just the better
material. Permeability tests should be performed on the samples compacted to the
required density (i.e. 95% of standard Proctor maximum dry density) at a moisture
content anticipated in the field. It is recommended that the sensitivity of the compacted
clay hydraulic conductivity to variations in density and moisture content be determined.
The designer must be prepared to ensure that the soil is brought to the specified moisture
content (i.e. by wetting), unless the natural moisture content is already suitable.

A laboratory value for K should be calculated from the weighted average of the individual
tests. The weighting of each test value should be according to the estimated percent of
the borrow volume that the individual sample represents.

It is recommended that the liner design be based on a K in situ that is one order of
magnitude larger than the average K (lab), i.e.:

K (design) = K (in situ) = 10 x average K (lab) -

The increase in the K value is a factor of safety to allow for the effects of macro-structure,
poor quality borrow, etc., in the field. The K (design) and liner thickness values should
meet the seepage criteria outlined in Design Section 6.4.6.4.8. If K (design) is too high,
the more selective borrowing or adjustment of compaction moisture content could be
investigated. Otherwise, an alternative liner material will be required.

Subgrade Preparation

Clay should not be placed directly over gravel or other materials that do not provide an
adequate filter to prevent piping erosion of the liner.

Liner Material Placement and Compaction

The clay should be placed in uniform, horizontal lifts of about 150 mm maximum loose
thickness. The liner should be constructed in at least three lifts. Thin lifts ensure more
uniform density, better bonding between lifts and reduces the likelihood of continuous
seepage channels existing in the liner. Large lumps, cobbles and other undesirable
materials are more easily identified in thin lifts. Lumps of soil greater than 100 mm in
maximum dimension should be broken up prior to compaction. As far as practical, the
liner should be built up in a uniform fashion over the pond area, in order to avoid
sections of butted fill where seepage paths may develop.

Each lift should be compacted within the specified moisture content range to the required
density using heavy, self-propelled sheepsfoot compactors. Lift surfaces that have been
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allowed to dry out should be scarified prior to placing of the next lift. Lift surfaces that
have degraded due to precipitation etc., should either be removed or allowed to dry to the
required moisture content and then be re-compacted.

The completed liner should be smoothed out with a smooth-barrel compactor to reduce
the liner surface area exposed to water absorption and swelling. The liner base should
not be allowed to dry out or be exposed to freezing temperatures. Ideally, the liner should
be flooded as soon as possible after construction and acceptance.

Construction Control

The most important form of quality control during construction of compacted clay liners
will be observation and direction by the engineer. The characteristics of the desired liner
material should be established in as much detail as possible (ie. by color, texture,
moisture content, plasticity or characteristic features such as the mineralogy of pebbles
in till). Quick visual or index test jdentification by experienced field personnel is probably
the best way to detect poor quality material. An indirect but simple way of controlling
liner quality is to perform frequent in situ density and moisture content tests. The density
and moisture content may then be related to hydraulic conductivity by the relationships
established during the laboratory test program (see Design Section 6.4.7.3). The
frequency of tests should be increased when soil conditions are variable. The tests may
be used to statistically evaluate the overall liner properties and to assess suspect zones
in the liner.

In situ density and moisture content tests should be carried out on a routine basis for each
lift. Tests should be conducted on a grid pattern (say 30 x 30 m to 60 x 60 m grids for
large ponds and at closer spacing for small ponds) and in suspect areas.

The completed liner may be assessed by performing in situ infiltration tests, which may
be theoretically related to hydraulic conductivity values (see Design Section 6.4.6.4.5).
It should be noted that the compacted clay liner is most likely to be partially saturated at
the end of construction. The presence of five to ten percent air voids will result in an
unsaturated K value that is somewhat higher than the saturated K value.

The completed liner may also be cored and the hydraulic conductivity of a trimmed
sample can be tested in a suitable permeameter, i.e., odometer falling head tests or triaxial
constant head tests. All holes created in the liner due to tests, stakes or other
circumstances should be backfilled with well-compacted liner material.

Planning

The most important aspect of constructing a compacted clay liner may be the planning
stage when the inspection engineer’s role is defined, contract specifications are prepared

- and construction strategies are worked out. The engineer must have an adequate degree

of control over material selection and methods of placement. The work procedure must
be flexible with respect to earth movement.
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6.4.9.1

6.4.9.2

6.4.9.3

6.4.9.4

Ideally, the borrow for a compacted clay liner would be the cut material just below the
eventual pond invert. Thus, material may be cut and placed in a single operation for much
of the pond liner area, although some stockpiling of borrow may be inevitable.

The lower lift of the liner might consist of reworked native soil broken up by tilling and
re-compacted to eliminate fissures, etc. Nevertheless, the contract should allow for
selective borrowing of cut material for liner use, for stockpiling, removal of undesirable
materials and possible additional borrowing outside of the cut area.

Prefilling

Prefilling the pond should be considered in order to protect the liner, to prevent weed
growth, to reduce odour and to maintain moisture content of the seal. However, the
dykes must be completely prepared as described in Design Section 6.4.6.2.b before the
introduction of water.

Influent Lines
Material

Any generally accepted material for underground sewer construction will be given
consideration for the influent line to the pond. Unlined corrugated metal pipe should be
avoided however, due to corrosion problems. In material selection, consideration must
be given to the quality of the wastes, exceptionally heavy external loadings, abrasion, soft
foundations and similar problems.

Surcharging

The design and construction of influent piping shall insure that where surcharging exists,
due to the head of the pond, no adverse effects will result. These effects shall include
basement flooding and overtopping of manholes.

Forcemains

Forcemains terminating in a sewage lagoon should be fitted with a valve immediately
upstream of the lagoon.

Location

Influent lines should be located along the bottom of the pond so that the top of the pipe
is below the average elevation of the pond seal. However, the pipe shall have adequate
seal below it. The use of an exposed dyke to carry the influent line to the discharge
points is prohibited.
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6.4.10

6.4.10.1

Point. of Discharge

The influent line to a square single celled pond should be essentially center discharging.
Each square cell of a multiple celled pond operated in parallel shall have its own near
center inlet but this does not apply to those cells following the primary cell, when series
operation alone is used. Influent lines to single celled rectangular ponds should terminate
at approximately the third point farthest from the outlet structure. Influent and effluent
piping should be located to minimize short-circuiting within the pond. Consideration
should be given to mult-influent discharge points for primary cells of 5 ha or larger.

All aerated cells shall have influent lines which distribute the load within the mixing zone °
of the aeration equipment. Consideration of multiple inlets should be closely evaluated
for any diffused aeration system. For aerated lagoons the inlet pipe may go directly
through the dyke and end at the toe of the inner slope.

Influent Discharge Apron

Inlet pipes should terminate with an upturned elbow, with the pipe extending 450 mm
above the cell bottom, -

The end of the discharge line shall rest on a suitable concrete apron large enough to
prevent the terminal influent velocity at the end of the apron from causing soil erosion.
A minimum size apron of one meter square shall be provided.

Pipe Size

The influent system shall be sized to permit peak raw sewage flow to be directed to any
one of the primary cells. Influent piping should provide a minimum scouring velocity of
0.6 m/s. .

Control Structure and Interconnecting Piping

Structure

Facility design shall consider the use of multi-purpose control structures to facilitate
normal operational functions such as drawdown and flow distribution, flow and depth
measurement, sampling, pumps for re-circulation, chemical additions and mixing and
minimization of the number of construction sites within the dykes.

Control structures shall
(@) be accessible for maintenance and adjustment of controls;

®) be adequately ventilated for safety and to minimize corrosion;
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() be locked to discourage vandalism;

@ contain controls to permit water level and flow rate control, complete shutoff and
complete draining;
(e) be constructed of non-corrodible materials (metal-on-metal contact in controls

should be of similar alloys to discourage electro-chemical reactions); and

® be located to minimize short-circuiting within the cell and avoid freezing and ice
damage.

Recommended devices to regulate water level are valves, slide tubes, dual slide gates, or
effluent chambers complete with a water level regulating weir. Regulators should be
designed so that they can be preset to stop flows at any pond elevation.

Piping

All piping shall be of ductile iron or other acceptable material. The piping shall not be
located within or below the liner. Pipes should be anchored with adequate erosion
control.

Drawdown Structure Piping
a. Submerged Takeoffs

For ponds designed for shallow or variable depth operations, submerged takeoffs are
recommended. Intakes shall be located a minimum of three meters from the toe of the
dyke and 0.6 meters from the top of the liner and shall employ vertical withdrawal.

b. Multi-level Takeoffs

For ponds that are designed deep enough to permit stratification of pond content, multiple
takeoffs are recommended. There shall be a minimum of 3 withdrawal pipes at different
elevations. The bottom pipe shall conform to a submerged takeoff. The others should
utilize horizontal entrance. Adequate structural support shall be provided.

c. Surface Takeoffs

For use under constant discharge conditions and/or relatively shallow ponds under warm
weather conditions, surface overflow-type withdrawal is recommended. Design should
evaluate floating weir box or slide tube entrance with baffles for scum control.
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d. Maintenance Drawdown

All ponds shall have a pond drain to allow complete emptying, either by gravity or
pumping, for maintenance. These should be. incorporated into the above-described
structures.

In aerated lagoons where a diffused air aeration wstem and submerged air headers are
used, provision should be made to drain each lagoon (independently of others) below the
level of the air header.

e. Emergency Overflow

All cells shall be provided with an emergency overflow system which overflows when the
liquid reaches within 0.6 m of the top of the berms.

Hydraulic Capacity

The hydraulic capacity for continuous discharge structures and piping shall allow for at
least the expected future peak sewage pumping rate.

The hydraulic capacity for controlled discharge systems shall permit transfer of water at
a rate of 150 mm of pond water depth per day at the available head.

Interconnecting Piping

Interconnecting piping for multiple unit installations operated in series should be valved
or provided with other arrangements to regulate flow between structures and permit
flexible depth control. The interconnecting pipe to the secondary cell should discharge
horizontally near the lagoon bottom to minimize need for erosion control measures and
should be located as near the dividing dyke as construction permits. Interconnection
piping shall enable parallel or series flow patterns between cells.

Location

The outlet structure and the inter-connecting pipes should be located i) away from the
corners where floating solids accumulate and ii) on the windward side to prevent short-
circuiting.
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Miscellaneous

Fencing

The pond area shall be enclosed with a suitable fence to preclude livestock and discourage
trespassing. The fence should be located on the outer dyke at a distance of 500 mm from
the top outside edge of the embankment. Fencing should not obstruct vehicle traffic on
top of the dyke. A vehicle access gate of sufficient width to accommodate equipment
should be provided. All access gates should be provided with locks.

Access

An all-weather access road shall be provided to the pond site to allow year-round
maintenance of the facility.

Warning Signs

;Appropriate signs should be provided along the fence around the pond to designate the
nature of the facility and warn against trespassing. At least one sign shall be provided on
each side of the site and one for every 150 m of its perimeter.

Flow Measurement

Provisions for flow measurement shall be provided on the outlet. Safe access to the device
should be made to permit safe measurement.

Groundwater Monitoring

An approved system of wells or lysimeters may be required around the perimeter of the
pond site to facilitate groundwater monitoring. The need for such monitoring will be
determined on a case-by-case basis.

Pond Level Gauges
Pond level gauges shall be provided.
Service Building

A service building for laboratory and maintenance equipment shall be provided, if
required.
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Liquid Depth Operation

Optimum liquid depth is influenced to some extent by lagoon area since circulation in
larger installations permits greater liquid depth. The basic plan of operation may also
influence depth. Facilities to permit operation at selected depths between 0.6 to 1.5
meters are recommended for operational flexibility. Where winter operation is desirable,
the operating level can be lowered before ice formation and gradually increased to 1.5
meters by the retention of winter flows. In the spring, the level can be lowered to any
desired depth at the time surface runoff and dilution water are generally at a maximum.
Shallow operation can be maintained during the spring with gradual increased depths to
discourage emergent vegetation in the summer months. In the fall, the levels can be
lowered and again be ready for retention of winter storage.

Pre-Treatment and Post-Treatment
The wastewater shall be treated by bar screens before entering the lagoon.

The treated effluent shall be disinfected prior to discharging into the receiving water.

- 6.5

OTHER BIOLOGICAL SYSTEMS

New biological treatment schemes with promising applicability in wastewater treatment
may be considered if the required engineering data for new process evaluation is provided
in accordance with Design Section 3.4.2. New treatment schemes design criteria may be
added to this manual when sufficient and adequate design data becomes available. These
additions shall be noted in the revision record.







Chapter 7

EFFLUENT DISINFECTION

7.1

BASIS FOR DISINFECTION OF SEWAGE TREATMENT PLANT EFFLUENT

Disinfection of sewage treatment plant effluent shall be required in all cases, unless
confirmed otherwise by the regulatory agencies.

The design shall consider meeting both the bacterial standards and the disinfectant
residual limit in the effluent. The disinfection process should be selected after due
consideration of waste characteristics, type of treatment process provided prior to
disinfection, waste flow rates, pH of waste, disinfectant demand rates, current technology
application, cost of equipment and chemicals, power cost, and maintenance requirements.
The designer shall consider the provisions of the Federal "Transportation of Dangerous
Goods Act” and the Provincial “Dangerous Goods and Hazardous - Wastes Management
Act” when designing a disinfection system.

7.2

FORMS OF DISINFECTION

Chlorine is the most commonly used chemical for wastewater effluent disinfection. The
forms most often used are liquid chlorine and calcium or sodium hypochlorite. Other
disinfectants, including chlorine dioxide, ozone, bromine, or ultraviolet disinfection, may
be accepted by the approving authority in individual cases. If chlorination is utilized, it
may be necessary to dechlorinate if the chlorine level in the effluent would impair the
natural aquatic habitat of the receiving stream. The use of chlorine capsules may be
considered for small systems.

7.3
731

7.3.1.1

7.3.1.2

7.3.1.3

CHILORINATION

Design Guidelines

Mixing

The disinfectant shall be positively mixed as rapidly as possible, with a complete mix

being effected in three seconds. This may be accomplished by either the use of a
turbulent flow regime or a mechanical flash mixer.

Diffusers

A chlorine solution diffuser shall be placed ahead of the contact tank and near the vicinity
of the mixing area.

Contact Time and Residual

A total chlorine residual of 0.5 mg/L is generally required. The required detention time
shall be based upon the more stringent of either 30 minutes at design average daily flow
or 15 minutes at the design peak hourly flow. The criteria to be used in the design shall
be that which provides the largest volume for the contact tank.
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7.3.14

7.3.1.5

7.3.2
7.32.1

7.3.2.1.1

Coliform Levels

Acceptable effluent coliform levels shall be based upon the results of the receiving water
study and the receiving water quality guidelines.

Contact Tank

In order that the chlorine contact tank can provide the required detention, dead zones
within the tank must be avoided and the flow through the tank must approach plug flow
as closely as possible. Back-mixing within the contact tank must be avoided to prevent
short-circuiting and the resulting poor disinfection results. Covered tanks are discouraged.

To approach a plug-flow regime, flow channels with length-to-width ratios of greater than
40:1 are required. Length-to-width ratios of 10:1 produce detention times of
approximately 70 percent of the theoretical residence times. In rectangular tanks,
longitudinal baffling to produce long, narrow flow channels with a serpentine flow pattern
and with guide vanes at changes in direction is a preferred method.

Since some sedimentation dccurs in chlorine contact tanks, provision should be made for
periodic sludge removal from the chlorine contact tank(s). The drain should be valved.
If it is necessary to take the contact tank out of operation for cleaning, and if short-term
discontinuation of disinfection cannot be tolerated due to other critical uses made of the
receiving waters, two contact basins shall be provided. In less critical situations, one
contact basin will suffice provided that the bypass facilities are equipped with a chlorine
application point for emergency disinfection.

Chlorination Facilities Design
Feed Equipment
Capacity

The chlorinator shall be sized according to the design flow of the treatment plant and its
capacity may vary, depending on the uses and points of application of the chlorine. For
disinfection, the capacity should be adequate to produce a concentration of residual
chlorine in the plant effluent as measured by the standard DPD test such as to dependably
and consistently obtain 0.5 mg/litre chlorine residual after a contact period of 20-30
minutes under average flow conditions.

For normal domestic sewage, the following may be used as a guide in sizing chlorination
facilities.
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Raw Wastewater (Fresh) 6-15
Raw Wastewater (Septic) 12-25
Primary Effluent 5-20
Activated Sludge Plant Effluent 2-8
Trickling Filter Plant Effluent 3-10
* RBC Plant Effluent 3-10
Tertiary Filtration Effluent 2-6
Nitrified Effluent 2-6

In order that effective disinfection can be maintained at all times, without the need to
overdose excessively at low flow periods, the chlorine feed equipment should be paced by
the effluent flow rate. .,

Standby Equipment and Spare Parts

Standby equipment of suﬁicient capacity should be available to replace the largest unit
during shutdowns. Spare parts shall be available for all chlorinators to replace parts
which are subject to wear and breakage.

Water Supply

An ample supply of water shall be available for operating the chlorinator. Where a
booster pump is required, duplicate equipment should be provided and, when necessary,
standby power. Protection of a potable water supply shall conform to the requirements
of Design Section 2.2.9.

The use of a porable water supply for solution-feed chlorinators is the preferred method.
However, in the case of small plants, plant effluent may be used for operating the
chlorinator.

Odor Control

Should odor control be a critical facter, additional capacity of a prechlorination system to
the extent of about 80 percent of the raw wastewater chlorine demand shall be required
during the warm summer days. It is not desirable to split the functions of the
chlorinators, especially for large plants. One group shall be designed for prechlorination
and another for disinfection. In the case of large plants, each group shall be
interchangeable to facilitate a standby feature.

Prechlorination must be accomplished ahead of the first open structure in the plant and
thereby reduce the escape of hydrogen sulphide gas into the atmosphere.
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7.3.3.4

7.3.3.5

Chlorine Supply

Type

Chlorine is available for disinfection in gas, liquid (hypochlorite solution), and pellet
(Hypochlorite tables) form. The type of chlorine should be carefully evaluated during the
facility planning process. The use of chlorine gas or liquid will be most dependent on the
size of the facility and the chlorine does required. Large quantities of chlorine, such as
are contained in ton cylinders and tank cars, can present a considerable hazard to plant
personnel and to the surrounding area, should such containers develop leaks. Both
monetary cost and the potential public exposure to chlorine should be considered when
making the final determination.

Cylinders

Seventy kilogram cylinders should be used when chlorine demand is less than 44
kilograms per day. Cylinders should be stored in an upright position with adequate
support brackets and chains at % of cylinder height for each cylinder.

Tonne Containers

The use of one tonne containers should be considered where the average daily chlorine
consumption is over 44 kilograms. A hoist or crane with a capacity of at least two tons
shall be provided for the handling of the ton containers.

Tank Cars

At large installations (chlorine consumption greater than 900 Kg per day), consideration
should be given to the use of tank cars, generally accompanied by liquid chlorine
evaporators. Liquid chlorine lines from tank cars to evaporators shall be buried and
installed in a conduit and shall not enter below grade spaces. Systemns shall be designed
for the shortest possible pipe transportation of liquid chlorine.

The tank car being used for the chlorine supply shall be located on a dead end, level track
that is a private siding. The tank car shall be protected from accidental bumping by other
railway cars by a locked derail device or a closed locked switch or both. The area shall
be clearly posted "DANGER-CHLORINE". The tank car shall be secured by adequate
fencing with gates provided with locks for personnel and rail access.

The tank car site shall be provided with a suitable operating platform at the unloading
point for easy access to the protective housing or the tank car for connection of flexible
feedlines and valve operation. Adequate area lighting shall be provided for night time
operation and maintenance.

Scales
Scales of proper size shall be provided at all plants using chlorine gas. At large plants,

scales of the indicating and recording type are recommended. At the least a platform
scale shall be provided. Scales shall be of corrosion-resistant material. Scales shall be set
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on grade, or a ramp shall be built to facilitate the moving of cylinders on and off the scale
platform. Scales should be sized so as to accommodate the maximum number of
containers required to serve the maximum chlorine feed rate.

Evaporators

Where manifolding of several cylinders or ton containers will be required to supply
sufficient chlorine, consideration should be given to the installation of a chlorine
evaporator to produce the quantity of gas required.

Hoists

Handling of ton containers requires hoisting équipment. It is desirable to use a power-
operated hoist and travel particularly when it is necessary to change containers frequently.
Hoists should have a minimum capacity of 2 tonnes and be equipped with an approved
type of lifting-beam container grab.

Leak Detection and Controls

A bottle of ammonium hydroxide solution of industrial strength (56%) should be available
for detecting chlorine leaks. Where ton containers or tank cars are used, a leak repair kit
approved by the Chlorine Institute shall be provided. Consideration should also be given
to the provision of caustic soda solution reaction tanks for absorbing the contents of
leaking one-ton cylinders where such cylinders are in use. At large installations,
consideration should be given to the installation of automatic gas detection and related
alarm equipment.

Methods of Dosage Control
Open Loop Flow Proportional Control

Automatic proportioned-to-flow control consists of varying the rate of chlorine feed in
proportion to the sewage flow as determined by a metering device. The dosage rate is
manually set, and the control device varies the rate in relation to flow rate. The
chlorinator may be either automatic or manual start and stop.

Usually over-chlorination is practised to insure results. Invariably, some chlorine is wasted
by such a device.

Closed-Loop Flow Proportional Control (Compound-Loop Arrangement with One Chlorine
Analyzer):

Chlorine residual analyzer provides feedback to the chlorinator. Flow signal and dosage
signal each separately control the added chlorine feed with a compound-loop arrangement.
If the residual is above the pre-determined level, the chlorine feed rate is reduced, and
vice versa. In some designs, chlorine residual is measured at one point in the system and
in other designs at 2 or 3 points.
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7.34.3 Close-Loop Flow Proportional Control (Compound-Loop Arrangement with Two Chlorine

Analyzers

This ideal system employs quantitative as well and qualitative feed control as in the
previous case. However, the qualitative control is accomplished at two points in the flow
stream. One sample is automatically collected immediately downstream from the point
of chlorination (diffuser) and analyzed by another chlorine analyzer which (i) monitors
the combined residual after a given contact time and (ii) adjusts the control point on the
analyzer which controls the chlorine metering equipment. When the residual chlorine is
more than the desired (pre-set) level, the chlorine feed rate is reduced and vice versa.
7.34.4 Required Chlorine Control Systems
Plants with proper qualitative and quantitative control systems are known to chlorinate
effectively and efficiently. However, the plants without such controls show either
inadequate performance (due to under dosage) or waste chlorine unnecessarily (by undue
overdose). Higher than needed chlorine residuals may result in ecological damage to the
receiving waters.

The following table summarizes chlorine control guidelines:

TABLE 7.1 - CHLORINE CONTROL GUIDELINES
LARGE ALL TYPES CLOSED-LOOP, FLOW AMPERQMETRIC TITRATOR;
PROPORTIONAL, TWO | CONTINUOUS DETERMINATION
CHLORINE AND RECORDING
ANALYZERS
MEDIUM ECOLOGICALLY SAME AS SAME AS
SENSITIVE LARGE PLANTS LARGE PLANTS
WATERS WITH
FISHING POTENTIAL
WATERS OF PUBLIC CLOSED-LOOP, FLOW AMPEROMETRIC TITRATOR;
HEALTH PROPORTIONAL, ONE | CONTINUOUS DETERMINATION
IMPORTANCE CHLORINE ANALYZER (OPTIONAL RECORDING)
SMALL ECOLOGICALLY CLOSED-LOOP, FLOW AMPEROMETRIC TITRATOR;
SENSITIVE PROPORTIONAL, ONE | CONTINUOUS DETERMINATION
RECEIVING WATER CHLORINE ANALYZER
RECEIVING WATER OPEN-LOOP, FLOW STARCH-IODIDE METHOD
OF PUBLIC HEALTH PROPORTIONAL ORRTHOTOLIDINE
IMPORTANCE METHOD
(INTERMITTENT - MANUAL)
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Storage and Handling

Buﬂ&ing Layout and Material Handling

If gas chlorination equipment and chlorine cylinders are to be in a building used for other
purposes, a gas-tight partition shall separate this room from any other portion of the
building. Doors to the chlorinator room shall open only to the outside of the building and
shall be equipped with panic hardware. Such rooms shall be at ground level and should
permit easy access to all equipment. '

The storage area should be separated from the feed area. A bilingual "“DANGER" sign shall
be placed on the door and safety precaution instructions to startup and shutdown shall
be placed at a visible location on the wall. Full and empty chlorine cylinders shall be
stored separately and shall be chained to the wall in the vertical position. Cylinders
should not be stored near flammable materials, heating or ventilation units, elevator shafts
and on uneven or subsurface floors. .

Chlorine cylinders shall be conveyed by a wheeled cart. Suitable lifting bars or hoist shall
be used to unload and place the one-ton containers on their side on level rails.

Storage and handling procedures shall conform to the guidelines of the latest edition of
the "Chlorine Manual" prepared by "The Chlorine Institute, Inc.”

Special Construction Details

A clear glass, gas-tight window shall be installed in an exterior door or interior wall of the
chlorinator room to permit the chlorinator to be viewed without entering the room. The
building shall be of fireproof material.

The distance from any point in the room and the outside door shall not exceed five
meters. The chlorinator shall be placed one meter (3 ft) from the outside wall. Twenty-
five mm piping shall be used and pipes and valves shall be color coded.

Heat

The chlorinator room shall be provided with a means of heating so that a temperature of
at least 15°C can be maintained, but the room should be protected from excess heat.
Cylinders shall be kept at essentially room temperature.

Ventilation

With chlorination systems, forced, mechanical ventilation shall be installed which will
provide one complete air change per minute when the room is occupied. The entrance
to the air exhaust duct from the room shall be 300 mm above the floor and the point of
discharge shall be so located as not to contaminate the air inlet to any buildings or
inhabited areas. The air inlet shall be located near the ceiling on the opposite side of the
room so as to provide cross ventilation with air and at such temperatures that will not
adversely affect the chlorination equipment. The vent hose from the chlorinator should

- discharge to an air scrubber before venting above grade to the atmosphere.
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Electrical Controls

The controls for the fans and lights shall be such that they will automatcally operate
when the door is open. The controls shall also be such that they can be manually
operated from the outside without opening the door. All electrical equipment shall be
vapor-proof. Fans and lights should be on the same off and on switch whenever possible.

Respiratory Protection

A self-contained air-supply breathing apparatus in good operating condition shall be
available at all installations where chlorine gas is handled. This equipment shall be stored
outside of any room where chlorine is used or stored. Instructions for using, testing and
replacing parts and air tanks shall be posted. The units shall use compressed air, have
at least 30-minute capacity and be compatible with the units used by the fire department
responsible for the plant. Other safety equipment required includes a first-aid kit, a fire
extinguisher, goggles and gloves, a chlorine container repair kit and a shower.

Piping and Connections

Piping systems should be as simple as possible, specially selected and manufactured to be
suitable for chlorine, with a minimum number of joints; piping should be well supported
and protected against temperature extremes.

The correct weight or thickness of steel shall be suitable for use with DRY chlorine liquid
or gas. Even minute traces of water added to chlorine results in a corrosive attack that
can only be resisted by pressure piping utilizing materials such as silver, gold, platinum
or Hasteloy "C". Low pressure lines made of hard rubber, saran-lined, rubber-lined,
polyethylene, polyvinylchloride (PVC) or Uscolite materials are satisfactory for wet chlorine
or aqueous solutions of chlorine.

Due to the corrosiveness of wet chlorine, all lines designed to handle dry chlorine should
be protected from the entrance of water or air containing water.

Miscellaneous
Drains

Floor drainage should be provided near all injector assemblies, all chlorine residual
analyzers, all evaporators and certain chlorinators which specifically require floor drains.
Floor drains from the chlorine room should not be connected to floor drains from other
TOOmS.

Vents

All chlorinators shall have a pressure vacuum relief vent system, which should be carried
to an air scrubber then to the outside atmosphere, without traps, to a safe area, one vent
for each chlorinator. The ends of the vent lines should point down, be covered with a
copper wire screen to exclude insects, and should not be more than 7.5 m above the
chlorinator. The line should have a slight downward pitch from the high point (directly
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above the chlorinator) to drain any condensate away from the chlorinator. It is acceptable
to run the vent vertically (but no more than 7.5 m) above the chlorinator to the roof, with
a 180° return bend at the exit.

Each external chlorine pressure-reducing valve should be checked to see if it is provided
with a vent; some are not vented, depending on the chlorine capacity. When supplied,
these vents should drain away from the valves. These valves should be located high
enough so that the individual drains will have a continuous downgrade to the outside
atmosphere. ‘

Evaporators have a steam vapor vent which can be manifolded together and discharged
to the atmosphere without traps.

Chlorinator Alarms

Each chlorinator in large plants shall be equipped with a vacuum switch that should close
or open a contact (and start an alarm) when there is an unusually high or low vacuum
in the line from the chlorinator to the injector.

Medium size plants are encouraged to include such vacuum switch-alarm systems.

Evaluation of Effectiveness
Sampling

Facilities shall be included for sampling the disinfected effluent after contact. Either grab
or continuous monitoring, as conditions warrant, should be made for effluent chlorine
residual of the disinfected effluent. ’

Testing and Control

Equipment shall be provided for measuring chlorine residual, employing the standard DPD
test. The equipment should enable residual measurement to the nearest 0.1 mg/1 in the
range below 0.5 mg/l and to an accuracy of approximately 25 percent above 0.5 mg/l.
Where the discharge occurs at points requiring rigid bacteriological controls such as on
public water supply watersheds, recreational watersheds or shellfish waters or waters
tributary thereto, the installation of demonstrated effective facilities for automatic chlorine
residual analysis, recording and proportioning systems should be considered. In sensitive
areas, dechlorination may be required. Chemicals such as sulphur dioxide, hydrogen
peroxide, sodium metabisulfite or granular activated carbon may be used for such
purposes. :

Hypochlorination
Supply

Hypochlorite for the purpose of wastewater disinfection is usually in a liquid or solid form.
Sodium hypochlorite is available in the liquid form with 12 to 15 percent available

. chlorine. Calcium hypochlorite is a solid with 70 percent available chlorine and comes
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in either the 22.5 or 45 kg plastic or plastic-lined containers and in pellet form. The
choice of chemical is dependent on quantity used and distance of travel from the supplier.

Storage and Handling -

Special storage facilities are required for handling hypochlorination equipment. Chemicals
containing chiorine compound should be stored in a separate room used for that purpose
only. No other materials should be stored in the same room. The room should be of fire-
resistant construction and at or above grade. As heat and light affect the shelf life of
sodium hypochlorite, the storage area should be kept cool and be protected from direct
sunlight.

Calcium hypochlorite (HTH) shall be kept dry and covered. The storage area must not
be serviced by automatic sprinkler systems. When heated above 170°C, HTH releases
oxygen. For this reason, HTH must be kept away from flammable materials. Calcium
hypochlorite storage areas should be provided with an exhaust system for the purpose of
dust removal.

Metering

Application of hypochlorite for the purpose of disinfection should be by metering pumps
specifically designed for this purpose. The system should be capable of maintaining a
chlorine residual of at least 0.5 ppm after a retention time of 20-30 minutes. Calcium
hypochlorite should be initially mixed in a make-up tank prior to any chlorination
purpose.

74

74.1

DECHLORINATION

General

Dechlorination of effluent shall be considered when the receiving water‘is:
a. considered to be highly important for the fishing industry; or

b. ecologically sensitive to chlorine toxicity and susceptible to the adverse effects of
chlorine residuals; or '

c. of public health iﬁponmce.
The decisions regirding use of dechlorination shall be made on a case-by-case basis.

Dechlorination is especially recommended for situations where low coliform densities, as
well as chlorine residuals, are jointly required. The most common dechlorination
chemicals are sulphur compounds, particularly sulphur dioxide gas or aqueous solutions
of sulphite or bisulphate. Pellet dechlorination systems are also available for small
facilities.. The type of dechlorination system should be carefully selected considering
criteria including the following: type of chemical storage required, amount of chemical
needed, ease of operation, compatibility with existing equipment, and safety.
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Dosage

The dosage of dechlorination chemicals should depend on the residual chlorine in the
effluent, the final residual chlorine limit, and the particular form of the dechlorinating
chemical used. The most common dechlorinating agent is sulphite. The following forms
of the compound are commonly used and yield sulphite (SO,) when dissolved in water.

Theoretical mg/L Required
to Neutralize 1 mg/1, CI2

Dechlorination Chemical

Sulphur dioxide (gas) 0.9
Sodium meta bisulphate (solution) 1.34
Sodium bisulphate (solution) 1.46

Theoretical values may be used for initial approximations, to size feed equipment with the
consideration that under good mixing conditions 10% excess dechlorinating chemical is
required above theoretical values. Excess sulphur dioxide may consume oXygen at a
maximum ‘of 1.0 mg dissolved oxygen for every 4 mg SO,. :

The liquid solutions come in various strengths. The solutions may need to be further
diluted to provide the proper dose of sulfite.

Containers

Depending on the chemical selected for dechlorination, the storage containers will vary
from gas cylinders, liquid in 190 lire drums or dry compounds. Dilution tanks and
mixing tanks will be necessary when using dry compounds and may be necessary when
using liquid compounds to deliver the proper dosage. Solution containers should be
covered to prevent evaporation and spills.

Feed Equipment, Mixing, and Contact Requirements
Equipment

In general, the same type of feeding equipment used for chlorine gas may be used with
minor modifications for sulphur dioxide gas. However, the manufacturer should be
contacted for specific equipment recommendations. No equipment should be alternately
used for the two gases. The common type of dechlorination feed equipment utilizing
sulphur compounds include vacuum solution feed of sulphur dioxide gas and a positive
displacement pump for aqueous solutions of sulphite or bisulphate.

The selection of the type of feed equipment utilizing sulphur compounds shall include
consideration of the operator safety and overall public safety relative to the wastewater
treatment plant’s proximity to populated areas and the security of gas cylinder storage.
The selection and design of sulphur dioxide feeding equipment shall take into account
that the gas reliquifies quite easily. Special precautions must be taken when using ton

containers to prevent reliquefaction.
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Where necessary to meet the operating ranges, multiple units shall be provided for
adequate peak capacity and to provide a sufficiently low feed rate on turn down to avoid
depletion of the dissolved oxygen concentrations in the receiving waters.

Mixing Requirements

The dechlorination reaction with free or combined chlorine will generally occur within 15-
20 seconds. Mechanical mixers are required unless the mixing facility will provide the
required hydraulic turbulence to assure thorough and complete mixing. The high
solubility of SO, prevents it from escaping during turbulence.

Contact Time

A minimum of 30 seconds for mixing and contact time shall be provided at the design
peak hourly flow or maximum pumping rate. A suitable sampling point shall be provided
downstream of the contract zone. Consideration shall be given to a means of reaeration
to assure maintenance of an acceptable dissolved oxygen concentration in the stream
following sulfonation.

Standby Equipment and Spare Parts

The same requirements apply as for chlorination systems.
Sulphonator Water Supply

The same requirements apply as for chlorination systems.
Housing Requirements

Feed and Storage Rooms

The requirements for housing SO, gas equipment should follow the same guidelines as
used for chlorine gas.

When using solutions of the dechlorinating compounds, the solutions may be stored in a
room that meets the safety and handling requirements set forth in Design Section 3.8.
The mixing, storage, and solution delivery areas must be designed to contain or route
solution spillage or leakage away from traffic areas to an appropriate containment unit.

Protective and Respiratory Gear

The respiratory air-pac protection equipment is the same as for chlorine, (See Design
Section 3.8). Leak repair kits of the type used for chlorine gas that are equipped with
gasket material suitable for service with sulphur dioxide gas may be used. .For additional
safety considerations, See Design Section 3.8.
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Sampling and Control

Sampling

Facilities shall be included for sampling the dechlorinated effluent for residual chlorine.
Provisions shall be made to moniter for dissolved oxygen concentration after sulphonation
when required by the regulatory agency.

Testing Control

Provision shall be made for manual or automatic control of sulphonator feed rates based
on chlorine residual measurement or flow.

Activated Carbon

Granular activated carbon’may also be used to dechlorinate wastewater effluent. The
dechlorination reaction is dependent on the chemical state of the free chlorine, chlorine
concentration and flow rate, physical characteristics of the carbon, and the wastewater
characteristics. '

Dechlorination usually is accomplished in fixed downflow beds using gravity or pressure
type filters. Regular backwashing is necessary to preserve dechlorination efficiency.

Suggested design criteria for a wastewater dechlorination activated carbon system, based
on potable water application, include a wastewater application rate of 2 L/m?®s, an empty
bed contact time of 15 to 20 min with an influent free residual of 3 to 4 mg/], and an
effective carbon bed life of at least 3 years.

75

75.1

ULTRAVIOLET (UV) DISINFECTION

The following sections describe factors that affect the performance of Ulwraviolet
Disinfection Systems. Systems should be designed to account for these effects.

UV Transmission

UV light’s ability to penetrate wastewater is measured with a spectrophotometer using
the same wavelength (254 nm) that is produced by germicidal lamps. This measurement
is called the percent Transmission or Absorbance and it is a function of all the factors
which absorb or reflect UV light. As the ‘percent transmission gets lower (higher
absorbance) the ability of the UV light to penetrate the wastewater and reach target
organisms decreases. The system designer must obtain samples of the wastewater during
the worst conditions or carefully attempt to calculate the minimum expected UV
transmission by testing wastewater from plants which have a similar influent and
treatment process. The designer must also strictly define the disinfection limits since they
determine the magnitude of the UV dose required.
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Wastewater Suspended Solids

Some of the suspended solids in wastewater will absorb or reflect the UV light before it
can penetrate the solids to kill any occluded organisms. UV light can penetrate into
suspended solids with longer contact times and higher intensities, but there is still a limit
to the ability to kill the microorganisms. UV systems must be designed based on
maximum effluent SS levels.

Design Flow Rate and Hydraulics

The number of microorganisms that are inactivated within a UV reactor is a function of
the multiplication of the average intensity and residence time. That is, the UV Dose (D)
is equal to the intensity (I) times the Reterition Time (1).

D=1It

As the flow rate increases the number or size of the UV lamps must be proportionately
increased to maintain the same disinfection requirements. An Ultraviolet Disinfection
system must be designed for worst case conditions. The minimum dosage occurs at the
maximum flow rate and end of lamp life. '

Level Control

The height of the wastewater above the top row of UV Jamps must be rigidly controlled
by a flap gate or weir for all flow rates. The UV system must be designed for the
maximum flow rate. This is especially important if the wastewater treatment plant
receives storm water runoff. The UV system must also be designed to operate at the
maximum flow rate. During low flow periods, the wastewater has a greater chance to
warm up around the quartz sleeves and produce deposits on the sleeves. There is also the
possibility of exposing the quartz sleeves to the air. Because the lamps are warm, any
compounds left on the sleeves will bake onto them. Water splashing onto these exposed
sleeves will also result in UV absorbing deposits. When the flow returns to normal, some
of the water passing through the UV unit may not be properly disinfected. The designer
must be very careful with the selection of the flow control device for the above situation.
Both flow gates and weirs may be used for level control.

Wastewater Iron Content

Iron can affect the UV disinfection by absorbing UV light. Dissolved iron, iron precipitate
on quartz sleeves, and adsorption of iron by suspended solids, bacterial floc and other
organic compounds, all decrease UV transmittance. Wastewater with iron levels greater
than 0.3 mg/L may require pretreatment to attain the desired disinfection level.

Wastewater Hardness

Calcium and magnesium salts, which are generally present in water as bicarbonates or
sulfates, cause water hardness. Hard water will precipitate on any warm or hot surface.
Since the optimum operating temperature of the low pressure mercury lamp is 40°C, the
surface of the protective quartz sleeve will be warm. It will create a molecular layer of
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warm water where calcium and magnesium salts can be precipitated. These precipitates
will prevent some of the UV light from entering the wastewater.

Waters which approach or are above 300 mg/L of hardness may require pilot testing of
a UV system. This is especially important if very low flows or no flow situations are
expected, because they allow the water to warm up around the quartz sleeves and produce
excessive coating.

Wastewater Sources

Periodic influxes of industrial wastewater may contain UV absorbing organic compounds,
iron or hardness, any of which may affect UV performance. Industries discharging wastes
that contain such materials may be required to pre-treat their wastewater.

Low concentrations of dye may be too diluted to be detected without using a
spectrophotometer. Dye “can readily absorb ultraviolet light thereby preventing UV
disinfection.

UV Lamp Life

Low pressure mercury lamps are rated for 9,000 hours of continuous use. Rated average
useful life is defined by the UV disinfection industry as the elapsed operating time under
essentially continuous operation for the output to decline to 60 percent of the output the
lamp had at 100 hours. The UV system must be designed so that the minimum required
dose or intensity is available at the end of lamp life.

Power costs and lamp replacement costs are the two main factors affecting UV
maintenance expenditures. Therefore, UV lamps should only be replaced if no other cause
for not meeting the disinfection requirements can be found. Examples of other causes are
quartz sleeve fouling, decreased levels of UV transmission, or increased levels of suspended
solids in the wastewater.

UV System Configuration and Redundancy

Once the number of lamps required to meet the required disinfection permit levels has
been determined, a system configuration must be developed. This configuration must
meet operational requirements such as plant flow variations and redundancy requirements.
Redundancy helps insure that the UV system can continue to operate and meet
disinfection permits in spite of a subsystem or component failure. It allows regularly
scheduled maintenance such as quartz cleaning to be performed at any time.

Detailed Design Manuals
The following sources contain detailed design information for UV Disinfection:

Water Pollution Control Federation: Wastewater Disinfection, Manual of Practice FD-10,
Alexandria, VA, 1986.
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U.S. Environmental Protection Agency: Design Manual for Municipal Wastewater
Disinfection, EPA 625/ 1-86-021, Cincinnati, OH, 1987.
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OZONATION
Ozone Generation

Ozone may be produced from either an air or an oxygen gas source. Generation units
shall be automatically controlled to adjust ozone production to meet disinfection
requirements. ‘

Dosage

The ozone demand in the wastewater must be satisfied, as evidenced by the presence of
an ozone residual, before significant disinfection takes place. Below this dosage there is
reduction of oxygen-consuming material.

Because of the form of ozone and its short life, it is necessary that it be step-fed into the
wastewater to provide the contact period needed to accomplish disinfection.

Effectiveness of ozone as a disinfectant is relatively independent of pH and temperature
values, although a pH of 6.0 to 7.0 appears to be the most favourable range. A dosage
of 5 to 8 mg/1 is needed to accomplish disinfection of secondary effluent. The amount
and characteristics of suspended solids present in the secondary effluent can be used to
determine ozone dosage empirically:

Ozone Dosage = 1.5 + 0.38 TSS
Design Considerations
Feed Equipment

Ozone dissolution is accomplished through the use of conventional gas diffusion
equipment, with appropriate consideration of materials. If ozone is being produced from
air, gas preparation equipment (driers, filters, compressors) is required. If ozone is being
produced from oxygen, this equipment may not be needed as a clean dry pressurized gas
supply will be available.

Where ozone capacities of 500 kg/d or less are required, air feed is preferred.
Modification of the single-pass air feed system should be considered in determining the
most economic system for application in wastewater treatment.

Air Cleaning

Removal of foreign matter such as dirt and dust is essential for optimum performance and
life of an ozone device. For small units, cartridge-type impingement filters may be
economical. For larger operations, electrical precipitator or combination filters are
preferred,
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Compression

Positive displacement rotary-type compressors are preferred for large installations.
Internally lubricated units should not be used since oil vapor will permanently impair the
water-adsorptive capacity of the driers. Need for standby capacity and flexibility of
operation requires the installation of several blower units.

The required compressor rating will depend on the pressure drop through the entire -
system. Generally, a 70 kN/m? pressure is necessary to force the air through the coolers,
driers, ozonation devices, and the 4.5 to 6 m head of water in the mixing and contact

system.
Cooling and Drying

Pre-treatment for reducinga moisture in the feed gas stream shall be required.
Injection, Mixing and Contact

Intimate mixing of an ozone-enriched air stream with the wastewater as well as
maintaining contact for an adequate period of time are essential. The major problems to
be considered are satisfying the ozone demand, the rapid rise of the gas to the liquid
surface of the contact chamber and escape of ozonated air bubbles, and the relatively
short half-life of ozone. Consequently, where ozone contact beyond a few minutes is
needed, the ozonated feed stream is staged with the amount of ozone for each stage set
at a level that can be consumed usefully.

Controls

The design engineer should be cognizant of the fact that ozone is a toxic gas, and that if
compressed oxXygen is used as the feed gas, special provisions must be met in its handling
and storage. The ozonation process involves a series of mechanical and electrical units
that require appropriate maintenance and repair and are susceptible to the same
malfunctions as are all such pieces of equipment. Standby capacity normally is provided
in all essential components. Information can be obtained from the equipment
manufacturer on the metering and alarm systems needed for continuous process
monitoring and warning of failure in any element of the process.

Piping and Connections

For ozonation systems, the selection of material should be made with due consideration
for ozone's corrosive nature. Copper or aluminum alloys should be avoided. Only
material at least as corrosion-resistant to ozone as Grade 304L stainless steel should be
specified for piping containing ozone in non-submerged applications. Unplasticized PVC,
Type I, may be used in submerged piping, provided the gas temperature is below 60°C and
the gas pressure is low. '
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PHOSPHORUS REMOVAL
General
Applicability

The following factors should be considered when determining the need for phosphorus
control at municipal wastewater treatment facilities:

a. the present and future phosphorus loadings from the existing municipal
wastewater treatment facility to the receiving water;

b. the existing phosphorus levels in the receiving water and the effects of these
levels on the rate of eutrophication along the entire length of receiving waters;

c. the predicted response of the receiving water to increased phosphorus loadings;

d. the existing and desired water quality of the receiving water along its entire

length;

e. the existing and projected uses of the receiving water; and

f. consideration of the best practicable technology available to control phosphorus

discharges.
Phosphorus Removal Criteria

A municipal wastewater treatment facility shall be required to control the discharge of
phosphorus if the following conditions exist:

a. Eutrophication of the receiving water environment is either occurring or may
occur at a rate which may affect the existing and potential uses of the water
environment; or

b. The municipal wastewater effluent discharge is contributing or may contribute
significantly to the rate of receiving water eutrophication.

Method of Removal

Acceptable methods for phosphorus removal shall include chemical precipitation, high rate
filtration or biological processes.

Design Basis.
Preliminary Testing
Laboratory, pilot or full scale studies of various chemical feed systems and treatment

processes are recommended for existing plant facilities to determine the achievable
performance level, cost-effective design criteria, and ranges of required chemical dosages.
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The selection of a treatment process and chemical dosage for a new facility should be
based on such factors as influent wastewater characteristics, effluent requirements, and
anticipated treatment efficiency.

System Flexibility

Systems shall be designed with sufficient flexibility to allow for several operational
adjustments in chemical feed location, chemical feed rates, and for feeding alternate
chemical compounds.

Efffluent Requirements

If phosphorus control is required, the maximum écceptable concentration of final effluent
phosphorus and/or the maximum acceptable mass loading to the receiving stream shall
be established on a site specific basis.

Process Requirements

Dosage

Typical chemical dosage requirements of various chemicals required for phosphorus
removal are outlined in Table 8.1.

! TABLE 8.1 - TYPICAL CHEMICAL DOSAGE REQUIREMENTS FOR PHOSPHORUS REMOVAL
CHEMICAL RANGE AVERAGE -
PRIMARY RAW SEWAGE ALUM 100 100
FERRIC CHLORIDE 6-30 16
LIME
167-200 185
SECONDARY RAW SEWAGE UIME 40-100 70
ALUM
FERRIC CHLORIDE
SECONDARY LIME
SECTION ALUM 30-150 65
FERRIC CHLORIDE 2-30 11
WASTE
STABILIZATION
PONDS
SEASONAL BATCH ALUM 100-210 163
RETENTION DOSAGE TO FERRIC CHLORIDE 17.22 20
LAGOONS CELLS LIME
250-350 300
RAW SEWAGE ALUM 225 225
CONTINUOUS FERRIC CHLORIDE 20 20
DISCHARGE LAGOON LIME
400 400




Q.

Page D8 -3

8132

8.1.3.3

8.1.3.4

Dosages will vary with the phosphorus concentration in the effluent. The required
chemical dosage shall include the amount needed to react with the phosphorus in the
wastewater, the amount required to drive the chemical reaction to the desired state of
completion, and the amount required due to inefficiencies in mixing or dispersion.
Excessive chemical dosage should be avoided.

Chemical Selection

The choice of lime or the salts of aluminum or iron should be based on the wastewater
characteristics and the economics of the total system.

When lime is used it may be necessary to neutralize the high pH prior to subsequent
treatment in secondary biological systems or prior to discharge in those flow schemes
where lime treatment is the final step in the treatment process.

Chemical Feed System

In designing the chemical feed system for phosphorus removal, the following points should
be considered:

a. the need to select chemical feed pumps, storage tanks and piping suitable for use
with the chosen chemicals(s);

b. selection of chemical feed equipment with the required range in capacity;
c. the need for a standby chemical feed pump;
d. provision of flow pacing for chemical pumps proportional to sewage flow rates;

e. flexibility by providing a number of chemical application points;

f the need for prote&ion of storage and piping from the effect of low temperatures;
g selection of the proper chemical storage volume;

h. the need for ventilation in chemical handling rooms; and

i. provision for containment of any chemical spills.

Chemical Feed Points

Selection of chemical feed points shall include consideration of the chemicals used in the
process, necessary reaction times between chemical and polyelectrolyte additions, and the
Wastewater treatment processes and components utilized. Considerable flexibility in feed
location should be provided, and multiple feed points are recommended.
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8.1.3.5 Flash Mixing

Each chemical must be mixed rapidly and uniformly with the flow stream. Where
separate mixing basins are provided, they should be equipped with mechanical mixing
devices. The detention period should be at least 30 seconds.

8.1.3.6 Flocculation

The particle size of the precipitate formed by chemical treatment may be very small.
Consideration should be given in the process design to the addition of synthetic
polyelectrolytes to aid settling. The flocculation equipment should be adjustable in order
to obtain optimum floc growth, control deposition of solids, and prevent floc destruction.

813.7 Liquid - Solids Separation
The velocity through pipes ‘or conduits from flocculation basins to settling basins should

not exceed 0.5 m/s in order to minimize floc destruction. Entrance works to settling
basins should also be designed to minimize floc shear.

Settling basin design shall be in accordance with criteria outlined in Design Section 5.
For design of the sludge handling system, special consideration should be given to the
type and volume of sludge generated in the phosphorus removal process.

8.1.3.8 Filtration

Effluent filtration shall be considered where effluent phosphorus concentrations of less
than 1 mg/] must be achieved.

8.14 Feed Systems

814.1 Location
All liquid chemical mixing and feed installations should be installed on corrosion resistant
pedestals and elevated above the highest liquid level anticipated during emergency

conditions.

Lime feed equipment should be located so as to minimize the length of slurry conduits.
All slurry conduits shall be accessible for cleaning.

8142 Liquid Chemical Feed System
Liquid chemical feed pumps should be of the positive displacement type with variable feed
rate. Pumps shall be selected to feed the full range of chemical quantities required for the
phosphom; mass loading conditions anticipated with the largest unit out of service.

Screens and valves shall be provided on the chemical feed pump suction lines.

An air break or anti-siphon device shall be provided where the chemical solution stream
dischargesto the transport water stream to prevent an induction effect resulting in overfeed.
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8.1.4.3

8.1.5

8.1.5.1

8.1.5.2

8.1.5.3

Consideration shall be given to provid