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1 Introduction
Dairy and beef farming operations produce effluent wastewater streams which require
treatment prior to discharge to surface or groundwater systems. Farm effluent can be highly
polluted and if left untreated, could pose serious environmental risks along with risks to human
health. Wastewater treatment is therefore required to reduce pollutant concentration levels to
acceptable limits. An emerging wastewater treatment technology is the implementation of
constructed wetland (CW) technology for contaminant removal. CWs utilize pretreatment
systems, constructed wetland technologies and post treatment polishing systems to improve the
effluent quality. Essentially, a CW is designed to emulate and optimize water treatment processes
experienced in the natural environment. Wetland technology commonly consists of planted
vegetation coupled with soil, sand or gravel filter layers to facilitate physical, chemical and
biological removal mechanisms including: sedimentation, filtration, biological degradation,
nitrification and denitrification, adsorption and plant uptake. In northern regions, considerations
must be made for winter operation when year-round applications are envisioned. Treated
effluent can be discharged to surface water systems, to groundwater through subsurface
drainage systems or can be reused as a source of irrigation water.
CWs can be a viable treatment option for rural farm locations, as no connection to a conventional
wastewater treatment facility is necessary and they do not require a high degree of maintenance
once installed. The contaminant removal mechanisms working within the system promote the
re-introduction of nutrients and organics from the wastewater stream, back into the surrounding
farm land. Coupled with low energy, operation and maintenance requirements once
implemented, CWs are considered a green technology which benefits the surrounding
ecosystem. Although being relatively land intensive, CWs are aesthetically pleasing and are used
as a means of diversifying the landscape. In this regard, CWs have the capability of increasing
land value.
This guidebook will provide information ranging from pre-design to post construction
considerations. Included will be sections on: regulations and permitting, common contaminants
and wastewater characterization, system design (including pre and post treatment along with
discharge practices), CW construction guidelines and finally post construction operation,
maintenance and monitoring. Also outlined in this guidebook will be several case studies where
various types of CWs were implemented at dairy or beef farms and the treatment results will be
presented through fact sheets in the appendices.
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2 Regulations and permitting
It is essential to be familiar with Ontario regulations which address livestock production
wastewaters as well as any required design, construction or operating permits. Outlined below
are the various Acts and Codes that supply information regarding Ontario regulations, along with
information on the permits required to construct a CW.

2.1 Nutrient Management Act, 2002, S.O. 2002, c. 4
The purpose of this Act is to provide for the management of materials containing nutrients in
ways that will enhance protection of the natural environment and provide a sustainable future
for agricultural operations and rural development. For the applications of this guidebook, Ontario
Regulation 267/03 is particularly relevant. Encompassed in this Act is information regarding
allowable nutrient strength discharge limits, storage practices and sludge re-use practices which
farmers must comply to. This is particularly relevant for dairy and beef farms using CW systems,
as wastewater containing nutrients may be stored and must be discharged once treated while
being compliant with all regulations. For further detail regarding required permits and
regulations, please see the full Act issued by the Government of Ontario.
The key items are: how does runoff relate to an NMP or NMS, what is required for milkhouse
washwater, outdoor confinement areas, manure pile runoff and silage leachate?

2.2 Ontario Regulation 332/12 made under the Building Code Act, 1992
Any dairy or beef farms operating in Ontario who have a wastewater production value of <10,000
L/day with a subsurface discharge (i.e. a septic system tile bed) will reside under Ontario Building
Code (OBC) jurisdiction. When working with CW systems, Division B – Part 8 of the OBC is
specifically of relevance. Outlined in Part 8 are acceptable guidelines regarding sizing, design,
layout and standards to which some pre-treatment and post treatment systems must comply to.
Various required permits and further regulations can be found in the full copy of the Act as set
out by the Government of Ontario. If the wetland system is designed to discharge to a surface
water body, then the OWRA applies.

2.3 Ontario Water Resources Act, R.S.O. 1990, c. O.40
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The purpose of this Act is to provide for the conservation, protection and management of
Ontario’s waters and for their efficient and sustainable use, in order to promote Ontario’s longterm environmental, social and economic well-being. Any dairy or beef farm operating in Ontario
who has a wastewater production value of >10,000 L/day will reside under Ontario Water
Resources Act (OWRA) jurisdiction, specifically pertaining to section 53. Section 53 deals with the
implementation of new underground sewage works or the modification of existing sewage
works. It further details the need for an environmental compliance approval for various activities
including construction of sewage works and discharge of wastewater. For more information
regarding environmental compliance approvals, see the full Act set out by the Government of
Ontario.

3 Contaminants and Wastewater Characterization
3.1

Common Contaminants

Sources of wastewater from dairy farms include (Hawkins & Barkes, 2014):







Washing of milk house (parlor)/ barn floors
Rinsing of milking lines and bulk tank
Runoff from uncovered manure piles
Runoff from exercise yard
Leachate from grain silos

Sources of wastewater from beef farms include:
 runoff from uncovered manure piles
 runoff from outdoor confinement areas/exercise yards
A list of common contaminants and related water quality parameters from these sources of
wastewater are described below. Sources of organic matter and solids can be from manure,
bedding, silage and milk solids. Sources of nutrients can be from manure, silage and milking line
cleaning products. The main source of FOG from these wastewaters is the fats in milk solids. The
primary source of pathogens is manure.
Contaminant
Organic Matter
Solids
Nitrogen

Phosphorus

Parameter
Chemical Oxygen Demand (COD)
Biochemical Oxygen Demans (BOD5)
Total Suspended Solids (TSS)
Total Nitrogen (TN)
Ammonia (NH4+-N)
Nitrate (NO3--N)
Total Phosphorus (TP)
3

Units
mg/L
mg/L
mg/L

mg/L

Dissolved Reactive Phosphorus (DRP)
Fats, Oil and Grease
FOG
mg/L
Pathogens
E.coli
CFU/100mL
Fecal coliform
Pharmaceuticals can be considered as a group of emerging contaminants which can include
growth hormones and antibiotics. These contaminants can enter the wastewater streams
through livestock manures.

3.2 Wastewater Characterization
Wastewater strength and flowrate are the two determining factors in designing a CW system to
achieve adequate treatment results. Therefore, it is imperative that a detailed characterization
of the effluent wastewater be performed prior to beginning the design process. Wastewater
characterization consists of determining both the flowrate and strength (contaminant
concentration) of the wastewater source(s). For new applications, or when no data is available,
the designer must rely on typical values provided by the literature or from data collected from
similar facilities. Wastewater flow rate and contaminant concentration have a direct correlation
to herd/facility size, which should be determined as a first step in the design process.
There are a number of ways to measure flowrate at an existing facility. The most common
method is to install a runtime counter on an effluent pump and calculate the flow from the
pump’s calibrated discharge rate (i.e. pump runtime (s) x pump discharge (L/s)). It is not advised
to use inline flowmeters as the propeller will become clogged with solid particles. For gravity
discharge systems, such runoff from a manure pile, a common flow metering technique is to
install a v-notch weir with a water depth recording pressure sensor at the outlet of the
wastewater source.
In order to obtain accurate data; a daily, weekly and monthly flow rates should be obtained,
which encompass measurements from both the dry and wet seasons of the region. As a rule of
thumb, a CW should be designed in order to accommodate the maximum concentration value
that could be experienced throughout the year. It is of utmost importance to take measurements
throughout the year, as varying wastewater flow rates (due to precipitation or lack thereof) can
alter influent concentration levels. The maximum daily wastewater flow rate should be taken into
consideration in order to prevent flooding which could result in release of untreated or partially
treated effluent.
Expected dairy and beef farm wastewater strengths and flow rates are shown in Table 1.
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Table 1 - Expected contaminant strengths in dairy/beef farm wastewater (Source: ORWC research)

Contaminant

COD (mg/L)
BOD5 (mg/L)
TSS (mg/L)
TP-P (mg/L)
TKN-N (mg/L)
Total Coliforms
(CFU/L)
a Morgan

Milkhouse
Washwater
(Dairy farm)

4458 ± 1298
2401 ± 983
959 ± 414
43.5 ± 17.5
187 ± 70
108-1010 a

Silo Leachate
(Dairy farm)

63800 ± 7300
33600 ± 5500
332 ± 159
960 ± 200
2600 ± 360
-

Manure pile/exercise yard
(Beef Farm)

Spring Runoff

MayNovember

10767 ± 4051
3276 ±1219
1620 ± 1335
63.9 ± 25.3
913.5 ± 616.0
-

3237 ± 1640
440 ± 409
216 ± 143
25.4 ± 12.4
147.7 ± 78.4
-

et al., 2007

It is expected that the average dairy farm in Ontario will produce approximately 7-20 L/cow/day
of wastewater (Hawkins and Barkes, 2014). On the other hand, beef farms typically do not
measure produced wastewater on a per cow basis, rather, daily wastewater production is based
on precipitation runoff. In order to estimate the wastewater production rate for a beef farm, the
surface area of the exercise yard should be multiplied by a runoff coefficient (applied to rainfall
x S.A.) to determine the resulting amount of runoff that would need to be treated by a CW
system. It has been found that a runoff coefficient of 0.8-0.81 produces accurate estimations
(Western Australia Forest Alliance, 2004).
There are several supplementary tests that may be performed to further characterize the
wastewater stream. One of which is a settleability test, which helps determine the rate at which
suspended solids in the wastewater will settle and can allow for the estimation of the volume of
suspended solids that will need to be removed. This is an important factor when designing a CW,
as it can help determine the size of settling pond required and can aide in the determination of
the hydraulic retention time (HRT) (the time that influent water will remain in the system to
achieve adequate treatment results) of the system.

3.3 Sampling Techniques
There are two main techniques that are used for the sampling of wastewater flows, which are
grab and composite tests.
A grab sample consists of taking a single sample from the wastewater stream. This is
representative of the wastewater quality at the time of sampling. This method is less labor
intensive than composite testing and can be useful if multiple grab tests are to be performed
5

over a weekly, month or yearly basis, in order to get long term averages. The volume of sample
required will vary with system flow rate and contaminant load, but should not be smaller than 1
liter. Furthermore, as only a single test is being taken, the sample location should be chosen to
ensure that the sample itself is representative of the entire wastewater stream.
A composite sample consists of collecting multiple grab samples over a defined period of time.
Samples can either be collected at regular intervals, typically ranging from 1 to 24 hours, or at
intervals of equal flow to create a flow-proportional composite sample. Composite sampling
allows for more representative results, as the sample is essentially an average over the defined
time frame. This mitigates the occurrence of outlier data values that could occur due to
unforeseen flowrate fluctuations when using the grab sampling technique. Composite testing is
ideal for the determination of daily averages, as well as daily maximum and minimum
contaminant loads when testing continues over an extended period. Similar to grab sampling,
the volume of samples required will vary with flow rate and contaminant load, but should not be
smaller than 1 liter.
It should be noted that if the cleaner production concept is being considered/implemented, a
wastewater sample should be taken from each direct source of wastewater in the facility. This
will allow for more precise characterization of contaminant loading by wastewater source and
can result in more efficient pre-treatment, waste reduction and cost savings.
When performing wastewater sampling consideration should be taken to ensure that the
samples do not become contaminated from exterior sources. In order to prevent contamination
of the wastewater sample, several steps should be closely followed:

 The container in which the sample will be stored should be properly sterilized before the
test begins and care should be taken to ensure that the container lid is not removed prior
to the test itself.

 Once the sampling process is complete, the sample should be stored at 4oC until the point
at which the sample will be analyzed by a laboratory (including transportation and
storage).

 Delivery of the sample to an accredited laboratory should take place immediately after
sample collection, and analysis should take place as soon as possible. This is in order to
mitigate contaminant degradation that can begin to occur once the sample is inside the
container.

4 Pre-Treatment Systems
Pre-treatment systems are an essential component to any CW system. Pre-treatment is used to
reduce wastewater contaminant strength to levels that are manageable by the subsequent
6

treatment systems. In the application of dairy and beef farms, pre-treatment has the main goal
of reducing TSS and other settleable solids before they reach the wetland cell where they could
cause clogging. Removing suspended solids will also reduce organic matter, nutrient and
pathogen loading to the wetland cells. Beside settling, other removal mechanisms may also take
place, including bacterial mediated degradation, nutrient fixation, adsorption and UV destruction
of pathogens. Depending on the wastewater characteristics, a single pre-treatment system may
be adequate or several systems may be used in series. The pre-treatment systems of relevance
that will be discussed in this section are: septic tanks, settling ponds, grease traps and balancing
tanks.

4.1 Septic Tank
A septic tank is a 2-compartment tank whose primary objective is to induce the settling of
medium to coarse suspended solids (Figure 1). A septic tank is designed to detain wastewater for
a set duration of time (HRT), where a reduction in flow rate allows suspended solids to settle to
the bottom due to gravitational forces. In typical applications, a septic tank can remove 50-70%
of the TSS, which will greatly reduce the risk of clogging in the wetland. The solids being removed
consist primarily of manure, feed and various debris (soil, bedding material etc.). Removal of
sediment before the wastewater reaches the wetland cell is integral to the function of the CW,
as suspended solids can accumulate in the wetland cell causing sediment build up and clogging
at the inlet zone, which will inhibit the other removal mechanisms and reduce treatment results.
Removal of settleable solids can also significantly reduce organic matter as well as any nutrients
(N&P) associated with the settled solid. The enclosed nature of a septic tank limits the
wastewaters interaction with air, allowing anaerobic reactions to dominate and help break down
organic material that is present in dairy or beef farm effluent. Furthermore, as exposure to the
atmosphere does not occur inside a septic tank this allows them to be implemented in CW
systems that are located in regions with colder weather while maintaining limited risk of freezing.
When designing a septic tank as a pre-treatment method for a CW, the guidelines as outlined
under CSA B66 must be followed. This states that an HRT inside the system of at least 3 days
should be utilized in order to ensure adequate TSS settling (Government of Ontario, 1992). With
this in mind, the septic tank should therefore be designed with a volume that is three times the
daily wastewater production volume of the facility. Equation 1 can be used to calculate the
required septic tank volume:

𝑽= ∗𝑸
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[1]

Where: V = Volume of septic tank, L

 = Hydraulic Retention Time, d
Q = Daily wastewater flow rate, L/d

The absolute minimum septic tank size
should be no less than 3600 L, regardless of
daily wastewater production volume.
Furthermore, wastewater should pass
through at least two septic tank compartments (either one large partitioned septic tank or two
separate tanks in series). This is to ensure that the desired HRT of 3 days is achieved through
further flow reduction and to ensure that sediment is still treated in a secondary chamber if
influent flow spikes resuspend any previously settled sludge. If a septic tank using partitions to
separate chambers is to be used, the partitions must extend a minimum of 150 mm above the
liquid height at the outlet (Government of Ontario, 1992). If separate tanks in series are to be
used, the first tank should have a volume equivalent to 1.3 times the daily wastewater volume,
or a minimum of 2400 L, with the following tank having a volume equal to 50% of the initial tank
volume.
The key maintenance requirement for a septic tank is to have the tank pumped when solids
accumulation reaches 1/3 of the tank’s operating volume. Given the potential for high solids
loading from agricultural waste streams, tank pump-out frequency can be as high as 1-3 times
per year.
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Figure 1 – Cross-section view of a partitioned septic tank

4.2 Settling Pond
Settling (or sedimentation) ponds are utilized to induce the settling of coarse to medium sized
suspended solids using the same principals as a septic tank (Queensland Department of
Agriculture, 2013). The key difference between a settling pond and a septic tank is that while a
septic tank is enclosed, a settling pond is open to the atmosphere. In this sense, settling ponds
are vulnerable to colder weather, where freezing could occur in which case wastewater
treatment could not continue. On the other hand, in warmer climates, settling ponds work at
similar efficiencies as septic tanks, with the same removal percentages as outline in section 4.1
being applied for settling ponds. As a settling pond is open to the atmosphere, creating a
dissolved oxygen profile from aerobic conditions at the surface of the pond to anaerobic
conditions at the bottom of the pond. These conditions can support the bacterial degradation of
organic matter as well as the transformation of nitrogen species to N2 gas (US EPA, 2011).
Contrary to a septic tank, with a relatively short HRT of 3 days, a settling pond generally comprises
an HRT of 20-180 days and an operating depth of up to 2.4 m (US EPA, 2011). The extended
detention time is to ultimately improve settling results and also to reduce the frequency of which
one must de-sludge the pond, as the increased size of a settling pond over a septic tank
accommodates more organic buildup before desludgeing is necessary. In addition to achieving
the desired HRT in the pond, the following design criteria should also be considered:
 Pond must be lined with an impermeable liner (see section 7.2 for more detail) in order
to limit the risk of wastewater seepage into the surrounding soil.
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 Outside and inside berm slope should not be steeper than 3:1 and 2:1, respectively.
 The outlet structure should be situated approximately 0.3 m below water surface, to
mitigate the risk of surface material being discharged into subsequent treatment systems.
Considerations can also be made in order to accommodate seasonal flow variations, such as
spring runoff or major storm events by using a settling pond as a balancing pond (see section 4.4
for more detail on balancing tanks). Instead of modifying the wetland cell dimensions to
accommodate fluctuations in flow, a settling pond can be designed to store the excess water.
Using a pump, orifice or weir at the outlet as a flow control mechanism, one can effectively
control the effluent flow rate into the subsequent treatment systems without damage or erosion
occurring downstream due to increased flow.

4.3 Grease Trap
A grease trap is a necessary component in a CW system if the wastewater to be treated contains
any sort of fats, oil or grease (FOG). This is extremely applicable to milking centre washwaters
that contains residual milk; which is a significant sources of FOG. A grease trap is a tank which
utilizes baffles to reduce flow rates as well as wastewater temperature, allowing FOG to
coagulate. As FOG are less dense than water, they will float to the surface while allowing the
remaining constituents of the wastewater to flow through and on to further treatment processes
(Davis et al., 2011). Grease traps have the objective of removing 50-60% of FOG from the
wastewater stream. It is imperative that minimal FOGs enter a CW, as FOG can clog the CW inlet
zone and harm vegetation. Wastewater characterization can determine the concentration of FOG
in the wastewater which can help to determine the size of grease trap required. For farm
applications, with tank pumpout frequencies limited to 1-3 times per year, an HRT of 3-4 days is
recommended.
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Figure 2 – Cross-section of a typical grease trap

4.4 Balancing Tank / Balancing Pond
A balancing tank /pond may be a necessary component in a CW treatment system, if the
wastewater flow being treated is subject to flow, strength or pH fluctuations. There can be many
reasons for fluctuations including:






Variability in operating practices (e.g. bi-weekly cleaning of bulk tanks)
Storm events, spring runoff
Periodic wastewater production (e.g. silage leachate production)
Equipment failure

Spikes in pH, concentration or flow could cause a reduction in treatment efficiency or erosion
damage to downstream systems in the CW. A balancing tank/pond is used to even out spikes in
either flow or concentration by storing the wastewater for a certain HRT so that spikes in either
flow or concentration are evened out over time.
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A balancing tank typically has a large volume that is able to collect wastewater for a minimum of
24 hours. Typically, a mixing device or aerator is installed in the balancing to tank to ensure that
complete mixing occurs in order to actually balance pH or concentration spikes. In addition, a
balancing tank has the capabilities of limiting high wastewater flows that could damage
downstream systems by storing the wastewater in the tank and limiting the outflow to
consistent, manageable flows throughout the week.
When designing a balancing tank, the following steps should be followed (i.e. for balancing
weekly flows):
1. For an average week, determine the wastewater volume (m3) for each individual day
that wastewater is being produced. These values are the total volume of wastewater
entering the balancing tank on each specific day.
2. Calculate the average daily volume over the course of the week by taking the average of
the values determined in step 1. The obtained value will be the total volume leaving the
balancing tank on each day.
3. Calculate the accumulation in the balancing tank on each day by subtracting the total
flow volume out from the total flow volume in.
4. Calculate the overall cumulative volume over the course of the week by taking the
accumulation from that day and subtracting the overall cumulative volume from the
previous day.
5. The highest overall cumulative volume obtained during any day of the week should be
the required volume of the balancing tank.
6. An additional 20% of the highest overall cumulative volume value should be added to
account for contingency.
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As previously mentioned, a settling pond may also be used as a flow balancing mechanism. See
section 4.2 for further detail.
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4.5 Anchoring Tanks
In the case of septic tanks, grease traps and balancing tanks, many different materials can be
selected including fiberglass, various plastics and concrete. When selecting a material one must
be aware of seasonal fluctuations in the groundwater table elevation in order to mitigate the
possibility of the tank shifting due to hydrostatic pressure from an elevated groundwater table.
Using the following diagram and equation 2, one can verify if a tank will remain fixed under typical
conditions for a specific location.

Figure 3 - Conditions under which a tank might float

Where: Fs = weight of soil pressing down on tank, kN, calculated as:
Fs = volume of soil above tank (m3) * specific weight of soil (kN/m3)
Ft = weight of the tank pressing downwards, kN, calculated as:
Ft = mass of tank (kg) * [g (m/s2)/1000]
Fb = the buoyant force of the water table pushing upwards, kN, calculated as:
Fb = volume of tank (m3) * specific weight of water (kN/m3)

Where: Specific weight of water = 9.81 kN/m3
g = acceleration due to gravity = 9.81 m/s2
Specific weight of soil = 19 kN/m3 (typical value)

The tank will have the possibility of floating and therefore shifting if the following equation is
satisfied:
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Fb > Fs + Ft

[2]

When choosing construction material, it is often preferred to use concrete, as it is heavy and
would require a significantly higher Fb value acting against the tank in order to induce floatation.
Should the occurrence of floating still be a possibility, the tank should be anchored to the earth
using a form of ballast. This usually includes strapping the tank to a concrete slab which would
increase the weight of the tank and in turn increase the Ft value. Other anchoring methods
include using screw anchors or custom built tanks.
If ballast is required in order to eliminate the occurrence of a tank floating/shifting, calculations
can be performed to determine the exact volume of concrete that will be necessary. Equation 3
is as follows:

𝑽𝒄 =

𝑺𝑭(𝑭𝒃 −𝑭𝒕 −𝑭𝒔 )
𝜸𝒄

Where: Vc = volume of concrete ballast, kg
SF = factor of safety
Γc = specific weight of concrete, kN/m3

15

[3]

4.6 Silage leachate considerations
Through analysis of table 1, it is seen that the expected wastewater strength of silage leachate is
significantly higher than that of milkhouse washwater and manure pile/exercise yard runoff.
However, silage leachate is only produced intermittently when silage corn is harvested under
excess moisture conditions (see Figure 4). As well, leachate production only lasts for a short
period of time (typically 1 month) when the silo is filled after harvest. This poses design
difficulties, as farm operators must legally treat the silage leachate prior to discharge, yet
16

designing a CW system to directly treat a large increase in wastewater loading which may only
occur for a 1 month period one in five years is not cost effective. Consideration, therefore needs
to be made in order to adequately treat the leachate while maintaining a CW system that is not
excessively large.
The first step that can be taken is to mitigate the amount of silage leachate that is produced
overall. The OMAFRA FactSheet “How to Handle Seepage from Farm Silos” (Clarke & Hilborn,
2015) provides recommendations for maximum silage moisture content levels to mitigate
seepage production. Once seepage production has been limited, it must be ensured that any
seepage that is produced is properly collected in order to avoid leachate contamination into the
surrounding soil/water ways. Listed below are procedures set out by OMAFRA which should be
followed to properly manage silage leachate (Clarke & Hilborn, 2015):
 Silo should be covered and watertight to avoid precipitation from entering which could
increase the leachate volume produced.
 Any sources of runoff or surface water should be diverted away from the silo area as these
could become contaminated from the high strength leachate.
 Silo interior should be routinely inspected when empty, in order to identify any corrosion,
cracks or other damage which could allow leachate to leak into the surrounding soil/
water ways. Upon discovery of any damage, repairs should be made immediately.
Silage leachate should be collected and stored in a surface or underground storage basin or tank.
For farms with liquid manure management, the leachate can be diverted directly to the manure
storage assuming sufficient storage capacity. The required storage volume should be calculated
based on the expected volume of leachate, precipitation and an extra 20% of the storage volume
added for contingency. Any storage basin should be located meet regulated separation distances
from water bodies and wells.
There are several methods to manage silage leachate:
1. External haulage and disposal. The first and simplest method is to have the leachate
hauled away using a third-party company. The company can then take the leachate to a
proper treatment/disposal facility.
2. Land application to agricultural fields. This must be performed using a liquid manure
spreader and a proper dilution ratio, to ensure that the leachate will not damage the
crops. OMAFRA recommends using a dilution ratio of 1:1 leachate to un-contaminated
water, while altering the ratio if needed to be compliant with all aspects outlined in the
Nutrient Management Act.
3. On-farm treatment. The collected silage leachate could be slowly mixed and diluted with
milkhouse washwaters using a pump and timer and treated in the on-farm wetland
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treatment system. For this to work effectively, the wetland system will need to be sized
accordingly to treat the added hydraulic and organic load.

5 Constructed wetland cell
CW cells are implemented following pre-treatment unit processes such as a septic tank or settling
pond. The goal of the wetland cell is to further reduce contaminant concentrations in the
wastewater to levels acceptable for discharge to the environment or to a post-polishing system.
CWs can be classified as either free water surface (FWS) constructed wetlands or subsurface flow
(SSF) constructed wetlands. FWS wetlands are similar to a natural marsh and can be further
classified by type of wetland plants used: emergent macrophyte, free floating macrophyte and
submerged macrophyte. The wastewater in SSF wetlands does not come in direct contact with
the atmosphere and flows through sand or gravel media. SSF wetlands can be further classified
as horizontal flow, where the media is saturated, and vertical flow, where the media is
unsaturated. The variations in wetland cell configuration address treatment design objectives
and space constraints.

5.1 Free water surface wetland cell
FWS wetland cells are comprised of a channel equipped with an impermeable base layer (more
detail on base layer given in section 7.2) filled with water that is directly exposed to the
atmosphere and populated with wetland plants (see Figure 5). FWS wetland cells are the closest
in appearance and function to natural wetlands and are typically used to treat wastewater
streams with the additional goal of enhancing wildlife habitat or increasing aesthetic appeal (US
EPA, 2000). Rooting media placed on top of the impermeable base layer allows macrophytes to
be planted. A macrophyte is a plant that grows directly in water and aides in the wastewater
treatment process. FWS systems often require a large surface area to achieve adequate
treatment results. FWS wetland cells are commonly designed to treat precipitation or “event”
based wastewater sources such as manure pile and exercise yard runoff.
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Figure 4 - FWS wetland cell utilizing emergent macrophytes

Table 3 describes the expected removal efficiency for FWS wetlands.
Table 2 - Expected removal percentages when using a FWS wetland cell for wastewater treatment (Crites et al., 2006)

Contaminant
BOD5
TSS
TN
TP
Pathogens

Removal
54-88 %
53-93 %
46-65 %
58-67 %a
0.46-2.71 loga

a (Rozema, et al., 2016)

5.1.1 FWS wetland cell utilizing emergent macrophytes
Emergent macrophytes commonly used in FWS wetlands include cattails, bulrushes and reeds.
Emergent macrophytes grow in shallow water depths with a design depth of 20-40 cm typical for
FWS cells (Vymazal, 2010). The wetland plants contribute to wastewater treatment through a
number of mechanisms including nutrient uptake, support for bacterial biofilms and diffusion of
oxygen into the root zone. Any fine suspended solids that were not removed in the pre-treatment
phase are able to settle, forming a highly organic sludge at the bottom of the cell. The rooting
(rhizome) network of the macrophytes supplies oxygen to the bottom sludge, thus encouraging
anoxic transformation of settled contaminants. Furthermore, the submerged portion of the
macrophyte stems act as habitat for microorganisms (i.e. zooplankton), which target and help
remove pathogens along with other contaminants (Tousignant et al., 1999). Figure 6 is a visual
representation of an emergent macrophyte, which demonstrates how photosynthesis and
nutrient uptake are utilized to remove N and P.
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Figure 5 - The function of emerging macrophytes in a wetland cell and how they facilitate various removal mechanisms

5.1.2 FWS wetland cell utilizing free floating macrophytes
Free floating macrophyte based wetland cells function in a very similar fashion to that of their
emergent macrophyte based counterpart, with the exception that all vegetation is floating on
the water surface rather than planted in soil. Macrophytes in this type of design typically consist
of duckweed, water hyacinth and azolla (Tousignant et al., 1999). The floating vegetation can be
held in place with the use of a wire or mesh structure, to mitigate plant movement due to wind.
The free floating macrophytes are generally a dense cover, which can reduce the occurrence of
waves and other causes of water turbulence, thus allowing for more efficient settling of fine
particles in the wastewater (Tousignant et al., 1999). In addition to reducing water turbulence,
the dense covering also reduces the occurrence of submerged photosynthesis and the
production of nuisance algae (Srivastava et al., 2008). Similar to emergent macrophytes in a
wetland cell, the submerged roots of the plants act as a habitat for microorganisms, resulting in
more efficient pathogen removal. Basin depths tend to be deeper than emergent macrophyte
wetlands with depths of greater than 0.5m. Free-floating wetland vegetation could be
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incorporated into a pre-treatment settling pond in order to reduce wave action, increase settling
and reduce algae production.
When determining the size of a new wetland cell, several considerations should be noted
(Economoloulou & Tsihrintzis, 2004).

 The length to width ratio of the cell (L:W) should be in the range of 2:1-5:1
 Flow depth should be within 0.1-0.6m

5.2 Subsurface flow wetland cell
An SSF wetland cell is lined basin filled media, typically gravel or sand, and planted with emergent
macrophytes. The wastewater flows through the media and does not come in direct contact with
the atmosphere. The media support biofilm development, which contributes to biological
degradation of pollutants. The media can also act as a physical filter. While using a SSF wetland
cell, the following removal percentages presented in table 4 can be expected:
Table 3 - Expected removal percentages when using an SSF wetland cell for wastewater treatment (Crites et al., 2006)

Contaminant
BOD5
COD
TSS
TN
TP
Pathogens

Removal Percentage
65-88
71-93.5a
53-93
20-70
10-40
0.03-2.52 (LR)b

LR = Log reduction
a (Zhu et al., 2014)
b

(Rozema, et al., 2016)

5.2.1 Horizontal subsurface flow wetland cell
In a horizontal subsurface flow (HSSF) wetland cell, wastewater flows horizontally through the
bed from an inlet pipe to an outlet structure. The water level is maintained by a standpipe in the
outlet structure (see figure 7). The wetland cell is lined with either an impermeable liner or
compacted clay. The cell is filled with gravel, typically ¾ to 1 ½ inch in inlet and outlet zones and
½ inch throughout the rest of the cell. Cells are typically designed with a 2:1 to 4:1 L:W ratio and
a depth of 0.5-0.7m. The water depth is maintained at 0.1m from the surface. Macrophytes
(Phragmites or Typha are typical) are planted in the bed. The planted macrophytes transfer some
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oxygen into the filter media, however, it is thought that most of the treatment is accomplished
through anoxic microbial processes as well as through filtration of suspended solids. The plants
die off in the fall, with plant stocks creating a good insulating layer above the wetland. Subsurface
flow has the advantages of reducing human exposure to wastewater, reducing odours, mitigating
the reproduction of mosquitos and other water born insects and permitting winter operation.

Figure 6 – Cross section of a HSSF wetland cell

One significant disadvantage of HSSF wetland cells is that they are highly prone to clogging from
suspended solids in the wastewater stream. Clogging of the filter media can reduce treatment
efficiency and can lead to hydraulic failure (i.e. complete clogging) over time. If this occurs, the
clogged gravel will need to be removed and replaced. Figures 8-10 shows the various stages of
clogging that occurs in a HSSF wetland cell over time. It is of utmost importance if using a HSSF
cell that adequate suspended solids removal from the wastewater is performed during pretreatment, to mitigate clogging.
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Figure 7 - Unclogged filter media demonstrating excellent treatment capabilities

Figure 8 - Semi-clogged filter media demonstrating limited treatment capabilities
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Figure 9 - Clogged filter media demonstrating little to no treatment capabilities

5.2.2 Vertical subsurface flow wetland cell
A vertical subsurface flow (VSSF) wetland cell differs from both a FWS and HSSF wetland cell in
that the flow is unsaturated. A VSSF is in fact a conventional trickling filter with either sand or
gravel media and planted with emergent macrophytes. VSSF cells are typically designed to
remove organic matter as a secondary treatment unit or to remove ammonia as a tertiary
nitrifying filter. As with the HSSF wetland cell, the media supports the development of biofilm
which is responsible for microbial degradation of organic matter or nitrification of ammonia.
A VSSF wetland cell is comprised of an impermeable liner, a gravel base layer with a perforated
effluent pipe, filtration media (often sand), a top gravel layer to distribute effluent and uniformly
spaced perforated inlet pipes to dose the filter (see Figure 11). Wastewater is intermittently to
the wetland cell and as wastewater passes vertically through the cell, a vacuum like effect is
created which draws air into the pores of the filter media (EAWAG, 2018).
VSSF wetland cells are more prone to clogging than either FWS and HSSF wetlands cells due to
their smaller diameter media, which is typically sand. For this reason, VSSF cells are rarely
designed for agricultural wastewater treatment applications as these wastewater sources tend
to be higher in both organic and solids loading than domestic wastewater.
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Figure 10 - Cross section of a VSSF wetland cell

5.3 Wetland cell design using pollutant removal theory
Wastewater treatment of dairy and beef farm runoff will primarily be related to the removal of
organic matter (BOD5) and total suspended solids (TSS). The removal of suspended solids is
mostly achieved in the pre-treatment tanks. Therefore, the basis for design of the constructed
wetland cell is typically to remove BOD; however, nutrient and pathogen removal may also be
achieved.
When sizing a wetland cell, several considerations must be taken into account. One must
characterize the wastewater source in terms of wastewater flow rate and contaminant strength
as well as define the treatment objectives and final effluent concentrations. Wetland cells have
traditionally been designed using the first order plug flow reactor kinetics; however, recent
research has demonstrated that a tank-in-series model provides better results (Kadlec and
Wallace, 2009). The P-K-C* model is a tank-in-series model based on areal loading rates and has
been modified to account for background contaminant concentrations. The P-K-C* model for a
given contaminant is represented by Equation 5.

𝑪𝒐 −𝑪∗
𝑪𝒊

−𝑪∗

=

𝟏
𝒌 𝑷
)
𝑷𝒒

(𝟏+

Where: Co = Outlet concentration, mg/L
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[5]

Ci = Inlet concentration, mg/L
C* = Background concentration, mg/L
k = areal rate reaction constant, m/yr
P = apparent number of tanks in series (TIS) value
q = hydraulic loading rate, m/yr

In addition to Equation 5, the rate constant can be modified to account for variation in
temperature using the Arrhenius relationship outlined as equation 6:

𝒌𝒕 = 𝒌𝟐𝟎 ∗  (𝑻−𝟐𝟎)

[6]

Where: Kt = temperature adjusted rate constant, m/yr
K20 = rate constant at 20 oC, m/yr
 = modified Arrhenius temperature factor
T = water temperature, oC

Equation 7 is a re-arranged version of Equation 5, which allows for the direct calculation of
wetland cell area and is therefore used when sizing a FWS wetland cell.

𝑨 = 𝑸𝑷

𝑷 𝑪𝒊 −𝑪∗
√
−𝟏
𝑪𝒐 −𝑪∗

𝒌

Where: A = surface area (m2)
Q = wastewater flow rate, m3/d
Ci = inlet concentration, mg/L
Co= outlet concentration, mg/L
C* = background concentration, mg/L
k = areal rate reaction constant, m/yr
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[7]

P = apparent number of Tanks in Series
Design Constants for BOD removal from FWS and HSSF systems on Ontario dairy and beef farms
as well as 50% percentile literature values (mostly from domestic wastewater applications) are
presented below in Table XX.
Table X. Design Parameters for P-K-C* model
Parameter
Beef farm Wetland1
FWS Wetland
P
2 ± 0.3
C* (mg/l)
8.8 ± 1.1
Ɵ
1.061 ± 0.003
K20 (m/yr)
8.7 ± 0.5
HSSF Wetland
P
C* (mg/l)
Ɵ
K20 (m/yr)
1 Franco et al, 2018
2 Shawcross et al, 2018
3 Kadlec and Wallace, 2009

Dairy Farm Wetland2

Domestic Wastewater3

-

1
10
36
1.0

3
5
1.036
56.4 ± 14

3
10
25
1.0

Design Example 1 – Beef Feedlot Runoff Treatment System Using a FWS Wetland
Design a settling pond and FWS wetland cell to treat the runoff from a 1000 m2 beef operation
exercise yard and manure pile. The effluent BOD5 objective is 25 mg/L for discharge into an
agricultural surface drain. Assume a minimum water temperature of 10°C.


Assume Ci = 150 mg/L of BOD5



Annual Q = 1000 m2 x 0.9 m (annual rainfall) x 0.81 (evaporation factor) = 729 m3



Design the pre-treatment pond with a holding capacity of 4 months or 729/4 m3 = 182
m3. If the pond is 2.0 m deep, it will have a S.A. of 91 m2.



The wetland will be operated from the beginning of April – beginning of December (8
months) so the design flow rate Q will be 365d/243d x 729 m3/yr = 1095 m3/yr.



From Table X, K20 = 8.7 m/yr, Ɵ=1.061. To calculate K10 use Eq 6:

𝒌𝒕 = 𝒌𝟐𝟎 ∗  (𝑻−𝟐𝟎)
𝒌𝟏𝟎 = 𝟖. 𝟖 ∗ 𝟏. 𝟎𝟔𝟏 (𝟏𝟎−𝟐𝟎)
𝒌𝟏𝟎 = 𝟒. 𝟗𝒎/𝒚𝒓
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To Calculate wetland area use Eq 7 with P=2, C*=8.8 mg/L, K=4.9m/yr:
𝑷

√

𝑨 = 𝑸𝑷

𝐴=

𝑪𝒊 − 𝑪∗
−𝟏
𝑪𝒐 − 𝑪∗
𝒌

2 × 1095
150 − 8.8
× √(
)−1
4.9
25 − 8.8
𝐴 = 872 𝑚2

Therefore, the wetland area required will be 872 m2.
Design Example 2 – Dairy Farm Milking Centre Washwater Treatment System Using an HSSF
Constructed Wetland
Design a pre-treatment system for milking centre washwaters to reduce BOD5 from 2000 mg/L
to 200 mg/L to permit discharge into a conventional septic field. The system should consist of a
septic tank, a grease trap and a horizontal SSF wetland cell. Assume a design flow of 1000 L/d
and a minimum winter operating temperature of 2°C.


Both the septic tank and grease trap should be designed to have an HRT of 3 days, so 3 x
1000L = 3000 L tanks. Since the minimum septic tank size in Ontario is 3600L, select this
size for the septic tank.



Design flow Q = 1000 L/d x 365 d/yr x m3/1000L = 365 m3/yr



From Table X, K20 = 56.4 m/yr, Ɵ=1.036. To calculate K10 use Eq 6:

𝒌𝒕 = 𝒌𝟐𝟎 ∗  (𝑻−𝟐𝟎)
𝒌𝟐 = 𝟓𝟔. 𝟒 ∗ 𝟏. 𝟎𝟑𝟔 (𝟐−𝟐𝟎)
𝒌𝟐 = 𝟐𝟗. 𝟖𝒎/𝒚𝒓


To Calculate wetland area use Eq 7 with P=3, C*=5 mg/L, K=29.8 m/yr:
𝑷

√

𝑨 = 𝑸𝑷

𝑪𝒊 − 𝑪∗
−𝟏
𝑪𝒐 − 𝑪∗
𝒌
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𝐴=

3 × 365 3 2000 − 5
× √(
)−1
29.8
200 − 5
𝐴 = 59 𝑚2

Therefore, the wetland area required will be 59 m2.

6 Post-treatment polishing and discharge practices
Although the CW cell itself performs the vast majority of treatment, contaminant strengths will
typically remain too high to adhere to acceptable discharge limits, which necessitates postpolishing treatment. Post-polishing occurs after pre-treatment and subsequent treatment by the
CW cell. Several methods exist to polish and then discharge the final effluent wastewater, either
to surface water or to groundwater. Surface discharge signifies releasing the treated wastewater
into some form of surface water system (surface drain, creek, river, lake etc.) while subsurface
discharge signifies allowing the treated wastewater to infiltrate into the groundwater.

6.1 Leaching bed
A leaching bed is a post-polishing system comprised of perforated distribution pipes (typically
PVC) in gravel trenches over a bed of unsaturated sand or native soil (see figure 12). Wastewater
from the wetland cell can be discharged to a leaching bed when cBOD and TSS concentrations
are of similar strength to domestic septic tank effluent (i.e. cBOD 5 < 200 mg/L; TSS < 50 mg/L).
The effluent is distributed to the leaching bed through the perforated pipes and gravel and
percolates through the unsaturated soil, where it is further treated, before returning to the
underlying groundwater. The system can either be gravity fed or, depending on site topography,
pump fed. It should be noted however that the distribution pipes are never pressurized, even
with use of a pump fed system.
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Figure 11 - Top view of a leaching bed consisting of 4 distribution pipe runs

When determining the size and location of a leaching bed, the Ontario Building Code-Part 8
(Government of Ontario, 1992) should be followed, with the following guidelines:
 A leaching bed should not be located in an area with a land slope of greater than one unit
vertically to four units horizontally (4:1).
 A leaching bed should not be located in an area that is prone to flooding.
 A leaching bed should not be located in soil (in-situ or fill) that has a percolation time of
less than 1 minute or greater than 50 minutes.
 A leaching bed should not by covered in any material whose hydraulic conductivity is less
than 0.01 m/day.
 Leaching bed surface should be designed to shed water and mitigate erosion while not
inhibiting evapotranspiration/transpiration.
 A leaching bed shall be designed to be protected from any sources of compaction or stress
which could damage a distribution pipe or disturb the leaching bed soil/fill.
 Total distribution pipe length (all runs combined) should not be less than 40 m.
 Spacing between each line is 1.6 m.

Equation 8 should be used to determine the appropriate length of distribution piping:

𝑳=

𝑸𝑻

[8]

𝟐𝟎𝟎

Where: L = length of distribution pipe, m
Q = daily wastewater production rate, L/d
T = design percolation time, min/cm
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Figure 12 - Leaching bed configuration
corresponding to the sizing calculation

6.2 Vegetated filter strip
A VFS is a vegetated infiltration zone with a gentle downward slope. The vegetation situated in
the filter is densely planted and acts to filter the wastewater solids and to remove nutrients and
water through plant uptake and evapotranspiration. Grasses are often used and harvested for
animal fodder, although tree species such as short-rotation poplar trees could also be considered.
The sizing of the vegetated filter will primarily depend upon the soil type. For further information
on recommended sizing review the OMAFRA publication: Vegetated Filter Strip Design Manual
Publication 826 (Government of Ontario).
ORWC research results at a grass VFS treating beef farm runoff wetland effluent indicate that
loading rates of up to 6.6 mm/d are achievable in a clay-loam soil (Franco et al, 2018).
When designing a VFS system for post-polishing purposes, the following considerations should
be kept in mind (Tousignant et al., 1999):

 The effluent should be evenly distributed to the VFS through a perforated header pipe
 be a maximum of 0.05 m3/m/hour of filter (conservative estimate)
 VFS width should be a minimum of 9 m, in order to facilitate the use of harvesting
equipment

 The VFS should be designed to have a slope of 1-4%
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 VFS operation is only suitable during the growing season, generally from mid-April to midNovember.

 Vegetation inside filter strip should be harvested every three to four weeks
 The VFS should be situation at a minimum of 1 m above the groundwater table, to
mitigate the risk of outside contamination to the wastewater
When utilizing a VFS as a post-polishing mechanism, it is important that the VFS is given a rest
period, in order to allow the filter media to dry before vegetation harvesting occurs. The rest
period will depend upon soil type and wastewater loading rate, and could be as short as 1 day,
however, a design rest period of two weeks is recommended to account for rainy periods. As
such, it is recommended that two separate VFS systems be implemented, so that treatment may
continue in one VFS while the alternate recovers. Alternatively, the preceding wetland cell should
be designed to store two weeks’ worth of wastewater while the VFS rests.

7 Construction
Outlined in this section are some general construction guidelines that should be studied prior to
project implementation.

7.1 Tanks
In conjunction with the design criteria set out in Section 4, the following criteria needs to be
followed for tanks to be compliant with the Ontario Building Code (Government of Ontario,
1992):

 A tank must be equipped with access openings to allow for sludge removal as well as
inlet/outlet structure or general tank maintenance.


Access openings should not be located more than 300 mm below the ground
surface. Under special circumstances where access openings must exist more
than 300 mm below ground, risers must be installed to raise the openings height
to within 300 mm of the ground surface.

 A tank must not be covered by any fill that has a depth greater that the recommended
maximum burial depth as outlined by the tank manufacturer to maintain the structural
integrity of the tank.
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 As outlined in Section 4.5, appropriate calculations should be performed to ensure that
proper tank anchoring measures are implemented to avoid tank floatation or shifting
due to groundwater fluctuation.

 In the case of using multiple septic tanks in series, connecting pipes between tanks
should be laid to have a minimum slope of 2%.


Connecting pipes should be continuous and should be connected to the tanks
using water tight seals that allow for differential movement between the tanks.

 If a partitioned septic tank is to be used, openings must be installed between
compartments that are a minimum of three times the area of the inlet pipe. They should
also be located between the top of the tank and a level that is 150 mm above the liquid
level at the outlet to ensure adequate air flow between compartments.

 To allow wastewater to flow through the compartments in a partitioned tank, two or
more evenly spaced openings must exist in the partition at approximately 40% of the
liquid depth below the liquid surface whose area must be in the range of three to five
times the cross-sectional area of the inlet.

7.2 Impermeable liners
In the case of settling ponds and wetland cells (both FWS and SSF), impermeable liners are
required to ensure that wastewater is not seeping into the ground untreated or that groundwater
is not infiltrating into the treatment system. Typically, impermeable liners consist of using
compacted soil or a synthetic liner.

7.2.1 Compacted soil liner
In some cases, it is easier and most cost effective to utilize compacted soil as an impermeable
liner in a settling pond or wetland cell. If on-site soil conditions are not acceptable for use as a
liner, soil can be imported from another site. Generally, a soil will be an acceptable liner if it
contains ~15% clay and can be compacted to a permeability of <1x10-7 cm/s (White et al., 2011).
The following guidelines set out in (Government of Ontario, 2002) should be followed if using a
compacted soil liner for a settling pond or wetland cell:
 Minimum soil thickness of completed liner should be no less than 0.9 m on sloping inside
walls and 0.6 m on pond bottom.
 Inside wall liner should consist of six compacted layers of maximum 150 mm thickness.
33

 Bottom liner should consist of four compacted layers of maximum 150 mm thickness.
 The interface of surface layers should be disked or scarified before subsequent layers are
placed.
 Each soil layer should be compacted to 95% of the modified Proctor maximum dry density
as determined by a Geotechnical Engineer

7.2.2 Synthetic liner
In cases when on-site soil is very sandy or consists of excessive void space, a compacted soil liner
may not be suitable. In such scenarios, a synthetic liner such as polyvinylchloride (PVC), highdensity polyethylene (HDPE), polypropylene (PP) etc. should be used (Taylor et al., 1998). The
liner should be a minimum of 30 mil in thickness and seated on a bed of sand to mitigate the
occurrence of perforations if the native soil is rocky. The liner shall extent to the top of the side
walls of the pond or cell and shall be toed into the soil berms. Any exposed liner should be
covered with soil, for protection against degradation caused by UV rays. Similar to compacted
soil liners, guidelines set out in (Government of Ontario, 2002) should be followed.
 If any sort of accessory structure causes a discontinuity in the liner, the liner must be
bonded to the structure in accordance with manufacturer recommendations or a method
recommended by a professional engineer on-site.
 The qualified engineer or professional supervising the construction process shall:


Ensure through inspection prior to filling that there are no perforations in the liner
or any other damages that could result in leakage to the surrounding soil.



Ensure that any damages discovered in the liner are repaired according to the
professional’s recommendations.

 The qualified professional shall inspect all repairs made to ensure compliance prior to
filling.

7.3 Berms and required freeboard
When constructing a wetland cell, berms must be constructed in conjunction with adequate
freeboard to account for organic buildup, storm events and other contingency. Freeboard should
consider the functioning life of the FWS CW systems should consider a 2-3 cm/year organics build
up (Tousignant et al., 1999). An freeboard should be added to accommodate a 10-yr storm event.
When constructing cell berms, inner slopes of maximum 2:1 and outer slopes of 3:1 should be
used (Tousignant et al., 1999) (Kopec, 2007). The berm itself should be approximately 2 m in
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width at the top, to allow for easy maintenance. Braided wire can be installed in the berm to
discourage wildlife from burrowing through the berm structure. Wire is preferred over the use
of rip rap to discourage wildlife induced damage, as it is more aesthetically pleasing and promotes
vegetation growth. The top and outsides of the berm should be mulched and/or seeded as soon
as possible to prevent erosion.

7.4 Water level control structures
7.4.1 FWS inlet and outlet control structures
The most important aspect of the inlet and outlet control structures in a FWS wetland cell is to
achieve even water distribution throughout the entire width of the cell to mitigate the
occurrence of short circuiting within the system (Crites et al., 2006). Typically, inlet and outlet
systems are made of perforated PVC pipes, as they are cost effective, durable and easy to
maintain. Even distribution can be achieved through use of a T-joint branching off the main inlet
pipe, with evenly spaced exit holes along its length, as seen in figure 15 (Davis, 1994). If the
distribution method from the pre-treatment system is through use of pumps, simply a T joint will
suffice, as the pump can be used to control inlet flow rate. If gravity is to be used rather than a
pump, an orifice plate can be used if flow mitigation from storm events is desired. The inlet
distribution structure should be installed to protrude through the berm of the wetland cell and
be located at a height that is 0.3-0.6 m above the average water level experienced in the wetland
cell (see Figure 14). The protruding T-joint should be supported by blocks (typically concrete) to
ensure that the inlet structure weight is not supported by the soil berm, which could cause
structural damage to the wetland cell. An alternate design would be to place rip-rap in the inlet
zone to support the header pipe.

Figure 13 - FWS inlet structure side view
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Figure 14 - FWS inlet structure top view

The outlet structure in a FWS wetland cell consists of a perforated collection pipe with a T joint
leading to a control box where a vertical adjustable standpipe is used to controls the wetland
water level. The effluent pipe should rest on a layer of gravel to avoid entrainment of bottom
sediments.

7.4.2 SSF inlet and outlet control structures
Similar to FWS wetland cells, one of the most important aspects needed to achieve maximum
treatment efficiency is to maintain even flow distribution throughout the cell. Due to variations
in flow direction, inlet structures for HSSF and VSSF cells are implemented differently, yet both
serve to evenly distribute the wastewater.
As can be seen in Figure 11, in a VSSF wetland cell, wastewater is pumped through uniformly
spaced inlet pipes (typically perforated PVC piping) to obtain vertical downward flow inside the
cell. In warm climates, the inlet pipes are usually installed on the surface of the wetland cell on a
bed of coarse gravel (0.8-1.5 cm diameter) to allow for fast infiltration into the filter media and
to mitigate surface ponding (Reed, 1993). In colder climates, a layer of mulch can be placed over
the inlet piping to provide insulation. As well, dosing pipe drain-back is essential to avoid pipe
freezing.
Similar to Figure 14 which depicts a FWS inlet structure, the inlet structure for a HSSF wetland
cell typically consists of a perforated PVC pipe that spans the entire width of the cell. The inlet
pipe should be installed either on the top of the gravel bed or within the top 10 cms of gravel,
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which is above the operating water level of the cell. The inlet should be situated in a bed of 0.81.5 cm diameter gravel to limit ponding at the inlet and to convey the wastewater to the filter
media efficiently.
Outlet structures in SSF systems are generally the same configuration for both VSSF and HSSF
wetland cells. The outlet structure in a SSF cell should be situated just above the impermeable
liner at the base of the cell, at the outlet of the wetland cell (see figures 7 & 11). As with a FWS
cell, the water level is controlled by a standpipe in the outlet control box.

7.5 Planting
Vegetation existing in both FWS and SSF wetland cells contributes to contaminant removal as
well as aesthetics, water evaporation, insulation and odour abatement. Emergent macrophytes
(typically reeds or cattails) are most often transplanted from nearby ditches or humid areas on
the farm. The plants can be removed with a backhoe or tractor bucket. One only needs to
transplant 6 inch segments of rhizome with 20-30 cm of plant stalk intact and they will grow back.
A planting density of 4-9 rhizome segments per m2 in recommended.
To ensure the best chance of vegetation survival upon planting, the following guidelines are
recommended (Tousignant et al., 1999):
 Once planting is completed, the entire area should be flooded with 2 cm of water to
ensure that newly planted vegetation has adequate water to begin rooting. Care should
be taken to ensure that the tops of vegetation stalks are not covered with water, as this
could result in damage to vegetation. For HSSF wetlands, the cell can be filled as the
macrophytes are planted in the gravel layer and above the standing water.
 In weeks after planting as vegetation grows, water levels may be raised appropriately up
until the point at which the desired water level at full function is achieved. Care should be
taken to not fully submerge the plants.

7.6 Polishing and discharge mechanisms
Due to spacing requirements between system base and the high ground water table (or bedrock)
a leaching or filter bed may exist as a raised bed. This includes covering the area with fill followed
by subsequent compaction to effectively raise the elevation of the area by a specific height. This
is performed to ensure that once excavation of trenches is completed, that the base of the system
will be spaced an appropriate distance (exact values are outlined in the following sections) from
the high ground water table and be compliant with Government of Ontario regulations.

37

7.6.1 Leaching bed
In order to be compliant with Ontario Building Code Part 8 (Government of Ontario, 2012) and
to in turn ensure effective treatment capabilities, the following guidelines shall be followed when
constructing a leaching bed:
 Trenches shall be 500 – 1000 mm in width.
 Trenches shall be 600 – 900 mm in depth.
 The centers of each trench should not be less than 1600 mm apart.
 Trenches should be dug so that the very bottom of the trench is no less than 900 mm
above the high ground water table.
 Trenches should be backfilled after installation of distribution piping to ensure that once
settling occurs that no surface depressions will form.
 Distribution piping should not be less than 76.2 mm trade size (when using a gravity fed
system).
 Distribution pipes should be laid to have a constant downward slope from the inlet of 3050 mm for every 10 m of pipe (for gravity fed systems).
 Distribution pipes should be installed within a layer of stone that itself is:


Comprised of washed septic stone, free of fine material and conforms to table 5



Minimum 500 mm in width



Extends a minimum of 150 mm below the distribution pipe



Extends a minimum of 50 mm above the distribution pipe



Covered in a geotextile membrane to mitigate soil or fill from entering.

 Leaching bed fill should extend a minimum of 250 mm over the area needing to be
covered.
 Leaching bed fill should extend a minimum of 15 m beyond the distribution pipes in any
direction in which wastewater will move horizontally.
 All leaching bed fill should be protected against erosion.
 Construction site should be cleared of vegetation as much as possible.
 Compaction of soil layers should be performed in order to eliminate the occurrence of
uneven distribution pipe settling.
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 Leaching bed side slopes should not exceed one unit vertically to four units horizontally
(1:4).
 See Ontario Regulation 332/12 for detail regarding minimum leaching bed construction
distances from various natural land features.

Table 4 - Gradation of septic stone for required leaching bed trench stone layer

Particle Size
53 mm
19 mm
75 m

Percent Passing
100
0-5
0-1

7.6.2 Vegetated filter strip
The construction of a VFS requires specific attention to ensure even flow distribution and proper
treatment of wastewater. Coupled with the VFS design requirements outlined in section 6.1, a
detailed review of the construction requirements can be found in the VFS design manual set out
by OMAFRA (Government of Ontario).

8 Operation, maintenance and monitoring
The proper function of a CW system requires that routine inspections be made in order to
properly monitor and maintain the system while it is being operated. Outlined below are
inspection frequencies for various CW components along with what to look for and how to
remediate possible issues, should they occur.

8.1 Inlet and outlet structure maintenance
Inlet and outlet structures need to be maintained in order to ensure that they are properly able
to control water levels. Structures should be inspected a minimum of twice monthly to check for
any sort of sediment buildup, blockages or wear that may be preventing the structures from
functioning correctly (Tanner & Kloosterman, 1997). Any build-up or blockages should be
removed upon inspection. If any damage to a structure (i.e. cracks or holes) is visible, repairs
should be performed immediately and if repair is not possible, the structure should be replaced.
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Furthermore, all structures should be inspected after any significant storm event or sudden ice
melt as these events could damage or clog structures (Davis, 1994). In addition to bi-weekly and
post-storm event inspection, an annual clean out of all inlet structures should be performed to
ensure that structure functionality is at 100 percent. Pressurized water should be used to ensure
complete removal of any buildup (Tanner & Kloosterman, 1997). If chemicals are to be used as a
part of the cleaning process, it is important to first consult with a professional, as certain
chemicals could harm the subsequent vegetation and reduce treatment effectiveness. It should
be noted that in cases where a rotating standpipe is being used to control water level, or a vnotch weir or orifice plate is being used to limit the effluent discharge rate at the outlet, the
piping, weir or orifice should be inspected for clogging during bi-weekly inspections.

8.2 Berms
Bi-weekly inspection of all berms and embankments should be performed year round. When
performing the inspections, one should be checking for any erosion, weed growth and damage
caused by storm events or wildlife (Tanner & Kloosterman, 1997). Any cracks should be sealed
and areas with high erosion should be repaired. Weeds should be pulled upon inspection to
mitigate the risk of them spreading into the wetland vegetation. Burrowing of wildlife (such as
rabbits, muskrats, beavers etc.) inside embankments could compromise the structural integrity
of CW cells or settling ponds, therefore removal of wildlife should be a priority and any damage
inflicted to a berm should be remediated as soon as possible. If grass exists on a berm, it should
be mowed routinely in order to induce a strong root base which will aide in the prevention of
erosion and discourages weed growth.

8.3 Vegetation maintenance
All planted vegetation needs to be cared for in order to maintain treatment efficacy. Plant
inspection should occur on a bi-weekly basis alongside other routine inspections. One key aspect
to plant health is water level. Water level should be maintained at levels recommended by
professional engineers upon construction of the system, as too little or too much water can
reduce treatment efficiency or kill the vegetation (Davis, 1994). One should inspect for early signs
of plant stress or disease so that preemptive measures can be taken to remediate the issue
before widespread damage occurs which could affect wastewater treatment (Tanner &
Kloosterman, 1997). One should also inspect for weed growth and handpicking should be
performed before weeds become more widespread and harder to remove. If weeds become a
significant issue, a professional engineer should be contacted prior to any type of herbicide use
as a control measure (Tanner & Kloosterman, 1997).
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In addition to routine inspection, an annual vegetation maintenance session should be
performed. The session should comprise of removing any dead plants, all weeds and
transplantation of vegetation from outside sources or from healthy sections of the wetland. This
session ideally should take place after ice melt in the spring, prior to the heavy-use period of the
CW system in summer months.

8.4 Winter operation
A CW system used in Ontario will be subjected to sub-freezing temperatures during winter
months. It must first be realized that treatment capability in the winter is diminished due to
colder temperatures that reduce contaminant removal kinetics. Treatment, albeit slower, is still
possible and there are several design factors that can be implemented in order to mitigate loss
of treatment efficiency while maintaining year round operation of a wetland system.
8.4.1 Storage Pond
A storage pond can be used be store the wastewater produced over the winter months (120-180
days). The storage pond can be included into the primary settling pond or can be a supplementary
storage pond solely used for winter storage. This approach is relevant to FWS wetland systems,
which will freeze during winter and could be applied to both milking centre washwaters, with
consistent year-round production, and to manure pile and exercise yard runoff, which will
produce a flush of contaminated water during spring runoff. Once temperatures have returned
to above freezing levels, the CW system as a whole is able to function normally, and the stored
wastewater is dosed to the system intermittently through the use of a water control structure or
a pump and timer.
The primary disadvantage of using a storage pond is the construction cost. Furthermore, the CW
system itself would need to be designed to accommodate the increased wastewater flow in
summer months, due to daily wastewater production coupled with influent winter storage
wastewater. This will result in the necessity for a bigger wetland cell which could also incur more
cost. Due to the nature of this method and the fact that the CW system will not be in operation
during winter, the wastewater storage method may be used in conjunction with any type of
wetland cell, although it is most relevant to FWS systems.
8.4.2 Septic Tank and HSSF system
Septic tank and HSSF wetland systems can operate throughout the winter as the wastewater
stays below the ground surface. The dead plant stems form an insulating layer on top of the
gravel, which along with snow cover can provide sufficient insulation. Some farm operators have
also blown snow or added a layer of straw on top of the wetland to increase insulation.
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8.5 Sludge management
Sludge build up is a normal part of the treatment process in all of the components in a CW system,
mostly due to the settling of suspended material, but also from the development of microbial
biofilms. Routine removal of sludge is necessary to avoid clogging of inlet/outlet structures along
with filter media.
When dealing with beef and dairy farms there will be either an installed septic tank or settling
pond. Assuming that these pre-treatment systems are working effectively, one would not expect
a great degree of sludge build up to occur in the wetland cell. It is often adequate to de-sludge a
wetland cell (either FWS or SSF) every 10-20 years in order to maintain treatment capability
(Tousignant et al., 1999).
As a septic tank is generally small in volume and will perform a majority of the primary suspended
solids removal, it naturally must be de-sludged more often. A septic tank should be de-sludged
when the accumulated sludge fills roughly 1/3 of the tank volume. This suggests that the desludging frequency is dependent on septic tank volume and wastewater characteristics. By
knowing the TSS concentration in the wastewater and its settling characteristics, one can
estimate the yearly expected sludge build up. Knowing the septic tank volume, one will then be
able to determine how long it will take for sludge build up to reach 1/3 of the tank volume.
Experience from several dairy farm HSSF wetland systems suggests that both the septic tank and
grease trap require pumping 3 times per year.
Settling basins, due to their typically large storage volume, need to be de-sludged less often than
septic tanks. Generally, a settling pond should be de-sludged in the range of every 5-10 years
(Tousignant et al., 1999). The decreased de-sludging frequency is also to accommodate the
typically difficult process of de-sludging, which requires mechanical removal. The pond needs to
be drained in order to remove the sludge, which would also result in cessation of treatment (if a
single settling pond is being used) which is unfavorable to the operator.

8.6 Wastewater monitoring
Monitoring of wastewater is integral to the long-term success of a CW system. Wastewater
samples should be routinely collected from the wastewater source (before it enters any pretreatment system) and from the outlet of the wetland cell before discharge or groundwater
infiltration through either a VFS or septic field.
By collecting wastewater samples from the sources, analysis can be performed in order to ensure
that contaminant strengths are consistent. If strength is increased past the range of what is
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expected, the CW system may not be able to fully treat the wastewater which could result in a
lack of compliance with regulatory standards upon final discharge.
Collection of wastewater samples after the final treatment stage allows for the determination of
whether or not the final effluent is compliant with regulatory standards. This allows the operator
to determine if the CW is performing as expected or if it is under-performing, signifying that there
is a problem that needs to be addressed. The sampling frequency will generally depend upon
regulatory requirements, but should at a minimum be 1 sample per operating season.
Samples can be collected as either “grab” or as “composite” samples as outlined in Section 3.3.
It is recommended to use 24-h composite sampling when possible for all monitoring purposes,
as composite samples are more representative than grab samples. However, this is not always
feasible.

9 Cost
The unit treatment processes described in this Guidebook are all passive treatment technologies
which involve relatively low capital costs and very low operating costs, however, require but land
area than other more intensive wastewater treatment technologies. A list of processes that
contribute to the overall cost of implementing a new CW system for wastewater treatment are
described below in Table 6.

Table 5 - Items and processes that add to the overall cost of implementing a new CW system

Item/Process
Site Establishment

Excavation

Tanks
Impermeable liner
Placement of topsoil

Description
Site establishment includes determining the build location,
preliminary engineering inspections, permits, design processes by a
consulting firm and general site clean-up prior to any construction.
Excavation incorporates removal of trees and topsoil and also
grading of the site. It also includes digging settling ponds, wetland
cells and discharge trenches. Additionally, any tanks or piping that
must be buried or raised is also included in excavation.
Furthermore, excavation includes compaction of all berms and
pond/cell bottoms (including impermeable clay liners if used)
If a septic, grease or balancing tank is needed for pre-treatment, it
will need to be purchased, thus incurring cost.
If clay fill needs to be imported or if a synthetic liner is used, these
will both incur costs.
Topsoil placement is only needed for HSSF wetland cells. Placement
of topsoil will only incur cost if on-site fill is not adequate to be used
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Filter gravel

Inlet and outlet
structures
Wetland vegetation

Post-polishing
discharge structures
Operation and
maintenance

for planting media and imported topsoil must be
purchased/imported.
Filter gravel must be imported for use around inlet/outlet
structures or for a filter layer in certain wetland configurations.
Costs are incurred from the purchase of the gravel along with
transportation fees.
Inlet/outlet structure piping will need to be purchased along with any
lumber or support blocks required for proper design.
Wetland vegetation may have to be purchased if it cannot be
obtained locally or on-site. This could also include the purchase of
seeds should they be preferred over mature plants.
Most post-polishing systems require piping, control boxes and
pumps which will all incur costs.
Routine wastewater sampling/ analysis by a reputable laboratory
will incur annual cost. Additionally, any repairs needed by any part
of the system could incur cost.

When comparing the implementation of a CW system versus the use of a conventional
wastewater treatment plant, the CW system will almost certainly be the significantly cheaper
option. On the other hand, the cost comparison between a FWS and SSF system would reveal
that the two have relatively similar overall costs. This is due to the fact that a majority of the
processes listed in table 6 are required for the implementation of both cell configurations.
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10 Case Studies
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