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5. Sewerage Works

The Engineer shall follow these guidelines and comply with al requirements of the DOEC in the
design of any sewerage works project. In addition, the Engineer should confer with the DOEC
prior to undertaking the design of any major infrastructure project.

A Technical Report prepared and signed by the Engineer representing the Owner must be
submitted to the DOEC. The Technical Report is to be completed in accordance with Section 2
of this document.

5.1. Regulations

Reference should be made to The Environmental Control Water & Sewage Regulations, 2003
regarding the allowable discharges to a sanitary sewer and receiving environment.

5.2. Sewers and Appurtenances

Sanitary sewers shall be designed of suitable materials, be of sufficient capacity, and be installed
at required grades and alignment to carry sewage from residential, commercial, institutional and
industrial establishments to the treatment plant or point of disposal. Infiltration of groundwater
shall be excluded as far as possible and connection of stormwater sources such as roof, yard,
street and foundation drainsis prohibited.

5.2.1. Types of Sewers
Sewers shall be classified broadly with respect to use as follows:

Sanitary sewers carry domestic sewage from houses, business, buildings and other public and
private establishments. They may be designed to remove certain industrial wastes, but clean
cooling waters should not be discharged to sanitary sewers.

Storm sewers carry storm water and surface drainage, street wash and other wash waters or
drainage, but exclude sanitary sewage and industrial wastes and effluent from septic tanks or
other treatment processes.

Combined sewers receive both sanitary sewage and storm runoff. To the greatest extent possible,
these shall be prohibited.

Collector (main) sewers are those sewers to which one or more branch sewers are tributary and
which serve asinlets to sewerage works system.

| ntercepting sewers receive dry weather flow from a number of transverse sewers or outlets and
frequently additional predetermined quantities of storm water (if from a combined system) and
carry such water to a point for treatment or disposal.

Outfall sewers receive sewage from a collecting system and/or a sewerage treatment plant and
carry it to apoint of final discharge.
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Criteria for the design of al the above-mentioned sewers, except storm and outfall sewers, are
generaly the same. Certain features, which are not common to the design of all systems, have
been included in this section. Additional design criteria for outfall sewers are discussed in
Section 5.2.15.

5.2.2. Capacity of Sewers

The flow rates of sewage or wastewater for which the sewer capacity should be provided shall be
determined from careful consideration of the present and future quantities of domestic sewage,
commercial and industrial wastes, groundwater infiltration and any other unavoidable
contributions. The design of extensions to existing sanitary sewer systems shall be based on
experience if adequate records are not available, or when new systems are being established, the
design criteria shall be substantiated by data for similar systems. In determining the required
capacities of sanitary sewers, the following factors should be considered:

1. Peak hourly rates of flow;

2. Peak rates of flow from industrial plants; and

3. Groundwater infiltration.

5.2.3. 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.

5.2.3.1. Extraneous Sewage Flows

5.2.3.1.1. 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. Studies have shown that flows from this
source can result in gross overloading of sewers, pumping stations and sewage treatment plants
for extended periods of time. The DOEC recommends that foundation drainage be directed
either to the surface of the ground or into a storm sewer system, if one exists.

5.2.3.1.2. Infiltration

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
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construction. The latter allowances 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.

5.2.3.2. Design Criteria

5.2.3.2.1. Development with Separate Storm and Sanitary Sewer Systems

Developments using approved piping materials with separate storm and sanitary sewer systems
meeting infiltration allowances specified by Department of Municipal and Provincial Affairs
Municipal Water, Sewer and Road Specifications shall apply a peaking factor to the average
daily flow only. There shall be no need to allow for extraneous flows.

5.2.3.2.2. Development with Combined Sewer Systems — Estimating Wastewater Flows

The following sections outline methodologies for quantifying wastewater flows. From both
guantitative and a qualitative point of view, owners of wastewater systems are encouraged to
develop and implement policies and programs to promote "at source reduction” for any and all
contaminants in wastewater.

5.2.3.2.2.1. Residential (Population-Generated)

Every effort should be made to establish design flows using measured data (see Section 5.2.2).
As a second preferred option, measured flow data from similar applications may be used. If no
flow data exists for the system or data for similar systems exist, the peak (population-generated)
flow for aresidential population may be determined by the following formula:

Gx Px Pf
864

pdw=
Where: Quaw = peak dry weather design flow rate (L/s);
G = pe capita average daly design flow (L/d), for residentia use 340
L/capita/day;
P = the design contributing population in thousands; and
Pf = a"peaking factor".

The peaking factor (Pf) should be the larger of 2.5 or Harmon's Peaking Factor where:

Harmon'sPeakingFactor =1+ ——+
g 4+ P0.5

Where: P = the design contributing population in thousands.
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5.2.3.2.2.2. Commercial/lnstitutional and I ndustrial
For detailled system design, the average wastewater flows from commercial/ institutional and
industrial land use areas are to be estimated as set out in Table 5.1 or by actual documented

usage.

Table 5.1
Estimated Sewage Flows
Type of Establishment Unit L/day
Residential Private Dwelling Person 340
Apartment Buildings Person 340
Transient Dwelling |[Hotels Bedroom 340
Units Lodging Houses and Tourist Homes Bedroom 270
Motels and Tourist Cabins Bedroom 270
Camps Trailer Camps (Private Bath) Person 340
Trailer Camp (Central Bath, etc) Person 230
Trailer Camp (Central Bath, Laundry) Person 300
Luxury Camps (Private Bath) Person 340
Children’s Camps (Central Bath, etc) Person 230
Labour Camps Person 180
Day Camps-No Meals Person 70
Restaurants Average Type (2 x Fire Commissioner’ s capacity) Patron 70
(Incl.Washrooms)  |Bar/Cocktail Lounge (2 x Fire Commissioner’s capacity) Patron 25
Short order or Drive-In Service Patron 25
Clubhouses Residential Type Person 340
Non-Residential (Serving Meals) Person 160
Institutions Hospitals Bed 900
Other Institutions Bed 375
Schools Elementary (No Shower or Cafeteria) Person 50
With Cafeteria Person 70
With Cafeteria and Showers Person 90
With Cafeteria, Showers and Laboratories Person 115
Boarding Person 340
Theatres Theatre (Indoor) Seat 25
Theatre (Drive-In With Food Stand) Car 25
Automobile Service [No Car Washing Car Served | 23
Stations Car Washing Car washed | 340
Miscellaneous Stores, Shopping Centres & Office Buildings M2 6
Factories (8-hour shift) Person 115
Self-service Laundries Wash 230
Bowling Alleys Alleys 900
Swimming Pools and Beaches Person 70
Picnic Parks (With Flush Toilets) Person 50
Fairgrounds (based upon average attendance) Person 25
Assembly Halls Sest 25
Airports (Based on Passenger Use) Passenger 15
Churches Seat 15
Beauty Parlours Seat 200
Barber Shops Seat 75
Hockey Rinks Seat 15
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5.2.3.2.2.3. Peak Factor

When using the above estimated sewage flows, 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 generaly 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 afixture-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.

5.2.3.2.2.4. Industrial Sewage Flows
Industrial sewage flows will be decided in consultation with the Pollution Prevention Division,
of the DOEC.

5.2.3.2.25. 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.

5.2.3.2.2.6. Flow Rate

The calculation of design sewer flow rates for industrial areas is 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 of the overall allowances are not exceeded. Industries with the potential to
discharge sewage at higher than the accepted rate could either be; prohibited from discharging,
or be required to provide flow equalization and/or off-peak discharge facilities.

5.2.3.2.2.7. Average Flow Generation Estimates for Planning

For system planning purposes, when specific land uses and zoning are unknown and the

requirements of Section 5.2.3.2.2.2 cannot be defined, the recommended lower limits for

estimation of average flow generation (to be used for preliminary planning unless the use of

other valuesiis justified with more specific or reliable information) are as follows:

1. Commercial and Institutional Land Uses - The lower limit for Average Flow Generation
should be 40 m*/day/ha (0.46 L/s/ha);

2. Industrial Land Uses - The lower limit for average flow generation should be 30 m*day/ha
(0.35L/gha);
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3. Determination of Peak Dry Weather Flow Rate - Peak dry weather flow rates for specific
design areas are to be determined by application of a peaking factor (Pf), related to the
average flow rate (Qave in L/s) in accordance with the following expression to a maximum
value of 5.0:

Pf = 6.659( Qave - 0168)

Following from this, the peak dry weather flow rate (Qppw in L/s) may be determined as
follows:

Qrow= Pf X Qave = 6.659(QAVG X 0.832)

4. Speciad Considerations - High-Water-Consumption Land Uses - The foregoing guidelines
may not be applied to high water consumption land uses such as heavy industry, meat
packing plants, breweries, etc. Detailed analysis of the design requirements specific to each
development proposal is required in such cases; and

5. Residentia Components of Commercial Developments - Where proposed commercial
developments include discretionary residential components, the sanitary flow generation
from the residential component should be determined in accordance with Section 5.2.3.2.2.1,
and isto be included in the determination of the total generation for the development.

5.2.3.2.2.8. Extraneous Flow Allowance - All Land Uses

In computing the total peak flow rates for design of sanitary sewers, the designer should include

allowances as specified below to account for flow from extraneous sources.

1. Genera Inflow/Infiltration Allowance - A genera alowance of 0.28 L/s/ha should be
applied, irrespective of land use classification, to account for wet-weather inflow to manholes
not located in street sags and for infiltration flow into pipes and manholes. In addition, a
separate allowance for inflow to manholes located in street sags should be added as per the
next section.

2. Inflow Allowance - Manholes in Sag Locations - When sanitary sewer manholes are located
within roadway sags or other low areas, and are thus subject to inundation during major
rainfall events, the sanitary design peak flow rate should be increased by 0.4 L/s for each
such manhole, which is applicable for manholes which have been waterproofed. For new
construction, all sanitary manholes in sag locations are to be waterproofed. For planning
purposes and downstream system design, where specific requirements for an area are
unknown, the designer should make a conservative estimate of the number of such manholes,
which may be installed in the contributing area based on the nature of the anticipated
development, and include an appropriate alowance in the design.
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3. Others - In areas where weeping tiles are connected to the sanitary sewer system, an
additional amount, based on on-site measurements, should be included in the design flow.
The designer should also take into account the pipe material and soil type in determining the
extraneous flow allowance.

5.2.3.2.2.9. Total Peak Design Flow Rates
The total peak design flow rates should be the sum of the peak dry weather flow rates as
generated by population and land use, and the rate of all extraneous flow allowances, as
determined for the design contributing area.

5.2.4. Sewer Size
In no instance shall any street sewer be less than 200 mm diameter.

5.2.5. Sewer Grade

5.2.5.1. Hydraulic Design

It is recommended that sanitary sewers be designed using Manning's formula, with a roughness
coefficient n of no lower than 0.013 for all smooth-walled pipe materials. Use of lower n values
may be permitted if deemed justifiable on the basis of research or field data presented. The
Manning formula, which is the most commonly used formula for calculating sewer capacity, is
asfollows:

_ 7.8546x10°°
n

Q D2R2/381/2

Where: Q = Flow Capacity of sewer (L/s);
D = Inside diameter of pipe (mm);
R = Hydraulic radius of pipe (mm);
S = Sewer dope; and
n = Roughness factor.

5.2.5.2. Minimum and Maximum Velocities

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

Table 5.2 details the minimum slopes, which will provide a velocity of 0.6 m/s when sewers are
flowing full:
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Table 5.2
Minimum Sewer Slopes

Minimum Slopes for Full-Pipe Velocity of 0.6 m/s
Sewer Size Minimum Slope per 100 metres
(mm)
200 0.40
250 0.28
300 0.22
350 0.17
375 0.15
400 0.14
450 0.12
525 0.10
600 0.08
675 0.067
750 0.058
900 0.046

It is recommended that the actual pipe slopes should not be less than 0.5%.

To achieve 0.6 m/s flow velocities in sewers, which will flow less than %5 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 /s full and quadrupled
when depth of flow is only /10 full to achieve 0.6 m/s flow velocity.

Under specia conditions, if full and justifiable reasons are given, slopes dlightly less than those
required for the 0.6 m/s 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 include
with their report, the 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 operator of the sewer system will give
written assurance to the DOEC that any additional sewer maintenance required by reduced
slopes will be provided.

Where velocities greater than 4.5 m/s are unavoidable, special provisions shall be made to
protect against displacement by erosion and shock.

5.2.5.3. Sewers on Steep Slopes

Sewers on 20% slopes or greater shall be secured with concrete anchors, or equivalent, spaced as
follows:

1. Grades 20% and up to 35% - not over 11 m centre to centre;
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2. Grades 35% and up to 50% - not over 7.5 m centre to centre; and
3. Grades 50% and over - not over 5.0 m centre to centre.

5.2.5.4. Sewers in Tidal Zones

Sewers located within tidal zones and under the influence of rising and falling tides must be
fitted with a sewage pumping station at the outfall. This is necessary to ensure proper
functioning of the sewer system, including adequate flushing, reduction in freezing potential, and
problems associated with tidal surge.

5.2.6. Sewer Location

5.2.6.1. Cross-Connection Prohibited

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

5.2.6.2. Relation to Water Works Structures

Sewers located in the vicinity of wells or other public water supply or structures should be
constructed to conform to regulations governing public water supplies regarding minimum
separation distances.

All existing waterworks units, such as basins, wells or other treatment units, within 60 m of the
proposed sewer shall be shown on the engineering plans.

Sail conditions in the vicinity of the proposed sewer within 60 m of water supply sources shall
be determined and shown on the engineering plans.

5.2.6.3. Relation to Watermains
5.2.6.3.1. Horizontal and Vertical Separation
Refer to Section 3.7.6.

5.2.6.3.2. Crossings
Refer to Section 3.7.6.2.

5.2.6.4. Stream Crossings

5.2.6.4.1. Cover Depth

The top of all sewers entering or crossing streams shall be at sufficient depth below the natural
bottom of the streambed to protect the sewer lines. In general, the following cover requirements
must be met:

1. 300 mm of cover where the sewer islocated in rock;

2. 900 mm of cover in other material. In maor streams, more than 900 mm of cover may be
required; and
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3. In paved stream channels, the top of the sewer line should be placed below the bottom of the
channel pavement.

5.2.6.4.2. Horizontal Location

Sewers located along streams shall be located outside of the streambed and sufficiently removed
from there to provide for future possible stream widening and to prevent pollution by siltation
during construction.

5.2.6.4.3. 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.

5.2.6.4.4. 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.

5.2.6.4.5. Materials

Sewers entering or crossing streams shall be constructed of ductile iron pipe with mechanical
joints, or similar construction to ensure watertight joints free from change in alignment or grade.
Material used to backfill the trench shall be stone, coarse aggregate, washed gravel, or other
materials which will not readily erode, cause siltation, damage pipe during placement, or corrode
the pipe.

5.2.6.4.6. Siltation and Erosion

Construction methods that will minimize siltation and erosion shall be employed. The design
engineer shal include in the project specifications the method(s) to be employed in the
construction of sewers in or near streams. Such methods shall provide adequate control of
siltation and erosion by limiting unnecessary excavation, disturbing or uprooting trees and
vegetation, dumping of soil debris, or pumping silt-laden water into the stream. 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.

5.2.7. Sewer Alignment

Sewers 600 mm diameter or less shall be laid with straight alignment and uniform grade between
manholes. The alignment shall be checked by either using a laser beam or lamping. Where
street layouts are such that straight alignment between manholes is impractical, sewers may be
"curved" to conform to street curvature by the deflection of straight pipe in accordance with the
manufacturer's recommendations. Curved sewers shall be limited to simple curves, which start
and end at manholes. The minimum radius of curvature shall be 30 m. An alignment test such
as "balling" must be conducted on curved sewers. When curved sewers are proposed, minimum
slopes indicated in Section 5.2.5.2 must be increased accordingly to provide a recommended
minimum velocity of 0.6 m/s when flowing full. Provision shall be made to provide additional
maintenance for curved sewers.
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5.2.8. Depth of Sewers

All sewers shall be laid at depths sufficient to drain basements and to be protected against
damage by frost and traffic. Where, for specific reasons, shallow depths are necessary and can
be justified, the sewer shall be protected to prevent damage by frost or traffic and insulated to
prevent freezing. Sewers laid in deep or excessively wide trenches shall be adequately
reinforced to prevent damage.

It is recommended that sewers be laid at a depth of at least 2.1 m. A minimum depth of 1.5 m
may be permitted under some circumstances. Local soils and weather must be taken into account
at al times.

5.2.9. Sewer Material

Any material generally accepted for sewers will be given consideration, but the material selected
shall be suitable for the local conditions, such as the chemica characteristics of the sewage,
character of industrial wastes, possibility of septicity, soil characteristics, exceptionally heavy
external loadings, abrasion, corrosion, the necessity for reducing the number of joints, soft
foundations, and other similar problems.

Suitable couplings complying with ASTM specifications shall be used for jointing dissimilar
materials. The leakage limitations on these joints shall be in accordance with Section 5.2.11.

All sewers shall be designed to prevent damage from super-imposed live, dead and frost induced
loads. Proper alowances for loads on the sewer shall be made because of soil and potential
groundwater conditions, as well as the width and depth of trench.

Where necessary, special bedding, haunching and initial backfill, concrete cradle, or other
special construction shall be used to withstand anticipated potential superimposed loading or loss
of trench wall stability. See ASTM D2321 or ASTM C 12 when appropriate.

For new pipe materials for which ASTM standards have not been established, the design
engineer shall provide complete pipe specifications and installation specifications developed on
the basis of criteria adequately documented and certified in writing by the pipe manufacturer to
be satisfactory for the specific detailed plans.

5.2.9.1. Warning/marker and Detection Tape

Warning/marker and detection tape as specified in the Department of Municipal and Provincial
Affairs Water, Sewer and Roads Master Specification Section 02223.2.1 and detailed drawings
numbered 0290 and 0300, shall be installed continuously with a minimum 1.0 m overlap at joints
above water, sewer, and forcemains. Warning/marker tape shall be heavy gauge polyethylene,
150 mm wide and indicate the service line below. Detectable tape shall be either fabricated of
detectable metallic material for underground installation or corrosion resistant insulated wires
embedded in warning/marker tape. Detection tapes are intended for pipe location and must be
installed above the pipe at an elevation 300 mm below ground surface and be detectable using
conventional pipe location apparatus.
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5.2.10. Overflow Structures and Bypasses
Backflow-preventing devices shall be provided whenever flooding of the sewer outlet may be
possible.

The locations of bypasses shall be shown clearly on the plans and adequate details presented in
order that the operation of such bypasses may be evaluated.

5.2.11. Sewer Testing and Inspection

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 termination points, including service
connections.

Each section of a sewer, and its related appurtenances, shall be flushed prior to testing. The
following tests are recommended as applicable.

5.2.11.1. Exfiltration Test
The exfiltration test shall be conducted as follows:

1. Fill test section with water in such a manner as to allow displacement of air in theline;

2. Immediately prior to test period add water to pipeline until there is a head of 1 m over the
interior crown of the pipe measured at the highest of the test section or water in the manhole
is 1500 mm above static ground water level, whichever is greater;

3. Duration of exfiltration test shall be 1 hour; and

4. Water loss at end of test period shall not exceed maximum allowable exfiltration over any
section of pipe between manholes.

5.2.11.2. 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.

The infiltration test shall be conducted as follows:
1. Install awatertight plug at upstream end of pipeline test section;

2. Discontinue pumping operations for at least 3 days before test measurements are to
commence and during this time keep thoroughly wet at least one third of pipe invert
perimeter;

3. Prevent damage to pipe and bedding material due to flotation and erosion;
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4. Place a 90° V-notch weir, or other measuring device approved by the DOEC in invert of
sawer at each manhole; and

5. Measure rate of flow over a minimum of 1 hour, with recorded flows for each 5 minute
interval

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

Lo Fx Dx S
© 100

where: L = allowable leakage (L/hr);
D = diameter (mm);
S = Length of section (m); and
F = leakage factor (L/hr/mm of diameter/100 m of sewe).

Exfiltration Test:

Porous PipeF=0.12 L
Non-Porous Pipe F=0.02 L

Infiltration Test:

Porous Pipe F=0.10 L
Non-Porous Pipe F=0.02 L

5.2.11.4. 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 permitted on pipes with diameter greater than
600 mm.

The test section shall be filled with air until a constant pressure of 28 kPa is reached. After a 2-
minute period the air supply shall be shut off, and the pressure decreased to 4 kPa. The time
required for the pressure to reach 17 kPa shall be measured.

5.2.11.5. Allowable Time for Air Pressure Decrease
Minimum times allowed for air pressure drop are provided in Table 5.3:
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Table 5.3
Minimum Times Allowed for Pressure Drop
Pipe Diameter (mm) Minimum Time (min:sec)
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

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

Video inspections shall be conducted in accordance with the Municipal Water, Sewer and Roads
Specifications.

5.2.12. Sanitary Sewer Service Connections

Sewer services shall be consistent with the local or provincial plumbing and drainage
regulations. It is required that, unless tees or Y's have been installed, saddles be used in
connecting the service pipe to the sewer. Generally, these are placed at an angle of 45° above the
horizontal. If a saddle type connection is used, it shall be a device designed to join with the
types of pipe, which are to be connected. All materials used to make service connections shall
be compatible with each other and with the pipe materials to be joined and shall be corrosion
proof. Connections shall be made by qualified personnel only.

5.2.13. Manholes
Sewer manholes are mainly for the purpose of facilitating maintenance and operation of the
sewer system and shall be designed, constructed and located as follows:

5.2.13.1. Minimum Diameter
Minimum diameter for manholes shall be 1200 mm; larger diameters are preferred for larger
sewers.
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5.2.13.2. Manhole Covers

Minimum cover clear opening shall be 580 mm. Watertight covers should be used where
manholes will be subject to flooding. Where significant sections of sewers are provided with
watertight manholes, extended vents may be required to prevent excessive sulphide generation.
L ocked manhole covers may be desirable in isolated easement |ocations or where vandalism may
be a problem.

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

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 manhol e spacing.

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

5.2.13.4. Drop Manholes

Drop manholes should be provided for lateral sewers entering a manhole at an elevation of 600
mm or more above the manhole invert. Where the difference between the incoming sewer and
the manhole invert is less than 600 mm, the invert should be filleted to prevent solid deposition.

Drop manholes shall be constructed with an outside or inside drop connection. Inside drop
connections shall be secured to the interior wall of the manhole and provide access for cleaning
as per the Municipal Water, Sewer and Roads Specifications.

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

5.2.13.5. Channel and Benching

The flow channel through manholes should be made to conform in shape and slope to that of the
sewers. The channel walls should be formed or shaped to the full height of the crown of the
outlet sewer in such a manner to not obstruct maintenance, inspection or flow in the sewers.
When curved flow channels are specified in manholes, including branch inlets, minimum slopes
indicated in Section 5.2.5.2 should be increased to maintain acceptable velocities.

A bench shall be located on each side of any manhole channel when the pipe diameter(s) are less
than the manhole diameter. The bench should be sloped no less than 4%. The direct connection
of sewer service lines to manholes is prohibited unless the service enters at the flow line of the
manhole.

Department of Environment and Conservation Sewerage Works 5- 15



Guidelines for the Design, Construction and Operation of Water and Sewerage Systems

5.2.13.6. Manhole Steps

Manhole rung spacing shall be not less than 300 mm or more than 375 mm. Their minimum
width should be 375 mm and they should be designed to prevent the foot from dlipping sideways.
Adequate clearance should be provided between the wall of the manhole and the rungs to afford
secure footing.

5.2.13.7. Watertightness

Manholes shall be of the pre-cast concrete or poured-in-place concrete type. Manholes shall be
waterproofed on the exterior. Manhole lift holes and grade adjustment rings shall be sealed with
non-shrinking mortar or other acceptable material.

Inlet and outlet pipes shall be joined to the manhole with a gasketed, flexible, watertight
connection or any watertight connection arrangement that allows differential settlement of the
pipe and manhole wall to take place.

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.

5.2.13.8. Frost Lugs
Where required, frost lugs should be provided to hold pre-cast manhole sections together.

5.2.13.9. Safety Chains
Safety chains should be provided on the downstream side of manholes for sewers 1200 mm in
diameter or greater.

5.2.13.10. Inverted Siphons

The use of inverted siphons shall be kept to a minimum, but where they must be used, they shall
consist of at least two lines, one of which shall be not less than 200 mm in diameter. Inverted
siphons should be designed in size and grade to maintain a velocity of at least | m/s under
conditions of average dry weather flow. Under minimum dry weather flow, the independent
operation of one of the lines shall provide a minimum velocity of | m/s. Where the above
conditions cannot be met, other means shall be provided. They shall be provided with necessary
appurtenances for maintenance, convenient flushing and cleaning equipment. The inlet and
discharge structures shall have adequate clearances for cleaning equipment, inspection and
flushing. Theinlet and outlet details shall be arranged so that the normal flow is diverted to one
barrel and so that either barrel may be cut out of service for cleaning. The vertical alignment
should permit cleaning and maintenance.
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5.2.14. Alternative Wastewater Collection Systems

The use of aternative wastewater collections systems will be considered only when the
conventional wastewater system is either impractical or cost prohibitive. The consultant will
have to convince the DOEC regarding the viability and long-term sustainability of the proposed
alternative wastewater system.

5.2.14.1. Applications

Under a certain set of circumstances, each alternative system has individual characteristics,
which may dictate standards for usage. 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 a planning a project.

5.2.14.2. Population Density

Conventional sewers are typicaly costly on a lineal meter basis. When housing is 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 alineal meter basis, and often prove to be more cost-effective when serving sparse
populations.

5.2.14.3. 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 risesin the
profile occur, conventional sewers may become cost prohibitive. The variable grade gravity
sewer variation of small diameter gravity sewers, by use of inflective gradients and in
conjunction with septic tank effluent pump (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. Small
Diameter Gravity Sewers (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 slopeis
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.

5.2.14.4. Subsurface Obstacles

Where rock excavation is encountered, the shallow burial depth of alternative sewer mains
reduces the amount of rock to be excavated. Conventiona sewers require deep excavation, and
may sometime encounter groundwater. Depending on the situation, dewatering can be expensive
and difficult to accomplish.
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5.2.14.5. Low Pressure Collection Systems
In certain areas primarily due to the very rocky terrain servicing using conventional gravity
sewers has been found to be economically unacceptable. An alternative to the use of gravity
sewersisthe use of a pressure sewer system.

5.2.14.5.1. Definition

A pressure sewer system uses small diameter, when compared with a conventional gravity sewer,
polyethylene pressure pipe to convey sewage to a central treatment or collection point. Each
property discharges into a common pressure pipe using a specially designed grinder pump,
usually installed in the basement or crawl space of the house.

5.2.14.5.2. Design

5.2.14.5.2.1. Grinder Pump

The design of a pressure sewer system is totally dependent upon the efficiency and reliability of
the grinder pump. The pump has to be designed for this specific application and must be capable
of the following:

1. Grinding the waste to a fine dlurry to enable pumping through small diameter mains. The
pump must be capable of routinely handling items which are commonly found in domestic
sewage, for example, plastic, wood, rubber and light metal objects;

2. Aseach pump will be located at a different point along the common pressure main, at various
elevations and might operate either individually or in unison with several other pumps, it is
essential that it be able to operate consistently over a very wide range of heads which are
continually and often rapidly changing; and

3. Capability of operating at least 25% above the low-pressure sewer system design criteria of
280 kPa. Thisis based upon the maximum daily number of pumps operating simultaneously.
The simultaneous operation of more than the design maximum number of pumps is usually a
transitory occurrence, however, it is essential that no damage occur to the pumping
equipment, pipelines or appurtenances.

5.2.14.5.2.2. Storage Tank

The storage tank is to be sized to provide a pump "on-off" cycle most desirable for the efficient
and durable operation of the pump. The sizing should minimize the potential for the generation
of septic sewage due to long retention periods.

5.2.14.5.2.3. Collection Pipe
As required by the Department of Municipal and Provincial Affairs, Municipal Water, Sewer and
Roads Specifications.

5.2.14.5.2.4. Frost Protection

The majority of pressure sewer systems are constructed in shallow trenches, to minimize the
quantity of rock excavation. Adequate protection must be provided to prevent freezing using a
combination of insulation and heat tracing. The method of pipe installation must be of proven
design for the specific application.
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5.2.14.5.2.5. Common Trench Construction
The requirements of Section 5.3.20.6 must be adhered to.

5.2.14.5.3. Applicationsfor Approval
All applications for the approval of a pressure sewer system should contain, as well as the
information described in Section 1.0, the following additional information:
1. A detailed cost analysis of the pressure sewer system alternative as compared to conventional
servicing, including:
a) Capital cost;
b) Purchase and installation cost of the individual pump units; and
c) Operation and maintenance costs.

2. The municipality in which the system is to be installed must agree with the proposal to utilize
pressure sanitary sewers,

3. Themunicipality must indicate that it has either:
a) Adequately trained personnel on staff for the purpose of repair and maintenance of the
individual pumping units and the collection system; or
b) Has executed an operative/maintenance agreement with a local company, which has
trained personnel in this respect.

4. Approval from each homeowner to permit access to the pump unit for servicing, when it is
contained within the house. (Note: It is possible to house the pump unit within a chamber
external to the house, however, this adds to the capital cost of the system); and

5. Complete details of the type of pump to be used including complete performance data and
proof of reliability for this specific application. The pump supplier must maintain an
adequate supply of spares and replacement units in the Province of Newfoundland and
Labrador.

5.2.14.6. 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 gector valve. The valve seals 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 aliquid plug to enter the line. Vacuum pumpsin
acentral location maintain the vacuum in the system.

5.2.14.6.1. Services

Each home on the system should have its own holding tank and vacuum gector valve. Holding
tank volume is usually 115 L. Asthe 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
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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 alowed 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 typicaly 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.

5.2.14.6.2. Collection Piping

The vacuum collection piping usualy consists of 100 mm and 150 mm mains. Smaller 75 mm
mains are not recommended as the cost savings of 75 mm versus 100 mm mains are considered
to beinsignificant.

Rubber gasketed PV C 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 generdly 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 system
practices. Division valves are installed on branches and periodically on the mains to alow for
isolation when troubleshooting or when making repairs. Plug valve and resilient wedge gate
valves have been used.

5.2.14.6.3. Vacuum Station

Vacuum stations are typically two-story concrete and block buildings approximately 7.5 mx 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 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 hour/day 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 alow vacuum or high wastewater level condition occur.
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5.2.14.7. Small Diameter Gravity Sewers

Small diameter gravity sewers (SDGS) require preliminary treatment through the use of an
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 are 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.

5.2.14.7.1. House Connections
House connections are made at the inlet to the interceptor tank. All household wastewaters enter
the system at this point.

5.2.14.7.2. 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 aperiod of 12-24 hours. Ample volumeis provided for storage of the solids, which must be
periodicaly removed through an access port. Typicaly, a single-chamber septic tank, vented
through the house plumbing stack vent, is used as an interceptor tank.

5.2.14.7.3. 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.

5.2.14.7.4. 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 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.

5.2.14.7.5. 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.
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5.2.14.7.6. Lift Stations

Lift stations are necessary where the elevation differences do not permit gravity flow. Either
STEP units (see Section 5.2.14.3) 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 amainline lift station is used to service all connectionsin alarger drainage basin.

5.2.15. Outfall Sewers

5.2.15.1. Approval

The location and discharge from an outfall sewer could have a major impact on the environment.
The selection of the various parameters to be used for the design of an outfall would be included
in the Technical Report (Section 2).

Site-gpecific studies may be required where:

1. A municipa system collects and processes industrial waste;

2. Effluent dischargesto afresh water body;

3. Municipal waste or effluent discharges to sensitive marine environment; and
4. Any other situation as deemed appropriate by the DOEC.

5.2.15.2. Design

The objective of an outfall is to introduce the effluent stream into the receiving water in a place
and manner chosen to achieve efficient mixing with that receiving water. Outfalls must be
located, designed, constructed and maintained for efficient mixing of discharges with receiving
waters. The design must be based on the analysis of salinity, temperature and dissolved oxygen
profiles, wind speed and direction, tidal currents, and other relevant oceanographic
measurements, and must take into consideration both positive and negative buoyant plumes. An
outfall shall not impact on any intake for fish plants, shellfish beds, aquaculture areas,
recreational areas, and any other sensitive areas.

5.2.15.2.1 Length and Depth

Ouitfall lengths, depths, and depth-distance combinations for marine discharges of municipal
wastewater, are given in Table 5.4. A length-depth combination less than that specified in Table
5.4 may be permitted where the proposed treatment and site-specific studies can demonstrate that
acceptable dilutions can be attained to meet the receiving water quality guidelines.

5.2.15.2.2. First Point of Discharge
The distance to the first point of discharge from the mean low water mark must be equal to or
greater than 30 m.

5.2.15.2.3. Protection and Maintenance

The outfall sewer shall be designed and constructed to protect against the effects of floodwater,
tides, ice or other hazards as to reasonably insure its structural stability and freedom from
stoppage. A manhole should be provided at the shore end of all gravity sewers extending into
the receiving waters. Hazards due to navigation must be considered in designing outfall sewers.
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Table 5.4
Depth and Length Requirements for Marine Outfalls
Discharge Rate (Q) Depth and Length for Outfalls
(Litres/day) (m)
Shellfish, Intakes | Recreational Other
and Aquaculture
Q # 50,000 Depth Study 5 3
Length Required 50 30
50,000 < Q # 350,000 Depth Study 6 5
Length Required 75 50
>350,000 Depth Study Study Study
Length Required Required Required

Length refers to the distance from the low water mark to the point of discharge or thefirst diffuser nozzle.
* Depth refers to the distance between the low normal spring tide level to the top of the outfall.

5.2.15.2.4. Signage
Signs are to be posted to indicate the location of outfalls within 100 m.

5.2.15.2.5. Offset from Bottom

An appropriate offset is to be maintained between the discharge point and bottom of the
receiving water body, to ensure that plume is not affected by the bed of the water body and vice
versa,

5.2.15.2.6. 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.

5.2.15.3. Receiving Water Quality Objectives

The typical level of treatment required for any new treatment plant in the province is secondary
treatment with disinfection. However, each new plant will be evaluated on a case-by-case basis.
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.

5.2.15.3.1. Assimilation Study Procedures

1. Level of Effort - As part of the pre-design evaluation, the engineer shall determine in
consultation with DOEC the level of effort required for the particular wastewater assimilation
study. The department may conclude that the effects of the proposed project on the receiving
water will be minimal. In this case, the department 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 department will determine which
parameters will require measurement.
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When the department is unsure of the possible effects of a project on the receiving water, it
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 department may, at that point, set effluent
l[imitations. The department shall set the data requirements for the intermediate RWSSs.

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 department believes that a proposed project may have a
significant impact on the receiving water quality. The department will determine RWS data
requirements.

2. 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.

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 avalable. Different containers should be available for metas, 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 atimely 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.
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5.2.15.3.2. Assimilation Capacity of Receiving Water

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

A wastewater assimilation study is the mechanism to be used in estimating a waterbody's
assimilative capacity and establishing effluent requirements to meet the Canadian Environmental
Quality Guidelines (CEQG). Either simple dilution formulae or more sophisticated
mathematical models can be used as assessment techniques, depending on the circumstances.
For example, with adilution 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 control
requirements, etc.) sophisticated mathematical models may be used to estimate assimilative
capacity and effluent requirements.

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

In addition to meeting the CEQG, athorough 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 aguatic 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.

5.2.15.3.2.1. 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).

5.2.15.3.2.2. Mixing Zone

A mixing zone is a region of a waterbody in which an effluent discharge with 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 DOEC to protect beneficial water uses should be achieved. A mixing zone may not be
used as an aternative to adequate treatment. EXxisting biological, chemical, physica and
hydrological conditions should be known when considering the location of a new mixing zone or
limitations on an existing one.

No conditions within the mixing zone should be permitted which:
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1.
2.
3.

4.

Arerapidly lethal to important aquatic life (resulting in conditions which result in sudden fish
kills and mortality of organisms passing through the mixing zones);

Cause irreversible responses which could result in detrimental postexposure effects,

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 satisfy the following conditions:

1.

Shall 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);

Shall not interfere with the migratory routes, natural movements, survival, reproduction
(spawning and nursery areas), growth, or increase the vulnerability to predation, of any
representative aquatic species, or endangered species;

Eliminate rapid changes in the water quality, which could kill organisms by shock effects;
Total loading from all mixing zones within a waterbody 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 exceedances of the water quality objectives outside the mixing zone

The mixing zone shall be:

1.

2.

3.

Free from substances in concentrations or combinations which may be harmful to human,

animal or aguatic life;

Free from substances that will settle to form putrescent or otherwise objectionable sludge

deposits, or that will adversely affect aguatic life or waterfowl;

Free from debris, oil, grease, scum or other materials in amounts sufficient to be noticeable in

the receiving water;

Located so as not to interfere with fish spawning and nursery areas;

Free from colour, turbidity or odour-producing materials that would:

a) Adversely affect aguatic life or waterfowl;

b) Significantly alter the natural colour of the receiving water;

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

d) Free from nutrients in concentrations that create nuisance growths of aguatic weeds or
algae or that results in an unacceptable degree of eutrophication of the receiving water;
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5.2.15.3.2.2.1. Calculating the Mixing Zone

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

For marine bodies of water the following, measured from the point of discharge and from the
mean low water mark, apply for the purpose of calculating the mixing zone:

1.

2.

The depth/height is the distance from the bed to the surface of the water; and

Theradiusis, either:
a) 100 m; or
b) 25% of the width of the body of water, whichever isless.

For an estuary the following, measured from the point of discharge and from the mean low water
mark, apply for the purpose of calculating the mixing zone:

1.

2.

The depth/height is the distance from the bed to the surface of the body of water;

The width, perpendicular to the path of the stream, is the lesser of:
a) 100 m; or
b) 25% of the width of the stream or estuary; and

The length, paralel to the path of the stream, is the distance between a point 25 metres

upstream and a point, which is the lesser of:

a) 175 m downstream; or

b) A distance downstream at which the width of the effluent plume equals the width
determined above for an estuary (Section 5.2.15.3.2.2.1 (2)).

5.2.15.3.3. Waste Assimilation Study Field Proceduresfor Coastal Waters
5.2.15.3.3.1. General Strategies

1.

3.

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

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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5.2.15.3.3.2. Pre-Design Surveysvs. Monitoring Surveys

Oceanographic surveys for wastewater disposal systems can be placed in one of two genera
categories - predesign or monitoring. Each of the two types of surveys has a different objective
and possesses unigue 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 severa 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 wastewaters. 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.

5.2.15.3.3.3. Pre-Design Waste Assimilation Studies

5.2.15.3.3.3.1. 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 treatment will be dependent upon the survey
results, the pre-design oceanographic survey should be designed to provide the greatest practical
flexibility in the selection of outfall alignments and lengths.

5.2.15.3.3.3.2. Measurement of Parameters

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 more traditional

parameters, which have a much lesser effect on design considerations. The critical parameters
include the following:

1. Density 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.

Department of Environment and Conservation Sewerage Works 5 - 28



Guidelines for the Design, Construction and Operation of Water and Sewerage Systems

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

3. Horizontal Eddy Dispersion - Measurement and prediction of the magnitude of horizontal
eddy dispersion requires determination of horizontal ocean currents occurring in the
horizontally moving wastewater field and of the appropriate eddy diffusivity. Measurements
of the diffusivity, or diffusion coefficient, are very difficult and require sophisticated and
complex techniques. The relative dilution effected by eddy 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 aso be analyzed.

4. 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.

5. Wind Velocity and Direction

6. 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 faunain the inter-tidal 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 sulphide, heavy metals, and chlorinated
hydrocarbons.

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.

7. 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
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should be made over a period of time to determine if problems with shoaling and shifting
sediments are likely to occur.

5.2.15.3.3.3.3. 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 data within the resources available, and should include the
following:

1.

3.

Sampling Stations - Sampling station location should be selected to provide adequate
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.

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 generaly 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 severa 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 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.

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 ayear.

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.
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4. Biological Parameters - Of the biological parameters, the benthic flora and fauna are the least
affected by diurnal and seasona factors, and thus can be characterized adequately by
sampling only several times during ayear. Benthic samples can be collected either remotely
from a vessel or directly by divers. Remote sampling is performed either with a dredge,
which alows for recovery of adisturbed sample, or a coring tool, which provides arelatively
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 distributions 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 alows for much greater
sampling error due to the generally large spatial variations encountered in plankton
popul ations and distributions.

5.2.15.3.3.3.4. Equipment

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 velocity,
but are restricted because each individual meter isfixed 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.

5.2.15.3.4. Waste Assimilation Study Field Proceduresfor Estuaries
1. Anestuary is defined as the tidal mouth of alargeriver. Before any fieldwork is carried out
on an estuary, the problem(s) should first be defined, and the objectives of the study laid out.

2. Maps and aeria 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.
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3.

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 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. Non-
point and point source loadings as well as inflow water volumes are model boundary inpui.
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.

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, aguatic toxicity, toxic pollutants and
bioaccumulation and human exposure:

a) 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.

b) Sediment enters estuaries from many sources, and can ater 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.

c) Bacteriaand 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.

d) Adequate, sustained DO concentrations are a requirement for most aquatic organisms.
Seasonal or diurna 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
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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.

€) Adequate concentrations of nitrogen and phosphorus are important in maintaining the
natural productivity of estuaries. Excessive nutrient loading, 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.

f) High concentrations of ammonia, many organic chemicals, and metals can disable or kill
aguatic organisms. Acute toxicity is caused by high exposure to pollutants for short
periods of time (less than four days). The toxicity of achemical 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.

g) Lower concentrations of organic chemicals and metals that do not cause aguatic 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 aso occur
through drinking water withdrawals from fresh water tidal rivers.

5.2.15.3.5. Waste Load Allocation Modelling

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.

5.2.15.3.5.1. Model Selection

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 to first
define the phenomena that are important for the particular site-specific analysis to be performed.
Activitiesthat help to define phenomenathat should be incorporated include the following:
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1. review of existing data on waste |oads, and receiving water quality; and

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

It is aso 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 generaly 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
al 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 cal culations are adequately addressed.

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

5.2.15.3.5.2. Modd 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 (both technical and operational),

with a brief discussion of the considerations involved:

1. 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.
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2. 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.

3. Technica 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 usualy result in an improved
simulation and may increase uncertainty in the analysis.

4. 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 the DOEC, and consult with other experienced professionals.

5. Operational Guideline #1 - Selection of Candidate Models Based on Ease of Application

Once atechnically 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 DOEC 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
DOEC may aso be able to provide the potential user with alist of local users who could be
contacted for information regarding their past or current experience with the computer
program associated with the model.

6. 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 differsin 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 smpler the model, the less expensive it is to
apply. Again, it isessentia that the DOEC 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
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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 isbest 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 technica grounds may be

appropriate.

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 of application of those
that are technically acceptable. The result of the second step is a list of candidate models that
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 al of the factors discussed.

5.2.15.3.5.3. Modelling Procedures
The typical development of a site-specific water quality model follows the following three main
steps:

1.

Initial Assessment - The historical data are reviewed and employed in conjunction with
initial model runs, which compare cal culated and observed water quality to:

a) Confirm existing or future water quality problems;

b) Define the loads, sources, and sinks that control water quality;

c) Definethe important reactions that control water quality; and

d) Defineissuesin the areaof 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
guantitatively the factors controlling water quality. It is not a preliminary analysis; instead,
the initial understanding is trandated into a field and experimental program whose data
output beginsto challenge and strengthen the understanding of the system.

Field Program - This task trandates 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. 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
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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.

5.2.15.4. Registration Under the Environmental Assessment Regulations
A trunk sewer pipeline outfall (Sewage/Wastewater Outfall) with 200 mm inside diameter or
greater and with atributary population of 12000 or more or equivalent flow shall be registered.

5.3. Wastewater Pumping Stations

5.3.1. Energy Requirements
In view of the rising costs of energy and the possibility of future energy shortages, designers
should attempt to minimize the number of wastewater pumping stations required in sewage
collections systems. Deeper gravity sewers, inverted siphons, or aeria sewers may not only
eliminate the need for pumping stations, but may prove to be economically more attractive in the
long term and should be examined.

5.3.2. Flooding
Wastewater pumping station structures, electrical and mechanical equipment shall be protected
from physical damage during major floods and remain fully operational.

5.3.3. Accessibility and Security

The pumping station shall be readily accessible by maintenance vehicles during all weather
conditions. The facility should be located off the traffic way of streets and alleys. It is
recommended that security fencing and access hatches with locks be provided.

5.3.4. Grit

Where it is necessary to pump wastewater prior to grit removal, the design of the wet well and
pump station piping shall receive special consideration to avoid operational problems from the
accumulation of grit.

5.3.5. Safety

Adequate provision shall be made to effectively protect maintenance personnel from hazards.
Equipment for confined space entry in accordance with Occupational Health and Safety
requirements shall be provided for all wastewater pumping stations.
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5.3.6. Design
The following sub-sections should be given consideration in the design of wastewater pumping
stations.

5.3.6.1. Type

Wastewater pumping stations in general use, fall into four types: wet well/dry well, submersible,
suction lift and screw pump, however as pumping and power requirements increase wet well/dry
well type stations are preferred. The typical efficiencies of the two types of pumping systems,
along with capital, operation and maintenance costs should be considered when choosing
between the two types of stations.

5.3.6.2. Access and Safety Landings

Suitable and safe means of access shall be provided to dry wells and to wet wells. Access to wet
wells containing either bar screens or mechanical equipment requiring inspection or maintenance
shall conform to Section 5.5.1.2. Removable ladders may be provided in small stations where it
isimpractical to install stairways.

Safety landings shall be installed in all manholes and pumping stations as per the Department of
Municipa and Provincia Affairs, Municipal Water, Sewer and Roads Specifications.

5.3.6.3. Buoyancy
Where high groundwater conditions are anticipated, buoyancy of the wastewater pumping station
structures shall be considered and, if necessary, adequate provisions shall be made for protection.

5.3.6.4. Construction Materials

Materials shall be selected that are appropriate under conditions of exposure to hydrogen
sulphide and other corrosive gases, greases, oils and other constituents frequently present in
wastewater. Thisis particularly important in the selection of metals and paints. Contact between
dissimilar metals should be avoided or other provisions made to minimize galvanic action.

5.3.6.5. Separation
Dry wells including their superstructure shall be completely separated from the wet well.
Common walls must be gas tight.

5.3.6.6. Equipment Removal

Structures and equipment shall be constructed so that there will be convenient facilities to
remove pumps and motors. Large pumps shall be accessible to track cranes or suitable portable
block and tackle equipment.

5.3.6.7. Dry Space

Dry space should be provided, sufficient in size to accommodate the pumps, motors, valves,
piping, etc., without congestion for operation or repairs and maintenance. The floor should slope
to a sump equipped for positive drainage.
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5.3.7. Pumps

5.3.7.1. Number of Pumps
Each pumping station shall be provided with at least two pumps, and in large main pumping
stations, three or more pumps shall be provided.

5.3.7.2. Type of Pumps

The pumps shall be designed specialy for pumping sewage and should be set below the high
water level of the wet well in order to be self-priming. Otherwise, the pump should be so placed
that under normal operating conditions, it will operate under a positive suction pressure.

5.3.7.3. Pump Capacities

If only two units are provided, they shall have the same capacity. Each shall be capable of
handling flows in excess of the expected maximum flow. In larger pumping stations where three
or more pumps are provided, they should be designed to fit actual flow conditions and shall be of
such capacity that, with the largest unit out of service, the remaining units can pump the
maximum flow of sewage. Where discharge is directly into the treatment plant, pump capacities
should be so selected that one pump will operate ailmost constantly. The other pumping units
shall automatically go into operation whenever the flow exceeds the capacity of the first pump.
The pumps should be on a preset cycling arrangement so that one pump is not always the duty

pump.

5.3.7.4. Pumping Rates

The pumps and controls of main pumping stations and especialy those operated as part of a
treatment works, should be selected to operate at varying delivery rates which will permit
discharging sewage from the station to the treatment works at approximately its rate of delivery
to the pump station. The station design capacity shall be based on peak hourly flow and should
be adequate to maintain a minimum velocity of 0.6 m/sin the force main.

5.3.7.5. Pump Connections

The pump suction and discharge lines shall be equipped with suitable check and gate valves to
facilitate repairs and shall in no case be less than 100 mm in diameter. Full closing valves shall
be installed on the suction and discharge piping to each pump, and a check valve shal be
instaled in the discharge line of the pump. Where space will not permit the installation of all
types of valves, the connecting lines shall be equipped with indicators to show their open and
closed positions. Potable water lines shall not be directly connected to any sewage pump,
suction or discharge line, for priming, flushing, lubricating, or for any other purpose.

5.3.7.6. Pump Openings
Pumps handling raw wastewater shall be capable of passing spheres of at least 75 mm in
diameter.
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5.3.7.7. Dry Well Dewatering

A sump pump equipped with dual check valves shall be provided in the dry well to remove
leakage or drainage with discharge above the maximum high water level of the wet well. Water
gjectors 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 |eakage shall be piped
or channelled directly to the sump. The sump pump shall be sized to remove the maximum
pump seal water discharge, which would occur in the event of a pump seal failure.

5.3.7.8. Electrical Equipment

Electrical systems and components (e.g., motors, lights, cables, conduits, switch boxes, control
circuits, etc.) in raw water wastewater wet wells, or in enclosed or partially enclosed spaces
where hazardous concentrations of flammable gases and vapours may be present, shall comply
with the Canadian Electrical Code requirements. In addition, equipment located in the wet well
shall be suitable for use under corrosive conditions. Each flexible cable shall be provided with a
watertight seal and separate strain relief. A fused disconnect switch located above ground shall
be provided for the main power feed for all pumping stations. When such equipment is exposed
to weather, it shall meet the requirements of weatherproof equipment. Lightning and surge
protection systems should be considered. A 110-volt power receptacle to facilitate maintenance
shall be provided inside the control panel for lift stations that control panels outdoors. Ground
fault interruption protection shall be provided for all outdoor outlets.

5.3.7.9. Intake
Each pump shall have an individual intake. Wet well and intake design should be such to avoid
turbulence near the intake and to prevent vortex formation.

5.3.7.10. Controls

Control float tubes and bubbler lines should be located, as not to be unduly affected by turbulent
flows entering the well or by the turbulent suction of the pumps. Provision shal be made to
automatically alternate the pumps in use.

5.3.8. Piping and Valves

5.3.8.1. Piping

Flanged pipe and fittings shall be used for exposed piping inside the pump stations. A flexible
connection shall be installed in the piping to each pump so that the pump may be removed easily
for repairs. A semi-flexible wall sleeve is recommended where a pipe passes through a wall of
the station.

5.3.8.2. Suction Line
Suitable shutoff valves shall be placed on the suction line of dry pit pumps.
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5.3.8.3. 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 and shall be placed on the horizontal portion of discharge piping
except for ball checks, which may be placed in the vertical run. Valves shall be capable of
withstanding normal pressure and water hammer.

All shutoff and check valves shal be operable from the floor level and accessible for
maintenance. Outside levers are recommended on swing check valves.

5.3.9. Wet Wells

5.3.9.1. Divided Wells

Where continuity of pump station operation is important, consideration should be given to
dividing the wet well into multiple sections, properly interconnected, to facilitate repairs and
cleaning.

5.3.9.2. Size

The effective capacity of the wet well below the inlet sewer, where possible, shall provide a
holding period of between 10 and 30 minutes for the average flow. To avoid septicity problems
wet wells should not provide excessive retention times. Wet wells should be of minimum size
consistent with pump capacities and not be designed to provide storage in cases of power failure.
Alternatively, the retention period of a wet well may be 5 to 10 minutes when variable speed
pumping is employed, and when the number of pumps is adequate.

Wet well sizing will be influenced by factors such as the volume required for pump cycling;
dimensional requirements to avoid turbulence problems; the vertical separation between pump
control points; the inlet sewer elevation(s); capacity required between alarm levels and basement
flooding and/or overflow elevation; number of and horizontal spacing between pumps.

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(s) 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.
Low water level (pump shut down) should be at least 300 mm or twice the pump suction
diameter above the centre lien of the pump volute. 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 elbow.

5.3.9.3. Floor Slope

The bottom of the wet well should slope sharply to the suction pipe of the pump to minimize the
accumulation of sewage solids. The horizontal area of the hopper bottom shall be no greater
than necessary for proper installation and function of the inlet. Slopes of 1.0 vertical to 1.0
horizontal are required.
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5.3.9.4. Hazardous Area

Wet wells are classified as Hazardous Location and the requirements of the Canadian Electrical
Code must be satisfied for all electrical installations in wet wells, or the equipment must be CSA
approved for use in sewage-wet wells.

5.3.9.5. Air Displacement
Covered wet wells shall have provisions for air displacement to the atmosphere, such as an
inverted “J’ tube or other means.

5.3.10. Safety Ventilation

Ventilation shall be provided for all pumping stations, including both wet and dry wells.
Mechanical ventilation shall be provided for al dry wells below the ground surface, and for wet
wells where equipment is located. There shall be no interconnection between the wet well and
dry well ventilation systems.

5.3.10.1. Air Inlets and Outlets

In dry wells over 4.6m deep, multiple inlets and outlets are desirable. Dampers not to be used on
exhaust or fresh air ducts. Fine screens or other obstructions in air ducts should be avoided to
prevent clogging.

5.3.10.2. Electrical Controls

Switches for operation 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 aso to automatic controls where intermittent operation is used.
The manual lighting/ventilation switch shall override the automatic controls. For a two speed
ventilation system with automatic switch over where gas detection equipment is installed,
consideration should be given to increasing the ventilation rate automatically in response to the
detection of hazardous concentrations of gases or vapours.

5.3.10.3. Fans, Heating and Dehumidification

The fan wheel shal be fabricated from non-sparkling material. Automatic heating and
dehumidification equipment shall be provided in all dry wells. The electrical equipment and
components shall meet the requirements of Section 5.3.7.8.

5.3.10.4. Wet Wells

Wet well ventilation may be either continuous or intermittent. Ventilation, if continuous shall
provide at least 12 complete air changes per hour. Air shall be forced into the wet well by
mechanical means rather than solely exhausted from the wet well. The air change requirements
shall be based on 100 percent fresh air. Portable ventilation equipment shall be provided for use
at submersible pump stations and wet wells with no permanently installed ventilation equipment.
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5.3.10.5. Dry Wells

Dry well ventilation may be either continuous or intermittent. Ventilation if continuous, shall
provide at least 6 complete air changes per hour; if intermittent, at least 30 complete air changes
per hour. A system of two-speed ventilation with an initial ventilation rate of 30 changes per
hour for 10 minutes and automatic switch over to 6 changes per hour may be used to conserve
heat. The air change requirements shall be based on 100 % fresh air.

5.3.11. Flow Measurement

Suitable devices for measuring flow shall be provided at all pumping stations. Flow control
mechanisms shall be located so that flow currents created by the entering sewage or by pump
suction will not adversely affect them. Provision shall be made to prevent floating material in
the wet well from interfering with the operation of the controls. When afloat tubeisinstalled in
the dry well, its height shall be sufficient so as to prevent overflow of sewage into the dry well.
At larger pumping stations, consideration should be given to installing suitable devices for
measuring sewage flows and power consumption. Indicating, totalizing and recording flow
measurement shall be provided at pumping stations with a 75 L/s or greater design peak flow.
Elapsed time meters used in conjunction with annual pumping rate tests may be acceptable for
pump stations with a design peak hourly flow up to 75 L/s provided sufficient metering is
configured to measure the duration of individua and simultaneous pump operation. These
instruments shall be capable of being integrated (el ectrically) with automatic samplers.

5.3.12. Potable Water Supplies
There shall be no physical connection between any potable water supply and a wastewater
pumping station, which under any conditions might cause contamination of the potable water

supply.

5.3.13. Suction-Lift Pump Stations
Suction-lift pumps shall meet the requirements of Section 5.3.6.

5.3.13.1. Pump Priming and Lift Requirements

Suction-lift pumps shall be of the self-priming or vacuum-priming type. Suction-lift pump
stations using dynamic suction lifts exceeding the limits outlined in the following sections may
be approved 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 as measured from “lead pump off” elevation
to centre line of pump suction, friction and other hydraulic losses of the suction piping, vapour
pressure of the liquid, altitude correction, required net positive suction head and safety factor of
at least 1.8 m.

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 min total length. Priming lift at the “lead pump on” elevation shall include a
safety factor of at 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
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“pump off” elevation and required net positive suction head at design operating conditions shall
not exceed 6.7 m.

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 the damage due to wastewater. The combined total of dynamic and
suction-lift at the “ pump off” elevation and required net positive suction head at design operating
conditions shall not exceed 6.7 m.

5.3.13.2. Equipment, Wet Well Access, and Valving Location

The pump equipment compartment shall be above the grade or offset and shall be effectively
isolated from the wet well to prevent a hazardous and corrosive sewer atmosphere from entering
the equipment compartment. Wet well access shall not be through the equipment compartment
and shall be at least 580 mm in diameter. Gasketed replacement plates shall be provided to cover
the opening to the wet well for pump units removed for servicing. Valving shall not be located
in the wet well.

5.3.14. Submersible Pump Stations
Submersible pump stations shall meet the requirements as outlined in the previous sections,
except as modified below.

5.3.14.1. Construction

Submersible pumps and motors shall be designed specifically for raw sewage use, including
totally submerged operation during a portion of each pumping cycle and shall meet the
requirements of the Canadian Electrical Code for such units. 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.

5.3.14.2. Pump Removal
Submersible pumps shall be readily removable and replaceable without dewatering the wet well
or disconnecting any piping in the wet well.

5.3.14.3. Electrical Equipment

5.3.14.3.1. Power Supply and Control Circuitry

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 watertight seals. If located outside,
weatherproof equipment shall be used.

5.3.14.3.2. Controls

The motor control centre shall be located outside the wet well, be readily accessible, 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
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control centre. The seal shall be so located that the motor may be removed and electrically
disconnected without disturbing the seal. When such equipment is exposed to weather, it shall
meet the requirements of weatherproof equipment.

5.3.14.3.3. 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 standards for
flexible cords in wastewater pump stations. Ground fault interruption protection 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, shall be provided with strain relief appurtenances, and shall be
designed to facilitate field connecting.

5.3.14.4. Valves
Check valves that are integral to the pump need not be located in a separate valve pit provided
that the valve can be removed from the wet well in accordance with Section 5.3.14.2.

5.3.15. Alarm Systems

Alarm systems shall be provided for pumping stations. The alarm shall be activated in cases of
power failure, sump pump failure, pump failure, unauthorized entry, or any cause of pump
station malfunction. Pumping station alarms shall be telemetered to a municipal facility that is
manned 24 hours aday. If such afacility is not available and a 24-hour holding capacity is not
provided, the alarm shall be telemetered to municipal offices during normal working hours and
to the home of the responsible person(s) in charge of the lift 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.

5.3.16. Emergency Operation

Pumping stations and collection systems shall be designed to prevent or minimize bypassing of
raw sewage. For use during 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. Power outage history can be
obtained from the power supply company for the grid where the pump station is to be located.
This data can then be utilized with peak design flows for design of storage facilities to minimize
overflow. Where elimination of overflows is not practical this data can be used to predict
frequency and quantities of overflows. Where public water supplies, shellfish production, or
waters used for culinary or food-processing purposes exist, overflows shall not be permitted.
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5.3.16.1. 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:

1. 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

2. An in-place or portable pump, driven by an integra combustion engine meeting the
requirements of Section 5.3.17, capable of pumping from the wet well to the discharge side
of the station.

5.3.16.2. Overflows
Overflows are not permitted unless special written permission has been obtained from the
DOEC.

5.3.17. Equipment Requirements

5.3.17.1. General
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.

5.3.17.1.1. 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 Section
5.3.15. 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.

5.3.17.1.2. Size
The engine shall have adequate rated power to start and continuously operate al connected
loads.

5.3.17.1.3. Fud Type
Reliability and ease of starting, especially during cold weather conditions, should be considered
in the selection of the type of fuel.

5.3.17.1.4. Engine Ventilation
The engine shall be located above grade with adequate ventilation of fuel vapours and exhaust
gases.

5.3.17.1.5. 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.
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5.3.17.1.6. Protection of Equipment
Emergency equipment shall be protected from damage at the restoration of regular electrical
power.

5.3.17.2. Engine-Driven Pumping Equipment
Where permanently installed or portable engine-driven pumps are used, the following
requirements in addition to general requirements shall apply.

5.3.17.2.1. 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.

5.3.17.2.2. 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 Section
5.3.17.2.3.

5.3.17.2.3. 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 hook-up 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.

5.3.17.3. Engine-Driven Generating Equipment
Where permanently installed or portable engine-driven generating equipment is used, the
following requirements in addition to general requirements shall apply.

5.3.17.3.1. Generating Capacity

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.
Specia sequencing controls shall be provided to start pump motors unless the generating
equipment has capacity to start all pumps simultaneously with auxiliary equipment operating.

5.3.17.3.2. 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 Section 5.3.17.2.3.
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5.3.17.3.3. 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 connection of
generating equipment shall be provided. The use of special electrical connections and double
throw switches are recommended for connecting portable generating equipment.

5.3.17.4. Independent Utility Substations

Where independent substations are used for emergency power, each separate substation and its
associated transmission lines shall be capable of starting and operating the pump station at its
rated capacity.

5.3.18. 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.

5.3.19. Safety and Housekeeping

Maximum consideration shall be given to providing safe working conditions for the operators,
this means, among other things that provision for a high standard of housekeeping shall be
essential. Poor housekeeping and poor safety practices in sewage pumping stations cannot be
tolerated.

For example, portable ladders, preferably ships' ladders, shall be used rather than manhole ladder
rungs. Ships ladders, stairs with non-slip treads, or mechanical lifts shall be provided for all
installations. All electrical wiring shall be properly grounded; lighting shall be adequate in all
locations, etc.

5.3.20. Forcemains

5.3.20.1. Diameter and Velocity
In general, forcemains shall be a minimum of 100 mm in diameter. Velocities should be in the
range of 0.6 to 2.5 m/s.

5.3.20.2. Termination
Forcemains shall enter the gravity sewer at a point not more than 600 mm above the flow line of
the receiving manhole. A 45° bend may be considered to direct the flow downwards.

Department of Environment and Conservation Sewerage Works 5 - 48



Guidelines for the Design, Construction and Operation of Water and Sewerage Systems

5.3.20.3. Design Friction Losses

5.3.20.3.1. Friction Coefficient

Friction losses through forcemains shall be based on the Hazen-Williams formula or other
acceptable method. When the Hazen-Williams formula is used, the following values for C shall
be used for design:

1. Unlinediron or steel: C = 100; and
2. All other: C=120

5.3.20.3.2. Maximum Power Requirements

When initially installed, forcemains will have a significantly higher “C” factor. The effect of the
higher “C” factor should be considered in calculating maximum power requirements and duty
cycle timeto prevent damage to the motor.

5.3.20.4. Air and Vacuum Relief VValves

Automatic air relief valves shall be placed at all high points in the forcemain to prevent air
locking. Vacuum relief valves may be necessary to relieve negative pressures on force mains.
The force main configuration and head conditions should be evaluated as to the need for and
placement of vacuum relief valves.

5.3.20.5. Pipe and Design Pressure

The forcemain and fittings, including reaction blocking, shall be designed to withstand normal
pressure and pressure surges (water hammer) and associated cyclic reversal of stresses that are
expected with the cycling of wastewater lift stations. Surge protection chambers should be
evaluated.

5.3.20.6. Separation

Watermains and sewage forcemains are to be installed in separate trenches 3 metres apart. The
soil between the trenches shall be undisturbed. Forcemains crossing watermains shall be laid to
provide a minimum vertical distance of 450 mm between the outside of the forcemain and the
outside of the watermain. The watermain shall be above the forcemain. At crossings, one full
length of water pipe shall be located so both joints will be as far from the forcemain as possible.
Special structural support for the watermain and the forcemain may be required.

5.3.20.7. Slope and Depth

Forcemain slope does not significantly affect the hydraulic design or capacity of the pipeline
itself. Under no circumstance, however, shall any forcemain be installed at zero slope. Zero
slope installation makes line filling and pressure testing difficult, and promotes accumulation of
air and wastewater gases.

5.3.20.8. lIdentification
Where forcemains are constructed of material, which might cause the forcemain to be confused
with potable watermains, the forcemain should be appropriately identified.
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5.3.20.9. Testing

Leakage is defined as the amount of water supplied from a water storage tank in order to
maintain test pressure for 2 hours. The allowable leakage is 0.03 L/mm pipe diameter per 300 m,
per hour for a working pressure of 1000 kPa. For other working pressures, test in accordance
with the latest version of AWWA C600.

5.4. Wastewater Treatment

5.4.1. Plant Location

The following items shall be considered when selecting a plant site:

Proximity to residential areas,

Direction of prevailing winds,

Accessibility by all-weather roads;

Area available for expansion;

Protection against flooding;

Local zoning requirements;

Loca soil characteristics, geology, hydrology, and topography available to minimize

pumping (selected elevations to maximize gravity flow through the works);

Access to receiving stream;

Downstream uses of the receiving water body;

0. Compatibility of treatment process with the present and planned future land use, including
noise, potential odours, air quality, and anticipated sSludge processing and disposal
techniques; and

11. Proximity to surface water supplies and water wells.
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Where a site must be used which is critical with respect to these items, appropriate measures
shall be taken to minimize adverse impacts.

5.4.1.1. Flood Protection

The treatment plant structures, electrical and mechanical equipment shall be protected from
physical damage by the 100-year flood. Treatment plants should remain fully operational and
accessible during floods. This requirement applies to new construction and to existing facilities
undergoing major modification.

5.4.2. Quality of Effluent

The quality of effluent shall meet the Environmental Control Water and Sewer Regulations,
2003.
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5.4.3. Design

5.4.3.1. Type of Treatment

As aminimum, 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 dudge;

System capital costs;

System operating and maintenance costs, including basic energy requirements,
Process complexity governing operating personnel; and

Environmental impact on present and future adjacent land use.
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5.4.3.2. Required Engineering Data for New Process and Application Evaluation

The policy of the DOEC is to encourage rather than obstruct the development of any methods or
equipment for treatment of wastewaters. The lack of inclusion in these guidelines of some types
of wastewater treatment processes or equipment should not be construed as precluding their use.
The DOEC may approve other types of wastewater treatment processes and equipment under the
condition that the operationa 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.

To determine that such new processes and equipment or applications have a reasonable and

substantial chance of success, the DOEC may require the following:

1. Adequate monitoring observations, including test results and engineering evaluations,
demonstrating the efficiency of such processes under varied flow regimes;

2. Detailed description of the test methods,

3. Testing, including appropriate 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; or

4. Other appropriate information.
The DOEC 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.
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5.4.3.3. Design Loads

5.4.3.3.1. Hydraulic Design

New Systems - the design for sewage treatment plants to serve new sewage systems shall be
based on an average daily flow of 340 L/cap, unless all season flow data is available, or other
justification upon which to better estimate flow is provided.

Existing Systems - where there is an existing system the volume and strength of existing flows

shall be determined. The determination shall include both dry-weather and wet-weather

conditions. Samples shall be taken and composited so as to be accurately representative of the

strength of the wastewater. The following information shall be recorded where appropriate for

the design of the works:

1. Peak rates of flow over a sufficient period of time, which would adversely affect the
detention time of treatment units or the flow characteristics of the conduits;

2. Percentage of industrial waste flows; and

3. Wet-weather peak flows.

Flow Equalization - facilities for the equalization of flows and organic shock load shall be
considered at al plants, which are critically affected by surge loadings.

5.4.3.3.2. Organic Design

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 other information is submitted to
justify alternate designs.

Domestic waste treatment plants that will receive commercial, institutional and industrial
wastewater flows shall be designed to include the waste loads as per Table 5.1.

Septage and leachate may contribute significant organic load and other materials, which can
cause operational problems. If septage and/or leachate are to be discharged to the wastewater
treatment facility, it must be approved by the DOEC.

When an existing treatment works is to be upgraded or expanded, the organic design shall be
based upon the actual strength of the wastewater, with an appropriate increment for growth.

5.4.3.3.3. Minimum Parameters
In the absence of documented data for a specific wastewater treatment facility, the minimum
design parameters provided in Sections 5.4.3.3.1 and 5.4.3.3.2 shall be used.

5.4.3.4. 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.

5.4.3.5. Design by Analogy
Data from similar municipalities may be utilized in the design of new systems.
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5.4.3.6. Conduits and Piping

All piping and channels should be designed to carry the maximum expected flows. The
incoming sewer should be designed for free discharge. Bottom corners of the channels must be
filleted. Pockets and corners where solids can accumulate should be eliminated. 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
dluice gates. Non-corrodible materials shall be used for these control gates. Pipe and accessories
used for conduits shall conform to the standard specifications of the AWWA or equivalent. In
general, the following factors shall be considered in designing conduits. carrying capacity,
maximum pressures, present and future water hammer, hydraulic grade, traffic loads, laying
conditions, expansion and contraction, anchorage at bends and joints, and depth of cover.

5.4.3.7. 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.

5.4.3.8. 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. The use of head boxes equipped with adjustable sharp-crested
weirs or similar devices is recommended. The use of vaves for flow splitting is not
recommended. Appropriate flow measurement facilities shall be incorporated in the flow
division control design.

5.4.4. Plant Details

5.4.4.1. Installation and Inspection of Mechanical Equipment

The specifications should be so written that the manufacturer would commission the installation
and initial operation of major items of mechanical equipment, and provide appropriate training to
the operator.

5.4.4.2. Unit Dewatering, Flotation Protection and Plugging

Means such as drains or sumps shall be provided to dewater each unit to an appropriate point in
the process as per manufacturer’s recommendations. Due consideration shall be given to the
possible need for hydrostatic pressure relief devices to prevent flotation of structures. Pipes
subject to plugging shall be provided with means for mechanical cleaning or flushing.

5.4.4.3. Unit Bypasses

5.4.4.3.1. Removal from Service

Properly located and arranged bypass structures shall be provided so that each unit of the plant
can be removed from service independently. The bypass design shall facilitate plant operation
during unit maintenance and emergency repair so as to minimize deterioration of effluent quality
and insure rapid process recovery upon return to normal operational mode.
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5.4.4.3.2. Unit Bypass During Construction

A plan for the method and level of treatment to be achieved during construction shall be
developed and included in the facility plan that must be submitted to the DOEC for review and
approval. This approved treatment plan must be implemented by inclusion in the plans and
specifications to be bid for the project.

5.4.4.4. Construction Materials

Due consideration should be given to the selection of materials 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. Contact between dissimilar metals should be avoided to minimize
galvanic action.

5.4.4.5. Painting

In order to facilitate identification of piping, particularly in large plants, it is suggested that the
different lines have contrasting colours. The colour code, as per Table 5.5, is recommended for
purposes of standardization for all sewage systemsin the province:

Table 5.5
Paint Colour Code for Sewage Systems

Contents Colour Scheme
Raw Sludge line Brown w/ black bands
Sludge Recirculation suction line Brown w/ yellow bands
Sludge draw off line Brown w/ orange bands
Sludge Recirculation discharge line Brown
Sludge gasline Orange(or red)
Natural Gasline Orange(or red) w/ black bands
Potable water line Blue
Non-potable water system Blue with Black bands
Chlorineline Y ellow
Sulphur Dioxide Y ellow w/ red bands
Sewage (wastewater) line Grey
Compressed air line Green
Water lines for heating digesters or Blue w/ 150mm red band spaced 750mm
buildings apart

The contents and direction of flow shall be stencilled on the piping in a contrasting colour.
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5.4.4.6. Operating Equipment

The specifications should include a complete outfit of tools, accessories for the plant operator's
use, such as squeegees, wrenches, valve keys, rakes, shovels, spare parts, etc. A portable pump
is desirable. Readily accessible storage space and workbench facilities shall be provided and
consideration shall be given to provision of a garage for large equipment storage, maintenance
and repair.

5.4.4.7. Grading and Landscaping

Upon completion of the plant, the ground should be graded and sodded or seeded. All-weather
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 water. Provision should be made for attractive landscaping, particularly
when a plant isto be located close to residential areas.

5.4.4.8. Erosion Control During Construction
Effective site erosion control shall be provided during construction.

5.4.5. Plant Outfalls
Refer to Section 5.2.15.

5.4.6. Essential Facilities

5.4.6.1. Emergency Power Facilities

A standby source of power shall be provided where the discharge of raw or partially treated
sewage may endanger public health or cause damage to the environment and where the treatment
process or biomass may be adversely affected due to oxygen depletion and septic conditions.
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:

1. Reliability of primary power source;

2. 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;

3. Whether sewage enters the plant by gravity or is pumped,;

4. Type of treatment provided;

5. Pieces of equipment which may become damaged or overloaded following prolonged power
failure;
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6. Assimilation capacity of the receiving waters and ability to withstand higher pollution
loadings over short time periods; and

7. Other uses of the receiving water.

Each specific installation should provide for the following considerations:
1. Meansfor illuminating working areas to ensure safe working conditions; and

2. Standby power source or equivalent to power pumps, motorized valves and control panels
that are necessary to maintain the sewage flow through the treatment plant.

5.4.6.1.1. Power for Aeration

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
has 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.

5.4.6.1.2. Power for Disinfection
Continuous disinfection, where required, shall be provided during al power outages.
Continuous dechlorination is required for all systems using chlorine.

5.4.6.2. Measurement of Flow

5.4.6.2.1. Facilities

Flow measurement facilities shall be provided at al plants. Indicating, totalizing and recording
flow measurement devices shall be provided for al treatment plants. All flow measurement
equipment must be sized to function effectively over the full range of flows expected and shall
be protected against freezing.

5.4.6.2.2. Location
Consideration shall be given to the provision of automatic samplers at large plants.

Flow measurement facilities shall be provided to measure the following flows:

1. Plant influent or effluent flow;

2. Plant influent flow, if influent flow is significantly different from effluent flow, both shall be
measured. This would apply for installations such as lagoons, sequencing batch reactors and
plants with excess flow storage or flow equalization;

3. Excessflow treatment facility discharges,

4. Other flows required to be monitored under the provisions of the Permit to Operate; and

5. Other flows such as return activated sludge, waste activated sludge, recirculation and recycle
required for plant operational control.

Department of Environment and Conservation Sewerage Works 5 - 56



Guidelines for the Design, Construction and Operation of Water and Sewerage Systems

5.4.6.2.3. Hydraulic Conditions

Flow measurement equipment including approach and discharge conduit configuration and
critical control elevations shall be designed to ensure that the required hydraulic conditions
necessary for accurate measurement are provided. Conditions that must be avoided include
turbulence, eddy currents, and air entrainment

5.4.6.3. Septicity

Where it can be expected that the raw sewage will be largely devoid of dissolved oxygen,
provisions should be made for aeration, recirculation or other means of offsetting septic action
and odour nu