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1.0 Background

With the introduction of nutrient management regulations in Ontario in the fall of 2003, 
farmers applying for a building permit for a new livestock or manure storage facility are 
required to demonstrate that they are properly managing the runoff from any new solid manure 
storages built in the province.  Practices considered to be proper runoff management include 
the following:

• Cover the solid storage, preventing rainfall additions that could generate significant 
amounts of runoff.

• Collect and store runoff in a holding tank or liquid manure tank for subsequent land 
application.

• Treat the solid manure storage runoff through an engineered vegetated filter strip 
system (VFSS).

• If site conditions exist, manage the runoff by directing it to pass though a permanently 
vegetated area incorporating a flowpath.  Numerous site conditions and manure 
characteristics must be in place to quality the runoff to be managed in this manner (see 
Section 81 of Nutrient Management Regulation 267/03).  

Recent amendments (effective January 1, 2011) to Ontario’s nutrient management regulations, 
now also require farmers to demonstrate they are properly managing any milking centre 
washwater generated by their facility.   Producers without a nutrient management strategy can 
be phased into these milking centre washwater rules if they:

• Build or replace  a milking parlour or milkroom
• Expand a parlour or milkroom if the size of the bulk tank increases. 
• Build, expand or replace a sediment tank1, treatment trench1 or milking centre 

washwater storage facility.

Those currently holding a nutrient management strategy are phased into the milking centre 
washwater rules if they apply for a building permit for any of the reasons listed above or if it is 
January 1, 2016.  As well, those nutrient management strategy holders that were phased in 
without construction (i.e. were existing operations 300 or more nutrient units in size), and use a 
sediment tank/treatment trench system constructed prior to April 6, 1998 to manage their  
milking centre washwater, may meet the new regulation requirements, provided the first rinse 
is treated separately (i.e. does not enter the sediment tank/treatment trench system) and there is  
no indication of liquids escaping or any improper discharge from the existing system.

1 Milking centre washwater management systems that use a septic tank and leaching bed (i.e. an 
absorption trench or filter bed) to handle and treat the washwater, refer to the septic tank as a 
“sediment tank” and the leaching bed as a “treatment trench”.  “Sediment tank” and “treatment trench” 
are terms that have been used historically in agriculture for describing systems that manage milking 
centre washwater in this manner and are therefore used throughout this document.  A treatment trench 
is therefore equivalent to a leaching bed (absorption trench or filter bed) and is thus sized in the same 
manner, in accordance to Part 8 (Division B) of the Building Code (O.Reg. 350/06).
1



The new milking centre washwater rules leave existing and future milk producers with the 
following options for managing their milking centre washwaters:

(1) A system approved under the Building Code (i.e. <10,000 L/day discharge capacity) (e.g. a 
sediment tank and treatment trench system provided the first washwater rinse high in milk 
solids is removed) 
(2) A system approved under the Ontario Water Resources Act. (requiring an Environmental 
Compliance Approval (ECA) (formally referred to as a Certificate of Approval ( C of A)). 
(3) A mixed anaerobic digestion facility regulated under the NM regulations.
(4) Collection and storage with subsequent land application.

The fourth option listed above (collection, storage and subsequent land application) generally 
requires a separate and secure liquid storage facility where the washwater is stored until it is 
land applied.  The stored material is to be land applied in a manner that meets the rules for land 
application, as set out in the nutrient management regulations.  In general, the washwater is to 
be stored in a liquid storage facility.  The exception to this can occur in situations where the 
volume of the washwater added does not exceed 250 L/day.  Under such circumstances, the 
rules will allow the washwater to be stored in a solid storage facility, provided the addition of 
washwater does not result in a liquid mixture (<18% dry matter content), and an appropriate 
runoff management option for the solid storage is being used.    

The most common means of managing milking centre washwater on Ontario farms today is 
either through direct storage in a liquid manure tank and subsequent land application (i.e. 
Option 4 above) or treatment of the milking centre washwater through a sediment 
tank/treatment trench system (Option 1 above).  Each of these two approaches, however, has its 
benefits and drawbacks.  The sediment tank and treatment trench approach often fails when 
excessive amounts of fats and greases and other milk solids enter the system, clogging the 
treatment trench.  The presence of milk solids in the system is in most cases a result of the 
failure to divert the “first rinse” or as a consequence of a milk spill.  The hydraulic overloading 
of the treatment trench as herd sizes increase, resulting in a corresponding increase in the 
volume of washwater to be handled can also lead to trench failure. As well, an inadequate 
pump-out frequency of the sediment tank, resulting in solids and fats exiting the sediment tank 
and entering and clogging the trench system can be another cause for system failure.  It has 
also been found that establishing treatment trenches in finer-textured soils also tends to 
increase the chance of failure of the system given the slower natural drainage of this soil type.

Liquid storage facilities, while a good option for milking centre washwater management, are 
relatively expensive to construct.  For smaller dairy cow operations as well as goat and sheep-
based dairy operations that handle the livestock manure produced on the farm as a solid, the 
additional cost to construct a tank and acquire the spreading equipment dedicated solely to 
managing milking centre washwater liquids, can seem unjustified.  

For these reasons, a new milking centre washwater management option that can minimize 
plugging potential of treatment trenches yet also be relatively economical to implement,  
particularly for producers handling their livestock manure as a solid, would be valuable. 



This project was an extension of a previous related investigation that explored the general 
feasibility of using a subsurface constructed wetland to manage milking centre washwater.  The 
findings from this initial investigation proved promising (refer to OMAFRA, 2010), however, 
more long-term data from farm-scale installations were deemed  necessary before approval 
agencies would be prepared to routinely accept this approach as a milking centre washwater 
management option.  This study monitored three (3) farm-scale subsurface constructed 
wetlands, treating milking centre washwater over an 18 month period (including 2 winter 
seasons) to assess their suitability as a milking centre washwater and solid manure storage 
runoff management option.    

It is worth noting that, at the time this project was initiated, a similar investigation commenced 
in the neighbouring US state of Michigan by researchers at Michigan State University.  While 
not directly tied to this investigation, it illustrates the interest internationally in identifying  
options for managing milking centre washwater.  Interim findings from the Michigan State 
investigation are also presented here as supporting documentation.

1.1 Project Objectives

The overall objective of this project was to determine if milking centre washwater, perhaps 
also in combination with yard or manure storage runoff, treated through a subsurface 
constructed wetland installed in line with a standard and appropriately sized sediment tank and 
treatment trench system, could consistently meet or exceed the quality of wastewater that is  
allowed to be discharged from a standard household septic tank.  One such subsurface 
constructed wetland system had been installed in the Waterloo Region and was monitored for a 
period of time through a previous related study (OMAFRA, 2010).   Two more similar 
wetlands constructed on farms were also added to the study.  They were approved for use in 
managing milking centre washwater and solid manure storage runoff at newly constructed 
dairy sheep facilities on condition that data be collected verifying the constructed wetland’s  
efficacy as a runoff and milking centre washwater management option.   A Technical 
Evaluation Committee was established to oversee the evaluation of the constructed wetlands 
associated with this study.  Approval groups represented on the Committee then had some 
input into the means of assessment, the interpretation of the observations, and the types of 
conclusions arrived at from the observations.   

The specific objectives of this project were as follows:   

• Establish a Technology Evaluation Committee of representatives from various 
approval/interest groups.

• Sample the inflow and outflow from a proposed subsurface constructed wetland 
(SSCW) to be installed to treat milking sheep milkhouse washwater and runoff from a 
solid sheep manure storage (< 300 m2 in floor area) in accordance with a prescribed 
protocol established by the Technology Evaluation Committee.

• Monitor and incorporate monitoring findings from two (2) other sites with 
similar/related treatment systems monitored previously either through an earlier 
investigative project (OMAFRA, 2010) or informally as part of construction follow-up.



• Summarize the findings and observations from all sites for the Technical Evaluation 
Committee’s review.

• Recommend, based on findings and feedback from the Technical Evaluation 
Committee, changes, if appropriate, to the NM regulations that would identify the 
conditions (if any) under which a SSCW system, similar to what was monitored in this 
study, could be accepted as a means for managing manure storage runoff and/or 
milking centre washwater.

2.0 A Description of the Subsurface Constructed Wetland System

The subsurface constructed wetland system tested has four main components.  A description of 
each of these components and their function(s) is given below:

2.1 Sediment Tank. 

The sediment tank receives the washwater and runoff water (if any) to be passed through the 
system.  Its primary function is to allow for the settling of solids, such as manure, and reduce 
the loadings of fats and greases to the wetland and treatment trench components.  This is 
achieved by passing the receiving washwaters through chambers and baffles within the 
sediment tank and forcing water leaving the sediment tank to pass through a filter or screen.

2.2 Collection Sump

The collection sump receives overflow from the sediment tank.  A sump pump, activated by a 
float switch, then transfers the liquid received to the first cell in the constructed wetland once it  
reaches a pre-determined level in the sump well.

2.3  Vertical Subsurface Treatment Wetland (AQUA Wetland System)

The AQUA Wetland System (AWS) tested (see Figure 1) consists of three cells, each lined with 
an impermeable synthetic liner. Each cell contains a sand/gravel medium and wetland-type 
plants (e.g. cattails (typha sp.)).  The liquid pumped from the sump is applied to the top of the 
first cell through either the ‘summer’ distribution pipes or the buried ‘winter’ distribution 
pipes.  The operator can select which set of distribution pipe to use by means of a valve.  The 
liquid applied then percolates down through the sand gravel medium, coming in contact with 
bacteria and plant roots along the way, until it reaches the bottom of the cell.  Water from the 
bottom of cell # 1 is collected via perforated drainage pipe located throughout the bottom of 
the cell and then pumped from the sump in cell #1 to the “summer” or “winter” distribution 
manifolds located over the top of cell # 2.   The process then repeats itself.   Likewise, water 
collected at the bottom of cell # 2 is applied to the top of cell # 3.  Once the water reaches the 
bottom of cell # 3 it is then pumped from the wetland to the treatment trench.   



It is recommended that that winter manifolds be used once there is a risk of water freezing in 
the distribution pipes.  The frost-free period in southern Ontario is approximately mid-May to 
Early October.  In Northern Ontario (above North Bay, Sudbury and Sault Ste. Marie), it is 
approximately early June through early September.   A valve located along the header pipe in 
each cell is turned to switch from the winter distribution pipes to the summer distribution 
pipes.  

Note that each cell has a submersible pump with a float switch associated with it.  These are 
located in the sump or pump chamber installed in each cell.  In the event of a pump or power 
failure, standpipes may also have been installed in the pump chamber, allowing the water to 
pass by gravity through each of the cells.   For water to be discharged by gravity from the 
wetland, however, requires the treatment trench to have been built at a grade elevation that is  
lower than the outlet to the wetland.   Many of the wetlands also allow the water to be re-
circulated within the wetland.  For example, by opening or closing a valve, the operator may 
have water collected from the bottom of cell #1 circulate back to the collection pump, where it  
is then pumped back onto the top of cell #1.  Similarly, water from cell #2 can be re-circulated 
back to the pump chamber in cell #1 and water from cell #3 can be re-circulated to the pump 
chamber in cell #2.   This allows the operator to adjust the level of wetland treatment or can 
help to conserve water in the wetland in times of the year with evapotranspiration is high, but 
volumes of wastewater being treated are relatively low, ensuring the wetland plants do not dry 
out.   

Figure 1:  Components of a Vertical Subsurface Wetland Treatment Cell 

Source:  Aqua Treatment Systems



Within each wetland cell, physical, chemical, and biological processes combine to remove 
contaminants from the wastewater applied (See Figure 2).  Treatment occurs as the wastewater 
passes through the sand/gravel medium and the plant rhizosphere.  A thin aerobic film around 
each root hair is aerobic due to the leakage of oxygen from the rhizomes, roots, and rootlets of 
the wetland plants. Decomposition of organic matter is facilitated by aerobic and anaerobic 
micro-organisms present. Microbial nitrification and subsequent denitrification releases 
nitrogen as gas to the atmosphere. Phosphorus is co-precipitated with iron, aluminum, and
calcium compounds located in the root-bed medium Suspended solids are filtered out by the 
sand medium of the AWS and subsequently decomposed.  Harmful bacteria and viruses are 
reduced by filtration and adsorption by biological films on the sand media.  

Figure 2:  Treatment Processes Within a Constructed Wetland Cell

2.4    Treatment Trench

Water leaving the third cell of the constructed wetland is sent to a treatment trench.  A 
treatment trench is sized and built in the same manner as any other leaching bed used to handle 
effluent from a domestic septic tank.  The construction of the treatment trench is to meet the 
design specifications described in Section 8 (Division B) of the Building Code (O. Reg. 
350/06) for the average daily volumes of washwater being treated.

Source:  Aqua Treatment Systems



3.0 Description and Design of Study Sites

A total of three (3) sites were instrumented for monitoring over the course of this study.  Each 
site is described in more detail below.

3.1   St. Jacobs Site

The St. Jacobs constructed wetland was built in the fall of 2007.  Prior to this, milking centre 
washwater on this farm operation was managed using a sediment tank/treatment trench system. 
The treatment trenches, however, frequently clogged, requiring them to be dug up and cleaned 
out or replaced.  As a result, to reduce maintenance, the farm operator, decided to try installing 
a 3-celled subsurface constructed wetland between the sediment tank and the treatment 
trenches.  

Photo 1 shows an aerial view of the St. Jacobs constructed wetland site.  The treatment system 
consists of four main components including: a 4500 L concrete sediment tank, a separate sump 
where overflow from the sediment tank is discharged prior to it being pumped to the first 
wetland cell, a 3-celled wetland, and a treatment trench area which receives the water leaving 
the wetland’s third cell.  The small rectangle shown 

Photo 1.     Aerial View of the St. Jacobs Site 
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in Photo 1 represents the location leaving the wetland’s third cell.  The small rectangle shown 
in Photo 1 represents the location of the sump and sediment tank.  The larger rectangle in 
Photo 1 shows the approximate location of the constructed wetland.  The treatment trenches are 
located in the area shown to the south and west of the constructed wetland.  

This system receives only milking centre washwater generated from a relatively small (20 to 
25 milking cow) herd.  The pump that doses cell 1 of the wetland system, located in the sump, 
operates “on demand” whenever enough water flows from the settling tank to the sump to 
trigger a float switch on the pump.  Each of the wetland cells at this site are 4.9 m X 4.9 m in 
size.  No yard or solid manure storage runoff enters the treatment system at this site.  This 
resulted in a lower and more consistent loading rate to the wetland cells than occurred at the 
other study sites where manure storage runoff is also directed through the treatment system.  A 
timer was installed on the discharge pump of the third cell’s constructed wetland to aid in 
estimating the volume of liquid that passed through the system.   Initial design estimates (using 
OMAFRA’s NMAN software) however, suggested 150 L/day could be expected.

Photo 2 shows the 3-celled constructed wetland immediately following its construction at this 
site.  It should be noted that, instead of being filled entirely with pea stone and sand, this 
constructed wetland had a layer of peat moss and bark mulch placed as a layer between the 
winter manifolds and the summer manifolds.  Photo 3 shows the vegetation on the wetland at 
this site in the summer of 2010.

Photo 2.     The St. Jacobs Site Wetland Immediately Following its Construction.



Photo 3.  Vegetation on the St Jacobs Site Constructed Wetland in 2010

3.2 Elmira Site

The Elmira site’s constructed wetland was built in June of 2008 and manages milking centre 
washwater generated from a 170 - 180 milking sheep facility as well as runoff leaving a 116 
square metre walled concrete solid manure storage pad.  Photo 4 shows the location of the 
wetland and solid storage on the farmstead.  All liquid entering the constructed wetland first 
passes through a 3600 L concrete sediment tank.  Overflow liquid from this tank empties into a 
sump.  From here, the liquid is pumped to the first cell of the constructed wetland.

Photo 5 shows the Elmira site’s wetland system during its construction.   The wetland cells are 
not aligned in a single row but rather established in an “L-shape”.  Photo 5 shows cell 1 located 
behind (south of) the sediment tank and cell 3 below (to the west of) the sediment tank.  This 
was done to better accommodate the constructed wetland given the topography and geometry 
of the chosen site.  Each cell is 4.9 m X 4.9 m in size (i.e. the same as the St. Jacobs site). 
Liquids are pumped to distribution piping over cells 1 through 3, when required, by float-
activated sump pumps.

The constructed wetland on this site is discharged to a treatment trench (a modified filter bed).  
A portion of this treatment trench is shown in the lower left corner of Photo 5.  Liquid leaving 
the constructed wetland enters the treatment trench by gravity flow.  Initially the Elmira 
wetland was constructed with a sand/peat moss mixture covering the dosing manifolds in each 
of the cells.  It was found, however, that the peat layer, which is hydrophilic, was blocking the 
flow of liquid down through the bed as it left the dosing manifolds.  On April 6, 2010 this layer



Photo 4.     Aerial View of the Elmira Site

 

Photo 5.     The Elmira Site Wetland at Time of its Construction
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was removed from Cells 1 and 2 and replaced with peastone to improve vertical water flow in 
these cells.  Future installations/designs would avoid using peat moss in the top layer for this 
reason.

OMAFRA’s NMAN software estimates that approximately 570 L/day of milking centre 
washwater would be directed daily to the constructed wetland.  The first rinse is not removed 
from the washwater entering the system.  Additional runoff could be expected periodically 
from the solid manure storage runoff (see Photo 6).  Runoff would occur during significant 
rainfall or snowmelt events only, and be less likely during times when the storage was full of 
dry manure that could absorb the rainfall liquid.   Previous work completed by OMAFRA 
(2008) determined the annual runoff coefficient from a solid broiler manure storage facility (> 
50% DM manure) to be 0.19 (i.e. 19% of the total precipitation entering the storage left as 
runoff).  This runoff coefficient varied significantly with season of the year, storm 
characteristics, and the fill status of the storage.  In fact, the observed range of runoff 
coefficient values from individual storms was as low as 0 and as high as 1, depending on site 
conditions and storm characteristics.   The same study looked at estimating an annual runoff 
coefficient for a dairy cow yard (DM content of the manure < 50%).  While storm to storm 
variability was also present at this site (seasonal range in runoff coefficient of 0.22 to 0.86), the 
average annual runoff coefficient was determined to be 0.59.  Given these findings, and 
anticipating that the manure to be stored in this storage was likely to be > 50% DM, the design 
runoff coefficient selected was a conservative 0.6.  

Photo 6.  Solid Manure Storage Associated with the Elmira Constructed Wetland

Rainfall intensity-duration-frequency data published by Environment Canada’s Atmospheric 
Environment Service showed the 2-year, 24-hour return period rainfall amounts for the nearby 



rural Glen Allan climate station is 54 mm.  Combining this amount with the runoff coefficient  
and the square footage of the manure storage area gave a maximum expected daily liquid 
loading amount to the wetland of 116  m2 X 0.054 m X 0.6 X 1000 L/m3 = 3758 L of runoff 
volume from the manure storage.  Combining this amount with the daily milking centre 
washwater gives a total maximum daily loading of about 4328 L/day.    

The capacity of cell 1 in the constructed wetland to store peak flows entering the system is 
dependent on the void space within the cell.  With a 40% void space and a 0.71 m balancing 
depth available in the 4.9 m X 4.9 m cell, the total capacity of cell one plus the settling tank is  
6820L plus 3600 L = 10,420 L.  This significantly exceeds the volume of liquid that might 
enter the system from a 2-year, 24-hour storm event.  As such liquids entering the system, even 
under such a rainfall event, would not be expected to move past the settling tank and cell one 
in a single day. Most days would have a significantly lower inflow rate.  To maintain viable 
moisture levels in the constructed wetland, a design flowrate of 1215 L/day was used.

3.3       Kenilworth Site

The SSCW at the Kenilworth site was built in the late summer of 2009.   It receives milking 
centre washwater generated by a facility with capacity for 340 dairy sheep and runoff from a 
280 square meter solid manure storage.  Photo 7 shows the location of the wetland and storage 
on the farmstead.   All liquid entering the wetland passes through a 4600 L concrete sediment 
tank.  As with the other sites monitored, overflow liquid from this tank empties into a sump. 
From here, the liquid is pumped to the first cell of the constructed wetland.  Liquid output from 
the constructed wetland goes to a treatment trench (i.e. leaching bed) system, sized in 
accordance with Part 8 of the Building Code to match the average daily volumes the wetland is  
designed to manage.

Photo 8 shows the constructed wetland at this site just following its construction, with the 
settling tank and well sump in the foreground.  Each of the three wetland cells are 4.9 m X 4.9 
m in surface area.  Each cell is filled with 10 mm peastone gravel media throughout the cell  
profile.  The wetland cells have both winter distribution manifolds (not shown as they are 
buried just below the cell gravel media) and summer distribution manifolds, (the white pipe 
shown on top of each cell) installed.

OMAFRA’s NMAN software estimates that the volume of milking centre washwater managed 
from this facility at 678 L/day.  The first rinse was not removed from the washwater. The 
runoff volume from the walled solid manure storage facility associated with this site (See 
Photo 9) was calculated using the same procedure and assumptions described in Section 2.2 for 
the Elmira Site.   A 49.2 mm 2-year, 24-hour rainfall volume amount was used in the 
calculations, as obtained from Environment Canada’s intensity-duration-frequency curves for 
the nearby Mount Forest climate station.  Assuming a runoff coefficient of 0.6 from the 280 
square metre storage area, the maximum expected daily runoff volume is estimated to be 8266 
L/day.  Combining this amount with the daily milking centre washwater gives a total



Photo 7.     Aerial View of the Kenilworth Site 

Photo 8.     The Kenilworth Site Wetland at Time of its Construction
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24 hour rainfall event, would not be expected to move past cell one in a single day.   Most days 
would have a significantly lower inflow rate.  To maintain viable moisture levels in the 
constructed wetland, a design flowrate of 2500 L/day was used.  Photo 10 shows the 
constructed wetland at this site in the summer of 2010, approximately the mid-point of the 
monitoring period of this study when vegetation was established on the wetland cells.

Photo 9.  Solid Manure Storage Associated with the Kenilworth Constructed Wetland

Photo 10.  The Kenilworth Constructed Wetland at Time of Monitoring



3.4      Michigan Demonstration Site

While not directly tied into this study, a similar wetland system was built and tested by 
Michigan State University researchers on a smaller dairy farm in Michigan for demonstration 
purposes.  A Michigan State extension article describing the overall project can be found at 
https://www.msu.edu/~mdr/vol15no1/vol15no1.pdf.   Photo 11 shows the wetland as installed.  

Photo 11.  Michigan State University Constructed Wetland Demonstration Site

https://www.msu.edu/~mdr/vol15no1/vol15no1.pdf


4.0  Wetland Monitoring Protocol

Wetlands at all three Ontario sites described in Section 2 were monitored over a 17-month 
period (November 2009 through March 2011) as part of this study.  The period covered two 
winter seasons and one fall, spring and summer season.  All three wetlands were monitored in 
the same way, following a sampling protocol and sampling analysis package agreed upon by 
the Technical Evaluation Committee (See Appendix A).  

Each site was visited approximately the second Tuesday of each month during the study 
period.  Observations were made and water samples were taken at two points, namely:

• The outlet of the sediment tank (i.e. water was sampled that would leave the sediment 
tank and enter the sump)

• The outlet from the third cell of the constructed wetland (i.e. water was sampled that 
gets pumped or flows to the treatment trench).

By monitoring at these two points, the water quality improvements made as the water passed 
through the constructed wetland could be determined.  The water sampled was collected, 
labeled and immediately stored in a cooler containing ice packs for courier shipment to the lab 
within 24 hours.  Samples received at the lab were analyzed for the following as agreed upon 
by the study’s Technical Evaluation Committee:

CBOD (mg/L)
BOD (mg/L)
pH
Total Solids (mg/L)
Total Suspended Solids (mg/L)
Phosphorus (mg/L)
Total Reactive Phosphorus (mg/L)
Total Kjeldhal Nitrogen (as nitrogen) (mg/L)
Ammonia N + Ammonium N (mg/L)
Nitrite (as nitrogen) (mg/L)
Nitrate (as nitrogen) (mg/L)
Nitrate + Nitrite (as nitrogen) (mg/L)
E. coli (cfu/100 mL)

Upon receipt of the monthly lab results, they were tabulated in a spreadsheet and distributed to 
the Technical Evaluation Committee for their information and review.

An effort was made to monitor the quantity of water passing through the wetlands at each of 
the sites by installing a timer on the pumps that discharged to the treatment trench.  For the 
Elmira, site which discharged by gravity to its treatment trench area, the timer was placed on 
the pump discharging water from cell 2 to cell 3 in an effort to provide a close approximation 
of the volumes passing through the wetland.  The timers were installed at all sites by March 
2010 and readings were recorded once a month - the same day water samples were taken.  By 



combining timer readings with the pump rating of the sump pumps, an estimate could be made 
of the volume of water pumped.  

The Technical Evaluation Committee met twice during the study.  Minutes from both meetings  
can be found in Appendix B of this report.  The first meeting focused on familiarizing all 
committee members with the project and began the process of arriving at an appropriate 
sampling protocol, given the budget available for the investigation.  The second meeting 
occurred near the mid-point of the project and focused on updating the members on project 
progress, interpreting the observations (analysis results) to-date, and receiving guidance for the 
remaining steps in the study.  

In addition to formal meetings, some of the committee members also attended a field trip held 
in August, 2010 to visit the sites being monitored and see the facilities first hand.  

In September 2010, an overarching project investigating a wider range of possible alternatives 
for managing milking centre washwater called the “Milking Centre Washwater Project” was 
initiated by OMAFRA staff.  Many of the members of this study’s Technical Evaluation 
Committee were also part of this overarching project and participated in a series of progress 
meetings held by the new group.  As a result, it was proposed that the findings from this study 
be managed under this larger project.  As a consequence, this report was prepared for, reviewed 
and vetted by members of the original Technical Steering Committee as well as the broader 
“Milking Centre Washwater” project team.



5.0 Wetland Monitoring Results

5.1   Water Quality

Tables 1 through 3 that follow summarize the monthly water quality data that were collected 
from the three Ontario sites monitored in this study.  The full detailed month-by-month 
analysis results for each site can be found in Appendix C.  Note that for the St. Jacobs site and 
the Elmira site, where water quality data had been collected prior to the start-up of this study,  
the previous sample findings were also included in the tables in Appendix C as well as in the 
summary calculations.  Table 4 combines the results of all sampling from all three sites.  

Tables 1 through 4 show a simple average of all analyses as well as averages of the samples 
categorized in terms of the time of year the samples were taken (i.e. growing period vs. non-
growing period).  The growing period was defined for this categorization as being April 1 
though October 31.  The non-growing season was therefore defined as the period November 1 
through March 31.  An arithmetic average of the dataset was calculated for all parameters 
except E. coli, where a geometric average of the individual samples was calculated.

In general, the data in Table 4 show a significant and consistent change in water quality 
parameters between the inflow to and outflow from the wetland.   CBOD and BOD dropped 
95% to 99% between inflow and outflow.  The bacteria indicator, E. coli, typically saw a 2-log 
reduction between inflow and outflow.  Total solids were dropped by just over 60% and total 
suspended solids tended to a reduction percentage of just above 87% across all wetland sites. 
Chemical parameters such as phosphorus, total nitrogen, nitrite-nitrogen and ammonia-
nitrogen also dropped significantly between the inflow and outflow of the wetland.  Nitrate-
nitrogen was the only chemical parameter that saw an increase between the inflow and outflow 
of the wetland.  This can be expected given the type of biological treatment processes that are 
occurring within the wetland.  It is likely that nitrogen entering the wetland in ammonia form is  
being converted to a nitrate form.  This is the common form of N involved in plant uptake.

The observations suggest a slight decline in wetland treatment effectiveness in the non-
growing season compared to the growing season.  This difference however is small.  For some 
parameters like total solids there was actually a slight improvement in the quality of the 
samples taken in the non-growing period at some sites compared to the growing season 
numbers.

Some data were also received from the Michigan State researchers on the effectiveness of their 
wetland installation.  Their sampling protocol differed from the Ontario study in a couple 
ways.  They only analyzed for alkalinity, ammonia-nitrogen, chemical oxygen demand (COD), 
nitrate-nitrogen, pH and total phosphorus.  They looked at the levels of these parameters not 
only in the constructed wetland’s the inflow and outflow, but also monitored the levels within 
each wetland cell. 

Table 5 is an average of all of the sample analyses taken by the Michigan State University 
researchers for the period between June 2009 and January 2010.  The table showed alkalinity 
rose slightly as it passed through the wetland and filtered through the peastone medium.  The 



Table 1.  Summary of Sample Analysis Results for the St. Jacobs Constructed Wetland Site
Parameter All St Jacobs Samples Non-Growing Season Growing Season
 IN OUT % Diff IN OUT % Diff IN OUT % Diff
CBOD (mg/L) 1282.9 2.8 99.8 1312.3 2.6 99.8 1150.4 3.1 99.7
BOD (mg/L) 1176.0 2.8 99.8 1231.3 2.7 99.8 1022.1 3.0 99.7
pH 7.3 8.1 -10.8 7.2 8.1 -12.9 7.5 8.1 -7.5
Total Solids (mg/L) 11,232.6 3669.5 67.3 12,769.1 3612.1 71.7 7737.6 3774.8 51.2
Total Suspended Solids (mg/L) 1995.3 194.2 90.3 1355.7 4.6 99.7 2594.7 427.5 83.5
Phosphorus (mg/L) 185.0 16.0 91.4 126.7 13.9 89.0 234.8 17.3 92.6
Total Reactive Phosphorus (mg/L) 76.5 9.7 87.3 55.8 9.6 82.8 99.4 10.0 89.9
T. Kjeldhal Nitrogen  (as N mg/L) 72.2 2.2 97.0 69.8 1.8 97.4 69.2 2.5 96.4
Ammonia + Ammonium (N)  (mg/L) 25.7 0.4 98.3 21.1 0.2 99.0 29.0 0.7 97.6
Nitrite (as nitrogen)  (mg/L) 0.6 0.1 89.1 0.8 0.1 90.1 0.3 0.1 79.7
Nitrate (as nitrogen) (mg/L) 0.3 4.5 -1665.8 0.3 5.9 -1660.2 0.5 2.3 -367.1
Nitrate + Nitrite (as nitrogen)  (mg/L) 0.6 4.5 -609.2 0.8 5.9 -620.0 0.7 2.3 -219.0
E. Coli.  (cfu/100 mL) 3220.3 5.5 99.8 1204.0 6.4 99.5 6135.6 4.5 99.9

Table 2.  Summary of Sample Analysis Results for the Elmira Constructed Wetland Site
Parameter All Elmira Samples Non-Growing Season Growing Season
 IN OUT % Diff IN OUT % Diff IN OUT % Diff
CBOD (mg/L) 1053.8 11.7 98.9 1136.1 8.4 99.3 802.8 13.9 98.3
BOD (mg/L) 1086.3 14.5 98.7 1127.5 9.4 99.2 905.7 18.7 97.9
pH 7.1 7.8 -9.3 7.2 7.8 -9.5 7.2 7.7 -7.5
Total Solids (mg/L) 2142.6 1026.1 52.1 2136.0 1049.9 50.8 1925.7 914.3 52.5
Total Suspended Solids (mg/L) 528.3 69.8 86.8 545.9 99.3 81.8 633.0 155.9 75.4
Phosphorus (mg/L) 32.2 11.7 63.8 31.6 11.7 63.1 32.0 10.7 66.6
Total Reactive Phosphorus (mg/L) 21.9 9.9 54.9 23.0 10.2 55.8 19.3 7.9 59.1
T. Kjeldhal Nitrogen  (as N mg/L) 103.9 21.8 79.0 111.8 9.1 91.8 86.9 33.5 61.5
Ammonia + Ammonium (N)  (mg/L) 53.5 13.6 74.6 56.2 5.5 90.2 47.0 22.0 53.1
Nitrite (as nitrogen)  (mg/L) 0.6 0.1 86.0 0.7 0.1 88.4 0.7 0.1 85.9
Nitrate (as nitrogen) (mg/L) 0.1 6.7 -4809.7 0.2 7.6 -3997.2 0.1 5.8 -6627.0
Nitrate + Nitrite (as nitrogen)  (mg/L) 0.7 6.7 -851.2 0.8 7.7 -914.7 0.7 5.9 -699.4
E. Coli.  (cfu/100 mL) 3007.6 93.5 96.9 1286.7 457.1 64.5 23,194.5 308.9 98.7

Table 3.  Summary of Sample Analysis Results for the Kenilworth Constructed Wetland Site
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Parameter All Kenilworth Samples Non-Growing Season Growing Season
 IN OUT % Diff IN OUT % Diff IN OUT % Diff
CBOD (mg/L) 820.0 25.8 96.9 790.0 37.5 95.2 875.0 4.2 99.5
BOD (mg/L) 968.9 27.5 97.2 862.7 40.3 95.3 1163.7 4.0 99.7
pH 7.8 8.0 -2.7 8.1 7.9 2.8 7.1 8.1 -14.1
Total Solids (mg/L) 3068.9 1679.7 45.3 3275.5 1729.1 47.2 2690.2 1589.2 40.9
Total Suspended Solids (mg/L) 540.7 125.1 76.9 317.0 14.9 95.3 950.8 327.2 65.6
Phosphorus (mg/L) 65.1 33.8 48.1 63.3 33.7 46.8 68.5 34.0 50.4
Total Reactive Phosphorus (mg/L) 54.4 29.2 46.3 52.7 28.7 45.5 57.5 30.1 47.6
T. Kjeldhal Nitrogen  (as N mg/L) 39.4 11.6 70.5 38.1 13.1 65.7 41.2 9.4 77.2
Ammonia + Ammonium (N)  (mg/L) 6.4 3.2 50.2 4.4 4.2 3.3 10.0 1.2 88.0
Nitrite (as nitrogen)  (mg/L) 0.2 0.1 36.2 0.2 0.1 58.7 0.1 0.2 -28.6
Nitrate (as nitrogen) (mg/L) 0.7 1.3 -94.1 1.0 0.5 49.3 0.1 2.7 -5303.3
Nitrate + Nitrite (as nitrogen)  (mg/L) 0.8 1.3 -71.0 1.1 0.5 51.9 0.1 2.7 -2215.7
E. Coli.  (cfu/100 mL) 265.8 9.2 96.5 29.1 3.8 86.9 15,319.4 46.5 99.7

Table 4 Summary of Sample Analysis Results – All Constructed Wetland Sites Combined
Parameter All  Samples All Non-Growing Season All Growing Season
 IN OUT % Diff IN OUT % Diff IN OUT % Diff
CBOD (mg/L) 1052.2 13.4 98.7% 1079.5 16.2 98.5% 942.8 7.1 99.3%
BOD (mg/L) 1077.1 14.9 98.6% 1073.8 17.5 98.4% 1030.5 8.6 99.2%
pH 7.4 7.9 -7.5% 7.5 8.0 -6.2% 7.2 7.9 -9.7%
Total Solids (mg/L) 5481.4 2125.1 61.2% 6060.2 2130.4 64.8% 4117.8 2092.8 49.2%
Total Suspended Solids (mg/L) 1021.4 129.7 87.3% 739.5 39.6 94.6% 1392.8 303.5 78.2%
Phosphorus (mg/L) 94.1 20.5 78.2% 73.9 19.8 73.3% 111.8 20.7 81.5%
Total Reactive Phosphorus (mg/L) 50.9 16.3 68.0% 43.8 16.2 63.1% 58.7 16.0 72.8%
T. Kjeldhal Nitrogen  (as N mg/L) 71.8 11.9 83.5% 73.2 8.0 89.1% 65.8 15.1 77.0%
Ammonia + Ammonium (N)  (mg/L) 28.5 5.7 79.9% 27.2 3.3 87.8% 28.7 8.0 72.2%
Nitrite (as nitrogen)  (mg/L) 0.5 0.1 81.6% 0.6 0.1 86.0% 0.4 0.1 72.7%
Nitrate (as nitrogen) (mg/L) 0.3 4.1 -1086.4% 0.5 4.7 -827.7% 0.2 3.6 -1634.2%
Nitrate + Nitrite (as nitrogen)  (mg/L) 0.7 4.2 -496.4% 0.9 4.7 -425.2% 0.5 3.6 -594.8%
E. Coli.  (cfu/100 mL) 1370.6 16.8 98.8% 356.0 22.4 93.7% 12966.7 40.2 99.7%
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pH also rose slightly across cells becoming slightly alkaline at cell 3 as opposed to slightly 
acidic when entering the wetland.  The chemical oxygen demand dropped significantly across 
each cell as did ammonia-nitrogen, nitrate-nitrogen and phosphorus.

Table 5.  Summary of the Michigan Site’s Sample Analyses (June 2009 to January 2010)
Parameter Average of all Samples

Sediment Tank

Alkalinity (mg/L of CaCO3)

308
Wetland Cell 1 353
Wetland Cell 2 360
Wetland Cell 3 340
Sediment Tank

pH

6.38
Wetland Cell 1 6.99
Wetland Cell 2 7.21
Wetland Cell 3 7.35
Sediment Tank

COD

1880
Wetland Cell 1 149
Wetland Cell 2 66
Wetland Cell 3 31
Sediment Tank

Ammonia-Nitrogen (mg/L)

15
Wetland Cell 1 6
Wetland Cell 2 4
Wetland Cell 3 1
Sediment Tank

Nitrate-Nitrogen (mg/L)

25
Wetland Cell 1 4
Wetland Cell 2 5
Wetland Cell 3 4
Sediment Tank

Phosphorus (mg/L)

30
Wetland Cell 1 14
Wetland Cell 2 10
Wetland Cell 3 5

5.2   Water Quantity

Table 6 summarizes the discharge pump timer readings taken since the timer was installed at  
the St. Jacobs site (Nov 1, 2007).   The Elmira and Kenilworth site did not have timers 
installed until the spring of 2010.   Timer readings from these sites are given in Tables 6, 7 and 
8 respectively.   The timer data collected at all sites need to be viewed with caution.  In some 
cases the pumps or floats malfunctioned giving either extremely high timer values or very low 
timer numbers.  Timer readings during these periods of time were removed when calculating 
the estimated total flow.  As well there was some evidence that overland runoff from outside 
the wetland was entering cell one of the Elmira wetland.  This may explain the higher volume 
recorded in March at the Elmira site.  In summary, the timer data suggests the following 
average daily discharge rates for each of the wetlands:
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    St. Jacobs – 254  L/day,  Elmira –  2895   L/day,   Kenilworth – 886  L/day

Therefore, the average daily wetland unit loading ranged from 3.5 L/m2/day to 40 L/m2/day.

Table 6.  Discharge Pump Timer Readings – St. Jacobs Site
Date 

(DD/MM/YY)
Timer Reading 

(minutes)
Interval Time 

(minutes)
Interval 
Volume 

(L)1

Accumulated 
Discharge 

Volume (L)1

01/11/07 0 -- -- --
28/03/08 787 787 55,090 55,090
15/05/08 1144 357 24,990 80,080
05/06/08 1191 47 3290 83,370
28/04/09 2223 1032 72,240 155,610
28/05/09 2315 92 6440 162,050
30/06/09 2386 71 4970 167,020
29/07/09 2423 37 2590 169,610
19/08/09 2470 47 3290 172,900
10/11/09 2561 91 6370 179,270
10/03/10 3003 442 30,940 210,210
14/04/10 3063 60 4200 214,410
11/05/10 3091 28 1960 216,370
10/06/10 3140 49 3430 219,800
12/07/10 3216 76 5320 225,120
10/08/10 3441 225 15,750 240,870
14/09/10 3755 314 21,980 262,850
12/10/10 3900 145 10,150 273,000
09/11/10 4016 116 8120 281,120
12/12/10 4019 3 not valid not valid
11/01/11 4031 12 not valid not valid
14/02/11 11,104 7073 not valid not valid
10/03/11 11,134 30 not valid not valid

Average Discharge over 1105 days  (Nov 1/07 – Nov 9/10  (L/day)  254
Average Loading to 72 m2 wetland  (L/m2/day) 3.53
1Pump discharge rate assumed to be 70 L/min.

The St. Jacobs site had the longest period of record and the more consistent flow readings, in 
large part due to the fact that the wetland does not receive runoff from a solid manure storage. 
The average daily discharge amount of 254 L/day is higher than the NMAN-estimated 150 
L/day of input, however, it is important to note that the wetland itself is subject to precipitation 
input.  Long-term annual precipitation amounts for the nearby Glen Allen climate station is 991 
mm.  An estimate of the annual evapotranspiration losses in the same region is 560 to 585 mm 
(Brown et al, 1980).  This leaves a surplus of 406 to 431 mm or 

Table 7.  Discharge Pump Timer Readings – Elmira Site
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Date 
(DD/MM/YY)

Timer Reading 
(minutes)

Interval Time 
(minutes)

Interval 
Volume 

(L)1

Accumulated 
Discharge 

Volume (L)1

10/03/10 196.1 -- -- --
14/04/10 367.1 171.0 11,970 11,970
11/05/10 1104.1 737.0 51,590 63,560
10/06/10 3260.7 2156.6 150,962 214,522
12/07/10 4055.2 794.5 55,615 270,137
10/08/10 35,903.02 not valid not valid not valid
14/09/10 53,408.22 not valid not valid not valid
12/10/10 53,825.3 417.1 29,197 299,334
09/11/10 54,180.2 354.9 24,843 324,177
12/12/10 54,790.7 610.5 42,735 366,912
11/01/11 55,833.5 1042.8 72,996 439,908
14/02/11 56,770.1 936.6 65,562 505,470
15/03/11 62,369.1 5599.0 391,930 897,400

Average Discharge over 310 days  (Mar 10/10 – Jul 12/10 plus Sep 
14/10 – Mar 15/11)  (L/day)  

2895

Average Loading to 72 m2 wetland  (L/m2/day) 40
1Pump discharge rate assumed to be 70 L/min.
2Pump observed to be running but no water to pump (float not turning off pump)

Table 8.  Discharge Pump Timer Readings – Kenilworth Site
Date 

(DD/MM/YY)
Timer Reading 

(minutes)
Interval Time 

(minutes)
Interval 
Volume 

(L)1

Accumulated 
Discharge 

Volume (L)1

10/03/10 3.8 -- -- --
14/04/10 368.7 364.9 25,543 25,543
11/05/10 639.2 270.5 18,935 44,478
10/06/10 974.6 335.4 23,478 67,956
12/07/10 1465.2 490.6 34,342 102,298
10/08/10 1948.8 483.6 33,852 136,150
14/09/10 2366.3 417.5 29,225 165,375
12/10/10 2762.5 396.2 27,734 193,109
09/11/10 3092.5 330.0 23,100 216,209
12/12/10 10,660.52 Not valid Not valid Not valid
11/01/11 14,922.0 Not valid Not valid Not valid
14/02/11 32,289.0 Not valid Not valid Not valid
15/03/11 32,313.7 Not valid Not valid Not valid

Average Discharge over 244 days  (Mar 10/10 – Nov 9/10  (L/day)  886
Average Loading to 72 m2 wetland  (L/m2/day) 12.3
1Pump discharge rate assumed to be 70 L/min.
2 Timer unplugged for 3 days due to float repair.  Timer readings suspect after this date.
29,000 to 31,000 L/year (80 – 85 L/day).  Subtracting 85 L/day from 254 L/day leaves 169 
L/day, which is much closer to the NMAN estimate of milking centre washwater volumes.  
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The milking centre washwater and runoff storage input is much more difficult to back calculate 
for the Elmira and Kenilworth sites.  Nevertheless, the direct measurements of 2895 and 886 
L/day are significantly less than the estimated peak one-day flow estimates of 4328 L/day and 
8944 L/day calculated in Section 2 for the Elmira and Kenilworth sites respectively.

Runoff events from the solid storages were observed to change the character of the water to be 
treated.  Water leaving the sediment tank after a runoff event was a brown colour and less 
“milky” in consistency, suggesting strongly that the storage runoff was, in effect, diluting the 
daily additions of milking centre washwater.  Thus, while water volumes to be processed may 
have increased, a dilution effect was also occurring.

The monthly field visits to the site to collect water samples and record timer readings also 
emphasized the need for routine operator monitoring and maintenance of these units.  As a 
result of the field visits, malfunctioning floats or pumps were often identified.  Similarly,  
inspection of the settling tank revealed whether a cleanout of the tank was necessary or if the 
filter at the outlet of the settling tank needed cleaning.  At the Kenilworth site, liquid was also 
observed at one point in the study exfiltrating from a small section of the treatment trench area,  
requiring a repair.   Landowners and Aqua Treatment Technologies were informed of the 
situations observed at the time of each visit and they typically made the necessary repairs or 
carried out the necessary maintenance prior to the next visit.   
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6.0 Analysis and Discussion of Study Observations

Current nutrient management regulations (i.e. Section 61.9 of O. Reg. 267/03), state that 
milking centre washwater may be managed using a sediment tank and treatment trench system 
if the washwater has first been treated as described in Section 8.1.3.1 (3) of Division B of the 
Building Code AND a building permit has been issued for the sediment tank and treatment 
trench system under the Building Code Act.   Receiving a building permit under the Building 
Code is only possible for treatment systems that discharge less than 10,000 L/day.  For more 
than 10,000 L/day, then approval for the system under the Ontario Water Resources Act is 
necessary.   Most milk producers cannot justify the cost and studies needed to obtain a 
Environmental Compliance Approval under the Ontario Water Resources Act.  Therefore it is 
necessary that it be demonstrated that the volumes handled by a system do not exceed 10,000 
L/day (a quantity criteria).  Similarly, Section 8.1.3.1 (3) of the Building Code, lays out the 
necessary water quality criteria for the system as follows:  

Where industrial process waste water is treated to the contaminant levels found in domestic  
sanitary sewage it may discharge to a leaching bed provided the treatment unit and sewage 
system are designed in accordance with good engineering practice. 

This provides guidance on the quality of the waters that leave the subsurface constructed 
wetland and enter the treatment trench.  The following paragraphs look at the findings from 
this subsurface treatment wetland investigation in the context of these two (quantity and 
quality) criteria.

6.1    Water Quantity

The average daily discharge from the treatment wetland at each of the sites was well below the 
maximum allowable 10,000 L/day.     For systems that treat only milking centre washwater, it  
is VERY unlikely that a system would need to be built to handle more than 10,000 L/day.  The 
nutrient management planning software (NMAN), used to size manure storages receiving 
liquid manure and milking centre washwater incorporates an algorithm that estimates the 
volume of washwater produced by a dairy herd.  This software estimates that as many as 63 
large frame (Holstein) cows milked using a tie-stall pipeline system would produce about 740 
L/day of milking centre washwater.  As many as 86 of the less common small frame (Jersey) 
cows would produce about 1005 L/day of milking centre washwater.  When dairy cow herds 
reach this level, producers will invariably opt to manage the manure produced by these animals 
as a liquid.  The option then exists to economically handle the milking centre washwater by 
storing it in the liquid manure tank.  For goat and sheep dairies, it is unlikely the manure 
management would ever move to a liquid system given the nature of the manure produced by 
these animal types.  However, NMAN estimates that dairy goat and sheep operations in excess 
of 500 animals are unlikely to produce milking centre washwater volumes greater than 1000 
L/day.

For these reasons, it is safe to assume that milking centre washwater volumes being managed 
through a sediment tank and treatment trench system are extremely unlikely to exceed 10,000 
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L/day.  Even if they were, the approvals process would be able to identify such situations and 
request that such a treatment method not be used without an ECA

When the sediment tank and treatment trench system is also to receive runoff from a solid 
manure storage, the possibility of exceeding a discharge of 10,000 L/day does exist, depending 
on the size of the manure storage floor area generating runoff.   Section 2.2 of this report 
outlined an approach for estimating a maximum potential runoff amount generated by a 2-year,  
24 hour storm on an existing solid manure storage.   These values proved to be higher than the 
amounts that were measured at the monitored sites in this study.   The nutrient management 
regulations currently apply different rules to solid manure storages that are less than or equal to 
300 m2.  If one considers this same size as a breakpoint for allowing runoff from such a storage 
to be managed through a subsurface constructed wetland, then estimates of the average 
maximum expected daily volume can be estimated.  A review of 123 intensity-duration-
frequency curves developed across Ontario showed the 2-year, 24-hour storm to lie within a 
range of 35.9 mm and 59.9 mm.  Using the maximum value of 59.9 mm and the same approach 
described in Section 2.2 for a 300 m2 storage, the estimated peak runoff volume is 10,782 L.  A 
3-cell subsurface constructed wetland (each cell 4.9m X 4.9 m) would have the capacity to 
fully accommodate such an amount of runoff within the sediment tank and the void spaces 
within the wetland cells.  Storage sizes beyond the critical 300 m2 size limit, however, could 
result in volumes that exceed 10,000 L/day or volumes that could not be fully contained within 
the sediment tank and wetland cells.  

As with milking centre washwater, the nutrient management planning software, NMAN 
estimates the average daily runoff volumes from a solid manure storage.  If the amounts 
estimated exceed the design capacity of the proposed subsurface treatment wetland, then the 
opportunity by a reviewer to reject the strategy exists.  Average daily rates would be expected 
to be much less than the peak runoff amounts generated by a 2-year, 24 hour storm.  Therefore 
the generic vertical treatment wetland design presented in Appendix E proposes wetland cells 
sized to process an average daily inflow rate of 2500 L/day.  

6.2     Water Quality 

The second key to determining the suitability of using subsurface constructed wetland 
technology to treat milking centre washwater and manure storage runoff is assessing its ability 
to raise the quality of the milking centre washwaters and runoff waters to levels that are 
comparable to those that discharge from a common domestic septic tank treating domestic 
sewage.  The first step in this assessment was to ensure that the washwaters entering the 
constructed wetland in this study were comparable with other published data on the quality of 
milking centre washwaters.  Table 9 compares typical milking centre washwater values as 
published by Stone et al (1999) to the average values that were measured leaving the settling 
tank and entering the constructed wetland at the study sites.  As well, Appendix D contains a 
table, extracted from a recent OMAFRA-sponsored study conducted by Conestoga-Rovers and 
Associates (2005).  It summarizes their literature findings on dairy washwater characteristics.  
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In general, the measured values from this wetland investigation are very comparable and 
within the same range published in other studies or reports.  The exceptions are perhaps the 
total solids and total suspended solids leaving the sediment tank at the St. Jacobs site where 
values were much higher in this study compared with published values.  There are a couple 
possible explanations for this.  First, only milking centre washwater was received by the 
settling tank at this site, so the diluting effect of runoff water was not possible.  Second, this 
wetland had been installed the longest, and it is unlikely that the sediment tank had ever been 
cleaned out since its installation.  These values emphasize the importance of periodic cleanout  
of the settling tank.  

Table 9. A Comparison of Published Milking Centre Washwater Quality Data with 
Values Measured Entering the Treatment Wetlands in this Study

Parameter Published1 Milking Centre 
Washwater Data

(mg/L)

Average of Measured Values from 
this Study(mg/L)

St. Jacobs Elmira Kenilworth
Total Solids 1417 – 3506  11,233 2143 3069
Total Suspended Solids 171 – 996  1995 528 541
BOD 207 – 1530  1176 1086 968
COD2 542 – 4554  (1283) (1054) (820)
Total Phosphorus 35 – 288  185 32 54
Total Nitrogen 14.9 – 37.4  72 104 39
1 Source:  Stone et al., 1999 

2 Numbers in brackets as measured from the SSCWs in this study refer to CBOD not COD, so 
a direct comparison cannot be made, but it can give a relative comparison.

Table 10 compares the quality of the water leaving the constructed wetland at each of the sites 
with published values of typical domestic wastewater characteristics from a septic tank.  In 
general the quality of the liquid appears quite similar and definitely within the same order of  
magnitude.  Some parameters such as BOD, total nitrogen and ammonia-nitrogen, were 
observed to be markedly lower in the waters leaving the constructed wetlands monitored in this 
study compared to the typical domestic septic tank numbers.  On the other hand, total solids, 
total phosphorus and nitrate-nitrogen were higher than the domestic septic tank discharge 
numbers. 

Overall, it can be concluded that the constructed wetlands monitored were capable of 
improving the raw milking centre washwater quality to a level that is comparable with waters  
leaving a domestic septic system.  It is also important to note that this was achieved at each of 
the sites without having to remove the first rinse from entering the septic tank.  

Finally, it is important to note that discharge leaving the constructed wetlands at each of these 
sites was directed to a treatment trench (i.e. leaching bed) or filter bed, designed and sized in 
accordance with the Building Code.  This is identical to how discharge from a typical septic 
system is managed.  Given that the quality of the water leaving the observed constructed 
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wetlands is similar to waters leaving a standard domestic septic system, it is reasonable to 
assume that waters leaving the constructed wetlands can be safely managed in this way. 

Table 10. A Comparison of Published Effluent Quality Data Exiting a Domestic 
Septic Tank with the Quality of the Liquid Leaving the Treatment 
Wetlands Monitored in this Study

Parameter Typical Effluent Quality 
Leaving a Domestic Septic 

Tank1

(mg/L)

Average of Measured Values from 
this Study(mg/L)

St Jacobs Elmira Kenilworth

Total Solids 800 3670 1026 1680
Total Suspended Solids 200 194 70 125
BOD 200 2.8 15 28
CBOD -- 2.8 12 26
Total Phosphorus 6.6 16 11.7 34
Total Nitrogen 40 2.2 22 12
Ammonia-nitrogen 25 0.4 14 3.2
Nitrate-nitrogen 0.5 4.5 7 1.3
1 Source:  Ontario Ministry of the Environment, 1997.
In terms of pathogen treatment, the three Ontario wetlands monitored resulted in 
approximately a 2-log (99%) reduction, which is a significant achievement for an on-farm 
treatment system as suggested by Conestoga-Rovers and Associates, (2006).
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7.0 Conclusions and Recommendations

Based on the findings and analysis of observations made during this study, the following 
conclusions and recommendations can be made:

1. The 3-celled subsurface constructed wetlands investigated in this study were able to 
consistently drop milking centre washwater pollutant concentrations (first rinse not 
removed) to levels that are comparable with the quality of domestic wastewater leaving a 
standard septic system.  This is true whether or not solid manure storage runoff was also 
directed through the wetland.  It was also true in both the growing season and the non-
growing season. 

2. The efficacy of the constructed wetland did not appear to be significantly affected by the 
range of hydraulic loading rates experienced in this study.  Higher hydraulic loading rates 
were a result of the wetland receiving runoff from a relatively large (280 m2) solid manure 
storage at one of the sites monitored and from a solid manure storage and overland run-on 
at another site monitored.  While this increased hydraulic loadings, it also helped to dilute 
the milking centre washwater portion of the hydraulic load, making it easier to treat.

3. It is recommended that such a system be considered as an option for treating milking centre 
washwater at dairy farm sites by approvers of such facilities, provided the following 
conditions are met:

• To satisfy the concern that  < 10,000 L/day of milking centre washwater and solid 
manure storage runoff be handled by these facilities

(a) Cap the maximum solid manure storage size (footprint) that can be 
directed to such a wetland to 300 m2 , and

(b) Do not allow this treatment system to be used to treat milking centre 
washwater volumes in excess of 1000 L/day, with a maximum 
average hydraulic loading rate to the wetland of 30 L/m2/day.
Ensure that the NMAN estimate of the combination of both average 
daily milkhouse washwater plus solid manure storage runoff not 
exceed an average of 2500 L/day with a maximum average hydraulic 
loading rate to the wetland of 30 L/m2/day.

• To satisfy the concern that there be no direct discharge of the constructed wetland to 
surface waters, it would be required that all liquids leaving the third cell of a 
constructed wetland only be allowed to discharge to a treatment trench (i.e. leaching 
bed) designed and constructed in accordance with Section 8.7 of the Building Code. 
(i.e. system approved under the Building Code).  Site conditions will dictate the 
final type and layout of receiving system. 

• The vertical wetland cells incorporate the components and minimum design 
specifications identified in the generic design drawings provided in Appendix E of 
this report and that the wetland be installed by a qualified installer of such milking 
centre washwater treatment systems.

• Systems which deviate significantly from the generic design drawings to 
accommodate different milking centere washwater inputs (e.g. daily milking centre 
washwater flow >1000 L/day and <10,000 L/day) should be designed and 
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constructed under the supervision of a Professional Engineer and be subject to 
necessary approvals.

4. Reviewers of nutrient management strategies can easily evaluate strategies proposing the 
management of milking centre washwater with a constructed wetland system by using the 
criteria listed in point 3 above and comparing them against the estimates of milking centre 
washwater volumes documented in a standard NMAN nutrient management strategy 
printout.

5. As with most mechanical or constructed systems, routine monitoring and maintenance is 
necessary to ensure their proper functioning.  Landowners considering this option need to 
be made aware of the monitoring and maintenance requirements of these systems if this 
option is selected to manage their milking centre washwater and solid manure storage 
runoff.  A generic Operation and Maintenance Manual for the vertical flow constructed 
wetland represented by the generic design drawings has been prepared and is included in 
this report (See Appendix F).   The intent of this generic manual is to provide installers 
with a base document they can use to augment, revise, and customize for the purposes of 
describing the function of the various system components as well as the maintenance needs 
of the system.  The Operation and Maintenance manual may also include details around a 
maintenance agreement established between the owner and the installer or approved agent 
of the installer. 

6. Include subsurface constructed wetlands as a possible option in any future OMAFRA 
extension materials related to the management of milking centre washwater.  This may 
include the generic design drawings provided in Appendix E of this document as well as 
general information concerning the operation and maintenance of constructed wetland 
systems as found in Appendix F of this document.

7. Consider including the incorporation of a properly designed subsurface constructed 
wetland system into the existing sediment tank and treatment trench system as another 
option for the management of milking centre washwater with or without the first rinse of 
washwater removed from the waste stream either through revisions to Section 61.9 of the 
Nutrient Management Regulations (O.Reg. 267/03) or possibly proceeding under the 
Building Code.   
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Sampling Protocol Used on Ontario Sites in Study

The water quality sampling protocol established by consensus between members of this study’s 
Technical Evaluation Committee to meet the purposes of this study is as follows

Duration of Sampling:  18 months (October, 2009 through March, 2011)

Number of Independent Sites: 3

Number of Sampling Points/Site: 2   (see Figure A1)
- Discharge from septic tank before enters SSCW
- Discharge from SSCW’s 3rd cell before it enters treatment trench

Frequency of Sampling:  1/month

Analysis Suite: pH, 
BOD, 
CBOD, 
Total Solids (TS)
Total Suspended Solids (TSS), 
Total Kjeldahl Nitrogen (TKN)
Ammonia - N, 
Nitrate - N, 
Nitrite - N, 
Total Phosphorus, 
Total Reactive Phosphorus
E. coli. 

Figure A1:  Proposed Sampling Locations (red arrows)

Septic Tank
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discharge only
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APPENDIX B
MINUTES - Meeting #1

SSCW for Milkhouse Washwater and Manure Storage Runoff Treatment
Technology Evaluation Committee - Meeting No. 1

Tuesday August 11, 2009.  10 am – 1 pm

125 Resources Road, Toronto, ON  Room E215

Present:  Samuel Ima (SI) (OMAFRA), Kevin McKague (KM) (OMAFRA), Lloyd Rozema (LR) (Aqua Treatment Technologies), Ahmed Sharaf (AS) (MAH),  
Clara Tucker (CT) (MOE).
Absent:  none

No. Agenda Item Discussion Action
1 Introductions This was the first meeting of the Technology Evaluation Committee.  Began by 

having each committee member introduce themselves to other committee 
members. 

--

2 Background on Milkhouse 
Washwater Handling

KM gave a general overview of milkhouse washwater management on farms, 
the options that are available and the curcumstances under which each of the 
different options would most likely be selected.  General points can be 
summarized as follows:

• Generally the volumes of milkhoue washwater produced daily is signi-
ficantly less than 10 000 L/day.

• Milk producers who are managing the livestock’s manure as a liquid, 
will in the majority of cases opt to store any milkhouse washwater 
generated in the liquid manure storage tank.  The manure storage tank 
would be sized to ensure a minimum240 days days capacity for both 
the manure and milkhouse washwater volumes to be directed to the 
storage.

• Milk producers who are managing the livestock manure as a solid 
could also store the milkhouse washwater as a liquid and subsequently 
land apply it.  The barrier to this however is that two types of manure 
spreading equipment (solid system plus liquid system) are now re-
quired, significantly affecting operational costs.  This makes the option 
of a septic tank/treatment trench system (first rinse removed) more at-



tractive.
• The septic tank/treatment trench systems work best in settings where 

soils at the site have relatively high infiltration characteristics. 
Without periodic maintenance the characteristics of milkhouse wash-
water is such that it can clog the treatment trench system through time. 
Clogging can be aggravated if there is an accidental discharge of first 
rinse water or milk into the system.

• The wetland treatment technology proposed to be tested is essentially a 
treatment approach placed between a septic tank/treatment trench sys-
tem’s septic tank and treatment trench.

• Runoff from solid manure storage can occur as a result of precipitation 
or seepage of liquids from the manure.  Farmers have the option of 
covering solid manure to eliminate precipitation additions.  The draw-
back to this, however, is cost and the concern for spontaneous combus-
tion of the manure causing the roof/barn to catch fire.

• Other options for yard runoff include the use of a vegetated filter strip 
system (VFSS) or a permanently vegetated area (PVA).  In both cases, 
however, these systems currently cannot be utilized to handle any 
milkhouse washwater present as well.

Many questions were asked by the committee members during the 
presentation, clarifying some of the aspects of milkhouse washwater 
production and management in their minds.

3 Background of 
Project/Proposal

KM asked if anyone had questions wrt the proposal as was submitted and 
approved.  It suggested by AS and agreed by all that, to optimize meeting time, 
all committee members would give the proposal a detailed read outside of the 
meeting time to become very familiar with the project, its objectives and 
approach.  Questions resulting from the thorough review could be directed to 
KM.

All to read the proposal by Sep 1, 
2009. if not done yet.

4 Overview of Systems to be 
Monitored

KM gave an overview of the three systems proposed to be monitored as 
outlined in the proposal.  Site 1:  Milkhouse washwater only (Dairy farm).  Site 
2:  Milkhouse washwater and manure storage runoff (dairy sheep)  Site 3: 
Milkhouse washwater and  manure storage runoff (Dairy goat).
LR provided additional technical and water quality related information on the 
general systems installed at these sites.  Site 3 is to be in stalled in October 
2009. 

LR also indicated that Michigan State University has installed such a system 



and they are also willing to share data to further help evaluate the treatment 
effectiveness of the system.

5 Requirements of Various 
Regulatory Groups

General discussion was had related to the responsibilities of various regulatory 
agencies.

It was noted that, for milkhouse washwater disposal at least, the system is very 
similar to the current accepted septic tank treatment trench system.  The 
difference is that a treatment system (the constructed wetland) is placed in 
series between the septic tank and the treatment trench.  Therefore, it was 
generally thought that if the system could consistently show it is meeting septic 
system water quality/quantity requirements as specified under the building 
code, it would have promise as being a routinely approved system.

The likelihood of these systems discharging more than 10,000 L /day of treated 
water was also discussed.  If it was used for milkhouse washwater alone, this 
would be very unlikely given the amount of washwater generated by typical 
dairy (esp sheep, but even dairy cow) herd sizes in Ontario.  This may have an 
impact on whether it falls under building code jurisdiction or OWRA/EPA rules.
 
Also discussed briefly the pros and cons of submitting these systems through 
the Building Code approvals process as a proprietary system or alternatively 
treating it as a publically available system with guidelines established to ensure 
proper operational design (e.g. through a generalized design manual – specific 
to milkhouse washwater treatment)  

If systems could be limited to sites 
that consistently will not result in > 
10,000 L/day discharge, and given 
that this discharge is to a treatment 
trench only (subsurface) CT 
contact others in MOE to 
determine whether these systems 
would fall under the jurisdiction of 
the OWRA or EPA.  

7 Next Meeting It was proposed that the next meeting incorporate a field visit to the proposed 
sites around the time that Site 3 is being constructed. 

LR  Inform KM of planned 
construction dates a few weeks in 
advance so can arrange 
meeting/field visit for ALL. 
Expect it to be held October 2009.



MINUTES – Meeting #2

SSCW for Milkhouse Washwater and Manure Storage Runoff Treatment
Technology Evaluation Committee - Meeting No. 2

Friday September 17, 2010.  9:30 am – 11:30 am

OMAFRA 1 Stone Road, GUELPH, ON (Room 202)

Present:  Michael Muffels (MM) (OMAFRA), Kevin McKague (KM) (OMAFRA), Lloyd Rozema (LR) (Aqua Treatment Technologies), Ahmed Sharaf (AS) (by  
teleconference) (MAH), Clara Tucker (CT) (MOE).
Absent:  none
No. Agenda Item Discussion Action
1 Overview of Project to-date.

field data collection

Observations/feedback from 
site visits.

Introduced Mike Muffels to the group as he is replacing Samuel Ima on the 
Committee, representing the Nutrient Management Approvals group.  Samuel is 
on 1 year leave.

KM asked if there were any outstanding items to be addressed from the first 
meeting minutes.  None were identified.  KM then gave an overview of the 
activities since the last mtg.  Since then, the wetland was built at the third site, 
detailed monthly monitoring began in November 2009.  The results are updated 
monthly and distributed to the Committee members.  Analysis of TKN was 
added to the sampling protocol and most of the technical team have now visited 
the sites for a first-hand look.

KM displayed the analysis summary spreadsheet on the overhead.  Some 
discussion of the findings to-date ensued.  Key observations were as follows: 
Nitrate levels increase (because the N is being converted from ammonia form to 
nitrate form) but at none of the sites did the average nitrate levels exceed the 10 
ppm limit.  
TSS and TS levels drop significantly across the wetland.  It was interesting to 
note the rise in total solids in the outflow in the few months when the septic 
tank was being bypassed until the underground line was repaired at the site. 
This points out the need for the up-front settling tank.

It was noted that the systems are designed for a 3 to 4 day retention time.

It was noted that the e-coli levels observed entering the system are actually 

KM to send AS some recent 
photos of the monitored sites.



Budget status

lower than would be expected with sanitary sewage.  The thought was that the 
disinfection chemicals used to clean up the milking system is probably killing a 
good portion of the e-coli resulting in this difference.

KM gave an overview of the study’s budget.  If continue with status quo, we 
will have $4500 to $4800 left by April 1, 2011.  Therefore slightly under 
budget.

2 Discussion of monitoring 
results to-date

Data observations were discussed (agenda item 1 above)

Water quality
In general, it was concluded that the contaminant levels found in the water 
leaving the constructed wetland were at or below the range one would expect to 
be found in domestic sanitary sewage. 

Water Quantity
The flow monitoring from the EB site does not appear to be valid as KM 
observed in the field that the float switch was not shutting the pump off, 
resulting it running when no water was present to pump.  This was illustrated 
with the timer data distributed at the meeting.  The other two sites had valid 
data however. Peak daily volumes at the CB site were in the 2000 L to 2500 
L/day range.  This is well below the 10,000 L limit if susch a system was to fall 
to approvals under the building code.

AS to assemble references/data to 
use as a comparison to the 
observations made in this study to 
support this conclusion.  
LR to assemble data from other 
similar treatment systems to 
support this conclusion.

3 Feedback from Michigan 
Study

LR reported that the Michigan group testing the same system for milkhouse 
washwater are now proceeding with having this same system approved by the 
Michigan department of the Environment as a milking centre washwater option 
for producers.

KM to acquire Michigan 
information to help support the 
data being collected here in 
Ontario.

4 Feedback from MOE on where 
system falls within the OWRA 
and Section 61.9 of the 
Nutrient Management 
Regulations

KM provided the Committee with minutes from the meeting held with MOE 
staff to discern how to best apply the rules to this system.  With the recent 
revisions to the Nutrient Management Act, it was suggested through this 
meeting that the system is already potentially covered under Section 61.9 (3) 
(ai) and (bi).  This is provided that the system can treat in a manner that satisfies 
Sentence 8.1.3.1 (3) of Division B of the Building Code and a building permit is 
issued.

MM to discuss this approach with 
the NM Director approving NMPs 
to see if he might be in agreement 
with such a recommendation.



5 Discussion of Applicability of 
Sentence 8.1.3.1(3) of 
Division B of the Building 
Code

 AS indicated that some form of guidance manual would be beneficial to ensure 
such systems were built to appropriate standards and using good engineering 
practice.  If this section of the building code was properly considered.  AS also 
mentioned past principles used in evaluating technologies:  3/3/3 (3 systems, 3 
soils types, 3 years). and  5/2 (5 systems, over 2 years).  

KM presented background information on volume of runoff expected from a 
300 sq m solid manure storage (25 year – 24 hour storm as well as from the 
upper limit of milking centre washwater that could be generated by milking 
animals serviced by a solid manure storage 300 sq m in size (240 days storage). 
Milking centre washwater volumes were well below the 10,000 L limit. 
Theoretical runoff volumes exceeded the 10,000 L limit, but would not exceed 
the three day retention capacity of the wetland. 
Site observations at the CB site (280 sq m storage area) this summer were ell 
below the 10,000 L, averaging 2000 Lto 2500 L/day.  This gives confidence that 
the 10,000 L/day criteria for approving under the building code is unlikely to 
get exceeded.

KM indicated that plans are now underway to revise the milking centre 
washwater management manual .  It would be a good time to add a section to 
this revised document describing the use of constructed wetlands in the 
management of milking centre washwater, including key design 
relationships/considerations and maintenance recommendations.  All agreed.  

KM to communicate with the 
group planning revisions to the 
milking centre washwater manual 
that constructed wetland 
information be added.  This 
committee would be prepared to 
provide the pertinent information 
needed.

6 Next Steps Discussed how best to use the remainder of the project budget.  Concluded that 
best to collect sample data until March 2011.  Then, assuming all things are still 
good, use the remaining funds to prepare material needed to go into the revised 
milking centre washwater manual and a maintenance manual/factsheet that 
would be provided to producers installing such systems.  It would also help 
building officials to become familiar with the system as a management option.

KM to collect samples monthly 
through to Mar 31, 2011.  
KM to determine if have funds to 
contract LR to prepare written 
drafts of materials that could be 
added to the milking centre 
washwater manual and a 
maintenance factsheet/booklet. 

7 Next Meeting It was proposed that a third meeting be arranged in the month of April 2011 
once all analysis data has been received 

KM to arrange a meeting in mid-
April, 2011.
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Table C1:  Sample Analysis Results - St Jacobs Site (November 2007 to March 2011)

Parameter

        07/11/2007         31/01/2008        29/02/2008        01/04/2008        07/05/2008        03/07/2008        02/12/2008        20/03/2009        29/04/2009        31/05/2009

IN OUT IN OUT IN OUT IN OUT IN OUT IN OUT IN OUT IN OUT IN OUT IN OUT
Temperature (°C)  11 1 1 frozen frozen 6.6 6.6 13 13 18.9  6 3 3 8 8 15 15

CBOD (mg/L)  2 523 2 616 3 357 4 419 4 8  1 16 1 209 2 324 2

BOD (mg/L)  5 538 2 378 3 408 2 423 2 6  2 19 1 340 8 366 2

pH  8.01 7.32 8.15 7.49 8.23 7.44 8.25 8  8.4 7.33 8.07 8.58 8.08 7.62 8.14

Total Solids (mg/L)           

Total Suspended Solids (mg/L)  3 515 3 610 1 1150 2 1290 1 2  1 30 2 403 1.5 42 1

Phosphorus (mg/L)  0.2 62.1 9.89 102 21.3 83.3 21.3 176 10 15.6  27.5 78.7 29.4 89.3 24.1

Total Reactive Phosphorus (mg/L)           

T. kjeldhal Nitrogen  (as N mg/L)  0.8 60.4 1.7 34.8 2.3 38.6 1.4 40.3 2.2 1.3  0.8 4.5 0.5 47.3 2.5 23.8 2.7

Ammonia + Ammonium (N)  (mg/L)  0.1 13.4 0.1 26.2 0.05 11.3 0.05 9 0.1 0.05  0.05 3.7 0.1 15.7 1.5 17.7 0.04

Nitrite (as nitrogen)  (mg/L)  0.3 0.3 0.13 0.3 0.03 0.3 0.03 0.08 0.3 0.03  0.03 0.03 0.03 0.03 0.03 0.03 0.05

Nitrate (as nitrogen) (mg/L)  0.18 0.5 21 0.25 8.16 0.25 4.39 0.025 7.8 0.025  0.39 0.23 4.9 0.025 4.94 0.025 4.18

Nitrate + Nitrite (as nitrogen)  (mg/L)  0.18 0.3 21.1 0.3 8.16 0.3 4.39 0.08 7.8 0.03  0.39 0.23 4.9 0.03 4.94 0.03 4.18

E. Coli.  (cfu/100 mL)  6 7000 500 20 1 540 1 7200 1 8   2600 2 960 4 4400 1

Parameter

       02/07/2009        29/07/2009        20/08/2009
       10/11/

2009        08/12/2009         12/01/2010        09/02/2010         10/03/2010          14/04/2010         11/05/2010

IN OUT IN OUT IN OUT IN OUT IN OUT IN OUT IN OUT IN OUT IN OUT IN OUT

Temperature (°C) 13 13 11 11 20 20 9 9 3 3 6 6 1 1 5 5 11 11 10 10

CBOD (mg/L) 152 2 4730 2 652 2 621 2 794 6 9110 2 2000 2 216 <4 2990 <2 590 <2

BOD (mg/L) 190 1 4910 2 798 2 585 2 783 6 7730 2 2060 2 233 <4 3440 <2 1520 <2

pH 7.56 8.06 6.75 7.88 7 8.1 7.38 8.33 7.14 8.39 6.83 8.25 7.18 8.42 6.99 8.01 6.47 8.29 7.33 7.99

Total Solids (mg/L)     11600 4030 14000 4310 20300 3720 6420 3890 3630 363 23200 1640 9580 2150

Total Suspended Solids (mg/L) 15 2 9920 3 548 1 673 1 320 2 10700 1 1920 3 110 <2 480 <2 123 6

Phosphorus (mg/L) 60.1 28.7 1660 28.2 49.8 21.4 92 5.18 78.1 9 194 23.6 170 18.5 45.5 31.3 167 17.2 61.3 15.7

Total Reactive Phosphorus (mg/L)     20.8 4.63 48.9 5.94 130 20.5 97.2 18 29 16.8 85.3 14 39 13.3

T. kjeldhal Nitrogen  (as N mg/L) 22.5 1.1 428 1.1 38.6 1.2   314 2.2 126 1 15.3 1.4 128 1.4 53.9 6.9

Ammonia + Ammonium (N)  (mg/L) 22.7 0.05 150 0.05 24.1 0.05 22.3 0.05 51.7 0.05 28.2 0.4 22.4 0.3 3.2 0.1 47.6 <0.1 39.1 4.7

Nitrite (as nitrogen)  (mg/L) 0.03 0.03 0.03 0.03 0.49 0.03 0.3 0.03 0.3 0.3 6.5 0.03 0.45 0.03 0.09 <0.06 <0.6 <0.06 <0.6 <0.06

Nitrate (as nitrogen) (mg/L) 0.025 0.05 0.025 0.025 0.025 0.06 0.25 0.42 0.25 5.74 0.25 9.76 0.025 10.4 <0.05 14.4 <0.5 11.1 <0.5 3.29

Nitrate + Nitrite (as nitrogen)  (mg/L) 0.03 0.03 0.03 0.03 0.49 0.06 0.3 0.42 0.3 5.74 6.5 9.76 0.45 10.4 0.09 14.4 <0.6 11.1 <0.6 3.29

E. Coli.  (cfu/100 mL) 400 1 2E+05 16 30000 1 2000 10 71000 10 2000 1 16000 1 136 <2 440 <2 2400 4



Parameter

         10/06/2010         13/07/2010          10/08/2010         14/09/2010         12/10/2010         09/11/2010         13/12/2010         11/01/2011         14/02/2011         15/03/2011

IN OUT IN OUT IN OUT IN OUT IN OUT IN OUT IN OUT IN OUT IN OUT IN OUT

Temperature (°C) 13 13 20 20 17.00 17.00 14 14 9.00 9.00 8 8 1.00 1.00 5 5 2.00 2.00 6 6

CBOD (mg/L) 1020 <4 6000 <4 274.00 < 4 383 <2 200 < 2 254 5 390 < 2 512 <2 768 < 2 517 <2

BOD (mg/L) 1460 <4 2210 <4 417.00 < 2 422 <2 228 < 2 294 5 316 < 2 626 <2 628 < 2 431 <2

pH 7.4 7.98 7.64 8.38 7.64 7.79 7.03 8.01 7.31 8.07 7.45 7.99 7.19 7.76 7.17 8.01 7.57 7.92 7.29 7.85

Total Solids (mg/L) 4460 3890 9280 4620 174 < 6 13300 6580 13700 5403 12600 6220 7110 3580 13300 4470 15000 4590 13300 2920

Total Suspended Solids (mg/L) 790 2 1880 2 17200 5530 156 4 1170 <2 148 20 1900 25 1360 3 121 5 298 <2

Phosphorus (mg/L) 244 15.3 442 14.3 36.6 11.3 46.8 4.65 92.4 6.42 73.5 12 501 12.5 85.9 3.84 46.6 3.99 72.9 5.17

Total Reactive Phosphorus (mg/L) 125 13.2 400 14 13.9 10.5 39.5 3.94 68.5 5 35.7 9.33 15.4 4.82 76.2 3.98 29.7 2.94 46 4.57

T. kjeldhal Nitrogen  (as N mg/L) 37.6 3.5 133 2.9 14.7 1.4 36.7 3.6 20.8 1.8 20.5 2.3 50.8 5.9 32.3 2.5 46.7 1.2 36.1 2.1
Ammonia + Ammonium (N)  (mg/L) 13.6 1.9 40.5 0.2 4.2 < 0.1 30.2 <0.1 9.6 < 0.1 8.4 0.8 5.4 1 24 0.1 35.3 0.1 13.9 0.1

Nitrite (as nitrogen)  (mg/L) 0.06 <0.06 1.56 <0.06 < 0.6 < 0.06 <0.06 <0.06 < 0.6 < 0.06 <0.6 <0.06 < 0.6 < 0.06 <0.6 <0.06 < 0.6 < 0.06 <0.6 <0.06

Nitrate (as nitrogen) (mg/L) <0.05 4.31 <0.05 1.57 < 0.5 1.7 <0.05 0.92 < 0.5 0.48 <0.5 0.52 < 0.5 0.61 <0.5 2.44 < 0.5 3.39 <0.5 3.04

Nitrate + Nitrite (as nitrogen)  (mg/L) 0.06 4.31 1.56 1.57 < 0.6 1.7 <0.06 0.92 < 0.6 0.48 <0.6 0.52 < 0.6 0.61 <0.6 2.44 < 0.6 3.39 <0.6 3.04

E. Coli.  (cfu/100 mL) 11400 28 2E+05 46 77000 30 4700 2 16000 <2 3400 4 3000 1200 2500 <2 54 16 220 24



Table C2:  Sample Analysis Results - Elmira Site (December 2008 to March 2011)

Parameter

        02/12/2008         20/03/2009         29/04/2009         31/05/2009         02/07/2009         29/07/2009         20/08/2009        10/11/2009        08/12/2009         12/01/2010

IN OUT IN OUT IN OUT IN OUT IN OUT IN OUT IN OUT IN OUT IN OUT IN OUT

Temperature (°C)  6.0 3 3 8 8 15 15 13 13 11 11 20 20 9 9 3 3 6 6

CBOD (mg/L)  12 1764 64 840 10 861 2 705 23 456 27 976 72 1340 2 843 6 820 2

BOD (mg/L)  18 2000 66 1350 20 927 7 717 33 541 40 1210 84 1430 2 819 6 1000 2

pH  7.68 6.96 7.3 6.76 7.63 6.46 7.63 7.2 7.42 7.15 7.79 6.91 7.51 6.51 8.09 7.35 8.12 7.19 8.07

Total Solids (mg/L)         2340 1210 1840 1100 1700 966

Total Suspended Solids (mg/L)  7 604 21 343 8 275 1 210 12 480 62 400 26 280 1 460 1 276 1

Phosphorus (mg/L)  6.32 43.3 3.05 34.7 6.17 34.6 5.01 52 11.2 30.6 26.9 32.8 15.6 35.9 7.06 31.1 8.96 27 10.9

Total Reactive Phosphorus (mg/L)         31.9 6.34 20.8 6.86 21.4 9.15

T. kjeldhal Nitrogen  (as N mg/L)  9.5 234 17.7 71.2 26.6 56.4 7.2 95.4 31.5 156 207 60.1 52.1   55.6 2.5

Ammonia + Ammonium (N)  (mg/L)  6.5 108 13.6 17.8 20.3 27.2 1.1 48.5 17.9 80.2 149 37.7 33.7 33.6 0.1 17.7 0.05 21.8 0.3

Nitrite (as nitrogen)  (mg/L)  0.03 0.54 0.03 0.25 0.16 0.64 0.03 0.58 0.03 0.7 0.15 0.76 0.03 0.89 0.03 0.33 0.03 0.46 0.03

Nitrate as nitrogen) (mg/L)  0.05 0.2 0.025 0.05 13.1 0.025 5.78 0.025 0.025 0.07 0.23 0.025 0.025 1.05 4.1 0.025 7.42 0.025 9.5

Nitrate + Nitrite (as nitrogen)  (mg/L)  0.06 0.74 0.03 0.3 13.3 0.64 5.88 0.58 0.03 0.77 0.38 0.76 0.03 1.94 4.1 0.33 7.42 0.46 9.5

E. Coli.  (cfu/100 mL)  780 4200 3500 760 52 12 4 77000 32000 83000 3000 62000 640 3500 2 23000 12 10 1

Parameter

       09/02/2010         10/03/2010        14/04/2010         11/05/2010          10/06/2010         13/07/2010          10/08/2010         14/09/2010         12/10/2010         09/11/2010

IN OUT IN OUT IN OUT IN OUT IN OUT IN OUT IN OUT IN OUT IN OUT IN OUT

Temperature (°C) 1 1 5 5 11 11 10 10 13 13 20 20 17 17 14 14 9 9 8 8

CBOD (mg/L) 1270 2 940 <4 1330 4 854 3 724 4 1780 <4 438 < 4 520 <2 677 < 2 1680 <2

BOD (mg/L) 1240 6 951 <4 1340 6 828 5 600 5 1900 <4 417 < 4 612 <2 861 < 2 1520 <2

pH 7 8.15 6.89 7.9 7.15 7.81 7.32 7.61 7.2 7.63 7.33 8.03 7.58 7.78 7.42 7.74 7.35 7.79 7.36 8.04

Total Solids (mg/L) 1740 937 2100 964 2440 990 2600 840 1320 894 2600 1010 834 < 2 2200 1340 2000 1400 2420 1340

Total Suspended Solids (mg/L) 460 1 378 <2 1230 <3 607 <3 864 3 784 <2 2120 1440 660 <2 220 < 2 422 <2
Phosphorus (mg/L) 29.9 10.3 25.2 9.51 40.5 17.2 25.3 9.79 26.1 12.2 31.2 6.57 29.7 5.74 29 5.97 26.2 12.4 36.9 14.4

Total Reactive Phosphorus (mg/L) 23.5 10.4 16.9 7.48 22.7 12.8 5.84 8.73 18.8 10.6 26.9 6.82 23.6 5.04 14.8 5.5 26 10.7 23.3 10.6

T. kjeldhal Nitrogen  (as N mg/L) 77.7 3 54.1 3.3 125 11 115 10.3 42.3 9.6 133 7.4 66.9 7.1 85.6 4.8 73.9 4.7 84.7 2.8

Ammonia + Ammonium (N)  (mg/L) 25.2 0.4 14 1.6 76.8 7.2 71.2 5.6 20.9 6 84 4.5 48.5 3.2 34.9 <0.1 46.5 1.1 42.9 0.5

Nitrite (as nitrogen)  (mg/L) 0.5 0.03 0.26 0.07 <0.6 0.45 0.57 0.4 0.47 0.08 0.92 <0.06 1.06 < 0.06 0.82 <0.06 1.18 < 0.06 0.77 0.08

Nitrate as nitrogen) (mg/L) 0.025 12.8 <0.05 10.4 <0.5 10.1 <0.05 10.1 <0.05 6.2 <0.05 3.18 < 0.5 11 <0.05 11.5 < 0.05 2.43 0.06 19

Nitrate + Nitrite (as nitrogen)  (mg/L) 0.5 12.8 0.26 10.4 <0.6 10.6 0.57 10.5 0.47 6.28 0.92 3.18 1.06 11 0.82 11.5 1.18 2.43 0.83 19.1

E. Coli.  (cfu/100 mL) 10 10 20 20 100 64 5500 8400 9E+05 1400 1E+05 144 1E+05 100 2E+05 12 20000 94 2000 <2



Parameter

        13/12/2010         11/01/2011         14/02/2011         15/03/2011

IN OUT IN OUT IN OUT IN OUT

Temperature (°C) 1 1 5 5 2 2 6 6

CBOD (mg/L) 1120 5 1280 3 1060 2 1960 19

BOD (mg/L) 1130 4 1400 3 852 <2 1340 22

pH 6.94 7.68 6.99 7.8 7.05 7.75 7.51 7.62

Total Solids (mg/L) 2130 1150 2300 990 1520 1150 4340 1160

Total Suspended Solids (mg/L) 226 < 2 350 <2 252 2 250 2

Phosphorus (mg/L) 28.3 21.8 24.4 15.1 21.5 19.3 44.8 18.4

Total Reactive Phosphorus (mg/L) 26.3 8.04 22.8 17.2 17.2 18 30.4 14.1

T. kjeldhal Nitrogen  (as N mg/L) 51 7.7 84.7 2.8 42.8 3.1 417 47.9

Ammonia + Ammonium (N)  (mg/L) 15.9 2.2 18.1 0.9 10.4 11 329 39.4

Nitrite (as nitrogen)  (mg/L) 0.34 <<0.06 0.46 <0.06 0.17 < 0.06 1.47 0.08

Nitrate as nitrogen) (mg/L) 0.06 5.38 <0.05 1.45 0.09 14.5 <0.05 2.06

Nitrate + Nitrite (as nitrogen)  (mg/L) 0.4 5.38 0.46 1.45 0.26 14.5 1.47 2.14

E. Coli.  (cfu/100 mL) 28000 148 40 66 10 <2 63000 2500



Table C3:  Sample Analysis Results - Kenilworth Site (November 2009 to March 2011)

Parameter
                1
0/11/2009  08/12/2009          12/01/2010          09/02/2010         10/03/2010        14/04/2010         11/05/2010          10/06/2010

IN OUT RAW IN OUT IN OUT IN OUT IN OUT IN OUT IN OUT IN OUT

Temperature (°C) 9 9 3 3 3 6 6 1 1 5 5 11 11 10 10 13 13

CBOD (mg/L) 412 7 66 231 11 524 6 502 35 1350 5 627 13 951 6 466 3

BOD (mg/L) 534 8 66 261 6 493 2 682 6 1400 8 837 12 2020 4 442 <4

pH 9.46 8.17 6.6 8.46 8.14 8.75 8.07 8.28 8.08 9.14 7.9 7.13 8.03 6.91 8.02 6.96 7.91

Total Solids (mg/L) 1840 1130 3120 3240 1650 2470 1890 3580 1880 3400 2340 4200 1950 3680 1530 2630 1940

Total Suspended Solids (mg/L) 191 4 8590 105 9 278 5 190 5 473 10 303 23 275 <3 169 6

Phosphorus (mg/L) 51.4 8.22 206 35.2 24 55.9 31.8 50.8 34 62.2 40.7 79.6 32.4 89.9 24.3 73.7 33.8

Total Reactive Phosphorus (mg/L) 44.6 7.57 209 35.1 19.4 45 27.3 67.9 36.4 49.8 33.2 55.2 23 63.5 20.7 62.6 29.6

T. kjeldhal Nitrogen  (as N mg/L)    17.8 7.7 23.5 12 45 7 42.5 13 45.3 9.4 43 5.6

Ammonia + Ammonium (N)  (mg/L) 8.7 1.4 0.05 0.4 2.5 0.7 2.8 1.1 2.2 1.5 1.5 0.4 4.6 13.1 3.5 8.2 1.1

Nitrite (as nitrogen)  (mg/L) 1.07 0.03 0.03 0.3 0.03 0.03 0.03 0.03 0.03 0.1 <0.06 <0.06 <0.06 <0.06 <0.06 0.06 <0.06

Nitrate as nitrogen) (mg/L) 4.07 0.025 0.14 1.04 0.39 0.17 0.17 1.12 0.84 3.71 0.05 <0.05 0.27 <0.05 4.13 <0.05 6.09

Nitrate + Nitrite (as nitrogen)  (mg/L) 5.14 0.03 0.14 1.04 0.39 0.17 0.17 1.12 0.84 3.81 <0.06 <0.06 0.27 <0.06 4.13 0.06 6.09

E. Coli.  (cfu/100 mL) 1 1 50 5 1 10 1 50 1 20 <2 40 <2 50 2 360000 110

Parameter

        11/05/2010          10/08/2010         14/09/2010         12/10/2010         09/11/2010         13/12/2010         11/01/2011         14/02/2011
        15/03/201
1

IN OUT IN OUT IN OUT IN OUT IN OUT IN OUT IN OUT IN OUT IN OUT

Temperature (°C) 20 20 17 17 14 14 9 9 8 8 1 1 5 5 2 2 6 6

CBOD (mg/L) 585 <4 438 < 4 1760 <4 1050 <4 1450 <2 816 43 710 22 1120 117 948 152

BOD (mg/L) 555 <4 345 < 4 2210 <4 1410 < 4 1580 <2 732 31 921 31 1040 122 1010 215

pH 7.11 8.08 7.29 8.08 7.06 8.11 7.01 8.13 7.82 8.24 6.92 7.78 7.96 7.79 7.85 7.55 7.84 7.38

Total Solids (mg/L) 2340 1800 171 5 3820 1960 3500 2300 3720 1730 4710 1930 2880 1430 2840 1570 3150 1520

Total Suspended Solids (mg/L) 214 7 4180 1940 376 5 491 2 359 <2 234 10 492 19 412 54 450 23
Phosphorus (mg/L) 54.4 33.6 41 36.5 70.6 37.4 81.4 38.4 86.6 43.5 81.7 42.3 53.8 28.7 79.7 53.1 59.4 32

Total Reactive Phosphorus (mg/L) 47 34.2 36.1 31.5 65 33.6 70.7 31 73.7 36.5 47.7 30.5 47.8 29.4 64.2 45.5 48.4 27.1

T. kjeldhal Nitrogen  (as N mg/L) 26.6 11.8 29.6 8.4 52.4 9.7 50.5 11.4 42.1 3.6 45.5 10.5 48.6 13.5 45.5 22.3 32.4 28

Ammonia + Ammonium (N)  (mg/L) 3.2 1.9 9.9 < 0.1 10.7 0.2 14.9 0.4 3.8 <0.1 6 2.9 10.1 0 2.9 12.6 12.7 16.1

Nitrite (as nitrogen)  (mg/L) <0.06 <0.06 0.18 < 0.06 <0.06 <0.06 0.28 <0.6 <0.06 <0.06 0.18 <0.06 < 0.06 < 0.06 < 0.06 0.26
< 

0.06 0.15

Nitrate as nitrogen) (mg/L) <0.05 0.45 < 0.05 2.39 <0.05 1.54 < 0.05 1.61 0.11 3.58 < 0.05 < 0.05 0.1 < 0.05 0.24 < 0.05 0.24
< 

0.05

Nitrate + Nitrite (as nitrogen)  (mg/L) <0.06 0.45 0.18 2.39 <0.06 1.54 0.28 1.61 0.11 3.58 0.18 <0.06 0.1 < 0.06 0.24 0.26 0.24 0.15

E. Coli.  (cfu/100 mL) 44000 216 100000 760 51000 28 3200 10 20 2 < 1000 2 3200 118 <5 <2 <20 640



Appendix D

Findings from a Literature Review of Milking Centre Washwater 
Characteristics 



Source:  Conestoga-Rovers and Associates, 2005.



Appendix E

Design Drawings for Standard Subsurface Constructed Wetland 
for Treating Milking Centre Washwater and Solid Manure Storage 

Runoff 
(Maximum 300 m2 floor area) 





Appendix F

Draft Generic
Operation and Maintenance Manual for Standard Subsurface 

Constructed Wetland for Treating Milking Centre Washwater and 
Solid Manure Storage Runoff (Maximum 300 m2 floor area) 

Prepared by following the general guidelines of what is to be included in an operation and 
maintenance manual as described in CAN/BNQ 3680-600/2009
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1.0 Using a Constructed Wetland Treatment System for Managing 
Milking Centre Washwater and Solid Manure Storage Runoff from 
Floor Areas < 300 m2

The constructed wetland treatment system you have acquired for treating your milking centre 
washwater, and possibly additional runoff from a solid manure storage (< 300 square metre 
floor area), consists of 4 main components:

1. A sediment settling tank
2. A sump well collecting overflow from the sediment tank
3. A lined 3-cell subsurface constructed wetland
4. A treatment trench

Under the authority of Ontario’s Nutrient Management Regulations, these systems can be 
approved for use in treating milking centre washwater as well as solid manure storage runoff 
water from the same operation2 provided the following conditions are met: 

1. The milking centre washwater volume generated and to be managed does not exceed 
1000 L/day.

2. The floor area of the site’s solid manure storage is less than 300 m2.
3. The sediment tank and subsurface wetland components of the system have dimen-

sions, design features, and components that are equivalent to the generic design 
provided in Appendix A.

4. The treatment trench component of the system has been sized in accordance with the 
requirements of Section 8 (Division B) of the Building Code (O. Reg. 350/06) and has 
received municipal approval for construction under the Building Code.

 
This manual provides the owner/operator with a general overview of the operating 
principles behind this milking centre washwater management option and guides the 
owner/operator in the operation, maintenance and troubleshooting of the system to ensure 
its proper functioning and long operating life.  For answers to questions not covered in this 
manual, the operator should contact the original installer of the system.  Their contact 
information is provided in the following section.

1.1    Contractor Information (to be completed by contractor at time of installation)

Name:           ________________________________________________
Address:       ________________________________________________ 
                     ________________________________________________ 
Telephone:   __(______)_______________________________________
E-mail:         _________________________________________________

2.0 Functions and Operating Principles of System Components
2 Note:  The constructed wetland treatment system described here cannot be used or approved solely 
to treat runoff from a solid manure storage at a site.
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The four components of the constructed wetland treatment system have specific functions. 
They are outlined below:

2.1 Sediment Tank. 

The sediment tank receives the washwater and runoff water (if any) to be passed through the 
system.  Its primary function is to allow settling of solids, such as manure, and reduce the 
loadings of fats and greases to the wetland and treatment trench components.  This is achieved 
by passing the receiving washwaters through chambers and baffles within the sediment tank 
and forcing water leaving the sediment tank to pass through a filter or screen.

2.2 Collection Sump

The collection sump receives overflow from the sediment tank.  A sump pump, activated by a 
float switch, then transfers the liquid received to the first cell in the constructed wetland once it  
reaches a pre-determined level in the sump well.

2.3  Vertical Subsurface Treatment Wetland (AQUA Wetland System)

The AQUA Wetland System (AWS) (see Figure 1) consists of three cells, each lined with an 
impermeable synthetic liner. Each cell contains a sand/gravel medium and wetland-type plants  
(eg cattails (typha sp.)).  The liquid pumped from the sump is applied to the top of the first cell 
through either the ‘summer’ distribution pipes or the buried ‘winter’ distribution pipes.  The 
operator can select which set of distribution pipe to use by means of a valve.  The liquid 
applied then percolates down through the sand gravel medium, coming in contact with bacteria 
and plant roots along the way, until it reaches the bottom of the cell. Water from the bottom of 
cell # 1 is collected via perforated drainage pipe located throughout the bottom of the cell and 
then pumped from the sump in cell #1 to the “summer” or “winter” distribution manifolds 
located over the top of cell # 2.   The process then repeats itself.   Likewise, water collected at  
the bottom of cell # 2 is applied to the top of cell # 3.  Once the water reaches the bottom of 
cell # 3 it is then pumped from the wetland to the treatment trench.   

It is recommended that that winter manifolds be used once there is a risk of water freezing in 
the distribution pipes.  The frost-free period in southern Ontario is approximately mid-May to 
Early October.  In Northern Ontario (above North Bay, Sudbury and Sault Ste. Marie, it is 
approximately early June through early September.   A valve located along the header pipe in 
each cell is turned to switch from the winter distribution pipes to the summer distribution 
pipes.  

Note that each cell has a submersible pump with a float switch associated with it.  These are 
located in the sump or pump chamber installed in each cell.  In the event of a pump or power 
failure, standpipes may also have been installed in the pump chamber, allowing the water to 
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pass by gravity through each of the cells.   For water to be discharged by gravity from the 
wetland, however, requires the treatment trench to have been built at a grade elevation that is  
lower than the outlet to the wetland.  Contact you contractor (See Section 1.0) to verify 
whether your system was designed to operate fully by gravity flow.  Many of the wetlands also 
allow the water to be re-circulated within the wetland.  For example, by opening or closing a 
valve, the operator may have water collected from the bottom of cell #1 circulate back to the  
collection pump, where it is then pumped back onto the top of cell #1.  Similarly, water from 
cell #2 can be re-circulated back to the pump chamber in cell #1 and water from cell #3 can be 
recirculated to the pump chamber in cell #2.   This allows the operator to adjust the level of 
wetland treatment or can help to conserve water in the wetland in times of the year with 
evapotranspiration is high, but volumes of wastewater being treated are relatively low, ensuring 
the wetland plants do not dry out.   

Figure 1:  Components of a Vertical Subsurface Wetland Treatment Cell

Within each wetland cell, physical, chemical, and biological processes combine to remove 
contaminants from the wastewater applied (See Figure 2).  Treatment occurs as the wastewater 
passes through the sand/gravel medium and the plant rhizosphere.  A thin aerobic film around 
each root hair is aerobic due to the leakage of oxygen from the rhizomes, roots, and rootlets of 
the wetland plants. Decomposition of organic matter is facilitated by aerobic and anaerobic 
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micro-organisms present. Microbial nitrification and subsequent denitrification releases 
nitrogen as gas to the atmosphere. Phosphorus is co-precipitated with iron, aluminum, and
calcium compounds located in the root-bed medium Suspended solids are filtered out by the 
sand medium of the AWS and subsequently decomposed.  Harmful bacteria and viruses are 
reduced by filtration and adsorption by biological films on the sand media.  

Figure 2:  Treatment Processes Within a Constructed Wetland Cell

Monitoring of these systems installed on Ontario dairy farms was completed over a 2-year 
period to assess the treatment effectiveness of the constructed wetland component of this 
system.  Table 1 summarizes the findings.

2.4 Treatment Trench 

Water leaving the third cell of the constructed wetland is sent to the treatment trench.  A 
treatment trench is sized and built in the same manner as any other leaching bed used to handle 
effluent from a domestic septic tank.  The construction of your treatment trench is to meet the 
design specifications described in Section 8 (Division B) of the Building Code (O. Reg. 
350/06) for the average daily volumes of washwater being treated.  For more information on 
this, refer to your system’s as-built drawings or contact your contractor or local municipal 
building official.  
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Table 1.   Effectiveness of Wetland Component in Improving Water Quality as 
     Measured at Three Farm Sites in Southern Ontario, Canada

Water Quality Parameter Measured Avg of Three Ontario Sites
 IN OUT % Diff
CBOD (mg/L) 1052.2 13.4 98.7%
BOD (mg/L) 1077.1 14.9 98.6%
pH 7.4 7.9 -7.5%
Total Solids (mg/L) 5481.4 2125.1 61.2%
Total Suspended Solids (mg/L) 1021.4 129.7 87.3%
Phosphorus (mg/L) 94.1 20.5 78.2%
Total Reactive Phosphorus (mg/L) 50.9 16.3 68.0%
T. kjeldhal Nitrogen  (as N mg/L) 71.8 11.9 83.5%
Ammonia + Ammonium (N)  (mg/L) 28.5 5.7 79.9%
Nitrite (as nitrogen)  (mg/L) 0.5 0.1 81.6%
Nitrate (as nitrogen) (mg/L) 0.3 4.1 -1086.4%
Nitrate + Nitrite (as nitrogen)  (mg/L) 0.7 4.2 -496.4%
E. Coli.  (cfu/100 mL) 1370.6 16.8 98.8%

In general, a treatment trench provides a final cleaning step for the water leaving the wetland. 
The water is distributed through a series of perforated pipes and eventually allowed to slowly 
leach through the surrounding native soils, returning to the groundwater.  Physical, chemical 
and biological processes continue to work on the water to further polish it as it passes though 
the native soil.  Leaching beds are sized in accordance with the percolation rates of the native 
soil as measured at the time of construction.  The base of the leaching bed is to be a minimum 
0.9 m (3 ft.) above the high water table mark or bedrock in an area.

3.0 Maximum Hydraulic Capacity of Constructed Wetland Treatment 
System

The maximum allowable average daily loading hydraulic loading capacity of the constructed 
wetland treatment system is 2500 L/day.  This includes potential liquid loadings from BOTH 
the milking centre and loadings from solid manure storage runoff.  The maximum allowable 
floor area of a solid manure storage that can be directed to a constructed wetland treatment 
system is 300 m2.

If the wetland is being used to manage milking centre washwater ONLY, the maximum 
allowable hydraulic loading is 1000 L/day.  It is recommended you monitor the volume of 
milking centre washwater generated by your facility to ensure that this loading limit is not 
exceeded.  When your milking herd is expanded, be sure to verify that the additional milking 
centre washwater that may be produced does not exceed this hydraulic loading limit.
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4.0 Warranty and Warranty Limitations

This constructed wetland treatment system is warranted by the installer of the system for 
one (1) year from the date of commissioning for design and construction defects ONLY. 
Warranting the consistent effectiveness of the system in managing the facility’s milking 
centre washwater and solid manure storage runoff is not possible given that the system is 
subject to the variations in weather (e.g. precipitation amounts) and other factors that 
affect daily hydraulic loading rates and water quality inflow readings.  With proper 
construction, follow-up care and maintenance, however, the system can be expected to 
achieve the water quality improvements as shown in Table 1 (Section 2) for many years.  

Contact information for your installer can be found in Section 1.0 of this manual.  

DATE System was commissioned:  ______________________________________

5.0 Owner’s Responsibility Statement

The owner/operator of a constructed wetland used for the purpose of treating milking 
centre washwater shall be responsible for conducting periodic inspections of the system 
and its components and maintaining these components as required to ensure proper 
functioning of the system.  The inspection and maintenance may be undertaken by the 
owner/operator or by someone assigned or hired to do the inspection or maintenance by 
the owner/operator.

6.0 System Inspection 

Table 2 lists the various inspection points and a suggested inspection frequency for 
constructed wetlands used to manage milking centre washwater and solid manure storage 
runoff from floor areas < 300 m2.  A brief description of what to look for at each point, as 
part of the inspection, is also provided in Table 2.
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Table 2.  Inspection Points and Procedures for Constructed Wetland Systems 
Inspection Point What to Look for in the Inspection Frequency
System Component:  Sediment Tank
Inflow Pipe (at milking centre) • Minimize discharge or first rinse washwater to system 

when possible.
• Blockage or washwater back-up at pipe inlet.
• Milk spills
• Reduced flow rates suggesting restrictions in pipe.
• A build up of sediments, organic materials such as milk 

solids, straw or feed waste.

Daily

Catchbasin or Surface Inlet for 
runoff from solid manure storage 
(if applicable)

• Blockages in pipe at or near inlet.
• A build up of sediments, organic materials such as solid 

manure or straw around catchbasin or surface inlet.

After each 
significant 
runoff event 
(if 
applicable)

Inflow Pipe (at outlet to sediment 
tank)

• Blockages in pipe at or near outlet Weekly or 
after each 
significant 
runoff event 
(if 
applicable)

First Chamber – Sediment Tank • Depth of sludge and scum 4 times/year
Second Chamber – Sediment 
Tank

• Depth of sludge and scum 4 times/year

Effluent Filter on Outlet Pipe 
from Sediment Tank

• Plugged?
• Damaged?

Monthly



Table 2.  Inspection Points and Procedures for Constructed Wetland Systems (continued)

Inspection Point What to Look for in Inspection Frequency
System Component:  Collection Sump 
Inflow Pipe from Sediment Tank 
and Cell 1

• Blockages in pipe
• Plugged due to sludge or scum build-up

Monthly

Sump Pump Float Switch • Free to move/float (not twisted or caught)
• On-Off settings occur at proper water level
• Operational (i.e. normal water levels, turns pump on and 

off)

Monthly
4 times/year
Monthly

Sump Pump • Operational Monthly
Discharge Pipe • Leaks (especially at union)

• Cracks or breaks
Monthly

System Component:  Vertical Subsurface Treatment Wetland (AQUA Wetland System)
Area Grading • Runoff water from outside wetland area entering wetland.

• Wetland water not contained within wetland.
Annual

Cell PVC Liner • Rips or holes Annual
Electrical supply 
boxes/breakers/outlets

• Circuit breakers in “ON” position and functional
• Electrical outlets in good condition
• Electrical connections secure

Annual

Winter to Summer Manifold 
Switch Valve

• Operational Twice a year

   Cell 1
Winter dosing manifold • Cracks or breaks

• Clogged discharge holes or pipe
Monthly 
while in use



Table 2.  Inspection Points and Procedures for Constructed Wetland Systems (continued)

What to Look for in Inspection Frequency
Summer dosing manifold • Cracks or breaks

• Clogged discharge holes or pipe
Monthly 
while in use

Inflow Riser Pipe from Cell 1 • Blockage of flow Monthly
Recirculating Inflow Pipe from 
Cell 2

• Blockage of flow
• Operational valve

Monthly

Sump Pump Float Switch • Free to move/float (not twisted or caught)
• On-Off settings occur at proper water level
• Operational (i.e. normal water levels, turns pump on and 

off)

Monthly

Sump Pump • Operational Monthly
Discharge Pipe • Leaks (especially at union)

• Cracks or breaks
Monthly

   Cell 2
Winter dosing manifold • Cracks or breaks

• Clogged discharge holes or pipe
Monthly 
while in use

Summer dosing manifold • Cracks or breaks
• Clogged discharge holes or pipe

Monthly 
while in use

Inflow Riser Pipe from Cell 2 • Blockage of flow Monthly
Recirculating Inflow from Cell 3 • Blockage of flow

• Operational valve
Monthly

Sump Pump Float Switch • Free to move/float (not twisted or caught)
• On-Off settings occur at proper water level
• Operational (i.e. proper water levels, pump on and off)

Monthly



Table 2.  Inspection Points and Procedures for Constructed Wetland Systems (continued)

What to Look for in Inspection Frequency
Sump Pump • Operational Monthly
Discharge Pipe • No leaks (especially at union)

• Not cracked or broken
   Cell 3
Winter dosing manifold • Cracks or breaks

• Clogged discharge holes or pipe
Monthly 
while in use

Summer dosing manifold • Cracks or breaks
• Clogged discharge holes or pipe

Monthly 
while in use

Inflow Riser Pipe from Cell 3 • Blockage of flow Monthly
Sump Pump Float Switch • Free to move/float (not twisted or caught)

• On-Off settings occur at proper water level
• Operational (i.e. normal water levels, turns pump on and 

off)

Monthly

Sump Pump • Operational Monthly
Discharge Pipe and Valve • Cracks and breaks

• Operational
Monthly
2 times/year

System Component:  Treatment Trench
Treatment Trench area Spongy/soggy ground

Ponding
Exfiltration
Compaction over area by vehicle or animal traffic

Monthly



7.0 System Maintenance

Like any other mechanical or constructed system on the farm, the constructed wetland 
system needs routine maintenance.  Maintenance frequency and timing is largely 
determined by the observations made as a result of following the inspection schedule for 
the system.  When the routine inspections show a component needs attention, 
maintenance needs to occur.  Table 3 lists the key maintenance steps needed if problems 
identified in the routine inspections are observed.   Appendix D, where applicable, 
provides a copy of the system’s Maintenance Agreement entered into between the owner 
and the installer (or agent approved by the installer).

7.1 Sediment Tank 

Helping ensure proper operation of the sediment tank begins at the milking centre. 
Where possible, avoid or minimize the amount of first rinse washwater that drains to the 
sediment tank.  This will reduce the amount of milk solids, fats and greases that the 
sediment tank has to handle.  The first rinse, because it has no chemicals, can be fed to 
young livestock at the facility.  

Minimize the amount of solid material entering the drain that leads to the sediment tank 
by scraping up any solids such as manure or straw before washing down floor areas.  This 
will help prevent the drain pipe from being blocked by such material.

Do not allow paper towels or other disposable cleaning rags to enter the drain or system.

As part of the drain pipe construction, where possible, it is recommended that an access 
port be installed in the drain pipe leading to the sediment tank from the milking centre 
drains.   In the event of a blockage then, it is easy to access and clean out the pipe using a 
pressure washer or plumbing snake (or combination).

The solids (sludge) and scum should be pumped out of the sediment tank once it occupies 
more than 1/3 of the tank volume.   The pumped material may be land applied on your 
own property at agronomically-acceptable rates using a liquid manure tank.  Alternatively 
a septic service company may be hired to clean out the sludge and scum.  Local septic 
service companies are listed in the yellow pages for your area.

Cleaning the outlet or discharge pipe of the sediment tank involves removing all solids 
and scum from the discharge pipe area.  This may be done with a stick or a brush.  To 
thoroughly clean the pipe, it can be rinsed with clean water.

Note:  NEVER  enter a septic tank to service it!. This is a confined space and the presence of 
hazardous gases exists.  Avoid leaning directly over septic tank access openings as there is a 
chance of falling into the tank or breathing in hazardous gases. Enure lids are in place and 
secure at all times when the tank is not being serviced.  
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Some sediment tanks are equipped or can be retrofitted with an effluent filter that is 
attached to the outlet of the sediment tank.  It reduces solids loading to the constructed 
wetland and treatment trench.  They are available through most licensed septic tank 
suppliers and cost about $350 plus installation.  For milking centre washwater treatment, 
they are likely to require regular cleaning.  For this reason, it is recommended they be 
inspected monthly.  To clean, the filter should be removed and washed in warm, soapy 
water.

7.2 Collection Sump

Maintenance of the collection sump primarily involves ensuring the submersible pump 
and its associated float switch remain functional and in good working condition. 
Testing float switch may be done by using an extendable rod or stick to push down or lift 
up the float switch and observe its ability to freely move within the well.  It should also 
turn on the submersible pump when lifted high enough (i.e. to the maximum level water 
is allowed to rise to in the well).  It should cause the pump to turn off when it is pushed 
low enough into the well (i.e. at the low water level mark in the well).

If problems are encountered with the pump, first unplug the pump from the electrical 
supply.  Then remove the pump from the well by loosening the pipe connections (e.g. 
rubber gasket or pipe union connection) and lifting the pump unit and vertical portion of 

Illustration 1. 
This sediment tank is in need of a 
pump-out as there is a build-up of 
solids and scum exceeding 1/3 the 
capacity of the tank.   The entrance to 
the discharge pipe also needs cleaning.

Note:  NEVER enter a sump well to service it or its associated submersible pump!. This is a 
confined space and the presence of hazardous gases exists.  Avoid leaning directly over the 
well as there is a chance of falling into the well or breathing in hazardous gases.  When 
removing the submersible pump, give time for any possible hazardous gases to dissipate and 
ensure good ventilation is present.   Ensure the well cover is in place and secure at all times 
when the well components are not being serviced.  
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the discharge pipe out of the well.  The user’s manual(s) for the various pumps used in 
the wetland system are provided in Appendix C of this manual.  If they are not included, 
contact your contractor to obtain a copy.  Follow the pump’s users manual for 
maintenance and repair steps.  In most cases, parts can be purchased at a local hardware 
store.  

When returning the repaired pump to the well, ensure the pipe connections are secure (do 
not leak) and that the pump’s float switch is free to follow its full range of movement.  

Sediments that may accumulate in the well itself should be cleaned out at the same time 
the sediment tank is cleaned out.  

7.3 Vertical Subsurface Treatment Wetland (Aqua Wetland System)

Key maintenance steps with the constructed wetland component of the system involves 
maintaining the submersible pumps, keeping the dosing manifolds clear and harvesting or 
maintaining the vegetative growth on the wetland cells.

Testing and maintaining the submersible pumps associated with the wetland cells is quite 
similar to the procedures described in caring for the submersible pump located in the 
sump well (see Section 7.2).  As with the sump well pump, the user’s manuals for the 
pumps used in the treatment wetland should be included in Appendix C of this manual.  If 
they are not included, contact your contractor.

Dosing manifolds and the discharge holes can sometimes become plugged with sludge or 
organics.  Access ports to both the summer and winter distribution pipes are included as 
part of the generic wetland design to allow clean, pressurized water or a plumber’s snake 
to be forced through the laterals to clean out any blockage.  

Illustration 2.
Threaded joints or unions are often 
incorporated into the pump’s discharge 
pipe to allow the pump to be easily 
disconnected from the discharge pipe 
and pulled out of the well for 
servicing.  Ensure this connection is 
tight and secure when replacing the 
pump to avoid leaks at this point. 

Threaded Pipe Joint
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For the summer manifolds, inserting a small wooden stick (or equivalent) slightly smaller 
than the diameter of the discharge hole into this hole can remove blockages from these 
discharge points.  This is best done when the system is discharging water onto the 
wetland cell to help force the blockage out of the pipe.

Your installer will establish wetland vegetation on each cell of your wetland. 
Maintaining this vegetation can be difficult if there is an inadequate amount of water 
available to service the plants.  Reducing the amount of water leaving the wetland and 
entering the treatment trench can help conserve the amount of water available for 
evapotranspiration in the wetland.  In extreme cases, it may be necessary to irrigate the 
wetland (although this should be rare).  

With adequate water and the selection of the proper wetland plant species by your 
installer,  little is required to establish and maintain the wetland plants in your wetland.  
Generally, harvesting the residue at the end of the growing season is not recommended as 
this residue provides an insulating layer for the wetland cells during the winter months. 
If there is a large build-up of dead or decaying plant residue, however, it may be 
necessary to remove some of it and thus remove some of the accumulated nutrients from 
the constructed wetland.  In these situations, it is often easier to remove the material in 
the fall following the first frost but before it has broken down and lodged.  Plant removal 
should be done manually to minimize traffic and damage to the constructed wetland cells.  
The harvested plant material may be composted or spread thinly and uniformly and 
worked into cropland.

7.4 Treatment Trench

If properly sized and established, the treatment trench should involve very little 
maintenance.  It is important however to watch for signs of treatment trench failure such 
as spongy or soggy soil over or around the treatment trench area, exfiltrating water, etc.

Illustration 3.  
Threaded caps on the ends of the 
summer and winter discharge pipes 
allow access to pipes for clean out in 
the event of a blockage. Ensure this 
connection is tight and secure when 
replacing the pump to avoid leaks at 
this point. 
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It is important to maintain a permanent grass cover over the treatment trench to enhance 
evapotranspiration.  Do not, however, establish trees or shrubs on or near the treatment 
trench as the roots could enter and plug the treatment trench drainage tiles.  Do not pave 
or park over your treatment trench area.

Avoid any vehicular traffic over the treatment trench area.  The exception may be to cut 
the grass, but only when the ground appears dry, to avoid any chance of rutting.

8.0 Troubleshooting 

Table 3 lists some common problem situations that may be encountered when inspecting 
the subsurface constructed wetland system.  Possible causes for the problem and 
suggestions for addressing the problem are given.  For some situations, including 
conditions observed that are not listed here, it may be necessary to have a second party 
look at the problem to identify the cause.  The installer who constructed the unit should 
be the first contact in situations where the cause of the system malfunction is not readily 
apparent.  The installer may be able to identify the root cause of the problem and possibly 
sub-contract others to assist with repairing the problem (e.g. electrical contractor or 
plumber or waste disposal service). 

9.0 Actions to Take if System is not Used for Long Periods of Time 
(>3 months)

Very little needs to be done to prepare the system in the event the constructed wetland 
will not be used for a long period of time.  If so, the following steps should be taken:

• Pump out any sludge and scum from the sediment tank, while ensuring some wa-
ter remains in the tank

• Adjust valving so water is sent through the winter dosing manifolds.
• Ensure all valves in pipes that transfer water from one cell to the next or that exit 

the wetland are in the “open” position.  
• If water can move through system by gravity flow. (i.e. no pumping is needed), 

the electrical supply may be turned off.
• If water must be pumped from the wetland, ensure the pump discharging from cell 

3 is operational during the period the wetland is not used.
• Monitor plant vigour during period of non-use.  If plants appear water stressed, 

add clean water to the system.
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Table 3:  Troubleshooting System Conditions and Failures
Problem Possible Cause(s)
Washwater is backing up into the milking 
centre

• Blocked inlet.
• Plugged or restricted drain pipe 

between milking centre and sediment 
tank.

• Sediment tank outlet or effluent fil-
ter is plugged.

• Sump well pump float switch is 
caught or broken and will not turn on the 
sump well pump.

• Breaker switch for the sump well 
pump kicked “off”.

• Sump well pump is broken.
The septic tank is quite full and a crust or 
thick scum is on surface of the water stored

• Sediment tank needs to be pumped 
out.

• Sediment tank outlet or effluent fil-
ter is plugged.

The water in the septic tank is quite dilute 
and brown in colour.

• Much of the water being treated is 
runoff from the solid manure storage.  If 
possible try to minimize the solid ma-
nure runoff by encouraging the rain wa-
ter to soak into the solid manure pile in 
storage.

The water level in the sump well is quite 
low

• Sediment tank outlet or effluent fil-
ter is plugged.

• Sump well pump is running con-
tinuously (Switch will not turn the pump 
off)

• Pump float switch is caught or not 
set properly and not turning pump off 
soon enough

The water level in the sump well is very 
high 

• Sump well pump float switch is 
caught or broken and will not turn on the 
sump well pump.

• Breaker switch for the sump well 
pump kicked “off”.

• Sump well pump is broken.
The water level in Cell 1 is high.  It is at its 
normal level or at low levels in the other 
two cells.

• Cell 1 submersible pump float 
switch is caught or broken and will not 
turn on the pump.

• Breaker switch for the pump kicked 
“off”.

• Submersible pump is broken.



Table 3:  Troubleshooting System Conditions and Failures (continued)

Problem Possible Cause(s)
The water level in Cell 2 is high.  It is at its 
normal level or at low levels in the other 
two cells.

• Cell 2 submersible pump float 
switch is caught or broken and will not 
turn on the pump.

• Breaker switch for the pump kicked 
“off”.

• Submersible pump is broken.
The water level in Cell 3 is high.  It is at its 
normal level or at low levels in the other 
two cells.

• Cell 3 submersible pump float 
switch is caught or broken and will not 
turn on the pump.

• Breaker switch for the pump kicked 
“off”.

• Sump well pump is broken.
The water level is high in all 3 cells • Electrical power to the wetland has 

been disconnected.
• Main breaker switch for the wetland 

kicked “off”.
• A combination of broken submers-

ible pumps or caught or broken float 
switches in wetland cells 2 and 3.

A pump appears to be running a lot and 
making “sucking” sounds

• Pump float switch is caught or not 
set properly and not turning pump off 
soon enough.

• The float switch is broken.
There is water pressure, but water does not 
seem to be leaving the summer manifolds 
uniformly

• There are plugged discharge holes 
in the distribution pipes 

• There is a blockage or restriction in 
one or more of the distribution laterals.

There is water pressure, but water does not 
seem to be leaving the winter manifold 
uniformly

• There are plugged discharge holes 
in the distribution pipes 

• There is a blockage or restriction in 
one or more of the distribution laterals.

The vegetation is not growing well or 
dying on one or more of the wetland cells.

• The vegetation type chosen is sens-
itive to the contents of the wastewater.

The vegetation is growing best on the first 
cell, but appears less vigorous on cell 2 and 
even less productive on cell 3.  This is 
particularly noticeable in the summer.

• Evapotranspiration is exceeding wa-
ter supply.  The third wetland is likely to 
show the most water stress.  Reduce dis-
charge to the treatment trench until a 
proper water balance returns.



Table 3:  Troubleshooting System Conditions and Failures (continued)

Problem Possible Cause(s)
The treatment trench area is wet or spongy • Unusually high levels of precipita-

tion are overloading the treatment 
trench.  Reduce discharge rate from the 
wetland if possible.

• The treatment trenches are clogging 
up.

Water is observed to be exfiltrating from 
the treatment trench area.

• Unusually high levels of precipita-
tion are overloading the treatment 
trench.  Reduce discharge rate from the 
wetland if possible.

• The treatment trenches are clogging 
up.

• Water in the treatment trench is fol-
lowing a preferential flowpath



Appendix A 
 Generic Drawings of System



 



Appendix B
As-Built Drawings

NOTE:  The system installer is to supply “As-Built” drawings to be 
inserted behind this page here to complete this operators manual.



Appendix C
Operators Manuals for Submersible Pumps Used in Constructed 

Wetland

NOTE:  The system installer is to supply one copy of an operators 
manual for EACH type of submersible pump used in the wetland system 

and place behind this page here to complete this operator’s manual.



Appendix D
Maintenance Agreement

(Note: A formal, written Maintenance Agreement between the owner 
and the installer or approved agent of the installer may be inserted here. 

Such an agreement is optional but recommended.)

  


