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Executive Summary 
 

The purpose of this study is to assess whether municipal water treatment and fish 

hatchery operations on Rainy River have been affected by the 2000 Rule Curves for 

Rainy Lake and Namakan Reservoir.  Interviews were held with the managers of the 

Rainy River and Emo water treatment plants, as well as the Rainy River First Nation 

lake sturgeon hatchery to discuss potential impacts of the changes to the rule curves on 

their operations. Due to the short time period that the hatchery is currently in operation 

each spring, any identified impacts were minor in nature and costs. The water treatment 

plant operators indicated that changes in the turbidity levels of the Rainy River would 

increase the time spent at the plant adjusting the Aluminum sulphate levels and thus 

increasing salary and/or chemical costs to the municipality. Plant operators also 

indicated that the Little Fork River is the primary source of turbid waters that affect their 

operations. Using daily raw water turbidity data from the water treatment plants and 

daily discharge data from the Little Fork R., a comparison was conducted to determine 

the relationship between the Little Fork R. discharge and raw water turbidity at the water 

treatment plants under the 1970 and 2000 rule curves. The results indicate that the 

correlation between these two data sets is similar for both rule curves, therefore this 

analysis did not show evidence of an effect of the 2000 rule curve on the water treatment 

plants downstream.  Subsequent modeling may be undertaken in an attempt to assess 

these linkages in more detail.  It was obvious from the analysis that the source of 

sediment input into the Rainy River was the Little Fork River. The sediment load from 

the Little Fork River masks all other background sediment signals flowing downstream 

along the main stem of the Rainy River. This factor, along with the distance from the 

water intake for the Town of Rainy River to the Rainy Lake outlet, makes it difficult to 

ascertain the potential impacts of the rule curve changes to areas and/or facilities located 

further upstream on the Rainy River. 
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1.0  Introduction 
 

In 2001 the International Joint Commission (IJC) issued an Order prescribing the method of 

regulating the levels of the boundary waters of Rainy and Namakan lakes, consolidating and 

replacing a number of previous orders and supplementary orders.  This “Consolidated Order” 

was effective on February 28, 2001, and contained the following provision: “This order shall be 

subject to review 15 years following adoption of the Commission's Supplementary Order of 5 

January 2000, or as otherwise determined by the Commission. The review shall, at a minimum, 

consider monitoring information collected by natural resource management agencies and others 

during the interim that may indicate the effect of the changes contained in the Supplementary 

Order of January 5, 2000.” 

 

In 2007, the IJC formed a Rule Curve Assessment Workgroup to develop a plan of study (POS) 

in which the Workgroup would prioritize the monitoring and analysis required to review the IJC 

Order in 2015. Specifically, the POS was written to identify priority studies and describe 

information/data that remained to be collected, identify what entities might collect the data and 

perform the studies, and to provide an estimate for the cost to accomplish this work by 2015.  

The Plan of Study (POS) for the Evaluation of the International Joint Commission (IJC) 2000 

Order for Rainy and Namakan Lakes and Rainy River was completed in 2009. 

 

The purpose of this study is to assess whether municipal water treatment and fish hatchery 

operations on Rainy River have been affected by the 2000 Rule Curves for Rainy Lake and 

Namakan Reservoir.  This study is identified in the POS as one of the priority studies. 

 

The Township of Emo and Town of Rainy River, both located on the Canadian side of the Rainy 

River in Ontario, are the only communities that lie downstream of the Fort Frances/International 

Falls dam that rely entirely on the Rainy River for municipal water supply needs. In recent years, 

Emo’s intake was moved closer to shore in deeper water but there are still concerns about the 

effects of water levels, sediment build up, and in the winter, ice buildup. Rainy River’s intake is 

located in depths that do not cause water quantity to be of concern, but there are concerns about 

water quality and the amount of suspended sediment in the source water.  The Rainy River First 

Nation uses both river and well water in its fish hatchery where the emphasis is on the culture of 

lake sturgeon, which is classified as a Species of Special Concern in Minnesota and Threatened 

in Ontario.  

 

Constructed in 1969, Emo’s water treatment facility was operated by the Ontario Ministry of the 

Environment (MOE) until the 1990’s, when the Ontario Clean Water Agency (OCWA) took over 

the plant.  The township has operated the facility since 1998 (Brenda Cooke and Ed Bullied, 

Township of Emo, personal communications during a meeting at the township office on June 27, 

2012).  

 

Constructed in the 1970’s, Rainy River’s water treatment facility was operated by MOE until the 

1990’s, when OCWA took over the plant.  The town has operated the facility since 1996 

(Veldron Vogan, Town of Rainy River, personal communications during a telephone 

conversation on July 13, 2012).  
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Fort Frances and International Falls intakes for municipal water are located within the reach of 

the Rainy River that lies above the dam between the two cities. Neither has expressed a concern 

about the effects of the 2000 Rule Curves on their operations. 

 

 
Figure 1 – Map of study area 

2.0 Objective 
 

The objective of this study is to determine if the implementation of the 2000 Rule Curves 

affected the use of water from the Rainy River for municipal purposes by the Township of Emo 

and the Town of Rainy River or the operation of the fish hatchery located at Manitou Rapids in 

Rainy River First Nation.     

3.0 Methods 
 

With the goal of determining the impacts of the 2000 Rule Curve on the water treatment plants 

and fish hatchery on the Rainy River, the operators/managers of these facilities were the primary 

source of information on potential impacts.  Interviews were held with the manager/owner of the 

fish hatchery (Joe Hunter) as well as the water treatment plant operators in both the Town of 

Rainy River and the Township of Emo.  These interviews provided the direction for future data 

collection and analysis. 

 

Once the initial interviews were completed, all available data sets were explored to provide 

potential comparisons between the 1970 and 2000 Rule Curves.  Fortunately, the Town of Rainy 

River had raw water data from 1991 to 2014 available for analysis.  This data included raw water 
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turbidity, which had been identified as the primary impact on the daily operations and costs for 

these facilities.  Discussions with the operators also indicated that the Little Fork River was the 

largest factor affecting the turbidity levels at both the Emo and Rainy River water treatment 

plants.  An exploration of available data sets for the Little Fork River yielded daily discharge 

levels for the entire time period that raw water data was available from the Town of Rainy River 

(1991 to 2014).   

 

In order to ensure that the data sets emphasized the comparisons between the 1970 and 2000 

Rule Curves, significant drought and flood years were removed from the data sets.  It was felt 

drought and flood years, when water levels were significantly above or below the Rule Curve for 

significant lengths of time, were a product of extreme weather conditions and would have 

resulted in similar levels in the Rainy River regardless of the Rule Curve regime.  In addition, 

major flood events can result in irregularities in the Little Fork River historical discharge and/or 

sediment data and the removal of flood years from the data set is felt to address these 

discrepancies (Jesse Anderson, Minnesota Pollution Control Agency, personal communications 

during the 2015 Water Quality Forum). 

 

Once the flood and drought years were removed from the data sets they were split into the time 

period when the 1970 Rule Curve was being used (1991 to 1999) and when the 2000 Rule Curve 

was implemented (2000 to 2014).  Using the data sets for the discharge from the Little Fork 

River and raw water turbidity from the Town of Rainy River water treatment plant, a correlation 

coefficient was calculated for each time period.  These two coefficients were then compared to 

determine if the relationship between these two variables differed under the two different rule 

curves. 

4.0 Results 

 4.1 Interviews 
An interview was conducted with Joe Hunter, owner/operator of the Rainy River Fish Hatchery 

on November 20
th

, 2014.  The fish hatchery currently operates for a few weeks each spring 

during the lake sturgeon spawning period.  Once the lake sturgeon have hatched, the fry are then 

sold or released and the hatchery closes for the season.  The water for the operation of the 

hatchery each spring comes from Rainy River.  The facility also has the ability to draw water 

from a well, but this source was designed for when the hatchery operated as a rearing facility.  

There were not any identified significant impacts to the operation of the hatchery based on water 

quality and/or quantity.  During low water years, the hatchery will place a floating dock near the 

shore to access areas with sufficient depth to operate their water pumps.  High turbidity in the 

river water will result in increased maintenance of the filters, but the fish do not appear to be 

adversely impacted by the more turbid waters while in the hatchery.  Due to the fact that the 

operator of the fish hatchery did not feel that the operations were adversely impacted by the 

water quality and/or quantity of the Rainy River, the effects of the 2000 Rule Curves on the 

hatchery were not explored any further. 
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Interviews were held with water treatment plant 

operators in the Town of Rainy River (November 

10
th

, 2014) and Township of Emo (December 5
th

) 

to determine potential impacts of water quality and 

quantity on the water treatment plants.  Interview 

questions focused on turbidity, temperature, pH, 

and bacteria levels found in the raw water samples.  

Through these discussions, it was identified that 

changes in turbidity had the greatest impact on the 

operation on these facilities.  Temperature, pH, and 

bacteria are all factors that can affect the operation 

of a water treatment plant, but these variables were 

not felt to vary significantly enough to cause 

increased costs in terms of supplies or time to the 

plants.  Therefore, the focus for the data analysis 

was on the raw water turbidity results and its 

potential impacts. 

 

When there are large changes in raw water turbidity 

levels in Rainy River, the water treatment plants 

need to adjust the levels of Aluminum sulphate 

(Alum) being added to the raw water as part of the 

treatment process.  When the Alum is added to the 

raw water, it acts as a coagulant and binds to the 

particles in the water to assist with the filtration process.  As the turbidity levels in the water 

increase or decrease, the Alum levels must be adjusted manually to compensate.  Therefore, 

changes in turbidity levels will result in increased chemical costs and/or labour costs for the 

water treatment plants.  During the interviews with the operators, it became clear that the Little 

Fork River is the major source of turbidity affecting the downstream water treatment plants.  

 4.2 Data Collection 
Once it had been identified that turbidity changes had a significant impact on the water treatment 

plants, data collection efforts focused on collecting all of the available raw water turbidity data 

for the Rainy River.  The water treatment plants have excellent, multi-year data sets for daily raw 

water turbidity.  An example of a monthly data sheet found at the water treatment plants can be 

found in Appendix 1.  The Town of Rainy River had the most complete turbidity data set, 

extending from 1991 to 2014, so this was the data set used for analyses.   

 

With the knowledge that increases in amounts of Alum and labour were associated with turbidity 

changes at the water treatment plants, efforts were made to obtain labour costs and chemical 

purchases from both the Town of Rainy River and Township of Emo.  While labour costs and 

chemical purchase records were produced, they were insufficient both temporally (no data prior 

to 2005) and in scope (labour costs by month and chemical purchased annually) to conduct an 

effective comparison with either the daily raw water turbidity data from the water treatment 

plants or the daily discharge data from the Little Fork River.  Given that the water treatment 

plant operators indicated that they experienced an increase in Alum and labour associated with 

Figure 2 – Alum storage in Emo treatment plant 
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changes in turbidity, it was felt that raw water turbidity was a reasonable representation of the 

increased costs to the municipalities associated with turbidity fluctuations. 

 

All of the water treatment plant operators at Emo and Rainy River identified the Little Fork 

River as the greatest input of turbid waters affecting their operations.  Research efforts for the 

Little Fork River focussed on finding a complete data set for daily sediment load from 1991 to 

present.  While this data set was not available (any turbidity data or sediment load information 

was either sporadically sampled or annual summaries), there was a complete data set of daily 

discharge from the Little Fork River for the time period from 1991 to present (USGS 2015).  It 

was felt that the daily discharge data was a reasonable representation of the turbidity inputs from 

the Little Fork River in order to explore the relationship with Rainy River raw water turbidity.  

  

In order to ensure that the impacts of the Rule Curve are being studied and not the impacts of 

extreme weather events, flood (1996, 2001, 2002, 2008, 2014) and drought (1998, 2003) years 

were removed from the data set.  The removal of flood and drought years is based on the 

assumption that in years of either extremely high or extremely low flows the levels in Rainy 

Lake and the Rainy River would be the same regardless of which rule curve (1970 or 2000) is in 

existence at the time.  This decision was further supported by discussions with Jesse Anderson 

from the MPCA during the 2015 Water Quality Forum, where Jesse indicated that flood years 

present perplexing data from the Little Fork River that would only introduce further “noise” into 

the data analyses. The Rainy Lake elevation levels from 1991 to 2014 are shown in Appendix 2. 

4.3 Water Quality Forum 
The data collected and initial analysis for this project 

was presented at the International Rainy-Lake of the 

Woods Watershed Forum on March 11
th

, 2015 in 

International Falls, MN.  The poster presentation 

provided an excellent opportunity to discuss the results 

and analysis with researchers with a range of 

backgrounds.  In addition, the forum presentation 

allowed for the quality and quantity of data sets at the 

water treatment plants to be shared with the research 

community for potential future projects.  

 

5.0 Analysis 

 5.1 Little Fork Discharge vs Raw Water Turbidity 
The daily discharge data for the Little Fork River and the daily raw water turbidity data for the 

Town of Rainy River water treatment plant provide two data sets for comparison of the potential 

impacts of the 2000 Rule Curves.  These data sets were divided into two time periods, one during 

the 1970 Rule Curves regime (1991 to 1999) and one during the 2014 Rule Curve regime.  The 

results are shown in Table 1. 

 

  

Figure 3 – Watershed forum poster presentation 
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Table 1.  Correlation coefficients for daily Little Fork R. discharge vs Rainy River turbidity 

Time Period Correlation Coefficient 

1991 to 1999 0.7576 

2000 to 2014 0.7776 

 

A summary of this data is displayed graphically in Figures 4 and 5.  In order to present the data 

in a clear manner, the data presented in the graphs is based on monthly total for discharge and 

daily average by month for turbidity, not the daily data used for the calculation of the correlation 

coefficient.   
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 5.2 Monthly Salary Costs vs Daily Turbidity Changes 
In discussions with water treatment plant operators, they indicated that the time spent at the plant 

to adjust the levels of Alum increases significantly when the daily Nephelometric Turbidity 

Units (NTU) changes by a factor of 10 or more (Bob Jenson, personal communications, 

November 10, 2014).  For the remainder of this report, a daily change in turbidity of 10 NTU or 

more will be referred to as a “turbidity event”.   

 

In an attempt to quantify the costs associated with turbidity events, monthly salary for the water 

treatment plant for the time period from 2008 to 2014 was obtained from the Town of Rainy 

River finance department.  The monthly salary was then compared to the number of 24 hour 

events where turbidity changed by 10 NTU or greater.  This was done for the open water season 

(April to October) as maintenance and repair is often conducted at the water treatment plants 

over the winter resulting in potential increased salary costs that are not related to turbidity levels.   

As shown in Figure 6, the average monthly salary costs for months when there were no turbidity 

events was $4,648.57.  This amount increased slightly when there were one to four turbidity 

events (monthly average $5,331.44), but there was a significant increase in the salary costs to the 

town when there were five or more turbidity events during a month (monthly average 

$9,740.60).   
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It is felt that this significant increase in the costs once the number of turbidity events exceeded 

four likely reflects the municipal staff’s ability to adjust their work load to accommodate 

turbidity changes.  The water treatment plant operators in the Town of Rainy River and 

Township of Emo are responsible for all public works activities in their respective communities.  

As a result, work at the water treatment plants is just a part of their responsibilities each month.  

Therefore, when turbidity events occur the operators are likely able to delay some of their other 

activities/ responsibilities to offset any increase in salary costs.  However, at a certain point (the 

data analysis indicates that this is five or more turbidity events) the operators no longer have the 

flexibility in their work schedule to offset time spent at the plant and the municipality begins to 

experience higher salary costs associated with the overtime required to maintain the municipal 

infrastructure in addition to managing the turbidity events. 

 

The manner in which the Town of Rainy River and the Township of Emo order their chemicals 

(annually or bi-annually) did not allow for the analysis of potential increases in costs associated 

with the changes in Alum required for increased turbidity events.  Discussions with the operators 

indicated that increased salary is the largest cost associated with turbidity events and the 

chemical expenses were insignificant in comparison (Bob Jenson, personal communications, 

November 10, 2014). 

6.0 Discussion 
 

At the outset of this project, the intent was to have the operators of the subject facilities identify 

the potential impacts of the 2000 Rule Curves on their operations.  The operators of the Town of 

Rainy River and Township of Emo water treatment plants identified turbidity as the largest 

impact on the operation of these facilities.  The identified cost to the municipalities was both in 
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salary costs and chemicals purchased.  While the available data for the operational costs for the 

water treatment plants was not sufficient for a detailed analysis of the direct impacts of the rule 

curves, it was felt that the information provided by the operators was sufficient to allow the daily 

raw water turbidity data to be used as an indicator of water treatment costs borne by the 

municipalities.   

 

The water treatment operators both at the Town of Emo and the Township of Rainy River 

identified the Little Fork River as the major contributor of turbid waters to the Rainy River. 

When presented with the possibility of the Rainy Lake waters passing though the dams at Fort 

Frances/International Falls diluting the waters from the Little Fork River and impacting their 

operations, the operators felt that this was a relationship worth exploring.  While the available 

sediment load data from the Little Fork River was not available in a manner that allowed for a 

detailed comparison, the daily discharge data provided an excellent data set that was related to 

sediment load and could be compared to the raw water turbidity data provided by the water 

treatment plants. 

 

Therefore, it was felt that correlation tests of the two available data sets for time periods under 

the 1970 and 2000 Rule Curves would provide an indication if this relationship varied under two 

different flow regimes.  Following the removal of major flood and drought years from the data 

sets; when the flows would likely be the similar regardless of which rule curve was used; a 

correlation coefficient was calculated for the time periods from 1991 to 1999 and 2000 to 2014.  

The correlation coefficients for these two time periods were similar (0.7576 and 0.7776, 

respectively) indicating that the relationship between the discharge from the Little Fork River 

and the raw water turbidity at the Town of Rainy River did not differ significantly under the two 

different rule curve regimes. 

 

It was obvious from the analysis that the source of sediment input into the Rainy River was the 

Little Fork River. The sediment load from the Little Fork River masks all other background 

sediment signals flowing downstream along the main stem of the Rainy River. This factor, along 

with the distance from the water intake for the Town of Rainy River to the Rainy Lake outlet, 

makes it difficult to ascertain the potential impacts of the rule curve changes to areas and/or 

facilities located further upstream on the Rainy River. 

 

During discussions with the owner of the Rainy River First Nation fish hatchery, it became 

apparent that any financial or time costs associated with changes in water quantity or quality in 

the Rainy River were minor in nature.  The hatchery only operates for several weeks each spring 

and the impacts were limited to the placement of a floating dock near the water intake during low 

water years and more frequent cleaning of filters during time periods of high turbidity.  In 

addition to negligible costs, the owner of the hatchery did not feel that the change from the 1970 

to the 2000 Rule Curves had affected the operation in any way.   

7.0 Conclusion 
 

The results of the correlations conducted between the discharge data from the Little Fork River 

and the turbidity results from Rainy River, in addition to discussions with the owner of the Rainy 
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River First Nation fish hatchery, do not show any evidence that the 2000 Rule Curves have had 

significant impacts on the water treatment plants or fish hatchery located on the Rainy River.   

8.0 Recommendations 
 

While more detailed analyses and modelling is beyond the scope of this project, it is felt that the 

available data sets may provide opportunity for subsequent modelling.  If there is interest, 

subsequent modeling could be completed to assess the potential impacts of the 2000 Rule Curves 

in more detail.  These modeling efforts could include answering questions that arose during 

discussions stemming from this study including: 

a. Is it possible to separate the influences of rule curve changes and hydrological 

impacts of Rainy River tributaries including the Little Fork River?    

b. Do the impacts of the rule curve changes and/or the influence of the sediment load 

from the Little Fork River weaken further downstream from the Rainy River 

outlet and/or Little Fork River confluence? 

c. Is there a theoretical Rule Curve regime that would mitigate the downstream 

turbidity fluctuations and associated costs to the township of Emo and town of 

Rainy River? 
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Appendix 1 – Sample Water Treatment Plant Monthly Data Sheet 
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Appendix 2 – Rainy Lake Elevation Levels, 1991 to 2014 
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