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Executive Summary 

 

In fall 2016, students from the Environmental Technician Diploma Program at Algonquin 

College’s Waterfront Campus worked on community projects that were the result of 

important partnerships forged between local and external government agencies and non-

governmental organizations. These projects aimed to improve our understanding of local 

environmental concerns. With funding from the Ontario Ministry of Food, Agriculture and 

Rural Affairs (OMAFRA) Best Management Practices Verification and Demonstration 

Fund (BMPVD) and the Muskrat Watershed Council (Great Lakes Guardian Community 

Fund (GLGCF) – Ministry of Environment and Climate Change), students conducted 

research and implemented solutions in regards to soil erosion, nutrient and sediment 

loading, water quality, and farmland best management practices (BMPs).  

More specifically, the projects addressed commitments outlined in both the OMAFRA and 

GLGCF proposals, targeting key areas where water quality and shoreline stability were 

causes for concern. Three student groups delivered on riparian buffer strips and streambank 

protection through the planting of native vegetation and the construction of a multi-level 

retaining wall. One student group was tasked with monitoring newly installed controlled 

cropland drainage structures and drainpipe outlets and designing a research and monitoring 

strategy and procedure, while a second group constructed a cross-sectional view model of 

a controlled tile drain structure. Furthermore, students explored nutrient management 

planning through a topographical survey in combination with soil sampling. Pest 

management options were also explored through natural herbicide experimentation.  

Algonquin College’s Office of Applied Research, Innovation, and Entrepreneurship 

(ARIE) held the Muskrat Lake Watershed Student Symposium on December 6, 2016 to 

communicate information and results to the public. This included students participating in 

a poster showcase and formal presentations. At the completion of the projects, students 

reported on the methods and results. This document represents a compendium of those 

reports.  
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Muskrat Lake Shoreline Restoration Best Management Practices 

Matt Adams, Angela Bradford, Ray Brennan, Ashley Fleury, Alex MacFarlane, Cameron 

Tremblay Wingert 

 

 

Contributors 

This project would not have been possible without the combined efforts of Algonquin 

College students and staff, as well as community partners, and property owners. 

Sarah Hall – Program Coordinator, Environmental Technician Diploma Program 

Julie Sylvestre - Project Manager for the Office of Applied Research, Innovation, and 

Entrepreneurship and Director of Science & Water Quality Committee for the Muskrat 

Watershed Council  

Al Hyde - Community Partner 

John Cull - Property 1 Owner 

Jennifer Holly and Denis Wren - Property 2 Owner 

Andrew and Cathy Coulas - Property 3 Owner 

 

 

Objective  

Students in the Environmental Technician Diploma Program at Algonquin College’s 

Waterfront Campus teamed up with local community partners and property owners living 

on Muskrat Lake to address issues related to the mitigation of sediment movement, erosion 

control, and nutrient loading.   
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Introduction 

Shoreline restoration and erosion control measures were implemented on three properties 

on Muskrat Lake to help prevent nutrient and sediment loading, both of which are 

environmental concerns for the water quality of the lake. Multiple designs and potential 

methods for implementation were explored for each of the three properties selected.   

Erosion can present itself in different ways including wave action, improper drainage, and 

wind, to name a few. Not only does erosion lead to a loss of valuable topsoil on land, it 

also leads to other effects in the watershed where these soils inevitably end up. This can 

cause nutrient loading and increased sedimentation of the lake or waterbody. In the 

Muskrat Lake Watershed, it has contributed to eutrophication, which causes increased plant 

and algae growth. Cyanobacteria, also known as blue-green algae, are not only visually 

unpleasant but can have harmful effects on humans and other organisms. When 

cyanobacteria decompose, they produce harmful cyanotoxins. Also, when the algal blooms 

decay, it can cause an increase in the biological oxygen demand (B.O.D.) of the lake. This 

can lead to dead zones where the dissolved oxygen (D.O.) is reduced so significantly that 

the lake bed can no longer support most species that depend on the lake for survival.   

On the three properties where erosion was identified, it was evident that the causes of 

erosion were due to drainage from improper shoreline management. We began by asking 

ourselves how one can mitigate this issue in a way that is cost effective and not overly 

technical. The group brainstormed on this research question and prior to visiting the sites 

we received guidance from our Community Partner, Al Hyde, who is well versed in 

methods for shoreline restoration as a former MNRF employee. Other questions were 

explored, including: What is soil erosion? What are the possible solutions to this issue? 

What are the valued environmental components (VECs) that one must consider? It was 

concluded that using tailored approaches specific to each property would be the best 

approach. Though in the end similar methods were used, each area received its own 

variation of erosion mitigation. The main components of the remediation included: 
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1. Planting of native tree and shrub species to increase soil retention  

2. Re-grading pathways or areas susceptible to or containing erosion through the use 

of aggregates  

3. Establishing tiered hills and reforming areas where erosion was occurring 

With this in mind, we were able to achieve some reduction in erosion along Muskrat Lake 

using natural methods and materials, while also raising awareness of the issues by working 

alongside local landowners and participating in community events to communicate 

methods and results.  

 

Methods and Materials 

The first property, owned by Mr. John Cull, was divided into two areas of concern. The 

first area of concern displayed evidence of heavy soil erosion and sediment loading. One 

hillside near the shoreline was greatly affected as well as the path leading down to the water 

access. The first step was to perform a site visit to assess the severity of the erosion. With 

the guidance of Mr. Hyde, an action plan was developed and executed within the upcoming 

weeks. A mixture of Red Maple, Red Osier Dogwood and Nannyberry were selected for 

planting. A miniature excavator was used by the property owner to cut back enough of the 

eroded bank to structure the retaining walls correctly (Figure 1). Next, retaining walls were 

made by attaching two large cedar posts together by boring out holes, using threaded 

rod with nuts and washers, and attaching them to scrap metal as anchors (Figure 2). A 

tractor was used to balance and lower the retaining walls into place. Old tractor parts were 

used to anchor the posts in place (Figure 3 and 4). The retaining walls were then filled in 

with the soil that was originally dug up and then leveled off to prepare for planting. This 

process was repeated for the second tier (Figure 5). Once both tiers were in place, 5 yards 

of ¾” crushed stone was delivered to the property to fill and shape the water access road. 

The team agreed a trench-like drainage system running parallel to the retaining wall would 

be the best approach to redirecting the flow of water and avoiding water running down the 

middle of the access road toward Muskrat Lake (Figure 6). Shrubs were planted on the two 

tiers of the retaining wall, and Red Maple was planted in a line approximately 3 

metres apart with the existing established Sugar Maple (Figure 7). Mulch was added to 
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each tier to keep moisture, prevent weeds from growing and to protect the plants during 

the winter season (Figure 8). 

Steps for work on John Cull’s property – Area 1: 
   

 

 

  

 

 

  

 

  

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Step 1: Before starting, the side of the hill needed to be removed in order to place the two 

tiers. This was done using a back hoe that the property owner rented. The dirt was placed aside 

since it would be needed for later. 

Figure 2. Step 2: In order to build the retaining walls, two cedar posts needed to be placed on top 

of one another. Three sets of holes were drilled through both posts and using bolts to keep them 

together. 
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Figure 4. Step 4: Old tractor parts were found and were placed in between the two cedar post to create 

anchors. The retaining wall was then placed on the orange marking line and holes were dug for the 

anchors to go into. The anchors were then buried. 

Figure 3. Step 3: The retaining wall was then placed along the side of the hill to see if it would be 

compatible, and to have an idea of what the outcome would look like. 
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Figure 5. Step 5: The same procedure as step 2-4 was repeated for the second retaining wall. The tiers 

were then leveled off in order to plant the trees and shrubs. 

Figure 6. Step 6: A ditch was dug in front of the first retaining wall in order to re-direct the water 

flow away from the driveway. After the gravel was dumped, it was then graded using rakes and 

shovels. 
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Figure 7. Step 7: After leveling the driveway, it was now time to figure out which shrubs to plant 

on which tier. It was decided that a mixture of shrubs was the best solution since they grow at 

different rates. The shrubs were placed on the tier and ready to be planted. 

Figure 8. Step 8. Final results. Mulch was added to both tiers in order to keep moisture, prevent 

weeds from growing and competing with the trees and shrubs, and protect them during the winter 

season. A boulder was added to the side of the tiers to prevent any future erosion. 
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The second area of concern on Mr. Cull’s property demonstrated clear erosion problems 

on a large hillside at the rear end of one of his agricultural fields, which was located above 

a natural vegetative buffer adjacent to the lake’s shoreline (Figure 9). This area was aided 

by planting native trees and shrubs, including Red Osier Dogwood, 

Sugar Maples, Highbush Cranberry, and Nannyberry in an alternating fashion along the 

edge of the eroded hillside to help stabilize the soil, with the use of coconut mats to further 

ensure stability (Figure 10).  Over time these plants will spread and create a stable 

vegetative buffer and will uptake any run-off from the field behind (Figure 11).  

 

Steps for work on John Cull’s property – Area 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Step 1: There was severe erosion occurring on the side of the bank. The first step was to 

assess the area and figure where the runoff was coming from.  
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Figure 10. Step 2: The area was measured to figure out how many trees and shrubs would fit without 

roots interfering with one another. The ground was then marked with marking spray paint and the 

plants were planted along the side of the bank to stabilize the soil. Coconut mats were placed around 

the plant to increase survival rate. 

Figure 11. Over time these plants will spread and create a stable vegetative buffer and will uptake any 

run-off from the field behind. 
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The second property, owned by Mrs. Jennifer Holly and Mr. Denis Wren, experienced an 

overgrowth in plant life and excessive algal blooms along the shoreline. There was no 

evidence of any major soil erosion on the property and the landowners were doing their 

part to avoid exacerbating the problem; they had already implemented erosion prevention 

measures by avoiding the use of lawn fertilizers and/or pesticides, as well as tiered their 

sloped lawn to slow the flow of water. It was concluded that the issues on this property 

were problematic because of the larger issue of poor water quality being on Muskrat Lake. 

Winds from the northwest encourage debris and algae to accumulate along the property 

shoreline. Our recommendations to Mrs. Holly and Mr. Wren were to continue being 

responsible landowners, participate in local watershed initiatives, and to maintain the 

buffer strip already in place on their shoreline. 

 

The third property, owned by Mr. and Mrs. Andrew and Cathy Coulas, displayed evidence 

of storm water erosion where soil was being washed-out down toward their water access 

road to Muskrat Lake. Despite their efforts to establish concrete shoreline stabilizers, frost 

heaving, ice, and a lack of vegetation resulted in the displacement of the concrete barriers 

(Figure 12). After having a discussion with the landowners, it was decided that a row of 

trees and shrubs consisting of Eastern White Cedar, Highbush Cranberry, and Red Osier 

Dogwood planted on the side of the road would be on small solution (Figure 13). These 

plantings would create a vegetative buffer to uptake excess runoff and stabilize the 

roadway. All the plants were covered with coconut mats to prevent competition with other 

plants and weeds (Figure 14). The shrubs were planted one meter inwards and two meters 

apart (Figure 15). The Eastern White Cedars were planted at the bottom of the property 

two meters apart. Future recommendations for the property owners included moving the 

concrete barriers back by 1-2 meters to create a sturdy barrier, add crushed stone/gravel to 

prevent frost heaving, add shrubs/trees behind the barrier to uptake and slow water flow, 

and change the slope of the water access road by using crushed stone and gravel to redirect 

storm water flow away from the lake. 
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Steps for work on Andrew and Cathy Coulas’s property:  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 13. Step 1 - 2: First, the distance from the top of the hill to the bottom was measured in order 

to figure out where to place the plants. Orange spray paint was used in order to keep track of where 

the plants would go.  

Figure 12. Andrew and Cathy Coulas’ property showing erosion leading down to the shoreline. The 

concrete barriers at the bottom are displaced due to frost and ice during the winter season. 



 
  

14 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14. Step 3: Once the holes were dug, the plants were placed inside and then covered with dirt. 

Coconut mats were placed around all plants to prevent competing weeds from growing around and 

taking over. 

Figure 15. Final results after all the plants were planted. The shrubs are circled in yellow to see 

where they were planted.  
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Results and Observations 

Project goals were accomplished on all three sites. On the first site, soil erosion was 

reduced, but the team also managed to create an aesthetically pleasing garden from what 

was once a heavily eroded hillside. Soil retention was improved on a hillside suffering from 

evident caving on the second area of Mr. Cull’s property. This was all completed while 

remaining within budget, with a huge portion of the costs being covered by Mr. Cull 

through in-kind donations.  

On the second site, it was concluded that the landowners had already implemented 

numerous methods for proper shoreline and property management. They had turned their 

once steeply sloped lawn leading to the waterfront’s edge into multiple tiers to significantly 

reduce the flow of water. They also no longer maintained their waterfront, which was once 

maintained as a beach for their children. Allowing the beach area to re-naturalize had quite 

the positive impact on the shoreline by providing a healthy vegetative buffer. The native 

aquatic and riparian vegetation that sprung up help slow runoff and absorb possible 

nutrients from runoff. Advice was given to the landowners on how to maintain this natural 

buffer strip and they were advised to continue avoiding the use of chemicals like herbicides 

or fertilizers on their property. It was also explained that the visible algal blooms on the 

shoreline was actually a problem due to the overall health of the lake and watershed, and 

that the property was not contributing to the problem. It was learned through this property 

that sometimes the best course of action is to do nothing at all. 

The third property posed some unique challenges. The team first identified the issues on 

the property and made a “to do” list of how one could improve the shoreline and reduce 

runoff entering Muskrat Lake. However, some of these “to dos” were far beyond the scope 

of our budget and timelines were tight. Work would need to be done with cranes, 

excavators, and various other pieces of heavy machinery. Due to the limited budget and 

lack of experience with heavy machinery, we provided recommendations to the Coulas’ on 

future improvements. If Algonquin College and/or the Muskrat Watershed Council 

receives funding in the future, there is the potential for the work to continue. However, for 

the time being, the group could only provide recommendations on these larger jobs. There 
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were some things that the team could perform. Planting a row of trees and shrubs on the 

side of the water access path would, in time, help reduce the amount of runoff that was 

entering the lake. It would also assist in stabilizing the roadway. 

 

Discussion and Conclusion 

The project provided both permanent and temporary solutions for erosion, depending on 

plant survival rate and maintenance. If plants at each site reach their full potential, the soil 

will be stable enough to withstand obstacles such as snow melts, runoff, and rain storms. 

There were several different approaches to the issues presented, but due to budget and 

timelines, not all approaches could be executed. An easy-to-do and effective strategy is to 

plant native shrubs and trees, such as Highbush Cranberry, Nannyberry, Red Osier 

Dogwood, Sugar Maple, Red Maple, and Eastern White Cedar. 

With respect to nutrient loading, the issue cannot tackled by a select few individuals. 

Efforts show mitigation methods can be implemented by individual landowners, but 

nutrient loading is a watershed issue – it requires larger scale community support and 

efforts.  

Next steps will be monitoring the four properties to ensure the retaining walls are working 

and/or plants are surviving. If further assessments are required, replanting of unsuccessful 

plants should be initiated. We hope that recommendations given to the property owners 

will be expanded on in future projects. 
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APPENDIX – Aerial Imagery 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Muskrat 

  Lake 

Figure 1. Map showing the highlighted regions of the 3 properties where work was done. (Source: 

Renfrew County Mapping Website, 2016) 

 

Muskrat 

  Lake 

Figure 2. Property 1 - John Cull. Area 1 is shown in yellow at the top and area 2 is shown in yellow at 

the bottom. (Source: Renfrew County Mapping Website, 2016) 
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Figure 3. Property 2 - Jennifer Holly and Denis Wren. The cyan area shows where excessive plant 

growth and algal blooms are present. (Source: Renfrew County Mapping Website, 2016) 

Muskrat 

  Lake 

Figure 4. Property 3 - Andrew and Cathy Coulas. The orange buffer represents areas of concern, the 

yellow buffer shows proposed planting, and the cyan area shows evidence of algal blooms. (Source: 

Renfrew County Mapping Website, 2016) 

Muskrat 

  Lake 
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Working Model of a Controlled Tile Drain 

Karlyn Moore, Adrian Papineau, Cody Patrick and James Wheatley 

 

Contributors 

This project would not have been possible without the combined efforts of Algonquin 

College students and staff, as well as community partners, and property owners. 

Sarah Hall - Program Coordinator, Environmental Technician Diploma Program 

Julie Sylvestre - Project Manager for the Office of Applied Research, Innovation, and 

Entrepreneurship and Director of Science & Water Quality Committee for the Muskrat 

Watershed Council 

Mark Sunohara - Project Partner, Agriculture and Agri-Food Canada 

Shandy Labine - Lab and Field Technologist, Algonquin College (Pembroke) 

Jodi Bucholtz - Marketing and Event Planner, Algonquin College (Pembroke) 

Home Depot - In-Kind Contribution 

 

Objective 

As part of OMAFRA’s Best Management Practices Verification and Demonstration Fund 

(BMPVD), Algonquin College’s Office of Applied Research committed to raising 

awareness and educating the public on the installation, operation, and monitoring of 

Controlled Tile Drain (CTD) systems. Engaging farmers, researchers, and the general 

public requires the use of hands-on demonstration tools. The objective of this project was 

to provide a working CTD model that facilitates the demonstration of its technology and 

supports the acquisition and testing of hydrological properties. It was important that our 

CTD model demonstrate consistent, controlled, and correct demonstrations of hydrological 

principles such as Darcy’s Law, while its function remain easily visible as an educational 

tool.  
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Introduction 

Tile drainage is the process of laying down perforated piping or tile channels under an 

agricultural field to drain excess groundwater. Over-saturation of crop roots can be just as 

harmful as under-saturation, as waterlogged crop roots fill in air pockets needed for proper 

nutrient uptake. In regions prone to high flooding, tile drainage is a way to ensure crops 

are more likely to succeed (Scherer, 2010). A problem many farmers face with tile drainage 

is ensuring proper subsurface irrigation during periods of drought. Controlled tile drain 

technology allows farmers to regulate the amount of groundwater draining from their field 

through a series of plates that can be adjusted to raise or lower the groundwater level. 

Understanding these levels based on weather, slope, soil type, etc. can be achieved through 

a series of simple measurements. Farmers still have the option for their tile drains to flow 

freely by removing the plates. 

 

Methods and Materials 

The task assigned was to design and build a working controlled tile drainage model that 

clearly demonstrated the system’s key functions and principles. The process started by 

researching and evaluating the most suitable materials. After creating a list of preliminary 

materials, a design was drafted and the model was assembled. The nature of the project 

demanded a lot of draft work and discussion in order to meet our objectives. In the earliest 

stages, several designs were drafted and discussed until the team came to an overall 

consensus on the design’s direction. Different materials were tested and through trial and 

error we learned which materials worked best for our model. The final design was drafted 

using AutoCAD.   Below is a list of materials and a description of the building process.
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Materials 

 Transparent acrylic sheeting 

 Shower linoleum sheeting 

 Sump pump corrugated tubing 

 Flex coupler 

 3/8” Plywood sheeting 

 Rubber mulch 

 ¼” Aluminium edging 

 

Adhesives and Tools 

 Silicone  

 Gorilla Glue  

 GOOP (marine)  

 GOOP (household)   

 DAP 3.0  

 Plastic cutters 

 Bar clamps 

These materials were cut (by hand in our first iteration) to the dimensions displayed in the figure 

below: 

 

 

 

 

 

 

 

 

Plywood was used for stability of the entire apparatus, especially for the acrylic. The plywood was 

also a great choice for later modifications to be implemented at a relatively low cost. The back 

plate, the base plates, and the left side plate were all cut from aspen plywood. Several methods 

were considered for waterproofing the plywood. Liquid rubber along with oil-based varnish and 

wood staining were some considerations. However, the team decided on vinyl shower tiling. The 

plates to cover the wood were cut to match the inner area of the plates. As an added feature for 

stability, bevels were cut into each of the plates to match the depth of the plate coming into contact 

with the corner to make a flush edge and provide more surface area to adhere to. A notch was also 

Figure 1. Dimensions of the working model CTD structure. (Source: AutoCAD) 
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removed from the corner. This notch would have acrylic-acrylic bonding on the front and side 

view ports for additional stabilization. 

Acrylic was used for the front and side view screens as well as the CTD structure itself. The costs 

were drastically cut by using plywood for a little over half of the project. The building of all these 

parts took a substantial amount of effort by using hand tools. In the first iteration, the difficulty of 

working with acrylic by hand was immense, as the risks of damaging the material were much 

higher versus the use of powered tools. With the use of power tools in the second iteration, the 

imperfections in all of the materials were removed, resurfaced, or rebuilt, and provided more 

efficiency to the demo model overall. This was shown in testing once the entire unit was 

assembled. Slats were also created for the acrylic-acrylic corner bond of the view screens to 

provide a singular, sealed edge, and provide maximum surface area for adherence and strength. 

Silicone was initially used as an adhesive to seal any of the seams. However, the first version of 

the demo was unable to pass water effectively using just silicone. Because of its oil based chemical 

composition, the silicone was unable to adhere to the acrylic panels and provide a strong enough 

seal to maintain performance. 

Adhesives were used instead, each one purchased for a specific type of adherence. Wood-wood 

sections were glued with Gorilla Glue; the acrylic-acrylic welds were done with GOOP marine 

adhesives. GOOP was also used to adhere wood-acrylic sections and provided much more stability 

to the viewing panes. As an added feature, the drainage section was redesigned to allow for 

controlled automation of the addition and withdrawal of water from the drain basin ("ditch") to the 

soil profile section. This was done using brass 90 valves and some nylon tubing. The outlet valve 

that extends past the soil profile section also has an on/off lever to provide further control. 

The soil medium that was chosen to simulate a potential agricultural field was rubber mulch. This 

mulch was much lighter than using pea gravel (as was initially intended) and allows for reasonable 

demonstration of soil. To verify that the rubber mulch was a valid pseudo-soil, the Darcy Tube 

was used in the laboratory of Algonquin College to test the full extent of the porosity and its fit in 

our unit. This provided a full suite of hydrological data in flow rate and discharge. 

Sump tubing was used to convey the water from the soil profile into the CTD. It was chosen for 

its flexibility and cost effectiveness. The sump tubing is similar to the acrylic sheeting in that it 
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bonded well to both the gaskets and the viewing pane. The water can be seen forced into it by 

means of the conductive pressure of water moving through the soil’s porous spaces. 

Further detail on construction method and usage can be found in Appendix A: How-To Manual for 

CTD Construction and Appendix B – The Construction Process. 

 

Results and Observations 

There were many technical roadblocks throughout the construction process of the CTD model. 

The first iteration of the model had a number of flaws, such as multiple leaks. If the water was hot 

or warm, this impacted the silicone and would stressed the joints unnecessarily, leading to leaks. 

Regardless of the heat it was clear that the use of just silicone to hold pieces and create a watertight 

seal was not sufficient for a final working product.  After a few attempts to patch the leakage points 

with very little success, we realized it was necessary to come up with a different method. 

In the second iteration, we preformed initial testing within the lab and discovered a few minor 

leaks coming from below the CTD structure, more specifically the bottom left corner and the ditch 

wall that holds water back to be drained out of the simulation. The other issue addressed within 

this test was that not enough water was flowing through our simulated tiled rain into the CTD 

apparatus, which led to an improper demonstration of how water would flow through the soil 

matrix when controlled with the CTD plates. This required that we add more holes in our simulated 

tile drain (acting like perforated piping) and apply the appropriate sealants in leaky areas. 

Afterwards, we performed another test and established that the model was functioning properly, 

apart from a small leak in one corner. This was patched and testing of the structure was carried 

out. The rubber mulch was added to the model and worked well based on prior testing using the 

Darcy's tube.  

Now that the CTD model was working effectively, one could observe that when water was added 

into the soil matrix, it flowed through the mulch down towards the bottom, filling in the contained 

area. Once the water’s height reached the tile drain, water started to flow through the drain and 

into the CTD and continued to rise within the CTD to the height of the stop logs (e.g., plates – 

their height will vary field-to-field). This test demonstrated that the water within the field was 

being held back at the height of the stop logs where set to, with any additional water moving though 
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the weir and over to the other side of the CTD and down towards the drainage point within the 

model. To calculate hydrologic measurements of soil matrix using rubber mulch, we used to 

following equations: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Calculation for the porosity of the rubber 

mulch. 

 

Figure 3. Calculation for the hydraulic conductivity 

of the rubber mulch using the Darcy's Equation. 
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The following graph displays the relationship between the weir water level height and discharge. 

A line of best fit was used to determine the equation that calculates the approximate discharge 

from the weir level height. The equation is D=32h, where D is discharge in cm^3/s, and ‘h’ is 

height in cm. 

  

 

 

 

 

 

 

 

 

 

 

Discharge and the height of water through the weir are not dependent variables, which is why the 

graph fluctuates. Input volumetric flow (the tap water that fills the mulch) is also a variable. All 

the discharge values were taken at 3 different input flow levels, shown in Figure 5. The leakage 

(% Error) was found by measuring the discharge with two stop logs damming the water in the 

control tower. The water height was set to halfway up the second stop log. The leakage was 

determined to be roughly 8cm^3/s, so the corrected discharge is just 8cm^3/s subtracted from the 

raw discharge. The relationship between water level height and discharge would not be linear as 

the line of best fit equation suggests, but the relationship between the weir water area and the 

discharge would be. A linear line of best fit was chosen as opposed to a curved one because the 

accuracy of the data was not high enough to make a difference in results. A linear equation is also 

simpler to compute and understand.  

 

Discharge= 32(Height)
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The following graph displays the three different input flows displayed on the weir height vs. 

corrected discharge graph. This method of using different input flows rather than measuring the 

discharge without a constant input flow was preferred because data was collected visually. If it 

were measured without an input flow, visual data collection would be less precise as it would drain 

quicker and more time would be needed to document the results. Data would be more accurate if 

collected without an input, but less precise unless measured digitally or with multiple people taking 

readings. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Weir Discharge (cm^3/s) Flow (cm/s) 

Area (cm^3) Height (cm) Low Med High Low Med High 

0.1 0.7  14.26   142.6  

0.2 1 9.39 14.26 38.37 46.95 71.3 191.85 

0.45 1.5 22.9   50.88   

0.79 2   78.95   99.93 

1.79 3   78.95   44.1 
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Figure 5. Height of weir compared to discharge at three different levels 

Table 1. The following chart displays the discharge in comparison to linear flow. Linear flow is not 

constant because of variance in input volumetric flow. Theoretically, the relationship between discharge 

and flow should be linear with consistently increasing area, as flow = discharge/area. If the experiment 

were re-done with no added pressure caused by the input flow, the discharge would decrease, the area 

would decrease, and the flow would remain constant. 
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Discussion and Conclusion 

A working model that can be used as a visual aid at demonstration sites will allow people to more 

easily understand how a CTD functions within an existing tile drain system. Due to the limited 

knowledge of the team on the materials and construction process necessary to create the model, 

this project had a steep learning curve. However, the team was able to overcome problems and 

create a working model of a controlled tile drainage system. Input from our Project Partner, Mark 

Sunohara from Agriculture and Agri-Food Canada, was extremely valuable throughout this 

project, since Mr. Sunohara has worked on larger scale research projects in Ottawa’s South Nation 

region. His understanding and expertise on the construction and function of CTDs ensured that our 

working model was acceptable for use at demonstration sites and local educational events. 
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APPENDIX A “How-To” for Constructing a CTD Model 

Step 1: Choose base for containment  

 Base for this project was aspen plywood  

Step 2: Using a table saw (or readily available hand saw), cut each plate to the correct 

dimensions. The internal dimensions were planned to be to the nearest tenth of an inch so that 

areas can be calculated easier. The outside dimensions were to set to be 34.25" x 12.6" x 15.75" in 

the digital model, while the inside dimensions were 33.0" x 12.0" x 15.0".   

Step 3: Each edge of every plywood plate that would contact another edge are to be beveled. This 

can be done using a hammer and a sharpened chisel. 

 The edges are beveled to a 1/4 width and depth.  

 By making a fence, the correct cutting depth can be more precisely achieved.  

Step 4: The acrylic front screen and side screen must be sized to match their wood counterparts.  

 By using the acrylic as a viewing port, it is critical to avoid damaging the surfaces during 

 cutting.  

 DO NOT REMOVE PROTECTIVE MANUFACTURING COVER.  

 If the covering is removed, the integrity of the view screen clarity can be compromised.  

 If cutting using scoring tools, ensure that a guide is clamped to the workbench and fastened 

 to the acrylic. This will ensure a straight cut.  

 If cutting acrylic using a table saw, ensure that there is no debris prior to cut, all PPE is 

 worn (face shielding, impact gloves, no loose clothing).  

 By using a table saw to make the cut, it will be rough on the material. Use painter’s tape 

 (green tape) to make easily visible measurements and cut lines. The tape will ensure a 

 cleaner edge and more visibility for the operator.    

Step 5: Taking the plywood, sections of vinyl can be cut to fit the inside area of each wood plate.  



 
  

30 

 This is the wood’s water proofing, be sure to seal it well.  

 Generic adhesive or high strength silicone can work, however, it is recommended that 

 strong adhesives are used.  

 If the project permits, liquid rubber spray or oil-based wood stain are recommended above 

 vinyl for waterproofing and durability.  

 Vinyl is also fibrous and brittle, if cutting or sanding, wear a facemask.  

Step 6: When adhering the vinyl, be sure to liberally use clamps to get the best bond.  

 Weight should also be used in the middle to make sure that the pressure is uniform across 

 the entirety of the area.  

Step 7: With all of the plates cut, the bottom plate can have the drain cut in the top right corner.  

 The cut should be large enough to fit the head of a ¾ right-angled valve.  

 About 1’’ diameter is good. This can be done by hand or with a hole-saw.  

 The cut is about ½’’ from the beveled edge on either side.  

Step 8: Using a hand-held router, an extra ½’’ bevel is removed from the bottom right corner, flush 

with the previous cut in order to make room for the acrylic reinforcement strip.    

Step 9: With all of the plates cut and beveled, follow the directions for the adhesive chosen. In the 

case, Gorilla Glue was used. To apply, wet the entire length of one side being glued with a 

moderately wet paper towel. Once wet, apply glue to dry side and press together.  

Step 10: Have clamps ready once glue and wood plates are in place. Be sure to brace from as many 

angles as possible without causing the boards to fall out of square, or deforming. See appendix for 

picture with clamps.   

Step 11: With the wood being glued, make sure to check ALL curing times before removing 

clamps for ANYTHING in this process. Once the glue is dry, remove the clamps. 
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Step 12: Apply silicone seams wherever there is a 90 degree meeting of wood. Be sure to smooth 

and press the silicone into the corner or it won’t seal. If it doesn’t seal, your wood will rot at the 

joints, warp, and be destroyed.  

Step 13: Cutting the acrylic to the size of both the front and side view screens. Tape the area that 

you will be cutting along and draw your line across it (painter’s tape is the best for this). It will 

give you a clear line, and will prevent the acrylic from being chipped.  

Step 14: When the side view screen is cut, take two slats of acrylic about ½’’ wide (the same width 

as the bevel you made with the hand router in Step 8) and adhere them (with marine adhesive) to 

the side-screen. This gives more structural integrity and surface area for the plastic weld.   

Step 15: To build the control tile drain section, cut from a sheet of acrylic two pieces that match 

the height of your front view screen and the back wood plate. The width of the pieces shouldn’t be 

more than 8cm wide. Cut a 3rd piece the same size, and a square bottom plate that fits snuggly in 

the middle of them.  

Step 16: Using a drill press with a 2’’ diameter hole saw bit, cut a hole in the first two plates that 

were made in Step 16 directly in the middle. Be sure to measure and tape the plates before cutting 

to avoid cracks and chips.  

Step 17: Test fit the gaskets for your control tiles, if they need to be widened, use a circular sanding 

bit on a drill press.  

Step 18: Cut two smaller plates, less than 6cm in height and width, and repeat steps 16 and 17 for 

each of these. These plates allow more surface area for bonding, and allow the gasket material to 

be flexible later.  

Step 19: Using 2x4’s, construct a jig to match the inner dimensions of the CTD structure.  

Step 20: Apply marine adhesive to the CTD plates (sides, back plate, and bottom plate) (as per the 

application instructions, to each surface, wait 2 minutes, and then clamp together). Clamp it all 

down with the jig.  
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Step 21: Make sure all corners of the CTD are square while the adhesive sets. Make any quick 

adjustments now before it sets too stiffly.  

Step 22: Once the adhesive for the CTD is dry, apply the gasket plates on the outside of the CTD, 

in line with the holes made in either side of the side plates.  

Step 23: Inside the CTD structure, lace the corners and seams with silicone and smooth out.  

Step 24: Measure to the center of the CTD’s outside wall (without a hole) and make a mark. This 

is where the first rail for the stop logs will be installed.  

Step 25: Place appropriately cut length of rail into the CTD and test for fit. If it’s a good match, 

use marine adhesive to seal it against the far wall of the CTD. Make sure the rail is snuggly set 

against the bottom of the CTD, any spaces here will cause leaks.   

Step 26: With all the parts of the CTD itself assembled, a 1-inch wide slat of acrylic spanning the 

bottom of the CTD can be cut and glued lengthwise beneath the structure. This will raise the 

structure and the piping in the profile and make viewing easier.    

Step 27: Now that CTD assembly is complete, the Control Tile setup can take place. Take each of 

the gaskets (the longer gasket is for the soil profile side), and place them in the CTD structure. 

Using your Sump Tubing, slide it into the gaskets and measure the Soil Profile side to the far wall 

and cut to length. The drain side tubing only needs to be 8 inches.  

Step 28: Cut the sump tubing at ¼ more than half its diameter until a reasonable length before the 

joint that will let the sump tubing enter the gasket gently. It’s critical that the joint is cut precisely 

and does not have pressure on it because the joint has too sharp a curve into the CTD.  

Step 29: Measure a piece of acrylic that matches the width of the opening cut into the sump tube. 

This will be an acrylic wedge, cut to the same curvature of the pipe at the joint, to provide a better 

seal and more area for the weld to take hold.  
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Step 30: Acrylic slats cut to be flush with the back edge of the piece in Step 29 should be sized to 

extend the length of the soil profile section (one above and below the tubing, bracketing it and 

creating a channel) and meet the wood support wall.  

Step 31: On the wood support wall, an acrylic piece is cut to be a ¼ larger than the diameter of the 

sump tubing.  

Step 32: A second acrylic semi-circle is to be cut to match the inner diameter of the sump tubing.     

Step 33:  Begin the test fitting of all the acrylic parts together. Bring the two view screens into 

position and clamp them to the wood structure. After this, begin placing the gasket materials, the 

sump tubing, and the CTD structure inside the box (lightly fasten the CTD in place).  

Step 34 A: With the CTD in place and the sump pipes in their relative position, two partitioning 

sections of acrylic are cut. The first partition will match the height of the view screens and span 

the width of the box. It will also need to be notched in order to account for the space beneath the 

CTD system (the chosen height that it was raised).  

Step 34 B: The second partition is 2/3 the height of the view screen and spans the width of the box. 

This piece will also need to be drilled with a large drill bit in order to let the drain tubing to fit 

through.  

Step 35: Mark out where the sump tubing will meet the wood side, and adhere the semicircles to 

this section using GOOP marine. Be sure to mark all other placements before moving any parts, 

and make registration marks on the CTD base for alignment purposes. Also make very light 

registration marks on the view screen as well where the CTD will be placed and the control tile 

pipe (sump tube). BE VERY CAREFUL HERE OR IT WILL LOOK UNPROFESSIONAL!  

Step 36: Glue the rubber gaskets to their respective sections of the CTD with GOOP (the longer 

gasket is placed on the tile/soil profile side for flexibility). Once the adhesive is dry, be sure to 

silicone and smooth out for best seal. In this step, the drain pipe can also be glued in place in the 

same fashion.  
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Step 37: With the view screen placed face down, the CTD and sump tubing in the soil profile 

sections can be glued together in the positions previously marked. The CTD should be placed first, 

as this will determine the final layout of the control tile. Be sure that these measurements are what 

is desired, as this is part of the final assembly stage. Once the GOOP marine adhesive is applied 

there is no second chance.  

Step 38: Place all the guide slats and backstops for the joint section and control tile. These get 

glued in prior to the sump tube. Let these set at the same time as the CTD. 

Step 39: When gluing the sump tube, be sure to apply ample pressure using weights placed above 

the tube. Once all the parts are set, apply silicone to all of the welded joints to ensure complete 

seals. When the control tile tubing is done curing, be sure to gently cut small holes into it parallel 

to the ribbing on the sump tube. If it is later discovered that there isn’t enough flow, expand the 

slots a small amount. It doesn’t take a lot for the water to begin flowing more rapidly.    

Step 40: With all the parts welded to the view screen, test for fit once again with the side pane. If 

everything lines up, use marine adhesive to finish the final welds and clamp everything down. Be 

sure that there aren’t any noticeable gaps in the weld when applied, and that the view screens are 

amply supported for the whole duration of the adhesive process. These are the most critical welds 

of the project. 

Step 41: Once all of the view screens are welded in, place the second rail for the stop logs onto the 

view screen. Measure and cut to size, then apply marine weld to the metal and place. Stop logs can 

now be cut and measured (from acrylic) to the desired height and width in any combination as long 

as there is a V-notch weir block at the top. This weir is to be cut at a 22.5-degree angle for best 

results. This is done by measuring with a protractor. If the stop logs aren’t snug enough, apply a 

small bead of silicone to the outside edges in contact with the rails and smooth it out for best 

results. Once the stop logs are cut, a strip that matches the inner width (rail to rail) can be cut and 

glued to the front of each stop log to prevent water bypass.    

Step 42: Now that the systems are all in place, the partition plates can be added to the soil profile 

section and drain section. Adhere both plates with GOOP marine, and complete the seal with 

silicone.  
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Step 43: Once all the parts are dry, be sure to run over any welds that haven’t been siliconed already 

and seal them completely. If your silicone is not applied correctly, the wood will be warped or 

damaged over time.    

Step 44: Beneath the demo model, 1-inch wide plates need to be cut from plywood material in 

order to run around the perimeter of the base. Be sure that this does not interfere with the drain 

hole cut previously. Screw these in with screws just long enough to grab the base plate. DO NOT 

RIP THROUGH THE BASE OR CRACK IT, THIS WILL MAKE IT WILL LEAK.  

Step 45: Insert brass 90 valve, with nylon tubing connected, open end up into the drain hole. Run 

the nylon tubing the length of the base. Connect the 90 valve with the on/off toggle to the end, and 

be sure that the valve extends past the end of the base or the valve will not be functional.  

Step 46: Place another 1 inch wide plate to the other side of the drain piping as previously in Step 

44.  

Step 47: With the drain piping firmly braced, push GOOP adhesive into the drain hole to ensure 

proper placement. Apply liberally for best results, but be sure to not get it in the valve, or near the 

nylon. For the nylon tubing, apply silicone to fill in the gaps and smooth in to seal. 
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APPENDIX B - The Construction Process 

Initial Structure: 
Construction 

Process

Figure 1. Photos of the initial construction process, which can be referenced for going through 

the construction steps.   
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Modification of 
the Initial 
Structure

Final Product

Figure 2. Photos of the modification process. 
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Figure 3. This image displays the final product after all testing had been completed. You can also view 

what the rubber mulch looks like within the structure as seen on the left. The pieces of tape with numbered 

increments were used to help calculated the discharge of the model.   

 

FINAL PRODUCT 
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Controlled Tile Drain Monitoring and Research Design 

Aarika Charlebois, Emily Krutzelmann, Lauren Lacombe and Briana Moss-Pate 
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Objective 

The purpose of this applied research project was to design a research plan for monitoring the 

effectiveness of controlled tile drains (CTDs) by investigating the quantification of phosphorus. 

This research is part of the Ontario Ministry of Agriculture, Food, and Rural Affairs (OMAFRA) 

Best Management Practices Verification and Demonstration Fund, and involves the Muskrat Lake 

Water Quality Monitoring Network. Muskrat Lake is known to be highly eutrophic, and evidence 

shows that phosphorus runoff from farming practices is a contributing factor (Dalton, 2015). To 

address this issue, Algonquin College’s Office of Applied Research, Innovation, and 

Entrepreneurship and the Environmental Technician Diploma Program implemented CTDs on 

three separate farm properties in Renfrew County. CTDs are considered an effective best 

management practice toward reducing nutrient runoff into waterways from agricultural fields. As 

part of the OMAFRA project, in year two, a scientifically defensible project must be initiated to 

assess the impacts of CTD structures on crops, farm operations, and water quality. 
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Introduction 

With controlled tile drainage being introduced to Renfrew County as a best management practice 

to address nutrient loading from farming practices, additional research is required to measure the 

effectiveness of the CTD structures in the region. A great amount of planning is necessary to ensure 

reliable and comparable data can be collected to produce a scientifically sound research report. 

CTD structures have the ability to hold back water within a tile drain system, allowing for the 

water table to rise within a farm field, making water more accessible to crop root systems, 

permitting a longer contact time for crops to absorb nutrients. By increasing crop nutrient uptake, 

nutrient loss is reduced, and depending on other variables, such as weather, pest control, etc., crops 

may also increase in yield. 

The main research site, located on Tim Egan’s property, has a unique tile drain system that is ideal 

for conducting research, as the field is divided into three separate sections, where the top two thirds 

are controlled by two CTD structures (named CTD01 and CTD02) and the bottom portion of the 

field left uncontrolled for comparison. On site, there is a weather station to record environmental 

parameters, water level loggers inside each CTD structure, and an atmospheric logger for 

barometric pressure measurements, along with two automated samplers that can be programmed 

to collect water from each CTD structure, as a comparison to above and below sampling sites.  

The purpose of this project is to determine how to effectively monitor CTD in order to develop a 

multi-year detailed research plan containing methods, materials, measurements and 

recommendations required to assess and report on the CTD structures installed in Renfrew County. 

The effectiveness of CTD structures can be measured by quantifying nutrient loading between 

controlled and uncontrolled drains, and assessing crop yields between the different portions of the 

field. The scope of this project was to focus on methods for quantifying phosphorus loading as this 

will evaluate the overall contribution of phosphorus into the watershed – a particular concern in 

Muskrat Lake. Assessing crop yields was outside of scope, as the main farm research site was in 

between crop rotations from alfalfa to corn.  

One of the main anticipated outcomes of this project was to develop learning tools and guidance 

for the equipment to effectively transition the research plan to new upcoming students. This 

included troubleshooting responses to addressing and preventing issues that may arise during data 
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collection and sampling along with equipment testing to ensure feasibility of the research design 

using the available set-up. The major outcome here was to provide methods for collecting 

qualitative and quantitative data for analysis to allow evaluation of the performance of the CTD 

structures in regards to nutrient loading.  

Another important anticipated outcome was to determine when sampling should be conducted, as 

there are many factors that can influence water levels within the drains. It was therefore necessary 

to determine how to perform discharge calculations that would quantify nutrient loading after 

heavy rainfall events. 

 

Methods and Materials 

Initial Site Characterization 

To meet project goals, several methodologies were adopted where initial background information 

was gathered from farmer interviews, water quality and field equipment data records, and site 

visits. This served to familiarize the team with the orientation of the tile drain outlets, CTD 

structures, field equipment locations, and relevant sampling to characterize the research site.  

During the initial site visit, locations for all the equipment and sampling sites were marked on a 

GPS, along with CTDs and tile drain outlets. All of the equipment was photographed for 

documenting the current set up for visual reference and assessed for its utility in quantifying 

nutrient loading (see Appendix A, Table 1). Based on the initial site characterization, a map was 

created in GIS (see Appendix A, Figure 1) to outline the site and also included the georeferenced 

tile drainage system, provided by Tim Egan, to highlight the controlled and uncontrolled portions 

of the field. 

 

Equipment Training and Guides 

To understand whether the current equipment set up was sufficient to collect data and sample 

efficiently, equipment training was conducted for the weather station, water level meter, water 

level loggers and associated software, and programming for the automated samplers.  



 
  

42 

By becoming more familiar with the data logging processes and automated sampling 

programming, instructional manuals (see Appendix B) were created for application in the CTD 

Research Project, providing troubleshooting assistance for all encountered and anticipated 

problems that may arise with equipment use in the future.  

 

Data Collection 

Materials

 Field Laptop 

o ‘HOBOware’ Software (to 

manage data from level 

loggers) 

o ‘ECH2O Utility’ Software (to 

manage data from weather 

station) 

 ‘HOBO Optic’ USB Base Station 

 Onset Coupler for 

U22/U24/U26/U20L (water level 

loggers) 

 Flathead screwdriver 

 Water Level Meter 

 Towels 

 Duct tape 

 Ruler 

 Watch 

 Notebook and pen 

 
Once acquainted with the data logging process and equipment, all water level loggers, atmospheric 

loggers and the weather station were deployed to record on the same 10 minute interval to maintain 

consistency and ease for manipulating data in Excel. To ensure data is comparable for the given 

timeframe, it is crucial to download data in the following sequence: All water level loggers first, 

followed by the atmospheric logger, and lastly the weather station (refer to Appendix B for data 

collecting instructions). In addition, to ensure that any data collecting intervals can be cross 

referenced using the Barometric Compensation Assistance in ‘HOBOware’ software, the loggers 

were left continuously logging when downloading any logger data. Also, multiple water level 

references using the water level meter were recorded throughout data collection intervals, to which 

the highest measured water level was used within the Barometric Compensation Assistance as this 

guarantees the most accurate reading with a completely submerged water level logger.
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Sampling Planning 

Designing a sampling regime for quantifying nutrient loading relies on water levels within the 

CTD structures to be flowing, which is dependent on weather conditions, presumably precipitation. 

Due to the abnormally dry conditions preceding this research, methods for predicting when CTD 

structures would be flowing were hypothetically dependent on cross referencing precipitation 

levels collected from the rain gauge, along with water levels within each CTD structure (see 

Figures 1 & 2). Statistical analysis of precipitation events’ influence on water level within the 

drains 100 hours later were looked at to see if any correlation exists between the two. The 100-

hour post precipitation event was a timeframe considering infiltration rates for loamy sand, at 0.30 

in/hour, to which the tile drainage system is 30 inches below the ground surface. 

 

Automated Sampling Test 

Materials 

 2 fully charged car batteries (one per 

automated sampler) 

 2 sets of 24 automated sampler 

bottles, rinsed with distilled water 

(one set per automated sampler) 

 1-20’ long, ¾” O.D. x ½ ” I.D. clear 

PVC tubing 

 2  automated samplers 

 2 plastic ½” barbed hose fitting 

 2 hose clamps, size #6 – 10/22 mm 

 7’10” rebar 

 Duct tape 

 Desired program 

 

Understanding phosphorus levels within the CTD structure requires collecting water samples 

directly from the drains, especially when flowing. Since no flow conditions occurred during the 

research period, and the automated samplers still required testing for efficiency, each automated 

sampler was programmed to collect samples following expected rainfall conditions according to 

local weather forecasts. It was assumed that water levels within the CTD structures would rise 

within the following few days of the rainfall event. To test this theory, both automated samplers 

were powered with freshly charged car batteries and programmed to collect 150 ml of water, every 

hour for a period of 6 days (see ISCO Auto-sampler section of Appendix B for instructions for 
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programming). A successful program run would account for 24 bottles containing on average a 

900mL composite of a 6 hour time period, to which each sequence of 4 bottles would account for 

a one day composite.  

NOTE: It is important to consider sampling and collection timeframes when samples are required 

to be shipped out for nutrient testing. The program selected was chosen to assess the dependability 

of the automated samplers, not designed to collect representative samples of phosphorus. It is also 

important to consider the volume of sample required for testing, typically sending samples to 

Exova testing laboratories requires approximately 1750 mL per sample. 

 

Sample Collection 

When an automated sampler has been programmed to collect samples, it is required to return the 

same or the following day of program completion to collect samples to ensure they remain viable 

for testing. A general rule is to discard any samples taken 48 hours prior to retrieving the samples. 

Samples from above and below sites are collected within the same day to ensure comparable data 

within Stoqua Creek, which runs parallel to Tim Egan’s field. These samples should only be 

collected when there are samples viable for testing within the drains, unless part of the regular 

Water Quality Monitoring Network. Collecting water samples within the drain during flow 

conditions is pertinent to quantifying nutrient loading, as it depicts the concentration of phosphorus 

that is entering the watershed directly from the farmland.  

Materials 

 2 large coolers 

 Ice packs 

 2 sets of 24 automated sampler bottles, rinsed with distilled water (one replacement for 

each automated sampler) 

 Exova laboratories sample bottles 

 Graduated cylinder 

 Large bucket 
 

Prior to collecting the samples, the program report was checked for any error messages as an 

indication of whether the program ran successfully or with disturbance. Error messages such as 

“No Liquid Detected” or “No More Liquid” may show up during the report, at which bottles should 
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still be checked for any partial collection that may have occurred. Replacement or rinsing with 

distilled water may be necessary to avoid contaminating future water samples to be collected. If 

the program ran smoothly or if there were so little disruptions to have allowed for the necessary 

volume to be collected within the last 48 hours, samples were capped, placed in coolers with ice 

packs and returned to the lab to create composite samples, along with samples taken from above 

and below sites. A large bucket was rinsed three times with distilled water then used to create a 

daily composite sample by combining 4 of the automated sampler bottles sampled within the same 

day. A set of pre-labeled Exova sample bottles were then filled with the required amount of sample 

water. Chain of custody forms were filled out and shipped with returned addresses included to 

Exova, Inc. for nutrient testing (see Appendix C for a sample Chain of Custody Form).   

 

Discharge Calculation Test 

Understanding hydrodynamics within CTD systems is crucial for quantifying phosphorus loading, 

as it can depict the volume of water leaving the systems by measuring discharge inside the CTD 

structure within a measured timeframe. Due to the lack of flowing conditions within the research 

timeframe, it was recommended by community partner and CTD specialist, Richard Brunke, to 

conduct a discharge experiment in the lab using a 4’ CTD model and a 22.5° v-notch weir.  

 

Materials

 4’ CTD model 

 Non perforated, tile drain pipe 

 1- 7” stop log (inner plate of CTD) 

 1- 7” stop log with 22.5° v-notch weir 

 ¾” O.D. x ½” I.D. clear PVC tubing 

 Field laptop 

 ‘HOBOware’ software 

 Water level logger 

 Atmospheric logger 

 ‘HOBO Optic’ USB Base Station 

 Onset Coupler for U22/U24/U26/U20L 

 4’ rebar 

 2 – Hose Clamps, size #20 – 19/44mm 

 Flathead screwdriver 

 Water level meter 

 Stopwatch 

 Bucket 

 Graduated cylinder
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The 4’ CTD model was prepared with both stop logs, to which the v-notch weir is placed atop the 

base stop log. The tile drain pipe was then secured onto the inlet side of the CTD model, where 

the PVC tubing would enter, which was connected to a nearby sink nozzle. Both water level data 

loggers were deployed to log at 30 second intervals while connected to the field laptop using the 

‘HOBO Optic’ USB Base Station and Onset Coupler. The atmospheric logger would remain on 

the lab bench, while the water level logger was fastened 1 cm from the bottom to the piece of rebar 

using two hose clamps, and placed within the CTD model on the inlet side. On the outlet side, a 

bucket was placed to capture water as it flowed out and timed for an approximated discharge 

comparison.  

The tap was then turned on to fill the inlet side of the CTD until desired flow conditions were 

occurring. When water began to flow over the weir, a reference water level height was recorded 

using the water level meter along with the time taken. On the outlet side, the timer was set to begin 

counting as the bucket began to fill with water. After 90 seconds of flow, the tap was turned off to 

discontinue flow and the timer ceased once water stopped flowing into the bucked. Water volume 

was then measured within the bucket to determine outlet discharge.  

Data was then collected from the water level data loggers, and water level was determined using 

the Barometric Compensation Assistance along with the reference water level, and atmospheric 

logger data. From this, in Excel, head flowing over the top of the weir was determined by 

calculating the difference between water level height and the height of the base of the v-notch weir. 

This height was then inputted into an online calculator to determine discharge (LMNO 

Engineering, Research, and Software, Ltd., 2015) and compared to actual discharge measured at 

the pipe outlet. Once the calculation proved to be useful, the LMNO formula was used in excel to 

calculate discharge at each 30 second interval to be assessed for accuracy.  

 

Results and Observations 

Data Collection and Sampling Planning 

Figure 1a displays a water level comparison between both CTD structures, overlaid with 

precipitation measured from the weather station’s rain gauge over the same time period from late 

August to early November. Water levels within both CTD structures remained fairly stable 
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throughout the beginning of the season, and both drains had less than 10 cm of water in them the 

entire time, remaining in non-flowing conditions.  Figure 1b is a subset of the data where sampling 

events in CTD02 can be viewed more clearly, where a significant decline in water levels are 

evident as sample collection occurred. In terms of any visible patterns between precipitation and 

water levels, none were really clear. Statistical analysis results, seen in Figure 2, display little to 

no significant correlation between both CTD water levels and precipitation events.  

 

Automated Sampling Tests 

Sampling programs were tested on three separate occasions with both automated samplers (named 

ISCO-01 and ISCO-02) connected to each of their own CTD structure on-site to sample from. 

Both automated samplers were programmed with the same sampling program along the exact same 

timeframes, as mentioned in Table 1. ISCO-01 malfunctioned twice to which it reset to its default 

programming settings, which led to two failed program runs. The only time ISCO-01 was able to 

run the program successfully, error messages read “No liquid detected”. ISCO-02 ran the program 

successfully all three times, yet only on the third attempt did it collect a high enough volume of 

water to meet Exova volume requirements for nutrient testing. 

 

Sampling Collection  

Table 2 displays phosphorus nutrient testing results from composite samples taken from CTD02, 

along with grab samples from above and below sites for comparison. It is important to note that 

the samples collected from the CTD structure were during non-flowing conditions. All samples, 

especially those collected within Stoqua Creek, exceeded the Interim Provincial Water Quality 

Objectives.    

 

Discharge Calculation Test 

The lab flow simulation using the model CTD proved to be difficult as head flowing over the weir 

was variable only to a couple millimeter differences, as seen in Table 3. The LMNO calculator 

proved to be successful in calculating discharge using height of head, although when transferring 

the formula into Excel, theta has to be in radians and not degrees. It should also be noted that water 
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levels depicted from the ‘HOBOware’ Barometric Compensation Assistance, estimated water 

levels to be above the weir when flowing was not occurring, only after water began to flow over 

the weir did water levels stabilize to actual levels measured. 
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Figure 1. Water levels in CTD structures and precipitation on Egan property. A) From August 24th 

to November 2st, 2016. B) From October 20th at 11am to November 1st at 11 am. Each sample 

collected consisted of 150ml of water removed from the drain. Sampling events occurred in CTD01 

every hour on October 14th from 12am-5am, where the automated sampler could no longer collect 

samples. Sampling events in CTD02 occurred every hour starting from October 22nd at 12am until 

October 24th at 11pm, where the automated sampler couldn’t collect any more samples. 
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Sampling 

test 

Automated 

sampler 

tested 

Planned/ Actual 

program start and 

end time 

Comments 

1 ISCO-01 Oct 14 12 am – Oct 

19th 11pm/unknown  

 

Automated sampler was turned off when returned 

and program was reset to default conditions 

No data/report was present 

Bottle 1 contained 530 ml of sample, with 

sediment and bugs present 

Bottles 2-6 contained <100 ml each 

Samples were tossed and bottles were rinsed and 

replaced 

Battery was retrieved to be charged overnight 

ISCO-02 Oct 14th 12am –  

Oct 19th 11 pm 

Program run was successful, yet errors were 

reported: “No liquid detected” 

Suction line wasn’t taped to end of rebar properly 

No samples were collected 

Battery was retrieve to be charged overnight 

2 ISCO-01 Oct 22nd 12am –  

Oct 26th 11pm/  

Oct 25th 10 am 

Force stopped program early 

Program run was successful, yet error were 

reported: “No liquid detected” 

No samples were collected 

Replaced battery with a fully charged new one 

Table 1. Sampling programming tests on automated samplers connected to CTD structures on Egan 

property. The sampling program was set to take 150 ml samples every hour along a six day timeframe. 

Each automated sampler contained a set of 24 sample bottles, which each bottle makes up a 6 hour 

composite sample. 
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Figure 2. Water levels in CTD structures 100 hours after precipitation occurred on Egan’s field from late 

August to late October. A) Relationship in CTD01, n=214 B) Relationship in CTD02, n=214 
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2 ISCO-02 Oct 22nd 12am –  

Oct 26th 11pm/ 

Oct 25th 10 am 

Force stopped program early 

Program run was successful, yet errors were reported 

as of sample 6 of bottle 12: “No liquid detected” 

Water collected in bottles 1-14, brought back to lab to 

create daily composite samples for Oct 22, 23 and 24 

Bottles were rinsed in lab 

Backup set was missing bottles 1 and 2 for 

replacement. 

3 

 

 

 

 

 

 

ISCO-01 Oct 26th  12am/ 

unknown –  

Oct 31st 11pm/ 

unknown 

Automated sampler was turned off when returned and 

program was reset to default conditions.  

No data/report was present. 

No samples were collected  

Batteries and automated sampler retrieved for lab use 

ISCO-02 

 

 

Oct 26th  12am –  

Oct 31st 11pm 

 

Program run was successful, yet errors were reported: 

“No liquid detected/No more liquid” 

No samples were collected 

Batteries retrieved  

Sample Site Date Type 
Total P 

(mg/L) 

Egan property CTD-02 Oct 22, 2016 Composite sample 0.038* 

Egan property CTD-02 Oct 23, 2016 Composite sample 0.028* 

Egan property CTD-02 Oct 24, 2016 Composite sample 0.026* 

Stoqua Creek - SC-03 Upstream of 

CTD outlets 

Nov 1st, 2016 Grab sample 0.24* 

Stoqua Creek – SC-01 Downstream of 

CTD outlets 

Nov 1st, 2016 Grab sample 0.35* 

Table 1. Sampling programming tests on automated samplers connected to CTD structures on Egan 

property. (continued) 

 

Table 2. Total phosphorus results from Exova laboratories 

*Exceeds the Interim Provincial Water Quality Objective of 0.02mg/L total phosphorus 
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Discussion and Conclusion 

Quantifying phosphorus loading relies on two main components: 1) collecting representative and 

comparable samples during flow conditions, and 2) calculating discharge once flow conditions 

have initiated. Due to the moderately dry summer season, water levels within both CTD structures 

never exceeded over 10 cm, which led to no flow conditions. Due to the initial water levels 

remaining rather low during the entire research project, there was no significant evidence to show 

that precipitation was a main factor in estimating flow conditions, since there were no flow 

conditions. The fall season did not experience a lot of rainfall events, which suggests that other 

environmental factors such as temperature, soil moisture, and infiltration rates may have a more 

influential effect on water levels. It was also evident that water levels within the CTD structures 

were negatively influenced by sampling events as remarked in Figure 1, where levels continued 

to drop with every sample collected.    

When it came to testing the actual automated samplers, it was evident that there are some issues 

with ISCO-01, as it reset to its default program on two separate occasions. What was most 

problematic with the entire sample collection efforts was water levels were too low to collect 

enough water for lab analysis. It is important that the suction tube be fixed onto the bottom of the 

rebar with enough duct tape to ensure water can be collected even at low levels. However, samples 

collected from the CTD structures are only relevant in assessing the effectiveness of the structures 

Time 

(s) 

Depth to water 

from top of 

drain (m) 

Water 

Level 

(m) 

Head (m) Head (ft) 
Discharge 

(cfs) 

Discharge 

(m3/s) 

Discharge 

(L/s) 

0 0.656 0.2355 0.0365 0.119 0.00295 8.37E-05 0.084 

30 0.657 0.2345 0.0355 0.116 0.00277 7.84E-05 0.078 

60 0.658 0.2335 0.0345 0.113 0.00259 7.34E-05 0.073 

90 0.656 0.2355 0.0365 0.119 0.00295 8.37E-05 0.084 

120 0.653 0.2385 0.0395 0.129 0.00355 1.01E-04 0.10 

Table 2. Calculated discharge in model CTD using a 22.5 degree v-notch weir. Height to base of v-notch 

weir from bottom of CTD was 0.199m, total height of drain was 0.8915 m. Discharge was calculated 

using LMNO calculation of Q=4.28Ctan(θ/2)(h+k)5/2, where C is the discharge coefficient of 0.5906, θ is 

the angle of the V notch in radians, h is the head in ft, and k is the correction factor of 0.0084 ft. 
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if the water being sampled is under flowing conditions; otherwise, these concentrations would only 

be considered background concentrations. It was suggested to consider an event-based sampling 

program instead of a time-based. This would require the use of an actuator on the outlet side of the 

CTD to trigger the automated sampler to run its program only under flowing conditions (Brunke, 

2016).  

Estimating flow conditions from environmental parameters is rather complex to solve. Event-

based sampling would be more efficient for the sampling regime. If an actuator is realised in the 

future of this project,  using a sophisticated program rather than a standard sampling program with 

the automated samplers should be considered, as composite samples are not representative of the 

actual phosphorus concentrations loading the nearby creek. Brunke (2016) suggests that the 

sampling program should encompass two parts: 1) every 90 minutes a 1800 ml sample is taken 

(900 ml/bottle; 2 bottles/sample) until 6 samples have been collected (12 bottles in 7.5 hours 

timeframe), and 2) every 3 hours, a 1800 ml sample is taken until 6 samples have been collected 

(12 bottles in 18 h timeframe). By meeting the lab testing volume requirements for each sampling 

event, these samples could be sent to Exova for phosphorus analysis and the resulting 

concentrations can be used to create a typical concentration curve for characterizing phosphorus 

loading trends after a heavy rainfall event.  

To further support the use of an actuator to trigger the automated samplers, a more consistent 

power source, such as solar panels, should be installed to support the batteries connected to the 

automated samplers. This would improve sampling efficiency by requiring less trips to check on 

the lifespan of the batteries. In addition, a solar panel could also be installed to the weather station, 

as it is only powered by a series of 5 AA batteries. The additional power could also supplement 

the automation of the weather station for online monitoring and remote data collection.  

Samples that were collected and shipped for nutrient analysis showed total phosphorus levels 

exceeding the Interim Provincial Water Quality Objectives, Stoqua Creek showing a tremendous 

upper influence in the creek prior to having the Egan property influencing phosphorus levels. As 

already mentioned, CTD structure samples were collected during non-flowing conditions and are 

not representative of the phosphorous being released into the watershed, and can only serve as 

background levels for stagnant tile drain water (Brunke, 2016).  
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The other major portion to quantifying phosphorus loading was understanding hydrodynamics of 

the system. Calculating discharge during flowing conditions is necessary for understanding the 

total mass of phosphorus being added into the watershed. Due to the extremely low water levels, 

no flow conditions did not allow for field testing. This resorted in an attempt to simulate flow 

conditions in lab using the 4’ CTD model, which proved to be less than ideal of an experiment. 

Creating variable flow conditions in a lab setting was difficult as flow was limited to the pressure 

of the tap introducing the water into the system, which was minimal. It was also noted that water 

levels measured out from the water level loggers were only accurate under flow conditions as it 

would overestimate water levels before and after flow conditions when water was held back. This 

series of inaccurate readings in the data may show faults in the water level logger’s capacity to 

accurately depict water levels in a stagnant condition.  

Other things to consider when calculating discharge are the guidelines that define the applicability 

of a formula used for calculating discharge. For example, the LMNO (2015) calculator/discharge 

calculation has several ‘rules’ that are required for the calculation to be useful, such as the 

minimum head requirement of 6.1 cm, since there is more potential for error with a smaller head, 

as the waterfall tends to cling to the weir. On the same note, the thickness of the weir where the 

water flows over the v-notch should be between 0.8 - 2mm to avoid clinging to the downstream of 

the weir. If the thickness is greater than 2 mm, it is recommended that the downstream edge of the 

v-notch be chamfered at a recommended 60° angle (LMNO Engineering, Research, and Software, 

Ltd., 2015).  

To further understand flow within these CTD structures without having to purchase a highly 

expensive flowmeter, it is crucial to conduct more experiments within the lab to depict a 

relationship between discharge and water level to create a discharge rating curve. By creating a 

typical stage-discharge relation with the CTD structure, future discharge can simply be deduced 

by the water table level alone (US Geological Survey, 2016).   

Future direction for this research would have to include incorporating the free flowing, third 

portion of the field as a control group. To make this third outlet viable for comparison, samples 

need to be collected from the outlet during flow conditions and a method for measuring discharge 

is also required. Brunke (2016) suggested using a circular flow meter on the uncontrolled tile drain 

outlet as a way to measure discharge.  
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Another important component for assessing the effectiveness of CTD structures that was not 

researched during this project were methods for measuring crop yields. Having the ability to 

measure crop yield would help determine if the controlled portions of the field are having any 

effect in increasing biomass, as expected with the use of a CTD structure. One method to consider 

would be collecting crop samples from each portion of the field, to dry out and weigh to compare 

biomass per unit of area from controlled drainage crops to uncontrolled drainage crops. This cost-

benefit component of the research is important, as it provides more incentive for farmers to adopt 

CTD as a best management practice on their fields.  
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Appendix A – Site Characterization 

 

 

Equipment Features Use to Research 

‘Decagon’ Weather Station 

- Air temperature probe 

with radiation shield 

- Anemometer 

- Rain gauge 

- Soil moisture probe 

Logs environmental parameters 

- Air temperatures 

- Wind speed 

- Wind direction 

- Precipitation 

- Soil moisture 

Record levels of precipitation to 

observe influence on water 

levels within CTDs 

‘HOBO’ Loggers 

- Water level logger 

- Atmospheric logger 

Logs water and air 

- Temperature 

- Pressure 

Records viable information for 

determining water levels within 

CTDs 

‘HOBOware’ Software Launch and download HOBO 

logger data 

Uses Barometric Compensation 

Assistance to determine water 

levels 

Provide water level readings 

within CTDs  

‘Solinst’ Water Level Meter Measures the depth to water in 

wells  

Provides a measurement for 

determining in-situ water levels 

within CTD as a water level 

reference to use with the 

Barometric Compensation 

Assistant in HOBOware 

Software 

‘ISCO’ Automated Sampler Stores standard and 

sophisticated sampling programs  

Collects grab or composite 

samples 

Houses 24 – 1L sampling bottles 

for collection 

Time or flow paced sampling  

Gives freedom to collect 

samples from CTDs on a timed 

basis for planned sampling.  

Table 1. Equipment available and its application to research conducted.  
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Figure 1. Main Research Site on Tim Egan's property. Featured are the locations for all pieces of equipment 

available, sampling sites along Stoqua Creek and the tile drainage system. CTD01 controls the middle 

portion or the field, CTD02 controls the upper portion of the field, leaving the bottom portion of the field, 

closest to Stoqua Creek uncontrolled. All three tile drain outlets lead into Stoqua creek at the same location. 
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Appendix B - Instructional Manuals 
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Appendix C – Chain of Custody Form Example 
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Soil Erosion Control Best Management Practices on Renfrew County 

Farmland 

Candice Boyce-Keast, Steve McKeen, Donald Pardy and Melissa Vekeman 

 

Contributors 

This project would not have been possible without the combined efforts of Algonquin College 

students and staff, as well as community partners, and property owners. 

Sarah Hall (Program Coordinator/Instructor) 

Julie Sylvestre (Project Manager for the Office of Applied Research and Innovation/Muskrat 

Watershed Council Science Committee Director) 

Tim Egan, J.T. Enright, and Patrick O’Neal, Karen & Rene Coulas (Property Owners/Farmers) 

Karen Coulas – Chairperson, Muskrat Watershed Council (Community Partner) 

Peter Doris – Project Partner (OMAFRA) 

Jim Ritter & Tim Brook – Additional Advisors (OMAFRA) 

 

Objective 

This project focuses on the issue of erosion of waterway banks within the Muskrat Lake Watershed 

and provides answers to the questions: 1) Is it possible to provide landowners with viable and 

realistic erosion prevention solutions that are cost effective and benefit enhancing? 2) Will 

sediment loading of watershed waterways be reduced by using the chosen best management 

practices (BMPs)?” Our team implemented three small-scale riparian buffer strip projects, 

intended as demonstrations. The project also provided valuable information regarding the limited 

individual capabilities of landowners as well as logistical considerations for replicating similar 

projects throughout the watershed. 
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Introduction 

Muskrat Lake, the largest body of water in the Muskrat Lake Watershed in Renfrew County has 

been experiencing a steady decline in water quality (Muskrat Watershed Council (MWC), n.d.). 

This decline is characterized by the presence of elevated phosphorus levels and blue-green algae 

blooms, caused by nutrient loading within the watershed (MWC, n.d.). Nutrient loading can be 

caused by many sources, including fertilizer runoff from agricultural fields and soil and sediment 

erosion (Ontario Ministry of Agriculture, Food and Rural Affairs (OMAFRA), n.d.). It is important 

to note that soil and nutrient erosion also represent a significant loss of arable land to farmers and 

landowners. 

This project was focused on the planting of native trees and shrubs on banks along the Snake River 

and its tributaries as feasible best management practices (BMPs) in the hopes of reducing soil 

erosion and eventual eutrophication in Muskrat Lake. Snake River and Muskrat Lake are 

highlighted in Figure 1 below. Three sites were chosen for implementation and with each 

landowner’s approval, an individualized plan was developed and carried out at each site. A further 

three sites were given recommendations for actions that were outside the scope of this particular 

project. With the implementations complete, future focus for these properties will be raising 

awareness and facilitating education in the community on farmland BMPs. 

 

 
Figure 1. A map of a selected section of Renfrew County and the Muskrat River Watershed, where Snake 

River is highlighted in dark blue, and Muskrat Lake is outlined in dark blue (map layers sourced from 

Natural Resources Canada (NRCan), 2016). 
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In addition to providing one of many possible practical solutions to the water quality and soil 

erosion issues in the watershed, the three planted riparian buffer strips act as a demonstration of 

what can be accomplished with limited time and resources. They can serve as a tool to engage and 

inform landowners of current watershed issues and ways in which they can participate in 

watershed-scale solutions. 

Following initial site visits, a property proposal was provided to each farmer. The property 

proposals consisted of the identified issues, specific site objectives and the remediation options or 

recommendations for each property. Additionally, a property proposal was given to and discussed 

in person with property owners Tim Egan, J.T. Enright and his brother. A property proposal was 

sent to Pat O’Neil and was approved electronically before implementation began. 

 

Egan Property 

Table 1. Summarized biophysical information for the Egan property gathered by representatives from 

Algonquin College or provided by the property owner. 

Property Information 

Coordinates   18T 0345134 E 5058271 N   

Agricultural Field Use  Rotation between alfalfa and corn   

Average Measured Slope of Bank 

to Stoqua Creek 
30.6°  

Soil Type   
White clay dominant yet varies with darker clay and 

loam   

Shoreline Description  
Dense grass, moderate slope along shoreline with a 

steeper slope near western end of property  

Vegetation Types   Trees, shrubs & grasses   

BMPs Farmer Uses   Frequently works with no till   

 

Tim Egan identified a concern about suspected soil loss on the western corner of his farm field 

(Figure 2). Along the southern edge of the field, there are moderately sloped banks that run down 

into Stoqua Creek with mostly grasses and the occasional tree. These grasses provide protection 

against erosion through ground cover and their root systems. However, their ability to stabilize the 

ground alone could be compromised by potential future large-scale or extreme weather events that 
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increase water or sediment runoff over these banks. Also, the soil is more at risk during the spring 

months where thaw and heavy rainfall are common and the grasses have yet to fully mature and 

root. 

 

 

 

After consultation with Peter Doris, our Project Partner from OMAFRA, a riparian buffer zone 

was chosen for Tim Egan’s property. A demonstrative riparian buffer strip would provide the 

landowner with an idea of what can be expected when planting vegetation along a bank and this 

method was doable within the project’s time constraint.  

Red Oak trees were chosen for the top bank for their success in growing well in all soil types, even 

those with thin soils, which may be the case in an area where erosion is suspected. Red oaks also 

prefer sunlight, which is not a problem when one considers the openness of agricultural fields. 

Furthermore, there are existing Red Oak trees on the same banks, suggesting that this species 

performs well at this site. Red Osier Dogwood and Highbush Cranberry were chosen for the middle 

and lower rows as they grow well in all soil types, even when seasonally submerged in water, as 

will be the case lower on these banks. All three species were also chosen for their potential to 

provide habitat and mast for local wildlife. To determine the species used, “Shoreline Restoration 

Figure 2. Mr. Egan’s farm field is shown in this map, identified as “Fellow 50” and the area of concern 

is identified by the white circle in the western corner of the field (map layers sourced from NRCan, 

2016 and County of Renfrew, 2014). 
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– Using Native Plants” by the Haliburton County Master Gardeners (n.d.) was referenced. This 

document provided us with information on common native species used to prevent erosion along 

shorelines. 

 

Enright Property 

Table 1. Summarized biophysical information for the Enright property gathered by representatives 

from Algonquin College or provided by the property owner. 

Property Information 

Coordinates   18T 0344437 E 5051689 N  

Agricultural Field Use  
Rotations of corn, barley with under-seeded alfalfa, alfalfa, and 

hay 

Average Measured Slope of 

Bank to Snake River 
17.6°  

Soil Type   Heavy clay (not white) marbled– loam and sand  

Shoreline Description  
Visible erosion and slight slope along Snake River with various 

grasses and herbs    

Vegetation Types   Trees, shrubs, & grasses   

BMPs Farmer Uses  

Leaves strip of grass/alfalfa between bank and crops. Large 

aggregate were used to fill in the large gullies along Mink 

Creek.   

 

Site A (Snake River bank)   

JT Enright identified suspected soil loss on the north-eastern corner of his field (Figure 3). Along 

the northern edge of the field, gently-sloped banks run into Mink Creek, which is covered mostly 

by grasses and a few trees at the intersection of Mink Creek and the Snake River in the north-

eastern corner of the field.   
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The “Shoreline Restoration – Using Native Plants” document (Haliburton County Master 

Gardeners, n.d.) was used to determine the species chosen for the riparian buffer zone. White Cedar 

trees were chosen for the top bank for their success in growing well in all soil types, especially in 

areas that may have seasonally wet soils and with ample sunlight. Red Osier Dogwood was chosen 

for the middle row as they grow well in all soil types, even when seasonally submerged in water, 

which will be the case lower on these banks. Both species were also chosen for their potential to 

provide habitat and browse for local wildlife. White Clover was chosen to be seeded along the 

river’s edge as it is relatively inexpensive, can be expected to establish quickly to provide erosion 

protection in a short time, and will tolerate being seasonally submerged, which can be expected 

along the lowest section of the river bank. 

 

Figure 3. Mr. Enright’s farm field is shown in this map, with the area of concern for site A identified by 

the black circle in the north-eastern corner of the field (map layers sourced from NRCan, 2016 and County 

of Renfrew, 2014). 
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Site B (Mink Creek/ Main Branch South Fork Tributary - tile drain outlet erosion)   

Two large fan-shaped gullies that are largest near the edge of the Enright field were assessed during 

the initial site visits. The two gullies are located along a bank of Mink Creek (Figure 4). It was 

determined that BMP implementation for this specific site on Enright’s property did not fall within 

the scope of this project, but recommendations would be researched and provided, further 

described in the Results section. 

 

 

 

 

 

 

 

 

 

Figure 4. Mr. Enright’s farm field is shown in this map, with the areas of concern for site B identified by 

the black circles along the south-western side of the field (map layers sourced from NRCan, 2016 and 

County of Renfrew, 2014). 
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O’Neil Property  

 

Table 3. Summarized biophysical information for the O’Neil property gathered by representatives from 

Algonquin College or provided by the property owner. 

Candidate Property Description 

Coordinates   18T 0344428 E 5051622 N  

Agricultural Field Use  Rotation between soy, wheat, and corn  

Average Measured Slope of Bank 

to Mink Creek/ Harris Drain 
40.8°  

Soil Type   White Clay  

Shoreline Description  
Moderate slope to Mink Creek with various grasses, 

herbs and a Manitoba Maple near a tile drain outlet  

Vegetation Types   Trees, grasses, herbs   

BMPs Farmers Uses  

Leaves strip of grass between bank and crops & has a 

riparian buffer strip further down on the bank of Mink 

Creek  

 

Site A (Mink Creek/ Main Branch South Fork Tributary slope)   

The Snake River has been identified as a water body that is frequently subject to sediment loading 

from its riverbanks in various areas. Mink Creek shares similar characteristics, suggesting it may 

be as susceptible to erosion. Along the northern corner of Mr. O’Neil’s field, moderately sloped 

banks run into Mink Creek covered by mostly grasses, with a Manitoba Maple located very close 

to a tile drain outlet. The Manitoba Maple close to the tile drain lends more stabilization to the 

banks; however, its extensive root system could create a potential obstruction in Pat O’Neil’s tile 

drain outlet. This area was identified as an area of concern and is shown in Figure 5. 
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All three species used: Nannyberry, Serviceberry, and Red Osier Dogwood were chosen for their 

ability to grow well in wet or dry soils. As the banks of this section of Mink Creek are seasonally 

submerged, species that can grow well in either condition will have a greater rate of success. These 

species were also chosen for their potential to provide habitat and browse for local wildlife, 

including small and large mammals, and birds. The “Shoreline Restoration – Using Native 

Plants” document (Haliburton County Master Gardeners, n.d.) was used to determine the 

appropriateness of these species as well.   

 

Site B (Mink Creek/ Main Branch South Fork Tributary - tile drain outlet erosion)   

Site B is the same location as site A on the O'Neil property shown in Figure 5, however, it is 

classified on a smaller scale as it only encompasses an area of bare soil and exposed tile and a tile 

drain outlet. A section of this exposed soil and tile is shown in Figure 6. This area of exposed soil 

begins at the top of the bank and extends to the water's edge at Mink Creek (Main Branch South 

Fork Tributary), with a width of approximately 12 feet. This area is particularly susceptible to soil 

erosion as there is no surface cover to stabilize the soil from air erosion or water erosion. The risk 

Figure 5. Mr. O’Neil’s farm field is shown in this map, with the area of concern for site A identified by 

the black circle on the northern corner of the field (map layers sourced from NRCan, 2016 and County 

of Renfrew, 2014). 
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of erosion is magnified as well since this area would be exposed not only to normal levels of 

surface water flow, but to water leaving any of the exposed tiles and the tile drain outlet. 

 

 

 

 

 

 

 

 

 

 

 

 

 

As the location of the bare soil is in direct proximity to exposed tiles, it was decided that planting 

would not occur on the bare soil, as some plant roots could clog the tiles leading to flooding in the 

fields above. A suggestion to lay down White Clover was discussed. However, this method was 

not used because it appeared that erosion is occurring above and below the ground surface, which 

would undercut plant root systems; moreover, the seeding of clover may have interfered with the 

apparent yearly maintenance completed. Other suggestions for this area exceeded the scope of this 

project. It was decided that these recommendations would be provided to the landowner or a future 

E-Tech group could complete the work.  

Figure 6. A section of bare soil and exposed tile from an area of the same extending from the top 

of the bank, ending at the edge of Mink Creek (Main Branch South Fork Tributary). Leaves from 

the base of the Manitoba Maple are visible in the top left-hand corner of the photo. 
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Coulas Property  

Table 4. Summarized biophysical information for the Coulas property gathered by representatives from 

Algonquin College or provided by the property owner. 
 

Candidate Property Description 

Coordinates 18T 347206 E 5055652 N 

Agricultural Field Use Rotation between soy, wheat, and corn 

Bank Description 
Moderate to steep slopes to the basin from the nearby fields covered 

in various grasses and herbs and a forested area on one side 

Vegetation Types Trees, grasses, herbs 

BMPs Farmers Uses 

Frequent soil testing and accurate fertilizer application when needed, 

leaving a grassed buffer area between the farm fields and tile drain 

outlets 

 

This site refers to an area on the western side of the Coulas property, as shown in Figure 7, at a 

small basin where 3 or 4 tile drain outlets release. The area being drained by the fourth outlet is 

not definitely known. This basin is seasonally submerged by high-volume, fast-flowing water 

when the fields are drained in the spring. The basin has a base of bare soil, although it is surrounded 

by grassy banks and a small forested area. Selected photos of this area are included in Figure 8. 

The water from this basin runs down a pathway, which is also bare soil, to a nearby swamp that 

runs into the Snake River. The swamp at the end of the pathway surely filters some of the water 

flowing into it from this basin. However, the landowners have still expressed concern over the 

sediment that is carried away by this water. 

 

 

 

 

 



 
  

89 
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Coulas Farm Fields 

Figure 7. The Coulas farm is shown on this map, with the area of concern identified by the black circle, 

located on the western side of their property, at the meeting of two farm fields. (County of Renfrew, 

2016). 

Figure 8. A triptych of photos of the Coulas property basin where 3-4 tile drain outlets empty. The 

base of the basin is primarily bare soil, seen in the first photo, but is surrounded by grasses, shown 

in the second photo. Two of four outlets are shown in the second and third photos. 
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It was decided that the flow of water entering the basin would be too strong for traditional riparian 

buffer plantings and thus other options would need to be considered. For alternate options to be 

truly effective over the long-term, an in-depth analysis of flow and site characteristics would need 

to be carried out, which was outside the scope of this project. Recommendations were thus made 

for the landowners and there is the potential that a future E-Tech group address these issues. 

 

Soil Erosion Estimation Models 

An effort was made to estimate the difference in soil loss on the banks where riparian buffers were 

planted before and after planting. It was believed that quantitative values for soil loss before and 

after planting would be an effective way to show landowners and community members that 

riparian buffers could make a measurable difference in soil loss due to erosion. Two methods were 

explored. It was concluded, however, that neither was appropriate for the purposes proposed in 

this report. 

RUSLEFAC 

The Revised Universal Soil Loss Equation for Application in Canada (RUSLEFAC) was the first 

method explored to estimate soil loss on the planted banks. RUSLEFAC is an equation that 

combines six values dependent on site characteristics to predict average annual soil erosion in 

tonnes/hectare/year (Wall et al., 1997). These values are as follows: the rainfall and runoff factor 

(R) often chosen from regional values, the soil erodibility factor (K) based on site-specific soil 

properties, the slope-length factor (L) often combined with the slope-steepness factor (S), which 

use site-specific measured values of the slope. The cover and management factor (C) taken from 

measured values of erosion from standard crops and management practices usually found in the 

region, and the support practice factor (P), which accounts for additional practices that contribute 

to soil conservation (Wall et al., 1997). 

An attempt to calculate the soil loss was done first for the Egan property riparian buffer area. 

Accurate values for the R, C, and P were chosen based on information provided by the property 

owner and regional information. Reasonably accurate values for L and S were calculated using the 

slope length and angle values that were measured when on-site at the property (discussed in the 
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Results section). Issues arose while choosing a value for K, as a few aspects of the soil erodibility 

factor had not been previously recorded and were estimated, mostly pertaining to soil structure. 

The largest set-back occurred when attempting to choose a value for C, the cover and management 

factor. Values for this factor have been calculated in the past based on standard cropping and 

management practices for individualized crops in each region (Wall et al., 1997). As RUSLEFAC 

pertains primarily to farm fields and not the banks that surround them, there was no C factor for 

grass, and it was felt that using values for alfalfa may be misleading. A value for fruit trees was 

available in some regions. However, fruit production is not often done in the region where the sites 

are located, and so the group determined there was no value available. Furthermore, it was 

determined that soil erosion from fruit trees may be different from other trees and shrubs; different 

species are managed differently with respect to spacing between trees and inter-row plantings.  

The basis for the soil erodibility factor (K) and cover and management practices factor (C) values 

that were calculated would not have been strong enough to withstand scrutiny or explanation to 

the public. Given this uncertainty with the resulting equation values of soil erosion, the use of this 

equation proved ineffective. 

 

AgriSuite 

Peter Doris, our Project Partner, suggested that the AgriSuite program might potentially be an 

acceptable alternative to the RUSLEFAC for estimating soil loss. To determine its suitability, Peter 

Doris gave a demonstration of this publicly available on-line program.  

AgriSuite is an on-line system for use primarily by farmers and food producers that integrate 

OMAFRA’s nutrient management planning software (NMAN), and the minimum distance 

separation (MDS) software (OMAFRA, 2016). Using this program, farmers can input site specific 

physical information and background cropping and management information about individual 

fields. AgriSuite will then generate soil loss values and nutrient levels based on the information 

given. Farmers can then add in anticipated or hypothetical cropping and management information 

into AgriSuite to see how these practices would change the soil loss and nutrient levels on their 

fields (Peter Doris, personal communications on November 22, 2016).  
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The demonstration given by Peter was thorough and helpful, though it was decided that the 

program was not appropriate for estimating soil loss before and after riparian buffer plantings. The 

program focused more on nutrient management on the fields while the soil loss values were 

generated in a way that would not necessarily be easily explained to community members. 

Furthermore, many of the input values required to estimate soil loss on the unfarmed banks, such 

as crop values and even tillage practices, would have to be chosen to their closest equivalent 

provided by the program, instead of the reality of the banks, which would stretch the accuracy of 

this model’s capabilities. Based on these concerns, it was determined that AgriSuite would not be 

used to estimate before and after planting soil loss for the implementation sites. 

 

Results and Observations 

In this section, the implementation at each of the three main sites are discussed as well as their 

subsequent results, including observations from two monitoring days. The monitoring days of 

October 18, 2016 and November 8, 2016 were scheduled to ensure the plants remained firmly in 

the ground and were entering dormancy. Furthermore, recommendations for the remaining three 

sites are explored in this section. 

 

Egan Property  

Implementation at the Egan property occurred on October 4, 2016. Firstly, the slope angle and 

slope length of the bank to be planted was measured every 24 feet using a clinometer and tape 

measure. A description on clinometer use and the full slope measurement results for this property 

is included in Appendix B. The average slope angle and slope length of the bank in the planted 

area was calculated at a later date. The shoulder of the slope along the planting bank was identified 

and 15 stakes were installed, as pictured in Figure 9, at 10 feet intervals for a total planting length 

of 140 feet. The stakes were used as placeholders for the lay-out of the plants. 



 
  

93 

 

 

 

On the top of the bank, 15 Red Oak trees were planted in close proximity to the installed stakes. 

The second planting row was measured approximately 8 feet below the planted Red Oak trees. 

The bottom planting row was measured approximately 8 feet below the second row. In both rows, 

the plants were separated by 10 feet, as in the top row; however, the plants in the second row were 

staggered by 5 feet from the top row. In the bottom two rows, an alternating pattern of Highbush 

Cranberry and Red Osier Dogwood shrubs were planted, for a total of 15 of each plant. Figure 10 

shows two group members planting Highbush Cranberry along the second row. 

 

 

 

 

 

Figure 9. Steve McKeen, Candice Boyce-Keast, and Mack Pardy installing stakes along the top bank 

of the Egan property riparian buffer strip on October 4, 2016. 
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As the bank was covered in a tall mat of grasses, the location for each plant was cleared of grasses 

in order to facilitate planting. After planting, the base of each plant was covered with a coconut 

mat to reduce competition from the nearby grasses. During the initial site visits, Peter Doris from 

OMAFRA and Karen Coulas from the Muskrat Watershed Council suggested a few methods for 

eliminating vegetative competition, including newspapers and mulch. Coconut mats were used 

instead because they were readily available, inexpensive, easy to install, and effective. 

After planting was completed, the plants were watered using water from a nearby swamp. 

Furthermore, global positioning system (GPS) points were taken for the plant locations using a 

handheld device. Photos were taken throughout the 6-hour process and afterward in order to 

document the experience. The resulting map of the riparian buffer with the GPS-referenced plants 

is included in Figure 11. A final photo of the riparian buffer is also included as Figure 12. 

 

 

Figure 10. Steve McKeen and Melissa Vekeman planting a Highbush Cranberry shrub along the 

second row of the Egan property riparian buffer strip on October 4, 2016. 
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Figure 11. A map of the Egan property riparian buffer with GPS-referenced plant locations (map layers 

sourced from NRCan, 2016, County of Renfrew, 2014, and original content). 

Figure 12. A photo of the completed riparian buffer strip at the Egan property as of October 4, 2016. 

Selected plants are circled in red to highlight their presence through the dense grasses on the bank. 

 



 
  

96 

The two monitoring days at the Egan property showed that the installed plants at this site were 

firmly in the ground and entering dormancy.  

The proposal given to the landowner for the Egan property mentioned that these plants would 

require little maintenance given their overall expected success rate would be 50%. However, the 

same proposal further mentioned that the Red Oak trees may need to be monitored when reaching 

maturity to ensure their roots are not penetrating nearby tile drains. The suggestion was made that 

if the roots were growing into the tile drains, they could be harvested, perhaps for firewood. 

 

Enright Property - Site A (Snake River bank) 

The implementation of the Enright property on October 11, 2016 closely followed the Egan 

property implementations. The top row was identified and 12 stakes were installed at 10 feet 

intervals for a total distance of 110 feet. Twelve White Cedar saplings were planted in close 

proximity to the stakes. A second row was laid out approximately 7 feet below the top row and 

Red Osier Dogwood shrubs were planted along this row at 10 feet intervals. An example of a Red 

Osier Dogwood planting at this property is shown in Figure 13. White Clover was seeded at the 

meeting of the bank and the Snake River below the second row of planting. The seeds were mixed 

with sand in equal parts and spread by hand along the river’s edge, more heavily in areas with 

exposed soil. 

Figure 13. Steve McKeen planting a Red Osier Dogwood shrub along the second row at the Enright 

property riparian buffer strip on October 11, 2016. 
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Coconut mats were also laid at the base of the trees and shrubs planted at this site to reduce 

vegetative competition. The slope and length of the bank were measured every 15 feet after 

planting and averaged at a later date. A description on clinometer use and the full slope 

measurement results for this property is included in Appendix B. The plants were watered using 

water from the nearby Snake River and GPS coordinates were taken for the plants as well. Photos 

were taken during the 3-hour process in order to document the process. The resulting map of the 

riparian buffer with the GPS-referenced plants is included below in Figure 14. A final photo of 

the riparian buffer is also included as Figure 15. 

 

 

 

 

Figure 14. A map of the Enright property riparian buffer with GPS-referenced plant locations (map layers 

sourced from NRCan, 2016, County of Renfrew, 2014, and original content). 
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During the monitoring days, the trees and shrubs were observed to be firmly planted and entering 

dormancy. On the second monitoring day, November 8, 2016, White Clover sprouts were observed 

at the water’s edge, indicating the quick success of this species, as shown and described in Figure 

16. 

 

 

Figure 15. A photo of the completed riparian buffer strip at the Enright property as of October 11, 2016. 

Selected plants are circled in red to highlight their presence through the dense grasses on the bank. 

Figure 16. This triptych of photos focuses on the use of White Clover on the Enright property riparian 

buffer strip. The first photo shows the equal mixture of White Clover seeds to sand in a small container, 

which was spread over bare soil such as in the location shown in the second photo on October 11, 2016. 

The third photo shows the same location, but on the November 8, 2016 monitoring day when the White 

Clover seeds had sprouted. 
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The property proposal for this site, which was provided to the landowner, mentioned that little 

maintenance was required for these plants. A caution was given with regard to the White Cedars 

at the top bank, which would require monitoring during maturation to ensure their roots did not 

penetrate the nearby tile drains. It was suggested that if these tree roots did grow beyond their 

boundaries, they could be harvested and replaced with other, less mature plants.  

 

Site B (Mink Creek/ Main Branch South Fork Tributary - tile drain outlet erosion) 

The recommendations for site B of the Enright property address the similar concerns at both 

locations for site B. After receiving a description of the issue, Jim Ritter of OMAFRA suggested 

that the erosion could be related to improperly constructed and utilized tile drain outlets (Jim Ritter, 

personal communications on November 17, 2016). Relatedly, Mr. Ritter suggested a OMAFRA 

factsheet by Brook written in 2013 would prove useful in creating recommendations. 

If water is determined to be running seasonally through the old tile drain outlets found at this site 

the construction of a subsurface drainage system outfall would be useful. The principles in the 

construction of this system could even prove useful if these outlets are not still in use. A subsurface 

outfall is the part of the system that connects tile drains or main lines to a receiving natural or man-

made water channel (Brook, 2013). Often the end pipe of the outfall is constructed using 

corrugated metal, but can also be made of sunlight-resistant plastic (Brook, 2013). The outfall can 

be installed flush to the bank of the waterway it is flowing into, or can be cantilevered or protrude 

from the bank, but in both cases, the base of the pipe must be at least 12 inches above the normal 

water level of the receiving waterway (Brook, 2013).   

The construction would continue with the installation of a “recessed apron of rock riprap” (Brook, 

2013, pp. 1). This describes a layer of non-woven geotextile underlying a thicker layer of gravel, 

rock, or other non-erosive material that would begin a short distance above the outfall and extend 

below the outfall to the ditch bottom (Brook, 2013). Alternative erosion control materials to rock 

riprap are given in the factsheet as well as “geoweb, interlocking concrete blocks or cable concrete 

block material” (Brook, 2013, pp. 1).  

This approach could be effective for the Enright property in terms of reducing erosion from 

infrequent water running from the exposed tile outlets. However, the construction of this system 
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suggests that the rock riprap underlain with geotextile should extend to the bottom of the ditch, 

which in this case is municipal property and cannot be altered without the expressed consent of 

the municipality. The municipality may be willing to participate in this construction, but this would 

require further investigation. Thus, a more in-depth investigation is required to determine if this 

method would be effective without the riprap extending to the bottom of the ditch. 

 

O’Neil Property - Site A (Mink Creek/ Main Branch South Fork Tributary slope) 

The implementation for the O’Neil property occurred on October 13, 2016 and was similar to the 

Egan and Enright properties. On the O’Neil property, two separate buffers were planted on either 

side of a channel of the exposed tile drain outlet running to Mink Creek (Main Branch South Fork 

Tributary). The buffers began a minimum of 15 feet away from the outlet channel and extended 

40 feet outward.  

Two sections of 5 stakes were laid at 10 feet intervals for the top row of the planting. Ten 

Serviceberry shrubs were planted in close proximity to the stakes at the top of the bank, shown in 

Figure 17. The second row, composed similarly of two sections of 40 feet, was 7 feet lower than 

the top-most row. Ten Nannyberry shrubs were planted at 10 feet intervals staggered to the top 

row plantings. The third row, also of two sections, was 7 feet lower on the bank than the middle 

row. Ten Red Osier Dogwood shrubs were planted at 10 feet intervals in line with the top-most 

row plantings. 
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The slope and slope length for this bank was measured at 20 feet intervals and the average was 

calculated at a later date. A description on clinometer use and the full slope measurement results 

for this property is included in Appendix B. GPS points were taken for plants at this site as well, 

the base of each shrub was covered by a coconut mat, and each plant was watered from the adjacent 

portion of Mink Creek (Main Branch South Fork Tributary). Photos were taken during the whole 

process and afterward to document the implementation. The resulting map of the riparian buffer 

with the GPS-referenced plants is included below in Figure 18. A final photo of the riparian buffer 

is also included as Figure 19.  

 

 

 

 

Figure 17. The completed planting of the top row of the O’Neil property riparian buffer strip as of 

October 13, 2016. The coconut mats indicate the locations of the planted Serviceberry shrubs, which had 

begun to lose their leaves due to dormancy at the time of the planting. 
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Figure 19. A photo of the completed riparian buffer strip at the O’Neil property as of October 13, 2016. 

Selected plants are circled in red to highlight their presence through the dense grasses on the bank. 

Figure 18. A map of the O’Neil property riparian buffer with GPS-referenced plant locations (map 

layers sourced from NRCan, 2016, County of Renfrew, 2014, and original content). 
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Both monitoring days at this site indicated that the shrubs in this buffer were still planted firmly in 

the ground and were entering dormancy. 

In the property proposal report that the landowner received, it was noted that there was little 

maintenance to be done for this riparian buffer, other than monitoring for non-fatal diseases and 

insect damage to the Serviceberries, if desired. It was also mentioned in this proposal that 

maintenance on the banks of Mink Creek (Main Branch South Fork Tributary) where the buffer 

was implemented may require excavation of the banks and trimming or removal of shrubs.  

 

Site B (Mink Creek/ Main Branch South Fork Tributary - tile drain outlet erosion) 

After a discussion on the issue at the O’Neil property, Mr. Ritter suggested recommendations from 

a guide written by OMAFRA. In this guide, soil erosion issues from water runoff are addressed 

through standard and innovated solutions (OMAFRA, n.d.). Some of the standard bank erosion 

control measures are already being done by Mr. O’Neil. 

For example, fencing lines Mink Creek (Main Branch South Fork Tributary) at the top of the bank, 

shown in Figure 20, preventing livestock and machinery from accessing the waterway by this 

route. 

 

 

 

 

 

 

 

 

 

Figure 20. Fencing separates Mr. O’Neil’s farm field, on the left of this photo, from the Harris 

Drain, on the right of this photo, preventing machinery or livestock from compromising the 

integrity of the bank. 
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One suggestion from this document is the implementation of a stone lining with an underlying 

geotextile in areas susceptible to erosion (OMAFRA, n.d.). In the case of the O’Neil property, the 

stone lining could be installed below and around the exposed tile drain outlets. Above the outlets 

or in areas where the stone lining is not applied but bare soil remains, some small herbaceous 

species or grass could likely be seeded in to the area to reduce any soil erosion from surface runoff 

over the exposed soil. Brook (2013) suggests seeding Creeping Red Fescue or Bird’s-Foot Trefoil 

for a similar situation (Jim Ritter, personal communications on November 17, 2016). 

This approach would likely be the most appropriate solution as it does not require any adjustment 

to the municipally-owned Main Branch South Fork Tributary and can be implemented with little 

interference with the property owner’s daily activities. Furthermore, this approach can be 

implemented in a cost and time effective manner. 

 

Coulas Property 

Recommendations for the Coulas property were primarily sourced from Tim Brook of OMAFRA, 

through facilitation with Peter Doris of OMAFRA. Tim Brook suggested that this site might be 

appropriate for a saturated riparian zone, a BMP in its preliminary stages in Canada (Peter Doris, 

personal communications on October 3, 2016). Saturated buffers are currently being used in the 

United States as a way to divert some tile flow to a shallow buffer area, where the water is 

temporarily detained, allowing some nitrate to be naturally attenuated by the surrounding area 

(United States Department of Agriculture (USDA), 2016). Saturated buffers can also be used to 

restore water levels to naturally saturated soils (Natural Resources Conservation Service (NRCS), 

2016). The NRCS has set a standard of a minimum retention time for water of 3 hours in the 

saturated riparian buffer (2016).  

As the four tile drain outlets converge in this site, it may be possible to create a saturated buffer 

area to hold the water coming out of the fields, which would be fed by an “extra-filtration pipe”, 

connected to the tile drain outlets allowing for the slow release of water (Peter Doris, personal 

communications on October 3, 2016). This saturated buffer area would ideally slow the volume 

and rate of flow from the outlets leaving this area, and also reduce the level of any possible 

sedimentation or nutrient loading flowing into the nearby swamp. Under these conditions, perhaps 
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the currently exposed soil along the path that leads to the swamp could be covered by suitable 

plants or geotextiles underlying rock riprap (Jim Ritter, personal communications on November 

17, 2016) to prevent further sedimentation and nutrient flow when the water flows through this 

path.  

As a structural BMP, this arrangement would require assessments of the topography and drainage 

areas for each tile outlet, planning beforehand and involved implementation (Peter Doris, personal 

communications on October 3, 2016; NRCS, 2016). The NRCS has set a standard width for the 

saturated riparian buffer of 30 feet, so the buffer may have to extend beyond the current catchment 

pond on-site (2016). Additionally, the NRCS recommends water control structures be used to 

ensure uniform water flow into the buffer (2016). The Coulas property was considered in recent 

history and it was determined that their fields would not be appropriate for the installation of a 

controlled tile drain. If the NRCS recommendations are to be followed, another water control 

structure would have to be researched and if possible, implemented before the construction of this 

saturated riparian buffer. However, this buffer, or a similarly constructed wetland, may still be an 

effective and innovative way to deal with this unique issue. 

 

Discussion and Conclusion 

In the hypothesis, two questions are asked: “is it possible to provide landowners with viable and 

realistic erosion prevention solutions while remaining cost effective and benefit enhancing?” and 

“will sediment loading of watershed waterways be reduced by using the chosen best management 

practices (BMPs)?” The answer, based on the time-limited results from this project so far, is yes. 

Landowners were provided with one demonstrated method to reinforce their individual waterway 

banks through the use of riparian buffer strips. This method also meets the criteria of the first 

question. The projects are small in scale and serve as a demonstration of what can be accomplished 

by a small workforce with limited resources. The buffer strip installations were implemented 

through utilization of researched, time-tested and accepted practices. The following project 

provided the research group with a successful and replicable method to implement the three BMPs.  
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The Rocky Top Charolais project, located within the Rideau Valley Conservation Authority’s 

catchment area, provided information regarding a successful riparian buffer strip implementation, 

which also depicted methods to motivate landowners (RVCA, 2012). Another resource that 

assisted with the design of the research group’s buffer strips was OMAFRA’s BMP publicly-

available booklet on buffer strips (OMAFRA, n.d.). Riparian buffer strips have been proven to 

limit the erosion of waterway banks as well as providing many other benefits as detailed in several 

studies such as in Osbornes and Kovacic’s paper, in 1993, which promoted the positive aspects of 

maintenance and establishment of riparian buffers. A comprehensive study on the efficiency of 

riparian buffer strips was conducted at the St. Lawrence Institute of Environmental Sciences in 

Cornwall, Ontario, by researchers Brian Hickey and Bruce Doran, where they concluded that while 

buffer strips of ten metres or less may be effective in battling erosion, they advocate for further 

research in order to definitively prove or disprove the merits of this concept (Hickey B., Doran B., 

2004). 

A large issue in the Muskrat Lake Watershed is fertilizer runoff or nutrient transport facilitated by 

eroded soil and sediments into nearby waterways, which has promoted eutrophication of Muskrat 

Lake, where many of these waterways empty (OMAFRA, n.d., MWC, n.d.). Specifically, the issue 

that this implementation group was tasked with is understanding and providing solutions to the 

erosion of waterway banks within the watershed, which are also directly related to farmland 

activities. Riparian buffer strips have been installed at the three locations. The results of this 

endeavor are not known completely at this time, as the success or failure of this experiment must 

be analyzed by future students or researchers. Future steps will be completed over the next several 

years.  Determination and documentation of the success or failure of the plantings must be obtained 

by students through careful observation. It is recommended that these students also complete 

testing of the waters upstream and downstream from each project site and compare these results 

with historical records, to determine if sediment loading has been reduced from baseline 

conditions. 
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Appendix A - Clinometer Use 

A clinometer was used at all three implementation sites to determine the slope angle of the banks 

where the riparian buffers were planted. The slope angle was measured in degrees using the 

appropriate scale through the clinometer viewfinder. The slope angle was measured 3-5 times 

from the top of the slope and verified from the bottom of the slope. The full measurement results 

are included below. A quick description of clinometer use can be read in the pdf document found 

at the following link written by the McCall Outdoor Science School: http://ecosensing.org/wp-

content/uploads/2012/06/Clinometer-quick-guide.pdf.  

Egan Property Slope Results 

Slope Measurement 

No. 
Slope Angle Slope Length 

Distance from Previous 

Slope Measurements 

1 24o 20ft at property fence 

2 33o 20ft 24ft 

3 29o 20ft 24ft 

4 30o 20ft 24ft 

5 37o 20ft 24ft 

Average 30.6o 20ft 24ft 

 

 

Enright Property Slope Results 

Slope Measurement 

No. 
Slope Angle Slope Length 

Distance from Previous 

Slope Measurements 

1 18o 34ft - 

2 17o 31ft 15ft 

3 18o 31ft 15ft 

Average 17.7o 32ft 15ft 

 

 

O’Neil Property Slope Results 

Slope Measurement 

No. 
Slope Angle Slope Length 

Distance from Previous 

Slope Measurements 

1 37o 14ft - 

2 35o 14ft 20ft 

3 50o 15ft 20ft 

4 41o 14ft 20ft 

Average 40.8o 14.3ft 20ft 

 

 

http://ecosensing.org/wp-content/uploads/2012/06/Clinometer-quick-guide.pdf
http://ecosensing.org/wp-content/uploads/2012/06/Clinometer-quick-guide.pdf
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Objective  

A soil and topography project was applied to Tim Egan and J.T. Enright’s properties in the 

Township of Admaston/Bromley, with greater focus placed on Mr. Egan’s property. The overall 

goal of the project was to survey the landscape of the Egan property and create a 3D topographic 

map using a Geographical Information System (GIS), as well as measure soil moisture and collect 

soil samples to send to an accredited lab for nutrient analysis.  The results were compared to the 

Canadian Council of Ministers of the Environment (CCME) guidelines and a basic nutrient 

management plan was created based on the results.   
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Introduction 

The partners involved on this project were Tim Egan and J.T. Enright. Both Mr. Egan and Mr. 

Enright had 2 CTDs installed on each of their properties in summer 2016. The Egan property was 

the main focus for this soils project. His farmland on Egan Line worked as an ideal demonstration 

site for the public because it is easily observed from the road, has an extensive monitoring system 

setup, and is part of continued research proposed for summer 2017 (Figure 1). Mr. Egan also 

expressed a keen interest in the work being completed and provided supporting documentation for 

our research, such as maps and historical soil nutrient data. Mr. Egan also provided insight into 

what nutrients may be present in the soil and what areas could be most saturated.  He proved to be 

very knowledgeable in regards to farming in the area, the history of his field, and specific 

characteristics of his field.  Mr. Enright was also a valuable partner, since he confidently welcomed 

work on his property (Figure 2). Both partners have worked very hard to implement best 

management practices on their field. Their participation in the CTD installations in summer 2016 

and with the E-Tech/Applied Research projects for fall 2016 demonstrates how community 

involvement is essential for addressing the broader issue of nutrient and sediment loading in the 

Muskrat Lake Watershed. 

As a farmer, Mr. Egan has expressed his goal to continue farming in a more sustainable and 

environmentally conscious way, while trying to identify areas for improvement and cost-effective 

alternatives. To aid Mr. Egan in this endeavour, a topographical map was created to delineate 

drainage patterns so that areas with potential for greater water and nutrient retention could be 

identified. With this information, the nutrient management plan could recommend where fertilizer 

applications could be reduced, as well as the ideal ratio of nutrients being applied. This 

recommendation involved comparing historical nutrient data with data from our own samples to 

identify changes and patterns in nutrient loss, availability, and preservation. The topographical 

map could also serve as a reference for Mr. Egan if he intends to alter his field in the future. The 

soil moisture information was not successful or comprehensive, yet provided the opportunity to 

explore a piece of equipment used in measuring moisture and pH in soil.  
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Figure 1. Tim Egan property (circled in red) and Muskrat Lake – primary receiving area of 

nutrients (yellow star) (Source: Renfrew County Mapping Website) 

  

Figure 2. JT Enright property (circled in red) and Muskrat Lake – primary receiving area of 

nutrients (yellow star) (Source: Renfrew County Mapping Website) 
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Methods and Results 

Topographic Survey  

This project began with a topographic survey.  A digital laser level was used with an 800 meter 

range and an accuracy rating of 40 millimeters to conduct the topographical survey of the Egan 

property.  This laser level used an accompanying measuring rod with a receiver attached to it to 

detect the laser across the field.  To ensure accuracy, the field was divided into two polygons in 

order to reduce the distance from the laser level (Figure 3).  By using a surveyor’s wheel, the 

perimeter was measured of one polygon and flags were placed at 30 meter intervals.   

 

 

The coordinates and elevations were plotted at each point on a GPS and the same measurements 

were recorded in a notebook.  Next, 30 meter intervals were measured inwards from the perimeter 

and the area of the polygon was flagged at each measurement location. The first polygon was 

completed in a grid-like technique on one of the E-Tech designated field days. The second polygon 

was completed in a similar fashion on an alternative field day (Figure 4).  

 

Once the topographic data and the GPS coordinates were gathered, they were inputted together 

into Excel to be easily manipulated as the project progressed.  First, the benchmark elevation of 

94.88 meters was taken with the Topcon GPS, where the laser level was located, and was used 

along with the topographic data that was collected.  After subtracting the height of the tripod from 

Figure 3.  Egan's field divided into two polygons with 

tripod locations 
Figure 4. Plotted coordinates of elevation measurement 

on Egan field 
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the laser level measurements, the changes in elevation were determined. These changes in 

elevation were then added or subtracted from elevation benchmark.  The topographic data allowed 

the relative elevations to be determined to a high level of accuracy (± 2mm).  This was far more 

accurate than the Topcon GPS, which had an average vertical error of approximately 0.2-0.5 

meters.   

 

After this data was compiled in Excel, the table was imported into ArcMap 10.2.2.  Once there, 

the data points in the table were given XY coordinates through the Data Management Tools Tool 

Box.  Under the features section, the process called, “Add XY Coordinates” was completed.  

During this process, the section of the table with the relative elevations was used as the “Z” 

coordinate rather than the default GPS elevations.  The data points were visible on the blank map 

with a couple errors due to data entry inconsistencies.  These were easily corrected within the table 

of data and were imported into ArcMap again to form a map similar to Figure 5. 

 

 

 

 

 

 

 

 

 

After the basic map was formed, a Topo to Raster process was ran from the Interpolation section 

in the Spatial Analyst Tools Tool Box.  This created a map (Figure 6) with graduated colors to 

enhance the visibility of elevation changes without any contours on the map.  With the raster image 

being created, it was possible to use the 3D Analyst Tools, specifically the Raster Surface option.  

Figure 5.  Initial data points plotted on a blank map 
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We ran a contour process with 0.25 meter intervals to further enhance the elevation changes 

occurring on the Egan property (Figure 7). 

 

 

 

 

 

 

 

 

 

Figure 6.  Raster image with graduated colors to enhance elevation changes 

Figure 7. Raster image with 0.25m intervals 
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From this point, aerial DRAPE imagery from Renfrew County flown in 2014 was added to the 

map to create an image with accurate overhead views of the property. 

Arc Hydro was then installed as an additional extension to further manipulate the data with regards 

to water and how it would act on this property.  The following was the process involved to delineate 

drainage patterns: 

Arc Hydro Tools  Terrain Preprocessing  DEM Manipulation  Fill Sinks 

 The raster image created previously was used to run this process 

Arc Hydro Tools  Terrain Preprocessing  Flow Direction 

Arc Hydro Tools  Terrain Preprocessing  Flow Accumulation 

Arc Hydro Tools  Terrain Preprocessing  Stream Definition 

Arc Hydro Tools  Terrain Preprocessing  Catchment Grid Delineation 

 These processes use the layer created in each previous step to run the next 

After all of these processes were completed, the following was used to create the drainage patterns 

on the Egan property, seen in Figure 8: 

Spatial Analyst Tools  Hydrology  Stream to Feature 

Figure 8. Raster image with drainage patterns 
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After these various layers were created, ArcScene was used to create 3D representations of these 

maps. This was accomplished by importing the raster image into the software program and going 

into the layer properties.  Under base heights, the raster image was set to float on a custom surface 

and the image itself was used as the custom surface (Figure 9).  We ran the same contour process 

within ArcScene as was previously within ArcMap to create a similar, but 3-dimensional image.  

The aerial DRAPE imagery from Renfrew County was also added into ArcScene, along with the 

drainage pattern features to create the final product seen in Figure 10.  

 

Figure 9. 3D Raster image floating in ArcScene 

Figure 10.  Aerial DRAPE imagery with drainage patterns 
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From the maps generated above, it was determined that the topographical survey reflects directly 

on the maps. The graduated colors provide a physical representation of change in slope, while the 

drainage lines display surface water movement based on the measurements recorded during the 

topographical survey.  

 

Nutrient Analysis 

For soil nutrient analysis, a recognized and accredited agricultural laboratory service at the 

University of Guelph was chosen and specific sampling requirements for nutrient testing were 

acquired. Furthermore, we adopted the scouting pattern for soil sampling based on a 

recommendation by Peter Doris, Environmental Specialist with OMAFRA. This pattern 

demonstrates a zig-zag pattern that provides a random distribution of sampling points (Figure 11 

and Figure 12). This method requires at least 20 samples to be taken per 5 hectares, and to mix the 

samples in a clean plastic pail to create a composite sample.  

 

 

 

 

 

 

 

 

Since Mr. Egan’s field was the primary field of focus and is larger than 5 hectares, two sections of 

Egan’s field were used, Section A and Section B, which were also used for our topographic survey, 

to get a more accurate sample.  Twenty samples were taken per polygon on the Egan field, making 

two composite samples, and 20 samples total from J.T. Enright’s field were also used to form a 

composite sample. According to the requirements for nutrient testing at the University of Guelph 

lab, 300 g per composite sample were measured into a Ziploc sandwich bag and shipped with their 

Figure 11. OMAFRA Scouting Pattern 

(Ontario Ministry of Food, Agriculture and 

Rural Affairs, 2009) 

Figure 12. Soil sampling on JT Enright field 

using OMAFRA Scouting Pattern 
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accompanying chain of custody forms.  The analysis of environmental metals and fertility nutrients 

was requested and received.  Section A of the Egan field was analyzed for environmental metals 

Arsenic, Cadmium, Chromium, Cobalt, Copper, Mercury, Molybdenum, Nickel, Lead, Selenium, 

and Zinc (Table 1), as well as fertility nutrients Calcium, Iron, Magnesium, Manganese, 

Phosphorus, Potassium, and Sodium. Plant available Boron and pH were also tested for in Section 

A (Table 2).  Section B was analyzed only for the fertility nutrients.  The Enright field was analyzed 

for both environmental metals and fertility nutrients (Table 3). The results were compared to the 

CCME Soil Quality Guidelines and it was determined that the parameters were well below the 

guidelines (Table 4 and Table 5). 

 

 

Sample Field Date Parameter Result Units 

Section A Egan 
field 

Oct-18-2016 

Environmental 
metals 

  

Arsenic 1.1 ug/g dry 

Cadmium <0.2 ug/g dry 

Chromium 59 ug/g dry 

Cobalt 17 ug/g dry 

Copper 16 ug/g dry 

Lead 10 ug/g dry 

Molybdenum 1.1 ug/g dry 

Mercury <0.035 ug/g dry 

Nickel 28 ug/g dry 

Selenium 0.21 ug/g dry 

Zinc 88 ug/g dry 

   

Fertility nutrients   

Phosphorus  10 mg/L soil dry 

Magnesium 530 mg/L soil dry 

Potassium 200 mg/L soil dry 

Sodium 28 mg/L soil dry 

Calcium 2500 mg/L soil dry 

Manganese 6.7 mg/L soil dry 

Zinc 1.9 mg/L soil dry 

Copper 0.86 mg/L soil dry 

Iron 76 mg/L soil dry 

   

Other   

pH 6.2  

Table 1. Soil test results of environmental metals and fertility nutrients of Section A of the Egan field, 

analyzed by the Agriculture and Food Laboratory at the University of Guelph. 
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Sample field Date Parameter Result Unit 

Enright field Oct-18-2016 

Environmental metals   

Arsenic 0.73 ug/g dry 

Cadmium < 0.2 ug/g dry 

Chromium 57 ug/g dry 

Cobalt 16 ug/g dry 

Copper 20 ug/g dry 

Lead 11 ug/g dry 

Molybdenum 1.1 ug/g dry 

Nickel 27 ug/g dry 

Selenium 0.39 ug/g dry 

Zinc 88 ug/g dry 

Fertility nutrients   

Phosphorus 8 mg/L soil dry 

Magnesium 600 mg/L soil dry 

Potassium 130 mg/L soil dry 

Sodium 27 mg/L soil dry 

Calcium 3300 mg/L soil dry 

Manganese 6.4 mg/L soil dry 

Zinc 1.4 mg/L soil dry 

Copper 2.2 mg/L soil dry 

Iron 110 mg/L soil dry 

Other   

pH 6.3  

Sample field Date Parameter Result Unit 

Section B Egan 
field 

Oct-18-2016 

Fertility nutrients   

Phosphorus 16 mg/L soil dry 

Magnesium 290 mg/L soil dry 

Potassium 140 mg/L soil dry 

Sodium 21 mg/L soil dry 

Calcium 1900 mg/L soil dry 

Manganese 6.6 mg/L soil dry 

Zinc 2.0 mg/L soil dry 

Copper 0.63 mg/L soil dry 

Iron 83 mg/L soil dry 

Other   

pH 5.9  

Buffer pH 6.9  

Table 2. Soil test results of environmental metals and fertility nutrients of Section B of the Egan field, 

analyzed by the Agriculture and Food Laboratory at the University of Guelph. 

Table 3. Soil test results of environmental metals and fertility nutrients of the Enright field, analyzed 

by the Agriculture and Food Laboratory at the University of Guelph. 
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Soil Moisture  

A simple soil moisture probe was purchased at Lee Valley to conduct soil moisture measurements 

within 24 hours after a rainfall event. Beginning at one corner of the Egan field, a shovel was used 

to loosen 10 cm of soil. The probe was stuck into the loose soil and packed tightly around the metal 

plates of the probe. The button was held for 3 minutes and the percentage of water content (0-

100%) indicated on the probe was recorded. The intervals were measured at 200 m from each point 

and half of the field was successfully plotted prior to a manure spraying truck entering the field, 

which put a stop to further sampling. The points that were sampled were recorded in the TopCon 

GPS and plotted on a GIS map (Figure 13).   

 

 

 

TIM EGAN PROPERTY SOIL SAMPLE 1 

PARAMETER 

SOIL RESULT  
(ug/g dry) 

CCME 
GUIDELINE  

(ug/g) 

 Arsenic 1.1 12 

 Cadmium .2(<MDL) 1.4 

 Chromium 59 64 

 Cobalt 17 40 

 Copper 16 63 

 Lead 10 70 

 Mercury 0.035(<MDL) 6.6 

 Molybdenum 1.1 5 

 Nickel 28 50 

 Selenium 0.21 1 

 Zinc 88 200 

 Boron 0.26 2 

JT ENRIGHT SOIL SAMPLE 3 

PARAMETER 

SOIL RESULT 
(ug/g) 

CCME GUIDELINE 
(ug/g) 

Arsenic 0.73 12 

Cadmium 0.2(<MDL) 1.4 

Chromium 57 64 

Cobalt 16 40 

Copper 20 63 

Lead 11 70 

Mercury 0.035(<MDL) 6.6 

Molybdenum 1.1 5 

Nickel 27 50 

Selenium 0.39 1 

Zinc 88 200 

Table 4. Tim Egan Section A. soil sample results 

for environmental metals compared to CCME 

Soil Quality Guidelines. (Canadian Council of 

Ministers of the Environment, Various Years) 

Table 5. JT Enright soil sample results for 

environmental metals compared to CCME Soil 

Quality Guidelines. (Canadian Council of 

Ministers of the Environment, Various Years) 
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From the data collected, the average moisture content was calculated to be 71.8 %. Since this 

reading correlates to field capacity, the results were compared to a field capacity graph to 

determine how close the water content was to being at field capacity based on the texture of the 

soil. From initial soil texture testing, it was determined that it was a silty clay. Referring to Table 

6 and Figure 14, the field capacity of silty clay is approximately 40%, meaning that if our probe 

read 100%, it would actually be at approximately 40% field capacity. Since the average 

measurement was 71.8 %, it was calculated to be 28.7 - 29.4 %, almost three quarters of the field 

capacity. The soil probe was also capable of measuring pH from 3.5 to 10, and the average pH 

from the samples that day was 6.3. 

 

 

 

 

 

 

 

Soil Texture Field Capacity (%) 

Sand 10  

Loam 28  

Silt 30  

Silty Clay 41  

Clay 42  

Figure 13. Soil sampling sites on the Egan field 

Table 6. Field capacity based on soil texture 

(Decagon Devices, 2016) 

Figure 14. Plant-available water at field capacity 

as a function of soil texture. 

(Chapin III, Matson, & Vitousek, 2012) 
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AgriSuite 

As part of the project, the team expanded on historical nutrient results provided by Mr. Egan.  The 

raw data entered into the OMAFRA Ontario Agricultural Planning Tools Suite (AgriSuite).  This 

application hosts nutrient management planning software, and helps to determine the best way to 

store, treat, and apply nutrients.  Additionally, it can help with keeping costs down by creating a 

dynamic management plan for an ever-changing industry.  AgriSuite can help farmers save money 

by reducing the amount of fertilizer and other materials being used, reducing the environmental 

impact of on-farm generated nutrients, protecting sources of drinking water from contamination 

from runoff or groundwater infiltration, reducing soil erosion, and improving soil fertility and 

productivity (Ontario Ministry of Food, Agriculture and Rural Affairs, 2016). 

The program hosts many different variables and scenarios that can be created to represent a 

cropping field or multiple cropping fields. It could be quite overwhelming for someone not familiar 

with the program, therefore, it is recommended that documentation on past cropping years and if 

available future cropping year plans be used to aid in the process. With the help of Mr. Egan’s 

historical data dating back 10 years, it was possible to input all of the unprocessed data into 

AgriSuite. This helped create a better understanding of how the program analyzes the nutrient data 

to make projections for nutrient uptake by crops and harvesting. Guidance from Peter Doris was 

provided via Skype to help the team interpret the data projections from the program.  

The cropping pattern from the historical data aided in creating a projection of crops and fertilizer 

application methods into the year 2022.  A prediction of the agronomic balance – in other words, 

the nitrogen (N), phosphorus (P) and potassium (K) in the soil each year, and the crop removal of 

N, P and K – were achieved (Figure 15).  
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Agronomic Balance  Crop Removal  

Figure 15. AgriSuite multi-year nutrient balance. (Ontario Ministry of Food, Agriculture and 

Rural Affairs, 2016) 
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Discussion and Conclusions 

This project helped the team become more familiar with using GIS, the tools typically used to 

conduct topographical surveys, OMAFRA’s AgriSuite system, and the relationship between crop 

type, fertilizer, nutrient analysis results, and nutrient use and loss. It also provided the team with a 

better understanding of how much planning is involved in operating a farm. Without a strong 

background in agriculture, our farming partners – especially Mr. Egan – provided the team with 

an ideal learning opportunity by providing a detailed history of soil nutrient data and records of 

nutrient management strategies. This goes to show that farmers with similar approaches to farming, 

such as Tim Egan and J.T. Enright, are invaluable community partners, as they are leaders in 

responsible and environmentally conscious agricultural nutrient management planning. If this 

project continues into 2017, it would be valuable for students to continue the GIS, and more 

specifically, ArcHydro. This software would be useful for students in learning about watershed 

delineation, stream definition, direction of natural and modified surface water flow, as well as 

drainage lines and areas. Also, since this project was not entirely successful with collecting a 

comprehensive database of soil moisture, it is recommended that future students use the simple 

yet effective soil moisture probe to collect data over several weeks or months and to compare it 

with the information generated from the Applied Research weather station located on the Egan 

property. This information could shed more light on the performance, effectiveness and possible 

adjustments required for the recently installed CTD structures on the Egan property with regards 

to water availability to roots. Lastly, with practice, OMAFRA’s AgriSuite program – or any similar 

nutrient management planning program –has the potential to act as a very useful tool in 

agricultural-based projects and should be explored further. 
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Objective  

To determine whether natural herbicides are economically and environmentally feasible for the 

agricultural and forestry industries. Our goal was to research herbicides considered as natural, 

which can be used in crop development to reduce potential long-term impacts on human and 

environmental health. Today, the farming and forestry industries use herbicides to eliminate the 

growth of nuisance plant species that have the potential to harm crop yields. For this reason, 

removing these plants or weeds is a necessary practice. Unfortunately, herbicides can have 

negative environmental impacts, such as contamination of local watersheds, persistent toxins in 

soil and sediment, as well as detrimental effects on the reproductive success of local wildlife. The 

team looked at case studies and researched herbicides (natural and unnatural) to understand how 

they work, as well as their various pros and cons. We also identified nuisance plant species. The 

team then sought to create their own natural herbicides and test their efficacy in the lab. 
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Introduction 

Herbicides are typically used among farmers and foresters, and are a necessary ingredient for 

obtaining good crop yields and tree stand yields. Within the agricultural industry, herbicides are 

so common today that many of the crops we eat, such as soy, corn, and wheat are genetically 

modified to function like an herbicide, making the elimination of nuisance plants possible while 

maintaining crop growth. GMO is one way to combat nuisance plants and pests, but the use of 

spray herbicides still remains widespread in the agricultural and forestry industries. Herbicides 

like atrazine and glyphosate (commonly known as Roundup) are the most common and are 

persistent in the environment, having the potential to cause negative environmental and human 

health impacts.  

The group sought to test natural herbicides in a controlled lab setting to consider the use of less 

toxic compounds, which could prove to be just as effective as their synthetic counterparts, but with 

fewer environmental consequences. These compounds can be found in the natural environment 

and consist of vinegars, salts, and volatile plant oils which have the potential to be used in 

combination to produce an effective, non-persistent herbicide. We decided to test and compare the 

synthetic versus natural compounds in the lab to see whether natural herbicides could prove to be 

an effective form of herbicide control for small to larger scale silviculture or agriculture operations. 

 

Background 

Atrazine is a commonly used pesticide in North America. Its main function is to prevent the growth 

of broadleaf weeds in crops, golf courses, and residential lawns. It is currently the second largest 

selling pesticide in the world, and the number one contaminant found in drinking water. It has been 

reported in surface water as well as ground water in British Columbia, Nova Scotia, Prince Edward 

Island, Quebec, Ontario and Saskatchewan (Vuchnich & Shochat, 2014). Atrazine has many 

environmental impacts on surrounding ecosystems; it is very persistent and mobile within the 

environment.  Once Atrazine has been applied within the environment, it is known to affect marine 

phytoplankton, fresh water algae, and other plant life. Unfortunately, it is also linked to major 

reproductive issues within amphibians, fish and some mammals because of its characteristic of 

being an endocrine disrupter. Atrazine, although very common in North America, has been banned 
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in the European Union since 2003, yet is still found in groundwater, and was present in pregnant 

women’s urine for up to three years after the product was banned (Equiterre & Hénault-Ethier, 

n.d.). 

Similar studies have been conducted at the University of Ottawa for glyphosate (Trudeau V. 2014). 

Since these two herbicides are the top herbicides in use, Americans, along with Canadians, are 

subjected to these chemicals unnecessarily.  

For this reason it is very important to research safer, cleaner, more natural herbicides that will have 

little or no negative affect on humans and ecosystems. Our group was tasked with considering 

some of these safer options. Each group member created their own natural herbicide compound. 

To determine the effectiveness of our respective herbicide compounds, we executed various tests 

that are outlined in this report. Most synthetic herbicides are very effective at eliminating unwanted 

plant species to help increase crop or tree stand yields and tend to be less expensive for the farmer 

or forester. Thus, another important question to consider is whether natural herbicides are feasible. 

To answer this question, we needed to research natural herbicide application rates, composition, 

and synergistic effects of chemical compounds, all of which will impact cost. 

Robin Cunningham, our Community Partner, is a retired Forester, avid naturalist and birder, and 

also part of several local councils including the Petawawa Research Forest (PRF) and Pembroke 

and Area Field Naturalist Club. In consulting with Robin, our group gained insight into the most 

problematic weeds within the forestry industry. Robin helped us to narrow down our ideas and 

limit our experiments to only one nuisance species. By narrowing our focus to one plant species, 

our group was able to accomplish more within a limited time frame. It was also suggested that we 

grow grass in the lab instead of young tree saplings, particularly Kentucky Bluegrass, because it 

is ubiquitously found in the environment and grows quite rapidly. This allowed us to have a viable 

specimen to test on, rather than waiting on young tree saplings to grow. 
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Methods 

We considered the cost-benefit of natural herbicides to their synthetic counterparts. We 

documented the entire process by using a GoPro camera to record still images before and after the 

application of our herbicides.   

The method we used to create a natural solution to commonly used agriculture and forestry 

synthetic herbicides was first founded on an agreed upon definition for "natural herbicide”: A 

substance that will inhibit or eliminate the growth of nuisance plant species, while using 

compounds that are naturally found in the environment. These herbicides will have little or no 

threat to the environmental or human health. We then constructed the hypothesis as to whether 

natural compounds be effective at inhibiting the growth of Kentucky Bluegrass. To monitor the 

effects of different concentrations of herbicide solutions over a set period of time, we used a variety 

of methods including: 

 Comparing growth rates before and after applications 

 Comparing visual health cues with the control grasses 

 Trying to compare cell health before and after application by using a microscope  

 Conducting a spectrophotometry test 

 Conducting a toxicology test  

Experiment  

We sprayed three different solutions in varying concentrations onto Kentucky Bluegrass, which 

was purchased at a local nursery. The grasses were sectioned off into potting squares and then 

placed under growing lights for a total of three weeks to allow for root development and growth. 

We were able to compare the results obtained to a control plot (one without any herbicide sprayed) 

and a sample of grass that was sprayed with glyphosate. A number of indicators were used to 

review the effects of the natural herbicides, including growth rate, root development, cell wall 

disturbances, and light absorbance using a spectrophotometer.  The following section will include 

a step-by-step process of our experimental procedures for each natural herbicide, including our 

findings.  
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Initial pH testing of Acetic Acid 

 

Hypothesis 

A two-fold dilution of acetic acid in a water solution will provide an acetic acid solution that is 

less acidic and natural. The pH of this solution will be significantly less than a 100% acetic acid 

and will be able to mimic store bought vinegar.  

 

Purpose 

Acetic acid is a very corrosive and acidic substance that can be found naturally in the environment, 

but not in the concentration used in this experiment, which was 17.4 molar or 100% acetic acid. 

With a dilution method, we can create an acetic acid solution that was at most 5% to mimic a 

naturally found acetic acid or vinegar. The steps for creating a two-fold dilution is shown in Figure 

4 in the Appendix – Photos and Images. The pH of 100% acetic acid is too great and may persist 

in the environment if used as an herbicide, therefore dilution must be done in order to create a 

more “natural” concentration. This solution will be a base herbicide for further allelopathic 

ingredients, such as rosemary oil and oregano oil.  

 

Materials 

 17. 4 molar Acetic acid 20 ml 

 6 test tubes 

 Test tube rack 

 Paraffin wax film 

 Tape 

 Tweezers 

 10 mL pipette 

 Hanna pH Probe  

 pH test strips 

 Beaker 
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Procedure 

1) 6 test tubes set up in a test tube rack, each tube labelled from 1-6. 

 

2) Using a pipette, test tube #1 was filled with 20 mL of 100% Acetic Acid 

 

3) Using a pipette, 10 mL of solution was removed from test tube #1 and poured into test tube #2. 

Using a pipette, 10 mL of distilled water was added into test tube #2 and inverted a few times 

to mix. 

 

4) Using a pipette, 10 mL of solution was removed from test tube #2 and poured into test tube #3. 

Using a pipette, 10 mL of distilled water was added into test tube #3 and inverted a few times 

to mix. 

 

5) Using a pipette, 10 mL of solution was removed from test tube #3 and poured into test tube #4. 

Using a pipette, 10 mL of distilled water was added into test tube #4 and inverted a few times 

to mix. 

 

6) Using a pipette, 10 mL of solution from test tube #4 was removed and poured into test tube #5. 

Using a pipette, 10 mL of distilled water was added into test tube #5 and inverted a few times 

to mix. 

 

7) Using a pipette, 10 mL of solution was removed from test tube #5 and poured into test tube #6. 

Using a pipette, 10 mL of distilled water was added into test tube #6 and inverted a few times 

to mix.. 

 

8) Test tube 7 was a control and was filled with 10 ml of distilled water. 

 

9) The Hanna pH probe needed to be buffered so the probe was placed into a 7.01 pH buffer 

solution. 

 

10)  After it was buffered a 10.0 pH solution was used to buffer the probe. 
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11)  The Hanna pH probe was then used to provide pH values for each.  

 

12) Solution in the test tubes #1-6. 

 

Results and Observations 

  

Table 1.  Observations of Solution 1 made after 3 days of the experiment. 

Test tube 

number 

Amount of 

distilled 

water 

Amount of 

Acetic Acid 

Total 

volume of 

liquid 

% Concentration of 

Acetic Acid 
pH 

1 10 mL 10 mL 20 mL 100 % N/A 

2 10 mL 10 mL 20 mL 50 % 1.3 

3 10 mL 10 mL 20 mL 25 % 1.8 

4 10 mL 10 mL 20 mL 12.5 % 2.1 

5 10 mL 10 mL 20 mL 6.25 % 2.35 

6 10 mL 10mL 20 mL 3.125% 2.53 

7 20ml 0ml 20ml 0 - 

 

 

Conclusion of Initial Testing of Acetic Acid  

According to the EPA, acetic acid is a chemical compound naturally present in all living 

organisms. It is also biodegradable and readily breaks down into carbon dioxide and water. This 

concentration is only found up to 5%, thus the base solution for this herbicide must not contain 

higher concentrations because those higher concentrations would not be considered natural. Using 

100% acetic acid, we were able to produce a 3.125% concentration that mimicked vinegar and 
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natural acetic acids that could potentially act as a non-persistent and natural herbicide. We believe 

that this will be an effective herbicide in that the pH is exceptionally high, having a greater 

potential to break down and dismantle plant cells, such as the Kentucky Bluegrass. 

 

Herbicide Testing of Solution A 

 

Hypothesis 

A solution of 7% acetic acid mixed with 100% rosemary essential oil and 100% oregano essential 

oil could be an effective natural herbicide with little to no environmental persistence. Using a two-

fold dilution series, the solution was diluted making several lesser concentrations. Using lesser 

dilutions that are 25% and 3.125% could still have an effect on inhibiting the growth of the 

Kentucky Bluegrass – one plot was tested with these dilutions of a lower concentrate.  Full 

concentrations of rosemary oil and oregano oil were also used on a plot to observe the potential 

effects of the pure oils (how destructive they can be on their own). A third plot of grass was treated 

with 100% Roundup to observe effects. These natural solutions will be compared to the Roundup 

(7g/L) to show their potential effectiveness. 

 

Purpose 

Seven percent (7%) acetic acid in combination with herbal essential oils from the rosemary plant 

(Rosemarinus officinalis) and Oregano (Oreganum vulgare) should produce an effective and 

chemical free herbicide due to the presence of natural growth inhibitors called terpenes. Figure 5 

in Appendix – Photos and Images compares terpene concentration of rosemary and oregano, 

among others. Dilutions of the synthetic-free solution will be created to show that it can still be 

effective, even when diluted using a two-fold dilution series. The oregano and rosemary will act 

synergistically with the acetic acid, creating a potent natural herbicide. Acetic acids of 8% or less 

inert ingredients are exempt from registration by the EPA as a pesticide under the EPA Minimum 

Risk Pesticide (Deborah Smith-Fiola, 2014). A two-fold dilution method will be used to look for 

effective concentrations that are less powerful but remain effective. One hundred percent (100%) 
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oregano oil and 100% rosemary oil will be used to observe the predicted herbicidal effects at full 

concentrations. Roundup will be applied to the grass to observe the effects of a known effective 

herbicide. Two-fold dilutions will be created to see if store bought ready-to-use Roundup will be 

effective at 50% concentration and at 25% concentration.  

Materials 

 6 test tubes 

 10 ml pipette 

 50ml pickling vinegar (7% 

acetic acid) 

 30 ml Rosemary essential oil 

 30 ml Oregano essential oil 

 Latex gloves 

 Safety Glasses 

 Spray bottle 

 50 ml beaker 

 100 ml beaker 

 Kentucky Blue grass 

 Fluorescent grow lamp 

 

Procedure 

Note: When creating the solution the oils will not mix immediately. There will be a noticeable 

layer in the beaker because the oils are fatty and will not mix right away. Use a stir stick to mix 

the solution until it turns into a fluorescent white-looking solution.  

1) Set up 6 test tubes and labelled 

 

2) Using the 100ml beaker add 50ml of vinegar, 15ml of rosemary oil, 15 ml of oregano oil to 

create herbicide solution, this will create 90ml. 

 

3) Fill test tube 1 with 15 ml of solution (100% solution).  

 

4) Fill test tube 2 with 7.5ml of solution and add 7.5 ml of distilled water (50% solution). 

 

5) Fill test tube 3 with 3.75ml of solution then add 11.25ml of distilled water (25% solution). 

 

6) Fill test tube 4 with 1.875 ml solution then add 13.3ml of distilled water (12.5% solution). 
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7) Fill test tube 5 with 0.94ml of solution then add 14.06ml of distilled water (6.25% solution). 

 

8) Fill test tube 6 with 0.47ml of solution then add 14.53 ml of distilled water (3.125% 

solution). 

 

9) Take test tube 1 and pour it into a 50 ml beaker and add spray bottle nozzle to beaker to spray 

solution on grass. This will be done under the fume hood. 2.5 sprays per area, approximately 

2.5ml of solution per cube of grass or 15ml of solution over entire sample. Spray grass 

samples labelled 100% solution. 

 

10) Clean beaker and nozzle and pour 15 ml of solution 3 into 50ml beaker. Spray sample that is 

labelled solution 25% solution. 

 

11)  Clean beaker and nozzle. Pour test tube 6 into 50ml beaker. Spray sample that is labelled 

3.125% solution. 

  

12)  Clean nozzle and add to 15ml bottle of oregano oil and spray on sample labelled 100% 

oregano. 

 

13)  Clean nozzle and add to 15 ml bottle of rosemary oil and spray on sample labelled 100% 

rosemary. 

 

14)  Place all grass samples in window and make sure grow lamp is timed for 4 hours between 

the hours of 11 am and 3pm. 

 

15)  Let samples sit for 48 hours.  

 

16) Repeat steps 1-14 and wait another 48 hours. Observe effects and record. 
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Results and Observations 

All concentrations had an effect on the grass. The 100% concentration was highly effective at 

killing the grass; effects were observed within 24 hours, which comprised of yellowing at the 

blades and root decay. The 50% concentration showed great inhibiting qualities in that effects were 

noticed within 24 hours.   

The 25% concentration application did show destruction of the grass. 12.5% concentration showed 

signs of inhibiting of grass but not as effective as 25% and higher concentrations. 6.25% showed 

signs of death as did the 3.125%.  All were effective at killing the grass even at the lowest 

concentration, which was surprising considering the low amount of herbicidal compounds. The 

rosemary oil was not very effective, even on its own. There were signs of burning and yellowing 

of the grass but effects were mild compared to the oregano, which was highly destructive. Most of 

the grass was destroyed within 24 hours of initial application. Solution A which consisted of 

rosemary oil, oregano oil and 7% acetic acid was most effective at 100% concentration but was 

also effective at 3.125% concentration. This was compared to Roundup (7g/L Glyphosate), which 

was known to be effective at 100% concentration. This concentration was effective, but observed 

effects were not until 24 hours after second application. Dilutions of 50% and 25% were created 

which showed little effect and grass regrew. Diluting Roundup did not kill all the grass. 

Comparisons can be seen in Table 2. 

 

 

 

Test tube 

number 

Amount 

of 

distilled 

water 

(ml) 

Amount 

of 7% 

Acetic 

acid ml 

Amount 

of 

rosemary 

oil ml 

Amount 

of 

oregano 

oil ml 

Total 

Volume 

ml 

% 

Concentration 

of Solution 

1 0 9 3         3 15 100 % 

2 7.5 4.5 1.5 1.5 15 50 % 

3 11.25 2.25 0.75 0.75 15 25 % 

4 13.3 1.125 0.375 0.375 15 12.5 % 

5 14.06 0.5625 0.1875 0.1875 15 6.25 % 

6 14.53 0.28125 0.00937 0.09375 15 3.125% 

Table 2. Application for Solution A 
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Conclusion for Herbicide Testing of Solution A 

Solution A was an effective natural herbicide, although the cost at high concentrations would be 

too high to implement on commercial scale.  If solution A at 25% was used per acre, it would cost 

approximately $15,000.00 at retail cost. This could be reduced if plant oil was purchased in bulk 

or produced on site. Although for home application it would cost about $1.50 per meter squared 

making this herbicide cost effective. Compared to Roundup the cost would be approximately 

$67.00 per acre, which is a massive difference. 

 

Herbicide Testing of Solution B 

 

Purpose 

We decided to explore a solution made of 77% Vinegar, 15% natural soap dissolved within 

distilled water, and 8% crystallized Epsom salt. We researched many accounts of this solution 

being effective on weeds. 

 

Materials 

 Epsom salt 

 Vinegar 

 Soap 

 Distilled water 

 Hot plate 

 Beakers

 Safety Glasses 

 Spray bottle 

 50 ml beaker 

 100 ml beaker 

 Kentucky Blue grass 

 Fluorescent grow lamp 
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Procedure 

1. 50mL of Epsom salt was added to 500mL of Vinegar. The solution was then stirred 

continuously for 5 minutes. 

 

2.  0.6 grams of soap was added to 100mL of distilled water, the solution was then heated on 

a hot plate on setting 5 and stirred on setting 3 for 5 minutes. Finally the solution was stirred 

at setting 4 for 10 minutes. 

 

3. The vinegar and soap solutions where then combined and stirred for 3 minutes. 

 

4. A two-fold dilution was then done to the final solution twice 

 

5. 35mL of the final solution was used as an herbicide, 35 mL of the two fold diluted final 

solution was used as a herbicide, and the two fold diluted solution was further diluted and 

used as a herbicide (35mL). 

 

6.  Solutions were applied to Kentucky Bluegrass, allowed to sit for 48 hours and a second 

application of the natural herbicide was applied to the Kentucky Bluegrass. 

 

NOTE: Ratio used for 100% application: 

 

500 mL of Vinegar: 50 mL of Epsom salt: 100 mL of distilled water mixed with 0.6 grams of 

natural soap 

Our first application of our natural herbicides to Kentucky Bluegrass was on November 7. We then 

re-applied on November 9 and November 11. We tabulated our results and completed a few 

experiments to determine the health of our plants including a chromatography test.  
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Results and Observations 

There were noticeable results 48 hours after the second application, however, it became more 

apparent approximately 4 days after the second application that the 100% was very effective at 

inhibiting the growth of the plants, as well as reducing the health of the plant visibly (wilting, 

yellow color, dry, brittle stalks, no longer absorbing water). Photos of these results can be found 

in Table 4. 

 

Conclusion for Herbicide Testing of Solution B  

Additional testing is required to determine the effectiveness of this natural herbicide. More 

testing would be required on a range of different types of weed species to see the effectiveness of 

this natural herbicide. When it comes to testing this natural herbicide on Kentucky Bluegrass, 

there were positive results after 2-3 days; the grass wilted, dried up and lost its green color. 

Testing with the spectrophotometer showed that after 5 days since original application, the 

absorbance rate was very high. These results are the opposite of the control (healthy blade of 

grass), showing the tested grass was impacted by the solution.    

  

Herbicide Testing of Solution C 

 

Purpose 

Citric acid is a natural compound found in citrus fruits like oranges, limes, and lemons. This natural 

compound has a pH of about 2.2, and Eco-Clear, a viable product on the market uses acetic acid 

and citric acid with a pH of 1.6. Another product on the marker that has synthesized natural 

compounds is Burn Out Weed and Grass Killer, using active ingredients like citric acid and clove 

oil. Both of these products form a good basis to look into and experiment with natural products to 

reduce germination of Kentucky Bluegrass.  
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Materials 

 50mL of Citric acid in powder form 

 Bar of natural soap (glycerine) 

 1L of Distilled water 

 Hot plate 

 10mL pipette 

 6 test tubes 

 Test tube rack 

 Cutting board 

 Stir stick 

 Razor blade 

 Scale 

 1 x 400mL beaker 

 6 x 50mL beaker 

 Scoopula  

 

Procedure 

1.     Label 6 test tubes, #1-#6. Use a 10mL pipette to perform a two-fold dilution with the solution. 

2.  Cut shavings off soap block and place on scale until it reads 8.2 grams. Next, add soap to a 

beaker of 100mL of distilled water and boil on high for about 10 to 15 minutes, stirring 

occasionally. Once it starts to solidify, turn off heat and let cool at room temperature. 

3.   Add 1 tsp of citric acid power to 235ml of distilled water. 

4.   Next, take a 400mL beaker and add 24mL of citric acid, 5mL of soap and 71mL of distilled 

water and stir. 

5.   Place solution in spray bottle, apply two sprays per area of grass (34.32 cm squared). One 

squirt of the spray bottle is approximately 1mL of liquid, +/- 0.2mL. Once applied, let solution 

rest then place tray with cardboard inserts, to separate and help reduce cross-contamination. 

6.   Once the first application has been applied, wait 48 hours, take visual notes, then reapply. After 

waiting 48 hours after the second application, observations were gathered and results were 

written down. A spectrophotometer test was conducted, as samples of each solution was looked 

at under a microscope at 4X, 10X, 40X and 100X.  
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Application rate calculation:  

 

 

 

 

 

 

 

 

 

 

Results and Observations 

Solution #1 at 6% showed minor wilting of the grass blade, with yellow blotches on the grass, 

whereas solution #2 and #3 showed little to no results of the herbicide having any effects. The 

remaining solutions #4 - #6 showed no effects to the herbicide. In fact, on the lower concentrations, 

solutions #3-#6 seemed to have the opposite effect of damaging the plant. Rather than inhibiting 

grass growth, the herbicide seemed to add nutrients to the plant. This can be observed looking at 

Graph 1. Citric acid has basic nutrients that plants need to grow, which might be why there were 

signs showing plant growth. With the samples of grass under the microscope, no conclusive 

evidence of the effect on the grass blade and root system of the solution was found when compared 

to the control. 
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Conclusion for Herbicide Testing of Solution C 

Four months is a short period of time to perform this type of experiment. More time is needed to 

research, grow, and test different species of problematic/nuisance weeds, as well more lab space 

to grow more samples, so different solutions and concentrations can be tested. This could lead to 

more conclusive and concrete results of studying the effectiveness and feasibility of natural 

herbicides on weeds, rather than just one single species. Furthermore, more quantifiable tests could 

be performed in order to properly and accurately test the effectiveness of citric acid. 

 

Conclusion for Overall Herbicide Testing – All Solutions 

Many different results were obtained through the testing of the natural herbicides, and we learned 

that dilution is not always a good thing. In fact, the dilution of citric acid C6H8O7 below 6% can 

actually be beneficial to plant species because it is composed of the basic building blocks for plant 

fertilizers.  We also learned that oregano is highly effective when it comes to eliminating and 

inhibiting plant growth, although based on calculations we also know that oregano oil is not 

feasible as a natural herbicide due to the high cost of the oil. The following table of images shows 

the effects that our natural herbicides had on the Kentucky Bluegrass 48 hours after the second 

round of applications: 

Two-fold 
dilution 

Initial 
solution 

Solution 
#1 

Solution 
#2 

Solution 
#3 

Solution 
#4 

Solution 
#5 

Solution 
#6 

Concentration 
(%) 

100% 6% 3% 1.5% 0.75% 0.375% 0.1875% 

Volume of 
citric acid (mL) 

24 mL 6 mL 3 mL 1.5 mL 0.75 mL 0.375 mL 
0.1875 

mL 

Volume of 
glycerine (mL) 

5 mL 1.25 mL 0.625 mL 0.313 mL 0.156 mL 0.078 mL 0.039 mL 

Volume of 
water (mL) 

71mL 94 mL 97 mL 98.5 mL 99.25 mL 
99.625 

mL 
99.8125 

mL 

Total volume 
(mL) 

100 mL 100 mL 100 mL 100 mL 100 mL 100 mL 100 mL 

Table 3. Initial concentration of citric acid at 24% concentration, and 5% glycerine concentration with 71% 

distilled water. A two-fold dilution was performed 6 times. Since a 24% concentration of citric acid would 

work, further dilutions were made to observe effectiveness. 
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We were also able to determine the most effective natural herbicide solution tested, which was 

solution A. Solution A was a combination of pickling vinegar, rosemary essential oil, and oregano 

essential oil. It inhibited the growth of the Kentucky Bluegrass by the grass showing visible signs 

of poor plant health such as, drastic change of color, growth of plant stopped, withering and 

brittleness of grass stalks.  

Table 4. Combined results for solutions A, B & C 
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We determined solution B, which was a mixture of pickling vinegar, Epsom salts, natural soap and 

distilled water was the second most effective natural herbicide solution. The images above show 

the results 48 hours after the second application; however, this solution mostly took effect 

approximately 4 days after the second application, when the grass withered, turned yellow and 

dried up. Although not as quick as solution A, solution B was also effective at inhibiting the growth 

and health of Kentucky Bluegrass. 

Solution C was a mixture of citric acid and soap. It did not have the desired results. Unfortunately, 

the only detrimental results observed on the Kentucky Bluegrass was slight discoloration, and 

perhaps a slight change to the growth rate of the grass.  

 

Spectrophotometry 

 

Purpose 

We used spectrophotometry to obtain a more comparable result for all of our samples of treated 

grass. We wanted to see whether the applications of our natural herbicides affected the light 

absorbance capabilities or disrupted the photosynthetic capabilities of our different grass samples. 

In order to understand our results, research was conducted on the light absorbance properties of 

plants. The research revealed that when a plant is a certain color this is because it is absorbing all 

other light waves, but little to none of the color wavelength of the plant itself. 

In our case, Kentucky Bluegrass was the chosen species. This species of plant is green, therefore 

the grass will absorb little to none of the green wavelength, but will absorb varying degrees of 

other color wavelengths.   

Materials 

 Acetone Lab grade 1L; XA-0551=001 

 Sartorius scale 

 10mL pipette 

 Scissors 

 Mortar and pestle 

 Weight boat 

 Centrifugal tubes 

 Spectronic 200 photo spectrometer 

 50mL beaker X 8 

 Paraffin 
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 Rubber gloves 

 Safety goggles 

 Tape  

 Marker 

 Kim wipes 

 

Procedure 

Refer to: In Vitro Determination of Chlorophylls a, b, c1 +c2 and Pheopigments in Marine and 

Freshwater Algae by visible Spectrophotometry. 

 

Results and Observations 

If a plant that is originally a certain color (in our case green), the absorbance of the color 

wavelength will change or be affected when it is unhealthy compared to when it is healthy. The 

following table identifies these solutions and places them in order of most effective to least 

effective at disrupting regular light absorbance for Kentucky Bluegrass.  

 

 

 

 

 

 

 

Solution Name  Effectiveness in decreasing 

order (1-8)  

Glyphosate  1 

100% Solution A 2 

Oregano 100% 3 

Solution B 100% 4 

Solution A 3.125% 5 

Control  6 

6% Solution C 7 

3% Solution C 8 

Table 4. Effectiveness ratings 
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The results graph below shows which solutions were more effective than others. 

 

 

 

Spectrophotometry - Conclusion 

The top three solutions that were most effective at disrupting light absorbance for Kentucky 

Bluegrass included glyphosate, which was the most effective, followed by 100% concentration of 

solution A, and then 100% concentration of oregano essential oil.  

 

 

Graph 1. Spectrophotometry results 
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Toxicity Testing on Hyalella Azteca Growth Rates 

 

Purpose 

Studies show that Roundup does in fact have toxic effects on Hyalella amphipods and impacts 

their reproductive rates and growth rates (Bibiana Kaiser Dutra, 2010). For this reason, testing on 

Roundup was not seen as necessary. Many herbicides have been shown to have lasting effects on 

the environment, chemically altering the soils and creating inhabitable or unsuitable environments 

for many living organisms. In order to test if natural compounds have less potential to alter the 

biodiversity of soil and sediment organisms, solution A at 25%  concentration in soil and solution 

B at 100% concentration in soil will be used verify if even the smallest of organisms can still grow 

while exposed to compounds that inhibit plant growth.  

Solution A at 25% dilution concentration is a mixture of oregano essential oil, rosemary essential 

oil and 7% acetic acid that was diluted and still effective at killing the Kentucky Bluegrass. 

Solution B at 100% concentration is composed of 7% acetic acid, glycerin soap and MgSo4. This 

solution was effective at killing Kentucky Bluegrass as well. The team conducted toxicity testing 

with Hyalella azteca to determine any potential negative impacts on invertebrates as a result of 

solutions leaching from plant to soil. We hypothesize that the growth of Hyalella azteca will not 

be impacted, showing little to no toxicity of selected herbicides on invertebrate organisms. 

 

Materials 

 Mortar and pestle 

 0.834 mm mesh 

 3 air pumps and hosing 

 3 glass tubes 

 3 plastic 1L containers with lids 

 2 mm pipette 

 Hyalella azteca (24 adults) 

 Soil sample from solution A 25% 

(enough to fill container about 1.5 cm 

from bottom) 

 Soil sample from solution B 100% 

(enough to fill container about 1.5 cm) 
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Procedure 

1.   Take soil sample from solution A 25% and grind in mortar and pestle until fine. Use enough 

to fill bottom of 1L plastic container about 1.5 cm from bottom. 

2.   Place ground soil into .0834mm brass mesh and use 5 salt solutions from Hyalella cultures to 

rinse soil through mesh and into 1L plastic container. Use 1 L of 5 salt solution until all soil is 

passed through filter and 1L of water is in the container. Removing all large debris and making 

the soil fine enough to filter out Hyalella. 

3.   Plug in two air pumps, connect ¼’ plastic hose onto pump and connect glass tube to the end of 

each hose so that air flow reaches the bottom of the container, not loo low though, just above 

the sediment. 

4.    Remove remaining Hyalella from culture and place even amounts in each container. Use a 2 

mm pipette to reduce harm to Hyalella and place them underneath the water surface so air 

bubble do not form underneath then causing them to float back to the surface. 

5.     Make a small incision on lid so that the glass tube can fit through it. 

6.   Close lid and insert glass tubes, make sure air bubbles are coming out, about 3 per second is 

sufficient. Adjust accordingly. 

7.     Once containers are set up, label properly and wait 7 days.  

8.    After day 7, reuse brass filters and pour out all water and sediment through filter catching 

water in in a container.  

9.    Once all soil and sediment is washed through filter, the remaining Hyalella can be counted. If 

there are less Hyalella then there has been morality in culture and they will decompose quickly 

therefore they won’t always be able to be found 

10. Count if there are more Hyalella, if there are then growth is possible in these sediments. 
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Results and Observations 

 

 Starting # Hyalella Ending # Hyalella Increase 

Solution A 25% 12 17 +5 

Solution B 100% 12 16 +4 

 

Observed effects show an increase in population. Although, due to low temperatures, breeding 

may have been more difficult. This test demonstrated that there was growth with the neonates (the 

young), which was not visible when initially placed into containers.  

 

Toxicity Testing Conclusion 

Not all soil samples were used to show reduced toxicity with natural compounds due to a lack of 

Hyalella azteca. For this reason, this experiment is not accurate and cannot make any conclusions. 

Also, this experiment is not representative because the group only used two soil samples. However, 

the chosen soils did not reveal signs of toxicity to Hyalella, since the organisms were able to grow 

within a 7-day time span. 

 

Discussion and Conclusion 

Many of our natural compounds were effective at inhibiting nuisance plant growth and 

development, such as solution A and solution B. Although some proposed herbicide recipes did 

not achieve desired results, they were in fact successful in helping us understand our results and 

comparing what was effective, versus what was ineffective, especially using the 

spectrophotometer. Solution A (rosemary, oregano, vinegar) was effective, even at low 

concentrations. Solution B (MgSo4, glycerin, vinegar) was effective at higher concentrations and 

took longer to observe plant mortality. Solution C (glycerin, citric acid) provided nutrients for the 

plants at low concentrations and were healthier than the control, which were given tap water. 

Regrowth was minimal with solutions A and B, showing that the root development was hindered 

as well. The only regrowth that was observed was with the diluted Roundup of 50% and 25%. Cost 

was compared to Roundup per acre and square meters. The Solution A would cost $15,000.00 per 

Table 5. Hyalella azteca population increase results. 
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acre, or $1.50 per square meter. Roundup cost is on average $67.00 per acre. Therefore, it is not 

economically feasible to use natural compounds as herbicides for large scale agriculture or 

forestry. Instead, natural alternatives may be more effective on a smaller scale, such as for home 

gardens.  

Testing other tree and crop species would have been more indicative of the potential for natural 

herbicides to replace synthetic herbicides. However, due to the timeline and smaller budget, we 

were only able to test our alternative solutions against one grass species A recommendation we 

have going forward would be to apply herbicides to both nuisance species as well as the plant 

species we want to preserve. Seeing the effectiveness on multiple different nuisance plant species 

would be beneficial in determining whether the herbicides could be used against many weeds or 

just specific ones. Also, having a larger space to set up experiments would allow for different 

species to be tested on, along with a variety of different natural herbicides. Toxicity testing was 

also very limited due to lack of Hyalella, therefore a representative experiment was not possible. 

Investigating soil toxicity using all samples would have been more effective at proving low 

toxicity, although more time would have been needed as well.  
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Appendix – Photos and Images 

 

 

 

 

 

 

 

 

 

Figure 1. Kentucky Bluegrass lab setup 

Figure 2. Jeff and Fraser at Hoch Farm educational outreach event  
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Figure 3. Calibrating pH meter 

Figure 4. Two-fold serial dilution using 17.4 molar acetic acid to obtain 

information on the pH of the solution and to obtain a clearer understanding 

of the correlation between pH and the dilution of acetic acid.  

 

Figure 5. Composition of Oregano and Rosemary Oil Terpene %, from a study conducted at the 

University of Bucharest in Romania, which suggests that rosemary and oregano essential oils can have 

positive results in inhibiting the growth and development of weeds due to compounds called Terpenes. 
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Concluding Remarks for the Environmental Technician Program  

Community Projects 2016 – Algonquin College Waterfront Campus 

 

These projects provided the Environmental Technician students with valuable experience around 

working with community partners and raising awareness on human-induced environmental 

stressors, such as soil erosion, nutrient and sediment loading, and water quality, and how to 

target these problems through farmland best management practices. Some projects will continue 

into summer and fall 2017, as the BMPVD funding program through OMAFRA will continue 

into 2017.   

Since several of the projects focused on properties in which CTD systems were recently installed, 

creating a working model of a CTD structure was an ideal way to provide a visual aid for the 

community to easily understand how these structures work within an existing agricultural tile drain 

system. The team responsible for creating a research design model for using the CTD related 

equipment, such as the weather station, data loggers, and on-site automated samplers, were able to 

identify several recommendations based on their initial experimentation with the equipment. Those 

recommendations will be used to support future research projects.  

The shoreline restoration work and the farmland buffer strip enhancement projects provided an 

understanding of, and potential solution to, the erosion of farmland soil and waterway banks within 

the watershed. Landowners were provided with two methods to reinforce their individual 

waterway banks and shorelines through the use of riparian buffer strips and natural retaining walls. 

The projects were intended to serve as a demonstration of what can be accomplished with a few 

people and limited resources. The success or failure of this experiment may be analyzed by future 

students and/or researchers.  

The soil research project helped students familiarize with using a GIS and the tools used to conduct 

topographical surveys. Through the use of various tools and methods, students were able to 

develop a better understanding of the relationship between crop type, fertilizer, nutrient analysis 

results, nutrient use and loss within a nutrient management planning system.  

Finally, the experimentation with natural herbicidal compounds led to the identification of 

effective solutions that inhibit nuisance plant growth and development on a small scale. It also 
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helped students understand the principles of light absorption by plant pigments using spectroscopic 

techniques, as well as familiarize them with laboratory methods, such as equipment calibration 

and serial concentration dilutions, and toxicity testing using biological specimens.  
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