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1. Introduction 
The Village of Westport is located in the United Counties of Leeds and Grenville at the west end of Upper Rideau 
Lake. The serviced developed area within Westport has a sanitary sewer collection system, and a main sewage 
pumping station that conveys flow to the Westport Wastewater Treatment System (WWTS) for treatment and 
disposal.  
 
The Westport WWTS is owned and operated by the Village of Westport. The WWTS presently consists of two (2) 
sewage lagoon cells, and a Snowfluent® generation and dispersion system. The Snowfluent® deposit area functions 
as a subsurface disposal system. The existing WWTS has a Certificate of Approval  (CofA) approved rated capacity 
of 310 m3/d. Figure 1.1 provides an aerial image of the Westport WWTS and vicinity. 
 
FIGURE 1.1 - AERIAL IMAGE OF WESTPORT WWTS 

 

In May 2015, the Village retained AECOM Canada Ltd. to undertake a Schedule C Class Environmental Assessment 
for the rehabilitation/expansion of the Village of Westport’s Wastewater Treatment System. The Village has received 
partial grant funding for this project from the Ontario Community Infrastructure Fund (OCIF). The provided funding 
requires that all works associated with the WWTS rehabilitation/expansion be completed by December 31, 2016.   
 
Technical Memorandum No. 1 (TM#1) has been prepared to review and present design populations, and wastewater 
(i.e. WWTS influent) flows and characteristics. This TM is intended to provide summarized planning and design 
basis information for the Village of Westport’s existing and projected future wastewater servicing and treatment 
needs. Other technical memorandum will be prepared to summarize other aspects related to the overall project. 
These technical memoranda will serve as supporting information to the Environmental Study Report (ESR), which is 
the main project deliverable for this Municipal Class Environmental Assessment.    
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2. Current and Projected Future Populations 
2.1 Current Serviced Population 

The Village of Westport has a serviced population of approximately 560 persons. The existing Westport sanitary 
sewage system services most of the village, with approximately 265 service connections. This corresponds to 2.1 
persons per household connection. It is noted that the serviced population is less than Village census population as 
there are existing homes that are un-serviced. Although the intent is to have Village residences municipally serviced, 
there are physical/geographic features and constraints that have contributed to there being un-serviced residences. 
 
Except for the two equivalent population considerations described below, other potential institutional / commercial / 
industrial (ICI) sources of sewage flow are not separately considered. It is assumed the service population 
wastewater flow generation is of a ‘mixed use’ nature, and the future ICI mixed use composition will not significantly 
vary.         
 
In addition to the above-noted population, students attending St. Edward Catholic School (Elementary) within the 
Village of Westport, but residing outside of the community, contribute sewage into the Westport sanitary sewage 
system.  Information obtained from the school indicates a total school population (students and staff) of 
approximately 130, and that approximately 80% of this school population comes from outside of the Village.  Based 
on this information and assuming an average per student/staff sewage flow of 60 L/c/d, relative to a per capita 
design sewage flow of 450 L/c/d, the equivalent population of the school from outside of Westport is represented as 
an additional 18 (equivalent) persons. 
 
The Westport Sewage Treatment Facility also receives trucked in septage from local haulers. The average annual 
septage volume during 2011 to 2013 (3 year period) was approximately 530 m3; typically occurring within a 6 month 
period.  This is estimated as flow from the equivalent population of 7 additional persons, based on a per capita 
design sewage flow. 
 
Based on the above-noted information a total equivalent serviced population for the Westport sanitary sewage 
system is summarized in Table 1. 
 
 

Table 1 – Total Equivalent Serviced Population 

Contributing Factor Population 
Existing Serviced Population – Village of Westport 560 
Population of School from outside Westport 18 
Population attributed to septage received at facility 7 
Total Equivalent Serviced Population 585 

 
 

2.2 Projected Future Population 

The combination of intensification and infill growth will be accounted for through a base growth rate of 1%.  This rate 
has been chosen in consultation with the Village, which is higher than historic population growth but considered 
appropriate in part to recognize future infill and intensification. Westport is considered an ideal retirement community 
for some who may consider relocating from large urban areas such as Ottawa.  The 1% base growth rate chosen 
and potential future development described below is anticipated to account for this type of new resident of Westport. 



 
 
AECOM Village of Westport Technical Memorandum No. 1:  

Wastewater Servicing and Characterization 
Information 

 

 3 
 

 
Although the Village Council currently is limited in its ability to approve any new developments in the Village of 
Westport due to lack of sewage treatment capacity; Westport is seen as a potential growth community. The Village 
of Westport has identified two new potential residential developments that are expected to come on stream in the 
foreseeable future. Projected growth in the 0-10 year period includes 104 new dwelling units; and the 10-20 year 
period projected growth is adopted as 150 new dwelling units. For purposes of estimation, the development phases 
are apportioned over the periods of 2021-2025 and 2026-2035. The per year projected total future equivalent 
population is presented in Table 2 for a ten and twenty year planning horizon from 2015. Twenty to twenty-five years 
is a preferred longer term planning horizon for wastewater treatment facilities. On the basis of 2.5 persons per new 
serviced/dwelling unit, the 2035 total projected equivalent population is 1,356. This growth projection for the Village 
is greater than the County Official Plan information, but is considered valid for the Class EA study. 
 

Table 2 – Projected Future Equivalent Population 

Naturalized 
0-10yr Projected 

Development 
10-20yr Projected 

Development 

Year Equiv. Pop. 
1% 

Growth 
Equiv. 

Population 
Serviced       

Units 2.5p/unit 
Serviced       

Units 2.5p/unit 
2015 585 6 591         
2016 591 6 597         
2017 597 6 603         
2018 603 6 609         
2019 609 6 615         
2020 615 6 621         
2021 621 6 627 20 50     
2022 627 6 633 21 52.5     
2023 633 6 640 21 52.5     
2024 640 6 646 21 52.5     
2025 646 6 653 21 52.5     
2026 653 7 659     15 37.5 
2027 659 7 666     15 37.5 
2028 666 7 672     15 37.5 
2029 672 7 679     15 37.5 
2030 679 7 686     15 37.5 
2031 686 7 693     15 37.5 
2032 693 7 700     15 37.5 
2033 700 7 707     15 37.5 
2034 707 7 714     15 37.5 
2035 714 7 721     15 37.5 

2035 Equiv. Population (1% 
Growth) 721 Sum 260 Sum 375 
2025 Equiv. Population (1% Growth and 0-10yr Projection) 913     
2035 Equiv. Population (1% Growth and 0-20yr Projection)     1,356 
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3. Historical and Projected Future Flow 
3.1 Historical Flow Data 

The average sewage flow for the Westport Sewage Treatment Plant for the four (4) year period of 2011 to 2014 is 
289 m3/d.  On a per capita basis, using an equivalent serviced population of 585 people, the resulting historic per 
capita flow is 494 L/c/d, which compares to the upper range value of 450 L/c/d of the MOE Design Guidelines.  
 
Table 3 summarizes the historical average and maximum daily flow data for the past 4 years. 

 
Table 3 – Average Historical Flows 

Year 
Daily Average        

(m3/day) 
Maximum Day Flow 

(m3/day)(1) Maximum Day Factor 
2011 315 1,123 3.6 
2012 241 532 2.2 
2013 264 564 2.1 
2014 334 1,347 4.0 

Period Average 289     
NOTES: 

  
  

           (1) Taken as maximum day in calendar year of available historical flow data.   
 

 
Based on historic flows, the existing maximum day factor is adopted as 4.0 (i.e. four (4) times average day flow). The 
historic per capita flow is slightly above the upper range value of design guidelines, which can be an indication of 
there being a significant extraneous flow component. In this regard, it is noted that the Village’s annual wastewater 
flow volumes typically have been in the order of 25% to 30% greater than the municipal water supply annual flow 
volumes. These observations suggest there may be opportunity for assessment and potential mitigation of 
extraneous flow contributions. 
 

3.2 Projected Future Flow 

For the purpose of this memorandum, a per capita flow of 450 L/c/d has been used to calculate additional future flow 
contributions to the Westport Sewage Treatment Facility (e.g. new development and population increase flows). 
Based on existing and future equivalent populations, the projected sewage flows to the Westport Sewage Treatment 
Facility for the 10 and 20 year planning horizons are outlined in Table 4. 
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Table 4 – Projected Future Flow 

 Contributing 
Factor 

Serviced 
Population 

Additional Flow 
(m3/d) 

Projected Sewage 
Flow (cumul.) 

(m3/d) (m3/yr) 
Existing Serviced 

Population 585 0 289 105,485 

Additional Future 
Population 0-10 

Year Period 
328 148 437 159,359 

Additional Future 
Population 10-20 

Year Period 
443 199 636 232,168 

Total Future 
(2035) 1,356 0 636 232,168 

 
 
The historical maximum day peaking factor of four is considered to include both a peak domestic flow and a peak 
extraneous or inflow and infiltration (I&I) flow component. The future maximum day flow projections adopt a similar 
maximum day factor that is marginally reduced to reflect the influence of a larger service population and associated 
new collection system infrastructure. Table 5 below presents the associated future projected flow calculated on this 
basis. It is recognized that there may be opportunity to relatively reduce maximum day flows in the future, and that 
any such reduction could extend the planning design periods associated with projected future flows.    
 

 
Table 5  - Projected Maximum Day Flow 

Year 

Daily Average        
(m3/day) 

Maximum 
Day Factor 

Maximum Day Flow        
(m3/day) 

Period Average(1) 289 4.0 1,156 
10 Year (2025) 437 3.9 1,704 
20 Year (2035) 636 3.8 2,417 

Notes: 
   (1)  Refer to Table 3. 
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4. Historical and Projected Future Influent Characteristics 
4.1 Sewage/Influent Concentrations 

Municipal sewage/influent is commonly characterized by the concentrations of these four (4) main parameters 
expressed in terms of milligrams per litre: 
 

• BOD5 or BOD – biochemical oxygen demand (five day, total) 
• TSS – total suspended solids 
• TP or P-Total – total phosphorus 
• TKN – total Kjeldahl nitrogen (total of organic and ammonia nitrogen) 

 
Monthly Reports, prepared by the municipality’s operator, provide wastewater data. Historical average 
sewage/influent concentrations (annual and period average) and typical domestic wastewater concentrations are 
outlined in Table 6. 
 
Additional historic sewage alkalinity and chloride information based on limited historical data: 
 

• Alkalinity Range: 310 – 390 mg/L (as CaCO3); period average: 356 mg/L (based on qty. 4 sample 
results) 

• Chloride: 225 mg/L (approximate average of qty. 16 samples from February to December 2014) 
 

 
Table 6 – Historical and Projected Influent Concentrations 

Year BOD (mg/L) TSS (mg/L) P-Total (mg/L) TKN (mg/L) 
2011(1) 183 220 3.4 30 
2012(1) 210 206 4.1 36 
2013(1) 149 131 3.3 34 
2014(1) 186 167 3.6 28 

Period Average 182 181 3.6 32 
Typical (MOE)(2) 150-200 150-200 6.0-8.0 30-40 

Suggested ADF Design Values 200 210 5.0 36 

Notes: 
   

  
        (1)  Based on available data set (approx. 12 monthly samples per year) 

 
  

        (2)  Design Guidelines for Sewage Works 2008, Ministry of Environment.     
 

 
 
The historical (period average) sewage/influent concentrations are similar to typical guideline values. Table 6 also 
offers ADF design values for BOD, TSS, TP, and TKN. The suggested values are judgement based, with 
consideration to both annual and period average results, and typical ranges of values.     
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4.2 Sewage/Influent Loadings  

Sewage/influent parameter loadings are an important wastewater treatment design consideration, and are calculated 
as the product of parameter concentration multiplied by (X) flow. For example, 1 mg/L (or 1 g/m3)  X 1,000 m3/d  = 
1,000 g/d = 1 kg/d loading. Table 7 displays average historical influent loadings for the past 4 years. 

 
Table 7 – Average Historical Influent Loadings 

Year BOD (kg/day) TSS (kg/day) P-Total (kg/day) TKN (kg/day) 
2011 47 40 0.83 7.1 
2012 43 46 0.82 7.1 
2013 35 33 0.95 8.5 
2014 47 43 0.95 7.5 

Period Avg 43 40 0.9 7.6 
 
As information, historical per capita influent loadings compare to typical values as shown in Table 8. 

 
Table 8 – Historical Influent Loadings Per Capita 

Item BOD (g/cap/d) TSS (g/cap/d) P-Total (g/cap/d) TKN (g/cap/d) 
Historical Per Capita Loading 
(Period Average, 2011 - 2014) 73 69 1.5 13 

Typical Per Capita Loading 75(1) 90(1) 3.0 (2) 15(2) 
Notes: 

   
  

        (1)  Design Guidelines for Sewage Works 2008 Ministry of Environment. 
 

  
        (2)  Wastewater Engineering, Metcalf & Eddy, 2003.     

 
Projected loadings for the four main parameters are calculated using projected ADF influent flows and the suggested 
ADF design values for parameter concentrations. Table 9 presents the calculated projected influent loadings for 10 
and 20 year future periods, and includes the historical period average. 
 

Table 9 - Projected Future Influent Loadings 
Year BOD (kg/day) TSS (kg/day) P-Total (kg/day) TKN (kg/day) 

Historical Period (Average 2011 - 
2014) 43 40 0.9 7.6 

10 Year - Avg Day 87.1 91.5 2.2 15.7 
20 Year - Avg Day 127.0 133.4 3.2 22.9 
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5. Summary – Current and Projected Conditions 
The following tables purposely re-present and consolidate the following select information: 
 

• Current and Projected Future Population 
• Current and Projected Future Flows 
• Historical and Projected Future Influent Concentrations 
• Historical and Projected Future Influent Loadings 

 
Current and Projected Future Population: 
 

Current and Projected Future 
Population 

Period 
Equivalent 
Population 

Current   585 
10 year (2025) 913 
20 year (2035) 1,356 

 
The 20-year design equivalent population is more than twice (2x) the existing equivalent population.  
 
Current and Projected Future Flows: 
 

Current and Projected Future Flows 

Period / Item 
Flow    
(m3/d) Flow (m3/yr) 

Current 289 105,485 
10 Year (2025) 437 159,359 
20 Year (2035) 636 232,168 
Existing Rated 

Capacity 310 113,150 
 

The 10 year and 20 year projected future flows are approximately 1.4x and 2.0x greater than the current flows. The 
existing wastewater treatment facility rated capacity is approximately 5% (1.07x) greater than the current annual 
flow. 
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Historical and Projected Future Influent Concentrations: 
 

Influent Concentrations 
Item BOD (mg/L) TSS (mg/L) P-Total (mg/L) TKN (mg/L) 

Period Average 182 181 3.6 32 

Suggested ADF Design Values 200 210 5.0 36 
 

The above influent concentrations are considered as being representative of a ‘medium’ strength domestic 
wastewater. The influent parameter concentration ‘Suggested ADF Design Values’ are slightly greater 
(approximately 10% greater) than the period average concentrations. Often an increasing trend in average influent 
concentrations can accompany a reduction in inflow and infiltration flow contributions, and/or municipal water 
conservation measures. These considerations are supportive of influent concentration design values being greater 
than the historical period average.         
 

Historical and Future Influent Loadings: 

Based on sewage/influent concentrations and flow, the corresponding current and projected influent loadings are 
summarized: 
 

Historical and Projected Future Influent Loadings 
Period BOD (kg/day) TSS (kg/day) P-Total (kg/day) TKN (kg/day) 

Period Average 42.9 40.5 0.9 7.6 
10 Year(1) 87.3 91.7 2.2 15.7 

20 Year(1)  121.0 127.1 3.0 21.8 
NOTES: 

   
  

           (1) Based on 'Suggested ADF Design Values'.       
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1. Introduction 
The Village of Westport is located in the United Counties of Leeds and Grenville at the west end of Upper Rideau 
Lake. The serviced developed area within Westport has a sanitary sewer collection system, and a main sewage 
pumping station that conveys flow to the Westport Wastewater Treatment System (WWTS) for treatment and 
disposal.  
 
The Westport WWTS is owned and operated by the Village of Westport. The WWTS presently consists of two (2) 
sewage lagoon cells, and a Snowfluent® generation and dispersion system. The Snowfluent® deposit area functions 
as a subsurface disposal system. The existing WWTS has a Certificate of Approval (CofA) approved rated capacity 
of 310 m3/d. Figure 1.1 provides an aerial image of the Westport WWTS and vicinity. 
 
FIGURE 1.1 - Aerial image of Westport 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
In May 2015, the Village retained AECOM Canada Ltd. to undertake a Schedule C Class Environmental Assessment 
for the rehabilitation/expansion of the Village of Westport’s Wastewater Treatment System. The Village has received 
partial grant funding for this project from the Ontario Community Infrastructure Fund (OCIF). The provided funding 
requires that all works associated with the WWTS rehabilitation/expansion be completed by December 31, 2016.  
 
Technical Memorandum No. 2 (TM#2) has been prepared to review and present Upper Rideau Lake background 
water quality characteristics. This TM is intended to provide summarized information characterizing the Upper 
Rideau Lake water quality and provide technical comment related to the concept of the lake being a potential 
receiving water body for the Westport WWTS. Other technical memorandum will be prepared to summarize other 
aspects related to the overall project. These technical memoranda will serve as supporting information to the 
Environmental Study Report (ESR), which is the main project deliverable for this Municipal Class Environmental 
Assessment.    
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2. Upper Rideau Lake Water Quality Characteristics 
This section of the report describes the water quality of the Upper Rideau Lake based on observations related to 
available historic sampling program information and results. 

 

2.1 Ambient Water Quality Information  

Historical background water quality data for the Upper Rideau Lake is available and was collected from various 
sources that are summarized in the following Table 1. 
 
Table 1:  Sources of Background Water Quality Parameters 

Source of Information Parameters Monitored Sample Date 
MOECC - Provincial Water Quality Monitoring Network 
 (PWQMN No.18003302202 – at Westport Bridge, inlet to 
Lake) 

All PWQMN 
parameters 

1968 - 1971 

MOECC - Provincial Water Quality Monitoring Network 
 (PWQMN No.18003300702 – Narrows Lock Bridge, outlet 
of Lake) 

All PWQMN 
parameters 

1966 - 1980 

MOECC - Lake Partners Program (LPP) TP 2002 - 2012 
Rideau Valley Conservation Authority (RVCA) TP, DO, Temp., pH, 

etc. 
2005 - 2014 

Centre for Sustainable Watershed (CSW) TP, DO, Temp., pH, 
etc. 

2004 

Rideau Valley Watershed Watchers Program (RVWWP) TP 2005 
 
Some of the above sources contribute and/or consolidate information from the various monitoring program initiatives. 
The most comprehensive set of water quality data is from the Provincial Water Quality Network Station No. 
18003300702, whose data set ends in 1980. The Rideau Valley Conservation Authority in some of its reporting 
purposely presents data in the more recent period of 2008-13/14 for analysis, due to limitations in data available 
prior 2005.The Rideau Lakes Subwatershed Report (2014) for the Upper Rideau Lake Catchment provides 
significant information and comment to the surface water quality conditions of Upper Rideau Lake. A copy of this 
report is included in Appendix A, and excerpts of presented information are included in this technical memorandum. 
 
Water quality data from the PWQMN No. 18003300702, and from RVCA’s two (2) deep water monitoring locations 
(DP-1 and DP-3) are considered for water quality analysis in the following sections. The RVCA report’s monitoring 
sites DP-1 and DP-3 are deep water sites sampled by a composite sample taken over twice Secchi depth (e.g. 
typically over 6 m to 10 m of water column). Other Upper Rideau Lake sampling sites are shoreline sites where a 
grab sample is collected from 50 cm below surface in approximately 1 meter depth of water, on a less frequent basis 
than DP-1 and DP-3.  
 
The Rideau Lakes Subwatershed Report (2014) identifies a water quality index rating of ‘poor’ for the deep water 
site locations (DP-1 and DP-3). The report also notes high nutrient conditions are of a concern and have enabled 
algae blooms to flourish. Blue-green algae bloom occurrences have been experienced in Upper Rideau Lake in 
2014 and 2015. 
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2.2 Policy Status and Water Quality Parameters 
In accordance with MOE Procedure B-1-5, “Deriving Receiving Water Based on Point Source Effluent Requirements 
for Ontario Waters”, the water quality status for a receiving water body is determined through a review of the 75th 
percentile water quality parameters and assigned according to the following criteria: 
 

Policy 1: The receiving stream has water quality better than PWQO. Water quality shall be 
maintained at or above the objective. 

 
Policy 2: The receiving stream does not meet the water quality requirements listed in the PWQO. 

Shall not be further degraded and all practical measures shall be undertaken to upgrade the 
water quality to the objective.  

  
The MOECC regional office also cites a Southeastern Region draft “abatement policy” for point source discharges to 
the Rideau system (1990). 
 
Common parameters characterizing surface water quality in relation to being a potential receiving water body for 
treated effluent discharge include: 

• Total Phosphorus (TP) 
• Un-ionized Ammonia 
• Biochemical Oxygen Demand (BOD) 
• Dissolved Oxygen (DO) 
• Total Suspended Solids (TSS) 
• E. coli 

 

2.3 Select Parameter Background Water Quality 
2.3.1 Total Phosphorus 

The MOE Provincial Water Quality Objective (PWQO) states that the interim guideline for Lakes is that total 
phosphorus (TP) should not exceed 0.02 mg/L to eliminate excessive plant growth. 
 
Historical total phosphorus concentration for Upper Rideau Lake has been summarized in the following Table 2. The 
75th percentile total phosphorous concentration in Upper Rideau Lake at sites DP-1 and DP-3 in the period 2008-14 
is 0.023 mg/L, which marginally exceeds the PWQO of 0.02 mg/L. Based on this, Upper Rideau Lake is MOE Policy 
2 with respect to phosphorus, and has no additional assimilative capacity for this parameter.  
 
Table 2:  Summary of Upper Rideau Lake Total Phosphorus 

Source Mean Total 
Phosphorous 

(mg/L) 

75th Percentile 
Total 

Phosphorus  
(mg/L) 

Number of 
Observations 

MOECC - Provincial Water Quality Monitoring 
Network (PWQMN No.18003300702, 1966-
1980) 

0.031 0.037 1511 

Rideau Valley Conservation Authority (RVCA) 
(Sites DP-1/3, 2008-2014) 

0.021 0.023 52 

Notes: 
1 One value taken as a decimal order-of-magnitude entry error, and adjusted. 
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Although the 2008-14 period total phosphorus sample results cannot be directly compared to the results of 1966-80 
sampling period due to varying sample collection methodology, the 2008-14 sample results are significantly lower 
than the 1966-1980 PWQMN results. Within the 2008-14 period results, the more recent 3-year sample period 
(2012-14) 75th percentile total phosphorus is 0.021 mg/L. The average annual value of total phosphorus sampling 
results from Upper Rideau Lake at sites DP-1 and DP-3 is indicated in Figure 4 of the Rideau Lakes Subwatershed 
Report 2014, RVCA (excerpt below). The year 2014 average concentration of total phosphorus was 0.020 mg/L (per 
RVCA communication). 

 
 

Excerpt - Figure 4 Average total phosphorus at deep point sites in Upper Rideau Lake, 2008-2013 
[Excerpt from Rideau Lakes Subwatershed Report 2014] 

 

2.3.2 Un-Ionized Ammonia 

The MOECC PWQO for un-ionized ammonia (aqueous NH3) is 20 µg/L. The 75th percentile of the lake pH, 
temperature, and total ammonia levels are used to determine the calculated un-ionized ammonia concentrations. 
Water quality data from PWQMN No. 18003300702 includes requisite data for calculation of un-ionized ammonia. A 
summary of calculated un-ionized ammonia for Upper Rideau Lake is indicated in the following Table 3. The 75th 
percentiles of un-ionized ammonia are consistently below the PWQO of 20 µg/L. Upper Rideau Lake is MOE Policy 
1 with respect to un-ionized ammonia, and has assimilative capacity for ammonia. 
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Table 3:  Summary of Un-Ionized Ammonia in Upper Rideau Lake 

Source  75th Percentile 
Total Ammonia 

(ug/L) 

75th 
Percentile 

pH 

75th 
Percentile 

Temperature 
(oC) 

Calculated 
75th Percentile 

 Un-Ionized Ammonia 
(ug/L) 

MOECC - Provincial Water Quality 
Monitoring Network (PWQMN 
No.18003300702) 

80 8.3 5.01 
22.02 

1.91 
6.72 

Notes: 
     1 – Freezing period (November – April); number of observations 77 
     2 – None freezing period (May – October); number of observations 75 

 

2.3.3 Biochemical Oxygen Demand (BOD5) 

The BOD5 background 75th percentile for Upper Rideau Lake is 1.7 mg/L based upon PWQMN data. This is 
considered to be low. 
 

2.3.4 Dissolved Oxygen 

Since dissolved oxygen (DO) concentrations are highly seasonal in nature, being largely dependent on temperature, 
historical dissolved oxygen levels in the Lake have been summarized for freezing and non-freezing period separately 
as shown in Table 4 and Table 5 below. For DO, low concentrations are indications of fish habitat stress or degraded 
water quality, therefore 25th percentile are used, rather than 75th percentiles, to characterize ambient conditions. 
 
The PWQO for DO, for warm water biota/fish habitat, varies from 4 mg/L during summer to 7 mg/L during the winter, 
depending on the temperature. As shown in Table 4, the 25th percentile DO of 9 mg/L was greater than 6 mg/l 
(PWQO at 5 oC) during the freezing period. As shown in Table 5, the 25th percentile DO levels were above 4 mg/L 
during non- freezing period. Based on summarized dissolved oxygen information, Upper Rideau Lake is MOE Policy 
1 with respect to dissolved oxygen.  
 
Table 4:  Summary of Upper Rideau Lake Dissolved Oxygen (Freezing) 

Source  Mean DO 
(mg/L) 

25th Percentile 
DO 

(mg/L) 

75th Percentile 
Temperature 

(oC) 

PWQO 
(mg/L) 

Number of 
Observations 

MOECC - Provincial 
Water Quality 
Monitoring Network 
(PWQMN 
No.18003300702) 

10.2 9.0 5.0 6 77 
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Table 5:  Summary of Upper Rideau Lake Dissolved Oxygen (Non - Freezing) 

Source  Mean DO 
(mg/L) 

25th Percentile 
DO 

(mg/L) 

75th Percentile 
Temperature 

(oC) 

PWQO 
(mg/L) 

Number of 
Observations 

MOECC - Provincial 
Water Quality 
Monitoring Network 
(PWQMN 
No.18003300702) 

8.6 8.0 22 4 75 

Rideau Valley 
Conservation 
Authority (RVCA)1 

8.5 6.7 21.5 4 62 

Notes: 
1 Calculated from average of 0-10m depth oxygen-temperature readings at sites DP-1/3 over period of 2005 to 2014. 

 
Dissolved oxygen concentrations are affected by the temperature of the water, as well as excessive vegetation 
growth or decomposing aquatic vegetation at the bottom, and mixing of the lake water. Typically thermal stratification 
of lakes results in the deeper, cooler bottom layers (i.e. hypoliminion) having relatively lower or depleted oxygen 
levels compared to the upper water layers (i.e. epilimnion).  In regard to warm water fish species, the Rideau Lakes 
Subwatershed Report 2014 comments that suitable oxygen-temperature conditions exist over an average depth of 
10 m at Upper Rideau Lake sampling site DP-1, and 14 m at sampling site DP-3.     
 

2.3.5 Total Suspended Solids 

The total suspended solids (TSS) in the Upper Rideau Lake has not been monitored. Turbidity has been monitored 
in the PWQMN. AECOM has previously found total suspended solids to correlate to turbidity as approximately ‘TSS 
= 1.5 x Turbidity’ in circumstances of a normal low range of turbidity associated with surface waters. The historical 
75th percentile turbidity is 3 NTU. The corresponding correlated total suspended solids concentration is estimated at 
4.5 mg/L. Although there is no PWQO value for TSS concentrations, levels of less than 5 mg/L are generally 
considered good for surface waters. 
 
In terms of water clarity, the Rideau Lakes Subwatershed Report 2014 notes that all Secchi disk depth readings 
have exceeding PWQO, indicating good water quality with an average Secchi depth of 4.3 m.  
 

2.3.6 E.coli 

There is very limited E.coli data (2 observations) from deep point sample sites DP-1/3 in the period 2008-2014; the 
two sample results indicate E.coli values of approximately 5.1 cfu/100 mL. The Rideau Lakes Subwatershed Report, 
Upper Rideau Lake Catchment identifies a geometric mean for shoreline sample sites of 4 cfu/100 mL over the 
period of 2008-13. These levels compare to the PWQO of 100 cfu/100mL. 
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3. Technical Comment Related to Concept of Receiving Water 
Body Potential 

Technical comment to the policy status and concept of receiving water body potential of the Upper Rideau Lake is 
summarized below: 
 
Total Phosphorus: 

Historical data indicates the Upper Rideau Lake is Policy 2 with respect to Total Phosphorus. Very recent 
annual data indicates the 75th percentile level of Total Phosphorus in Upper Rideau Lake is only marginally 
above, or at, the PWQO of 0.02 mg/L.  
 
Policy 2 status indicates the water does not meet the water quality requirements of the PWQO, and 
suggests all practical measures should be undertaken to upgrade the water quality to the objective. 
However, it is recognized that, in some circumstances, it may not be technically feasible, physically possible 
or socially desirable to improve the water quality toward the Provincial Water Quality Objectives. Deviations 
from this policy may be allowed, subject to the approval of the Ministry of Environment and Climate Change. 
 

Un-ionized Ammonia: 
Historical data indicates the Upper Rideau Lake water quality meets the PWQO limit of 20 ug/L, and is 
Policy 1 with respect to un-ionized ammonia. Policy 1 status indicates there is assimilative capacity for 
ammonia, however the water quality shall be maintained at or above (meeting) the objectives. 
 
The MOECC also applies an end-of-pipe non-toxic limit for un-ionized ammonia which typically is adopted 
between the ranges of 0.1 mg/L and 0.5 mg/L (depending of the fish species of interest). The analysis of the 
non-toxic limit requires consideration of specific discharge flow characteristics. 
 

Biochemical Oxygen Demand and Dissolved Oxygen 
As discussed in preceding sections, the Upper Rideau Lake is Policy 1 with respect to dissolved oxygen and 
assimilative capacity is available for BOD5.  
 

Total Suspended Solids 
As discussed in the preceding section, total suspended solids (TSS) and clarity are not a background water 
quality concern. It is expected effluent limits and analysis of total suspended solids associated with a specific 
discharge flow would demonstrate that the Lake TSS level would not be significantly affected. 

 
E.coli / Effluent Disinfection 

Historical data indicates the Upper Rideau Lake is Policy 1 with respect to E.coli. It is expected effluent limits 
and disinfection engineered controls associated with a specific discharge flow would ensure that the Lake 
E.coli level would not be significantly affected. In addition, any total residual chlorine (if associated with 
effluent disinfection by chlorination) would involve measures/controls to meet required limits. 
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Historical and Projected Future Influent Concentrations: 
 

Influent Concentrations 
Item BOD (mg/L) TSS (mg/L) P-Total (mg/L) TKN (mg/L) 

Period Average 182 181 3.6 32 

Suggested ADF Design Values 200 210 5.0 36 
 

The above influent concentrations are considered as being representative of a ‘medium’ strength domestic 
wastewater. The influent parameter concentration ‘Suggested ADF Design Values’ are slightly greater 
(approximately 10% greater) than the period average concentrations. Often an increasing trend in average influent 
concentrations can accompany a reduction in inflow and infiltration flow contributions, and/or municipal water 
conservation measures. These considerations are supportive of influent concentration design values being greater 
than the historical period average.         
 

Historical and Future Influent Loadings: 

Based on sewage/influent concentrations and flow, the corresponding current and projected influent loadings are 
summarized: 
 

Historical and Projected Future Influent Loadings 
Period BOD (kg/day) TSS (kg/day) P-Total (kg/day) TKN (kg/day) 

Period Average 42.9 40.5 0.9 7.6 
10 Year(1) 87.3 91.7 2.2 15.7 

20 Year(1)  121.0 127.1 3.0 21.8 
NOTES: 

   
  

           (1) Based on 'Suggested ADF Design Values'.       
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Statement of Qualifications and Limitations
The attached Report (the “Report”) has been prepared by AECOM Canada Ltd.  (“Consultant”) for the benefit of the
client (“Client”) in accordance with the agreement between Consultant and Client, including the scope of work
detailed therein (the “Agreement”).

The information, data, recommendations and conclusions contained in the Report (collectively, the “Information”):

 is subject to the scope, schedule, and other constraints and limitations in the Agreement and the
qualifications contained in the Report (the “Limitations”);

 represents Consultant’s professional judgement in light of the Limitations and industry standards for the
preparation of similar reports;

 may be based on information provided to Consultant which has not been independently verified;
 has not been updated since the date of issuance of the Report and its accuracy is limited to the time

period and circumstances in which it was collected, processed, made or issued;
 must be read as a whole and sections thereof should not be read out of such context;
 was prepared for the specific purposes described in the Report and the Agreement; and
 in the case of subsurface, environmental or geotechnical conditions, may be based on limited testing and

on the assumption that such conditions are uniform and not variable either geographically or over time.

Consultant shall be entitled to rely upon the accuracy and completeness of information that was provided to it and
has no obligation to update such information.  Consultant accepts no responsibility for any events or circumstances
that may have occurred since the date on which the Report was prepared and, in the case of subsurface,
environmental or geotechnical conditions, is not responsible for any variability in such conditions, geographically or
over time.

Consultant agrees that the Report represents its professional judgement as described above and that the
Information has been prepared for the specific purpose and use described in the Report and the Agreement, but
Consultant makes no other representations, or any guarantees or warranties whatsoever, whether express or
implied, with respect to the Report, the Information or any part thereof.

Without in any way limiting the generality of the foregoing, any estimates or opinions regarding probable construction
costs or construction schedule provided by Consultant represent Consultant’s professional judgement in light of its
experience and the knowledge and information available to it at the time of preparation. Since Consultant has no
control over market or economic conditions, prices for construction labour, equipment or materials or bidding
procedures, Consultant, its directors, officers and employees are not able to, nor do they, make any representations,
warranties or guarantees whatsoever, whether express or implied, with respect to such estimates or opinions, or
their variance from actual construction costs or schedules, and accept no responsibility for any loss or damage
arising there from or in any way related thereto. Persons relying on such estimates or opinions do so at their own
risk.

Except (1) as agreed to in writing by Consultant and Client; (2) as required by law; or (3) to the extent used by
governmental reviewing agencies for the purpose of obtaining permits or approvals, the Report and the Information
may be used and relied upon only by Client.

Consultant accepts no responsibility, and denies any liability whatsoever, to parties other than Client who may obtain
access to the Report or the Information for any injury, loss or damage suffered by such parties arising from their use
of, reliance upon, or decisions or actions based on the Report or any of the Information (“improper use of the
Report”), except to the extent those parties have obtained the prior written consent of Consultant to use and rely
upon the Report and the Information. Any injury, loss or damages arising from improper use of the Report shall be
borne by the party making such use.

This Statement of Qualifications and Limitations is attached to and forms part of the Report and any use of the
Report is subject to the terms hereof.
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1. Introduction
The Village of Westport is located in the United Counties of Leeds and Grenville at the west end of Upper Rideau
Lake.  The serviced developed area within Westport includes a sanitary sewer collection system, and a main
sewage pumping station that conveys flow to the Westport Wastewater Treatment System (WWTS) for treatment
and disposal.

The Westport WWTS is owned and operated by the Village of Westport.  The WWTS presently consists of two (2)
sewage lagoon cells, and a Snowfluent® generation and dispersion system.  The 22.6 ha ‘Snow Deposit Area’
functions as a subsurface disposal system.  The existing WWTS possesses an Ontario Ministry of the Environment
and Climate Change (MOECC), OWRA Section 53 Certificate of Approval (CofA) for an approved rated capacity of
310 m3/day. Figure 1 provides an aerial image of the Westport WWTS and vicinity.

FIGURE 1.1 - AERIAL IMAGE OF WESTPORT WWTS

In May 2015, the Village retained AECOM Canada Ltd. (AECOM) to undertake a Schedule C Class Environmental
Assessment (EA) for rehabilitation / expansion of the Westport WWTS.  The Village has received partial grant
funding for this project from the Ontario Community Infrastructure Fund (OCIF).  The provided funding requires that
all works associated with the WWTS rehabilitation / expansion be completed by December 31st, 2016.

Technical Memorandum No. 3 (TM#3) has been prepared to provide a review of existing Site conditions / operational
data and to provide an estimate of existing subsurface disposal capacity at the Westport WWTS.  This TM is
intended to provide input to and the basis for further discussions pertaining to the Village of Westport’s existing and
projected future wastewater servicing and treatment needs.  Other technical memorandum will be prepared to
summarize other aspects related to the overall project.  These technical memoranda will serve as supporting
information to the Environmental Study Report (ESR), which is the main project deliverable for this Municipal Class
Environmental Assessment.

LAGOON #2

SNOW DEPOSIT
AREA LAGOON #1

SNOWFLUENT PLANT

PERTH ROAD (CTY RD 10)

N
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2. Background and Scope
Information within the project Request For Proposal indicated that the Ontario Ministry of the Environment and
Climate Change (MOECC) may not favourable consider any rehabilitation / expansion alternative for the Westport
WWTS that does not constitute a zero discharge scenario to Upper Rideau Lake.  However, the Environmental
Assessment (EA) process requires that all reasonable and feasible solutions be considered, and for wastewater
treatment effluent disposal there are two (2) main alternatives; namely, surface and subsurface disposal.

1. Surface Disposal:  Being either directly or indirectly to a surface water feature (e.g. lake, river, stream,
intermittent watercourse, dry-ditch, etc.); and,

2. Subsurface Disposal:  Being either directly or indirectly to groundwater (e.g., spray irrigation,
leaching/disposal/infiltration beds, etc.).

Considering the main disposal alternatives above, and in preparation for pre-consultation with regulatory agencies,
existing site subsurface disposal capacity considerations are identified as a key issue.

Offered as brief insight to our high-level understanding concerning this key issue:

Site Subsurface Disposal Capacity:  Operational monitoring data collected at the Westport WWTS during
the summer of 2014, and winter of 2015 suggests the Site may have the potential to accommodate
additional disposal capacity within the current Site approval requirements / framework.
Improved / enhanced winter and summer treatment and/or disposal operations could also potentially
increase existing Site effective disposal capacity.  Conversely, new or different approval
requirements / framework could possibly result in a net decrease in the existing Site effective disposal
capacity (e.g., Reasonable Use Criteria parameter limits).

Agency Input and Pre-consultations:  Preliminary information and discussion surrounding the above key
issue is presented in Technical Memorandum No. 3 (TM#3) – “Subsurface Disposal Site Capacity
Considerations”.  This technical discussion is intended to help frame the review and discussion of
subsurface disposal, and contribute to position understandings during regulatory agency pre-consultations.

3. Physical Setting
3.1 Physiography and Topography

The Westport WWTS is located within the Algonquin Highlands physiographic region (Chapman and Putnam, 2007).
This region covers an area of greater than 40,000 km2 to the east of Georgian Bay, south of North Bay and west of
the Ottawa River.  The Village of Westport is located in the southern portion of the region, near the boundaries of the
Georgian Bay Fringe and Smiths Falls Limestone Plain physiographic regions to the west and east, respectively.

The Algonquin Highlands are underlain by granite and other Precambrian rocks that are draped in (typically thin)
stony, sandy, and acidic soils (Chapman and Putnam, 1984).  Bedrock outcrops represent less than 5% of the
overall ground surface.  Soil thickness can vary greatly over short distances and many valleys contain outwash sand
and gravel.  The land surface in the Algonquin Highlands is broadly dome shaped, with the crown located in
southern Algonquin Park at an elevation of approximately 520 mASL.

Shallow till and rock ridges are by far the most common physiographic landform present in the region (Chapman and
Putnam, 2007).  Other landforms in proximity to the Site include kame moraines, sand plains, drumlinized till plains,
limestone plains, and clay plains.  The Westport WWTS site itself is mapped as a kame moraine, and site-specific
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reporting prepared by a previous consultant indicates that a kame or drumlin feature is present, south of the eastern
lagoon (Soilrock Consultants Inc., 1995).

Regionally, the ground surface is poorly drained with many small lakes and wetland features scattered throughout
the landscape.  This is particularly common in the areas where bedrock is close to surface and rounded knobby
outcrops occur.  Topography in these locations is variable with sharp changes occurring over relatively short
distances.  The topography in the vicinity of the Site is more gradual, with the land surface sloping towards
surrounding water bodies (EMRC, 1994).

3.2 Drainage

To the west of the Site, the land drains north / northwest toward Westport Sand Lake.  The closest named drainage
feature is Sicklers Creek, which is located about 2.5 km west of the Site (EMRC, 1994).  Lands in the immediate
vicinity of the Site drain toward Westport Pond and/or the Upper Rideau Lake, located to the north / northeast.

3.3 Surface Water Resources

Significant local surface water features include (from west to east):  Wolfe Lake, Westport Sand Lake, Westport
Pond, and Upper Rideau Lake (EMRC, 1994).  Water levels in these features are artificially regulated by a number
of existing dam structures, including:  Wolfe Lake Dam, Sand Lake Dam, and Westport Dam.

Several minor watercourses in the vicinity of the Site convey water toward either Westport Pond or Upper Rideau
Lake; however, the names of these features are not included in the reviewed mapping.

3.4 Quaternary Geology

Regionally, the surficial geology is dominated by Precambrian bedrock with variable drift cover.  The area
surrounding the Village of Westport and the Site is underlain by a deposit of glacial sediments that is continuous
from Wolfe Lake to the Upper Rideau Lake.  Quaternary Geology mapping (scale: 1:1,000,000) prepared by the
Ontario Geological Survey (OGS, 2000) describes a majority of this deposit as undifferentiated, predominantly sandy
silt to silt till.  A second deposit of glaciofluvial sand and gravel is shown to abut the southern boundary of the till
deposit.  In terms of proximity to the Site, the sediments are generally divided by County Road 10, such that the till
lies to the north and the glaciofluvial deposit lies to the south.  Satellite imagery indicates that this regionally, rare
example of continuous overburden cover has been heavily utilized for agricultural purposes.

OGS (2010) surficial geology mapping (scale: 1:50,000) includes additional detail and indicates that the sand and
gravel deposit is less abundant and occurs in isolated pockets, rather than as an areally contiguous deposit (Figure
2) [Note – Section 3 Figures are included at end of section]. The coarse grained sediments are shown as both
glaciolacustrine and ice-contact stratified deposits.  Other local Quaternary sediments not shown in the 1:1,000,000
scale mapping include fine-textured glaciolacustrine and organic deposits.

Site-specific work completed by previous consultants has shown that the surficial geology at the Site generally is
comprised of shallow overburden soil that is between about 1 m and 5 m thick, generally increasing from north to
south (Geo-Canada Ltd., 1991 and 1993; Soilrock Consultants Inc., 1995).  The soils are described as being
comprised predominantly of sand with variable gravel, silt and clay content.  Soilrock Consultants Inc. (1995)
reported silty sand till present across most of the central and southern portions of the Site and coarser-grained
deposits typically along the south side of the Site, most likely representing the edge of the kame or drumlin feature
that extends off-site.
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3.5 Bedrock Geology

The Site is located on the eastern flank of the Frontenac Axis, which is a ridge of Precambrian igneous rocks that
form part of the Canadian Shield.  In this part of eastern Ontario, the Frontenac Axis divides the younger
sedimentary bedrock found to the east and west of the ridge.  OGS Paleozoic mapping (scale: 1:50,000) indicates
that in the Westport area, the Precambrian rocks are overlain by younger Nepean Formation sandstone, with small
occurrences of the March Formation sandstone / dolostone, and the Gull River Formation
limestone / dolostone / shale / sandstone (Armstrong and Dodge, 2007). Bedrock geology mapping is included as
Figure 3.

A review of available OGS karst geology mapping for the area was completed as part of this assessment, as
presented in Figure 4.  Detail shown in the figure denotes areas categorized by OGS as “known karst”, “potential
karst”, or “inferred karst”.  The western extent of the Site near Lagoon #2 and adjacent lands to the northwest, west
and southwest is interpreted by OGS as either “potential” or “inferred” karst due to the local occurrence of Gull River
Formation bedrock.  Based on a review of background technical reports for the Westport WWTS, on-site borehole
drilling logs and observations made during more recent site reconnaissance by AECOM, no obvious developed karst
features have been identified at the Site.  We understand that weathered bedrock at/near the surface has been
observed locally, however this does not necessarily indicate the presence of karst features.  If required/requested, it
is recommended that the Site and surrounding area be reviewed by a qualified karst expert to provide a more
definitive assessment of potential karst features and their significance (if present) within the area.

Bedrock typically is close to surface on the Site, at less than 5 m below ground surface (BGS).  As part of a
Hydrogeological Study completed in 1993, Geo-Canada Ltd. collected bedrock core samples at two (2) locations
southwest of the eastern lagoon, and identified it as Precambrian age metasedimentary rock.  A bedrock contour
map for the Site was developed by Geo-Canada Ltd. based on the results of their assessment (1993), a copy of
which is provided in Appendix A.

In 1995, Soilrock Consultants Inc. drilled two boreholes into the bedrock in the same approximate area as Geo-
Canada Ltd.  The upper bedrock in these boreholes was reported as being sandstone with siltstone partings
overlying fossiliferous shale and dolomitic sandstone with siltstone partings.  A second program run by Soilrock
Consultants Inc. in 1995 included the drilling of 11 boreholes on the Site.  Based on this program, the bedrock was
reported to be fossiliferous shaly or dolomitic limestone which is interbedded with other sedimentary shales,
sandstones and siltstones.  The more detailed bedrock logging work completed by Soilrock Consultants Inc.
suggests that the metasedimentary rock previously reported by Geo-Canada Ltd. likely was misinterpreted.

A conceptual geologic cross-section, prepared for the Rideau Valley Source Protection Area Assessment Report,
indicates that Precambrian rocks are as deep as 45 mBGS in the vicinity of the Site; however, the location of
boreholes used to prepare the section were not included (MRSPR, 2011).

3.6 Hydrogeology

Regionally, the groundwater flow direction is reported as being variable, depending on proximity to local significant
surface water bodies, including: Westport Sand Lake, Upper Rideau Lake, and Newboro Lake (Geo-Canada Ltd.,
1993).  Soilrock Consultants Inc. (1995) reported that the water table on-Site generally resides at a depth of between
about 1 m to 2 mBGS, being at, or slightly above, the bedrock surface.  Horizontal groundwater flow is reported as
being primarily towards the northeast with some potential variability based on the nature of the bedrock surface.
Horizontal groundwater flow is reported as being primarily towards the northeast with some potential variability
based on the nature of the bedrock surface and potential presence of karst features (unconfirmed).  A groundwater
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contour map for the Site was prepared by Geo-Canada Ltd. based on measurements obtained during their
assessment (1993), a copy of which is included in Appendix A.

Vertical hydraulic gradients calculated for eight (8) nested piezometers on the Site are reported as being downward,
except at the west end of the eastern lagoon, where an upward gradient was measured on two occasions (Soilrock
Consultants Inc., 1995).

It is inferred that the groundwater flow pattern is influenced by the topography of the bedrock surface below the Site
(Soilrock Consultants Inc., 1995).  This influence will result in deviation from the general northeast flow direction
across the Site, including dipping bedrock potentially affecting groundwater flow southeast of the western lagoon, a
bedrock high impeding flow in the vicinity of the western lagoon, and upward vertical gradients related to a potential
bedrock high in the vicinity of the eastern lagoon.

Soilrock Consultants Inc. (1995) completed in-situ permeability tests and reported hydraulic conductivity values
ranging from 10-7 to 10-8 metres per second (m/sec) for the overburden materials (sand, silty sand, and till), with
lower values being associated with silty sand.  Test results for piezometers completed in the bedrock ranged from
10-4 to 10-5 m/sec.

3.7 Aquifers and Local Groundwater Use

Review of the MOECC Water Well Record database indicates that groundwater is used locally for a variety of
domestic, commercial, and industrial purposes, including for irrigation and livestock.  A majority of the records
located are associated with properties within the Village of Westport (Figure 5).  As Westport is serviced municipally,
it is likely that many of these wells are no longer utilized for primary water supply.  Of the 206 wells assessed in the
vicinity of the Site, 204 or 99% of the wells obtain their groundwater source from the bedrock.  Of these, 17 well
records report granite as the aquifer rock type.  Given the known variability in the local bedrock stratigraphy, it is
possible that the sandstone aquifer is not present at the location of these wells, or that the well passed through the
shallow sandstone aquifer into the underlying Precambrian rock.

The Village of Westport is serviced by two (2) water supply wells (Well #2 and Well #3), located at a distance of
approximately 500 m from the Site (MRSPR, 2011), as shown in Figure 5.  Reportedly, Well #2 is approximately
34 m deep, while Well #3 is about 40 m deep.  Both wells obtain their groundwater source from the March and
Nepean Formation sandstone bedrock.  As indicated in Schedule L and Schedule M of the Mississippi-Rideau
Source Protection Plan (MRSPP), the area local to the municipal wells has been classified as a Highly Vulnerable
Aquifer (HVA) and Significant Groundwater Recharge Area (SGRA).  It is noted that the Westport WWTS property
similarly is located within the HVA boundary, but resides more than 300 m beyond (outside) the limits of the SGRA.

According to Schedule G of the MRSPP (2011), the Westport WWTS property lies within the Wellhead Protection
Area D (WHPA-D) boundary for the Westport municipal water supply wells, except for a small portion of the
northeast corner of the Site which is overlain by the WHPA-C boundary (Figure 6a).  WHPA-C and WHPA-D
represent catchment areas within which groundwater could reach the municipal wells over a timeframe of two to five
years, and five to twenty five years, respectively.

An associated vulnerability score of 8 is applied to the portion of the WHPA-C area contacting the Site, indicating the
potential for activities to be an overall “significant” drinking water threat within the MRSPP (Figure 6b).  According to
Section 3.2.5 (Other Sewage Works) and Appendix B of the MRSPP, the discharge of effluent to land from a sewage
treatment plant is considered to be a significant threat to drinking water when located within a WHPA exhibiting a
vulnerability score of 10.  As can be observed in the figure, areas within the WHPA-C area exhibiting a vulnerability
score of 10 are not located in immediate proximity to the boundaries of the Westport WWTS property.
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3.8 Groundwater Conditions

The results of previous studies completed at the Site by other consultants and on-going monitoring programs
completed by AECOM have shown that the water table is shallow, typically within a few metres of the ground surface
and near the bedrock interface.  Overburden thickness and composition is variable across the Site, with sand and silt
being the most commonly identified soil components. Appendix B provides borehole information from a previous
report (Geo-Canada, 1993) consolidated on the report’s borehole location plan. A correspondingly moderate
hydraulic conductivity range of 10-7 to 10-8 m/sec has been measured within the overburden at the Site by a previous
Consultant.  There is some discrepancy in the type of bedrock underlying the Site; however, it is likely that
sandstone of either the March or Nepean Formation represents the uppermost bedrock unit locally.  A small number
of tests (2) conducted by previous Consultants on the upper bedrock indicates that it possesses a hydraulic
conductivity in the range of 10-4 to 10-5 m/sec.  Downward hydraulic gradients have been reported across most of the
Site, based on the small amount of monitoring data available for review.  Data from one monitoring location indicates
that an upward gradient may exist in the vicinity of the eastern lagoon.  Groundwater flow is reported to be
influenced by the topography of the bedrock surface, such that undulation / ridges / dips in the surface results in
deflection from the general southwest to northeast flow underlying the Site.

Background groundwater quality has been characterized based on samples collected from monitoring wells installed
within both the overburden and bedrock at four (4) locations on the Site (Geo-Canada Ltd., 1993).  Comparison of
the analytical results for those samples against the Ontario Drinking Water Objectives showed that the following
parameters were exceeded: turbidity (1 sample), colour (1 sample), manganese (2 samples), organic nitrogen
(4 samples), phenols (1 sample) and total organic carbon (3 samples).  Background nitrate concentration were
reported to range between 0.14 mg/L and 0.35 mg/L, well below the maximum acceptable concentration (health-
related) limit of 10 mg/L.  Similarly, none of the other health-related parameters tested (lead, fluoride, nitrite)
exceeded the maximum acceptable concentration1.

The raw groundwater source available from each of Well #2 and Well #3 generally is reported to be of good quality
(RVSPA, 2011).  Historical detections of Escherichia coli bacteria are reported for Well #2.  Sodium concentrations
are reported to consistently be above the 20 mg/L reporting limit but below the 200 mg/L aesthetic objective.  The
groundwater source provided from each well also possesses high hardness and alkalinity, but not to levels that could
represent a concern from a health perspective (RVSPA, 2011).

Groundwater quality at the Westport WWTS is monitored on an annual basis through analysis of samples for a suite
of parameters, including:  alkalinity, sodium, calcium, magnesium, potassium, sulphate, pH, electrical conductivity,
chloride, nitrate and Escherichia coli bacteria.  Monitoring results for the Site were most recently reported on by
AECOM (January 2015) for the period of November 2013 to November 2014.  That report concluded that there were
no apparent adverse impacts to groundwater downgradient of the Site during the 2014 operational period for the
Westport WWTS.  Further discussion of the monitoring results and Site operational aspects is provided in Section 4
of this technical memorandum.

3.9 Climate

Climate data for the Rideau River watershed over the period 1974-2003 are compiled and presented in the MRSPR
Watershed Characterization Report (2008).  These data indicate that the local area experiences warm summers and
cold winters, with an average long-term temperatures of 20.6°C in July and -8.6°C in January.  The average annual
temperature over this period is 6.5°C.  The watershed receives 914 mm in average annual precipitation, with July

1 The current version of this document is dated 2006.  Exceedances noted in the 1993 sample results generally are consistent with those
of current standards, with exception of turbidity and phenols which do not exceed current standards.
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(88 mm), September (86 mm) and October (84 mm) representing the wettest months.  The annual
evapotranspiration rate for the Rideau River above Smiths Falls has been estimated at 570 mm/yr (MRSPR, 2011).
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4. Existing Snofluent® Wastewater Treatment System
4.1 Background

The Village of Westport currently operates a waste water treatment system (WWTS) to treat collected sewage
generated within the Municipality.  In the early 1990’s, a number of investigations were undertaken by various
consultants associated with a proposed expansion of the WWTS.  The recommended alternative proposed was a
proprietary Snowfluent® wastewater treatment process designed by Delta Engineering.  The process initially involves
creating snow from municipal sewage effluent contained within two (2) on-Site lagoons and accumulating it in an
approved ‘Snow Deposit Area’ during periods when the ambient air temperature is sufficiently low to permit the
generation of Snowfluent®. Storage capacity at the Westport WWTS is 55,000 m3 and 25,000 m3 for each of
Lagoon #1 (east) and Lagoon #2 (west), respectively.

The accumulated snow pack slowly disperses through a combination of several processes including sublimation,
evaporation, and dominantly by melting / infiltration to the local shallow groundwater system.  The process is
intended to allow for a greater period of dilution for sewage effluent such that it would satisfy the MOECC
Reasonable Use Concept (RUC) for quality in the groundwater at the downgradient Site boundary.

Technical studies completed by previous consultants in support of the Snowfluent® wastewater treatment process
concluded that the overburden at the Site should be able to absorb all discharged water; however, mounding of the
water table to ground surface was expected to occur.  Meltwater from the snow pack would not receive any
appreciable dilution from upgradient groundwater contribution due to the local geology and bedrock topography.

Any surface water run-off generated due to the melting snow is required to be controlled, collected and discharged
on-Site in a suitable manner or pumped back into the treatment lagoons.  Off-site discharge of Snowfluent®

meltwater is not permitted.

Based on the foregoing, a series of monitoring wells have been installed at locations upgradient, within, and
downgradient of the ‘Snow Deposit Area’ to allow for groundwater to be sampled and quality monitored over time.
Correspondingly, a series of additional monitoring stations (including surface water stations) also have been
established to assess potential impacts to surface water quality both within and leaving the Site.  The current
monitoring network at the Westport WWTS is shown in Figure 4.1.  Existing monitoring station naming conventions
are used in Figure 4.1; it is noted that the ‘discharge ditch’ location is a drainage course/ditch near the former
lagoon discharge location, and not a current discharge location.
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FIGURE 4.1 -  CURRENT MONITORING NETWORK (SQUARES DENOTE GROUNDWATER MONITORS AND
CIRCLES REPRESENT SURFACE WATER STATIONS)

The Snowfluent® Wastewater Treatment process commenced operation during the winter of 1996/1997, with
subsequent Annual Reports on the snow making activities and groundwater and surface water quality monitoring
programs completed since this time.

Presently, the Westport WWTS operates in accordance with MOECC Amended CofA No. 8927-89AHET, issued to
the Municipality on October 5th, 2010.

4.2 Current Conditions

4.2.1 Effluent Discharge Volumes

Based on a review of records provided for the 2014/2015 annual operating period at the Westport WWTS, effluent
dispersal at the Site was as follows:

 2013/14 Snowfluent® – 35,163 m3

 2014 Irrigation – 69,413 m3

 2014/15 Snowfluent® – 55,425 m3

The 2013/14 Snowfluent® application season extended from December 12th, 2013 to March 9th, 2014, for a total
period of 88 days.  During the season, an average Snowfluent® volume of 400 m3/day was discharged, in the range
of less than 50 m3/day to greater than 2,700 m3/day.
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The 2014 irrigation season extended from June 12th, 2014 to November 6th, 2014, for a total period of 148 days.
During the season, an average irrigation volume of 469 m3/day was discharged, in the range of less than 20 m3/day
to greater than 2,200 m3/day.  It should be noted here that the irrigation values were not metered, but rather were
calculated based on an assessment of pump run times and number / type of sprinkler heads operating.  Thus, the
actual volume of effluent irrigated on a daily and annual basis may differ somewhat from the values presented
herein.

The 2014/15 Snowfluent® application season extended from December 19th, 2014 to March 3rd, 2015, for a total
period of 75 days.  During the season, an average Snowfluent® volume of 739 m3/day was discharged, in the range
of less than 100 m3/day to greater than 2,200 m3/day.

Considering both the Irrigation and Snowfluent® application periods above, a total effluent dispersal volume of
93,360 m3, or about 256 m3/day on average, has been calculated for the 2014 calendar year.  This volume
represents approximately 82.5% of the CofA approved rated capacity for the Westport WWTS of 113,150 m3/year
(310 m3/day).

4.2.2 Groundwater Monitoring Results

Currently, there are a total of six (6) monitoring wells at the Westport WWTS Site, as shown in Figure 4.1.  Two of
the monitoring wells are considered background locations (MW1 & MW4), one is at a downgradient position on-Site
(MW2), and three are downgradient at the site boundary (MW3a, MW5 & MW6).  These locations are sampled on a
monthly frequency for a suite of inorganic and bacteriological parameters.  Of these, the main groundwater quality
parameters that are considered indicators of potential effluent effects from the Westport WWTS are chloride and
nitrate.

Over the past three (3) operational years, summer irrigation has been undertaken as a contingency due to high
lagoon levels.  During these contingency periods, water quality monitoring was increased from a monthly basis to bi-
weekly (every 2 weeks) with interim reporting of the results on the same frequency.  The intent of the interim
reporting is to assess the water quality results with respect to established RUC criteria for groundwater at the
downgradient Site boundary.

Overall, it was observed that water quality results for chloride exhibited greater increases during spray irrigation,
most noticeably in the first two (2) irrigation seasons, indicating a net effect on groundwater quality leaving the Site.
During the first two seasons, chloride concentrations at the on-Site monitor (MW2) did increase above the previously
established RUC limit of 122.5 mg/L, however the boundary monitors, which also exhibited increased
concentrations, remained below the RUC limit.  In 2014, an increasing trend related to spray irrigation also occurred
but was not as great as that observed in the first two seasons.  Preliminary review of this data indicates that this may
be related to a change in operations, including areas where spray irrigation was undertaken.

With respect to nitrate, it has consistently remained well below the previously established RUC limit of 2.63 mg/L,
with no discernable trends in the data.

4.2.3 Surface Water Monitoring Results

There are five (5) surface water stations that have been established at the Site, as shown in Figure 4.1.  The NW
Corner and Under-Drain stations represent background conditions whereas; the NE Corner and the Discharge Ditch
(downstream of the old lagoon) represent downstream stations.  Historically, the former Middle Drain was also
considered a downstream station.  However, this location was remediated in mid-2013 due to the presence of tile
drains in this area.  Since the remedial efforts were carried out, this location has been recorded as consistently dry.
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Historically, surface water was only sampled from April to June as part of the Snowfluent® monitoring program.  Year
round monthly sampling commenced in late-2013 (winter conditions permitting) at the Site to better understand
potential variability in seasonal surface water quality.  During spray irrigation, the surface water stations were
sampled on a bi-weekly basis at the same time as the groundwater monitoring wells.

The primary surface water quality indicator parameters to demonstrate potential effluent effects from the Westport
WWTS are chloride, total phosphorous and total ammonia / unionized ammonia.  In general, surface water quality
has generally satisfied the Provincial Water Quality Objectives (PWQO) for total phosphorous and unionized
ammonia, although total phosphorous is detected periodically above the PWQO limit.

Elevated chloride concentrations are observed at the off-Site discharge point during spray irrigation periods.
Historically, chloride concentrations have generally been low during the spring following the traditional Snowfluent®

operating period but recently have increased during the summer over the last three operating years at the time of
spray irrigation based on the more frequent bi-weekly sampling frequency.  By the following spring they have been
found to decline back down to the historical levels however.  Chloride concentrations observed at the Discharge
Ditch do increase above the Canadian Water Quality Guideline (CWQG) limit of 120 mg/L.  In comparison, sampling
results obtained for the NE Corner generally have remained well below the CWQG limit for chloride, with the
exception of two isolated results obtained in November 2013 which slightly exceeded 120 mg/L.  Further
assessment of the observed chloride concentrations at the Discharge Ditch is currently being completed by AECOM,
including consideration of additional sampling stations.

4.2.4 MOECC Reasonable Use Concept (Guideline B-7)

Under existing conditions, including during the summer spray irrigation season, it appears that established RUC
limits for groundwater can be met at the downgradient Site boundary.  These current conditions include present
operations and increased monitoring frequency during the spray irrigation period.

Under existing conditions, surface water PWQO are generally met with occasional exceedances of total
phosphorous.  However, during the summer spray irrigation period it has been observed that chloride increase
above the CWQG limit at the Discharge Ditch, but decreases back to historical levels during the following spring.  An
investigation is currently being completed by AECOM to assess the increasing chloride during the summer at this
location.

5. Existing Site Subsurface Disposal Capacity Observations
5.1 Existing Reasonable Use Criteria

As noted previously, existing established RUC parameters and criteria for the Westport WWTS are as follows:

 Chloride – 122.5 mg/L
 Nitrate – 2.63 mg/L

5.2 Hydraulic Conductivity (K)

Based on the results of grain size distribution analyses for representative samples of the on-Site soils collected by
Soilrock Consultants Inc. during completion of an environmental drilling program in Spring 1995, the estimated
permeability distribution of the various soil types occurring on the Site is summarized in Table 5.1.
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Table 5.1 - HYDRAULIC CONDUCTIVITY ESTIMATES BY SOIL TYPE

SOIL TYPE HYDRAULIC
CONDUCTIVITY (m/sec) GENERAL LOCATION ON-SITE

Silt 10-7 to 10-9 Thin layers beneath topsoil in northern half of Site.

Sand 10-5 to 10-6 Most dominantly in the southern half of the site; in particular
at the southeast corner of the Site

Sand & Gravel 10-4 Southern limit of and in southeast corner of the Site.

Silty Sand Till 10-6 to 10-7 Generally in central and southern portions of the Site.

For assessment purposes, a conservative estimate of hydraulic conductivity of 10-7 m/sec has been considered.  It is
recommended that undertaking single well response (slug) testing and/or in-situ permeability testing (e.g. Guelph
permeameter) be considered to provide a more accurate determination of the distribution of hydraulic properties
across the Site.

5.3 Hydraulic Gradient (i)

For effluent infiltration assessment purposes, a hydraulic gradient value of 1.0 has been assumed to represent
vertical flow.

For the assessment of underflow, an average hydraulic gradient value of 0.025 was determined via an assessment
of groundwater monitoring data presented by Soilrock Consultants Inc. (1995).

5.4 On-Site Infiltration Capacity

On-Site infiltration capacity has been determined per unit area of the overburden soil based on the following
relationship (Darcy’s Law):

Q = (Equation 1)

where: Q = infiltration volume of water assuming vertical flow (m3/sec)
K = hydraulic conductivity (10-7 m/sec)
i = hydraulic gradient (1.0)
A = unit area (1.0 m2)

Using Equation 1, the infiltration capacity per unit area of soil at the Site is 1x10-7 m3/sec/m2 or 8.6 L/day/m2.
Considering an approved ‘Snow Deposit Area’ of 22.6 ha (226,000 m2), the total infiltration capacity at the Site is
estimated at 0.0225 m3/sec or about 1,945 m3/day.

Mounding of groundwater will occur within the ‘Snow Deposit Area’ in response to the dispersal of effluent.  The
degree of mounding will be dependent on a number of factors, including but not limited to: i) the elevation of the local
shallow groundwater table prior to effluent dispersal, ii) variability in the overburden soil thickness and composition,
iii) differences in hydraulic gradient due to undulation of the bedrock surface, and iv) the duration and intensity of
effluent dispersal.  Based on the shallow depth to groundwater / bedrock across much of the Site and observations
made by the operator during the 2014 effluent irrigation season, mounding of the shallow water table to levels at or
near ground surface has been known to occur on a periodic basis.
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5.5 Lateral Underflow

Lateral underflow of groundwater beneath the Site has been determined using the following relationship:

Q = (Equation 2)

where: Q = lateral groundwater flow beneath Site (m3/sec)
K = hydraulic conductivity (10-7 m/sec)
i = hydraulic gradient (0.025)
h = average thickness of soil and upper bedrock (2.4 m)
L = width of contributing area perpendicular to groundwater flow (500 m)

Using Equation 2, a lateral groundwater flow volume of 3x10-6 m3/sec, or 259 L/day has been calculated.  Based on
this result, it is interpreted that dilution of the effluent via underflow beneath the Site will not be significant.

5.6 RUC Parameter Concentrations at Downgradient Property Boundary

5.6.1 Chloride

The concentration of chloride at the downgradient boundary of the ‘Snow Deposit Area’ (Westport WWTS Site
property boundary) was simulated using the following attenuation calculation, as described in Section 22.5.8 of the
MOECC’s Design Guidelines for Sewage Works 2008.

Va = (Equation 3)

Vt = + (Equation 4)

Cpb = ( )/ (Equation 5)

where: Va = annual dilution volume (m3)
Ad = dilution area on the Site (m2)
Vt = total volume of water (m3)
Vs = annual sewage volume (m3)
Cpb = concentration of chloride at property boundary (mg/L)
Cs = chloride concentration in sewage (mg/L)
k = annual dilution due to precipitation (0.25 m)

The method above considers on-Site dilution within and downgradient of the dispersal area as the sole mechanism
for attenuation of chloride within the environment.  Due to its conservative chemical behaviour, reaction processes
for chloride within the subsurface are not expected to be significant.

Background concentrations of chloride within the shallow groundwater are assumed to be negligible based on a
review of monitoring data obtained at background monitoring well MW1.  Period of record data for MW1 indicates
background chloride concentrations in the range of 1 to 3 mg/L.

Natural environmental processes including evaporation, evapotranspiration, sublimation, and wind-driven losses of
snow will occur following the dispersal of effluent which will affect the total volume available for infiltration.  The net
influence of these processes will vary both seasonally and annually in response to prevailing climate patterns and
local hydrogeological conditions.  To quantify this effect, a conservative loss coefficient of 30% of the total annual
dispersal volume has been assumed, representing approximately 75% of the modeled value previously determined
by Delta Engineering (1993).
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Table 5.2 provides a summary of simulated chloride concentrations at the downgradient property boundary using the
MOECC method described above.  Simulations were completed under three (3) separate discharge scenarios,
namely: i) the CofA rated capacity of 310 m3/day, ii) Scenario A -  example scenario of increased capacity of
600 m3/day, and iii) the 2014 actual dispersal data (275 m3/day).

Table 5.2:  SIMULATED CHLORIDE CONCENTRATIONS AT PROPERTY BOUNDARY

PARAMETER RATED
(310 m3/day)

SCENARIO A
(600 m3/day)

2014 ACTUAL
(256 m3/day) COMMENT

Ad 226,000 226,000 226,000 ‘Snow Deposit Area’ (~26.6 ha)

k 0.250 0.250 0.250

Va 56,500 56,500 56,500

Va 56,500 56,500 56,500

Vs 79,205 153,300 65,352 Includes 30% loss in total volume

Vt 135,705 209,800 121,852

Cs 200 200 200 Period of record average for Lagoon 1 & 2

Vs 79,205 153,300 65,352

Vt 135,705 209,800 121,852

Cpb 116.7 146.1 107.3 Simulated Chloride Concentration (mg/L)

To provide a basis of comparison against the property boundary chloride concentrations simulated in the tables
above, monitoring data obtained at the Site boundary monitoring wells (MW3a, MW5 and MW6) between January
and November 2014 are summarized, as follows:

 MW3A – 69.4 mg/L average (range 60.1 to 84.7 mg/L)
 MW5 – 44.5 mg/L average (range 37.0 to 75.8 mg/L)
 MW6 – 72.7 mg/L average (range 28.6 to 114.0 mg/L)

Although designated as a background monitoring location, elevated chloride also was observed at MW4 during the
2014 effluent irrigation season at an average of 64.3 mg/L (range of 14.3 mg/L to 118.0 mg/L). The source of the
chloride has not been definitively identified, and presently is being investigated by AECOM as a component of the
2015 environmental monitoring programs at the Westport WWTS. A graph of the groundwater quality trends for
chloride (2014 Spray Irrigation Study) at the monitoring wells is included in Appendix C.

When the monitoring data for 2014 are compared against simulated values presented in Table 5.2, the monitored
values are somewhat lower on average, but do periodically range upward closer to the simulated value.  These
apparent differences likely occur as a result of a combination of environmental / hydrogeological influences as
described throughout this memorandum, in addition to variances in operation of both the Snowfluent® and effluent
irrigation systems.

5.6.2 Nitrate

Nitrate concentrations at the Site were evaluated based on period of record monitoring results for both Lagoons, in
addition to groundwater monitoring locations positioned upgradient (MW1), within the Site (MW2), and at the
downgradient property boundary (MW3a, MW5, MW6).  Results are summarized below.
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 Lagoon 1 – 0.17 mg/L average (range <0.1 to 1.40 mg/L)
 Lagoon 2 – 0.16 mg/L average (range <0.1 to 0.60 mg/L)
 MW1 – <1 mg/L average (range <0.1 to 0.2 mg/L)
 MW2 – 0.32 mg/L average (range <0.1 to 1.8 mg/L)
 MW3A – <1 mg/L average (range <0.1 to 0.1 mg/L)
 MW4 – 0.27 mg/L average (range <0.1 to 0.93 mg/L)
 MW5 – 0.55 mg/L average (range <0.1 to 0.80 mg/L)
 MW6 – 0.11 mg/L average (range <0.1 to 0.20 mg/L)

Considering the data presented above, concentrations of nitrate at the downgradient property boundary were
simulated for both current (2014) flows and a ‘Scenario A’ capacity of 600 m3/day.  Based on this assessment,
nitrate has not been found to represent a limiting factor from an RUC compliance perspective, and thus has not been
considered further herein. A graph of the groundwater quality trends for nitrate (2014 Spray Irrigation Study) at the
monitoring wells is included in Appendix C.

6. Theoretical Estimation of Maximum Subsurface Disposal
Volume

Based on the preceding section, an estimate of the theoretical maximum effluent dispersal capacity of the existing
approved ‘Snow Deposit Area’ has been completed on a basis of the infiltration capacity of the local shallow soils, as
well as the dilution capacity of the shallow groundwater system with regard to existing RUC threshold limits at the
downgradient property boundary.  Results of this evaluation are summarized in Table 6.1.

Table 6.1:  ESTIMATION OF MAXIMUM EFFLUENT DISPERSAL VOLUMES

BASIS
VALUE

(m3/day) (m3/year)

Hydraulic Capacity of Soils 1,945 709,925

Dilution Potential 350 127,750

Based on the results of this preliminary assessment, it appears theoretically that opportunities may exist to increase
effluent discharge flows within the existing approved ‘Snow Deposit Area’ from both a soil uptake and groundwater
dilution potential standpoint up to a capacity of approximately 350 m3/day utilizing a combination of Snowfluent®

generation and effluent irrigation or dispersal.  Additional suitable land area, on the order of about 15 to 20 ha, for a
total expanded ‘Snow Disposal Area’ of approximately 41.6 to 46.6 ha, would be required to accommodate a
‘Scenario A’ capacity of 600 m3/day from an RUC perspective.

As the intent of this memorandum is to spur and foster further discussion regarding potentially increasing the effluent
dispersal capacity at the Site, additional consideration of site characteristics (e.g hydrogeological, geotechnical, soil
morphology) may be required. The available previous report information is limited in areas and reflects pre 1995-
construction site observations and conditions. Based on the previous report information it is a widely held view that
the site is not ideal in terms of generally desired characteristics (such as deep/thick overburden, sandy soils, very
low water table, large buffer distances and available attenuation zone, etc.) for subsurface infiltration and disposal
systems. It is envisioned that regulatory agency review and input will contribute to further subsurface disposal
considerations.
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Appendix B 

Consolidated Borehole 
Information on Location Plan 



Ground Surface Elev.:  156.8m 
Topsoil depth:  N/A 
Silty Sand depth:  1.8m 
Bedrock Elev.:  155m 
GW Level:  Dry

Ground Surface Elev.: 155m
Topsoil depth:  0.03m 
Silty Sand depth:  1.17m 
Bedrock Elev.:  153.8m 
GW Level:  Dry

Ground Surface Elev.: 
153m
Topsoil depth:  0.23m 
Silty Sand depth:  3.07m 
Bedrock depth:  3.3m 
Bedrock Elev.:  149.7m 
GW Level:  148.3m

Ground Surface Elev.: 
153.1m
Topsoil depth:  0.15m 
Silt (dense cemented) 
depth:  1.25m 
Bedrock Elev.:  151.7m 
GW Level:  152.1m

Ground Surface Elev.: 
151.9m
Topsoil depth:  0.23m 
Silty Sand depth:  2.17m 
Bedrock Elev.:  149.5m
GW Level:  150.3m

Ground Surface Elev.: 
150.0m
Topsoil depth:  0.16m 
Silty Sand depth:  0.6m 
Weathered/Fractured 
Rock:  1.5m 
Bedrock depth:  2.2m 
Bedrock Elev.:  147.8m 
GW Level:  147.2m

Ground Surface Elev.: 
153.4m
Topsoil depth:  0.125m
Silt depth:  1.98m 
Bedrock Elev.:  151.3m 
GW Level:  Dry

Ground Surface Elev.: 148.5m
Topsoil depth:  0.15m
Silty Sand depth:  0.6m
Weathered/Fractured Rock depth:  2.1m 
Bedrock Elev.:  146.4m 
GW Level:  147.4m

Ground Surface Elev.: 
147.7m
Topsoil depth:  0.0m 
Silty Sand depth:  4.2m 
Weathered Rock 
depth: 4.2m
Bedrock Elev.:  143.5m 
GW Level:  146.5m

Ground Surface Elev.: 147.8m
Topsoil depth:  0.23m
Silty Sand depth:  1.27m
Weathered/Fractured Rock depth:  1.5m 
Bedrock Elev.:  146.3m 
GW Level:  145.9m

Ground Surface Elev.: 148.3m
Topsoil depth:  0.23m
Silty Sand depth:  2.67m 
Bedrock Elev.:  145.4m
GW Level:  Dry

Ground Surface Elev.: 147.0m
Topsoil depth:  0.23m
Silty Sand depth:  1.27m
Weathered/Fractured Rock depth:  1.5m 
Bedrock Elev.:  145.5m 
GW Level:  143.5m

Ground Surface Elev.: 149.0m
Topsoil depth:  0.15m 
Sand/Gravel depth:  2.25m 
Bedrock Elev.:  146.6m 
GW Level:  147.3m

Ground Surface Elev.: 149.5m
Topsoil depth:  0.2m
Silty Sand depth:  1.5m
Bedrock Elev.:  147.8m
GW Level:  148mGround Surface Elev.: 153.8m

Topsoil depth:  0.175m
Sand depth:  1.53m
Bedrock Elev.:  152.1m
GW Level:  152.2m

Ground Surface Elev.: 
149.5m
Topsoil depth:  0.4m 
Sand depth:  3.2m 
Bedrock Elev.:  145.9m 
GW Level:  147m

AECOM has included borehole information provided in original report for reference only. Original records should be referred to as required.



 

   

Appendix C 

Groundwater Quality Trends – 
2014 (Spray Irrigation Study) 
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1. Introduction 
The Village of Westport is located in the United Counties of Leeds and Grenville at the west end of Upper Rideau 
Lake.  The serviced developed area within Westport includes a sanitary sewer collection system, and a main 
sewage pumping station that conveys flow to the Westport Wastewater Treatment System (WWTS) for treatment 
and disposal.  
 
The Westport WWTS is owned and operated by the Village of Westport.  The WWTS presently consists of two (2) 
sewage lagoon cells, and a Snowfluent® generation and dispersion system.  The 22.6 ha ‘Snow Deposit Area’ 
functions as a subsurface disposal system.  The existing WWTS possesses an Ontario Ministry of the Environment 
and Climate Change (MOECC), OWRA Section 53 Certificate of Approval (CofA) for an approved rated capacity of 
310 m3/day.  Figure 1.1 provides an aerial image of the Westport WWTS and vicinity. 
 
 
Figure 1.1 - Aerial image of Westport WWTS 

 
 
 

In May 2015, the Village retained AECOM Canada Ltd. (AECOM) to undertake a Schedule C Class Environmental 
Assessment (EA) for rehabilitation / expansion of the Westport WWTS.  The Village has received partial grant 
funding for this project from the Ontario Community Infrastructure Fund (OCIF).  The provided funding requires that 
all works associated with the WWTS rehabilitation / expansion be completed by December 31st, 2016. 
 
Technical Memorandum No. 4 (TM#4) has been prepared to provide a condition assessment and functional capacity 
overview of the Westport WWTS. This TM is intended to provide input to further discussions and review pertaining to 
potential rehabilitation and/or enhancement to the functional capability and operations of the existing Westport 
WWTS. Other technical memorandum will be prepared to summarize other aspects related to the overall project.  
These technical memoranda will serve as supporting information to the Environmental Study Report (ESR), which is 
the main project deliverable for this Municipal Class Environmental Assessment. 
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2. Existing Wastewater Treatment System Description 
2.1 General  

The majority of the developed area in the Village of Westport is served by a network of sanitary sewers, a sewage 
pumping station on Glen Street and a facultative lagoon and Snowfluent based wastewater treatment system.  All 
sewage from the collection system discharges to the main Westport Sewage Pump Station on Glen Street for 
subsequent pumping to the wastewater treatment system.  After facultative lagoon treatment and storage, effluent 
from the facility is dispersed as Snowfluent (ice crystallized effluent) during winter months. 
 
The wastewater treatment system in its current form (lagoon/Snowfluent) was approved under MOE Certificate of 
Approval (CofA) No. 3-1308-95-967 issued on May 24, 1996. The most current amendment to the CofA is approval 
number 8927-89AHET, issue date October 5, 2010. 
 
Recently, under special approval, the WWTS has also used effluent spray irrigation in the summer to provide 
additional effluent disposal capacity.  
 

2.2 Main Sewage Pumping Station  

Westport has one main sewage pump station located on Glen Street that services the entire sanitary collection 
system.  It is a wet well pumping station containing two (2) submersible pumps, each rated at 30 L/s (108 m3/hr) at 
40.5 m TDH. It includes a flow meter and an above ground generator house containing standby diesel generator set 
with automatic transfer switch, fuel storage, electric control panel and flow meter display unit.  The pump station 
conveys the wastewater via a 150 mm diameter PVC forcemain to the receiving lagoon. 
 

2.3 Wastewater Treatment System 

The Westport Wastewater Treatment System was first operated in 1974 as a single cell facultative lagoon treatment 
facility with seasonal discharge via an outfall ditch leading east towards Upper Rideau Lake.  In the 1990’s the 
Village undertook a review of several options for upgrade and implemented a system employing lagoon treatment 
and storage, with winter land application of effluent by EVC® Processing Plant (also known as Snowfluent). In 1995 
the original lagoon (3.5 ha – 55,000 m3) system was upgraded with a second lagoon (1.35 ha – 25,000 m3) and the 
Snowfluent system was commissioned, and the former outfall ditch was abandoned. The Snowfluent system allowed 
for increased storage/treatment of wastewater in a new second lagoon, and uses high pressure effluent water and 
air to be capable of producing ice crystallized effluent (Snowfluent) during winter months. The dispersion system 
included seven (7) towers producing snow over a cleared field deposit area. 
 
The approved rated capacity of the Westport WWTS is 113,150 m3/yr (per CofA), or 310 m3/day. Major components 
of the facility: 
 

• Lagoon Collection / Treatment / Storage; 
• Effluent Transfer Well (Primary Pumping Wet Well); 
• Main Control (Snowfluent) Building; 
• Distribution Valve House; and 
• Dispersion Towers and Snow Deposit Area. 

 
A plan layout of the existing wastewater treatment system site is shown on Figure 2.1. The major components are 
outlined as follows: 
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2.3.1 Lagoon Treatment / Storage 

Sewage from the Main Pump Station is transferred to the lagoon system where it outlets near the centre of the 
original lagoon (Cell 1).  This 3.5 ha clay-lined lagoon has an indicated total operating volume of 55,000 m3, with a 
maximum operating depth of 2.0 m and a freeboard of 0.3 m.  There is a valved Cell 1 outlet pipe to the lagoon 
effluent suction well and interconnected transfer well.   
 
The transfer well is capable of transferring Cell 1 effluent to the newer lagoon (Cell 2) and to the main pumps.  The 
newer lagoon (Cell 2) is membrane-lined and covers an area of 1.35 ha.  It has an indicated total operating volume 
of 25,000 m3, with a maximum operating depth of 2.0 m and a freeboard of 0.3 m. It has valved discharge piping to 
leading to Valve Station #1 and the lagoon effluent transfer well. 
 

2.3.2 Effluent Transfer Well (Primary Pumping Wet Well) 

The effluent transfer well is a below grade reinforced concrete chamber that receives effluent from the lagoon 
effluent suction well and has a 300 mm diameter overflow pipe that discharges back into Lagoon Cell 1.  It has two 
(2) submersible sewage transfer pumps, each rated at 31.5 L/s at a TDH of 30.5m (500 usgpm at TDH of 100 ft). 
The transfer pumps have valved discharge piping capable of directing effluent to Cell 2 for storage/transfer of 
effluent; to the main control building where the snowfluent generation system’s effluent booster pump suction header 
system is located; and to other locations for flushing/transferring. 
 

2.3.3 Main Control (Snowfluent) Building  

The main control building contains the effluent ‘Main’ pumps, air compressor and associated computerized plant 
controls and monitoring systems.  Effluent is received from the sewage transfer well at a common receiving header 
where three (3) multi-stage vertical turbine booster pumps, each rated at 20.8 L/s at TDH of 366.0 m (330 USGPM 
at TDH of 1,200 ft) (note CofA states 18.9 L/s at TDH of 366.0 m), outlet to a common discharge header and onto 
the effluent feed distribution header in the distribution valve house vault.  The compressed air distribution control 
facility consists of one (1) single stage rotary screw type air compressor, rated at 543 L/s standard air at a pressure 
of 1,033 kPa, feeding air to the distribution valve house vault for distribution of air to the dispersion towers. It is also 
capable of feeding air back into the common discharge header in order to clear/purge the effluent water distribution 
piping.   
 

2.3.4 Distribution Valve House 

The distribution valve house contains an effluent distribution header and a compressed air header, in an enclosed 
vault structure.  Both headers have three feed pipes that connect to effluent and compressed air distribution pipes 
leading on to the dispersion towers in the snowfluent deposit area.  Each feed pipe is equipped with an automatic 
valve system capable of on/off operation and draining all distribution piping into the effluent distribution system drain 
pipe.  This pipe drains back to the lagoon effluent suction well. 
 

2.3.5 Dispersion Towers and Snow Deposit Area 

There are seven (7) 8.5 m tall snowfluent generation and dispersion towers located within the snowfluent deposit 
area.  Each tower has a design rating of atomizing and dispersing effluent at a maximum rate of 45 m3/hr (or ice 
crystals at a volumetric rate of approximately 133.5 m3/hr) and a per nozzle maximum flow rating of 22.7 m3/h ea. 
The cleared snow deposit area is approximately 13.0 ha in size. 
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3. Condition Assessment and Functional Capacity Overview 
3.1 Lagoon Cell 1  

Lagoon Cell 1 is a perimeter bermed lagoon structure constructed of clay or clay-like material, with an indicated total 
volume of 55,000 m3.   
 
A sludge depth survey completed in 2014 indicates a sludge buildup of varying thickness in the cell, with an 
increased sludge thickness in Cell 1 near the inlet pipe and around the perimeters.  The estimated total in-situ 
sludge volume is considered significant at approximately 30% of the total cell volume. The sludge is generally below 
the normal operating levels of Cell 1; however future removal is recommended and it has been identified as an 
action item for the facility by the MOECC. 
 
A top of berm elevation survey completed in 2014 identified that portions of the berm were lower than indicated in 
the original design. A portion of the Cell 1 berm on the east side was noticeable lower than original design and was 
considered to impact the maximum operating level. Rehabilitation works were completed in 2014 on the east side as 
a priority phase 1 rehabilitation to restore the top of berm elevation to original design. Other portions of the berm that 
can benefit from rehabilitation to restore original design top of berm elevation are suggested as a future phase(s).  
 

3.2 Lagoon Cell 2 

Lagoon Cell 2 is a 25,000 m3 perimeter bermed lagoon structure constructed of clay or clay-like material and fitted 
with a synthetic liner system.   
 
A sludge depth survey completed in 2014 indicates a sludge buildup of varying thickness in the cell, with an 
increased sludge thickness mainly at some perimeter locations.  The estimated total in-situ sludge volume is 
approximately 20% of the total cell volume. The sludge is below the normal operating levels of Cell 2 and has not 
been identified as an operational concern, suggesting immediate removal is not required.  
 

3.3 Process/Mechanical 

The Snowfluent facility is currently approximately 20 years old. Generally process and mechanical equipment are 
approaching typical service life expectancies or expected occurrences of major rehabilitation. In some cases 
equipment has relatively low use or runtimes relative to age, and should be routinely exercised or rotated to balance 
runtimes.    
 
Primary Pumps (P5 & P6) in the Effluent Transfer Well presently require inspection and repair, or replacement. 
Valve Station #1 and #2 have manual handwheel operated valves in below grade vaults. Various valves within the 
valve stations are seizing and require maintenance. Valve exercising and operation requires confined space entry. 
Retrofitting valves to allow at-grade valve operation would provide an operational benefit.     
 
Strainer equipment located in Valve Station #2 involves confined space entry for servicing requirements.  Potential 
relocation to allow standard access would provide an operational benefit. 
 
The 150 mm diameter transfer line to Cell 2 is a single line that can only transfer flow in one direction at a time. 
Hydraulic and routing constraints preclude the transfer line alone from conveying adequate supply flow to the 
Effluent Transfer Well or Main Pump suction header.     
 
Main Pump P2 presently is not operational and requires inspection and repair. 
 
Interior air handling systems and operations have been modified (e.g. cut openings) – it is understood the 
modifications have been made to better suit conditions when the air compressor is in operation.    
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Lagoon Cell 2 level instrumentation is not functioning properly. Other existing flow metering and various 
instrumentation are reported as functional, but instrument replacement improvements and location convenience 
measures can be considered when existing instrumentation requires servicing/repair. Consideration for Main Pump 
suction pressure switches and installation of a suction header pressure indicating transmitter is suggested.     
 

3.4 Electrical and Control 

The electrical distribution equipment (MCC, transformer and panels) is generally in good condition and has been 
operating satisfactorily. Estimated useful life for this equipment is typically 30 years and with the low number of 
operating hours per year it is likely the typical useful life could be exceeded. 
 
 
Some light fixtures remain of older style and at 20 years old have reached a normal estimated useful life. Any 
remaining interior T12 industrial fluorescent fixtures are recommended to be replaced with T8 or T5 style. Removal 
of all wet/transfer well lights and use of portable explosion-proof lights for personnel access when required is 
recommended.    
 
The control system hardware and software is relatively new. In 2013 the Village completed an upgrade that replaced 
the old PLC and SCADA computer with similar up-to-date hardware and software. 
 

3.5 Towers and Snow Deposit Area 

The underground water/air distribution steel piping is experiencing more frequent leaks as it continues to age. The 
local below-grade valve chambers and valving at the towers are reported as requiring maintenance/repair. Some 
underground distribution piping for the snowmaking towers has been repaired or replaced due to leaks, and currently 
Towers #2 and #5 are not in service. Based on anecdotal information, it is understood distribution piping leading to 
these towers is leaking; and it has been suggested that Tower #5 should not be returned to service at its present 
location, but relocated further away from the tree line. For extended service life and continued use of the existing 
snowmaking system, an annual program of piping replacement with cathodic protection is recommended.   
    
The existing towers are fitted with one (1) snow making nozzle. It is surmised that due to operating experience with 
pump/nozzle operational flow balancing and snow making performance the original 2-nozzle towers were retrofitted 
to use 1-nozzle only. There continue to be issues with nozzle and tower icing and ice buildup, but it is understood 
these issues are to a lesser degree than originally experienced with 2-nozzles per tower. 
 
There are several in-field infiltration ditches to collect surface water from within the snow deposit area and allow it to 
infiltrate into the ground over time. There are no reported issues with these, but future review may be warranted to 
determine if these ditches are functionally needed/beneficial or should be filled in.     
 

3.6 Spray Irrigation 

Due to storage capacity constraints, Cell 2 effluent has been spray irrigated on a portion of the snow deposit area 
each summer since 2012. The spray irrigation is not currently incorporated into the site’s Certificate of Approval; 
rather it has received approval under a Ministry of Environment and Climate Change order on an annual basis.  
 
Using a portable diesel-driven pump and above ground piping connecting to irrigation spray nozzles, the spray 
irrigation conditions are monitored and recorded each operational day. Currently the spray irrigation system is 
anticipated to operate within a range of 50 L/s to 65 L/s with four (4) connected spray nozzles. Total seasonal 
volumetric application is targeted to ensure adequate storage volume exists to carry through to the snow making 
season. Pumping and spray nozzle equipment and configurations have been evolving to improve spray irrigation 
operations. Past operating and environmental monitoring experience has shown that the spray irrigation system has 
to be actively managed to stay within acceptable limits based on groundwater and surface water monitoring.    
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Generally, application over a larger area footprint; movement/rotation of application location(s); shorter and multiple 
spray periods over a longer time rather than a sustained duration period; and avoidance of application during non-
optimum weather/site conditions can all help spray irrigation program performance.   
 

3.7 Functional Capacity  

a) Snow Making 
 

The 2014/5 snow making season is considered to be a good and representative snow making operating 
season with a focus to maximizing snow production. Snow was made during 53 days within the period of 
December 19, 2014 to March 20, 2015. The total volume of snow made in terms of treated effluent 
pumped to the tower nozzles was 55,425 m3. There were other temperature/weather condition 
opportunities to produce snow; however activities such as system maintenance, broken line repair, and ice 
removal from towers, detracted from snow production days. 
 
Factoring in the realities of system down time and suitable climatic conditions, and considering the 
2014/15 season as a representative maximized snow production season; the existing snow making 
system maximum functional capacity is estimated as 55,000 to 60,000 m3 per season.   
 
The above indicated maximum functional snow making capacity of the existing system is approximately 
50% of the current WWTS’s rated capacity of 113,150 m3.      

 
b) Spray Irrigation 
 

The spray irrigation program conducted during the summer of 2014 is considered to be representative of 
efforts to maximize spray irrigation volumes while monitoring to gauge potential environmental impact. The 
2014 spray irrigation volume was 59,389 m3, which was land applied over a full summer/fall season as site 
conditions permitted. Additional spray irrigation volumes were applied, but as an emergency measure 
(non-routine) to avoid over-filling of lagoon cells in late spring. Routine spray irrigation occurred on 118 
days within the period of June 21, 2014 to November 6, 2014. The average daily application rate was 503 
m3/d, and by necessity must be greater than the average WWTS inflow to recover and achieve needed 
storage capacity.  
 
The existing spray irrigation system maximum functional capacity is estimated as 60,000 m3.   

 
c) Lagoon Storage 
 

The total combined volume of Lagoon Cell 1 and Cell 2 is 80,000 m3.  Applying a judgement based 
effective percentage (%) for working storage volume of 70% and 75% to Cell 1 and Cell 2 respectively, 
yields a total functional storage capacity volume of 57,250 m3.  
 
The recent snowmaking seasons have extended over a period of 3 months or 25% of a calendar year. 
Assuming the lagoon cell storage is empty at the end of a snow making season, no other effluent disposal 
capacity is available, and 85% of the calendar year flow is needed as storage, the required functional 
storage volume at the current WWTS’s rated capacity is 96,178 m3 (calculated as 85% of 113,150 m3). 
 
The estimated existing total functional storage capacity is 60% of (or 39,000 m3 less than) the as-
calculated required functional storage volume of 96,178 m3 if no other effluent disposal capacity is 
available outside a three month snow making season (e.g. no spray irrigation). 
 
If both snowmaking and spray irrigation treated effluent disposal maximum functional capacities are 
considered, the total annual disposal capacity is approximately 120,000 m3.  Assuming a maximum 
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‘shoulder’ season duration of three (3) months (e.g. spring/fall) where storage may be necessary; adopting 
a required storage volume of 35% of calendar year flow equates to 39,600 m3 of functional storage volume 
at the current WWTS’s rated capacity. 
 
The estimated existing total functional storage capacity is 145% of (or 17,650 m3 more than) the as-
calculated required functional storage volume of 39,600 m3 if both snow making and spray irrigation 
maximum functional disposal capacities are available. 

 

3.8 Existing Facility Rehabilitation and Capacity Discussion  

Based on the above observations, the Snowfluent snow making and disposal functional capacity is unable to meet 
the facility’s approved capacity rating, and spray irrigation is needed to provide effluent disposal capacity just to meet 
existing conditions. The existing WWTS has components in need of significant repair and the spray irrigation system 
would benefit from enhancement. Generally there appears to be minimal opportunity to expand capacity on the 
existing site with existing processes, and rehabilitation/enhancement is needed to address near term functional 
operations and disposal capacity constraints. Additionally it is noted that snow making is seasonal and weather 
condition dependent, and that the opportunity for snow making is anticipated to be negatively impacted by future 
climate change influences. 
 
The following discussion and comments are based on the context of rehabilitating and/or enhancing the near term 
functional operations and capability of the existing facility. 
 
Spray Irrigation 

 
Incorporating spray irrigation for land application of treated effluent into the Westport WWTS’s standard 
operational activities and approval is a priority, as the existing functional snow making capacity is not 
sufficient to meet required annual effluent disposal volumes. 
 
The existing spray irrigation equipment normally operates with four spray nozzles as a single area/zone 
application. Movement or relocation of equipment is not easily accomplished. The spray irrigation program 
performance would benefit from provision of additional equipment to allow it to operate as a fully installed 
and larger land area two-zone system. Additional distribution piping, valving, and spray nozzles could 
provide valve-over selection capability to alternate between two application zones. Alternation and use of 
two application zones provides for irrigation rest periods, and lowers the volumetric daily surface 
application rate relative to the same volume being applied to a smaller area single zone. 
 
It is anticipated site land area constraints may be limiting to land application (spray irrigation) of treated 
effluent for existing and future disposal requirements. Other/additional suitable lands for land application of 
treated effluent, or potential use of a ‘large subsurface disposal system’ (LSSDS) are likely considerations 
to receive further review. The LSSDS’s are subject to the MOECC engineering review and approval 
process, and involve application-specific performance criteria. Site specific hydrogeological and 
geotechnical/soils evaluations and assessments are needed to support approval agency review of 
proposed land application of treated effluent and/or large subsurface disposal systems.        

 
Snow Making 
 

The Snowfluent system is the core component of Westport’s existing wastewater treatment and disposal 
system. Maintaining or increasing the functional snow making capacity of the Westport WWTS is critical in 
the immediate term. 
 
Condition assessment and other noted items primarily related to maintaining or increasing functional snow 
making capacity include: 
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• Primary Pumps (P5 & P6) repair/replacement 
• Provision for at-grade operation of select vault/transfer well valves 
• Relocation of strainer equipment to provide ease of maintenance/cleaning access 
• Main Pump (P2) repair 
• New/additional Cell 2 transfer line and piping modifications 
• Distribution line repair and other works to return Tower #2 and #5 to service  

 
Additionally, to help maintain snowmaking functional capability during localized maintenance and repair 
requirements, supplemental snow towers that are portable or re-locatable may allow snow making 
operations to continue in a more normal manner when they otherwise could not. The concept of 
supplemental snow towers would be subject to further investigation and review.     
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1. Introduction 

The Village of Westport is located in the United Counties of Leeds and Grenville at the west end of Upper Rideau 

Lake. The serviced developed area within Westport includes a sanitary sewer collection system, and a main sewage 

pumping station that conveys flow to the Westport Wastewater Treatment System (WWTS) for treatment and 

disposal.  

 

The Westport WWTS is owned and operated by the Village of Westport. The WWTS presently consists of two (2) 

sewage lagoon cells, and a Snowfluent® generation and dispersion system. The 22.6 ha ‘Snow Deposit Area’ 

functions as a subsurface disposal system.  The existing WWTS possesses an Ontario Ministry of the Environment 

and Climate Change (MOECC), OWRA Section 53 Certificate of Approval (CofA) for an approved rated capacity of 

310 m
3
/day.  Figure 1.1 provides an aerial image of the Westport WWTS and vicinity. 

 

Figure 1.1 - Aerial Image of Westport WWTS 

 
 

 

In May 2015, the Village retained AECOM Canada Ltd. (AECOM) to undertake a Schedule “C” Class Environmental 

Assessment (EA) for rehabilitation / expansion of the Westport WWTS.  The Village has received partial grant 

funding for this project from the Ontario Community Infrastructure Fund (OCIF).  The provided funding requires that 

all works associated with the WWTS rehabilitation / expansion be completed by December 31
st
, 2016. 

 

Technical Memorandum No. 5 (TM#5) has been prepared to consider wastewater servicing alternatives for the 

Westport WWTS, and present a Class EA Phase 2 summary report. This Technical Memorandum (TM) is intended 

to identify and evaluate alternate solutions and also identify a preliminary recommended preferred solution for review 

agency and public consultation purposes. Other technical memoranda have, and will be prepared to summarize 

other aspects related to the overall project and further consider design concepts for the preferred solution. Together 

the technical memoranda, reports and consultation activities will serve as supporting information to the 

Environmental Study Report (ESR), which is the main project deliverable for this Municipal Class Environmental 

Assessment. 
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2. Existing Wastewater Treatment System Description 

2.1 General 

The Village of Westport is served by a network of sanitary sewers, a sewage pumping station on Glen Street and a 

facultative lagoon and Snowfluent based wastewater treatment system.  All sewage from the collection system 

discharges to the main Westport Sewage Pump Station on Glen Street for subsequent pumping to the wastewater 

treatment system.  After facultative lagoon treatment and storage, effluent from the facility is dispersed as 

Snowfluent (ice crystallized effluent) during winter months. 

 

The wastewater treatment system, in its current form (lagoon/Snowfluent), was approved under MOE Certificate of 

Approval (CofA) No. 3-1308-95-967 issued on May 24, 1996. The most current amendment to the CofA is approval 

number 8927-89AHET, issue date October 5, 2010. 

 

Recently, under special approval, the WWTS has also used effluent spray irrigation in the summer to provide 

additional effluent disposal capacity.  

 

2.2 Wastewater Treatment System 

The Westport Wastewater Treatment System (WWTS) was first operated in 1974 as a single cell facultative lagoon 

treatment facility with seasonal discharge via an outfall ditch leading east towards Upper Rideau Lake. In the 1990’s 

the Village undertook a review of several options for upgrade and implemented a system employing lagoon 

treatment and storage, with winter land application of effluent by EVC® Processing Plant (also known as 

Snowfluent). In 1995 the original lagoon (3.5 ha – 55,000 m
3
) system was upgraded with a second lagoon (1.35 ha – 

25,000 m
3
) and the Snowfluent system was commissioned, and the former outfall ditch was abandoned. The 

Snowfluent system allowed for increased storage/treatment of wastewater in a new second lagoon, and uses high 

pressure effluent water and air to be capable of producing ice crystallized effluent (Snowfluent) during winter 

months. The dispersion system included seven (7) towers producing snow over a cleared field deposit area. 

 

The approved rated capacity of the Westport WWTS is 113,150 m
3
/year (per CofA), which equates to an annual 

average day flow of 310 m
3
/day. Major components of the facility include: 

 

 Lagoon Collection / Treatment / Storage; 

 Effluent Transfer Well (Primary Pumping Wet Well); 

 Main Control (Snowfluent) Building; 

 Distribution Valve House; and 

 Dispersion Towers and Snow Deposit Area. 

 

A plan layout of the existing wastewater treatment system site is shown on Figure 2.1. The major components are 

outlined as follows: 
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2.2.1 Lagoon Treatment / Storage 

Sewage from the Main Pump Station is transferred to the lagoon system where it outlets near the centre of the 

original lagoon (Cell 1).  This 3.5 ha lagoon has an indicated total operating volume of 55,000 m
3
, with a maximum 

operating depth of 2.0 m and a freeboard of 0.3 m.  There is a valved Cell 1 outlet pipe to the lagoon effluent suction 

well and interconnected transfer well.   

 

The transfer well is capable of transferring Cell 1 effluent to the newer lagoon (Cell 2) and to the main pumps.  The 

newer lagoon (Cell 2) covers an area of 1.35 ha.  It has an indicated total operating volume of 25,000 m
3
, with a 

maximum operating depth of 2.0 m and a freeboard of 0.3 m. It has valved discharge piping to leading to Valve 

Station #1 and the lagoon effluent transfer well. 

 

2.2.2 Effluent Transfer Well (Primary Pumping Wet Well) 

The effluent transfer well is a below grade reinforced concrete chamber that receives effluent from the lagoon 

effluent suction well and has a 300 mm diameter overflow pipe that discharges back into Lagoon Cell 1.  It has two 

(2) submersible sewage transfer pumps, each rated at 31.5 L/s at a TDH of 30.5m (500 usgpm at TDH of 100 ft). 

The transfer pumps have valved discharge piping capable of directing effluent to Cell 2 for storage/transfer of 

effluent; to the main control building where the snowfluent generation system’s effluent booster pump suction header 

system is located; and to other locations for flushing/transferring. 

 

2.2.3 Main Control (Snowfluent) Building  

The main control building contains the effluent ‘Main’ pumps, air compressor and associated computerized plant 

controls and monitoring systems.  Effluent is received from the sewage transfer well at a common receiving header 

where three (3) multi-stage vertical turbine booster pumps, each rated at 20.8 L/s at TDH of 366.0 m (330 USGPM 

at TDH of 1,200 ft) (note CofA states 18.9 L/s at TDH of 366.0 m), outlet to a common discharge header and onto 

the effluent feed distribution header in the distribution valve house vault.  The compressed air distribution control 

facility consists of one (1) single stage rotary screw type air compressor, rated at 543 L/s standard air at a pressure 

of 1,033 kPa, feeding air to the distribution valve house vault for distribution of air to the dispersion towers. It is also 

capable of feeding air back into the common discharge header in order to clear/purge the effluent water distribution 

piping.   

 

2.2.4 Distribution Valve House 

The distribution valve house contains an effluent distribution header and a compressed air header, in an enclosed 

vault structure.  Both headers have three feed pipes that connect to effluent and compressed air distribution pipes 

leading on to the dispersion towers in the snowfluent deposit area.  Each feed pipe is equipped with an automatic 

valve system capable of on/off operation and draining all distribution piping into the effluent distribution system drain 

pipe.  This pipe drains back to the lagoon effluent suction well. 

 

2.2.5 Dispersion Towers and Snow Deposit Area 

There are seven (7) 8.5 m tall snowfluent generation and dispersion towers located within the snowfluent deposit 

area.  Each tower has a design rating of atomizing and dispersing liquid effluent at a maximum rate of 45 m
3
/hr (or 

making ice crystals/snow at an equivalent volumetric rate of approximately 133.5 m
3
/hr) and a per nozzle maximum 

flow rating of 22.7 m
3
/hr ea. The cleared snow deposit area is approximately 13.0 ha in size. 
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3. Projected Wastewater Servicing Requirements 

The projected wastewater servicing information and requirements provided below are described in more detail in 

Technical Memorandum No.1 (TM#1) – Wastewater Servicing Characterization and Information. Please refer to 

TM#1 for additional planning and design basis information. 

 

3.1 Current and Projected Future Population 

The projected future populations (as equivalent population) were developed in conjunction with the Village of 

Westport and the Technical Steering Committee. Future growth projections are considered valid for the Class EA 

study, but are noted as being greater than the existing Official Plan information. Table 3.1 presents the current and 

projected future (10-year and 20-year) equivalent populations. 

 

Table 3.1 - Current and Projected Future Population 

Current and Projected  
Future Population 

Period 
Equivalent 
Population 

Current   585 

10 year (2025) 913 

20 year (2035) 1,356 

 

3.2 Current and Projected Future Flows 

Based on the projected future populations, Table 3.2 presents the current and projected future (10-year and 20-

year) wastewater flows. 

 

Table 3.2 - Current and Projected Future Flows 

Current and Projected Future Flows 

Period / Item 
Avg Day 

Flow (m
3
/d) 

Avg Day Flow 
(m

3
/yr) 

Max Day Flow 
(m

3
/d) 

Historic Period Avg 289 105,485 1,156 

10 Year (2025) 437 159,359 1,704 

20 Year (2035) 636 232,168 2,417 

Existing Rated 
Capacity 310 113,150 

 

 

The 10 year and 20 year projected future flows are approximately 1.5x and 2.2x greater than the current flows. The 

historic period average day flow (ADF) is approximately 95% of the existing wastewater treatment facility rated 

capacity. However, there have been individual calendar year occurrences of the annual average day flow being 

greater than 310 m (e.g. year 2014 – 334 m
3
/d annual ADF). 
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3.3 Historical and Projected Future Influent Concentrations 

Historical (as period average 2011-2014) and suggested future average day flow (ADF) wastewater/influent 

concentrations for typical wastewater characterization parameters are provided in Table 3.3. 

 

Table 3.3 - Influent Concentrations 

Influent Concentrations 

Item BOD (mg/L) TSS (mg/L) P-Total (mg/L) TKN (mg/L) 

Period Average 182 181 3.6 32 

Suggested ADF Design Values 200 210 5.0 36 

 

 

 

4. Current Status and Key Issues 

Information and key issue comments provided below draw upon observations and information contained within other 

Technical Memoranda, pre-consultation activities with the Ministry of the Environment and Climate Change 

(MOECC) and Rideau Valley Conservation Authority (RVCA), and Technical Steering Committee input. 

 

4.1 Community Growth and Wastewater Servicing Capacity 

Presently the Village of Westport is limited in its ability to approve any new developments in the Village of Westport 

due to lack of sewage treatment capacity. Historic period average wastewater/influent flows are approximately 95% 

of the Westport WWTS rated capacity, and there have been occurrences of calendar year average day flows 

exceeding the Westport WWTS annual average day flow rated capacity. 

 

Westport is seen as a potential growth community, and the Village projects significant future development and 

population increases. The associated 10 year and 20 year projected future flows are approximately 1.5 times and 

2.2 times greater than the current flows. 

 

4.2 No Surface Water (Upper Rideau Lake) Discharge 

Regulatory agency pre-consultation activities with MOECC identified that the Ministry has taken the position that 

there should be no surface water discharge to the Upper Rideau Lake from the Westport WWTS. An excerpt from 

the July 28, 2015 memorandum stated that “…the Upper Rideau Lake being a potential receiving water body of the 

Westport WWTS…is not an acceptable option…” Justification from this position were provided based on related to 

Upper Rideau Lake water quality concerns (e.g. blue-green algae bloom occurrences), lake total phosphorus levels 

considered a ‘Policy 2’ lake (i.e. above Provincial Water Quality Objectives), and the MOECC regional draft 

abatement policy with respect to the Rideau system. 

 

The alternate remaining general option for effluent disposal is land based ‘subsurface’ disposal. 

 

4.3 Functional Effluent Disposal Capacity 

Considering operational data and judgement based functional capacity determinations, the full existing functional 

capacity of both the snowmaking and spray irrigation disposal systems are required to meet existing annual and 

seasonal effluent disposal volume requirements. 
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The existing functional capacity of the snowmaking disposal system is significantly less than what is needed to meet 

existing annual disposal volume requirements. 

 

Summer spray irrigation has been used in recent years under a special approval for additional disposal capacity. It is 

not part of the existing approved system under the current Certificate of Approval. 

 

The existing effluent disposal capacity capability is the priority operational constraint of the Westport WWTS.  

 

4.4 Subsurface Disposal - Site Suitability and Capability 

It is a commonly held view, which has been expressed by both MOECC and the RVCA staff, that the site is not ideal 

in terms of generally desired characteristics (such as deep/thick overburden, sandy soils, very low water table, large 

buffer distances and available attenuation zone, etc.) for subsurface infiltration and disposal systems. It is envisioned 

that regulatory agency review and input will contribute to further subsurface disposal considerations and potential 

characterization and evaluations in support of upgraded and/or replacement subsurface disposal system(s) at this 

site. 

 

Based on existing ‘reasonable use concept’ threshold limits and the current WWTS operations, the theoretical 

maximum effluent dispersal capacity of the approved ‘Snow Deposit Area’ is estimated as 350 m
3
/d. 

 

4.5 No Identified Additional Land Availability 

A majority of the existing Westport WWTS is located on property within the Township of Rideau Lakes on Village 

owned land. Adjacent and surrounding lands are privately owned. Presently, there are no identified adjacent or 

nearby additional lands that are available to the Village of Westport for potential wastewater treatment or disposal 

uses. 

 

4.6 Private and Municipal Water Supply and Source Water Protection 

The municipal water supply draws water from two municipal water wells near the center of the Village of Westport. 

The Village has abandoned Well #1 in favour of drawing from Well #2 and Well #3.  Background testing and 

historical indicators of surface water influence on Well #1 resulted in its abandonment.  Well taking from Well #3 has 

been increased to the level approved for Well #2; each now rated at 900 m
3
/day. Additionally, treated water from 

both wells is now subject to ultraviolet (UV) disinfection in addition to chlorination. 

 

The Mississippi Valley and Rideau Valley Conservation Authorities completed a comprehensive Source Water 

Protection Assessment Report in December 2011. The assessment report considered the deep groundwater system 

(known as the March and Nepean aquifers) for the Well Head Protection Area (WHPA) for the municipal wells. A 

future forecast water taking rate (average day) of 428 m
3
/d, was used in the Assessment Report to delineated 

WHPA zones for the 2, 5 and 25 year times of travel. The model delineated WHPA zones would get bigger/larger 

with increased water taking rates from the wells. The Westport WWTS property is up gradient of the municipal wells, 

and lies mainly within the 25 year WHPA zone (the 5 year WHPA zone delineation covers a very small northeast 

portion of the property). 

 

The Mississippi-Rideau Source Protection Plan (MRSPP) indicates that the area local to the municipal wells has 

been classified as a Highly Vulnerable Aquifer (HVA) and Significant Groundwater Recharge Area (SGRA).  It is 

noted that the Westport WWTS property similarly is located within the HVA boundary, but is more than 300 m 

beyond (outside) the limits of the SGRA. 
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4.7 Spray Irrigation and Active Management 

Due to effluent disposal and storage capacity constraints, Cell 2 effluent has been spray irrigated on a portion of the 

snow deposit area each summer since 2012. The spray irrigation is not currently incorporated into the site’s 

Certificate of Approval; rather it has received approval under a Ministry of Environment and Climate Change order 

on an annual basis.  

 

Total seasonal volumetric application is targeted to ensure adequate storage volume exists to carry through to the 

snow making season. Pumping and spray nozzle equipment and configurations have been evolving to improve 

spray irrigation operations. Past operating and environmental monitoring experience has shown that the spray 

irrigation system has to be actively managed to stay within acceptable limits based on groundwater and surface 

water environmental monitoring. 

 

4.8 Available Funding and Financial Constraints 

The Village of Westport received numerous endorsement and agency support for, and was successful with a 2014 

Ontario Community Infrastructure Fund (OCIF) funding application for WWTS upgrades. The OCIF funding is the 

amount of $2.2 million, of which 90% is grant, and includes the condition that the project works must be complete by 

the end of December 2016. 

 

The Village of Westport is actively pursuing other funding, however the Village’s economic capabilities for Westport 

WWTS upgrades may have a financial limitation/constraint. 

 

4.9 Time Constraints and Staged Implementation 

Largely due to the OCIF funding program conditions, the Class EA study and subsequent implementation of all or 

part of a preferred alternative are subject to time constraints. It is anticipated that time and site constraints, and the 

potential requirement for additional land(s) will suggest that it is appropriate for the Class EA study and 

implementation schedule of a preferred alternative solution being identified as staged. Conceptually, a first or near-

term stage would be structured to address prioritized immediate needs, within time, funding, and site constraints. 

Adopting a staged approach has been discussed during pre-consultations with the MOECC and is considered 

appropriate. 

 

The Class EA Environment Study Report (ESR) will identify the planning process as adopting a staged approach, 

with a near term first stage to be followed by a subsequent stage(s) of implementation. Benefits of the staged 

approach are seen to include: allowing priority operational constraints and other immediate needs to be addressed 

as Stage 1 upgrades in a timely fashion; scoping of Stage 1 works such that they are supported by the existing OCIF 

funding program and are within financial implementation capabilities; and providing supporting information or 

preparation activities for subsequent stages. Drawbacks of a staged approach may include: Stage 1 considerations 

and decision making processes are prior to knowing the full nature or influences of future stage(s) options; the 

capability of stage 1 works to address the study’s problem/ opportunity statement will likely be limited; and, 

depending of the nature and timing of subsequent stage(s), the subsequent stage(s) may require and involve an 

update to the Environmental Study Report. 

 

5. Problem / Opportunity Statement 

The Municipal Class Environmental Assessment (Class EA) planning process includes the identification and 

description of the problem or opportunity, with the objective being to develop a clear statement of the problem or 

opportunity being addressed. 
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Westport WWTS Class EA developed problem / opportunity statement: 

 

“The current Village of Westport wastewater treatment system (WWTS) is experiencing operational 

constraints and is at its approved capacity limit for average day influent flows (currently rated at 310 m
3/
day). 

Additional WWTS capacity is needed to adequately service existing and projected future wastewater flows. 

The Village wishes to identify a preferred alternative(s) to meet existing and future community needs for 

wastewater servicing. The Village of Westport is undertaking a “Municipal Class “C” (full) Environmental 

Assessment for the Rehabilitation/Expansion of the Village of Westport’s Wastewater Treatment System.” 

Principle considerations of the undertaking are to include: 

 

 Existing Infrastructure: Consider ways to maximize the use of and optimize the existing WWTS to 

recognize previous investments in site infrastructure;  

 Staged Approach: Consider options that may allow for a staged approach to meet the Village of 

Westport’s growth objectives and the Village’s Ontario Community Infrastructure Fund (OCIF) 

program funding requirements; 

 Zero Discharge to Upper Rideau Lake: Consider that any alternative must have zero discharge to 

Upper Rideau Lake to have a favourable review by the regulatory approval agency - Ministry of 

Environment and Climate Change; 

 Source Water and Groundwater Protection: Consider that any rehabilitated or new system should 

minimize potential risks to source water and groundwater; and 

 Financial Sustainability and Timing: Consider potential financial viability, system sustainability 

and/or associated constraints related to alternative options. Available resources and other funding 

support can significantly affect implementation timelines.”  

 

 

6. Environment Inventory Considerations 

The Municipal Class EA identifies the requirement to identify an inventory of the natural, social and economic 

environment as part of Phase II Alternative Solutions activities. This section of the report identifies preliminary 

information regarding these areas for the purposes of a preliminary screening of the alternatives towards a preferred 

solution. 

 

The inventory includes a characterization of the WWTS site and its surrounding area, features that are located 

generally within 400 m of the existing site. 

 

The inventory includes: 

 Land Use Planning Objectives: Provincial Policy Statement and Official Plans; 

 Physical Environment: Landforms and geology, groundwater quality, surface water quality; 

 Natural Environment: terrestrial vegetation and wetlands, terrestrial and aquatic wildlife and habitat, and 

connections provided by, or between these resources; 

 Social and Economic Environment: existing communities, residential areas and recreational areas, as well 

as commercial and industrial land uses and activities and property impacts.  

 Cultural Environment: Archaeological resources, areas of archaeological potential, built heritage resources, 

cultural heritage landscapes, cultural heritage resources, First Nations/ Aboriginal Peoples 
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6.1 Land Use Planning Objectives 

The Village of Westport has a council that includes a Mayor and four councillors. The local government has 

responsibility for village services including administration, taxation, and public works. The community works closely 

with the neighboring Township of Rideau Lakes for fire department services, and with the County of Leeds and 

Grenville for upper-tier services and emergency response.    

 

In considering the Westport Wastewater Treatment System, the plans and policies identified in the Village of 

Westport Official Plan and Township of Rideau Lakes Official Plan were considered. At a provincial level, the 

Provincial Policy Statement (PPS) for 2014 was also considered. The Places to Grow Act (2005) and associated 

growth plans do not apply to this region.    

 

6.1.1 Provincial Policy Statement 

 

Under the Ontario Planning Act (s. 3), development in Ontario must be consistent with the Provincial Policy 

Statement. The Provincial Policy Statement (PPS) 2014 was considered with respect to this undertaking. 

 

Section 1.6.6 of PPS 2014 seeks to ensure that planning for sewage services shall “direct and accommodate 

expected growth in a manner that promotes the efficient use and optimization of existing “municipal sewage 

services…” (PPS, 2014). The section also seeks to ensure that the systems are provided in a manner that:  

 

 Can be sustained by the water resources upon which such services rely;  

 Is feasible, financially viable and complies with all regulatory requirements; and  

 Protects human health and the natural environment; (PPS, 2014).   

 

PPS 2014 requires that there is a consideration to promote water conservation and water use efficiency, that 

municipalities seek to integrate servicing and land use considerations at all stages of the planning process, and to be 

in accordance with the servicing hierarchy which suggests that municipal sewage services are preferred for 

settlement areas above other types of sewage services and partial services (outlined through PPS policies 1.6.6.2, 

1.6.6.3, 1.6.6.4 and 1.6.6.5). PPS 2014 also requires that planning authorities may allow lot creation only if there is 

confirmation of sufficient reserve sewage system capacity…with municipal sewage services.” (PPS, 2014).   

 

PPS 2014 was considered as part of the development of the Problem / Opportunity Statement by considering: 

 Options to make efficient use of existing infrastructure and the site;  

 Financial limitations and potential funding; 

 Potentially sensitive natural environmental features (such as the Upper Rideau Lake); and  

 Seeking to address municipal growth considerations. 

 

The Village of Westport is also considering water conservation and water use efficiency improvements outside of the 

Environmental Assessment to seek opportunities to reduce Inflow and Infiltration into the wastewater system.   

 

6.1.2 Village of Westport 

 

The Village of Westport Official Plan was last consolidated in July 2008 and oversees local land use policies, 

transportation, municipal services, zoning, as well as forming the foundation for other By-laws and local governance.  

In addition to conforming to other aspects of the Official Plan, The WWTS will seek to meet the Groundwater 

protection requirements of the Village of Westport outlined in section 3.20 of the Official Plan: 
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“The Village of Westport is committed: 

 

 To maintain the quantity and quality of the groundwater resources in order to protect it as a safe supply of 

potable water for current and future generations;  

 To the implementation of measures for protection of surface water quality and ensure the maintenance of 

long term quality and quantity in the groundwater; and 

 To accommodate new technologies and development forms for groundwater sustainability” (Village of 

Westport Official Plan, 2008) 

Section 4.5 of the Westport Official Plan outlines the requirements of the “Sewage Treatment Facility” which allows 

for the treatment of municipal sewage on the existing site such that is operates under a Certificate of Approval from 

the Ministry of the Environment, and must protect adjacent land from potential adverse impacts. The Official Plan 

also requires the following: 

 The sewage treatment plant must be located an adequate distance from any land use susceptible to noise, 

odours or groundwater contamination and must meet the requirements of Guideline D-2, Compatibility 

between Sewage Treatment and Sensitive Land Use prepared by the Ministry of the Environment and 

Climate Change.   

 A sewage treatment plant will be located so that contamination of groundwater does not occur.  

 Any sewage treatment plant must be operated in accordance with the requirements of the Ontario Water 

Resources Act and any regulations hereunder.  

 Any proposed development within 400 m of an existing sewage treatment facility will also be subject to the 

requirements of Guideline D-2, referenced above. 

 

In addition, the establishment of a new sewage treatment plant would require an amendment to the Zoning By-law 

as well as a Certificate of Approval from the Ministry of the Environment and Climate Change.   

 

Figure 6.1 is the Village of Westport Official Plan map “Schedule A” (2006) which outlines core residential and 

business areas.  Notably, the map includes the 400 m Influence Area for the existing Sewage Treatment Facility 

(Westport WWTS) as well as “Residential Unserviced Areas” which are not connected to the Westport WWTS due to 

existing constraints.   
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Figure 6.1 - Village of Westport Official Plan Map (2006) 

 

 

Figure 6.2 is the Village of Westport Zoning By-law Map (2008) which provides more details about individual parcel 

zone classifications. The Existing Westport WWTS is zoned as “STF – Sewage Treatment Facility,” while 

immediately adjacent parcels are “RU- Rural.” Within the 400 m Sewage Treatment Facility are lands zoned as “C2 

– Highway Commercial,” Residential (“R1- Residential First Density”; “R2- Residential Second Density”) and “HI – 

Holding Zone Residential/Institutional.”       
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Figure 6.2 - Village of Westport - Zoning Classification Map - Zoning By-Law Amendment (2008) 

 

6.1.3 Township of Rideau Lakes 

 

The Village of Westport Wastewater Treatment System is unique from a land use planning perspective as it is 

located partially within the Township of Rideau Lakes. The Village will work with the Township of Rideau Lakes and 

United Counties of Leeds and Grenville to determine potential requirements for meeting or seeking amendments to 

existing by-laws associated with future WWTS upgrades.  

 

The Township of Rideau Lakes Zoning By-Law (No. 2005-6) identifies the area as “MD – Disposal Industrial” while 

adjacent lands are zoned “RU- Rural.” To the north of the site, the Tackaberry & Sons Quarry is “EX- Mineral 

Aggregate Extraction” while to the South of the Site is an “I- Institutional” zone for the Township of Rideau Lakes 

Aerodrome operated by the Rideau Lakes Flying Club. The map also includes an identified sewage treatment facility 

influence area for the portion of the Westport WWTS within the Township of Rideau Lakes.  

 

Figure 6.3 includes a map from the Township of Rideau Lakes Zoning By-Law (No. 2005-6), showing the existing 

WWTS (identified as MD- Disposal Industrial) and the surrounding area: 
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Figure 6.3 - Township of Rideau Lakes - Excerpt from Zoning By-Law No. 2005-6 Schedule A2 - 

North Crosby Ward (2005) 

The Township of Rideau Lakes is anticipated to be updating its Official Plan following the adoption of the completion 

and implementation of the United Counties of Leeds and Grenville Official Plan.   

 

6.1.4 United Counties of Leeds and Grenville 

 

The United Counties of Leeds and Grenville adopted its Official Plan in July 2015. The plan’s associated maps 

identify that the around the Village of Westport is predominately designated as “rural lands” with some quarry and pit 

resources located in the vicinity. There are no ‘Areas of Natural & Scientific Interest (ANSIs) or protected wetlands’ 

identified within 400 m of the existing Westport WWTS.    

 

The Official Plan Section 6.3.1. “Sewage and Water Services” will be considered when determining suitable 

municipal sewage servicing. The policy states that the responsibility for municipal sewage services rests with the 

local municipalities, and that the Counties will “promote efficient and environmentally responsible development which 

is supportable on the basis of the appropriate sewage and water services consistent with the Provincial Policy 

Statement.” (United Counties of Leeds and Grenville, 2015).  

 

The Counties policy with respect to planning municipal services follows that of the Provincial Policy Statement 

(2014) with a hierarchy of preferred municipal sewage service, noting that a municipal services are the preferred 

form of sewage treatment. Intensification and redevelopment should also be promoted where feasible. Development 

must also confirm the availability of sewage services.   

 

The Counties also encourage the use of green infrastructure to complement infrastructure, as well as separation 

distances as identified by the Province’s Guideline D-2 “Compatibility between Sewage Treatment and Sensitive 

Land Use” as identified in local municipal official plans. (United Counties of Leeds and Grenville, 2015).  
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These considerations are noted, and the Westport WWTS will be designed to achieve applicable provincial and 

municipal standards.  

 

6.2 Physical Environment 

The physical environment information provided below is described in more detail in Technical Memorandum No.3 

(TM#3) – Existing Subsurface Disposal Site Capacity Considerations. Please refer to TM#3 for additional 

information. 

 

6.2.1 Physiography and Topography 

The Westport WWTS is located within the Algonquin Highlands physiographic region (Chapman and Putnam, 2007).  

This region covers an area of greater than 40,000 km
2
 to the east of Georgian Bay, south of North Bay and west of 

the Ottawa River.  The Village of Westport is located in the southern portion of the region, near the boundaries of the 

Georgian Bay Fringe and Smiths Falls Limestone Plain physiographic regions to the west and east, respectively. 

 

The Algonquin Highlands are underlain by granite and other Precambrian rocks that are draped in (typically thin) 

stony, sandy, and acidic soils (Chapman and Putnam, 1984).  Bedrock outcrops represent less than 5% of the 

overall ground surface.  Soil thickness can vary greatly over short distances and many valleys contain outwash sand 

and gravel.  The land surface in the Algonquin Highlands is broadly dome shaped, with the crown located in 

southern Algonquin Park at an elevation of approximately 520 mASL. 

 

Shallow till and rock ridges are by far the most common physiographic landform present in the region (Chapman and 

Putnam, 2007).  Other landforms in proximity to the Site include kame moraines, sand plains, drumlinized till plains, 

limestone plains, and clay plains.  The Westport WWTS site itself is mapped as a kame moraine, and site-specific 

reporting prepared by a previous consultant indicates that a kame or drumlin feature is present, south of the eastern 

lagoon (Soilrock Consultants Inc., 1995). 

 

Regionally, the ground surface is poorly drained with many small lakes and wetland features scattered throughout 

the landscape.  This is particularly common in the areas where bedrock is close to surface and rounded knobby 

outcrops occur.  Topography in these locations is variable with sharp changes occurring over relatively short 

distances.  The topography in the vicinity of the Site is more gradual, with the land surface sloping towards 

surrounding water bodies (EMRC, 1994). 

 

6.2.2 Drainage 

To the west of the Site, the land drains north / northwest toward Westport Sand Lake.  The closest named drainage 

feature is Sicklers Creek, which is located about 2.5 km west of the Site (EMRC, 1994).  Lands in the immediate 

vicinity of the Site drain toward Westport Pond and/or the Upper Rideau Lake, located to the north / northeast. 

 

6.2.3 Surface Water Resources 

Significant local surface water features include (from west to east):  Wolfe Lake, Westport Sand Lake, Westport 

Pond, and Upper Rideau Lake (EMRC, 1994).  Water levels in these features are artificially regulated by a number 

of existing dam structures, including:  Wolfe Lake Dam, Sand Lake Dam, and Westport Dam.   

 

Several minor watercourses in the vicinity of the Site convey water toward either Westport Pond or Upper Rideau 

Lake; however, the names of these features are not included in the reviewed mapping. 
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6.2.4 Quaternary Geology 

Regionally, the surficial geology is dominated by Precambrian bedrock with variable drift cover.  The area 

surrounding the Village of Westport and the Site is underlain by a deposit of glacial sediments that is continuous 

from Wolfe Lake to the Upper Rideau Lake.  Quaternary Geology mapping (scale: 1:1,000,000) prepared by the 

Ontario Geological Survey (OGS, 2000) describes a majority of this deposit as undifferentiated, predominantly sandy 

silt to silt till.  A second deposit of glaciofluvial sand and gravel is shown to abut the southern boundary of the till 

deposit.  In terms of proximity to the Site, the sediments are generally divided by County Road 10, such that the till 

lies to the north and the glaciofluvial deposit lies to the south.  Satellite imagery indicates that this regionally, rare 

example of continuous overburden cover has been heavily utilized for agricultural purposes.  

 

OGS (2010) surficial geology mapping (scale: 1:50,000) includes additional detail and indicates that the sand and 

gravel deposit is less abundant and occurs in isolated pockets, rather than as an areally contiguous deposit).  The 

coarse grained sediments are shown as both glaciolacustrine and ice-contact stratified deposits.  Other local 

Quaternary sediments not shown in the 1:1,000,000 scale mapping include fine-textured glaciolacustrine and 

organic deposits. 

 

Site-specific work completed by previous consultants has shown that the surficial geology at the Site generally is 

comprised of shallow overburden soil that is between about 1 m and 5 m thick, generally increasing from north to 

south (Geo-Canada Ltd., 1991 and 1993; Soilrock Consultants Inc., 1995).  The soils are described as being 

comprised predominantly of sand with variable gravel, silt and clay content.  Soilrock Consultants Inc. (1995) 

reported silty sand till present across most of the central and southern portions of the Site and coarser-grained 

deposits typically along the south side of the Site, most likely representing the edge of the kame or drumlin feature 

that extends off-Site. 

 

6.2.5 Bedrock Geology 

The Site is located on the eastern flank of the Frontenac Axis, a ridge of Precambrian igneous rocks that forms part 

of the Canadian Shield.  In this part of eastern Ontario, the Frontenac Axis divides the younger sedimentary bedrock 

found to the east and west of the ridge.  OGS Paleozoic mapping (scale: 1:50,000) indicates that in the Westport 

area, the Precambrian rocks are overlain by younger Nepean Formation sandstone, with small occurrences of the 

March Formation sandstone / dolostone, and the Gull River Formation limestone / dolostone / shale / sandstone 

(Armstrong and Dodge, 2007). 

 

A review of available OGS karst geology mapping for the area denotes areas categorized by OGS as “known karst”, 

“potential karst”, or “inferred karst”.  The western extent of the Site near Lagoon #2 and adjacent lands to the 

northwest, west and southwest is interpreted by OGS as either “potential” or “inferred” karst due to the local 

occurrence of Gull River Formation bedrock.  Based on a review of background technical reports for the Westport 

WWTS, on-Site borehole drilling logs and observations made during more recent Site reconnaissance by AECOM, 

no obvious developed karst features have been identified at the Site.  We understand that weathered bedrock 

at/near the surface has been observed locally, however this does not necessarily indicate the presence of karst 

features. 

 

Bedrock typically is close to surface on the Site, at less than 5 m below ground surface (BGS).  As part of a 

Hydrogeological Study completed in 1993, Geo-Canada Ltd. collected bedrock core samples at two (2) locations 

southwest of the eastern lagoon, and identified it as Precambrian age metasedimentary rock. 

 

In 1995, Soilrock Consultants Inc. drilled two boreholes into the bedrock in the same approximate area as Geo-

Canada Ltd.  The upper bedrock in these boreholes was reported as being sandstone with siltstone partings 

overlying fossiliferous shale and dolomitic sandstone with siltstone partings.  A second program run by Soilrock 

Consultants Inc. in 1995 included the drilling of 11 boreholes on the Site.  Based on this program, the bedrock was 

reported to be fossiliferous shaly or dolomitic limestone which is interbedded with other sedimentary shales, 

sandstones and siltstones.  The more detailed bedrock logging work completed by Soilrock Consultants Inc. 

suggests that the metasedimentary rock previously reported by Geo-Canada Ltd. likely was misinterpreted.  
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A conceptual geologic cross-section, prepared for the Rideau Valley Source Protection Area Assessment Report, 

indicates that Precambrian rocks are as deep as 45 mBGS in the vicinity of the Site; however, the location of 

boreholes used to prepare the section were not included (MRSPR, 2011). 

 

6.2.6 Hydrogeology 

Regionally, the groundwater flow direction is reported as being variable, depending on proximity to local significant 

surface water bodies, including: Westport Sand Lake, Upper Rideau Lake, and Newboro Lake (Geo-Canada Ltd., 

1993).  Soilrock Consultants Inc. (1995) reported that the water table on-Site resides at a depth of between about 

1 m to 2 mBGS, generally being at, or slightly above, the bedrock surface.  Horizontal groundwater flow is reported 

as being primarily towards the northeast with some potential variability based on the nature of the bedrock surface 

and potential presence of karst features (unconfirmed). 

 

Vertical hydraulic gradients calculated for eight (8) nested piezometers on the Site are reported as being downward, 

except at the west end of the eastern lagoon (Cell 1), where an upward gradient was measured on two occasions 

(Soilrock Consultants Inc., 1995). 

 

It is inferred that the groundwater flow pattern is influenced by the topography of the bedrock surface below the Site 

(Soilrock Consultants Inc., 1995).  This influence will result in deviation from the general northeast flow direction 

across the Site, including dipping bedrock potentially affecting groundwater flow southeast of the western lagoon, a 

bedrock high impeding flow in the vicinity of the western lagoon (Cell 2), and upward vertical gradients related to a 

possible bedrock high in the vicinity of the eastern lagoon.  

 

6.2.7 Aquifers and Local Groundwater Use 

Review of the MOECC Water Well Record database indicates that groundwater is used locally for a variety of 

domestic, commercial, and industrial purposes, including for irrigation and livestock.  A majority of the records 

located are associated with properties within the Village of Westport.  As Westport is serviced municipally, it is likely 

that many of these wells are no longer utilized for primary water supply.  Of the 206 wells assessed in the vicinity of 

the Site, 204 or 99% of the wells obtain their groundwater source from the bedrock.  Of these, 17 well records report 

granite as the aquifer rock type.  Given the known variability in the local bedrock stratigraphy, it is possible that the 

sandstone aquifer is not present at the location of these wells, or that the well passed through the shallow sandstone 

aquifer into the underlying Precambrian rock. 

 

6.2.8 Municipal Water Supply / Source Water Protection 

The Village of Westport is serviced by two (2) water supply wells (Well #2 and Well #3), located at a distance of 

approximately 500 m from the Site (MRSPR, 2011).  Reportedly, Well #2 is approximately 34 m deep, while Well #3 

is about 40 m deep.  Both wells obtain their groundwater source from the March and Nepean Formation sandstone 

bedrock.  As indicated in Schedule L and Schedule M of the Mississippi-Rideau Source Protection Plan (MRSPP), 

the area local to the municipal wells has been classified as a Highly Vulnerable Aquifer (HVA) and Significant 

Groundwater Recharge Area (SGRA).  It is noted that the Westport WWTS property similarly is located within the 

HVA boundary, but resides more than 300 m beyond (outside) the limits of the SGRA. 

 

According to Schedule G of the MRSPP (2011), the Westport WWTS property lies within the Wellhead Protection 

Area D (WHPA-D) boundary for the Westport municipal water supply wells, except for a small portion of the 

northeast corner of the Site which is overlain by the WHPA-C boundary.  WHPA-C and WHPA-D represent 

catchment areas within which groundwater could reach the municipal wells over a timeframe of two to five years, 

and five to twenty five years, respectively. 

 

An associated vulnerability score of 8 is applied to the portion of the WHPA-C area contacting the Site, indicating the 

potential for activities to be an overall “significant” drinking water threat. According to Section 3.2.5 (Other Sewage 
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Works) and Appendix B of the MRSPP, the discharge of effluent to land from a sewage treatment plant is considered 

to be a significant threat to drinking water when located within a WHPA exhibiting a vulnerability score of 10. Areas 

within the WHPA-C area exhibiting a vulnerability score of 10 are not located in immediate proximity to the 

boundaries of the Westport WWTS property. 

 

6.2.9 Groundwater Quality 

Background groundwater quality has been characterized based on samples collected from monitoring wells installed 

within both the overburden and bedrock at four (4) locations on the Site (Geo-Canada Ltd., 1993).  Comparison of 

the analytical results for those samples against the Ontario Drinking Water Objectives showed that the following 

parameters were exceeded: turbidity (1 sample), colour (1 sample), manganese (2 samples), organic nitrogen 

(4 samples), phenols (1 sample) and total organic carbon (3 samples).  Background nitrate concentration were 

reported to range between 0.14 mg/L and 0.35 mg/L, well below the maximum acceptable concentration (health-

related) limit of 10 mg/L.  Similarly, none of the other health-related parameters tested (lead, fluoride, nitrite) 

exceeded the maximum acceptable concentration. 

 

The raw groundwater source available from each of Well #2 and Well #3 generally is reported to be of good quality 

(RVSPA, 2011).  Historical detections of Escherichia coli bacteria are reported for Well #2.  Sodium concentrations 

are reported to consistently be above the 20 mg/L reporting limit but below the 200 mg/L aesthetic objective.  The 

groundwater source provided from each well also possesses high hardness and alkalinity, but not to levels that could 

represent a concern from a health perspective (RVSPA, 2011). 

 

Groundwater quality at the Westport WWTS is monitored on an annual basis through analysis of samples for a suite 

of parameters, including:  alkalinity, sodium, calcium, magnesium, potassium, sulphate, pH, electrical conductivity, 

chloride, nitrate and Escherichia coli bacteria.  Monitoring results for the Site were most recently reported on by 

AECOM (January 2015) for the period of November 2013 to November 2014. That report concluded that there were 

no apparent adverse impacts to groundwater down gradient of the Site during the 2014 operational period for the 

Westport WWTS. 

 

6.3 Natural Environment 

6.3.1 Natural Heritage Overview 

The natural setting of the Village of Westport is predominately shaped by the large water bodies present near the 

community. Westport is located along the western shore of Upper Rideau Lake and south of Westport (Sand) Lake. 

Westport is located near a narrow point between the two lakes, a location facilitating water crossings at Mountain 

Road and Perth Road North. Upper Rideau Lake is part of the Rideau Canal system, which provides water 

transportation access between Lake Ontario and the Ottawa River through a series of locks.  

 

The community is located in a rugged area known as the Frontenac Axis, a branch of the Canadian Shield. The 

topography of the area is gently slope towards the lake. Northeast from the community is Foley Mountain, part of a 

system of rugged hills that overlooks the community.  

 

In 2000, the Rideau Waterway was designated as a “Canadian Heritage River.” The Rideau Canal System was 

designated as a UNESCO World Heritage Site in 2007. 

 

6.3.2 Natural Heritage: WWTS Existing Site Constraints Analysis  

A preliminary Natural Heritage Constraints Analysis was completed by Ecological Services. Ecological Services was 

provided with a large study area including the existing site (identified as the north block) and a portion to the West of 

8th Concession Road (referred to as south block) as sample of the area that may be considered for the potential 

expansion of the Wastewater Treatment System.  Ecological Services assessed the Ecological Land Classification 

for the area, as well as a discussion regarding the species that are of special concern, threatened, rare, or common 
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in Ontario based on National Heritage Information Centre (NHIC) and the Committee on the Status of Species at 

Risk in Ontario (COSSARO) and Committee on the Status of Endangered Wildlife in Canada (COSEWIC).  

 

In the northern block, the cleared snow deposit area and areas around the lagoons was classified as cultural (CU). 

The balance of the site includes the lagoons and manipulated such that there is little or no growth of natural 

vegetation. This block is largely surrounded by woodlands, in particular a Sugar Maple dominated deciduous forest 

block along Perth Road (FOD). Along the 8th Concession Road, much of the frontage was designed as Cultural 

Thicket (CUT), and appears to be land that was once cleared for agricultural purposes, but which is now 

regenerating a natural vegetation cover, here a mix of shrubs and young trees with Red Cedar prominent. To the 

north of the existing site, locations beyond the site boundaries consist of areas of agriculture (Ag), as well as mixed 

or coniferous woodlands as well as a deciduous swamp.   

 

Areas within the south block include various agricultural lands (Ag) consisting of crop and hayfield lands, shallow 

marsh (MAS), coniferous swamp (SWC),  Reed Canary Grass (MAM), as well as deciduous forest (FOD). Some 

coniferous forest (FOC) and mixed forest (FOM) and shrub area (CUT) was also identified. These areas are outside 

of the existing Wastewater Treatment System property, and included for completeness.  

 

The areas that have the greatest potential to support valued natural heritage features and their ecological functions 

include:  

 
North Block  

(Existing WWTS Study Area) 
South Block  

(Sample Off-Site Agricultural Area) 

 The Maple-dominated deciduous woodland 
along Perth Road, an area of approximately 
17.8 hectares (43.9 acres) that appears to 
have reasonably good ecological integrity;  

 The other deciduous and mixed woodland 
patches;  

 The watercourse that cuts through the 
northern corner of this area; and  

 The area that appears to support deciduous 
swamp.  

 The shallow marsh and coniferous swamp 
wetland area;  

 The deciduous swamp area and surrounding 
wooded lands; and  

 The deciduous woodland patches, particularly 
the larger one to the north. 

 The limited number of reported species of 
conservation concern likely reflects the limited 
presence of natural watercourses or water 
bodies in the Study Area.  

 

The report notes that there are limited reported species of conservation concern likely reflected by the limited 

presence of natural watercourses or waterbodies in the Study area. Reports from the Kingston Field Naturalists were 

consulted, which identified the potential presence of Louisiana Waterthrush (Parkesia (or Seiurus) motacilla), Prairie 

Warbler (Setophaga (or Dendroica) discolor), Eastern Meadowlark (Sturnella magna), Eastern Musk (Stinkpot) 

Turtle (Sternotherus odotarus), as well as other species that are possible in the area. The study also identified that 

the potential presence of some species such as the Louisiana Waterthrush and Eastern Musk (Stinkpot) Turtle may 

be unlikely due to a lack of appropriate habitat.   

 

No other species of conservation concern were listed in the NHIC database; however the presence of potentially 

appropriate habitat is noted for Bobolinks and Barnswallows which are threatened species.   

 

6.3.3 Natural Heritage Recommendations 

The following key findings/recommendations were provided based on the preliminary Natural Heritage Constraints 

Analysis: 

 

 Cultural areas – This comprises the bulk of the area assessed. These areas typically have a lower value for 

natural heritage purposes, but some potential value for grassland birds, of which Eastern Meadowlarks and 

Bobolinks may be present. If agricultural grasslands are included, specific bird studies may be necessary to 

determine their presence or absence, and a permit may be required under the Endangered Species Act. 
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 Woodlands – Recommended assessing woodlands potentially used by the project against the Provincial 

Policy Statement to determine significance.  

 Cultural thicket – Identified in the northern half of the study area (existing WWTS). This area is likely of a 

moderate to low ecological value, but may provide habitat for songbirds protected under the Migratory Birds 

Convention Act. If considered as part of the project, bird surveys should be considered and timing 

restrictions applied related to removal of woody vegetation.  

 Wetlands – observed or suspected. The areas are likely unevaluated. Further assessment should be 

undertaken to ascertain their significance and permits may be required.  

 Watercourse/ pond – Possible fish habitat. Further assessment may be required to assess their significance 

and to suggest mitigation measures. Permits may be required.  

This information was received as preliminary, and further natural heritage work will be planned as part of more 

detailed assessment of the existing site in further phases of the Municipal Class Environmental Assessment.  

 

6.4 Social and Economic Environment   

The Social and Economic Environment are considered in the following Socio-Economic profile. The profile identifies 

the Village of Westport and its surrounding communities, as well as the residential, commercial and industrial 

activities located near the Westport WWTS.    

 

6.4.1 Community Overview   

The Village of Westport has a current population of 628 as of 2011. The community’s population has declined -2.6% 

since 2006 when the population was 645. The community is located within the United Counties of Leeds and 

Grenville, and is located adjacent to the Township of Rideau Lakes along the south and west, as well as Upper 

Rideau Lake to the east. The Village of Westport has a land area of 1.71 km
2
, a small land base that is primarily 

developed land, although some agricultural land exists to the west (Statistics Canada Census Profile, 2011). 

Westport has 378 private dwellings, most of which are single detached homes (215), and those characterized as 

other dwellings (105) which includes semi-detached homes, row houses, apartments, and other single-attached 

homes (Statistics Canada Census Profile, 2011).   

 

6.4.2 Education and Economic Profile 

The Village of Westport has an economic and education profile in line with its status as a retail hub for local 

cottagers and as a retirement community. Westport has a low unemployment rate of 3.4 % in 2011, compared to the 

Canadian average of 7.8 % over the same period. The community has nearly equal numbers of individuals 15 years 

old and older that are in the labour force (295) as outside the labour force (275), suggestive of a community with a 

sizable retirement population that is outside the labour force and no longer looking for work (Statistics Canada, NHS 

2011). 

 

The top occupation categories for Village of Westport residents were sales and service occupations, followed by 

management occupations and health occupations. Likewise, the highest reported industries that individuals work 

within were retail and trade at 85 individuals, followed by 55 individuals in healthcare and social assistance and 30 

individuals in the other services category. (Statistics Canada, NHS 2011).   

 

Westport has an educated labour force, with most individuals in the Village of Westport between 25 and 64 years old 

reported their highest education level attained to be a post-secondary certificate, diploma or degree at 240 

individuals. Of those individuals, 90 attained a college-level certificate or diploma, while 125 attained a university-

level certificate, diploma or degree (Statistics Canada, NHS 2011).   
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6.4.3 Economic Environment and Property 

6.4.3.1 Residential, Commercial and Industrial Land Uses 

The area around the existing WWTS within 400 m has a variety of mixed land uses given its location partially within 

the Village of Westport and the Township of Rideau Lakes. The area is predominately rural, with agricultural lands 

located alongside rural residential properties located along County Road 10 (Perth Road) and Concession 8. Some 

homes may have mixed use as homes and businesses as well.  

 

Local business activity within 400 meters includes the G. Tackaberry Westport Quarries located to the north of the 

site, a Home Hardware lumber yard and retail store, as well as some retail along Concession Street within the 

Village of Westport such as gas stations and a hotel.  

 

6.4.3.2 Community Institutional or Recreation Facilities 

The area within 400 m of the existing WWTS includes community institutional buildings such as the Rideau Vista 

Public School, a church cemetery and a Royal Canadian Legion hall. The Township of Rideau Lakes has a number 

of buildings within this area, including a public works garage, a community centre and associated recreation park, 

and an airfield operated in association with a local flying club. Surrounding the existing site are agricultural areas 

which include mixed farming activities such as growing crops and livestock.    

 

The Village of Westport offers an arena as well as baseball diamonds and other recreational facilities located beyond 

400 m of the existing WWTS. Upper Rideau Lake, also beyond 400 m, is used for water recreational activities 

including boating, fishing and swimming.  

 

Foley Mountain Conservation Area is located north of the Village of Westport and is operated by the Rideau Valley 

Conservation Authority. The 300 km Rideau Trail passes north of Westport through Foley Mountain Conservation 

Area. The trail provides opportunities for hiking and cross country skiing in a natural setting (Township of Rideau 

Lakes, 2015a). 

 

6.5 Cultural Environment  

The Cultural Environment refers to cultural heritage and archaeological resources in the environment. The following 

sections provide context for the cultural heritage of the Westport WWTS site. A Stage 1 archaeological assessment 

is underway and will be incorporated into the ESR.   

 

6.5.1 Historical Background 

Located within the historic Township of North Crosby in the Counties of Leeds and Grenville, Westport is a village at 

the west end of Upper Rideau Lake, between Kingston and Ottawa.  The survey of North Crosby Township was 

begun in 1795 and completed in 1806 (Township of Rideau Lakes 2015).  Early settlers arrived in the early 1800s, 

and included United Empire Loyalists, English and Scottish immigrants (Township of Rideau Lakes, Municipal 

Heritage Advisory Committee (MHAC). Heritage map, 2015).   

 

The village of Westport was known for its mills, due to its location alongside Upper Rideau Lake and Westport Sand 

Lake. The Rideau Canal, a World Heritage Site, was opened in 1832 and served a military purpose by providing 

secure supply and communication routes. The Canal would have been integral to the development of Westport and 

the Township of North Crosby, as despite its initial purpose, the canal became a commercial waterway, linking 

several communities in the region (Village of Westport, 2010).  Additionally, Perth Road (Road 10) is a historic road 

surveyed in 1852. The road is located south of the existing WWTS and separated from the site boundaries by a 

forested area (Ontario Plaques, 2015).   
 

By 1850, the village had reached a population of 500 with the new arrival of immigrants. The village grew and 

developed a small merchant base that included a department store and steam boat docks by 1864.  Rail access was 
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established in 1888 linking the community along the railway between Brockville and Sault Ste. Marie – the result of 

which was an influx of seasonal tourists to the area.  

  

The Village of Westport has remained relatively stable at 700 individuals since the early 1900s, and many of the 19
th
 

Century buildings are still present.  The community has governed its own municipal affairs since 1904 when it 

separated from North Crosby Township (Village of Westport, 2010). 

   

The Village of Westport Heritage Committee is active in the community, and identifies four structures within the 

community as being historic landmarks, namely the Westport Town Hall, the Rideau District Museum, Lockwood 

Memorial Field (including a plaque dated 1914-1919), and the Post office building. None of these buildings are in 

close proximity to the project area, and are located within the village.  

 

6.5.2 Westport Wastewater Treatment System Historic Location  

The Westport WWTS site is located east of Concession 8, within Lot #10. This area was owned by M. Devennay and 

D. Scanlon on historic 1861 and 1879 maps of North Crosby Township. Land associated with two homesteads would 

become part of the existing Westport wastewater treatment system site, although the maps show the structures 

themselves outside these boundaries.  

 

 
Figure 6.4 Historic Atlas Map (1879), Township of North Crosby  

6.5.1 Historic Plaques  

There are two historic plaques within 400 m of the existing Village of Westport WWTS identified during scoping for 

this project. The plaques include: 

 

 Perth Road:  A historic plaque dedicated to the construction of Perth Road (Road 10) is near the project site. 

The plaque is located on Perth Road at the intersection with 8
th
 Concession. The plaque identifies that 

although the road was passable over its 80 km length as a winter road by early 1855, the road was still 

largely incomplete by 1859-60 due to legal issues with its construction (Ontario Plaques, 2015).  

 The Brockville, Westport and Sault Ste. Marie Railway:  Railway established in 1884 and beginning services 

on July 1, 1888 between Westport and Brockville.  The railway operated for 15 years.  After a series of 

subsequent operators assumed control of the railway, Canadian National Railway ran the last train on the 

line in 1952. There are no railway tracks left of this line within Westport.  
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6.5.2 Cultural Heritage Screening Results 

The MTCS checklist “Screening for Impacts to Built Heritage and Cultural Heritage Landscapes” was used to identify 

potential built heritage resources, cultural heritage landscapes and cultural heritage resources related to the project 

and its surrounding area.  

 

The existing WWTS is not located on a property designated under the Ontario Heritage Act or adjacent to any such 

property. The provincial heritage plaque on County Road 10 (Perth Road) is related to the construction of old Perth 

Road. The Westport WWTS project site is setback from this road and separated from the road by land not owned by 

the Village of Westport. The Westport WWTS project will not impact the function or alignment of County Road 10. 

The site is not the location of a National Historic Site, and no Heritage Conservation Districts are located in the 

vicinity of the existing WWTS site.  

 

A determination of Aboriginal Rights and Treaty Rights interests related to the project will be required as part of 

public consultation notifications for this project. The Algonquins of Ontario organization was included on the 

consultation mailing list, along with other First Nation and Métis communities that may have an Aboriginal or Treaty 

interest related to this project.  

 

The project is located within the Algonquins of Ontario Settlement Area Boundary, an area in negotiations with the 

Province of Ontario as a land claim.  Although the project is within the Algonquins of Ontario (AOO) land claims 

settlement area, there are no land parcels potentially to be transferred to the AOO under the Draft Agreement in 

Principle (2012). 

 

The existing Westport WWTS site is located within the jurisdiction of the Rideau Valley Conservation Authority. The 

Rideau River system is large and includes the Upper Rideau Lake in addition to areas downstream towards the City 

of Ottawa. The Rideau River was designated as a Canadian Heritage River in 2000. Through a pre-consultation 

meeting with MOECC, no surface water discharge is to be considered to Upper Rideau Lake as part of the Westport 

WWTS.  

 

The Rideau Canal and Kingston Fortifications were identified as a UNESCO World Heritage site in 2007, 

encompassing six elements, namely: the Rideau Canal (lock stations and waterway), and the fortification sites in 

Kingston.  The buffer for the Rideau Canal consists of the highwater mark of the canal at the 24 lock stations, and 30 

meters at the Kingston fortifications (Township of Rideau Lakes, 2015). The Westport WWTS falls outside of the 

buffer areas identified, and no cultural heritage impacts are anticipated.   

 
The Westport area was identified within the Parks Canada Rideau Corridor Landscape Strategy, which identified key 

landscape features within the region. The landscape features valued as part of the study in section 2e, inclusive of 

the location of the Westport WWTS, included: 

 Flat shoreline, wetlands and marshes, Bacchus Island, Stonehouse Island and the Mud Cut on Lower 

Rideau Lake;  

 Open lake views, heavily wooded hills, islands, steep shorelines with granite outcroppings of the Canadian 

Shield on Big Rideau and Upper Rideau Lake;  

 Historic settlements of Rideau Ferry, Westport and Portland;  

 Old and new context-sensitive cottages and summer homes;  

 Views to and from Foley Mountain and Spy Rock Lookout, Murphy’s Point Provincial Park;  

 Narrows Lockstation and the Newboro Lockstation and Blockhouse;  

 The islands, particularly the Long Island archipelago which includes Colonel By Island on Big Rideau Lake; 

and 

 The “isthmus” at Newboro (watershed divide). (Parks Canada, 2012) 

 

The Westport WWTS does not obstruct the views of any of the valued views and visual landscapes within the 

Landscape Character Area.  
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6.6 Archaeology 

A preliminary Archaeological desktop review was completed by AECOM.  Observations and results of the 

preliminary study are included in subsequent sections.  

 

6.6.1 Water Features 

There are several sources of water within close proximity to the study area, including Upper Rideau Lake and 

Westport Sand Lake.  As noted above, the presence of the nearby Rideau Canal is also an important feature in the 

study area. Aboriginal groups and Euro-Canadian settlers would have relied on these water sources and early 

settlements would have been located near these areas.  

 

6.6.2 Physiographic Features 

The study area is found within the Algonquin Highlands physiographic region of Ontario, which is composed of 

shallow, stony, sandy and acidic soils underlain by granite and other hard Precambrian rocks (Chapman and 

Putnam 1984: 211). In between the areas of surface rock are frequently occurring bogs and swamps with other 

areas containing stretches of moulded till plains suitable for farmland.  The study area lies directly within a kame 

moraine, which contains numerous hummocky mounds of irregularly bedded sand and gravel with subordinate till 

(Natural Resources Canada 2015). In terms of features of potential, this type of soil and landscape would have 

appealed to early pioneers, encouraging settlement for agricultural purposes.  

 

6.6.3 Registered Archaeological Sites 

The Bresee site (BdGc-8), a small pre-contact Aboriginal campsite dating from between 1250 to 650 B.P., is found 

southeast of the study area. Found in an abandoned pasture east of Wolfe Lake, the Stage 2 and 3 excavations 

produced a total of 152 artifacts. Stage 4 excavations resulted in the identification of 11 ceramic vessels, with traits 

suggesting a Middle Woodland to Early Late Woodland date of occupation.  

 

Archaeological potential is increased by the proximity of other known archaeological sites.  In order to compile an 

inventory of archaeology resources for the study area, three sources of information were requested and/or 

accessed: the site record forms for registered sites housed at the MTCS, published and unpublished documentary 

sources.   

 

In Ontario, information concerning archaeological sites is stored in the Ontario Archaeological Sites Database 

(OASD) maintained by the MTCS.  This database contains archaeological registered sites within the Borden system.  

Under the Borden system, Canada has been divided into grid blocks based on longitude and latitude.  A Borden 

block is approximately 13 kilometres east to west, and approximately 18.5 kilometres north to south.  Each Borden 

block is referred by a four letter designation and sites located within the block are numbered sequentially as they are 

found.   

 

Site record forms from the OASD indicate there is no previously registered site located within a 1 kilometer radius of 

the study area (MTCS 2015).  

 

6.6.4 Archaeological Preliminary Results 

A preliminary review of the archaeological potential was conducted, based on available desktop information. The 

review identified that there are several features present that are associated with archaeological potential.  A Stage 1 

archaeological assessment will be required within the study area.  
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7. Wastewater Servicing Alternatives 

7.1 Identification of Alternative Planning Solutions 

Based on the established ‘problem statement’ for the Westport Wastewater Treatment System (WWTS), the general 

alternative planning solutions are considered as follows: 

 

 Alternative 1 – Do Nothing 

 Alternative 2 – Reduce Wastewater Flows to the WWTS 

 Alternative 3 – Upgrade/Expand Existing Facility and Continued Subsurface Disposal 

 Alternative 4 – Additional/New Facility at Existing Site with Surface Water Discharge  

 Alternative 5 – Additional/New Facility at Existing Site with Subsurface Disposal 

 Alternative 6 – New Facility at a New Site with Surface Water Discharge 

 Alternative 7 – New Facility at a New Site with Subsurface Disposal 

 Alternative 8 – Convey Wastewater to Another Wastewater Treatment Facility 

 

7.2 Description of Alternative Planning Solutions and Initial Screening 

The existing Westport Sewage Treatment System currently services the majority of the built up residential and 

commercial area of the Village. The recent historical period average flow is near or at the existing rated plant 

capacity, and currently sufficient effluent disposal capacity is only achieved with use of supplemental spray irrigation. 

An initial screening of the alternative planning solutions considers the ability or likelihood of the planning solution to 

address the Problem Statement and associated principle considerations; meet the community’s existing and future 

wastewater servicing needs; and have adequate regard to current status and key issue factors. 

 

7.2.1 Alternative 1 – Do Nothing 

Under this alternative, no changes would be made to the existing Westport Sewage Treatment System, and no 

proactive action is taken to improve the current situation. The ‘Do Nothing’ alternative does not address the Westport 

Wastewater System Class EA study Problem Statement or any of its principle considerations. This alternative will be 

presented as a comparative ‘Do Nothing’ option in the evaluation of screened alternative options. 

 

7.2.2 Alternative 2 – Reduce Wastewater Flows to the WWTS 

The alternative of reducing wastewater flows to the WWTS as a possible solution is based on the premise that 

existing wastewater flows could be reduced, and potentially provide some additional capacity for future growth. 

Under this alternative, water use reduction measures as well as extraneous flow reduction strategies (such as 

mitigation of inflow and infiltration into sanitary sewers and/or manholes) will be undertaken and potentially achieve 

reduced sewage flow volumes to the Westport WWTS. 

 

This alternative alone does not address the Westport Wastewater System Class EA study Problem Statement or 

adequately address other principle considerations and key issues. Therefore, this alternative will not be evaluated 

further as a standalone alternative. However, flow reduction opportunities should be considered as a best practice 

measure and be continued/adopted as an on-going initiative. Any realized reduction in average day flows will 

beneficially impact wastewater servicing capabilities, and may extend the capacity planning horizon of other potential 

solutions. 

 

7.2.3 Alternative 3 – Upgrade/Expand Existing Facility and Continued Subsurface Disposal 

Under this alternative, the existing system (lagoon treatment and storage, Snowfluent and spray irrigation) would be 

upgraded/expanded with continued use of existing disposal systems, or use of a replacement subsurface disposal 

system(s). 



 
AECOM Village of Westport  Technical Memorandum No. 5:   

Wastewater Servicing Alternatives – Phase 2 
Summary Report 

 

 26  

 

This alternative is considered to be able to service existing flows, but its potential to service future flows or a portion 

of future flows is not certain and requires assessment. Assuming additional suitable land availability – this 

alternative, or future stages of this alternative have the potential to service future flows and could adequately 

address the Problem Statement. 

 

7.2.4 Alternative 4 – Additional/New Facility at Existing Site with Surface Water Discharge 

For this alternative, an additional or new wastewater treatment facility would be constructed on site, and treated 

effluent discharge would be to surface water (i.e. new outfall to Upper Rideau Lake). 

 

A new facility and surface water discharge potentially could adequately address the Problem Statement. However, in 

consideration that Upper Rideau Lake is Policy 2 with respect to total phosphorus, and the MOECC position is that 

there should be no surface water discharge to the Upper Rideau Lake from the Westport WWTS; this alternative will 

not be evaluated further. 

 

7.2.5 Alternative 5 – Additional/New Facility at Existing Site with Subsurface Disposal 

For this alternative, an additional or new wastewater treatment facility would be constructed on site, with continued 

use of existing or replacement subsurface discharge system(s). 

 

This alternative is considered to be able to service existing flows, but its potential to service future flows or a portion 

of future flows is not certain and requires assessment. Assuming additional suitable land availability – this 

alternative, or future stages of this alternative have the potential to service future flows and could adequately 

address the Problem Statement. 

 

7.2.6 Alternative 6 – New Facility at a New Site with Surface Water Discharge 

Under this alternative, a new wastewater treatment facility would be constructed at a new site, and treated effluent 

discharge would be to surface water (i.e. new outfall to Upper Rideau Lake). 

 

A new facility at a new site with surface water discharge potentially could adequately address the Problem 

Statement. However, in consideration that no existing municipal land or other land/site is identified as potentially 

available, and the MOECC position is that there should be no surface water discharge to the Upper Rideau Lake 

from the Westport WWTS; this alternative will not be evaluated further. 

 

7.2.7 Alternative 7 – New Facility at a New Site with Subsurface Disposal 

Under this alternative, a new wastewater treatment facility would be constructed at a new site, and treated effluent 

discharge would be to a subsurface disposal system(s). 

 

A new facility at a new site with subsurface water discharge potentially could adequately address the Problem 

Statement. It is noted that no existing municipal land or other land/site is identified as potentially available. For 

completeness, and in the event that a new site and suitable additional land is identified in the future, this alternative 

will be further evaluated. 

 

7.2.8 Alternative 8 – Convey Wastewater to Another Wastewater Treatment Facility 

This alternative would involve conveying all or a portion of Westport’s wastewater flows to another wastewater water 

treatment facility. 

 

Assuming existing or new capacity would be available at another receiving wastewater treatment facility, under a 

mutually acceptable agreement, this alternative potentially could adequately address the Problem Statement. 
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Municipal wastewater treatment facilities in the vicinity are Perth, Sydenham and Smiths Falls. Given the significant 

conveyance distances involved (30 km, plus) and the associated magnitude of construction, operation, and 

treatment costs, this alternative’s costs are considered not economically feasible, and prohibitive. Therefore, this 

alternative will not be evaluated further. 

 

7.3 Evaluation of Screened Alternative Solutions 

This section describes the screened alternative solutions, and Table 7.1 presents a comparative evaluation of 

alternative solutions. 

 

7.3.1 Alternative 1: Do Nothing 

Included as a comparative ‘Do Nothing’ scenario, this option represents maintaining the status quo, with no proactive 

action taken. 

 

Option advantages/strengths: 

 None 

 

Option weaknesses/limitations: 

 Does not address any aspect of the problem/opportunity statement 

 No net benefit provided to community or environments 

 

7.3.2 Alternative 3: Upgrade/Expand Existing Facility and Continued Subsurface Disposal 

This alternative option is to upgrade/expand the existing WWTS at the existing site, and continue subsurface 

disposal with upgraded/replacement disposal system(s). It is envisioned a first stage of this alternative would be 

undertaken to address the immediate operational priority of improving and increasing subsurface disposal 

capabilities, and potentially provide some increase in the WWTS rated capacity. These near-term works are to 

recognize the Village’s identified financial and timeline constraints. Future stage(s) would look to maximize treatment 

and subsurface disposal capacity within the existing site, however additional suitable land is needed and assumed 

available to enable the Westport WWTS capacity to be sufficiently increased to meet the community’s projected 

future wastewater servicing needs. 

 

Option advantages/strengths: 

 Incorporates a staged approach – Stage 1 to address immediate operational priority (functional subsurface 

disposal capacity), within financial and timeline constraints 

 ‘Approval’ for effluent disposal methods/capacities other than for only winter season freeze-crystallization 

 Intent is to use and optimize existing site infrastructure 

 Continued use of facultative lagoon treatment – recognized as one of the most cost-effective methods of 

wastewater treatment 

 

Option weaknesses/limitations: 

 Stage 1 does not adequately service projected future flows 

 Future stage(s) remain to be defined 

 Assumes future suitable land availability as required 

 

7.3.3 Alternative 5: Additional/New Facility at Existing Site with Subsurface Disposal 

This alternative option is to add or construct a new wastewater treatment facility at the existing site, and continue 

subsurface disposal with upgraded/replacement disposal system(s). One or both of the existing lagoons would 

remain to provide storage and equalization of wastewater flows for the additional/new treatment facilities. It is 
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unlikely that a new wastewater treatment facility in combination with upgraded subsurface disposal capabilities can 

be implemented within identified financial and timeline constraints. As functional effluent disposal capacity is 

identified as the priority operational constraint, improving and increasing subsurface disposal capabilities should be 

undertaken at the first opportunity (similar to Alterative 3). Future stage(s) would look to add or construct a new 

treatment facility and maximize subsurface disposal capacity within the existing site. Additional and enhanced 

tertiary treatment facilities typically may realize some recognized benefit in terms of subsurface disposal capacity. 

However, additional treatment levels may not necessarily translate to a subsurface disposal capacity benefit, due to 

site specific ‘reasonable use concept’ groundwater criteria considerations. 

 

It is anticipated additional suitable land is needed and assumed available to enable the Westport WWTS capacity to 

be sufficiently increased to meet the community’s projected future wastewater servicing needs. 

 

Option advantages/strengths: 

 Incorporates a staged approach – Stage 1 of upgrade to address immediate operational priority, (functional 

subsurface disposal capacity) within financial and timeline constraints 

 ‘Approval’ for effluent disposal methods/capacities other than for only winter season freeze-crystallization 

 Additional/new treatment facility and expected improved treatment performance (better quality effluent) 

 

Option weaknesses/limitations: 

 Stage 1 does not adequately service projected future flows 

 Future stage(s) remain to be defined 

 Additional/new treatment facility does not necessarily benefit effluent disposal capacity 

 Assumes future suitable land availability as required  

 Construction costs and operating costs higher than Alternative 3; uncertainty of cost-benefit  

 

7.3.4 Alternative 7: New Facility at a New Site with Subsurface Disposal 

This alternative option is to construct a new wastewater treatment and subsurface disposal facility at a new site. 

Suitable land availability and potential for new site to meet future wastewater servicing needs is assumed. 

 

Implementation of the new treatment facility and subsurface disposal system could be staged, with 10-year and then 

20-year capacities as suggested stages. Site specific considerations and financial limitations will factor in to the 

assessment and identification of appropriate and preferred treatment and disposal technology design options. 

 

Option advantages/strengths: 

 Will adequately service projected future flows 

 Expected improved treatment performance (better quality effluent) 

 New site/location assumed to be further from well head protection area and benefit source water protection 

considerations 

 

Option weaknesses/limitations: 

 First stage does not fall within identified financial and timeline constraints 

 Construction costs and operating costs higher than Alternative 3 and 5; unlikely financially viable 

 Assumes new site and suitable land availability as required; none presently identified.  



 

Table 7.1 Comparative Evaluation of Alternative Solutions 

Item / Issue Consideration 

 
Alternative Solutions 

 Alternative 1 
Do Nothing 

Alternative 3 
Upgrade/Expand Existing 

+ Subsurface Disposal  

Alternative 5 
Additional/New 

Facility, 
Existing Site + 

Subsurface Disposal 

Alternative 7 
Construct New Facility at 

New Site + Subsurface 
Disposal 

Alternative Concept Description   Maintain Status Quo Upgrade/Expand existing 
WWTS at existing site, 

and continue subsurface 
disposal with 

upgraded/replacement 
disposal system(s). 

Maximize treatment and 
disposal capacity at site – 
but future additional land 

requirement assumed.  

Additional/New 
treatment facility at 

existing site, and continue 
subsurface disposal with 
upgraded/replacement 

disposal system(s). 
Maximize treatment and 
disposal capacity at site – 
but future additional land 

requirement assumed. 

Construct a new 
treatment and subsurface 
disposal facility on a new 

site. Suitable land 
availability and potential 

for new site to meet 
future wastewater 

servicing needs assumed. 

Technical      
Address existing WWTS operational constraints  No Yes, able to resolve Yes, able to resolve Yes, able to resolve 
Use and optimize existing site infrastructure  Partially Yes Partially No 
Adequately service existing flows  No Yes Yes Yes 
Adequately service future flows  No No - existing site 

Yes – assumed additional 
land availability 

Potentially 
(Yes – assumed additional 

land availability) 

Yes – assumed potential 

Anticipated WWTS Performance  Marginal Improved Improved Most Improved 
Staged WWTS  Implementation Potential  Not Applicable Yes Potentially Unlikely 
Ease of Implementation  Not Applicable Good – integrated to 

existing 
Requires new facility 

design 
Requires new land/site 
and new facility design 

Additional land required / [currently available]  Not Applicable Future – Yes / [Available – 
No] 

Future – Yes /[ Available – 
No] 

Yes / [Available – No] 

Staged Implementation Opportunity  Not Applicable Yes Potentially Unlikely 
      
Social      
Meet existing community servicing needs  No Yes Yes Yes 
Meet community growth servicing needs  No No – existing site 

Yes – assumed additional 
land 

Potentially 
(Yes – assumed additional 

land)  

Yes – assumed potential 

Potentially affect surrounding residences   No Yes – assumed additional 
land 

Yes – assumed additional 
land 

Yes – new site 

Affect surrounding lands / landuse planning  No Yes – assumed additional 
land requirement 

Yes – assumed additional 
land requirement 

Yes – new site 

Cultural/Heritage resources impact  No Potential – assumed 
future additional land 

Potential – assumed 
future additional land 

Potential – new site / 
additional land 

Recreation resources impact  No No impact anticipated No impact anticipated No impact anticipated 
      
Economic      
Capital Cost  Not Applicable Moderate High Highest 
Operating Cost  Moderate Moderate High High 
Financial viability / sustainability  Yes Yes Potentially Unlikely 
1st Stage (cost/schedule) ability to fall within 
OCIF funding program limits/requirements 

 Not Applicable Likely – near term 
No – future stage 

Unlikely – near term 
No – future stage 

No 

Additional 3rd party funding required for future 
stage(s) / [source secured] 

 Not Applicable Likely / [Secured – No] Yes / [Secured – No] Yes / [Secured – No] 

      
Environmental      
Continued zero discharge to Upper Rideau Lake  Yes – assuming adequate 

subsurface disposal 
functional capacity or 

alternate arrangements 

Yes Yes Yes 

Surface water quality  Monitored – potential 
impact from failing 

systems 

Monitored – less potential 
impact 

Monitored - less potential 
impact 

Monitored – least 
potential impact 

Ground water quality and Well Head Protection 
Area (WHPA) 

 Monitored – potential 
impact from failing 
systems (site within 

WHPA-Area D) 

Monitored – less potential 
impact (existing site 

remains within WHPA-
Area D) 

Monitored - less potential 
impact (existing site 

remains within WHPA-
Area D) 

Monitored – least 
potential impact 

(assumed relocated out of 
WHPA Area D) 

Terrestrial habitat impact  No Potential – assumed 
future additional land 

Potential – assumed 
future additional land 

Potential – new site / 
additional land 

Aquatic habitat impact  Potential impact from 
failing systems 

Less potential impact Less potential impact Least potential impact 

      
Legend: 
      

Less positive/favourable More positive/favourable                
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8. Preliminary Preferred Solution 

8.1 Upgrade/Expand Existing Facility and Continued Subsurface Disposal 

Based on the evaluations presented in this technical memorandum, the preliminary preferred solution is to: 

 

‘Upgrade/Expand the Existing Facility with Continued Subsurface Disposal’ 

 

A first stage of this alternative is to address the immediate operational priority of improving and increasing 

subsurface disposal capabilities, adequately service existing flows, and potentially provide some increase in the 

WWTS rated capacity. Future stage(s) work will look to maximize treatment and subsurface disposal capacity within 

the existing site, however additional suitable land is needed and assumed available to enable the Westport WWTS 

capacity to be sufficiently increased to meet the community’s projected future wastewater servicing needs. Adoption 

of the preliminary preferred solution is subject to consultation with review agencies, public, and other stakeholders. 

 

Alternate design concepts for implementing the Stage 1 preferred solution will be investigated and evaluated as the 

next phase in this Class EA study.  

 

Further studies and agency/stakeholder correspondence are required to determine the quantity of future flows that 

may be serviced with the preferred alternative. Additional suitable lands are required to fully service the future 

projected flows in terms of treatment and subsurface disposal capacities. 

 

Stage 1 works will consider upgrades to the existing effluent disposal systems (snow making and spray irrigation), a 

new large subsurface disposal system, and/or some combination of these disposal systems; and utilizing the existing 

lagoons for wastewater treatment. The Snowfluent (freeze-crystallization) snow making operation can only operate 

during suitable winter operations. Effluent spray irrigation is prohibited when the ground is frozen, and can only 

operate during suitable weather and site conditions. A large subsurface disposal system can operate on a 

continuous basis throughout the year. Preliminary site considerations suggest a partially raised or fully-raised 

engineered large subsurface disposal system may be most appropriate for the existing site. Figure 8.1 provides 

locational information of the existing effluent disposal systems, and a concept location for a large subsurface 

disposal system. 
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9. Public Consultation 

The project initiated public consultation through the establishment of a Technical Steering Committee in May 2015. 

The Technical Steering Committee is made up of individuals from various backgrounds, including members of the 

consultant team, Village of Westport, the Township of Rideau Lakes, the Rideau Valley Conservation Authority, 

County of Leeds and Grenville and other residents and the Upper Rideau Lake Association.  

 

A pre-Consultation meeting was held with the Ministry of the Environment and Climate Change in July 2015, at 

which time the agency reviewed preliminary technical memoranda and provided comments on its position related to 

discharge to the Upper Rideau Lake. Further discussions are planned with MOECC as the project continues into 

further phases.  

 

The joint Notice of Commencement and Notice of PIC #1 was published on the Village of Westport website and 

advertised in the Westport Mirror on August 13, 2015 and August 20, 2015. The notice was also provided to a 

mailing list of agencies, groups, aboriginal communities and local residents within 400 metres of the existing WWTS. 

 

The publication of the notice was provided two weeks prior to the planned Public Information Centre on August 27, 

2015. 
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1. Introduction 

The Village of Westport is located in the United Counties of Leeds and Grenville at the west end of Upper Rideau 

Lake. The serviced developed area within Westport includes a sanitary sewer collection system, and a main sewage 

pumping station that conveys flow to the Westport Wastewater Treatment System (WWTS) for treatment and 

disposal.  

 

The Westport WWTS is owned and operated by the Village of Westport.  The WWTS presently consists of two (2) 

sewage lagoon cells, and a Snowfluent® generation and dispersion system. The 22.6 ha ‘Snow Deposit Area’ 

functions as a subsurface disposal system. The existing WWTS possesses an Ontario Ministry of the Environment 

and Climate Change (MOECC), OWRA Section 53 Certificate of Approval (CofA) for an approved rated capacity of 

310 m
3
/day.  Figure 1.1 provides an aerial image of the Westport WWTS and vicinity. 

 

Figure 1.1 - Aerial image of Westport WWTS 

 
 

 

In May 2015, the Village retained AECOM Canada Ltd. (AECOM) to undertake a Schedule “C” Class Environmental 

Assessment (EA) for rehabilitation / expansion of the Westport WWTS.  The Village has received partial grant 

funding for this project from the Ontario Community Infrastructure Fund (OCIF).  The provided funding requires that 

all works associated with the WWTS rehabilitation / expansion be completed by December 31
st
, 2016. 

 

The following document (Technical Memorandum (TM) # 6) has been prepared to consider and evaluate alternative 

design concepts for the preferred alternative Stage 1 works to upgrade/expand the Westport WWTS.  This TM forms 

part of a package as follows: 

 

 Technical Memorandum #6 – Evaluation of Stage 1 Alternative Design Concepts (this document) 

 Technical Memorandum #6A – Capacity and Approval Considerations 

 Technical Memorandum #6B – Additional Site Characterization and Information 

 

This TM is intended to evaluate alternate design concepts of the identified preferred solution(s), and should be read 

in conjunction with TM #6A and TM #6B. The technical memoranda summarize other aspects related to the overall 

project and the preferred solution. Together the technical memoranda, reports, and consultation activities will serve 

as supporting information to the Environmental Study Report (ESR), which is the main project deliverable for this 

Municipal Class Environmental Assessment.  
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2. Preferred Solution Overview 

2.1 Upgrade/Expand Westport WWTS with Subsurface Disposal 

Through the Municipal Class EA study process, the identified preferred alternative is to upgrade/expand the existing 

WWTS and continue subsurface disposal with upgraded/replacement disposal system(s) using a staged approach. 

Identification of this preferred solution considered various environmental, municipal growth/financial, and technical 

key issues and constraints, including comments and input subsequent to Public Information Centre #1.  

 

A staged approach is recommended to allow relatively immediate implementation of Stage 1 works to address 

identified near term priorities, alleviate major operational constraints and limitations; and provide WWTS 

performance and operations improvements. 

 

2.2 Stage 1 Focus 

Focus of Stage 1 initiatives: 

 Address the immediate operational priority of subsurface disposal capabilities (snow making functional 

capacity is less than required) through upgrading/replacing the existing disposal system(s). 

 Have subsurface disposal methods recognized within the WWTS operating approval (avoid/remove 

requiring special approval under a MOECC Provincial Officer’s Order). 

 Identify and structure works to utilize current Ontario Community Infrastructure Fund (OCIF) Intake 1 

funding, and adhere to program conditions (e.g. timelines). 

 Minimize seasonal constraints of effluent disposal, and reduce operating storage volume requirements 

of lagoons. As possible, provide WWTS year round disposal capabilities, with relatively consistent 

effluent disposal rates (less sensitivity to climatic variables). 

 

2.3 Stage 2 Focus 

Focus of Stage 2 initiatives: 

 Stage 2 works to be further developed based on identified additional land(s) or other potential existing 

site treatment and disposal capacity increase opportunities: 

o Monitor, evaluate, and assess potential for existing site capacity increase opportunities. 

o Identify additional land(s) required for increased subsurface disposal capabilities. Suitable land 

availability review and search can be concurrent with Stage 1. 

 Seek additional funding for longer-term solutions. Continued efforts towards additional funding 

opportunities (e.g. OCIF-Intake 2, other). 

 Future wastewater servicing needs – Stage 2 works and potential future phase(s) or stage(s) following 

Stage 2 to progressively meet the community’s wastewater servicing needs.  

 

2.4 Potential Future Stage(s) 

Focus of additional stage(s) initiatives (as required): 

 Potential future phase(s) or stage(s) following Stage 2 to progressively meet the community’s 

wastewater servicing needs to meet the 20-year or other selected planning horizon 

 Could involve search and identification of further additional land(s), or other options to increase 

wastewater treatment and disposal capacities. 
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3. Stage 1 Design Concept Considerations 

Preliminary considerations suggested Stage 1 works involve upgrades to the existing effluent disposal systems 

(snow making and spray irrigation), a new replacement large subsurface disposal system, and/or some combination 

of these disposal systems; utilizing the existing lagoons for wastewater treatment; and other select 

upgrades/modifications. The Snowfluent (freeze-crystallization) snow making operation can only operate during 

suitable winter operations. Effluent spray irrigation is prohibited when the ground is frozen, and can only operate 

during suitable weather and site conditions. A large subsurface disposal system (LSSDS) can operate on a 

continuous basis throughout the year. Correspondingly, preliminary site considerations suggested a partially raised 

or fully-raised engineered large subsurface disposal system may be most appropriate for the existing site. Figure 3.1 

provides locational information of the existing effluent disposal systems, and a concept location for a large 

subsurface disposal system. 

 

Examining alternative methods of implementing the preferred solution includes factors such as existing environment, 

public and review agency input, anticipated environmental effects, and methods to target minimizing negative effects 

and maximizing net positive benefits. 

 

Input received from the public consultation process (e.g. Public Information Centre No.1), and Technical Steering 

Committee and review agency discussions includes: 

 Nearby/surrounding residences and Township of Rideau Lakes reported occurrences of noise, odour, 

and snow/spray/mist drifting off-site from snowmaking and spray irrigation operations. 

 Residents and interested parties were supportive of the decision to not consider surface water discharge 

to the Upper Rideau Lake as an option, and only consider subsurface disposal options. 

 Further study of existing site characteristics was suggested since the site is not ideal in terms of 

generally desired characteristics for effluent disposal, and lies mainly within the identified 25 year 

Wellhead Protection Area (WHPA – Zone D) of the Village of Westport municipal wells. 

 In terms of comparative energy requirements for the existing site and proposed WWTS alternatives, it 

was identified that power usage and assumed utility costs for snowmaking are significant:  

o Snowmaking is identified as the highest energy usage;  

o Spray irrigation is considered to be a mid range energy use application;   

o The proposed subsurface bed disposal is identified to be the lowest energy usage system.  

 Concept that same capacity “replacement” subsurface disposal system simplifies regulatory agency 

review and approval process (as site subsurface disposal is already approved for the site). 

 Preference for the option of ‘supplemental treatment’ prior to disposal to be considered as an alternative 

Stage 1 design concept. 

 Community growth and wastewater servicing capacity remains an important consideration for the future. 

 

The above input, in addition to other preliminary considerations, suggests that upgrades or improvements for the 

increased use of snowmaking or spray irrigation effluent disposal are not preferred relative to subsurface bed 

disposal. This input also suggests that the addition of supplemental treatment (i.e. additional pre-treatment of 

effluent from lagoon cell #2 prior to subsurface discharge) be examined as an alternative design concept. 

Consequently, two main alternative design concepts identified for assessment are: 

 

1. Lagoon Treatment + Subsurface Bed Disposal 

2. Lagoon Treatment + Supplemental Treatment + Subsurface Bed Disposal 

 

These alternative design concepts are described in Section 5. 
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4. General Site Characterization for Subsurface Disposal 

The existing available cleared field area for a large subsurface disposal system is approximately 13 ha in size, and 

lies within the presently described snow deposit area. Located within this area are existing buried utilities, including 

the air and effluent water distribution lines leading to the snow towers, and the Lagoon Cell1 to Cell2 transfer piping. 

 

A report titled “Geotechnical and Hydrogeological Analysis, Village of Westport in Ontario” was prepared on July 7, 

1995 by SoilRock Consultants Inc. for the Snowfluent system site. Select information includes: 

 Across the site, the terrain slopes generally downward in a northeast direction, at an average surface gradient 

of approximately 2 to 2.5%, with localized instances of steeper slopes of up to approximately 4% in certain 

areas. 

 Subsoil conditions across the site are characterized generally by a relatively thin and locally discontinuous 

overburden cover consisting of glacial drift sediments atop bedrock. 

 An average overburden thickness across the entire site of 1.7 m was calculated based upon developed cross-

sections. 

 A graphical interpretation of the pattern of surficial soil types across the site is presented in Drawing 9417E-F, 

Zones of Initial Soil Strata (see Appendix A) 

 Groundwater lies approximately 1.0 to 2.0 m below the ground surface over much of the site, and generally 

follows the bedrock surface, or slightly overlies it. 

 Based on the water table contours presented in Drawing 9417E-D (see Appendix A), groundwater flow across 

the site is interpreted to be generally toward the northeast at a hydraulic gradient of approximately 2.0 to 2.6%. 

Localized deviation(s) for this generalized flow path may occur in response to the bedrock topography. 

 

Additional information and description of the site’s physical setting are provided in TM #3 and TM #6B. 

 

Select findings and observations related to LSSDS design basis considerations are summarized below.  These 

findings are based on recent additional site subsurface investigations (e.g. test pits, groundwater level/depth, and 

karst assessment), as discussed further in TM#6B. 

 Percolation rates (T-times) ranging from about 35 min/cm to more than 40 min/cm are estimated from grain 

size distribution curves for the native silty overburden soil in the area of the proposed LSSDS. 

 Hydraulic conductivity values ranging between 10
-6

 m/sec and 10
-9

 m/sec are indicated for the overburden 

(BH-A, BH-E1 and BH-H1). 

 Hydraulic conductivity of 10
-6

 m/sec is indicated for shallow bedrock (BH-E2 and BH-H2). 
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5. Alternative Stage 1 Design Concepts 

Alternative design concepts for Stage 1 are to provide continued subsurface disposal within the existing site with an 

upgraded/replacement subsurface disposal system(s). As described in Section 3, the two main alternative design 

concepts include: 

1) Use existing facultative lagoon treatment and upgraded/replacement subsurface disposal; and 

2) Use existing lagoon treatment, plus supplemental treatment, and upgraded/replacement subsurface 

disposal. 

 

It is noted that design concepts incorporating a similar capacity “replacement” subsurface disposal system are 

anticipated to offer an opportunity for a simplified regulatory review and approval process which is considered 

important for meeting  implementation timelines and for Stage 1 targeted adherence to existing funding program 

conditions. 

 

To refine capacity requirements for the Stage 1 design concepts, historic flows suggest a minimum design basis 

annual ADF of 350 m
3
/d (annual ADF) and 525 m

3
/d as a maximum month ADF. Daily peak flows and potential 

maximum month flows greater than 525 m
3
/d are to be attenuated by lagoon storage volumes. Allowing for the 

lagoon volume attenuation and to provide a degree of conservatism, a maximum day flow capacity for downstream 

processes (i.e. supplementary treatment or LSSDS) is suggested as 600 m
3
/d (MDF). A corresponding peak hour 

flow capacity equates to 25 m
3
/hr (600 m

3
/d divided by 24 hrs). 

 

The following sections provide information related to the major components of the two main alternative design 

concepts: 

 Facultative Lagoon Treatment 

 Lagoon Treatment  + Supplemental Treatment 

 Subsurface Bed Disposal 

 

5.1 Facultative Lagoon Treatment 

Facultative lagoons are the most common waste stabilization pond type, and are recognized as being capable of 

achieving equivalent to secondary treatment or better. Lagoon systems are effective at accommodating peak flows 

and inherently offer flow equalization capabilities, and typically provide wastewater treatment at lower cost than other 

mechanical treatment type plants. 

 

The existing lagoon treatment system includes two (2) lagoon cells, which would continue to operate in series. Flow 

first enters Cell 1, having a volume of 55,000 m
3
 and a surface area of 3.5 ha. Then Cell 1 flow is pumped to Cell 2, 

having a volume of 25,000 m
3
, and a surface area of 1.35 ha. Based on existing sewage/wastewater characteristics, 

the existing lagoon treatment system would operate within typical design parameters (detention times and loading 

rates) at an average day flow rate of up to 500 m
3
/d or higher. 

 

Cell 2 effluent concentrations of 25 mg/l for CBOD5 and 30 mg/l for TSS reflect achieving secondary treatment typical 

effluent quality, and meet the Level II (2) effluent quality criteria as published in the Ontario Building Code (2012) for 

‘Other Treatment Units’. 

 

No construction upgrade or alteration works are contemplated as being necessary at the present time to make use 

of the two (2) existing lagoon cells and affiliated lagoon system infrastructure to provide facultative lagoon treatment 

as part of the Stage 1 design concept. 
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5.2 Lagoon Treatment + Supplemental Treatment 

The term ‘supplemental treatment’ is used here to generally describe additional treatment processes or systems 

aimed at further improving the effluent quality above that of the facultative lagoon treatment system.  The existing 

lagoon cells would continue to provide main treatment and flow equalization, and supplemental treatment measures 

would offer a potential for further improved quality effluent through addressing specific contaminants of concern.  

 

The potential benefits of supplemental treatment are application and site specific. Benefits can typically involve 

environmental, permitting/approvals, and/or reduced subsurface disposal area requirement considerations. 

Offsetting considerations are often potential additional treatment process/system complexities and costs (capital and 

operating). Potential benefits of supplemental treatment are more pronounced for applications not achieving 

sufficient pre-treatment prior to flow being dispersed in a subsurface disposal system (e.g. OBC Level II treatment), 

or where there are specific disposal capacity/loading constraining parameters that can be effectively reduced by 

supplemental treatment. 

 

Examples of supplemental treatment and packaged wastewater treatment technologies include fixed activated 

sludge, membrane bioreactor, sequencing batch reactor, rotating biological contactors, submerged attached growth 

reactors, and other processes. Examples of proprietary packaged wastewater treatment systems include Delta 

Environmental ECOPOD
®
, Biomicrobics FAST

®
, Newterra MBR (membrane bioreactor) Technology, Nelson 

Environmental SAGR
®
, WSB

®
 Clean Treatment Process, Waterloo Biofilter, Bishop Water Technologies BioCord 

Reactor, and others. Some treatment systems offer the OBC Level IV treatment as referenced above, while other 

systems can provide enhanced treatment above Level IV, usually involving nutrient removal (nitrogen and 

phosphorus reduction) capabilities.   

 

For large subsurface disposal systems, while other critical or constraining contaminants may be identified, in the 

case of groundwater, the most critical contaminant is typically nitrate. Depending on the treatment level achieved 

within the subsurface disposal system, contaminant attenuation mechanisms of native soils, and on-property 

groundwater dilution (calculated per prescribed MOECC methodology); there may be parameters that require 

supplemental treatment to meet the MOECC “Reasonable Use Concept”, or other permitted levels. Based on 

historical data, we have not observed parameters that would require supplemental treatment to meet the MOECC’s 

“Reasonable Use Concept”. 

 

With respect to Ontario Building Code (OBC, 2012) for ‘Other Treatment Units’, supplemental treatment providing 

equivalent to Level IV treatment (effluent quality of 10 mg/l for CBOD5 and 10 mg/l for TSS) can offer subsurface 

disposal system construction and sizing advantages, as described within Section 8 of the OBC. Construction and 

sizing advantages for this site are limited, however, due to the required thickness of the sand layer below the 

subsurface disposal system. For equivalent to level IV treatment, a 600mm thick sand layer may be used, as 

opposed to a 750mm thick sand layer for Level II treatment. The estimated cost of supplemental treatment far 

outweighs the savings from the reduced sand layer thickness.   

 

For potential application as part of the Stage 1 design concept, supplemental treatment is envisioned to be situated 

following the existing lagoon treatment process. In this manner the lagoon cells function to provide initial treatment 

and flow equalization. Flow equalization to effectively buffer flow rate and loading peaks, and to provide a more 

consistent flow rate for downstream treatment is very beneficial to the sizing and operation of a supplemental 

treatment process. Suggested Stage 1 design concept design capacities are 350 m
3
/d (annual average day flow), 

525 m
3
/d (maximum month average day flow), and 600 m

3
/d maximum day flow. 

 

Considering facultative lagoon treatment can achieve equivalent to OBC Level II treatment, it is assumed 

supplemental treatment requirements would be effluent quality of <10mg/L for CBOD5 and TSS, and that the 

supplemental treatment would also seasonally provide a degree of nitrate reduction through partial nitrification and 

denitrification. Based on preliminary estimates, the probable cost to provide Stage 1 supplemental treatment 

system(s) for the maximum day capacity ranges from $2.6 to $3.0 million (HST not included). The opinion of 
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probable cost includes allowances for equipment, installation, contractor and engineering services, and 10% 

contingency. 

 

It should be noted, based on historical data, we have not observed parameters that would require 

supplemental treatment to meet the MOECC’s “Reasonable Use Concept”. Nitrate levels at the property 

boundary under existing operations are already at or below the lower range of the expected supplemental 

treatment system capabilities.   

 

5.3 Subsurface Bed Disposal 

Subsurface disposal systems have traditionally been used to treat and discharge/dispose of effluent from residences 

and other facilities not connected to municipal wastewater systems. Most often these are regulated by Part 8 of the 

Ontario Building Code (OBC) – as systems with design flows < 10,000 L/d. The use of decentralized subsurface 

disposal systems or large subsurface disposal systems (> 10,000 L/d) for facilities, subdivision and communal 

developments, and communities is becoming much more prevalent, and these are regulated by the Ministry of 

Environment and Climate Change (MOECC) under Section 53 of the Ontario Water Resources Act. 

 

Subsurface disposal can offer a high degree of treatment for various parameters within the upper layer of 

unsaturated aerobic soil (600 mm to 1,200 mm). Wastewater effluent flowing through unsaturated and lower 

moisture soils causes it to travel through smaller soil pores and remain in the unsaturated zone for a longer retention 

time; both factors enhancing treatment levels for various parameters. The soil functions as a biological and physical 

treatment medium for the wastewater, as well as a porous medium to disperse the treated effluent in the receiving 

environment as it percolates to the ground water. 

 

Preliminary considerations and aspects of Stage 1 alternative design concepts related to subsurface bed disposal 

are presented in Section 3. The Stage 1 design concept capacities for a replacement subsurface disposal system 

are 350 m
3
/d annual average day flow, 525 m

3
/d maximum month average day flow, and 600 m3/d maximum day 

flow. Operational performance and monitoring programs will be undertaken and may support the potential for future 

application for an increase to the WWTS rated capacity. 

 

To increase separation from the groundwater table and/or bedrock, and to provide improved conditions for 

subsurface treatment mechanisms – for concept design purposes the subsurface bed disposal field is proposed to 

be constructed on imported sand material. Use of the imported sand material as either a raised dispersal bed or filter 

bed system enhances treatment, drainage and infiltration, and maintains increased vertical separation from the 

groundwater table. A subsurface disposal system with a 500 mm or greater sand layer thickness below the top 

infiltration surface can be considered a form of a bottomless single-pass sand filter. 

 

There are various commercially available pre-manufactured systems for accomplishing subsurface bed disposal of 

effluent. For illustration of representative design rationale, a Type B dispersal bed or filter bed with a gravelless 

leaching chamber (or distribution pipe in a stone layer) is considered below; however any other similar disposal 

system would be acceptable for detailed design of the system. 

 

For potential application as part of the Stage 1 design concept, subsurface bed disposal will follow the facultative 

lagoon treatment process, or follow the facultative lagoon + supplemental treatment process. In this manner, the 

subsurface disposal bed will receive treated wastewater effluent, and benefit from flow equalization provided by the 

lagoon cells. 

 

Based on observed native soil conditions and grain size distribution testing results from a Subsurface Investigation 

recently completed at the Westport WWTS by ASC Environmental (ASC, 2015), a hydraulic loading rate for the 

native soil infiltration surface of 12 L/m
2
.d is recommended.  This infiltration rate is also based on information 

contained in Table 22-1 of the MOECC’s Design Guidelines for Sewage Works (2008).   
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Reviews of soil descriptions contained in available background file documentation and reports for the site dating 

back to the mid-1990’s suggested a higher hydraulic loading rate may be anticipated.  In general, the background 

information suggested that the local soils were somewhat coarser and more permeable than those observed during 

the more recent subsurface investigation.  As ASC’s investigation was scoped to specifically target the proposed 

footprint area for the LSSDS and included a more detailed examination of the local soils, it is our opinion the updated 

hydraulic loading rate value presented herein provides a more accurate reflection of site conditions at the Westport 

WWTS. 

 

Adopting a soil infiltration unit area hydraulic loading rate of 12 L/m
2
.d results in a disposal bed base sand/mantle 

area of 5.0 ha for a maximum day flow rating of 600 m
3
/d. Applying maximum day flow of 600 m

3
/d to a soil 

infiltration area 5.0 ha, equates to an equivalent daily liquid depth application of approximately 12 mm (0.5”) over the 

full 5.0 ha area. 

 

Design considerations to ensure satisfactory long-term performance will include shallow placement of the initial 

infiltration surface, bed length parallel to existing ground surface contours (as possible), sufficient levels of pre-

treatment (e.g. equivalent to OBC Level II or IV), flow equalization/storage to minimizing peak flow effects, uniform 

distribution/application and dosing, and multiple cells to provide for periodic resting and/or maintenance operations. 

 

A representative Stage 1 design concept envisions a raised dispersal/filter bed subsurface disposal system, with the 

following features: 

 Treated wastewater (effluent) flow will be pumped from clarification/wet well storage tank to the 

subsurface disposal system, and pressure dosed within individual beds. 

 Storage tank, pumps and connecting piping. 

 Electrical supply, and electrical and control systems within building enclosure. 

 Raised dispersal/filter beds constructed of imported sand fill. 

 Pressure distribution and dosing within gravelless leaching chambers or distribution pipe contained 

within a stone layer. 

 Total base soil infiltration area of 5.0 ha. 

 Appropriate cover material, grading and vegetation. 

 Associated utilities and civil works (piping, road, power supply, etc.). 

 

Based on preliminary estimates, the opinion of probable cost to provide subsurface bed disposal and associated 

works as described above is $3.2 to $3.5 million (HST not included). Probable cost estimates includes allowances 

for materials, equipment, installation, contractor and engineering services, and 10% contingency. 
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6. Evaluation of Alternative Stage 1 Design Concepts 

As identified in Section 3 and 5, the two main alternative Stage 1 design concepts are: 

 Design Concept - A: use existing facultative lagoon treatment and upgraded/replacement subsurface 

disposal; and, 

 Design Concept - B: use existing lagoon treatment, plus supplemental treatment, and 

upgraded/replacement subsurface disposal. 

 

Table 6.1 on the following page presents a comparative evaluation of the two Stage 1 design concepts. 

 

The following presents comparative observations and comments: 

 

Similarities with Design Concept - ‘A’ and Design Concept - ‘B’: 

 The operational priority is to remove the seasonal effluent disposal constraint and disposal loading variations 

presently experienced. The implementation of the subsurface bed disposal system is the critical path 

scheduling need with either Design Concept ‘A’ or ‘B’.  

 Both design concepts are the same in terms of Stage 1 initial system rated capacity and LSSDS subsurface 

bed sizing.  

 Performance monitoring of Design Concept ‘A’ or ‘B’ would allow future evaluations and determinations to be 

made on capacity re-rating opportunities. 

 

Cost Comparisons: 

 The overall opinion of probable capital cost for Design Concept ‘B’ is significantly greater than that of Design 

Concept ‘A’.  Design Concept ‘A’ aligns more closely with Village’s existing secured OCIF Intake I funding 

program (in terms of cost and timelines).  

 Design Concept ‘B’ presents a substantive financial burden to the Westport community.  It is acknowledged as 

a beneficial future consideration. 

 Operating and maintenance costs of Design Concept ‘A’ are estimated to be less than Design Concept ‘B’.  

This is subject to variances such as the optimized supplemental treatment system, and preventative 

maintenance efforts. The higher range of estimated operating and maintenance costs for Design Concept ‘B’ 

are similar to those estimated for the existing system.  The range of costs estimated for Design Concept ‘A’ 

are lower than the estimated existing costs.  

 

Technical and Environmental Considerations:  

 Sampling parameters for the discharge effluent are: carbon, nitrogen and phosphorous.  The constraining 

parameter at this site is nitrogen, which is monitored by the Village as part of the current C of A requirements.  

Historical nitrate levels measured at the property boundary are well below the Ministry’s requirements, and 

well below the typical supplemental treatment capabilities for further nitrate reductions.  Thus the additional 

costs for implementation of supplemental treatment is not identified at this time, but is acknowledged as a 

beneficial future consideration. 

 An enhanced monitoring program is recommended to be implemented as part of the site improvements.  

Enhanced data collection and analysis will allow for monitoring for additional treatment needs/opportunities 

towards nitrate nitrogen. 

 Incorporating future improved treatment measures (Design Concept ‘B’) can potentially offer extended 

lifespan of the subsurface disposal system, thus lowering the lifecycle cost and protecting the initial 

investment. 

 Design Concept ‘B’ can be implemented within the proposed Design Concept ‘A’ WWTS at a future date.  



Table 6.1: Comparative Evaluation of Alternative Stage 1 Design Concepts 

 Item / Issue Consideration

 Stage 1 - Alternative Design Concepts

 Design Concept -A 
Facultative Lagoon Treatment + Subsurface Bed 

 Disposal

 Design Concept - B
Facultative Lagoon Treatment + Supplemental Treatment 

 + Subsurface Bed Disposal

 Technical     

Address Priority WWTS Operational Constraint; Remove Seasonal 
 Effluent Disposal Constraints

 Yes  Yes

 Use and Optimize Existing Site Infrastructure  Yes  Yes

 Subsurface Bed – Base Area  5.0 ha  5.0 ha

 Proposed System Rated Capacity (ADF-annual)
350 m

3

 /d 350 m
3

 /d

 Proposed System Capacity (ADF-max. month)
525 m

3

 /d 525 m
3

 /d

 Adequately Service Existing Flows  Yes  Yes

 Adequately Service Future Flows  No – not Stage 1  No – not Stage 1

 Anticipated WWTS Performance  Improved
Performance Improvements are Generally Operational and 

 not due to Environmental Constraints

More Improved with Increased Longevity of Subsurface 
 Disposal System due to Higher Quality Effluent

Performance Improvements are Generally Operational and not 
 due to Environmental Constraints

 Wastewater Effluent Quality (Equiv. to) Level II (OBC), 30 mg/l Total Suspended Solids, 
25 mg/l CBOD

5, 
 No Nutrient Removal.

NOTE: Empirical data for the current site and lagoon 
operations have not identified additional nutrient removal 

 requirements

(Equiv. to) Level IV (OBC), 10 mg/l Total Suspended Solids, 
10mg/l CBOD

5, 
Capable of Nutrient Removal (Nitrogen and 

 Phosphorus)
NOTE: Empirical data for the current site and lagoon operations 

 have not identified additional nutrient removal requirements

 Staged WWTS  Implementation Potential  Yes  Yes

 MOECC Approval Application – Complexity / Timing Low complexity – based on being replacement system for 
existing approved subsurface disposal system. Pre-

consultation efforts targeting opportunity for expedited 
 approval.

Higher complexity – based on being replacement subsurface 
system with additional supplemental treatment. Pre-

consultation efforts targeting opportunity for expedited 
 approval.

Potential for future rated capacity increase, subject to 
 performance monitoring and supporting data 

 Yes – potential (subject to supporting data).  Yes – potential (subject to supporting data).

Effect on potential future increase of WHPA of existing municipal 
 wells 

 May impact locational site suitability considerations in future.  May impact locational site suitability considerations in future.

 Social     

 Ability to meet existing community wastewater servicing needs  Yes – existing rated capacity.  Yes – existing rated capacity.

Ability to meet future community growth wastewater servicing 
 needs

No – not with Stage 1, future stages to address capacity 
 increases.

No – not with Stage 1; future stages to address capacity 
 increases.

Effect on existing and/or future nearby residences, businesses or 
 property

Anticipated to lessen impact with no or minimal  snow 
 making or spray irrigation.

Anticipated to lessen impact with no or minimal snow making or 
 spray irrigation.

 Legal / Jurisdictional / Land Use Planning Stage 1 – generally status quo (use of existing site, no 
 additional lands).

Stage 1 – generally status quo (use of existing site, no 
 additional lands).

Effect on Cultural Heritage Landscapes and Built Heritage 
 Resources

 None anticipated – use of existing site.  None anticipated – use of existing site.

 Effect on Potential Archaeological Resources Minor, limited disturbance expected on site. Stage 2 
 assessment required.

Minor, limited disturbance expected on site. Stage 2 
 assessment required.

 Effect on Community Institutional or Recreation Facilities  None anticipated – use of existing site.  None anticipated – use of existing site.

 Economic     

Overall Capital Cost  
1  $3.2 to 3.5 million  $5.8 million to $6.5 million

Operating & Maintenance Costs  
2  Lower than existing, in range of approx. $105k /yr  Moderate – approx. $150k to $190k /yr 

 Financial Viability / Sustainability  Greater than Concept ‘B’  Less so than Concept ‘A’

Stage 1 Cost/Schedule: ability to fall within OCIF funding 
 program limits/requirements

> 45% above existing received OCIF-1 funding / 
anticipated requirement for expedited design & approvals 

 for implementation to meet timelines.

>160% above existing received OCIF-1 funding / anticipated 
requirement for expedited design & approvals (greater 

schedule pressures for incorporation of design and approvals 
 of supplemental treatment system.) 

 Environmental     

Effect on Sensitive Resource: Continued zero discharge to Upper 
 Rideau Lake

 Yes  Yes

 Effect on Surface Water Quality Stage 1: Anticipated improved subsurface 
treatment/disposal performance. Monitored as part of site 

 approval. 
Natural Heritage Constraints Analysis noted low potential for 

off-site impacts, such as to surface waters in the 
 surrounding area.

Stage 1: Anticipated improved subsurface treatment/disposal 
 performance.  Monitored as part of site approval.

Supplemental treatment offers greatest anticipated treatment 
performance generally concerning operations and subsurface 
disposal system longevity and not environmental concerns.  In 

future, supplemental treatment may offer greater 
treatment/disposal performance, to address any additional 

 treatment needs if identified through site monitoring. 
Natural Heritage Constraints Analysis noted low potential for 
off-site impacts, such as to surface waters in the surrounding 

 area.

Effect on Private and Municipal Wells (ground water quality and 
 Well Head Protection Area (WHPA))

Anticipated improved subsurface treatment/disposal 
performance. Monitored – potential impact from failing 

systems (site within WHPA-Area D). No anticipated 
additional effects without supplemental treatment when 

 compared to Design Concept ‘B’.

Greatest treatment performance, subsurface treatment/disposal 
performance and improved longevity. Monitored – least risk of 

 impact from failing systems (site within WHPA-Area D).

 Effect of Terrestrial Habitat: Construction and Operation  Minimal – use of existing site and previously cleared area.
Natural Heritage Constraints Analysis noted low potential for 

 impacts to natural heritage features and functions.

 Minimal – use of existing site and previously cleared area.
Natural Heritage Constraints Analysis noted low potential for 

 impacts to natural heritage features and functions.

 Effect of Aquatic Habitat: Construction and Operation  No/minimal - use of existing site
Natural Heritage Constraints Analysis noted low potential for 

 impacts to natural heritage features and functions.

 No/minimal – use of existing site
Natural Heritage Constraints Analysis noted low potential for 

 impacts to natural heritage features and functions.

      

 Notes:
1. Overall capital cost is an opinion of probable cost (2015 $) – includes allowances for equipment, installation, contractor’s and engineering services, and 10% contingency. HST not 

 included. Probable costs are based on understandings and assumptions at this time, and are subject to future considerations and changes.
2. Operating & maintenance costs are an order of magnitude opinion of probable costs (2015 $), based on understandings and assumptions at this time. Opinion of probable costs 

are subject to future considerations and changes. Existing snowfluent and spray irrigation system O&M cost estimated as $200k (based on Village 2014 cost information, and 
 assuming standard sampling and reporting requirements).

 
Legend: 

      

Less positive/favourable More positive/favourable                
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 Important considerations for the preservation and performance of the LSSDS include; selection of the sand 

bed media and further filtration of the lagoon effluent before discharging into the disposal bed, as well as bed 

size design and dosing strategies. 

 The recommended enhanced monitoring program can also include the installation of standpipes to monitor 

the bed condition. 

 

From an environmental perspective, Design Concept ‘B’ is considered to  produce a high quality effluent with low 

nitrate concentration and thus offer a higher degree of ground water protection and less potential effect to private 

and municipal wells.  It is ranked higher in the environmental category of the evaluation matrix, and lower in the 

economic category.  With that considered, and as identified in Section 5, based on historical data, parameters have 

not been observed that would require supplemental treatment to meet the MOECC requirements.  Typical 

supplemental treatment (examples provided in the previous section) targets nitrate reduction, however, based on the 

historical site data, nitrate levels observed at the property boundary under existing operations are already at or 

below the lower range of the expected supplemental treatment system’s capabilities.  An enhanced monitoring 

program based on MOECC’s requirements will be recommended to be implemented as part of the site 

improvements.  Extensive data collection and analysis from this program will allow for considerations for additional 

treatment needs/opportunities at the WWTS.  As part of the enhanced monitoring program, monitoring devices such 

as standpipes are also recommended in the LSSDS design to assess bed conditions and act when required to 

improve the conditions. Enhanced monitoring requirements for the proposed works were supported in pre-

consultation discussions with the MOECC.    

 
Based on the above considerations and Table 6.1 comparative evaluation information and results, Design Concept 
‘A’ has been identified as the preliminary recommended “Preferred Design Concept” for Stage 1.  Design Concept 
‘B’ is recognized as a beneficial consideration for future, and can be implemented at a later date within the proposed 
Design Concept ‘A’ WWTS.  
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7. Description of Preferred Design Concept 

7.1 Stage 1 Design Concept 

General Description 

 

The preferred design concept for Stage 1 works uses existing facultative lagoon treatment and incorporates 

a new large subsurface disposal system (LSSDS) within the existing site. Figure 7.1 illustrates a concept 

location plan for the Stage 1 preferred design concept. The rated capacity of Stage 1 works is 350 m
3
/d 

(annual average day flow), 525 m
3
/d (maximum month average day flow), and 600 m

3
/d (maximum day 

flow).  Monitoring of the system performance and data collection may have the potential to support a future 

application for an increase to the WWTS rated capacity. 

 

Facultative Lagoon Treatment 

 

The existing lagoon treatment system includes two (2) lagoon cells to provide primary and secondary 

treatment, as well as balancing and storage of peak flow events. The cells operate in series: flow first enters 

Cell 1, having a volume of 55,000 m
3
 and a surface area of 3.5 ha; then Cell 1 flow is pumped to Cell 2, 

having a volume of 25,000 m
3
, and a surface area of 1.35 ha. Based on existing sewage/wastewater 

characteristics, the existing lagoon treatment system would operate within typical design parameters 

(detention times and loading rates) at an average day flow rate of up to 500 m
3
/d or higher. 

 

Historical average Cell 2 effluent concentrations of 25 mg/l for CBOD5 and 30 mg/l for TSS reflect achieving 

secondary treatment typical effluent quality (as per MOECC Procedure F-5-1 Table 1, without P removal), 

and meet the Level II (2) effluent quality criteria as published in the Ontario Building Code (2012) for ‘Other 

Treatment Units’. 

 

Stage 1 works contemplate making use of the existing two (2) existing lagoon cells and affiliated lagoon 

infrastructure to provide facultative lagoon treatment. A normal operating level of 85% of full working volume 

provides approximately 12,000 m
3
 of available storage capacity to attenuate maximum day flows, and 

maximum month flow periods. 

 

Subsurface Disposal 

 

A representative Stage 1 design concept envisions a fill-based subsurface disposal system, with the 

following features: 

 Treated wastewater (effluent) flow will be fed to the subsurface disposal system, and pressure 

dosed within individual cells. Refer to Figure 7.1 for a preliminary process flow diagram.  

 Storage tank, pumps and connecting piping (if required). 

 Electrical and control systems within building enclosure. 

 Subsurface Disposal beds will be constructed of imported sand fill (minimum 500 mm thickness 

below initial infiltration surface). 

 Multiple disposal beds with pressure distribution and dosing within gravelless leaching 

chambers or distribution pipe contained within a stone layer. 

 Representative total soil infiltration area of 5.0 ha. 

 Appropriate cover material, grading and vegetation. 

 Associated utilities and civil works. 

 

The above infiltration area sizing considers a maximum flow of 600 m
3
/d and a soil infiltration unit area 

hydraulic loading rate of 12 L/m
2
.d. System sizing should be sufficiently conservative relative to annual and 

maximum month average day flows (350 m
3
/d and 525 m

3
/d, respectively).  
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Subsurface Disposal (continued) 

 

Design considerations to ensure satisfactory long-term performance will include shallow placement of the 

initial infiltration surface, bed length parallel to surface contours (as possible), sufficient levels of pre-

treatment, flow equalization/storage to minimizing peak flow effects, uniform distribution/application and 

dosing, and multiple beds/cells to provide sufficient disposal capacity for periodic resting and/or 

maintenance operations 

 

Property Requirements 

 

Implementation of the new subsurface disposal system and related works are located within the existing 

WWTS site. No property requirements are associated with the Stage 1 design concept.   

 

Site Services & Utilities 

 

Lagoon Cell 2 access road improvements, 600V power supply (from Main Control Building to vicinity of Cell 

2), and control building enclosure for standby power unit, electrical and controls, are expected as required 

site utilities/services.  

 

Approvals & Monitoring 

 

Application for approval of Stage 1 works for a replacement alternate subsurface disposal system at a rated 

average day capacity 350 m
3
/d (127,750 m

3
 annual volume) is anticipated to require application to the 

MOECC to amend the existing Certificate of Approval, Number 8927-89AET, issue date October 5, 2010. 

 

The current WWTS involves approval monitoring and recording through the existing Certificate of Approval.  

The proposed approval monitoring and recording requirements will be set forth by the MOECC through the 

amended Certificate of Approval.  Through pre-consultation discussions with the MOECC, it is anticipated 

that this will include an enhanced monitoring regime.  General information is summarized below; additional 

detail of proposed approvals and monitoring is provided in TM#6A: Westport WWTS Stage 1 Capacity and 

Approvals Considerations. 

 

 Lagoon Cell 2 content historical and continued objectives: CBOD5 – 25 mg/L, and Total Suspended 

Solids (TSS) – 25 mg/L. 

 

 Groundwater at the downgradient site boundary – Reasonable Use Concept criteria/limits: Nitrate – 

2.5 mg/L, and Chloride – 125 mg/L.   

 

Provisional and Contingency Operations 

 

It is recommended that the amended approval from the MOECC identify both the existing snowfluent and 

existing spray irrigation effluent disposal methods remain as provisional system operations. 

 

To facilitate operations during a sustained power outage, provisions for connection of a backup power 

supply should be considered.  

 

Opinion of Probable Cost 

 

The overall opinion of probable cost to complete the Westport WWTS Stage 1 upgrade to implement  a 

replacement large subsurface disposal system is $3.2 to $3.5 million. Table 7.1 on the following page 

provides a cost summary. 
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The opinion of probable operating and maintenance costs associated with operating at 350 m
3
/d (annual 

ADF) are summarized in Table 7.2 on the following page as well. 

 

Table 7.1 Opinion of Probable Capital Project Cost 

New Large Subsurface Disposal System   $1.9M to $2.0M 

 (Dispersal bed, 500 mm filter sand depth, approximate 5.0 ha soil infiltration area, pressure 

distribution and dosing systems, appropriate grading, cover material and vegetation) 

  

Site - Civil, Services and Utilities   $260k to $350k 

 (Power supply, access road(s), site works and drainage, control building enclosure, electrical and 

controls, communications) 

  

Contractor’s PM, Insurance & Bonds, Overhead & Profit    $320k to $350k 

Contingency (10%)   $250k to $270k 

Sub-Total Construction Cost (rounded)   $2.7M to $3.0M 

Allowance for Engineering (15%) [design and services during construction]   $400k to $450k 

Allowance for Owner costs (3%) [fees/permits, geotechnical, material testing, etc.]   $80k to $90k  

Total Project – Opinion of Probable Cost (rounded)   $3.2M to $3.5M 

1. Overall capital cost is an opinion of probable cost (2015 $) – includes allowances for equipment, installation, contractor’s and 
engineering services, and 10% contingency. HST not included. Probable costs are based on understandings and assumptions at 
this time, and are subject to future considerations and changes. 

 

 

Table 7.2 Opinion of Probable Operating and Maintenance Costs 

Items Estimate / Allowance Comment 

Management & Reporting $10,000 Standard reporting 

Operation & Maintenance (labour) $55,000 Approx. 0.5 to 0.7 of full-time-equivalent 

(comparative to existing operation labour, not in 

addition to) 

Lab Analysis $15,000 to $20,000 Monitoring requirements 

Power / Electricity  $7,500 $0.15 per kWhr 

Grounds Maintenance $2,000 Grass, snow plowing, etc. 

Power Outage / Contingency Measures $3,000 Subject to backup power supply costs 

Annual Allowance for Equipment 

Replacement / Major Repairs (incl. Minor 

Repairs and Consumables) 

$5,000 Potential annual costs for minor repairs, and 

annualized potential costs for equipment repairs 

over longer lifespan (20 year) 

Miscellaneous, Small Items $5,000 Contingency for unforeseen items 

Total- Opinion of Probable O&M Cost ~$105,000  Annual cost range (rounded) 

1. Operating & maintenance costs are an order of magnitude opinion of probable costs (2015 $), based on understandings and 
assumptions at this time. Opinion of probable costs are subject to future considerations and detailed design. 

2. As identified in Table 6.1, existing snowfluent and spray irrigation system O&M costs were estimated as $200k (based on Village 
2014 cost information, and assuming standard sampling and reporting requirements).  The high range of probable O&M costs 
proposed in Table 7.2 are in similar order of magnitude to the existing O&M costs. 

 

7.2 Future Stage Concepts 

During and following implementation of Stage 1, other Stage 2 and future potential initiatives can be initiated and/or 
progress. 
 
Concurrent with Stage 1, the Village of Westport can review and inquire to the potential availability of additional 
land(s). With suitable additional land(s), and possibly in combination with land use rights for subsurface disposal 
attenuation zones, a most immediate benefit would be to have additional subsurface discharge capacity capabilities. 
Assuming availability of suitable additional land and a treatment capacity of 500 m

3
/d for the existing lagoons – 

forcemain conveyance of the treated effluent to an appropriate subsurface disposal system at the new additional 
land site could allow an overall rated capacity increase to 500 m

3
/d. 
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If potential additional land(s) are of adequate size, new treatment (lagoon based with supplemental treatment, or 
other treatment) and subsurface disposal systems could be implemented in stages as necessary to provide up to the 
full 20-year projected additional flow. Depending on the new site capabilities, the wastewater servicing capacity 
could be in combination with the existing WWTS site; completely replace the existing site; or be some variation in 
between. Maintaining use of the existing lagoons is expected to be advantageous in terms of providing primary 
treatment, as well as providing flow balancing and storage for peak flow events. 
 

A performance monitoring program is recommended as part of Stage 1 to assess opportunities for increasing the 

rated capacity of the existing site, as may be supported by monitoring data. If not initially supported, the monitoring 

program information may identify limiting constraints or parameters that potentially could be addressed with 

supplemental treatment or other measures. Consideration and assessment of potential rerating opportunities at the 

existing site would involve consultations with, and input from regulatory authorities. 
 
The Village is also concurrently proceeding with other initiatives (e.g. water conservation, reduction of inflow and 
infiltrations, lagoon desludging) which may reduce and/or otherwise improve the wastewater inflows, benefit future 
operations and performance capabilities of the Westport WWTS.  
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8. Implementation Timeline Considerations 

Based on a Class Environmental Assessment Notice of Completion of December 21, 2015, a tentative Stage 1 

works implementation timeline is presented below.  

 

Item  Tentative Date 

Class EA   

 Class EA Notice of Completion  December 21, 2015 

 30-day Review Period (minimum)  January 30, 2015 

Detailed Design for Improvements   

 Additional Site Investigations and topographic survey  ongoing 

 Detailed Design and MOECC Approval Application  February 2016 - March 2016 

 MOECC Review and Approval  March - April 2016 

 Preparation of Tender Documents   March - April 2016 

(Tentative) Tender and Construction of Improvements   

 Construction Contract Tender & Award  May - June 2016 

 Construction Period  July - December 2016 

 System Commissioning / Startup  November - December, 2016 

 Stage 1 Works Operational / Substantial Performance  December 2016 

Notes: 

1. Tentative projected timelines are considered ‘aggressive’, and require expedited project activities including MOECC ECA application review 
and approval. 

2. Projected timelines are shown based on desired December 2016 completion. Timelines are subject to finalization of Class EA study, future 
considerations and changes, and 3

rd
 party activities. 

 

 

    

 

  



 

  

Appendix A 

Select Site Characterization 
Drawings (9417E-D/F) 

 

[Source: “Geotechnical and Hydrogeological Analysis”, 
SoilRock, July 7, 1995] 
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1. Introduction 

The Village of Westport is located in the United Counties of Leeds and Grenville at the west end of Upper Rideau 

Lake. The serviced developed area within Westport has a sanitary sewer collection system, and a main sewage 

pumping station that conveys flow to the Westport Wastewater Treatment System (WWTS) for treatment and 

disposal.  

 

The Westport WWTS is owned and operated by the Village of Westport. The WWTS presently consists of two (2) 

sewage lagoon cells, and a Snowfluent® generation and dispersion system. The Snowfluent® deposit area functions 

as a subsurface disposal system. The existing WWTS has a Certificate of Approval (CofA) approved rated capacity 

of 310 m
3
/d. Figure 1.1 provides an aerial image of the Westport WWTS and vicinity. 

 

FIGURE 1.1 - AERIAL IMAGE OF WESTPORT WWTS 

 

In May 2015, the Village retained AECOM Canada Ltd. to undertake a Schedule “C” Class Environmental 

Assessment for the rehabilitation/expansion of the Village of Westport’s Wastewater Treatment System. The Village 

has received partial grant funding for this project from the Ontario Community Infrastructure Fund (OCIF). The 

provided funding requires that all works associated with the WWTS rehabilitation/expansion be completed by 

December 31, 2016.   

 

The following document (Technical Memorandum (TM) # 6A) has been prepared to discuss and present capacity 

and approval considerations associated with the proposed Westport WWTS Stage 1 upgrades and subsurface bed 

disposal, and forms part of a package as follows: 

 

 Technical Memorandum #6 – Evaluation of Stage 1 Alternative Design Concepts 

 Technical Memorandum #6A – Capacity and Approval Considerations (this document) 

 Technical Memorandum #6B – Additional Site Characterization and Information 

 

LAGOON #2 

SNOW DEPOSIT 

AREA LAGOON #1 

SNOWFLUENT PLANT 

PERTH ROAD (CTY RD 10) 

N 
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This TM provides details on the existing site WWTS effluent, Reasonable Use Criteria, and identifies proposed 

calculations for theoretical nitrate and chloride concentration at the boundaries based on historical data 

considerations, and identifies approvals and monitoring in accordance with the existing Certificate of Approval (CofA) 

and in consideration of the proposed site upgrades.  This TM is intended for presentation to the Ontario Ministry 

of the Environment and Climate Change (MOECC) for review and acceptance, as the basis for design for the 

proposed WWTS upgrades (as described herein), for continued subsurface discharge at the existing site. 

 

This TM is intended to provide supporting information to, and should be read in conjunction with, TM #6 and TM 

#6B.  Related and additional information can also be found in other Municipal Class EA study Technical 

Memorandums completed to date. 
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2. WWTS Historic Flows and Rated Capacities 

This section provides discussion on the current rated capacity for the site, historical flows, and the proposed design 

capacity for the replacement system.  

 

2.1 Historical Flows and Current Rated Capacity 

Table 2.1 summarizes the historical average, maximum month, and maximum daily flow data for the past 4 years. 

 

 Table 2.1: AVERAGE HISTORICAL FLOWS 

Year 
Annual Average Day 

Flow (ADF) 
(m

3
/day) 

Maximum 
Month - ADF 

(m
3
/day) 

Maximum Day Flow 
(m

3
/day)

(1)
 

Maximum Day 
Factor 

2011 315 541 1,123 3.6 

2012 241 389 532 2.2 

2013 264 377 564 2.1 

2014 334 721 1,347 4.0 

Period Average 289 507 
  NOTES: 

 
 

 
  

 (1) Taken as maximum day in calendar year of available historical flow data.   

 

The existing WWTS possesses a Certificate of Approval (C of A) approved rated capacity of or 310 m
3
/d. The 2011-

2014 period average annual average day flow is 289 m
3
/d (93% of the rated capacity), and there have been annual 

period average day flows greater than the current rated capacity 310 m
3
/d. 

 

2.2 WWTS Stage 1 Upgrades Proposed Capacity 

Considering historic flows, a suggested minimum design basis capacity for proposed WWTS Stage 1 upgrades is 

350 m
3
/d (annual ADF) and 525 m

3
/d (maximum month ADF). Daily peak flows and potential maximum month flows 

greater than 525 m
3
/d are to be attenuated by lagoon storage volumes. 

 

 

3. WWTS Effluent Disposal – Empirical Results 

This section discusses historical chloride and nitrate levels observed at monitoring wells (groundwater monitoring), 

and surface water stations (surface water monitoring). It was observed that, during spray irrigation in recent years, 

there were increased chloride concentrations, however, all boundary monitors remained below the RUC limits at all 

times. Nitrate concentrations at boundary monitors consistently remained below RUC limits. 

 

3.1 Existing Subsurface Disposal – Current Conditions 

The Westport WWTS effluent subsurface disposal methods in the recent past have used both the Snowfluent® 

(snow making) and spray irrigation systems. The Snowfluent system involves a winter application and a spring/early-

summer melt season, and the spray irrigation primarily involves a summer application season. Each of the two 

subsurface disposal methods account for approximately 50% of the annual disposal volume. As both are seasonal 
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and weather condition dependent, the effective disposal hydraulic loading rates (daily application volumes) can vary 

significantly. During the 2013/14 season, an average Snowfluent volume of 400 m
3
/day was discharged, in the range 

of zero to greater than 2,700 m
3
/day. The average volume in the 2013/14 for the 148-day spray irrigation season 

was 469 m
3
/day, and ranged from zero to greater than 2,200 m

3
/day. 

 

The existing monitoring program requirements (CofA# 8927-89AHET) include groundwater and surface water 

sampling and reporting. The current groundwater and surface water monitoring network is shown in Figure 3.1.  

 

FIGURE 3.1 - CURRENT MONITORING NETWORK (SQUARES DENOTE GROUNDWATER MONITORS AND 

CIRCLES REPRESENT SURFACE WATER STATIONS)  

The established Reasonable Use Concept (RUC) parameters and criteria for groundwater at the downgradient site 

boundary of the Westport WWTS are as follows: 

 

 Chloride – 122.5 mg/L 

 Nitrate – 2.63 mg/L 

 

3.2 Ground Water Monitoring Results 

Currently, there are a total of six (6) monitoring wells at the Westport WWTS site, as shown in Figure 3.1.  Two of 

the monitoring wells are considered background locations (MW1 & MW4), one is at a downgradient position on-site 

(MW2), and three are downgradient at the site boundary (MW3a, MW5 & MW6).  These locations are sampled on a 

monthly frequency for a suite of analytic parameters. Of these, the main groundwater quality parameters that are 

considered indicators of potential effluent effects from the Westport WWTS are chloride and nitrate. 

 

Over the past three (3) operational years, summer irrigation has been undertaken as a contingency due to high 

lagoon levels.  During these contingency periods, water quality monitoring was increased from a monthly basis to bi-

N 
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weekly (every 2 weeks) with interim reporting of the results.  The intent of the interim reporting is to assess the water 

quality results with respect to established RUC criteria for groundwater at the downgradient Site boundary.   

 

Overall, it was observed that water quality results for chloride exhibited greater increases during spray irrigation, 

most noticeably in the first two (2) irrigation seasons, indicating a net effect on groundwater quality leaving the Site.  

During the first two seasons, chloride concentrations at the on-site monitor (MW2) did increase above the previously 

established RUC limit of 122.5 mg/L, however the boundary monitors, which also exhibited increased 

concentrations, remained below the RUC limit.  In 2014, an increasing trend related to spray irrigation also occurred 

but was not as great as that observed in the first two seasons.  Preliminary review of this data indicates that this may 

be related to a change in operations, including areas where spray irrigation was undertaken. 

 

With respect to nitrate, it has consistently remained well below the previously established RUC limit of 2.63 mg/L, 

with no discernable trends in the data. 

 

A graph of the groundwater quality trends for nitrate and chloride (2014 Spray Irrigation Study) at the monitoring 

wells is included in Appendix A. During the 2014 spray irrigation season with an average effluent application rate of 

469 m
3
/day, chloride levels at property boundary downgradient wells remained below the RUC parameter limit of 

122.5 mg/L, and nitrate levels at property boundary downgradient wells remained significantly less (<50%) than the 

RUC parameter limit of 2.63 mg/L. 

 

3.3 Surface Water Monitoring Results 

There are five (5) surface water stations that have been established at the site, as shown in Figure 3.1.  The NW 

Corner and Under-Drain stations represent background conditions whereas; the NE Corner and the Discharge Ditch 

(downstream of the old lagoon) represent downstream stations.  Historically, the former Middle Drain was also 

considered a downstream station.  However, this location was remediated in mid-2013 due to the presence of tile 

drains in this area.  Since the remedial efforts were carried out, this location has been consistently recorded as dry. 

 

Historically, surface water was only sampled from April to June as part of the Snowfluent
®
 monitoring program.  Year 

round monthly sampling commenced in late-2013 (winter conditions permitting) at the Site to better understand 

potential variability in seasonal surface water quality.  During spray irrigation, the surface water stations were 

sampled on a bi-weekly basis at the same time as the groundwater monitoring wells. 

 

The primary surface water quality indicator parameters to demonstrate potential effluent effects from the Westport 

WWTS are chloride, total phosphorous and total ammonia / unionized ammonia.  In general, surface water quality 

has generally satisfied the Provincial Water Quality Objectives (PWQO) for total phosphorous and unionized 

ammonia, although total phosphorous is detected periodically above the PWQO limit. 

 

Elevated chloride concentrations are observed at the off-site discharge point during spray irrigation periods.  

Historically, chloride concentrations have generally been low during the spring following the traditional Snowfluent
®
 

operating period but recently have increased during the summer over the last three operating years at the time of 

spray irrigation based on the more frequent bi-weekly sampling frequency. However, by the following spring they 

have been found to decline back down to the historical levels.  Chloride concentrations observed at the Discharge 

Ditch do increase above the Canadian Water Quality Guideline (CWQG) limit of 120 mg/L.  In comparison, sampling 

results obtained for the NE Corner generally have remained well below the CWQG limit for chloride, with the 

exception of two isolated results obtained in November 2013 which slightly exceeded 120 mg/L. Under existing 

conditions, surface water PWQO are generally met with occasional exceedances of total phosphorous.  However, 

during the summer spray irrigation period it has been observed that chloride increase above the CWQG limit at the 

Discharge Ditch, and then decrease back to historical levels prior to the next irrigation season.  
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4. Subsurface Disposal Reasonable Use Considerations 

This section discusses the Reasonable Use Criteria (RUC) and the theoretical nitrate and chloride concentrations at 

the property boundary for comparison to empirical results. This comparison concludes that a reduction factor must 

be applied to theoretical calculation results to accurately predict contaminant concentrations at the property 

boundary. Discussion and recommendation of a suitable and conservative reduction factor is included in this section. 

 

4.1 MOECC Design Guidelines and Reasonable Use Concept 

Subsurface disposal systems with a design capacity greater than 10,000 L/d (10 m
3
/d) are referred to as Large 

Subsurface Disposal Systems (LSSDS), and the Ministry of Environment and Climate Change (MOECC) is the 

regulatory approval authority. The existing Westport WWTS and associated site approved subsurface disposal 

capacity is 310 m
3
/d. 

 

For a LSSDS, the critical contaminant typically is nitrate in relation to groundwater, and the impact is assessed using 

the MOECC’s ‘Reasonable Use Concept’ (RUC). Assuming the applicable reasonable use of groundwater is drinking 

water, the allowable contaminant concentration limits at the LSSDS property boundary are normally based on 

relevant drinking water standards (i.e. Ontario Drinking Water Quality Standards (ODWQS)). 

 

The following Chapter 22 – Large Subsurface Sewage Disposal System (Design Guidelines for Sewage Works, 

MOE, 2008) excerpt relates to nitrate and chloride RUC concentration limits. 

 

“Water quality limits for the purposes of water resources impact assessment are a fraction of the relevant 

drinking water standards. The maximum allowable concentration at the property boundary … is one quarter 

of a health-related limit and on half of an aesthetic limit. In a situation where the reasonable use of 

groundwater is drinking water, the maximum concentration for nitrate in groundwater affected by sewage 

effluent is 2.5 mg/L as Nitrogen, … and for chloride which is an aesthetic parameter is 125 mg/L ….” 

 

For prediction of contaminant attenuation, Chapter 22 (Design Guidelines for Sewage Works, MOE, 2008) also 

provides a prescribed calculation methodology for groundwater dilution and attenuation capabilities. 

 

4.2 Nitrate – Reasonable Use Guideline Concept 

The prescribed calculation method for theoretical prediction of contaminant attenuation at the downgradient 

boundary of a property is as described in Section 22.5.8 of the Design Guidelines for Sewage Works, MOE 2008. 

The concentration at the property boundary is calculated as: 

 

 Va = 𝐴𝑑 ∗ 𝑘  

 Vt = 𝑉𝑎 + 𝑉𝑠  

 Cpb = (𝐶𝑠 ∗ 𝑉𝑠)/𝑉𝑡  

 

where: Va = annual dilution volume (m
3
)  

 Ad = dilution area on the site (m
2
) 

 Vt = total volume of water (m
3
) 

 Vs = annual sewage effluent volume (m
3
) 

 Cpb = concentration of parameter at property boundary (mg/L) 
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 Cs = parameter concentration in sewage effluent (mg/L) 

 k = annual dilution due to precipitation (0.25 m) 

 

The method above considers on-site dilution within and downgradient of the dispersal area as the sole mechanism 

for attenuation within the environment. 

 

Nitrate is typically considered a critical contaminant in subsurface disposal systems, and the reasonable use concept 

limit is taken as one-quarter (25%) of the ODWQS health related limit, or 2.5 mg/L as nitrogen.  

 

Predicted nitrate concentrations at the Westport WWTS property boundary under existing conditions were calculated 

based on: 

 

 Lagoon Cell 2 average total inorganic nitrogen (ammonia+nitrate+nitrite as Nitrogen) concentration = 2.5 

mg/L (based on monitoring data average 2014 -July2015) 

 Lagoon Cell 2 75
th
 percentile total inorganic nitrogen concentration = 3.9 mg/L (based on monitoring data 

average 2014 -July2015) 

 Lagoon Cell 2 90
th
 percentile total inorganic nitrogen concentration = 6.1 mg/L (based on monitoring data 

average 2014 -July2015) 

 Downgradient dilution area 15,000 m
2
 

 

Table 4.1 provides a summary of predicted nitrate concentrations at the downgradient property boundary using the 

MOECC method described above. Simulations were completed under three (3) separate discharge scenarios, 

namely: i) Rated - the CofA rated capacity of 310 m
3
/day, ii) Scenario A -  example scenario of 350 m

3
/day, and iii) 

Scenario B – example scenario of 525 m
3
/day. The predicted ‘nitrate’ concentration at property boundary (Cpb) is 

first calculated using the Lagoon Cell 2 effluent average total inorganic nitrogen, and then the calculated Cpb results 

for both the 75
th
 percentile, and 90

th
 percentile ‘nitrate’ values are included. 

 

Table 4.1: PREDICTED NITRATE CONCENTRATIONS AT PROPERTY BOUNDARY  

PARAMETER 
RATED 

(310 m
3
/day) 

SCENARIO A 
(350 m

3
/day) 

SCENARIO B 
(525 m

3
/day) 

COMMENT 

Ad 150,000 150,000 150,000 Estimated downgradient area (~15 ha) 

k 0.250 0.250 0.250  

Va 37,500 37,500 37,500  

Va 37,500 37,500 37,500  

Vs 113,150 127,750 191,6252  

Vt 150,650 165,250 229,125  

Cs 2.5 2.5 2.5 Lagoon Cell 2 (ammonia+nitrate) – 2014-15 avg 

Vs 113,150 127,750 191,625  

Vt 135,705 209,800 121,852  

Cpb 1.9 1.9 2.1 
Predicted Nitrate Concentration (mg/L) At 
Property Boundary (Cs = 2.5 mg/L, avg)  

Cpb 2.9 3.0 3.3 
Predicted Nitrate Concentration (mg/L) At 
Property Boundary( Cs = 3.9 mg/L, 75

th
perc.)  

Cpb 4.6 4.7 5.1 
Predicted Nitrate Concentration (mg/L) At 
Property Boundary ( Cs = 6.1 mg/L – 90

th 
perc.)  
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To provide a basis of comparison against the predicted property boundary nitrate concentrations in the table above, 

monitoring data obtained at the site boundary monitoring wells (MW3a, MW5 and MW6), monitoring wells MW2 and 

MW4, and MW1 between January and November 2014 are summarized, as follows: 

 

 MW1 (background) – <0.1 mg/L average (range <0.1 to 0.2 mg/L) 

 MW2 (downgradient, within site) – 0.32 mg/L average (range <0.1 to 1.8 mg/L) 

 MW3A (property boundary) – <0.1 mg/L average (range <0.1 to 0.1 mg/L) 

 MW4  – 0.27 mg/L average (range <0.1 to 0.93 mg/L) 

 MW5 (property boundary) – 0.55 mg/L average (range <0.1 to 0.80 mg/L) 

 MW6 (property boundary)– 0.11 mg/L average (range <0.1 to 0.20 mg/L) 

 

Although not designated as a property boundary monitoring location, an increase in nitrate relative to background 

levels was observed at MW4. Based on recent additional site characterization, it is suspected the MW4 lies in close 

proximity to a bedrock formation interface, and shallow groundwater may preferentially move laterally along this 

interface. 

 

When the monitoring data for 2014 (average) is compared against predicted property boundary values presented in 

Table 4.1 (using the effluent average ‘nitrate’ value of 2.5 mg/L for Cs); the monitored values are significantly lower 

than the predicted values. Of monitoring wells MW3A, MW5 and MW6, the highest average property boundary value 

of 0.55 mg/L (at MW5) is approximately 30% of the predicted average value of 1.9 mg/L. As other property boundary 

locations show as-monitored (empirical) results being even less of a percentage of the predicted values, adopting 

30% of predicted values as being representative of anticipated field results is considered a conservative assumption. 

It is surmised that the lower empirical property boundary concentrations are due to the combination of low 

background levels of nitrate in the groundwater; treatment and attenuation of nitrogen species within the native soils; 

and potentially increased groundwater dilution (relative to calculation method) due to an enlarged downgradient 

footprint area and dilution volume as a result of increased lateral groundwater movement/dispersion. 

 

 

5. Preliminary Stage 1 Upgrades Design Concept 

This section generally describes the components of the preferred design Concept, as identified at the time of Public 

Information Centre # 2 for the WWTS Stage 1 ESR, and as further detailed in TM #6.  Historical effluent 

concentrations for Lagoon Cell #2 effluent are identified herein and are utilized as the basis for future treatment 

capability of the lagoon system without any modification to the current process. 

 

General Description 

 

The preferred design concept for Stage 1 works uses existing facultative lagoon treatment and incorporates 

a new large subsurface disposal system (LSSDS) within the existing site, as a replacement subsurface 

discharge system. The proposed rated average day flow capacity of Stage 1 works is 350 m
3
/d. The 

wastewater treatment and disposal system’s performance will be monitored and assessed for potential 

support to a future application for an increase to the rated capacity. 

 

Facultative Lagoon Treatment 

 

The existing lagoon treatment system includes two (2) lagoon cells to provide primary and secondary 

treatment, as well as balancing and storage of peak flow events. The cells operate in series: flow first enters 

Cell 1, having a volume of 55,000 m
3
 and a surface area of 3.5 ha; then Cell 1 flow is pumped to Cell 2, 

having a volume of 25,000 m
3
, and a surface area of 1.35 ha. Based on existing sewage/wastewater 
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characteristics, the existing lagoon treatment system would operate within typical design parameters 

(detention times and loading rates) at an average day flow rate of up to 500 m
3
/d or higher. 

 

Cell 2 effluent concentrations of 25 mg/l for CBOD5 and 30 mg/l for TSS reflect achieving secondary 

treatment typical effluent quality, and meet the Level II (2) effluent quality criteria as published in the Ontario 

Building Code (2012) for ‘Other Treatment Units’. This is based on historical monitoring data. 

 

Stage 1 works contemplate making use of the two (2) existing lagoon cells and other existing lagoon system 

infrastructure to provide facultative lagoon treatment. A normal operating level of 85% of full working volume 

provides approximately 12,000 m
3
 of storage capacity to attenuate maximum day flows, and a majority of 

maximum month flow periods. A normal operating volume of 68,000 m
3
 (85% total volume) equates to a 

hydraulic retention time of approximately 190 days at 350 m
3
/d. 

 

Supplemental Treatment 

 

Supplemental treatment was considered as an alternative design concept to further treat the Lagoon Cell 2 

effluent via a combination of aerobic and anoxic/anaerobic conditions, and clarification to achieve OBC 

Level IV treatment (CBOD5 <10 mg/L and TSS <10 mg/L), and partial nitrification and denitrification. 

Supplemental treatment is proposed as a future consideration.  Various proprietary packaged wastewater 

treatment systems using treatment processes such as moving bed biological reactors, attached growth 

reactors, sequencing batch reactors, and rotating biological contactors, can provide supplemental treatment 

and achieve nitrogen reduction by partial denitrification.  

 

The supplemental treatment equipment and associated works can vary by proprietary system, and could 

include:  

 Aeration equipment and tankage; 

 Media for fixed/attached growth microorganisms; 

 Anoxic/anaerobic conditions; 

 Process pumping, piping, instrumentation and control(s); 

 Chemical systems; and  

 Associated utilities and electrical supply, civil works, tankage, equipment bases/foundations, 

electrical & controls, building, communications, access road, and communication system.  

 

Subsurface Disposal 

 

A representative Stage 1 design concept envisions a fill-based subsurface disposal system, with the 

following features: 

 Treated wastewater (Lagoon Cell 2 effluent) flow will be pumped from storage to the subsurface 

disposal system, and pressure dosed within individual cells. 

 Storage tank, pumps and connecting piping. 

 Electrical and control systems within building enclosure. 

 Disposal beds will be constructed of engineered sand fill  

 Multiple disposal beds with pressure distribution and dosing within gravel-less leaching 

chambers or distribution pipe within a stone layer. 

 Representative total soil infiltration area of 5.0 ha. 

 Appropriate cover material, grading and vegetation. 

 Associated utilities and civil works. 
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The above infiltration area sizing considers a maximum flow of 600 m
3
/d and a soil infiltration unit area 

hydraulic loading rate of 12 L/m
2
.d. System sizing should be sufficiently conservative relative to annual and 

maximum month average day flows (350 m
3
/d and 525 m

3
/d, respectively). 

 

Design considerations to ensure satisfactory long-term performance will include shallow placement of the 

initial infiltration surface, bed length parallel to surface contours, additional pre-treatment such as effluent 

filtering, flow equalization/storage to minimizing peak flow effects, uniform distribution/application and 

dosing, and multiple beds/cells to provide sufficient disposal capacity for periodic resting and/or 

maintenance operations. 

 

Treatment Objectives 

 

For preliminary design considerations, we have adopted the following treatment level objectives for Lagoon 

Cell 2 effluent, and supplemental treatment effluent:  

 

o Lagoon Cell 2 content historical and continued objectives: CBOD5 – 25 mg/L, and Total 

Suspended Solids (TSS) – 25 mg/L. 

 

 

 

6. Proposed Approvals and Monitoring 

Approvals related to the preliminary design of this system, proposed as Alternative Design Concept ‘A’ in the EA 

study, are contingent on review agency approval of the design assumptions and methodology listed in this technical 

memo, and specifically the acceptance of predicted concentrations at property boundary as outline in Section 4 

based on empirical data.  

6.1 Nitrate - Monitoring Parameter Discussion 

The maximum concentration for nitrate in groundwater affected by sewage effluent, as a health related parameter is 

2.5 mg/L as Nitrogen. 

 

Based on empirical data (as described in Section 4) field results are conservatively projected as being 30% of the 

predicted values of the prescribed calculation method for property boundary nitrate values. Accordingly, the 

indicated initial (Cs) total inorganic nitrogen level that leads to a projected property boundary field result of 2.5 mg/L 

for ‘nitrate’ is 10 mg/L. 

 

The existing site monitoring program includes a groundwater monitoring and sampling program for nitrates. The 

proposed monitoring requirements are recommended to be enhanced from existing approval requirements for 

ammonia and nitrates. It is suggested that MW4 be considered a downgradient property boundary monitoring well, 

and that a new property boundary or sentinel monitoring well be located east to northeast of Lagoon Cell 1. With the 

addition of two more boundary monitoring wells, the total quantity of boundary monitoring wells will be five (5). 

 

6.2 Chloride – Monitoring Parameter Discussion 

The maximum concentration for chloride in groundwater affected by sewage effluent, as an aesthetic related 

parameter is 125 mg/L. 
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The municipal well water supply has relatively elevated chloride levels, and subsequent domestic and municipal 

wastewater use, further increases wastewater chloride levels. Typical wastewater treatment processes do not treat 

or remove chlorides. 

 

Based on empirical property boundary chloride values, the existing disposal system practices and in particular spray 

irrigation have an impact on groundwater and surface water chloride levels. The existing systems and disposal 

operations are monitored and managed to generally remain within referenced limits. 

 

The LSSDS disposal beds of the WWTS Stage 1 upgrades are expected to more effectively disperse the effluent for 

groundwater dilution; will lower maximum period application volumes (due to removal of subsurface discharge 

seasonality constraints and a more consistent and continuous subsurface disposal daily volume); and will 

reduce/eliminate surface application of effluent which can more readily be conveyed to site surface water monitoring 

locations. 

 

6.3 Proposed Approvals and Monitoring 

Application for approval of the WWTS Stage 1 upgrades implementing supplemental treatment and a replacement 

alternate subsurface disposal system at a rated average day capacity 350 m
3
/d is anticipated to require application 

to the MOECC to amend the existing Certificate of Approval, Number 8927-89AET, issue date October 5, 2010. The 

proposed amendment for an annual average day flow of 350 m
3
/d and maximum month average day flow of 525 

m
3
/d largely is to reflect and accommodate historic flow condition occurrences. 

 

Approval monitoring and recording requirements discussed herein are similar to existing approval requirements.  As 

the typical critical contaminant of concern in groundwater, the nitrate nitrogen Reasonable Use Concept limit of 2.5 

mg/L will apply.  The approval monitoring and recording requirements for the proposed site improvements will be set 

forth by the MOECC through the amended Certificate of Approval.  Through pre-consultation discussions with the 

MOECC, and based on feedback from the public through the EA process, and the Technical Steering Committee, it 

is anticipated and recommended that the proposed improvements include an enhanced monitoring program. 

 

For purposes of determining compliance, a monthly nitrate nitrogen sample shall not exceed 2.5 mg/L of nitrate at 

any downgradient site boundary monitoring well. If any one sample result exceeds 2.5 mg/L, a second confirmatory 

sample can be taken and the results averaged. 

 

For the purposes of determining a site boundary threshold trigger for chloride in groundwater (as an aesthetic 

parameter), the 12 month annual average of monthly samples from any one downgradient site boundary monitoring 

well shall not exceed 125 mg/L. If the 12 month annual average is above the property boundary threshold trigger, the 

Owner shall develop a work program to investigate and address chloride levels above the threshold trigger. 

 

The current approval monitoring and recording requirements are listed below, provided as a template for 

development of the requirements for the proposed improvements: 
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A) Raw Sewage (Glen Street Pumping Station) 

 

The proposed sampling requires the collection and reporting per Table A. 

Table A – Raw Sewage (Glen Street Pumping Station) 

Parameters Sample Type Frequency 

CBOD5 Grab Monthly 

TSS Grab Monthly 

Total Phosphorus Grab Monthly 

Total Kjeldahl Nitrogen Grab Monthly 

Chloride Grab Monthly 

 

B) Lagoon Cell1 Effluent 

 

The proposed sampling requires the collection and reporting per Table B. 

Table B – Lagoon Cell1 Contents 

Parameters Sample Type Frequency 

CBOD5 Grab Monthly 

TSS Grab Monthly 

Total Phosphorus Grab Monthly 

Total Kjeldahl Nitrogen Grab Monthly 

Total Ammonia Nitrogen Grab Monthly 

Nitrates Nitrogen Grab Monthly 

Chloride Grab Monthly 

 

C) Lagoon Cell 2 Effluent (Supplemental Treatment Influent) 

 

The proposed sampling requires the collection and reporting per Table C. 

Table C – Lagoon Cell 2 Effluent 

Parameters Sample Type Frequency 

CBOD5 Grab Monthly 

TSS Grab Monthly 

Total Phosphorus Grab Monthly 

Total Kjeldahl Nitrogen Grab Monthly 

Total Ammonia Nitrogen Grab Monthly 

Nitrates Nitrogen Grab Monthly 

Chloride Grab Monthly 

 

D) Groundwater 

 

Groundwater sampling involves sampling of the six (6) existing groundwater monitoring wells (MW 1 to 6), 

including locations considered control/upgradient, mid-system/sentry, and downgradient at property 

boundary.  Considering a MW4 as a property boundary well, and the proposed addition of new monitoring 

well location downgradient of Lagoon Cell 1; the total quantity of boundary monitoring wells will be five (5). 

Chloride and nitrate are considered the parameters that best demonstrate potential groundwater impacts 

from effluent disposal. The proposed sampling requires the collection and reporting per Table E. 
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Table E – Groundwater 

Parameters Sample Type Frequency 

Total Ammonia Nitrogen Grab Monthly 

Nitrates Nitrogen Grab Monthly 

Chloride Grab Monthly 

Conductivity Grab Monthly 

 

E) Surface Water (Site) 

 

Surface water sampling involves sampling of four (4) stations: two background stations (NW Corner, NW 

underdrain); one on-site downstream station (NE corner); and the “discharge ditch” (ditch at former lagoon 

Cell1 discharge location). A previous “middle drain” station has been remediated and due to being 

continually dry is not carried forward. The proposed sampling requires the collection and reporting of 8 per 

parameter samples per year. 

Table F – Surface Water 

Parameters Sample Type Frequency 

Total Phosphorus Grab Monthly (Apr1st to Nov30th) 

Total Ammonia Nitrogen Grab Monthly (Apr1st to Nov30th) 

Chloride Grab Monthly (Apr1st to Nov30th) 

pH Grab Monthly (Apr1st to Nov30th) 

Temperature Grab Monthly (Apr1st to Nov30th) 

Un-ionized Ammonia Calculated Monthly (Apr1st to Nov30th) 

 

After two years of monitoring, the approval monitoring program should be reviewed to potentially reduce the 

frequency or parameters of the monitoring program. 
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1. Introduction 

The Village of Westport is located in the United Counties of Leeds and Grenville at the west end of Upper Rideau 

Lake. The serviced developed area within the Village includes a sanitary sewer collection system coupled with a 

main sewage pumping station that conveys flow to the Westport Wastewater Treatment System (WWTS) for 

treatment and disposal. 

 

The Westport WWTS is owned and operated by the Village of Westport.  The Westport WWTS presently consists of 

two (2) sewage lagoon cells, and a Snowfluent® generation and dispersion system.  The Snowfluent® deposit area 

functions as a subsurface disposal system.  The existing WWTS possesses a Certificate of Approval (CofA) for an 

approved rated capacity of 310 m
3
/day.  Figure 1.1 presents an aerial image of the Westport WWTS and its vicinity. 

 

FIGURE 1.1:  AERIAL IMAGE OF WESTPORT WWTS 

 

In May 2015, the Village of Westport retained AECOM Canada Ltd. (AECOM) to undertake a Schedule ‘C’ Class 

Environmental Assessment (EA) for rehabilitation / expansion of the Westport WWTS.  Partial grant funding for this 

project was received by the Village of Westport from the Ontario Community Infrastructure Fund (OCIF).  Conditions 

associated with the grant funding require that all works associated with the project be completed on or before 

December 31
st
, 2016. 

 

The following document (Technical Memorandum (TM) # 6B) has been prepared to provide additional site 

characterization and information for the Westport WWTS and its local environs, as input to proposed Stage 1 WWTS 

upgrades; inclusive of a new large subsurface disposal system (LSSDS), and forms part of a package as follows: 

 

 Technical Memorandum #6 – Evaluation of Stage 1 Alternative Design Concepts 

 Technical Memorandum #6A – Capacity and Approval Considerations 

 Technical Memorandum #6B – Additional Site Characterization and Information (this document) 

 

This TM is intended to provide supporting information to and should be read in conjunction with TM #6 and TM #6A.  

Additional supporting information can be found in other Class EA study Technical Memorandums completed to-date. 

Supplemental documents relating to additional site characterization and information are listed in Section 1.1. 

LAGOON #2 

SNOW DEPOSIT 

AREA LAGOON #1 

SNOWFLUENT PLANT 

PERTH ROAD (CTY RD 10) 

N 
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1.1 Supplemental Documents 

The following five (5) documents are attached to provide additional technical information regarding the Westport 

WWTS and its local environs: 

 

1. Daryl W. Cowell & Associates Inc., October 2015.  Karst Hazard Assessment, Municipal Sewage Works, 

Village of Westport, Ontario.  (Attachment A) 

2. Malroz Engineering Inc., May 2009.  Village of Westport, Wellhead Protection Study.  (Attachment B) 

3. Malroz Engineering Inc., November 2015.  Karst Hazard Review Response Letter.  (Attachment C) 

4. ASC Environmental, November 2015.  Subsurface Investigation – Village of Westport Waste Water 

Treatment System (WWTS), 9934 County Road 10, Westport, Ontario.  (Attachment D) 

5. Caduceon Environmental Laboratories, October 2015.  Certificate of Analysis # B15-28441 (Seepage 

Water).  (Attachment E). 

 

 

2. Karst Hazard Assessment 

2.1 Summary of Investigation Methodology & Results 

Considering available karst geology mapping from the Ontario Geological Survey (OGS), and in response to 

concerns raised by the Rideau Valley Conservation Authority (RVCA) during their review of Technical Memorandum 

No. 3, AECOM recommended to the Village that a Karst Assessment be completed on and in the vicinity of the 

Westport WWTS property.  Based on receipt of approval to proceed from the Village, the services of Daryl W. Cowell 

& Associates Inc. (Cowell), a specialist firm in this field, was retained to complete the karst assessment. 

 

The karst assessment undertaken by Cowell comprised the following six (6) main tasks: 

 

1. Review of available documentation, including published geological reports and maps, previous technical 

reports for the Westport WWTS, as well as the Mississippi–Rideau Valley Source Protection Region Study. 

2. Discussion with AECOM project staff, including:  Cameron Smith, P.Eng. (Project Manager) and Jason 

Murchison, P.Geo. (Senior Hydrogeologist). 

3. Discussion with subject experts, including:  Frank Brunton of the Ontario Geological Survey (re: geology of 

the Gull River and March Formations), and a brief e-mail exchange with Kent Novakowski of Queen’s 

University (advisor to the Mississippi–Rideau Valley Source Protection Region Study). 

4. On-site discussion with David Wallond (Westport WWTS operator). 

5. Site reconnaissance visits on September 29
th
 and 30

th
, 2015. 

The site reconnaissance program included, on the initial day, visual examination of an existing nearby 

limestone quarry (with permission), driving all adjacent roads to observe surface conditions, conversations 

with several local residents in regards to the presence of karst features (e.g., sinkholes), and an overview 

of the existing Westport WWTS accompanied by the site operator.  Light to heavy rains occurred during the 

late afternoon that allowed for the observation of local runoff / infiltration conditions. 

The second day on-site was spent observing the excavation of ten (10) of twelve (12) test pits as part of a 

related supplemental subsurface investigation program being completed by ASC Environmental, on behalf 

of the Village (refer to Section 4 of this memorandum for further details).  Soils encountered within each 

test pit were observed and hand-textured, and the bedrock surface was examined (where possible) to 

determine the rock type and presence of solution features (karst). 
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6. Preparation of a Karst Hazard Assessment (KHA) report summarizing the background information review 

and contact findings, describing the field work, and identifying potential karst constraints.  Where the KHA 

identified potential constraints that are not fully understood, a list of additional work or follow-up studies that 

should be undertaken was provided along with final conclusions and recommendations. 

 

A complete copy of Cowell’s KHA report is included as Attachment A. 

 

Based on the results of the KHA completed by Cowell, the following conclusions and recommendations were 

presented: 

 

Conclusions 

1. The Gull River Formation can be described as a karst aquifer in the Westport area characterized by rapid 

widespread diffuse recharge and concentrated lateral flow along bedding planes. 

2. Flow in the aquifer appears to be controlled by specific bedding planes although the presence of some 

individual conduits is likely (as witnessed by the sinkhole at the quarry). 

3. Lateral subsurface flow on the site likely occurs both within the Gull River Formation and at the contact 

between the Gull River and underlying March Formation. 

4. The concept of snowmelt-generated groundwater mounding in surface soils, as envisioned by Soilrock 

Consultants Ltd. (1995), is likely more complex due to under-draining via shallow karst. 

5. Effluent applied to the site infiltrate the Gull River Formation karst and may continue downward into the 

sandstone unit(s), under-flowing the site and may not fully intersect existing groundwater monitors. 

6. The presence of thin coarse-grained soils overlying carbonate bedrock on the site significantly limits the 

potential of the site to polish effluent. 

7. Under existing conditions, effluent could readily break out to the surface on the site as a result of heavy 

spray irrigation and be directed overland via on-site ditches. 

8. The modelling of WHPA’s for the Westport Municipal Filtration Plant does not account for potentially more 

rapid time of travel of bedrock groundwater under the sewage works. 

 

Recommendations 

1. Commission new boreholes (at least 2) across the downstream end of the site undertaking detailed 

borehole logging, pumping tests (for hydraulic conductivity determination) and water quality sampling. 

2. Convert new or existing boreholes to monitoring wells to augment the number of monitoring wells at the 

downstream end of the site. 

3. Install multi-level monitors (depending on the results of borehole logging) instrumented with data loggers 

recording levels and specific conductivity. 

4. Install at least two groundwater monitors down-gradient of the site. 

5. Investigate the source of free water (effluent?) observed in test pits 1, 2 and 5. 

6. Undertake measures to augment the capacity of the existing on-site soils to improve effluent treatment 

prior to flows reaching the underlying bedrock and groundwater. 

 

2.2 Potential Relevance to WWTS Stage 1 Upgrades 

In response to the KHA conclusions and recommendations presented by Cowell, a number of ongoing discussions 

subsequently have occurred between AECOM, Village, Technical Steering Committee (TSC), RVCA, and the 

Ontario Ministry of the Environment and Climate Change (MOECC) regarding the presence of karst within the area 
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and potential need for further assessment to support the proposed Stage 1 WWTS upgrades; inclusive of a new 

large subsurface disposal system (LSSDS). 

 

Additional information stemming from the results of the KHA report are presented herein as Sections 3 and 5, which 

were undertaken to address Conclusion No. 8 and Recommendation No. 5, respectively.   

 

Discussions are ongoing with respect to the feasibility of using existing monitoring wells installed as part of the 

Wellhead Protection Area (WHPA) study to address KHA report Recommendations No. 1, 2, 3 and 4.   

 

KHA report Recommendation No. 6 is part subject of the Class EA study and objective of the proposed 

implementation of engineering controls as part of the WWTS Stage 1 upgrades and LSSDS design. 

 

 

3. Municipal Wellhead Protection Area Considerations 

Section 6 of the KHA report (Cowell, 2015), provides a number of conclusions in respect of the study findings.  In 

particular, Conclusion ‘C8’ speaks directly to the existing WHPA model for the Village of Westport.  In the opinion of 

Cowell, it is stated that “…modelling of WHPA’s for the Westport Municipal Filtration Plant does not account for 

potentially more rapid time of travel of bedrock groundwater under the sewage works.” 

 

In response to the above, the Village of Westport engaged Malroz Engineering Inc. (Malroz) to provide comment on 

the potential implication of conclusions and recommendations presented within the KHA report in relation to their 

existing WHPA model.  As background, Malroz developed the existing Westport WHPA model between 2006 and 

2009 in consultation with the Village and Rideau Valley Conservation Authority (RVCA).  In May 2009, a Wellhead 

Protection Study (WPS) report was prepared by Malroz, which included an assessment of the local physical and 

hydrogeological setting, in addition to a detailed discussion of the developed numerical groundwater model for the 

WHPA.  Along with the text narrative, a number of supporting figures, tables and appendices (including monitoring 

well and borehole logs) are also included as part of the WPS report.  A complete copy of the WPS report is provided 

for information purposes as Attachment B. 

 

In a letter recently received from Malroz on November 25, 2015, the following technical response was provided with 

regard to KHA report Conclusion C8: 

 

“The modeller has confirmed that the karst was considered during modelling of transport zones.  Further 

that the potential karst zone is above the saturated zone, and as such, the WHPA modelling exercise 

considered that infiltration was instantaneously transported from the surface, through the unsaturated 

zone to the saturated zone, as a conservative measure.  As such, the findings by Cowell has no impact 

on the modelling of the capture zone.”  (Malroz, 2015) 

 

In addition to the foregoing, the recent letter prepared by Malroz also includes commentary in regard to other 

aspects of the existing WHPA model, as presented in Attachment C. 

 

 

4. Supplemental Subsurface Investigation 

4.1 Summary of Investigation Methodology & Results 

Based on a review of existing project documentation and reports, AECOM recommended to the Village that a 

Supplemental Subsurface Investigation be completed at the Westport WWTS to further characterize local 
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soil / bedrock and hydrogeological conditions in the vicinity of the proposed new LSSDS.  Based on receipt of 

approval to proceed from the Village, the services of ASC Environmental (ASC) were retained to complete the 

supplemental subsurface investigation program. 

 

The field investigation program undertaken by ASC was completed between September 30
th
 and October 5

th
, 2015.  

The scope of the investigation program, as defined by AECOM, comprised the following seven (7) main tasks: 

 

1. Preliminary reconnaissance to assess site access and to confirm / mark test pit locations. 

2. Obtain underground utility clearances in the area to be investigated. 

3. Excavate up to twelve (12) test pits to a maximum depth of 3.0 m below existing ground surface (BGS) at 

strategic locations across the Westport WWTS property.   

4. Collection of representative soil sample(s) from each test pit at the time of excavation for tactile 

examination in the field and grain size analysis at an accredited geotechnical soils laboratory. 

5. Backfill of each test pit upon completion of observation / sample collection and recording. 

6. Survey of the test pits to determine geodetic coordinates and elevation. 

7. Single well response (slug) testing at up to six (6) existing monitoring wells on the Westport WWTS 

property. 

 

Upon completion of the field investigation and receipt of laboratory test results, a factual data report was prepared by 

ASC summarizing the investigation findings and test results, dated November 5
th
, 2015.  No interpretation of the 

data or recommendations was provided.  A complete copy of ASC’s Subsurface Investigation report is provided for 

information purposes as Attachment D. 

 

Based on the subsurface investigation completed by ASC, the following results are presented: 

 

 A total of twelve (12) test pits were successfully advanced at the Westport WWTS property by Morris 

Charby Excavating Services (under the supervision of ASC) on September 30
th
, 2015, to depths ranging 

between approximately 0.7 m and 2.7 mBGS.  With the exception of TP-12, which was interpreted to have 

been terminated on a “large boulder”, all of the other test pits extended to the bedrock surface. 

o Test pit locations are shown on Drawing No. 3 (Appendix A) of ASC’s factual data report, with a 

stratigraphic log for each included in Appendix B of same report. 

 Soil samples were collected from each test pit at the time of excavation, with eight (8) representative 

samples submitted to a geotechnical soils laboratory (DBA Engineering Ltd.) for grain size distribution 

analysis.   

o A copy of the grain size distribution curve for each submitted soil sample is included in Appendix C 

of ASC’s factual data report. 

o Based on AECOM’s review of the grain size distribution curves, percolation rates (T-times) ranging 

from about 35 min/cm to more than 40 min/cm has been estimated for the native silty overburden 

soil in the area of the proposed LSSDS, considering the Unified Soils Classification System (USCS) 

methodology presented in the Ontario Building Code.  An exception is noted for TP-2, where a T-

time of less than 8 min/cm has been estimated; however this sample appears to have been 

collected from a thin sandy horizon within the dominant silt soil.  Based on the soil descriptions 

presented in the log for TP-2, the stratigraphy is interpreted to be consistent with that observed at 

the other test pit locations in the area of the proposed LSSDS (i.e., TP-1, TP-3, TP-4, TP-5, TP-6 

and TP-7), and thus likely will exhibit a similar T-time. 

 Single well response (rising-head) testing was successfully completed at five (5) of six (6) selected existing 

monitoring wells on the Westport WWTS property.  One monitoring well, BH-S1, was observed to be dry at 

the time of investigation; therefore testing could not be conducted at this location. 
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o Testing results indicated hydraulic conductivity values ranging between 10
-6

 m/sec and 10
-9

 m/sec 

for the overburden (BH-A, BH-E1 and BH-H1) and 10
-6

 m/sec (BH-E2 and BH-H2) for the shallow 

bedrock. 

o Hydraulic testing (AQTESOLV) data are presented in Appendix D of ASC’s factual data report.  

 

4.2 Potential Relevance to WWTS Stage 1 Upgrades 

Given the observed dominance of finer-grained overburden soils within the proposed area for the LSSDS (i.e., silt 

with locally variable clay and sand content), coupled with an undulating and sometimes shallow bedrock contact 

depth and similarly shallow depth to saturated soil conditions in certain test pits, construction of the proposed 

LSSDS in a fully-raised configuration is recommended.   

 

Based on observed native soil conditions and grain size distribution testing results obtained by ASC during the 

course of their investigation, and based on information contained in Table 22-1 of the MOECC’s Design Guidelines 

for Sewage Works (2008), a hydraulic loading rate for the native soil infiltration surface of 12 L/m
2
.d is recommended 

for design of the LSSDS.  Reviews of soil descriptions contained in available background file documentation and 

reports for the site dating back to the mid-1990’s suggested a higher hydraulic loading rate may be anticipated.  In 

general, the background information suggested that the local soils were somewhat coarser and more permeable 

than those observed during the more recent subsurface investigation.  As ASC’s investigation was scoped to 

specifically target the proposed footprint area for the LSSDS and included a more detailed examination of the local 

soils, it is our opinion the updated hydraulic loading rate value presented herein provides a more accurate reflection 

of site conditions at the Westport WWTS. 

 

It is recommended for LSSDS design considerations that soil characterization, hydraulic conductivity, and other 

findings and information of the recent supplemental subsurface investigations supersede or govern, where 

information may differ from previous geotechnical and subsurface investigation report information.  Including 

information as was referenced in Technical Memorandum No. 3: Existing Subsurface Disposal Site Capacity 

Considerations. 

 

5. Seepage Water Sampling Program 

5.1 Summary of Investigation Methodology & Results 

Based on observations made during the excavation of test pits as part of the Sub-Surface Investigation completed 

by ASC, and observed during the Karst Hazard Assessment, a recommendation (‘R5’) was posed within the KHA 

report to “investigate the source of free water (effluent?) observed in test pits 1, 2 and 5”.  It was surmised by Cowell 

that wastewater / effluent originating from Lagoon Cell 2 may potentially be the source of the observed seepage 

water within the test pits. 

 

To allow for the collection of seepage water samples for laboratory analysis, TP-1, TP-2 and TP-5 were re-

excavated on October 29
th
, 2015.  At the time of excavation, water samples from TP-1 and TP-2 were collected, 

however TP-5 possessed insufficient seepage flow to allow for a sample to be obtained. 

 

The water samples were shipped in sealed coolers under Chain of Custody to Caduceon Environmental 

Laboratories (Kingston, ON) for analytical testing of a limited suite of inorganic and bacteriological parameters, 

including: 
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 Escherichia coli (E.coli) 

 alkalinity (as CaCO3) 

 electrical conductivity 

 chloride 

 nitrate (as N) 

 sulphate 

 total suspended solids (TSS) 

 total phosphorous 

 total kjeldahl nitrogen (TKN) 

 total ammonia (as N) 

 calcium 

 magnesium 

 potassium 

 sodium 

 

Laboratory testing results for the seepage water samples (Certificate of Analysis #B15-28441) are contained in 

Attachment E. 

 

5.2 Potential Relevance to WWTS Stage 1 Upgrades 

Concentrations of typical sewage indicator parameters, E.coli and chloride, within the seepage water samples 

collected at TP-1 and TP-2 were significantly lower than monitored wastewater / effluent levels within the existing 

lagoons, and appear to be representative of background (meteoric) groundwater quality.  Accordingly, it is our 

opinion that the recent sampling data does not suggest that the area local to TP-1 and TP-2 has been influenced by 

wastewater / effluent leakage from Lagoon Cell 2.  A similar conclusion is reached regarding TP-5 given the 

observed absence of appreciable seepage flow at the time of test pit re-excavation. 
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KARST HAZARD ASSESSMENT 

MUNCIPAL SEWAGE WORKS, VILLAGE OF WESTPORT ONTARIO 

 

 

1.0 BACKGROUND 
 

This study has been prepared in response to a request by AECOM to undertake a karst hazard 

assessment of Westport’s municipal sewage works as part of the Class EA currently being conducted by 

AECOM (AECOM 2015).   AECOM (2015) identified the potential for karst in the Gull River Formation at 

the west end of the sewage facility (“the site”) based on the classification of this formation in this area 

as having either “known” or “inferred” karst (Brunton and Dodge 2008).  

Westport is located approximately 50 km north of Kingston at the west end of Upper Rideau Lake 

(Figure 1).  The existing sewage facility incorporates a primary sewage storage lagoon that receives 

waste water directly from the Town’s municipal system.  Effluent is then pumped from this pond to a 

higher elevation storage lagoon at the rear (southwest end) of the property from which effluent is 

applied to lands in the central portion of the property.  Proposed new works on the site include the 

construction of large subsurface disposal beds to receive effluent from the upper lagoon as an upgrade 

to the existing system. The reader should contact AECOM or the municipality directly with regard to 

greater details pertaining to the sewage pond/spray irrigation system. 

The objective of this study is to determine the nature of the karst of the Gull River Formation in the 

vicinity of the site and the potential for karst influence on subsoil drainage at the site.  A secondary 

objective is to attempt to better understand the nature of the contact between the Gull River Formation 

limestone and underlying March Formation sandstone, to the extent possible. 

2.0 REPORT LIMITATIONS 
 

This study should be considered as reconnaissance level only.  No boreholes were advanced and no 

geophysical investigations were undertaken to support the findings.  The work is based on a review of 

available information, conversations with technical experts, and 1.5 days of field time.  The results and 

conclusions should be considered preliminary but are built on over 40 years of professional experience 

in similar karst environments. 
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3.0 METHODOLOGY 
 

Background documentation included several reports prepared in the mid 1990’s by Geo-Canada Ltd. and 

SOILROCK Consultants Inc. (see references) and the Mississippi - Rideau Valley Source Protection Region 

study.  Experts contacted included AECOM staff (Mr. Jason Murchison, hydrogeologist and Mr. Cameron 

Smith, project manager), Mr. Frank Brunton of the Ontario Geological Survey (re. geology of the Gull 

River and March formations), and a brief e-mail exchange with Mr. Kent Novakowski of Queen’s 

University (advisor to the Mississippi - Rideau Valley Source Protection Region study).  I also met with 

Mr. David Wallond, who is the operator in charge of the village sewage facility during the field studies.  

It should be noted, that all conclusions and recommendations in this report are mine and not 

attributable to any of my contacts.  

The site visit was conducted on the afternoon of Tuesday September 29th 2015 and all day on the 30th.  

Tuesday’s site work included an examination of the limestone quarry operated by Mr. Paul Tackaberry 

on Salem Road near 8th Concession (with permission), driving all adjacent roads to observe surface 

conditions, conversations with several local residents in regards to the presence of karst features (e.g., 

sinkholes), and an overview of the existing wastewater treatment and subsurface disposal facility site in 

the accompaniment of the site operator Mr. David Wallond.  Light to heavy rains occurred in the late 

afternoon on this day permitting observations of runoff/infiltration conditions.  Wednesday was spent 

on-site to observe the digging of 10 test pits1.  Soils in the pits were observed and hand-textured and the 

bedrock surface was examined where possible to determine rock type and presence of solution 

features.   

4.0 RESULTS 
 

Westport is located in an area dominated by crystalline Precambrian bedrock of the Grenville Province 

of the Canadian Shield.  An outlier of Cambrian and Paleozoic sedimentary strata occupies the area west 

of Upper Rideau Lake and south of Westport Sand Lake (Figure 1).  This outlier forms a prominent 

topographic high in the area west of the Village of Westport, capped by the Gull River limestone 

(Paleozoic).  The Gull River is underlain by Paleozoic March Formation sandstone and dolostone which, 

in turn, overlies the Cambrian Nepean Formation sandstone.  Wisconsin glacial sediments in the area 

consist of discontinuous ablation till over bedrock, glaciolacustrine coarse-grained sands and gravels, 

and occasional pockets of glaciolacustrine silts and silty clays (Henderson 1973).  

 

 

                                                           
1
 A total of 12 test pits were dug under the supervision of ASC Environmental which will be preparing a report on 

the methods and findings, including detailed pit descriptions. 
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4.1 Bedrock Geology and Karst 
 
Figure 1 shows the bedrock geology associated with the site (from the AECOM Environmental 

Assessment, Technical Memorandum #3).  The Middle Ordovician Gull River limestone is shown 

overlying the March sandstone with their contact located in the western third of the property (Figure 1).   

Johnson et al. (1992) describe the lower member of the Gull River Formation as: a “light brown-grey to 

blue-grey interbedded limestone and silty dolostone (grading to siltstone), with shaly partings; thin to 

thick bedded; minor quartz sandstone interbeds…Lower contact is comfortable and gradational with 

Shadow Lake Fm. [March Formation] and is defined by lowest occurrence of pure carbonate bed.” 

They describe the Shadow Lake Formation (= March Formation) as: a “calcitic to noncalcitic, silty to 

sandy, light-grey to green-grey, fine to microcrystalline dolostone; interbeds of fine-grained calcareous 

sandstone.” 

An approximately 15 m high section of the Gull River Formation is exposed in the Tackaberry Quarry 

immediately northwest of the site.  The limestone at this location is blue-grey, highly effervescent (in 

10% HCl) and displays thin to medium thick beds with shale partings (Photos 1 and 2).  Also of note is 

the presence of a former sinkhole bisected by the south wall of the quarry (Photo 3) and a prominent 

groundwater discharge zone located approximately half-way through the section and visible along the 

entire length of the west wall (Photo 4). 

Casual observations made along local roads over the limestone did not reveal obvious sinkhole features 

but two conditions were observed: 1) there appears to be a low density of surface streams and creeks 

crossing the limestone plain; and 2) water was not observed flowing in road-side ditches despite heavy 

afternoon rains.  Water was collecting on the asphalt surface and flowing along road edges but all 

ditches were dry and where road runoff crossed into ditches, it was immediately infiltrated into 

underlying bedrock (Photo 5).     

4.2 Site Geology and Karst 
 
The site consists of shallow coarse-grained glaciofluvial sediments overlying limestone (Gull River 

Formation) and sandstone (March Formation) bedrock.  The soils consist primarily of cobble-rich coarse 

sands with discontinuous underlying compact silt and sandy silts.  Overall, the site ranges from exposed 

bedrock to surficial deposits of up to about 2.5 m.  Bedrock is exposed in the northwestern quadrant of 

the site and the deepest soils occur generally south and east of the upper pond.   

The site slopes from a high of 165 – 166 m asl in the western edge of the property to a low of 147 m asl 

at the eastern end (Soilrock Consultants Inc. 1995, drawing #9417E-A).  In general, the site displays 

moderate slopes that, based on my observations, consist of at least three bedrock steps or low scarps 

(Photo 6).  Groundwater elevations are close to surface and virtually at surface ranging from 164 m asl 

to 147 m asl having a predominate gradient toward the east-northeast (Soilrock Consultants Inc. 1995, 

drawing #9417E-D).    
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A total of 12 test pits were dug across the site on September 30, of which I attended and investigated 

10.  The approximate location of the 10 test pits along with a new interpreted contact boundary 

between the March and Gull River formations are shown on Figure 2.  The following summarizes my test 

pit observations: 

 
Test Pit 1: Approximately 2.7 m to bedrock with cobble-rich coarse sand glaciofluvial 

sediments overlying compact sandy silt over bedrock (refusal zone).  Heavy seepage flowed 

into the open pit at about 1.5 m from surface.  

Test Pit 2: Approximately 2.5 m to bedrock (refusal zone) with cobble-rich coarse sand 

glaciofluvial sediments.  Heavy seepage into pit at was observed at about 1.75 m below 

surface (Photo 7). 

Test Pit 3: Approximately 0.75 m of cobble-rich coarse glaciofluvial sand over visible 

limestone bedrock.  Prominent solution-widened joint approximately 1 m long on bedrock 

surface (Photo 8).  Primary joint orientation 50-230o with possible secondary joint at 130-

319o.   

Test Pit 4: Approximately 1 m of cobble-rich coarse glaciofluvial sand over visible limestone 

bedrock. Solution-widened joints approximately 30 cm long at 60-240o and 35 cm long at 

150-330o (Photo 9).  The solution opening continues beneath the upper bedrock bed (to 

upper left beneath knife in photo). 

Test Pit 5: At least 3.5 m deep to bedrock (refusal zone) consisting of cobble-rich coarse 

glaciofluvial sand overlying a compact gravelly coarse sand.  Heavy seepage into pit about 

1.5 m below surface. 

Test Pit 6: Approximately 1.5 m to visible limestone bedrock with cobble-rich coarse 

glaciofluvial sand overlying about 0.75 cm of compact silt (glaciolacustrine?).  

Test Pit 7: Approximately 1.3 m of cobble-rich coarse glaciofluvial sand overlying visible 

sandstone bedrock. 

Test Pit 8: Approximately 50 cm of cobble-rich coarse glaciofluvial sand overlying visible 

limestone bedrock.  The upper 0.6 m of bedrock was removed during excavation of the pit 

revealing solution-widened joints on the lower bedrock surface at 130-310o.  

Test Pit 9: Approximately 75 cm of cobble-rich coarse glaciofluvial sand overlying visible 

sandstone and shale bedrock (Photo 10). 

Test Pit 10: Approximately 30 cm of cobble-rich coarse glaciofluvial sand over 

broken/displaced sandstone rock overlying about 50 cm of compact sandy silt.  Shale and 

siltstone bedrock exposed at base of pit. Disturbed sandstone sample showed a high calcite 

precipitate on one bedding plane surface (Photo 11). 
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Gull River Formation limestone is exposed at surface between test pit 8 and test pit 9.  The rock surface 

has been significantly affected by dissolution in this area as shown by the presence of solution-widened 

joints separating blocks (Photo 12).  This type of karst formation is referred to as “clint” (separated 

blocks) and “grike” (solution-widened joints) or collectively as a “limestone pavement”. It indicates 

significant infiltration and the development of solution channels within the bedrock.   

The pattern of seepage and bedrock lithology in the pits is of interest.  Only those test pits closest to the 

upper storage lagoon displayed seepage (test pits 1, 2 and 5, Figure 2).  Seepage was generally heavy 

and at approximately the same depth below surface (about 1.5 m).  The source of the seepage is not 

known for certain, however, the proximity of these test pits to the upper storage lagoon (test pit 8 was 

also close but located on a slightly elevated bedrock exposure) and the absence of seepage in any of the 

other “downstream” pits suggest that the upper lagoon and/or buried transfer piping could potentially 

be a source of this water.  

The other interesting result of the test pit investigation is the distribution of the bedrock lithology.  

Visible bedrock exposures in test pits reveal Gull River Formation limestone in test pits 3, 4, 6, and 8 as 

well as limestone exposures on the small scarp (Photos 6 and 12).  Bedrock found in test pits 7, 9 and 10 

consists of sandstone, shale and dolostone, likely representing the March Formation.  A similar 

distribution of rock types was made by Soilrock Consultants Inc. (1995) based on borehole descriptions.  

They reported sandstone (shale) as being present at the east end of the site in boreholes H, I, S1 and S2 

and limestone in boreholes across the remainder of the site (boreholes A through G).  

A comparison of rock types are provided in photos 13 through 16: Photo 13 is a sample of Gull River 

from the Tackaberry quarry (note, light colour on right is effervescence from the application of 10% 

HCl); Photo 14 is limestone from test pit 4; Photo 15 is limestone from test pit 8; and Photo 16 is a 

sample of calcite-bearing sandstone from test pit 10. These findings indicate that the contact between 

the Gull River and March formations is positioned much further east than as previously indicated (Figure 

2).  

5.0 DISCUSSION 
 
Previous work on the site did not specifically identify the presence of karst.  Geo-Canada Ltd. (1995) did 

not recognize the Ordovician Gull River Formation, misinterpreting the bedrock in boreholes as being 

Precambrian metasedimentary rocks.  Soilrock Consultants Inc. (1995) did not refer to karst, per se, but 

did identify Gull River Formation limestone and described the presence of “small zones of small solution 

channels” (page 8) and the presence of surface drainage directly into bedrock in the western portion of 

the site.  This area was in the vicinity of their boreholes B, C and D which places the karst in the location 

of the existing upper storage lagoon2.  They (Soilrock Consultants Inc. 1995) estimated hydraulic 

conductivity values for the sand and gravel soils (10-2 to 10-4 cm/s, pages 6 &78) as well as for the 

limestone bedrock (10-2 to 10-3, page 8).   

                                                           
2
 Soilrock’s work was undertaken prior to the construction of this lagoon which they provided design specifications. 
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Although they recognized that the limestone was freely draining surface water at the surface in some 

areas, Soilrock Consultants Inc. (1995) did not recognize the role of the karst in under-draining the site.  

They concluded that “under normal conditions” the melting snowpack (with the applied effluent) would 

saturate all surface soils resulting in shallow groundwater mounding in the soils (page 12).  From this 

they calculated a total absorption amount of 50,000 m3 of snowmelt for a 100 X 200 m area immediately 

south of the (then) proposed upper lagoon.    

The results of the current investigation indicate that the Gull River Formation in the Westport area can 

be described as a karst aquifer.  Evidence includes the presence of distinct sinkholes, limestone 

pavements, sub-soil solution features, rapid surface infiltration, and the presence of preferred flow 

along individual bedding planes.  However, the highly fractured, thin-bedded character of the unit, along 

with occasional shale layers, restricts the formation of large conduit or caves.  Although preferential 

flow was observed at the Tackaberry quarry, there is little evidence of distinct solution conduits and no 

evidence of paleokarst cavities (at the quarry).  Hence the aquifer is characterized by widespread, 

predominantly diffuse recharge with concentrated flow distributed laterally along prominent bedding 

planes (perhaps in combination with shale interbeds). 

As noted, solutional karst features are present at the municipal wastewater treatment facility and the 

limestone unit underlies surface soils throughout the area of Snowfluent ® application.  Further, the 

soils throughout this area are dominated by gravel- and cobble-rich coarse sands with high hydraulic 

conductivities which allow rapid infiltration into the underlying bedrock which has similar or higher 

hydraulic conductivities.  This appears to be confirmed by the presence of a saturated flow zone 

adjacent to the upper lagoon (test pits 1, 2 and 5) that does not appear to continue laterally down-slope 

within the soil layers (test pits 3, 4 and 6 to 10).  It is likely that the water observed in the upper test pits 

is being taken downward into the karst.   

The specific flow path(s) of water entering the karst can’t be readily determined.  There is no evidence 

of specific conduit flow with sinkhole to spring connections.  Casual observations at the site and 

surrounding areas did not reveal the presence of concentrated groundwater springs.  However, the 

limestone aquifer is unconfined and, hence, overall flow direction within the karst should follow the 

direction of maximum surface hydraulic gradient (generally east-northeast). 

The underlying March Formation contains dolostone layers and calcite-cemented sandstone beds, hence 

likely serves as an aquifer rather than an aquitard.  However, the contact zone between this unit and the 

overlying Gull River at the site (Figure 2) is marked by the presence of wet surface soils and wetland 

communities.  This suggests the presence of at least some discharge at this contact, perhaps due to a 

permeability contrast between the two bedrock units3. 

It is important to note that the northeast corner of the site, in the vicinity of the March – Gull River 

contact, overlaps the 5-year and 25-year “Time of Travel” Wellhead Protection Areas (WHPA) of the 

Westport Water Filtration Plant (Mississippi – Rideau Source Protection Region, 2011, Figure 5-9c).  The 

                                                           
3
 A prominent interceptor ditch runs across the property at approximately the same location which could possibly 

be serving as a French Drain to the limestone unit (?). 
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modelling undertaken to determine these WHPA’s employed an equivalent porous medium (EPM) 

model which does not account for potentially more rapid time of travel within solution-enhanced 

fractures that may exist in the Gull River Formation and, possibly, the March Formation.  Hence, time of 

travel could be more rapid and the shape of the WHPA’s could be much different than that determined 

from the model results. 

6.0 CONCLUSIONS 
 
C1) The Gull River Formation can be described as a karst aquifer in the Westport area characterized by 

rapid widespread diffuse recharge and concentrated lateral flow along bedding planes.   

C2) Flow in the aquifer appears to be controlled by specific bedding planes although the presence of 

some individual conduits is likely (as witnessed by the sinkhole at the quarry). 

C3) Lateral subsurface flow on the site likely occurs both within the Gull River Formation and at the 

contact between the Gull River and underlying March Formation.  

C4) The concept of snowmelt-generated groundwater mounding in surface soils, as envisioned by 

Soilrock Consultants Ltd. (1995), is likely more complex due to under-draining via shallow karst.   

C5) Effluents applied to the site infiltrate the Gull River Formation karst and may continue downward 

into the sandstone unit(s), under-flowing the site and may not fully intersect existing groundwater 

monitors.    

C6) The presence of thin coarse-grained soils overlying carbonate bedrock on the site significantly limits 

the potential of the site to polish effluent.   

C7) Under existing conditions, effluent could readily break out to the surface on the site as a result of 

heavy spray irrigation and be directed overland via on-site ditches. 

C8) The modelling of WHPA’s for the Westport Municipal Filtration Plant does not account for 

potentially more rapid time of travel of bedrock groundwater under the sewage works.  

7.0 RECOMMENDATIONS 
 
R1) Commission new boreholes (at least 2) across the downstream end of the site undertaking detailed 

borehole logging, pumping tests (for hydraulic conductivity determination) and water quality sampling.  

R2) Convert new or existing boreholes to monitoring wells to augment the number of monitoring wells 

at the downstream end of the site. 

R3) Install multi-level monitors (depending on the results of borehole logging) instrumented with data 

loggers recording levels and specific conductivity. 
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R4) Install at least two groundwater monitors down-gradient of the site. 

R5) Investigate the source of free water (effluent?) observed in test pits 1, 2 and 5. 

R6) Undertake measures to augment the capacity of the existing on-site soils to improve effluent 

treatment prior to flows reaching the underlying bedrock and groundwater. 
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Figure 1. General geology of Westport and the site (from AECOM EA). 
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Figure 2.  Location of test pits at the site and re-interpreted contact between the Gull River and March formations.
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Photo 1.  Approximately 15 m section of GullRiver Formation in the Tackaberry Quarry. 
 
 

 

 

 

 

 

 

 

 

Photo 2.  Shale partings (thin beds, central) within  
limestone section at Tackaberry Quarry. 
 

       Photo 3.  Former sinkhole in quarry face. 
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Photo 4.  Discharge zone on west quarry face (note 
darker rock face below main discharge zone). 
 

Photo 5. Road runoff (at bottom) flowing into 

ditch. Water infiltrates immediately as 

downstream ditch is dry (note exposed bedrock 

upper middle). 

 

 

 

 

 

 

 
 
Photo 6.  Low bedrock scarp in centre-north portion of  
property (note Snowfluent tower in distance). Bedrock 
is exposed on the top of the scarp (to right). 
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Photo 7. Heavy seepage in lower portion of Test  Photo 8. Solution feature in rock surface 
Pit 2.       of Test Pit 3. 
 

 

 

 

 

 

 

 

 

 

Photo 9.  Solution feature in rock surface of Test 
Pit 4. 
 

 

 

      Photo 10. Sandstone bedrock in base of Test Pit 9. 
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Photo 11. Calcite precipitate on surface of limestone Photo 12. Solution-widened joints (karst  slab in 
Test Pit 9.      “grikes”) at surface south of test pit 8. 
 

 

 

 

 

 

 

 

Photo 13. Quarry limestone sample.    Photo 14. Test Pit 4 limestone sample. 

 

 

 

 

 

 

Photo 15. Test Pit 8 limestone.     Photo 16. Test Pit 10 sandstone sample. 
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NOTICE TO READER 

This report summarizes the results of a wellhead protection area (WHPA) study 
undertaken by Malroz Engineering Inc. (Malroz) for the Village of Westport.  The purpose 
of the study was to develop a Wellhead Protection Area (WHPA) for the Village of 
Westport’s municipal wells MW2 and MW3.   

The findings reported in this document are based on the tasks completed by Malroz.  Best 
professional judgement, experience with similar investigations, and available data 
collected within the scope of work form the basis for this report.  Malroz has prepared this 
report using information understood to be factual and correct, and shall not be 
responsible for conditions arising from information or facts that were inaccurate, 
concealed, or not fully disclosed at the time of investigation. 

This document has been prepared by Malroz for the sole use of the Village of Westport 
and the Rideau Valley Conservation Authority.  Unauthorized reuse of this document for 
any other purpose, or by third parties, without the express written consent of Malroz, shall 
be at such party's sole risk without liability to Malroz.  

This page is an integral part of this document and must remain with it at all times. 

Respectfully Submitted, 

MALROZ ENGINEERING INC. 
 
 
 
 
per: Chris Rancourt,   per:  David Malcolm, P.Eng. 
 Project Scientist  Project Manager 
 
 
 
 
Per: Murray Ostrander, P.Eng. 
 Hydrogeologist 
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EXECUTIVE SUMMARY 
 
Malroz Engineering Inc. (Malroz) was retained by the Village of Westport to conduct a 
series of incremental and interim Wellhead Protection Area Studies from 2003 through 
2009.  This report represents a consolidation of the work done to date.  The results 
presented in this report supersede the results presented in the previous interim and 
incremental reports.  The work was conducted in accordance with Final Ministry of 
Environment (MOE) Technical Rules 2008 and the Peer Review Meeting of June 22, 
2007 attended by the MRSPR, municipalities, and consultants retained by the MRSPR.  
 
The conceptual hydrogeologic model was developed based on establishing the geologic, 
physiographic and hydrogeologic conditions through; literature review, ground truthing, 
drilling, hydraulic testing and stable isotope analysis.  The aquifer system consists of a 
March and Nepean formation sandstone aquifer that is overlain by a confining layer of 
clay till within much of the Village proper.  Groundwater flow is from the southwest to 
northeast toward the Village.  The March and Nepean formation sandstone aquifer 
southwest of the Village is overlain by a series of sedimentary rocks (predominantly 
limestone, sandy dolostone and shale).  Exposed and weathered limestone in this area 
(highlands) serves as a recharge zone.  In some areas within the highlands kame sands 
overly the bedrock. 
 
The numerical hydrogeologic model was based on the conceptual hydrogeologic model.  
The model was developed using the finite difference code MODFLOW (McDonald and 
Harbaugh, 1996). The top and bottom mode surfaces were interpolated onto a uniform 
grid with Surfer (Golden Software Inc.) and subsequently imported into MODFLOW to 
define the model grid.  Visual Modflow (Waterloo Hydrogeologic, Inc.) was used as the 
pre- and post-processor for MODFLOW.  Steady-state flow conditions were used in the 
model development and to determine the WHPA. 
 
In general the WHPA footprint for municipal wells MW2 and MW3 projects upgradient to 
the southwest approximately 2.8 kilometres and downgradient to the northeast 0.4 
kilometres.  The WHPA footprint is approximately 1.4 kilometres at the widest.  
Groundwater uncertainty and vulnerability scoring was conducted and the results 
presented in maps.  In general the WHPA is moderately to highly vulnerable.  There are 
two small isolated areas identified as low vulnerability. 
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1.0 INTRODUCTION 

Malroz Engineering Inc. (Malroz) was retained by the Village of Westport to conduct a 
series of incremental hydrogeologic studies from 2003 through 2009.  The results of 
these studies were presented in a series of reports and addenda.  The purpose of the 
studies was to develop a Wellhead Protection Area (WHPA) for the Village of Westport 
municipal wells.  The present report represents a consolidation of the results of these 
studies and represents a “stand-alone” document that supersedes the previous reports 
and addenda. 

Funding for the work was provided in part by the Ministry of the Environment (MOE), the 
Village of Westport and through the Mississippi - Rideau Source Protection Region 
(MRSPR) Studies Grant Program.  The technical requirements were set out in the Final 
Technical Rules (2008) prepared by the MOE in anticipation of the rules, final guidance 
and regulations to come from the Clean Water Act (CWA).  Developmental changes to 
the technical requirements were delivered by the MOE at various technical meetings.  In 
addition, the MRSPR held a meeting on June 22, 2007 for municipalities and retained 
consultants, to discuss study methodology and peer review requirements.  In 2007, the 
Village of Westport retained Golder Associates Ltd. to peer review the WHPA study for 
the Village of Westport.  A summary table of peer review comments and resolutions is 
presented in Appendix G. 

1.1 Scope of Work 

The studies were designed to identify wellhead protection area (WHPA) for the 
Village of Westport’s two municipal wells, map the intrinsic susceptibility of the 
area, and provide vulnerability scoring and uncertainty maps for the WHPA.  The 
methodology and ranking scales for these tasks were developed and prescribed 
by the MOE in an effort to normalize the WHPA studies in Ontario. 

The scope of work included: 

1) Development of a conceptual understanding of the hydrogeologic 
system including establishing groundwater flow direction, areas of 
recharge and discharge, aquifer type, thickness and areal distribution.  
This was accomplished through review and validation of MOE water 
well records; geologic literature review; ground truthing; conducting 
drilling, monitoring, and sampling programs; pump testing; and 
conducting a stable isotope study. 

2) Development of a calibrated three-dimensional groundwater flow model 
using the conceptual hydrogeologic model was conducted to evaluate 
(per MOE Final Technical Rules, 2008) the WHPA zones A,B,C, and D; 
intrinsic susceptibility index (ISI); and the vulnerability scoring and 
uncertainty. 
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3) Participate in a peer review process with documentation of the 
comments and resolution presented in the final WHPA report. 

1.2 Study Area and Water Supply System 

The Village of Westport is located on the Rideau Canal System approximately 45 
minutes north of Kingston at the west end of Big Rideau Lake (see Figure 1).  
The Westport area is located on a large geologic structure known as the 
Frontenac Axis.  The Frontenac Axis/Arch is associated with thin overburden 
thickness and significant exposure of bedrock.  The Westport region is 
dominated by Precambrian Shield rock with some remnant patches (outliers) of 
Palaeozoic sedimentary rocks.  The village of Westport itself is situated over one 
of the Palaeozoic outliers.  Topographically, the Westport area can be 
characterized as rugged terrain.  Many lakes have developed between bedrock 
highs.  The Village itself is bounded to the east by Big Rideau Lake, to the north 
by Westport Pond, and to the west by Westport Sand Lake.  Topographical relief, 
as much as 75 metres, is present in the Westport area.  

1.3 Village of Westport Water Supply System 

The water works for the Village of Westport operate under MOE Certificate of 
Approval #1687-6H6JYJ issued in October 19, 2005.  The existing permit 
authorizes water takings from two municipal wells known as municipal well MW2 
and municipal well MW3 (see location in Figure 2).  The construction and water 
taking details for the two municipal wells are presented in Table 1. 

Table 1 
Municipal Well Summary 

 
Well 

Name 
Diameter 

(mm) 
Depth 

(m) 

Intake 
Depth 

(m) 

Permitted 
Taking Rate 

m3/day 

Av. Rate 
m3/day 
(07-08) 

Construction 
Date 

MW 2 200 33.5 32.9 523 327 1969 
MW 3 200 39.9 39.0 900 46.9 2003 

Water from the two wells is treated and pumped into a water storage tower for 
distribution.  The two drilled wells, typically working in alternating sequence, are 
controlled by a level switch located in the elevated storage tank.  Municipal well 
MW2 is used as the lead well with municipal well MW3 as standby.  The wells 
are equipped with Goulds submersible pumps.  The average daily withdrawal 
from 2007 through 2008 was 374 m3/day with the maximum daily demand 
reaching 890 m3/day in August 2007. 

MOE digital well records and engineering drawings show the following well 
construction particulars: 

Municipal well MW2 was drilled in July 1969 by OWRC.  The lithology is 
described as clay with sand and silt to 10 metres followed by limestone to 
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11 metres followed in turn by sandstone to the depth of the hole at 34 
metres.  Water was reported at four depths:  11, 17, 25 and 33 metres.  
According to the engineering drawings a 20 cm casing was set at 10 
metres which corresponds to the top of bedrock.  No record is available on 
the grouting or sealing of the annulus. 

Municipal well MW3 was drilled in May 2003 by Jack Knox Well Drilling.  
The lithology was logged by Malroz field staff and is described as clay with 
sand and gravel to 20 metres followed by sandstone to 36 metres and 
finally by quartz conglomerate to 40 metres.  Water was reported at 2 
depths: 24 and 28 metres.  A 20 cm casing was set to 21 metres and 
grouted to surface.  
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2.0 CONCEPTUAL HYDROGEOLOGIC MODEL DEVELOPMENT 

2.1 Physiography 

Topographically, the Westport area can be characterized as rugged terrain.  
Many lakes have developed between rocky highs. Topographical relief as much 
as 75 metres is present in the Westport area.  Figure 3 shows the surface water 
features in the area of Westport.  The area is characterized by three main 
surface water bodies:  Upper Rideau Lake to the east of the Village, Westport 
Pond to the north of the Village, and Westport Sand Lake about 1 kilometre west 
of the Village.  The topography and surface water drainage divide defines the 
Westport watershed (Figure 3). 

Within the Westport watershed are located a sewage lagoon with a drainage 
swail that leads to the Highway #42 roadside swail and two natural drainage 
features.  One of the natural drainage features originates at the foot of the 
highlands, to the west of the village, flowing northeast to Westport Pond.  The 
other natural drainage feature originates west of the Village and flows east 
through the village park after which it is routed north to Westport Pond.  An 
ephemeral wet area is also located in the highlands. 

2.2 Water Well Data Validation 

Under Ontario Regulation 903 as outlined in the Ontario Water Resources Act, 
licensed water well drillers in the Province of Ontario are required to submit a 
water well record to the Ministry of the Environment (MOE) following completion 
of a well.  These water well records include information on well location, well 
elevation, bore hole depth, depth to water, static water level, geological 
materials, water quality, pumping test results and recommended pumping rate.  
The information contained in these records has been compiled by MOE staff into 
an electronic database and is available in CD-ROM format.   

A digitized copy of the MOE electronic water well records for the Westport 
Region was used by Malroz.  A query of the records contained 165 water well 
records in the study area. 

There are inherent limitations associated with using water well records for ground 
water studies.  Examples specific to this study included: 

 (a) difficulty on the part of well drillers to correctly and consistently identify 
rock lithology.  Common examples include description of sandstone 
as granite, or dolostone as limestone. 

 (b) well location co-ordinates are often inaccurate.  Some records lack 
co-ordinates. 
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In order to achieve a level of confidence in the water well record data the 
following activities were undertaken by Malroz: a knowledge of the regional 
geology was gained to provide a basis for interpretation of  the geologic 
descriptions provided in water well records, and a validation of x, y, and z, co-
ordinates for the water wells was performed.   

Validation of x, y co-ordinates for the water wells was accomplished through 
working sessions with representatives of the municipality familiar with the area.  
Of the 165 wells in the database, 39 records required moving, 31 records could 
not be validated and were removed from the database, and 8 records required 
further validation and were not used in the current study.  A map showing the 
MOE water well record coverage used for this study is presented in Figure 2, 
Appendix A.  The 39 wells rejected from the database are not shown on the map.  
The digital suite of water well data and any adjustments made during this study 
are presented in Appendix B.  The unvalidated and discarded records are 
presented in Appendix C.  

The base map provided to Malroz was in NAD27.  Therefore, projection of well 
locations onto the appropriate Ontario Base Map (OBM) required conversion of 
Universal Transverse Mercator (UTM) co-ordinate datum NAD83 (WGS84) to 
NAD27. 

MOE digital water well records provide two borehole elevation measurements (z 
co-ordinate) for each water well.  One measurement represents the elevation 
estimated by the well Driller and the other measurement represents MOE’s re-
interpretation of the elevation based on digital measurements of the topographic 
position of the well - noted in the records as “BH Elev” and “DEM Elev”, 
respectively.  For this study MOE digital elevation measurements (DEM) were 
used.  For wells that were moved, new bore hole elevations were assigned 
based on the OBM topographic elevation associated with the new position.  
Topographic elevations were determined through OBM contour intervals and 
cross-referenced with aerial photographs and ground truthing.  Where borehole 
elevation corrections were made, corresponding corrections were also made to 
the static water levels.  These changes are presented in Appendix B.  Once 
completed, it was used to help understand the geology and hydrogeology of the 
study area. 

2.3 Drilling and Monitoring 

The validated MOE water well records were supplemented by a series of wells 
advance by Malroz from 2003 through 2007.  A total of 8 boreholes were 
advanced to: (a) further refine the geologic and hydrogeologic data available for 
the conceptual hydrogeologic model and (b) investigate the potential impact from 
the sewage lagoons.  In addition one of the boreholes (municipal well MW3) was 
advanced to replace municipal well MW1 which was abandoned due to poor 
construction and close proximity to surface water.  One nested deep and shallow 
monitor was installed at each site to provide information about the vertical 
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hydraulic gradient.  The locations of these monitor wells is presented in Figure 4.  
One nest of wells was advanced in the highlands (SF5 & SF6, Figure 4) to better 
understand that area of recharge where bedrock is exposed and ephemeral 
ponding of water exists.  Municipal well MW3 was advanced to provide the 
Village with a replacement well for former municipal well MW1.  MW4 was 
advanced to monitor the water table during pump testing of municipal well MW3.  
The two nested well sets advanced in 2007 (L1 through L4, Figure 4) were 
chosen to provide geologic and hydrogeologic information within the 2 and 5 year 
sensitivity zones, and to determine if there was discernable impact to the WHPA 
from the sewage lagoon.  The borehole logs for the 8 wells are presented in 
Appendix D.  Figure 4 also shows the location of 5 wells in the west region of the 
study area that were ground-truthed and validated by Malroz in 2008.   

The data obtained from the drilling results and geologic literature in concert with 
the validated MOE water well records were used to conduct a conceptual 
geologic and hydrogeoloic model. 

2.4 Geology  

In order to better understand the Westport ground water system, geologic units 
were identified and their boundaries, thickness, and structural environment 
defined.  While much of this information is described in literature at a regional 
level, very little is available at the local level.  A detailed examination of water 
well records and field validation were undertaken to develop a better 
understanding of the study area and its groundwater system.  In addition much 
information was gained during advancement of boreholes. 

The local geology was interpreted through collection and interpretation of data 
from aerial-photographs, geologic logs in the water-well records, down-hole video 
survey of municipal wells, field mapping of rock exposures at road cuts and 
outcrops, and a review of the published literature.   

The regional geology for the Westport region is found in the following 
publications:  Ontario Geological Survey (OGS) (1991), Chapman and Putnam 
(1984), Ministry of Northern Development and Mines (MNDM) (1991), and OGS 
(1984).  The regional bedrock geology is presented in Figure 5.  The geology in 
the Westport area may be categorized broadly into three major geologic units: 

Overburden 
 - Quaternary aged sediments (soils), including clay till and kame sands, 

which overly the Palaeozoic sedimentary rocks,   

Palaeozoic Bedrock 
 - Palaeozoic aged sedimentary rocks, including limestone, shale, 

dolostone and sandstone, which overly the Precambrian basement, 
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Precambrian Basement Bedrock 
 - Precambrian aged rock which consists of undifferentiated mostly 

crystalline granitic rocks of the Grenville Province and forms the 
bedrock basement. 

The Village of Westport is situated on the eastern flank of a structural lineament 
referred to as the Frontenac Arch.  During quaternary glacial maxima, Palaeozoic 
bedrock units were scoured from topographic highs associated with the 
Frontenac Arch.  However, some Palaeozoic outliers were preserved over 
downthrown fault blocks.  The Westport area is one example where the 
Palaeozoic bedrock is preserved.  

Distribution of the 3 major geologic units in the Westport area was in part 
controlled by two major faults in the area (Figure 5).  The first major fault is the 
“Rideau Fault” which strikes east-west and approximates the northern shorelines 
of Upper Rideau Lake, Westport Sand Lake and Wolfe Lake.  A second major 
fault (unnamed) intersects the “Rideau Fault” at the eastern most point of Wolfe 
Lake and strikes southwest.  This fault approximates the eastern shore of Wolfe 
Lake.  These two faults appear to control the northern and western limits of the 
Palaeozoic bedrock.  The southern limit of the Palaeozoic bedrock as described 
by OGS, strikes parallel to the Rideau Fault and suggests that the Palaeozoic 
bedrock was preserved in a depression (possibly a half-grabben) when glacial 
scouring removed equivalent units elsewhere.  Erosion during ice-melt further 
shaped the Palaeozoic rock sequence into its present day expression.   

The following are summaries of the Precambrian, Palaeozoic, and Quarternary  
geology encountered in the area,  

2.4.1 Precambrian Geology  

The Precambrian bedrock, mostly crystalline granitic rocks of the Grenville 
Province, represents the dominant bedrock type in the Westport region 
(see Figure 5).  Exposures of these rocks can be readily observed on a 
fault wall on the north shores of Westport Sand Lake, Westport Mill Pond 
and Upper Rideau Lake (see Figure 5).  However, the Precambrian 
basement has not been encountered in the many wells advanced inside 
the study area.  A downthrown fault block, is likely the reason for greater 
depth to Precambrian bedrock in the study area and is also likely the 
reason for preservation of the Palaeozoic bedrock in that topographic 
depression/grabben. 

2.4.2 Palaeozoic Geology 

Figure 5 shows the distribution of Palaeozoic bedrock units within the 
study area.  The stratigraphic sequence of Palaeozoic rock units, 
Cambrian to middle Ordovician in age, include sandstones, dolostone, and 
interbedded limestone and shale, attributed to the Nepean, March, 
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Rockcliffe, Shadow Lake, and Gull River formations.  In the lowlands to 
the north and east parts of the study area, the limestones and interbedded 
shales of the Gull River, Shadow Lake and Rockcliffe formations were 
removed by erosion leaving only the sandstones and dolostones of the 
Nepean and March formations.   

To date the thickness of these Palaeozoic bedrock sequences have not 
been determined.  However, one cored borehole GDH-WE4 (stored at 
Ministry of Northern Development and Mines office in Tweed Ontario) is 
comprised of 34 metres of Palaeozoic sedimentary rocks (location shown 
on Figure 2).  The borehole did not penetrate through to the Precambrian.  
Two boreholes, SF5 and SF6 (see location in Figure 4, and borehole logs 
in  Appendix D), advanced in the highlands by Malroz, also encountered 
the stratigraphic sequence of Palaeozoic sedimentary rocks described 
above, but did not encounter the Precambrian basement.  Municipal well 
MW3 advanced by Malroz in the Village of Westport, encountered 22 
metres of Cambrian sandstones attributable to the March and Nepean 
formations, but did not encounter the Precambrian basement. 

Three observations made during ground truthing outcrops, considered of 
potential hydrogeologic significance, are: 

(1) thin fissile shaly seams/horizons between sandstone units were 
observed in outcrops of the March Formation along Highway #42. 
These shaly seams/horizons are not described in the literature nor 
are they easily detected during drilling unless the borehole is cored.  
Down-hole visual inspection of municipal wells MW1 and MW2 
revealed inflow at horizontal openings/fractures that we might 
speculate represent shaly horizons.  

(2) the same outcrops revealed an extensive unlithified clay seam, 
perhaps bentonite.  Although it is not possible to determine its 
extent in the subsurface we speculate it might have at least 
localized hydrogeologic consequences as an aquitard.   

(3) some vuggy sandstone units observed in outcrops exhibited a high 
degree of secondary porosity caused by dissolution of calcite from 
vugs. These units would serve well as reservoir rock.  Again we can 
only speculate on the hydrogeologic significance of these 
observations. 

2.4.3 Quaternary Geology  

Quaternary deposits in the Westport area are varied but can generally be 
divided into two major types of glacial related deposits, clay tills and kame 
sands.  Kame sands are found in patches over the highlands to the 
southwest of the Village coinciding with the location of the limestone 
bedrock.  They range in thickness from 0 to 4 metres with an average 
thickness of 2 metres (GeoCan, 1991).  The clay tills are found 
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predominantly in the Village proper and generally coincide with the 
location of the sandstone bedrock.  The clay till ranges in thickness from 0 
to 20 metres.  Thicker clay till deposits are found over bedrock lows while 
thinner soil cover occurs over bedrock highs.  Geologic cross sections are 
presented in Figure 6, 7, and 8.  Figure 8 shows a schematic geologic and 
hydrogeologic section within the WHPA. 
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3.0 AQUIFER CHARACTERISTICS 

A down-hole video survey of municipal wells MW1 and MW2 showed water flow at three 
different depths within the bedrock.  The depths at which water inflow was noted in the 
video survey correspond with depths previously logged by drillers in the water well 
records.  These depths were described as fractures in the video survey or associated 
with changes in bedrock colour in the video survey logs.  With the exception of two 
other wells, both located within the Village of Westport, water was reportedly found at a 
single depth on the water well records elsewhere in the study area.  The fact that water 
was intercepted once in each of 122 wells out of the 126 total wells is likely due to 
drillers being satisfied with sufficient yield at the first occurrence of water and does not 
mean that water would not be observed at other depths beyond.   

3.1 Hydraulic Gradient  

Static water levels reported in validated water well records and wells advanced 
by Malroz were mapped and contoured (see Figure 9).  The resultant hydraulic 
gradient supports the following conclusions: 
a. In general, the absence of hydraulic pressure outliers is strong evidence 

that a single aquifer exists.  If different aquifers were penetrated by wells 
within the study area, it is unlikely that static water levels would produce a 
coherent hydraulic gradient.  

b. A hydraulic gradient (see Figure 9) did not support the conjecture presented 
in the Dillon Consulting Ltd. (2001) regional groundwater study that the 
Westport municipal wells are under the direct influence of surface water that 
emanates from the west or north.  The municipal wells receive recharge 
from the uplands southwest of the Village. 

The estimated hydraulic gradient ranges from less than 1% to 6% with an 
estimated effective hydraulic gradient of approximately 1.5%. 

3.2 Hydrogeological Units Defined  

Together the March and Nepean Formations comprise the aquifer body in the 
study area.  These units consist of predominantly quartzose sandstone with the 
two formations distinguished by the inclusion of interbedded sandy dolostones 
and dolomitic quartzose sandstones in the March Formation.  Commonly, the 
horizontal groundwater gradient in bedrock is controlled by secondary features 
such as bedding planes and jointing as well as imposed boundary conditions 
such as lakes.  This appears to be the case in this aquifer with primary flow 
associated with bedding planes and joints or fractures.  Shaly horizons were also 
identified during field mapping.  The shaly horizons may limit the vertical flow of 
groundwater, and can often separate aquifers.  Alternatively, these horizons may 
conduct water depending on their properties.  Shaly horizons were not identified 
in the water well logs and thus cannot be mapped across the study area.  Some 
shale material was observed during drilling and mapping conducted by Malroz.  
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Inflow of water within municipal well MW3 was associated with depth intervals 
comparable to those observed in municipal wells MW1 and MW2. 

In general water was not encountered or reported in the overburden unit.  In the 
lowlands these overburden sediments were described in the water well records 
as predominantly fine grained soils and do not appear to communicate water to 
or from the sandstone aquifer and as such are expected to dominantly function 
as an aquitard.  This information combined with the observed static water levels, 
and the artesian well at the foot of Spring Street in the Village of Westport, 
suggest a confined aquifer.  The sandstone aquifer likely experiences recharge in 
the highlands region where kame sands of variable thickness overly highly 
weathered and fractured limestone bedrock (dissolution features were common).  
Recharge waters that infiltrate through the kame sands, limestones and shales, 
reach the sandstone aquifer below and are conducted toward the confining 
region in the lowlands to the north and east. 

To date the entire depth of the Nepean Formation has not been penetrated by 
water wells within the study area.  The lack of geologic detail in the water well 
records, and limited penetration of deeper water bearing zones, makes accurate 
estimation of aquifer thickness difficult.  Thickness ranges reported for localities 
elsewhere in eastern Ontario range from 6 to 64 metres for the March Formation 
and up to 300 metres for the Nepean Formation.  By comparison, the March 
Formation was identified as 9 metres thick, and the Nepean Formation as 11+ 
metres thick in the MNR log (Westport Core GDH We-4).  Although these 
thicknesses represent the lower end of their respective range, they are the only 
measurements for these formations reported in the study area, and serve as our 
best approximation until further information is gathered. 
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4.0 MUNICIPAL WELLHEAD PROTECTION AREA 

The main objective of this study was to delineate the wellhead protection area (WHPA) 
and vulnerability scoring for the municipal pumping wells.  A WHPA represents a 
surface projection of the capture area supplying the water to each municipal well.  The 
time of travel represents the time that it takes groundwater to travel a specific distance 
in the saturated zone.  The time of travel does not include vertical flow through the 
unsaturated zone.  

The WHPA for the municipal wells were determined using a groundwater flow model 
(MODFLOW) and a particle tracking model (MODPATH).  The model was verified 
through a steady state calibration to water elevations extracted from the MOE water well 
record database and water levels measured by Malroz.  An uncertainty analysis was 
then applied to provide a conservative but reasonable wellhead protection area for the 
municipal wells.  The wellhead protection area was divided into four zones as specified 
by the Ministry of Environment Technical Terms of Reference:  Zone A (100 metre), 
Zone B (2 year), Zone C (5 year), and Zone D (25 year).   

The intrinsic susceptibility index (ISI) was calculated for the aquifer by applying the 
MOE scoring system to the geologic material overlying the aquifer.  The ISI was 
combined with the time of travel well head protection area to determine the groundwater 
vulnerability scoring. 

The following sections discuss how the groundwater model was developed, calibrated 
and used to determine the wellhead protection area plus how the vulnerability scoring 
was developed.  

4.1 Groundwater Conceptualization  

A three-dimensional groundwater flow model was developed for the study area.  
The natural boundaries of the regional groundwater system were selected for the 
model perimeter.  The advantage of this is it allows the model to represent the 
groundwater system as it naturally exists thus avoiding the use of artificial 
boundary conditions that might bias model predictions.  The primary aquifer in 
this region is a bedrock aquifer, which is overlain by clays and sands.  Figure 10 
shows the lateral extent of the model domain.   

A surface water feature defines the northern boundary of the model domain while 
the southwest boundary coincides with a regional groundwater divide (see Figure 
9 and Figure 10).   

The bedrock aquifer consists of limestone overlying sandstone with a sandy 
overburden cover in the southwestern part of the model.  In the northeastern part 
of the model, the limestone is absent and clay overburden overlies the sandstone 
aquifer.  The wells drilled at the municipal well field identified the thickness of the 
sandstone aquifer to be more than 16.5 metres.  This thickness of the sandstone 
was assumed to be constant over the model area.     
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Recharge to the bedrock aquifer is assumed to be higher where the sand 
overburden is present or where the limestone is exposed.  The limestone was 
observed to be highly fractured and weathered.  Such conditions would readily 
allow precipitation to infiltrate.  Elsewhere the low permeability clay till of the 
overburden limits aquifer recharge. 

The groundwater flows from the recharge area in the southwest to the discharge 
areas identified as Westport Pond and Upper Rideau Lake, in the northeast.   

From the conceptual model dataset the model domain was established.  The 
conceptual model formed the basis for the numerical model discussed below. 

4.2 Numerical Model 

The numerical groundwater flow model was developed using the finite difference 
code MODFLOW (McDonald and Harbaugh, 1988). The top and bottom mode 
surfaces were interpolated onto a uniform grid with Surfer (Golden Software Inc.) 
and subsequently imported into MODFLOW to define the model grid.  Visual 
Modflow (Waterloo Hydrogeologic, Inc.) was used as the pre- and post-processor 
for MODFLOW.  Steady-state flow conditions were used in the model 
development and to determine the WHPA. 

4.2.1 Model Grid  
 
The model has three layers representing the geology defined in Section 
2.4.  The upper two layers represent quaternary sediments in the lowlands 
and Palaeozoic limestone in the uplands.  The lower layer represents the 
Palaeozoic sandstone aquifer.   
 
The thickness of Layers 1 and 2 (see Figures 11 and 12) are defined by 
topography and the top of the Palaeozoic sandstone.  In the lowlands the 
thickness of both Layers 1 and 2 range from 2 m to approximately 15 m.  
In the uplands, Layer 1 is 2 m thick and Layer 2 ranges from 2 to 
approximately 30 metres.  Layer 3 is 16.5 m thick as is defined by the 
borehole logs of the municipal wells. 
 
The recharge potential and hydraulic conductivity for the upper 
overburden cover (of variable areal thickness) is represented by Layer 1 
(Figure 11).  The hydraulic conductivity of the deeper overburden also of 
variable areal thickness is represented by Layer 2 (Figure 12).  The green 
zone in Layer 1 and 2 represents areas dominated by clay till and hence 
low recharge potential and hydraulic conductivity.  The blue zones 
represent higher recharge and hydraulic conductivity associated with the 
sand and sandy clay till in that region.  The brown zones represent an 
effective recharge potential and hydraulic conductivity for the variably 
exposed limestone overlying shale and sandy dolostone.  Layers 1 and 2 
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are presented in Figures 11 and 12.  Layer 3 represents the sandstone 
aquifer and it is distributed throughout the model domain. 

Laterally, the model extends to local surface water bodies and to the 
surface water drainage boundaries - the assumed regional groundwater 
boundaries of the study area.  Groundwater is assumed not to cross these 
boundaries since it will enter or leave the subsurface through the surface 
water bodies, flow parallel to the regional pathway, or represent a 
groundwater divide (see Section 4.2.2 for more discussion of the boundary 
conditions).   

The upper surface of the model was set to coincide with surface 
topography.  The lower surface of the model was set to coincide with the 
bottom of the sandstone as defined in Section 4.1.   

The model grid is 127 rows by 131 columns.  The maximum grid spacing 
is 115 metres with the spacing refined to 4 metres in the area of the 
municipal wells.  The grid was refined in the area of the municipal wells to 
represent the steeper hydraulic gradients that exist at the municipal wells.  
This allows the particle tracking model to better depict well capture in the 
immediate area surrounding the municipal wells.  The model grid is shown 
on Figure 10. 

4.2.2 Model Flow Boundaries 

Flow boundaries were applied to those surface water bodies assumed to 
have connection to the groundwater system.  Figure 13 shows the head 
boundaries of the model area.  This section is organized by first describing 
the types of flow boundary applied to the perimeter of the model domain 
and then describing the flow boundaries applied to the interior of the 
model domain. 

The model perimeter is defined by either surface water boundaries or no-
flow boundaries.  Head boundaries were applied to the sections of the 
perimeter in contact with the Westport Sand Lake, Westport Pond and the 
Upper Rideau Lake, and regional groundwater divide at the southwest.  
Elsewhere the model perimeter has no-flow boundaries that represent 
regional groundwater pathway or a groundwater divide.  The model 
perimeter is defined by the following: 

North-Western Perimeter:  The model perimeter here coincides with 
Westport Sand Lake and Westport Pond.  A constant head boundary was 
prescribed here at surveyed elevation of 1361 metres above sea level 
(masl) for Westport Sand Lake and a digital elevation model (DEM) 
elevation of 1252 masl for Westport Pond.   

                                                      
1 Survey by Malroz Engineering (135.94 masl), 2007 
2 MNR Digital Terrain Model (DEM) 
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North-Eastern Perimeter:  The model perimeter here coincides with the 
Upper Rideau Lake.  A constant head boundary was prescribed here at 
DEM elevation of 1212 masl.  

South-Western Perimeter:  This section of the perimeter goes from 
Westport Sand Lake to a groundwater divide as shown.  The head of this 
boundary is 147 masl which was determined by extrapolating the 
piezometric elevations from the most reliable data of the study area.  A 
model head boundary was used here in the place of a no-flow boundary 
as a conservative assumption.  This would allow pathlines to approach 
this boundary in the wellhead protection area delineation discussed below. 

South- Eastern Perimeter: This section parallels a groundwater flow path 
as defined by the interpreted piezometric surface (Figure 9).  

River boundaries were applied to the interior of the model domain as is 
shown in Figure 13.  River head boundaries were applied to the creek that 
drains into Westport Pond, and to the municipal lagoon.  The elevations 
for these boundaries were referenced from the MNR DEM.  For the creek, 
a hydraulic conductivity representative of the clay till (see Section 4.2.3) 
was used.  This is a reasonable assumption since the creek runs through 
the clay till.  A hydraulic conductivity value of 1x10-9 m/s was used to 
represent the geomembrane/clay liner that is reported to line the sewage 
lagoons.  The intermittent stream that runs near former municipal well 
MW1 was not included in the model because it does not run all year round 
and it is separated from the aquifer by a low permeability clay till.  The 
isotope study results presented in Section 5.0 support this interpretation. 

The bottom of the model was prescribed as a no-flow boundary condition 
and the upper model boundary was a recharge boundary.  Recharge was 
applied at 3 different zones depending upon the type of bedrock cover.  A 
high recharge was applied to areas where the sand overburden exists and 
low recharge was applied to where the clay till unit exists.  Figure 11 
shows the recharge distribution used in the model.   Where the exposed 
and weathered limestone exists, precipitation will readily infiltrate to the 
groundwater system.  For most of the overburden areas clay till limits the 
infiltration potential of precipitation.   

The assigned recharge values shown were determined through the model 
calibration process (see Section 4.2.4).   

Municipal wells MW2 and MW3 were represented in the calibrated model.  
However, given the young age of municipal well MW3, the pumping rate 
averages for the former MW1 were incorporated into the model.  Both 
former municipal well MW1 and MW3 served/serve primarily as back-up to 
municipal well MW2 and are located within close proximity to each other.  
In the calibrated model municipal well MW3 was active with a pump rate of 
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40 m3/d and the pump rate for municipal well MW2 was 320 m3/d.  These 
applied pump rates correspond to averages obtained from the 2000 to 
2008 pumping records provided by Village of Westport.  The model 
calibration was conducted using the average pump rate of 360 m3/d.  The 
records from 2003 were not used since it was reported that a leak in the 
system resulted in the recorded rates being higher than actual during this 
period. 

4.2.3 Aquifer Parameters  

The bedrock aquifer is composed of sandstone and limestone as 
discussed in Section 3.2.  The hydraulic conductivity of the sandstone was 
determined through a transient calibration to the pump test results.  The 
values of the other hydraulic conductivity zones were determined through 
model calibration (see Section 4.2.4). 

Sandstone has a porosity range of 5 to 30 % (Domenico and Schwartz, 
1990).  An effective porosity value of 10% was assumed for the calibrated 
model.  A sensitivity analysis was performed with the calibrated model 
(Section 4.4) to determine the likely lowest value of porosity of the 
sandstone aquifer as a conservative assumption.  The analysis shows that 
a porosity values lower than 10% results in the 25 year pathlines travelling 
beyond the regional groundwater divide therefore demonstrating the value 
is not lower than 10%. 

4.2.4 Model Calibration   

Model calibration involves minimizing the difference between simulated 
and observed water levels by adjusting the input parameters while 
maintaining them within their typical range.  Observed groundwater 
elevations used in the calibration were separated into two categories.  
One category represents the most reliable dataset, which comes from 
those wells, either installed by Malroz or residential water wells that were 
field truthed by Malroz.  The second category of wells includes all the 
MOE wells that could be validated within the model domain, including the 
aforementioned most reliable wells.   

To achieve model steady-state calibration the values of hydraulic 
conductivity and recharge were adjusted through an iterative approach.  
The pump test analysis provided the conductivity for the sandstone for the 
lowlands area (see Appendix F).  The steady state calibration determined 
it necessary to separate the sandstone aquifer into two zones, one for the 
uplands area and the other for the low lands area.  The conductivity of the 
limestone was found to have limited sensitivity in the model calibration.  
The values of conductivity used for the bedrock are within the range of 
published sources (Freeze and Cherry, 1979).  As with the limestone, the 
model was found to be insensitive to the hydraulic conductivity of the clay 
till so a value representative of a typical clay till was used.  A best fit of 
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observed water levels was achieved with the parameters shown in Table 
2. 

The reasonable range of recharge was assumed to be 50 to 400 mm/yr for 
the high recharge limestone and sand zones, and 10 to 30 mm/yr for the 
low recharge clay till unit. These ranges represent typical values identified 
in hydrogeologic studies in Ontario.  The higher recharge potential 
associated with the weathered limestone and the sands is reflected in the 
higher assigned recharge rates.  The hydraulic conductivity of clay till is 
the lowest and the sands are the highest with the limestone and 
sandstone in the middle. 

 
Table 2 

Parameters of the Calibrated Model 
 

Parameter Value Units 

Recharge of the Limestone/Sands 250 mm/yr 
Recharge of the Clay Till Unit 10 mm/yr 
Recharge of the Limestone Unit 100 mm/yr 
Hydraulic Conductivity of the 

Sandstone, Lowlands Area 
Kh =2.5 x 10-5 
Kv =2.5 x 10-7 m/s 

Hydraulic Conductivity of the 
Sandstone, Uplands Area 

Kh =1 x 10-5 
Kv =1 x 10-6 m/s 

Hydraulic Conductivity of the 
Limestone 

Kh =1 x 10-5 
Kv =1 x 10-6 m/s 

Hydraulic Conductivity of the Clay Till 
Unit 

Kh =1 x 10-7 
Kv =1 x 10-8 m/s 

Hydraulic Conductivity of the Sands Kh =1 x 10-4 
Kv =1 x 10-5 m/s 

A statistical analysis of the residual error (i.e. correlation plot) of the 
calibrated model is shown in Figure 14 for the most reliable wells and in 
Figure 15 for all the wells in the model domain.  The correlation plot of 
simulated against observed groundwater elevations indicates that the 
points are fairly randomly distributed about the straight line.  If the results 
plot on the straight line it would be considered a perfect model fit.  Three 
measures expressing the average error of simulated heads help to 
quantify the model fit: the mean error, the mean absolute error and the 
root mean square error (Anderson and Woessner, 1992). The mean error 
is used to demonstrate whether or not the model is over-predicting or 
under-predicting the heads in the system.  The better the data fit the 
closer the mean error value will approach zero. 



Village of Westport   Page 18 
WHPA Study  file 454/138 
 

Malroz Engineering Inc. 

To summarize, the industry standard for model calibration is: 
• head residuals plot closely to the 45o line 
• the mean error is close to zero 
• scaled RMS error is less than 15% 

 

A summary of the residual statistics are shown in Table 3 and Table 4.    
 

Table 3 
Model Calibration Statistics – The Most Reliable Wells 

 

Number of Observation Points 8 

Residual Mean Error (m) -0.29 

Root Mean Square (RMS) Error (m) 0.84 

Normalized RMS (%) 5.2% 
 

Table 4 
Model Calibration Statistics – All Wells 

 

Number of Observation Points 110 

Residual Mean Error (m) -0.63 

Root Mean Square (RMS) Error (m) 3.33 

Normalized RMS (%) 9.5% 

As is shown, the mean error presented in the above tables is close to 
zero.  The root mean square error represents the standard deviation of 
error in the model.  To evaluate if the root mean square error is 
reasonable or not, the Normalized RMS is calculated by dividing the root 
mean square error by the range of observed heads.  This quantifies the 
root mean square error per metre of head difference in relation to the 
modelled flow system (stated as a percent), and is generally considered 
good if it is 15% or less.  The Normalized RMS shown in Table 3 
demonstrates an excellent model calibration fit to the most reliable data.  
The Normalized RMS shown in Table 4 demonstrates a satisfactory 
calibration fit to all the data.  Figure 16 shows the calculated groundwater 
contours for the model area. 
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4.3 Wellhead Protection Area Delineation 

The calibrated model was used to develop a WHPA for the two municipal wells.  
A forecasted pumping rate of 428 m3/day was used to produce the WHPA.  The 
forecasted pump rate represents a 20% increase in the present daily pumping 
that is associated with a 20% increase in population over the next 20 years. This 
was done so the delineated well capture incorporates population growth over the 
next 20 years. 

The capture zones were delineated by backtracking 20 particles placed in a circle 
around top and bottom of the screen of each well (i.e. placed at the top of bottom 
of the Layer 3) using MODPATH (Pollock, 1994).  Examples of the particle traces 
for MW2 are presented in Appendix E.  The paths generated for a particular time 
of travel were imported into GIS software and the encompassing polygon 
representing the capture zone was delineated.  MODPATH was designed to 
analyze groundwater flow direction and time of travel by applying the 
groundwater flow field determined by MODFLOW.   

The base case scenario represents the sandstone aquifer with one model layer.  
The additional scenario separates the sandstone aquifer with five model layers of 
equal thickness with three aquifer layers separated by two aquitard layers.  For 
this scenario the hydraulic conductivity value used for the three-aquifer zones 
was 1x10-4 m/s, and the hydraulic conductivity value used for the two aquitard 
zones was 1x10-5 m/s. The objective of this scenario was to represent the flow of 
the sandstone in three discrete zones and compare that to the single layer of the 
base case scenario.  The results showed no significant difference between the 
five layer scenario and the single layer scenario.  For this scenario, particles 
were placed around wells in the middle of each of the five sandstone layers. 

Below are the five scenarios included in the uncertainty analysis: 

• Scenario 0 – basecase (calibrated model with future pumping rates) 
• Scenario 1 – high bedrock conductivity, 5x10-5 m s for both lowland and 

uplands. 
• Scenario 2 – low bedrock conductivity, 1x10-5 m s for lowland and 4x10-6 

m/s for the uplands. 
• Scenario 3 – low recharge, 10 mm/yr for the till unit, 150 mm/yr for the 

sand unit and 50 mm/yr for the limestone. 
• Scenario 4 – high recharge, 50 mm/yr for the till unit, 400 mm/yr for the 

sand unit and 150 mm/yr for the limestone. 

The Kh:Kv ratio for all the scenarios is the same as the base case scenario.   

The combined WHPA for municipal wells MW2 and MW3 is presented in Figure 
17. 
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The uncertainty analysis was undertaken to evaluate the impact which parameter 
variations had on the results of the capture zone delineation.  The two model 
parameters analyzed in the uncertainty analysis were recharge and hydraulic 
conductivity of the bedrock.  The uncertainty analysis results are discussed in 
section 4.6. 

During an earlier stage of conceptual development of potential recharge, a leaky 
sewage lagoon liner scenario was considered.  However, bacteriological 
sampling of groundwater collected from nested monitoring wells installed 
downgradient from the lagoons indicated the liner was not leaky (see Table 5 
below for bacteriological results).  Based on the bacteriological data the leaky 
sewage lagoon liner scenario was not included in the final uncertainty analysis. 

Table 5 
Bacteria Counts in Groundwater Samples Collected from  

Monitors L1 and L3 
 

Monitor Fecal 
Coliform 

Fecal 
Strep. 

Total 
Coliform E coli Background Heterotrophic 

plate count 
Pseudo. 

a. 

L1 <1 <1 >200 <1 >200 1070 7 
L3 <1 2 2 <1 <1 >2000 >200 
L3 dup. <1 <1 7 <1 <1 >2000 >200 

 

Conductivity of and recharge to, the aquifer can impact the length and width of 
capture zones.  Therefore, both these parameters were varied through typical 
ranges based on the hydrogeologic setting.  Effective porosity was not varied in 
the uncertainty analysis since the value used in the calibrated model was 
deemed to be already conservative.   

4.4 Intrinsic Susceptibility Index 

The intrinsic susceptibility index (ISI) is a measure of how easily an aquifer can 
be contaminated from activities at the land surface.  It is based on the 
characteristics of the geologic formations which overlie the aquifer.  The ISI is 
calculated at each individual water-well within the study area using the geologic 
formation data from the Ministry of Environment (MOE) water well records.  The 
individual ISI values are then extrapolated and contoured to provide a regional 
estimation of the intrinsic susceptibility.  The ISI results are presented in (Figure 
18). 

The ISI for the study area was derived using the procedures outlined in Guidance 
Module 3 (2006), MOE Technical Terms of Reference and the clarification 
documents.  The ISI is based on a score which is derived by adding index values 
calculated for each hydrogeological unit starting at ground surface to the first 
significant aquifer.  The first significant aquifer has been defined by the MOE as 
the highest 2 metre thick interval of saturated aquifer material.  Specifically, if the 
aquifer is unconfined the top of the first significant aquifer is the water table 



Village of Westport   Page 21 
WHPA Study  file 454/138 
 

Malroz Engineering Inc. 

whereas  if the aquifer is confined, the top of the aquifer is the bottom of the 
confining unit. The index value for each hydrogeological unit is calculated by 
multiplying the thickness of each unit that lies above the aquifer by a 
representative K-Factor specified by the MOE.  The K-Factor is inversely 
proportional to the vertical hydraulic conductivity of the hydrogeologic unit and is 
essentially an aquifer protection factor.  For example, clay having a low hydraulic 
conductivity is assigned a high K-Factor compared to a gravel unit, which has a 
high hydraulic conductivity and is assigned a low K-Factor.  The index value is 
calculated for each unit above the aquifer and then summed to provide an overall 
ISI at each well location. 

The index is grouped into three categories: high (ISI <30), medium (ISI 30 to 80) 
and low (ISI >80) susceptibility.  High susceptibility areas are areas in which the 
upper most aquifer is close to or at the ground surface and have little protection 
from aquitard type materials.  These areas have the potential to allow 
contaminants, introduced by surficial activities, to readily infiltrate and cause 
degradation of the water quality within the aquifer.  Low susceptibility refers to 
areas where the upper most aquifer is deeper and / or protected with significant 
amounts of low permeable materials.  Susceptibility of the aquifer does not 
include a measure of the type and intensity of the human activities at the land 
surface. 

The majority of wells in the study area were classified as confined (static water 
level was above the top of the highest aquifer type material).  Therefore the ISI 
values were calculated based on the depth to the bottom of the confining unit 
rather than to the static water level.  The ISI is shown on Figure 18. 

The majority of the study area was mapped as either high susceptibility (i.e. ISI 
<30) or moderate susceptibility (ISI 30 – 80).  There are some isolated areas of 
low susceptibility (>80).  Most of the wellhead protection area falls within 
moderate to high susceptibility areas.  Some of the 25 year sensitivity falls within 
the low susceptibility area.  The moderate to high susceptibility is the result of 
thin overburden cover for most of the study area.  Areas that have thicker 
overburden consisting of low permeability materials are better protected and 
have low susceptibility (i.e. ISI > 80). 

4.5 Wellhead Protection Area Vulnerability 

The WHPA vulnerability scoring is represented by an aquifer vulnerability index 
(AVI) score system.  Part VII.3 of the MOE Technical Rules (2006) specify that 
the WHPA vulnerability evaluation is conducted by superimposing the WHPA 
zones (A through D) onto the ISI values (low, medium and high).  The WHPA 
zones (A, B, C, and D) correspond with the 100 metre, 2 year, 5 year, and 25 
year WHPA sensitivities respectively.  Zone AA, only applies to non-municipal 
wells and is not used in this study. 
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Each WHPA polygon was split to the ISI layer and the resulting tessellated 
polygons were scored using Table 6 below.  For example an area of high ISI in 
zone A would score a 10, which is high vulnerability.  An area of low ISI in zone 
D would score a 2, which is low vulnerability.  Note that within an area of high ISI, 
the lowest score attainable is a 6 which is still moderately vulnerable.  The 
combined Wellhead Protection Vulnerability map is shown in Figure 19. 

 

Table 6 
Wellhead Protection Area Vulnerability Scores – ISI or AVI 

 
Groundwater 
Vulnerability 

Category 
(ISI)for the 

Area 

WHPA-
A 

WHPA-
AA 

WHPA-
B 

WHPA-
C 

WHPA-
D 

High 10 10 10 8 6 
Medium 10 8 8 6 4 

Low 10 6 6 4 2 
 

4.6 Wellhead Protection Area Uncertainty Assessment 

As agreed in the peer review meeting of June 2007 (see Appendix G), two 
zones, Zone D and a variation on Zone C, were chosen to represent model 
uncertainty.  It was agreed to in the Peer Review Meeting of June 22, 2007, that 
the zone of low uncertainty (Zone C) would be the common area of overlap 
encompassed by all the WHPA Zone C (5 year) model sensitivity runs.  Unlike 
the composite WHPA Zone C which was established by encircling all of the Zone 
C sensitivity run’s in the uncertainty map, Zone C was established by encircling 
only the overlapping portions of the Zone C sensitivity runs.  The model 
sensitivity runs (particle tracking maps) are presented in Appendix E.  Because 
this area is common to all of the sensitivity run Zone C’s, it is smaller in area than 
the composite Zone C in the WHPA, and there is high confidence (low 
uncertainty) within this area of the model. The zone of high uncertainty / low 
confidence is defined as the composite Zone D (same as 25 year WHPA) 
sensitivity scenarios and excludes Zone C.  The combined WHPA uncertainty 
map for municipal wells MW2 and MW3 is presented in Figure 20. 
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5.0 STABLE ISOTOPE STUDY 

Based on MOE data and data obtained during a drilling and monitoring program 
advanced by Malroz, the conceptual hydrogeologic model for the Westport study area 
describes the two municipal wells as drawing from an aquifer that is recharged from the 
high lands to the southwest.  However, a lack of reliable data along the Westport Sand 
Lake shoreline combined with the close proximity of three large lakes to the Village of 
Westport water supply prompted some skepticism that the municipal wells were not 
drawing from the lakes.  In 2008, an isotope study was conducted by Malroz to 
determine if the isotopic composition of the Village of Westport drinking water supply 
would distinguish it from the isotopic composition of the surrounding surface water 
bodies. 

The location and validation of wells along the Westport Sand Lake area was conducted.  
Water samples were collected from the two municipal wells and compared to the 
isotopic composition of the surrounding groundwater sample points and surface water 
bodies (see Figure 21 for sample location map).  The samples were analyzed for 
oxygen 18 and deuterium at the stable isotope laboratory, Queens University (Canada). 

The concentration of deuterium versus the concentration of oxygen 18 per sample was 
plotted and is presented in Figure 22.  For comparison, the Ottawa Meteoric Waterline 
is included in the graph. 

Figure 22 shows two distinct isotopic populations or groupings.  Without exception the 
groundwater samples are located in the isotopically depleted grouping on the left of the 
plot while the lake water samples are located in the grouping on the right side of the 
plot.  The Westport spring and a small creek that runs through the Village of Westport 
Park are also included in the grouping on the left indicating they represent groundwater 
discharge. 

The isotope study confirms that, as per the conceptual hydrogeologic model, the 
Westport Village municipal wells do not draw from the surrounding surface water 
bodies. 
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6.0 LIMITATIONS AND USE OF REPORT 

This report was prepared by Malroz for the Village of Westport.  This report, including 
superseded preliminary reports and addenda, supporting tables, figures, and 
appendices,  was developed to satisfy Ministry of the Environment (MOE) requirements 
outlined in the Final Ministry of Environment (MOE) Technical Rules 2008. 

The WHPA developed for the Village of Westport municipal wells is intended to provide 
a guideline from which to proceed with planning activities.  The WHPA is not intended to 
provide land parcel scale accuracy from which individual land owners or other third 
parties can benefit or be harmed.  Unauthorized reuse of this document for any other 
purpose, or by third parties, without the express written consent of Malroz, shall be at 
such party’s sole risk without liability to Malroz.   

The engineering and geoscience services provided by Malroz during the course of this 
study can be expected to be of a level that is consistent with the duty, care and skill 
normally exercised by our peers given similar information, time limits, financial and 
physical constraints.  If future work is undertaken, or additional information becomes 
available, Malroz should be authorized to re-evaluate the conclusions of this report and 
make amendments as required. 
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Appendix B 
 

Validated MOE Water Well Data 



Owner Well Location1 BH Elev.2 DEM Elev.3 Elev. Difference4 Logged Static Elev.5 Corrected Static Elev.6 Rec_Rate7 Pump Rate8

Easting (m) Northing (m) Easting (m) Northing (m) Change (m) (m) (m) (m) (m) (gpm) (gpm)
ALFORD CARL 389680 4947272 389652 4947049 137.16 137.30 -0.14 128.63 128.77 5 5
BATTIN E 388722 4948327 388694 4948103 137.16 130.88 6.28 131.06 124.78 16
BEDORE KENNETH 389300 4947582 389272 4947359 136.55 136.35 0.20 134.11 133.91 10 10
BLAIR E 389471 4948279 389443 4948055 128.02 127.27 0.74 124.36 123.62 1 1
BLAIR W 389412 4948071 389384 4947847 129.54 131.76 -2.22 122.22 124.44 7 10
BLANHARD B 388831 4948174 388747 4948026 y 140.21 135.65 4.56 134.11 129.55 10 10
BOTTING A 388689 4948347 388661 4948123 137.16 130.23 6.93 133.50 126.57 10 10
BREWERY WAREHOUSE 388653 4948352 388542 4948126 y 137.16 130.82 6.34 132.59 126.25 4 4
BROOKER H 387651 4947919 387623 4947695 144.78 139.69 5.09 134.42 129.33 7 7
BRYANS T 388372 4948334 388132 4948514 y 135.64 140.35 -4.71 125.88 130.59 30 60
BRYARR B 389012 4948397 388984 4948173 128.02 131.04 -3.02 126.19 129.21 5 5
BRYCE J 389091 4948304 389063 4948080 131.06 130.27 0.80 124.97 124.17 5 6
BRYDON,ELIGABETH 387656 4948540 388373 4948471 y 137.00 -137.00 6.10 130.90 7 12
BRYONS, TERRY 387658 4948538 388460 4948393 y 137.00 -137.00 3.05 134.00 10 10
BURNS W 389318 4947987 389290 4947763 131.06 130.81 0.26 125.58 125.32 15 15
BYRNE F 388660 4948475 388632 4948251 129.54 131.84 -2.30 123.44 125.74 2 15
BYRNES W 389093 4948389 389065 4948165 129.54 129.43 0.11 128.02 127.91 10 20
CAMERON N 389243 4948372 389314 4947861 129.54 129.81 -0.27 124.05 124.32 8 8
CHANDLER 389659 4947570 389605 4947327 moved onto shore 129.24 124.09 5.14 125.58 120.44 5 25
CLIFF C 389134 4948288 389106 4948064 132.59 130.41 2.17 129.54 127.37 15 15
CLIFF F L 389466 4947992 389438 4947768 129.54 126.03 3.51 126.49 122.98 20 20
CONRAY L H 389096 4948115 389426 4948031 y 134.11 131.83 2.28 128.02 125.74 10 10
CROZIER S 389226 4947783 389198 4947559 134.11 133.44 0.67 126.19 125.52 8 10
DAW W J 389142 4948028 389386 4947632 y 132.59 133.30 -0.72 130.45 131.17 10 35
DELTA ENGINEERING 388750 4947078 388722 4946855 155.94 -155.94 15.24 140.74 10 15
DEPT OF PUBLIC WORKS 389507 4948410 389479 4948186 128.02 125.03 2.99 124.36 121.37 7 7
DERBYSHIER D 389264 4948188 389266 4948006 y 131.06 131.87 -0.81 128.32 129.13 20
DERBYSHIRE C 389272 4947852 389293 4947672 y 129.54 130.47 -0.93 128.32 129.25 2 2
DODDS J 389357 4947723 389329 4947499 134.11 133.06 1.05 131.67 130.62 2 2
FLEG R 389200 4948101 389234 4947906 y 132.59 132.44 0.14 126.19 126.05 2 3
FORESTOR J 388822 4948289 388794 4948065 135.64 133.69 1.95 131.06 129.11 10 10
FREE METHODIST HOUSE 389189 4948196 389168 4947948 y 129.54 130.98 -1.44 124.97 126.41 5 15
GANGE D V 389344 4948178 389316 4947954 132.59 131.11 1.47 127.71 126.24 4 4
GEILS JOHN 387830 4948122 387986 4948139 y 135.64 138.89 -3.25 133.20 136.45 20 45
GIBSON JANCE 387580 4947872 387552 4947648 141.73 141.16 0.57 133.50 132.93 20 25
GRAHAM G 389735 4947065 389707 4946842 137.16 139.48 -2.32 122.22 124.54 30 40
GREEN A 388974 4948199 388946 4947975 137.16 133.62 3.54 131.67 128.13 3 15
GREEN H 388176 4948568 388273 4948507 y 141.73 141.73 0.00 137.16 137.16 1 1
HERRITY H P 389680 4947505 389652 4947282 128.02 126.13 1.89 124.05 122.16 2 2
HERRITY V 389619 4947603 389565 4947374 moved onto shore 129.54 123.52 6.02 124.97 118.95 5 30
HOEDICKIE F 389253 4947934 389225 4947710 132.59 132.51 0.08 124.97 124.89 5 15
HONG KONG REST 389332 4948371 389304 4948147 128.02 128.64 -0.62 125.58 126.20 7 7
HONG KONG RESTAURANT 389322 4948362 389294 4948138 128.02 129.06 -1.05 125.58 126.63 7 7
INGERSOL J 387827 4948020 387799 4947796 141.73 140.00 1.73 132.59 130.86 5 15
JONES A E 389302 4948366 389269 4948158 129.54 129.78 -0.24 127.41 127.65 25 25
JONES H 389341 4948363 389313 4948139 128.02 128.37 -0.36 124.36 124.72 5 14
KANE J L 389202 4948126 389174 4947902 134.11 132.19 1.93 128.02 126.09 3 15
KIRKHAM J R 389345 4948683 389317 4948459 129.54 128.19 1.35 127.41 126.06 15 20
KUDRINKO, ROSS 387658 4948538 388378 4948391 y 137.00 -137.00 1.52 135.48 209 20
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Owner Well Location1 BH Elev.2 DEM Elev.3 Elev. Difference4 Logged Static Elev.5 Corrected Static Elev.6 Rec_Rate7 Pump Rate8

Easting (m) Northing (m) Easting (m) Northing (m) Change (m) (m) (m) (m) (m) (gpm) (gpm)

Appendix B
Validated Water Well Data, Village of Westport, Ontario

Raw Data (NAD 83, WGS84) Corrected Data (NAD 27)*

LEWIS F 389201 4948240 389173 4948016 132.59 131.13 1.45 128.02 126.57 16 16
LOCKBART G 389567 4948541 389539 4948318 128.02 125.00 3.02 125.58 122.56 5 5
LYNN H 387817 4948045 387423 4947476 y 140.21 160.00 19.79 131.06 151.00 4
LYNN H 388131 4948367 387428 4947514 y 140.21 155.00 14.79 124.66 140.00 10
MACEWEN A 389460 4948030 389432 4947806 129.54 130.42 -0.88 122.83 123.71 5
MANCINO, MIKE 387658 4948538 387759 4947974 y 137.00 -137.00 8.23 128.00 20 20
MARKS H 389250 4947802 389214 4947456 y 135.64 131.04 4.60 127.71 123.11 15 20
MARTIN J 388722 4948328 388755 4948107 140.21 130.88 9.33 135.03 125.70 5 15
MARTIN J H 389020 4948182 388992 4947958 129.54 132.65 -3.11 124.97 128.08 10 20
MAYNARD W 389265 4947906 389237 4947682 134.11 131.39 2.72 126.19 123.47 5 20
MCANDREWS A 389168 4947929 388922 4947888 y 137.16 134.66 2.50 132.89 130.39 15 20
MCCANN M G 388540 4948502 388512 4948278 132.59 136.72 -4.13 126.49 130.62 5 5
MCCARTHY P 388924 4948174 388896 4947950 129.54 134.86 -5.32 121.01 126.33 2 2
MCCLEMENT J 389190 4948068 389162 4947844 132.59 133.17 -0.59 125.88 126.47 5 10
MCCULLOCK A 389035 4947883 389007 4947659 129.54 135.00 -5.46 119.79 125.25 10 10
MCCULLOUGH WILLIAM 389280 4948112 389406 4947882 y 137.16 132.43 4.73 131.67 126.94 20 20
MCGINNESS T 389124 4948127 389085 4947902 134.11 131.53 2.59 128.93 126.34 5 5
MCGREGOR E 389721 4947068 389693 4946845 129.54 139.48 -9.94 117.35 127.29 10 10
MCGREGOR EARL 389250 4947191 389222 4946968 150.88 155.49 -4.62 144.78 149.40 0 1
MCNALLY H 389230 4948272 389108 4948131 y 128.02 130.83 -2.82 124.36 127.18 5 10
MEEWAN C 389043 4948245 389015 4948021 132.59 131.98 0.61 128.93 128.32 10 10
MILLER W 389750 4947402 389722 4947179 126.49 124.58 1.91 125.27 123.36 5 30
MNR 388430 4948922 388402 4948698 146.30 139.48 6.83 144.78 137.95 3 3
MULVILLE F 389446 4947535 389418 4947312 140.21 140.97 -0.76 129.54 130.30 5 30
MULVILLE IDA 389384 4947770 389356 4947546 132.59 131.98 0.60 126.49 125.89 15 15
MURPHY F 389211 4948169 389232 4947946 y 132.59 131.84 0.75 128.02 127.27 3 15
MYERS H 388238 4948204 388210 4947980 141.73 140.45 1.28 136.55 135.27 3 3
MYERS J 389274 4948298 389246 4948074 y 132.59 130.71 1.87 126.49 124.62 5 5
NEAL J 389047 4947888 389019 4947664 135.64 135.40 0.23 124.05 123.82 7 10
NOTREDAME CONVENT 388879 4948216 388851 4947992 138.68 135.44 3.25 129.54 126.29 5 15
O W R C 389080 4947972 389052 4947748 135.64 133.74 1.89 129.84 127.95 90 90
O W R C 389020 4948062 388992 4947838 135.64 132.61 3.02 131.37 128.35 50 50
PATTERSON A R 388923 4948071 388895 4947847 137.16 133.59 3.57 135.33 131.76 3 3
POLLARD J 388550 4948472 388522 4948248 137.16 136.02 1.14 129.84 128.70 3 3
PRESBYTERIAN MANSE 389160 4947918 389132 4947694 137.16 135.00 2.16 132.59 130.43 10 10
PREVOST ROBERT 389330 4947072 389302 4946849 150.88 152.47 -1.59 124.97 126.56 10 10
RENAUD H 389320 4948075 389292 4947851 131.06 132.01 -0.95 126.19 127.14 3 15
RICE C 388297 4948262 388269 4948038 140.21 139.67 0.54 135.64 135.10 1 1
RICE J 389235 4947649 389191 4947479 y 137.16 136.10 1.06 135.33 134.27 5 5
RIDEAU VAL CONSV AUT 389911 4948558 389883 4948335 129.54 129.12 0.42 123.75 123.33 1 1
ROACH, MARION 388019 4948034 388162 4948461 y 142.00 -142.00 5.49 136.50 10 15
ROBERTS H H 389492 4948322 389464 4948098 128.02 124.98 3.03 123.14 120.11 5 5
ROBERTS T 389148 4947928 389120 4947704 137.16 134.73 2.43 128.02 125.59 1 1
SCHMIDT R 389874 4947355 389846 4947132 128.93 125.00 3.93 128.93 125.00 5 15
SCHOOL AREA 389485 4947223 389457 4947000 137.16 148.50 -11.34 126.80 138.14 12 12
SCOTT, NEIL 388019 4948034 387937 4948075 y 137.00 -137.00 2.13 134.80 12 12
SHARWOOD CONST 389229 4947021 389201 4946798 152.40 154.39 -1.99 135.64 137.63 10 10
SHEPHERD D R 389415 4948187 389387 4947963 129.54 130.00 -0.46 121.62 122.08 10 10
SHEYWOOD J 389325 4948277 389297 4948053 132.59 130.74 1.85 129.54 127.69 5 12
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Validated Water Well Data, Village of Westport, Ontario

Raw Data (NAD 83, WGS84) Corrected Data (NAD 27)*

SIMMONS D 389695 4947529 389637 4947297 moved onto shore 129.24 123.52 5.71 127.41 121.70 30 50
SIMPSON R 389329 4947521 389301 4947298 144.78 137.36 7.42 143.87 136.45 20 30
SLY DALE 389270 4948252 389307 4948013 y 129.54 131.19 -1.65 124.66 126.31 15 15
SMORAL J 389971 4947341 389943 4947118 128.93 125.00 3.93 128.93 125.00 5 20
SNIDER F 388877 4948126 388783 4947974 y 143.26 135.00 8.26 138.68 130.43 5 15
ST EDWARDS RECTORY 388898 4948221 388870 4947997 140.21 135.16 5.05 129.54 124.49 3 3
STAFFORD R 389019 4948295 388991 4948071 132.59 130.83 1.76 127.41 125.65 15 15
STEVENS W D 389276 4948191 389248 4947967 132.59 131.82 0.77 126.19 125.42 5 50
STODDARD E 387646 4948165 387918 4948126 y 135.64 136.61 -0.97 134.72 135.69 5 10
SUNDBERG R 389432 4948570 389409 4948367 126.80 125.52 1.28 120.70 119.42 5 7
THAKE O 388576 4948522 388426 4948112 y 137.16 136.55 0.61 131.06 130.45 5 20
THAKE O 389125 4948225 389016 4948068 y 132.59 130.85 1.74 128.93 127.19 5 20
THAKE W 388691 4948671 388663 4948447 141.73 132.79 8.94 134.42 125.48 10 10
THAKE W 389230 4948372 389202 4948148 129.54 130.00 -0.46 124.97 125.43 2 3
THAKE W 389350 4948062 389322 4947838 131.06 131.84 -0.78 124.66 125.44 20 30
TOBIN PAT 389290 4947622 389316 4947334 y 138.68 135.28 3.40 130.45 127.05 20 20
TOBIN VINCE 387730 4947822 387702 4947598 143.26 145.02 -1.76 137.16 138.92 10 15
TRUELOVE J 389272 4948228 389259 4947984 y 134.11 131.42 2.69 129.54 126.85 10 10
UNITED CHURCH MANSE 389335 4948107 389307 4947883 132.59 131.96 0.63 126.49 125.86 20
VANALSTINE E 388095 4948577 388072 4948470 y 137.16 137.16 0.00 135.33 135.33 4 4
WALKER R 389780 4947392 389730 4947147 128.02 125.12 2.90 127.71 124.81 5 40
WARD J 389402 4948182 389374 4947958 y 131.06 130.42 0.65 124.97 124.32 20 20
WESTPORT COMM CENTRE 389010 4948072 388982 4947848 136.55 132.45 4.10 129.84 125.74 10 20
WHALEY W C 389275 4948100 389247 4947876 132.59 132.43 0.16 127.10 126.94 10 10
WING D 388510 4948422 388524 4948185 y 137.16 136.07 1.09 130.76 129.67 15 20
WOOD C L 389339 4947802 389311 4947578 131.06 128.81 2.26 121.92 119.66 3 3
WOODS D 388730 4948297 388702 4948073 134.11 131.58 2.53 128.02 125.49 5 14
WOODWORTH W 388309 4948399 388281 4948175 140.21 141.74 -1.53 135.94 137.47 10 10

Notes:
* Translated coordinates and new coordinates for moved wells. 
1 The symbol "Y" Indicates well was moved.
2 Bore hole elevation reported by driller
3 Digital elevation of Bore Hole as interpreted by MOE
4 Difference between driller reported and MOE digital interpretation - used to adjust Static Water Level Elevations
5 Driller reported static water levels
6 Adjusted static water levels - based on difference between driller reported and MOE digital interpretations of Bore Hole elevations
7 Recommended pump rate suggested by driller
8 Test pump rate conducted by driller
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Appendix C 

 
Unvalidated & Discarded MOE Water Well Data 



Owner Status 
Easting (m) Northing (m)

DIPPOLD R 387966 4948235
EDGERTON ARNOLD L R 388250 4948560
GAINE G R 388237 4948206
GARROD F R 389205 4948298
GRAHAM, FRANCIS R 388019 4948034
GRILLS G R 388661 4948491
HAMILTON R 389229 4948121
HAMILTON J R 389129 4948304
HARRISON, DON R 389257 4948828
HENDRICKS E R 388201 4948406
HEWISH,MIKE R 387656 4948540
HUMPHRIES, VINCE FV 388019 4948034
HYNDMAN, ALAN R 387658 4948538
MARTIN B R 389437 4948357
MAYNARD H R 389190 4947708
MAYNARD, BILL R 388363 4947355
MCCALLUM ROBERT R 388250 4948050
MCGLADE JIM R 387530 4948922
MCKAY C R 389115 4948200
MULVILLE H R 388750 4948072
MULVILLE J E R 389800 4947196
PALMER DONALD R 387130 4947472
PALMER ERIC LAWRENCE FV 387679 4947175
PALMER JACK R 387900 4947890
RIDEAU VALLEY CONSER R 389530 4948872
SCOTT G R 387886 4948089
SCOTT, ROB & N FV 388019 4948034
SIMPSEN, R. FV 388019 4948034
SIMPSON BLDG. SERV. FV 388019 4948034
SIMPSON, RICK FV 388019 4948034
SMITH BETTY R 388050 4948400
STEELE H R 389117 4948257
TESCHKE J R 389440 4947852
THOMPSON D R 388516 4948317
VELLEY O R 388080 4948401
WARD W R 388458 4948776
WESTPORT F.M. CHURCH FV 388019 4948034
WESTPORT LIONS CLUB FV 388265 4948779
WILSON, BARB R 388019 4948034

Notes: "FV" indicates wells that require further validation
           "R" indicates wells rejected

Appendix C
Unvalidated Water Well Data, Village of Westport, Ontario

Raw Data (NAD 84)
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Borehole Logs  





Well #3370.00

Village of Westport

X:\370\borehole logs\Well_3

Ron Knox

Rotary Percussion 6" bit
3

NA

NA
03/05/24

1

C.RANCOURT

NA

Ground Surface
Diamicton (Till)

brown clay, some silt, sand, trace gravel,
wet

Silt, trace sand and clay
light brown, dry to very dry, occassional

boulders

Diamicton (Till)
washed concentrate, sand, gravel, and

occassional boulders

Concentrate represents less than 10 % of
soil fraction with clay, silt and fine sand

washed out.

S1

S2

S3

Grab.C.

Grab.C.

Grab.C

Drilled dry to 8'

Drilled with wet slurry from 8'

Driller indicated occassional boulders
between 4'-31'
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Well #3370.00

Village of Westport

X:\370\borehole logs\Well_3

Ron Knox

Rotary Percussion 6" bit
3

NA

NA
03/05/24

1

C.RANCOURT

NA

Borehole Log:Project:

Client:

File:

Driller:

Equipment:
Monitor Number:

Ground Elevation (m):

Top of Monitor (m):
Date:

Sheet: 2 of 6

Field Observer:

Field Instrument:

This borehole log should not be 
separated from the accompanying 
report.
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Well #3370.00

Village of Westport

X:\370\borehole logs\Well_3

Ron Knox

Rotary Percussion 6" bit
3

NA

NA
03/05/24

1

C.RANCOURT

NA

Fragmented Quartz Sandstone
mottled white/light grey and grey

well sorted, fine-med grained well rounded
to sub-angular

Quartz Sandstone
mottled white/light grey and grey

well sorted, fine-med grained well rounded
to sub-angular

sandy carbonate horizon @ 69'

S4

S5

S6

Grab.C.

Grab.C.

Grab.C.

dark graphite slick on surface water

casing seated @ 69'

Borehole Log:Project:

Client:

File:

Driller:

Equipment:
Monitor Number:

Ground Elevation (m):

Top of Monitor (m):
Date:

Sheet: 3 of 6

Field Observer:

Field Instrument:

This borehole log should not be 
separated from the accompanying 
report.
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Well #3370.00

Village of Westport

X:\370\borehole logs\Well_3

Ron Knox

Rotary Percussion 6" bit
3

NA

NA
03/05/24

1

C.RANCOURT

NA

note: light brown oxidized appearance
to sandstone at 79'-associated with

water bearing zone

note: light brown oxidized appearance
to sandstone at 94'-associated with

water bearing zone

sandy carbonate horizon @ 100.0'

sandy carbonate horizon @ 90'

S7

S8

S9

S10

S11

S12

S13
S14

S15

S16

S17

S18

S19

Grab.C.

Grab.C.

Grab.C.

Grab.C.

Grab.C.

Grab.C.

Grab.C.
Grab.C.

Grab.C.

Grab.C.

Grab.C.

Grab.C.

Grab.C.

water bearing zone @79'

water bearing zone @94'

(brown water)

(yellow water)
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Equipment:
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Top of Monitor (m):
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Sheet: 4 of 6

Field Observer:

Field Instrument:
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report.
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Well #3370.00

Village of Westport

X:\370\borehole logs\Well_3

Ron Knox

Rotary Percussion 6" bit
3

NA

NA
03/05/24

1

C.RANCOURT

NA

Sandy carbonate and siltstone
dark grey

Quartz Conglomerate

sandy carbonate horizon @ 108.5'

sandy carbonte and siltstone horizon
@113.5, dark grey

S20

S21

S22

S23

S24

S25

S26

S27

Grab.C.

Grab.C.

Grab.C.

Grab.C.

Grab.C.

Grab.C.

Grab.C.

Grab.C.

dark grey water encountered

Borehole Log:Project:
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Top of Monitor (m):
Date:

Sheet: 5 of 6
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Field Instrument:
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report.
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Well #3370.00

Village of Westport

X:\370\borehole logs\Well_3

Ron Knox

Rotary Percussion 6" bit
3

NA

NA
03/05/24

1

C.RANCOURT

NA

End of Borehole

S28

S29

Grab.C.

Grab.C.
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File:
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Sheet: 6 of 6

Field Observer:

Field Instrument:

This borehole log should not be 
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Well # 4370.00

Village of Westport

X:/370/Borehole logs/Well_4

Ron Knox

Rotary Percussion 6" Bit
4a & 4b

NA

NA
03/05/23

1

C.RANCOURT

NA

Ground Surface
Diamicton (Till)

dark brown clay, some silt, sand, trace gravel,
occassional boulders

boulder @ 0'-3.5'

Diamicton (Till)
washed concentrate, sand, gravel and

occassional boulders

Concentrate represents less than 10 % of soil
with clay, silt and fine grained sand washed

out.

S1

S2

S3

Grab

Grab

Grab

Drilled dry until 7'

Drilled with wet slurry from 7'

Driller indicated that occassional
boulders were encountered from
start of drilling to 63' below grade.
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File:
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Date:
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Field Observer:

Field Instrument:
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Well # 4370.00

Village of Westport

X:/370/Borehole logs/Well_4

Ron Knox

Rotary Percussion 6" Bit
4a & 4b

NA

NA
03/05/23

1

C.RANCOURT

NA
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Client:

File:

Driller:

Equipment:
Monitor Number:
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Top of Monitor (m):
Date:

Sheet: 2 of 5

Field Observer:

Field Instrument:
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Well # 4370.00

Village of Westport

X:/370/Borehole logs/Well_4

Ron Knox

Rotary Percussion 6" Bit
4a & 4b

NA

NA
03/05/23

1

C.RANCOURT

NA

Fragmented Quartz Sandstone
mottled white/light grey and grey

well sorted, fine-medium grained well rounded
to sub-angular

Quartz Sandstone

mottled white/light grey and grey
well sorted, fine-medium grained well

rounded to sub-angular

S4 Grab

cased into sandstone bedrock at 64.7'

Borehole Log:Project:

Client:

File:

Driller:

Equipment:
Monitor Number:

Ground Elevation (m):

Top of Monitor (m):
Date:

Sheet: 3 of 5

Field Observer:

Field Instrument:

This borehole log should not be 
separated from the accompanying 
report.
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Well # 4370.00

Village of Westport

X:/370/Borehole logs/Well_4

Ron Knox

Rotary Percussion 6" Bit
4a & 4b

NA

NA
03/05/23

1

C.RANCOURT

NA

mottled grey, well sorted, fine-medium
grained well rounded to sub-angular

brown oxidized appearance to sandstone
@76'-associated with water bearing zone

brown oxidized appearance to sandstone
@92'-associated with water bearing zone

S5

S6

S7

Grab

Grab

Grab

water bearing zone @76' (brown water)

water bearing zone @92' (yellow water)
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File:

Driller:

Equipment:
Monitor Number:

Ground Elevation (m):

Top of Monitor (m):
Date:

Sheet: 4 of 5

Field Observer:

Field Instrument:

This borehole log should not be 
separated from the accompanying 
report.
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Well # 4370.00

Village of Westport

X:/370/Borehole logs/Well_4

Ron Knox

Rotary Percussion 6" Bit
4a & 4b

NA

NA
03/05/23

1

C.RANCOURT

NA

End of Borehole S8 Grab
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File:
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Equipment:
Monitor Number:

Ground Elevation (m):

Top of Monitor (m):
Date:

Sheet: 5 of 5

Field Observer:

Field Instrument:

This borehole log should not be 
separated from the accompanying 
report.
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Borehole Log:
Project:

Client:

File:

Driller:

Equipment:
Monitor Number:

Ground Elevation (m):

Top of Monitor (m):
Date:

Sheet: 1 of 2

Field Observer:

Field Instrument:

This borehole log should not be 
separated from the accompanying report.
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BH1
Westport WHPA

Village of Westport

p:/454

G.E.T Drilling

CME

MW1

136.84

137.58

May 29, 2007

C.R

-

Ground Surface
Sandy Loam
dark brown, moist

Sand
trace clay, silt, brown, dry

Shale
soft, grey to green, dry

Dolomitic Shale
dark grey, some thin light grey matrix 
supported sandy horizons

Dolostone
sandy, with shaley horizons

Dolomitic Shale
dark red and brown, some matrix supported 
sandy horizons
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Dolomitic Sandstone
multiple thin sandy dolomitic shale and 
dolostone horizons

no recovery during coring

unweathered, multiple horizontal 
fractures

oxidized subvertical fracture at 9.0m

poor recovery from red and brown 
shale interval
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Borehole Log:
Project:

Client:

File:

Driller:

Equipment:
Monitor Number:

Ground Elevation (m):

Top of Monitor (m):
Date:

Sheet: 2 of 2

Field Observer:

Field Instrument:

This borehole log should not be 
separated from the accompanying report.
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BH1
Westport WHPA

Village of Westport

p:/454

G.E.T Drilling

CME

MW1

136.84

137.58

May 29, 2007

C.R

-

Dolomitic Sandstone
multiple thin sandy dolomitic shale and 
dolostone horizons

maroon coloured, 3" shale bed at 19.8m

infilled vuggy sandstone from 22.8 to 23.0m

mottled white and grey from 23.0 to 24.4m
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End of Borehole at target depth 24.4m

yellow water bearing oxidized fracture 
at 22.5m
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Borehole Log:
Project:

Client:

File:

Driller:

Equipment:
Monitor Number:

Ground Elevation (m):

Top of Monitor (m):
Date:

Sheet: 1 of 1

Field Observer:

Field Instrument:

This borehole log should not be 
separated from the accompanying report.
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BH2
Westport WHPA

Village of Westport

p:/454

G.E.T Drilling

CME

MW2

136.87

137.48

May 29, 2007

C.R

-

Ground Surface
Sandy Loam
dark brown, moist

Sand
trace clay, silt, brown, dry

Shale
soft, grey to green, dry

 -  -   

End of Borehole at target depth 1.91m
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Borehole Log:
Project:

Client:
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June 1, 2007

C.R

-

Ground Surface
Sandy Loam
dark brown, moist

increasing silt and clay at 0.5m

abundant clay at 1.3m

Shale
soft, grey to green, dry

Dolomitic Shale
dark grey, some thin light grey  matrix 
supported sandy horizons

 dark red to brown from 7.4 to 9.5m

thin bedded dolomitic sandstones, light grey, 
and interbedded sandy dolomitic, shale and 
dolostone from 8.5 to 14.6m

Dolomitic Sandstone
multiple thin sandy dolomitic shale and 
dolostone interbeds
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Dolomitic Sandstone
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Ground Surface
Sandy Loam
dark brown, moist

increasing silt and clay at 0.5m
abundant clay at 1.3m
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End of Borehole at 1.36m
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Ground Surface
Sandy Silty Clay
brown, some gravel

Limestone and Shale
fractured
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medium to dark grey

Dolostone and Siltstone
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0.16 m (ID) steel casing installed
to 6.1 metres below grade.

Casing sealed using Volclay 
granular grout (bentonite)

open borehole below 6.1 m
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Quartzose Sandstone
light grey, fine grained, rounded, well 
sorted

becoming medium grey/brown and white at 
32.0 m

becoming medium grey at 33.5 m
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Sandy Clay
brown, boulder
Silt, Sand, Gravel
grey, some shale fragments (dark, 
organic).
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grey (dark)

some secondary calcite at 1.2 - 1.5 
metres

some light grey siltstone fragments 
at 3.0 m
Siltstone
light grey, some silty clay mud
Limestone
dark grey, some light grey siltstone
Siltstone
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Limestone
medium to dark grey

Limestone and Siltstone
very dark grey, organic lithologies, 
phosphatic

End of Borehole
at target depth (7.0 metres)
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0.16 m (ID) steel casing installed
 to 1.5 m below grade

Casing sealed using Volclay
granular grout (bentonite)
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Appendix F 

 
Pump Test Data 



4 The groundwater model used in the transient calibration for the pump test
results was an earlier version of the model used in the WHPA study.  The
defined aquifer characteristics would not significantly change between the two
model versions.

Transient Calibration to Pump Test Model

The groundwater model4 of the Westport area was calibrated to the municipal pump test
results as part of their Permit To Take Water (PTTW).  The model was needed to
determine aquifer characteristics because the municipal pumping schedule varied
during the pump test making it difficult to apply conventional aquifer characterisation
methods (i.e. Theis or Neuman).  The pumping schedule varied as per the demands of
the water supply system.

The calibration focussed on the drawdown response in observation wells 4a and 4b. 
These observation wells were used because they had a good drawdown response and
were not pumped.   Wells 4a and 4b are located in the same well casing but are
completed in two different water bearing zones of the bedrock aquifer.  The average
drawdown of both wells was used in the calibration since the model represents the
aquifer with one layer and cannot distinguish between the two zones.  The model
represents the bedrock aquifer at the well field with a layer thickness of 17 metres.

The results of the calibration determined that the hydraulic conductivity and storage of
the aquifer is 2.5 x10-5 m/s and 1x10-6 m-1, respectively, for the 17 metre thick model
layer.  The figure below shows the match between model calculated and observed
drawdown is reasonable.  The fit shown here represents the best fit for the model
calibration.  The model was used also to estimate the uncertainty of the hydraulic
conductivity estimate.  The calibration process determined that a reasonable range for
hydraulic conductivity of the aquifer at the well field was 1x10-5 to 1x10-4 m/s. 



Comparison of Model Calculated Drawdown to Observed for Results from the Pump Test
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Peer Review Comments 



FINAL MINUTES 
Groundwater Vulnerability Peer Review Meeting  

Mississippi – Rideau Source Protection Region (M-R SPR) 
June 22, 2007, 10:00 am to 3:00 pm, North Grenville Municipal Centre 

 
Participants 
 
Name Organization  Email 
Michel Kearney   Ottawa    michel.kearney@ottawa.ca
Stephen Wilson   Golder    Stephen_R_Wilson@golder.com
Brian Byerley   Golder    bbyerley@golder.com
Anthony West   Golder    awest@golder.com
Sean Sterling    Intera    ssterling@intera.com
Nicola Calder   Intera    ncalder@intera.com
David Malcolm   Malroz    malcolm@malroz.com
James Graham   Waterloo Numerical Modeling jim@wnmcorp.com
Jeff McEwen   North Grenville   jmcewen@northgrenville.on.ca
Scott Bryce   Westport   westport@rideau.net
Brad Carew   M-R SPR   brad.carew@mrsourcewater.ca
Brian Stratton   M-R SPR   brian.stratton@mrsourcewater.ca
Kristina (K)Kamichaitis  M-R SPR   Kristina.kamichaitis@mrsourcewater.ca
Asher Rizvi   RVCA    asher.rizvi@rideauvalley.on.ca
 
Regrets 
Forbes Symon   Mississippi Mills   fsymon@mississippimills.ca
Jim Beeler   North Grenville   ng@magma.ca
Jill Eagle   Merrickville-Wolford  cao@merrickville-wolford.ca
 

 
Please include these Meeting Minutes in the Peer Review Record for each study. 
 
1) Welcome and Introductions 
 
2)  Purpose of Meeting – B Stratton 
 
The purpose of this groundwater vulnerability peer review meeting was to get relevant 
staff (municipal and M-R SPR) together with the consultants (Golder, Intera, Malroz) 
who are undertaking the groundwater vulnerability studies for the municipal drinking 
water systems within the M-R SPR to discuss groundwater vulnerability studies with the 
goal of all studies having generally consistent approaches and final deliverable products. 
 
 
3) GIS / Data Management Requirements – K Kamichaitis (M-R SPR) 
 
K discussed the provincial data reporting requirements, as outlined in the MOE 
‘Template Database’. This database defines the specific data structure for all information 
collected and created as part of the GW vulnerability study.  It was decided that M-R 
SPR staff will populate the Template Database in-house, once final datasets have been 
submitted by the consultants.  The MR-SPR will provide the consultants with a list of 
required datasets and associated attributes (rather than with the template database 
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itself). The consultant is responsible for returning the data/information according to these 
specifications.  A discussion was had concerning the requirement for Locational 
Accuracy for all geospatial data, and how this applies to modeled datasets such as the 
Time of Travel zones for each wellhead protection areas (WHPA).  K is seeking specific 
guidance on this topic from the MOE and other SPR regions, and will provide a concise 
answer as soon as possible. 
 
A discussion was had regarding the requirement for intrinsic vulnerability mapping of the 
“broader landscape” or areas beyond the WHPA’s. Some were in favour of presenting 
the results from the entire study area, while others were in favour of presenting results 
only within the WHPA’s. 
 
4)  2007 Ottawa WHPA Study & Background Studies – B Byerley (Golder) 
 
Brian presented an overview (including detail about model set-up & scenarios/sensitivity 
runs) of the 2003 wellhead protection studies for Carp, Munster Hamlet and King’s Park 
(in Richmond).  Key details of the Carp 2004 modeling with increased flow rates were 
also provided.  Brian then presented the available results of the 2007 Ottawa WHPA 
study which included determining the 5 year time-of-travel capture zone, intrinsic 
vulnerability scoring and vulnerability scoring uncertainty.  There was lots of discussion 
around how to best draw the capture zones using the various scenarios as well as how 
best to show vulnerability scoring uncertainly.  The approach used to draw the capture 
zones was to take the reasonable outer limit of all the sensitivity runs (derived from 
reverse particle tracking) with some slight adjustments using professional judgment.  
The approach to determine high or low uncertainly was to give low uncertainty / high 
confidence to all areas within the 5 year time of travel line (selected as the base case or 
calibrated model) and to give high uncertainty / low confidence to all areas beyond this 
area.  It was decided to defer the group selection of the most appropriate approach until 
later in the meeting (see Section 8). 
 
M-R SPR staff asked Brian to provide a separate map in the final report showing the 
vulnerability scoring for DNAPLS only. 
 
Next steps include:  Using the group recommendations (see Section 8), finalize capture 
zones, vulnerability scoring and vulnerability uncertainty and then submit report to 
Malroz for peer review. 
 
5)  2007 Almonte WHPA Study & Background Studies – S Sterling (Intera) 
 
Sean presented an overview (including detail about model set-up & scenarios/sensitivity 
runs) of the 2003 and 2005 wellhead protection studies for Almonte.  He then presented 
the available results of the 2007 Almonte WHPA study which included determining the 
intrinsic vulnerability scoring and vulnerability scoring uncertainty.  The approach used 
to draw the capture zones was to take the base case or calibrated model and also show 
the outer limits (with adjustments for professional judgment) of the 25 year time of travel 
zone only.  The approach to determine high or low uncertainly was to give low 
uncertainty / high confidence to all areas within inner limits of the 5 year time of travel 
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sensitivity runs (derived from reverse particle tracking) and to give high uncertainty / low 
confidence to all areas beyond this area. 
 
It was agreed upon by the group that the wellhead protection areas for Wells 3, 7 and 8 
should be combined into one wellhead protection area.  As per above, a separate map 
should be prepared showing the vulnerability scoring for DNAPS only. 
 
Next steps include:  Using the group recommendations (see Section 8), finalize capture 
zones, vulnerability scoring and vulnerability uncertainty and then submit report to 
Malroz for peer review. 
 
6)  2006 Merrickville and Kemptville WHPA Study – S Wilson and A West (Golder) 
 
Stephen presented an overview of the study scope, including the installation of a multi-
level monitoring well in both Kemptville and Merrickville.  During the construction of the 
Kemptville monitoring wells, there was a strong upward gradient (with water at 12 feet 
above ground).   
 
Based on the available information and the work done-to-date, Anthony presented 
Golder’s conceptual understanding/interpretation of a large area that extends several 
kilometers north and east of Kemptville, and also several kilometers west (beyond 
Smiths Falls) and south of Merrickville.  Within this area, several cross sections were 
presented showing the generalized subsurface conditions.  Beneath overburden 
deposits of limited thickness, a combined March/Oxford bedrock formation is very thin 
towards the west and its depth increases significantly towards the east (approximately 
100 metres thick).  This March/Oxford formation provides most of the private water 
supply needs.  A combined March/Nepean bedrock aquifer (municipal supply aquifer) 
with a depth of about 50 metres (possibly thicker – no data points of actual thickness) is 
continuous throughout the area and underlines the March/Oxford aquifer.  This 
March/Nepean aquifer dips from east to west and is very close to the surface towards 
the east.  Recharge for the March/Nepean appears to be mostly from the east. 
 
Next steps include finalizing boundary conditions and initial recharge rates.  This 
information will be discussed with Malroz prior to running the Modflow model.  Once 
modeling is complete, use the group recommendations (see Section 8) to finalize 
capture zones, vulnerability scoring and vulnerability uncertainty and then submit report 
to Malroz for peer review. 
 
 
7)  2006 Westport WHPA Study – D Malcolm (Malroz) 
 
David presented an overview (including detail about model set-up & scenarios/sensitivity 
runs) of the 2004 preliminary wellhead protection studies for Westport.  He then 
presented an overview of the study scope for the current study, including the installation 
of two observation wells.  There is a combined March/Nepean bedrock formation 
beneath overburden deposits.  Some sandy overburden deposits exist within the 2004 
capture zones and large more extensive clay deposit is also present and acts as an 
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aquitard for the March/Nepean formation.  Recharge for the March/Nepean formation is 
upgradient (south/west of Westport Village). 
 
Next steps include re-running the 2004 Modflow models using the new data (from 
construction of observation wells).  Modeling results will be discussed with Golder when 
they are available.  Once modeling is complete, use the group recommendations (see 
Section 8) to finalize capture zones, vulnerability scoring and vulnerability uncertainty 
and then submit report to Golder for peer review. 
  
8)  Group Recommendations 
 
The groundwater vulnerability studies are to be completed using established Ministry of 
the Environment Draft Module 3 – Groundwater Vulnerability Analysis, dated October 
2006.  However, a number of issues/approaches discussed throughout the day require 
clarification (beyond what is available in the guidance module) so that all the 
groundwater vulnerability studies within the M-R SPR will be similar and consistent.  The 
following key issues/approaches were agreed upon by all people at the meeting: 
 

• All vulnerability scoring will be presented using a common colour scheme. The 
MR-SPR will establish a standard symbology and distribute it to all consultants. 
Intera indicated a desire to see this as soon as possible, as they are wrapping 
up their study; 

• A separate map is to be included in the final report showing the vulnerability 
scoring for DNAPLS only; 

• A ten year time of travel zone will not be presented; 
• If ‘slivers’ appear when overlaying the capture zones, it is up to each 

professional modeler to determine the validity of a particular sliver while they are 
finalizing a Time of Travel Zone.  The adjustments should be documented in the 
report and/or metadata; 

• The approach used to draw the capture zones is to take the outer limit of all the 
reasonable sensitivity runs (derived from reverse particle tracking).  If 
necessary, the modeler can make some slight adjustments using professional 
judgment; 

• The approach to determine high or low uncertainly is to give low uncertainty / 
high confidence to all areas within inner limits of all reasonable 5 year time of 
travel sensitivity runs (derived from reverse particle tracking) and to give high 
uncertainty / low confidence to all areas beyond this area; and 

• Consultants are only responsible for showing intrinsic vulnerability (high, 
medium and low) within the WHPA’s. 

 
9)  Schedule of Peer Review 
 
It was agreed by all meeting participants that now the June 22nd meeting is completed 
as planned, the consultants will undertake the remainder of the work as per the 
Schedule of Peer Review provided Terms of Reference, Peer Review Groundwater 
Vulnerability Studies, Proposed Mississippi-Rideau Source Protection Region, Revised 

4 



June 1, 2007.  The only exception is that Malroz may need some additional time in 
August to review the reports prepared by Golder (for City of Ottawa wells) and Intera. 
 
10) Summary of Action Items 
 
Number ACTION ITEM NAME 

1 Populate the Template Database using attributes provided 
by the consultants K Kamichaitis 

2 Provide a list of required data and database attributes to 
the consultants. K Kamichaitis 

3 Develop common colour scheme for vulnerability scoring K Kamichaitis 

4 
K will provide specific guidance on how Locational 
Accuracy applies to modeled datasets such as the Time of 
Travel zones for each WHPA. 

K Kamichaitis 

5 
2007 Ottawa WHPA Study - Using the group 
recommendations (see Section 8), finalize capture zones, 
vulnerability scoring and vulnerability uncertainty  

B Byerley 

6 2007 Ottawa WHPA Study – Submit completed draft report 
to Malroz for peer review B Byerley 

7 2007 Almonte WHPA Study – Create one set of capture 
zones for Wells 3, 7 and 8   S Sterling 

8 
2007 Almonte WHPA Study – Using the group 
recommendations (see Section 8), finalize capture zones, 
vulnerability scoring and vulnerability uncertainty 

S Sterling 

9 2007 Almonte WHPA Study – Submit completed draft 
report to Malroz for peer review S Sterling 

10 
2006 Merrickville and Kemptville WHPA Study – Discuss 
initial boundary conditions and recharge rates with Malroz 
prior to running model 

A West 

11 

2006 Merrickville and Kemptville WHPA Study – Once 
modeling is complete, use the group recommendations to 
finalize capture zones, vulnerability scoring and 
vulnerability uncertainty and then submission to Malroz for 
peer review. 

S Wilson 

12 
2006 Westport WHPA Study - Re-run the 2004 Modflow 
models using the new data.  Modeling results to be 
discussed with Golder when they are available.   

D Malcolm 

13 

2006 Westport WHPA Study - Once modeling is complete, 
use the group recommendations to finalize capture zones, 
vulnerability scoring and vulnerability uncertainty and then 
submission to Golder for peer review. 

D Malcolm 
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From:                                         West, Anthony [Anthony_West@golder.com] 
Sent:                                           Thursday, May 21, 2009 1:23 PM 
To:                                               Chris Rancourt 
Subject:                                     RE: Westport report changes 
  
Hi Chris, 
  
I have reviewed the parts of the document that you noted in your email as having changed from the previous 
version. I am satisfied with the changes.  
  
Regards, 
  

Anthony (Ant) West, Ph.D., P.Eng. | Senior Groundwater Resources Engineer | Golder Associates Ltd.    
32 Steacie Drive, Kanata, Ontario, Canada K2K 2A9         
T: [+1] (613) 592 9600 |F: [+1] (613) 592 9601 |C: [+1] (613) 799 6156 |E: awest@golder.com | 
www.golder.com      
 
This e-mail transmission is confidential and may contain proprietary information for the exclusive use of the intended recipient. Any use, distribution or 
copying of this transmission, other than by the intended recipient, is strictly prohibited. If you are not the intended recipient, please notify the sender and 
delete all copies. Electronic media is susceptible to unauthorized modification, deterioration, and incompatibility. Accordingly, the electronic media 
version of any work product may not be relied upon.   
 
Please consider the environment before printing this email.      
  
  
  
From: Chris Rancourt [mailto:rancourt@malroz.com]  
Sent: May 20, 2009 4:21 PM 
To: West, Anthony 
Subject: Westport report changes 
  
Hi Anthony 
  
As discussed you will receive shortly a link to download the Westport report which  includes the following 
changes: 
  

•         Figure 8 – Schematic Geologic and Hydrogeologic Cross Section 
  

•         WHPAs for MW2 & MW3 have been combined 
  

•         Vulnerability scorings for MW2 & MW3 have been combined 
  

•         Vulnerability Uncertainties for MW2 & MW3 have been combined  
  

•         Zone C1 removed from the WHPA and Vulnerability maps  
  

•         Peer review correspondence has been added 
  

Please review and respond by  tomorrow before noon. 
  
Thanks, 
  
Chris 
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Via: email and mail November 5, 2015 
 File: ASC-275 101l 

Mr. Cameron Smith, M. Eng., P. Eng. 
AECOM  
654 Norris Court 
Kingston, Ontario 
K7P 2R9 
 
Subject:   Subsurface Investigation –  

Village of Westport Waste Water Treatment System (WWTS), 
9934 County Road 10, Westport, Ontario  

___________________________________________________________________ 
 

Dear Mr. Smith: 

This letter presents results of test pit investigative work and single well response 
testing for the above captioned property. The field work was undertaken following 
written authorization from you.  Our mandate consisted of the following efforts: 

1. Excavating twelve (12) test pits to bedrock surface where possible or a 
maximum of 3.0 metres depth below ground surface in order to 
assess/confirm the thickness and composition of overburden soils, bedrock 
type and surface condition, and depth to saturated soils and/or shallow 
groundwater table; 

2. Preparing detailed test pit logs describing soil stratigraphy, visual/olfactory 
observations and hydrogeological conditions;  

3. Submitting eight (8) representative soil samples to an accredited laboratory for 
grain size analyses; 

4. Conducting single well response (slug) testing within six (6) existing 
monitoring well locations in order to determine in-situ horizontal hydraulic 
conductivity. 

The purpose of our work is to assess and confirm subsurface conditions (soil 
lithology and hydrology and groundwater hydraulic conductivities) at the subject 
property in the vicinity of the proposed large subsurface sewage disposal system 
(LSSDS) location(s).  
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1.0 Site Activities 

The field program undertaken at the subject property was conducted in September 
and October 2015, and included the following efforts: 
 
1. Site visit to assess site access and confirm/mark test pit locations. 
 
2. Confirmation of underground service clearances in areas to be investigated. 
 
3.  Advance twelve (12) test pits at strategic locations to assess the thickness and 

composition of overburden soils, bedrock type and surface condition, and depth 
to saturated soils and/or shallow groundwater table.  Test pits were advanced to 
inferred bedrock by Morris Charby Excavating Services personnel using a track-
mounted excavator. The test pits were advanced to bedrock surface recorded at 
depths ranging from approximately 0.7 to 2.7 metres below ground surface.  Test 
pit logs are appended in Appendix B.  

 
 Collect soil samples from each test pit during excavation work. Soil samples 

were secured in sterile plastic bags and stored in a cooler with ice packs.  
Selected soil samples were submitted for grain size analyses.  

 
4. Conduct single well response (slug) testing on six existing monitoring wells 

(installed by others). One monitoring well, BH-S1, was observed to be dry during 
site visits and slug testing could not be conducted on the well. 

 
5.    Survey test pits to determine geodetic coordinates and elevation.   
 

A site location plan (Drawing No.1), site layout plan (Drawing No. 2) and test pit / 
monitoring well location plan (Drawing No. 3) are provided in Appendix A. 
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2.0  Test Pit Investigation Results 

Twelve (12) test pits were advanced at strategic locations at the subject property in 
order to assess the thickness and composition of overburden soils, bedrock type and 
surface condition, and depth to saturated soils and/or shallow groundwater table.  
Test pits were advanced to inferred bedrock by Morris Charby Excavating Services 
personnel using a track-mounted excavator. The test pits were advanced to bedrock 
surface recorded at depths ranging from approximately 0.7 to 2.7 metres below 
ground surface (BGS).  Test pit TP12 was terminated at a depth of 2.7 metres on an 
inferred boulder at the limit of the excavating equipment. Test pit locations are shown 
on Drawing No. 3.  

Soil samples were examined and logged in the field for composition, moisture and 
odours potentially associated with the existing WWTS. Soil lithology in test pits 
generally consisted of approximately 0.1 to 0.2 metres of topsoil comprised of dark 
brown silt with some sand and trace amounts of clay and rootlets/organics overlying 
approximately 0.4 to 1.8 metres of brown to red-brown silt, some sand and some 
clay, overlying approximately 0.4 to 0.8 metres of clayey silt, some sand, extending to 
bedrock.   

Groundwater seepage was observed in four (4) of the twelve (12) test pits during 
excavation. Groundwater seepage was noted through a thin layer of clayey silt with 
some sand at a depth of approximately 1.2 to 1.4 metres BGS in test pit TP1; 
groundwater seepage was noted through a thin layer of silt with some sand at a 
depth of approximately 2.0 to 2.2 metres BGS in test pit TP2; groundwater seepage 
was noted through a thin layer of silt with some sand and clay at a depth of 
approximately 1.0 to 1.3 metres BGS in test pit TP5; groundwater was noted to be 
perched within a thin layer of silt with some sand and clay and boulders at a depth of 
approximately 0.6 to 0.8 metres BGS in test pit TP12.    

Limestone bedrock with horizontal and vertical fractures (karst-like features) was 
encountered during excavation at the base of test pits TP1, TP3, TP4, TP5, TP6 and 
TP8, located in the south portion of the subject property.  Siltstone bedrock was 
encountered during the excavation of test pit TP10 located in the northwest quadrant 
of the site and sandstone bedrock was encountered during the excavation of test pits 
TP7, TP9 and TP11 located in the north portion of the subject property.  ASC 
personnel were unable to observe the bedrock surface of test pit TP2 due to 
groundwater seepage and sidewall collapse. Test pit TP12 was terminated at a depth 
of approximately 2.7 metres BGS on an inferred boulder at the limit of backhoe 
excavation.   

Soil lithology details are presented in the appended test pit logs (Appendix B). A total 
of eight (8) soil samples were submitted to DBA Engineering Ltd. for grain size 
analyses. Submitted soil samples were deemed representative of current site 
conditions.  Laboratory grain size analyses results are also appended in Appendix C. 
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3.0 Single Well Response (Slug) Testing Results 

Values of hydraulic conductivity were approximated using single well response (slug) 
testing data from existing monitoring wells BH-A, BH-E and BH-H using AQTESOLV, 
an aquifer test analysis computer program.  Single well response (slug) testing 
involves removing a measured volume of groundwater (85 mL to 250 mL “slug”) from 
the monitoring well using a graduated bailer.  The initial static water level in the well is 
measured prior to removing the “slug” of water from the monitoring well.  Water levels 
are measured at timed intervals as the water level recovers to the initial static water 
level.  Recovery data was input into AQTESOLV, where various aquifer models were 
fit to the data in order to determine the “best fit”. Printouts from AQTESOLV including 
recovery measurements obtained during the slug tests and best-fit curves are 
provided in Appendix D.   
 
The existing monitoring wells were observed to consist of 19 mm diameter plastic 
risers, requiring the use of small diameter (11.7 mm) graduated bailers during testing. 
Two monitoring well locations, BH-E and BH-H, consisted of nested wells, where a 
shallow well (denoted as BH-X1) and a deep well (denoted as BH-X2) were 
contained within the same well casing. Slug testing was undertaken on both the 
shallow and deep monitoring wells at the two locations. Slug testing was not 
conducted on monitoring well BH-S1 because the well was observed to be dry during 
site work. Monitoring well locations are shown on Drawing No. 3.  Monitoring well 
details are provided in Table 1. 
 

Table 1: Summary of Monitoring Well Details 

Monitoring Well 
Location 

UTM 
Coordinates 

Surface 
Elevation 
(m ASL) 

Well Casing 
Stick-up Height 

(m) 

Static Water 
Level (m ASL) 

BH-A 
18T 388414  
4946739 

164.2 1.05 162.5 

BH-E1 
(shallow) 18T 388535  

4946861 
162.6 0.88 

161.3 

BH-E2 
(deep) 

160.3 

BH-H1 
(shallow) 18T 388735 

4947422 
148.1 0.83 

146.5 

BH-H2 
(deep) 

146.2 

BH-S1 
18T 388865 
4947252 

148.9 0.44 -dry- 

Notes:    
1. UTM coordinates (with the exception of monitoring well BH-H), surface elevation and 

well casing stick-up height information were provided by AECOM. 
2. UTM coordinates for monitoring well BH-H were measured by ASC field staff.  
3. Static water levels were measured on October 5, 2015.  
4. Groundwater elevations are subject to seasonal fluctuations.  
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According to borehole logs and data provided by AECOM personnel, monitoring well 
BH-A was reportedly advanced to target depths of approximately 5.4 metres below 
ground surface (BGS) into dolomitic limestone bedrock.  Similarly, monitoring well 
BH-E was reportedly advanced into dolomitic limestone bedrock, with the shallow 
well terminating at a depth of approximately 4.0 metres BGS and the deeper well 
terminating at approximately 6.9 metres BGS. Monitoring well BH-H was reportedly 
advanced into calcareous shale, with the shallow well terminating at a depth of 
approximately 2.6 metres BGS and the deeper well terminating at approximately 5.2 
metres BGS. Monitoring well BH-S1 was reportedly advanced into sandstone 
bedrock, terminating at a depth of approximately 3.1 metres BGS.  
 
Groundwater hydraulic conductivity (k) values ranged from approximately 1.64 x 10 -6 

m/s (BH-E2) to 3.33 x 10 -9 m/s (BH-A) in the limestone bedrock; hydraulic 
conductivity values ranged from approximately 2.21 x 10 -6 m/s (BH-H2) to 3.70 x    
10 -9 m/s (BH-H1) in the calcareous shale bedrock. Table 2 summarizes the hydraulic 
conductivity values determined for each monitoring well using the AQTESOLV 
computer software with two best-fit methods, the Cooper-Bredenhoeft-Papadopulos 
model (1967)1 and the Kansas Geological Survey (KGS) model (1994) 2.  
 

Table 2: Summary of Hydraulic Conductivity Values from AQTESOLV Software 

Well 
Tested 

Date of 
Test 

Model 
Hydraulic 

Conductivity, 
k (m/s) 

Arithmetic 
Mean, k 

(m/s) 

BH-A 

30-Sep-15 

Cooper-Bredehoeft-Papadopulos 
(1967) 

3.33E-09 
3.33E-09 

KGS Model (1994) 3.33E-09 

BH-E1 
(shallow) 

Cooper-Bredehoeft-Papadopulos 
(1967) 

1.80E-06 
1.80E-06 

KGS Model (1994) 1.80E-06 

BH-E2 
(deep) 

Cooper-Bredehoeft-Papadopulos 
(1967) 9.09E-07 1.64E-06 

KGS Model (1994) 2.38E-06 

BH-H1 
(shallow) 

5-Oct-15 

Cooper-Bredehoeft-Papadopulos 
(1967) 3.70E-09 3.70E-09 

KGS Model (1994) 3.70E-09 

BH-H2 
(deep) 

Cooper-Bredehoeft-Papadopulos 
(1967) 1.83E-06 2.21E-06 

KGS Model (1994) 2.59E-06 

 

                                                     
1 Cooper, H.H., J.D. Bredehoeft and S.S. Papadopulos, 1967. Response of a finite-diameter well to an 
instantaneous charge of water, Water Resources Research, vol. 3, no. 1, pp. 263-269. 
2 Hyder, Z., J.J. Butler, Jr., C.D. McElwee and W. Liu, 1994. Slug tests in partially penetrating wells, 
Water Resources Research, vol. 30, no. 11, pp. 2945-2957. 



File: ASC-275 -101l   Page 6 
AECOM 
Subsurface Investigation, 9934 County Road 10, Westport, Ontario November 5, 2015 

 

 
491 O’Connor Drive, 

 Kingston, ON K7P 1J9 
  (613) 561- 7088 

4.0  Summary 

Twelve (12) test pits were successfully advanced at the subject property to depths of 
approximately 0.7 to 2.7 metres below ground surface; soil samples were collected 
from each test pit following excavation.  Eight (8) representative soil samples were 
submitted to an accredited laboratory for grain size analyses.  Single well response 
testing was successfully undertaken at five (5) of the six (6) existing monitoring wells 
on the subject property.   One monitoring well, BH-S1, was observed to be dry during 
site visits and testing could not be conducted on the well. Our mandate consisted of 
preparing a factual, written report providing the findings of our investigative work; no 
recommendations have been made on this basis.    
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5.0  Limitations 

This report summarizes data collected during test pit excavation and single well 
response testing at the subject property located at 9934 County Road 10, Westport, 
Ontario. 

The results reported in this document are based on the tasks completed by ASC.  
Professional judgement, experience with similar investigations, and available data 
collected within the scope of work form the basis for this report.  ASC has prepared 
this report using information understood to be factual and correct, and shall not be 
responsible for information or facts that were inaccurate, concealed or not fully 
revealed at the time of our work. 

The assessment of conditions is based on review of data collected at specific 
locations within the study area only.  Conditions can be expected to change over 
time.  The findings and conclusions of this report are valid only at the time at which 
this work was conducted.  If future work is undertaken, or additional information 
becomes available, ASC shall be requested to re-evaluate the conclusions of this 
report and make amendments if required. 

This document has been prepared by ASC for the use of AECOM and its assigns.   
Unauthorized reuse of this document for any other purposes, or by third parties, 
without the express written consent of ASC, shall be at such party’s sole risk without 
liability to ASC. 

We trust that this information is sufficient for your present needs. If you have 
questions or concerns regarding this matter please contact the undersigned.  

Yours truly,  

ASC Environmental 

      Reviewed by 

 

 

Alicia McDonald, B.Sc.   Paul N. Johnston, M.Sc., P.Eng. 
Junior Engineer    Project Manager      

                        

Attachments:  Appendix A - Drawing Nos. 1, 2 and 3        
Appendix B - Test Pit Logs   
Appendix C – Laboratory Grain Size Analysis Results 

  Appendix D - AQTESOLV Printouts 



 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
APPENDIX A   

Drawing Nos. 1, 2 and 3 

ASC Environmental 
491 O’Connor Drive 

Kingston, ON K7P 1J9 
 



SITE LOCATION PLAN

Subsurface Investigation

AECOM

9934 County Road 10, Westport, ON

Drawing No. 1
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SITE LAYOUT

Subsurface Investigation

AECOM

9934 County Road 10, Westport, ON

Drawing No. 2
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TEST PIT/ MONITORING WELL LOCATION PLAN

Subsurface Investigation

AECOM

9934 County Road 10, Westport, ON

Drawing No. 3
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Test Pit & Borehole Log Symbols

Silt Clay Sand

Cobbles Till

Fill Topsoil Asphalt

Concrete Limestone Sandstone

Shale Siltstone
Granite

Bentonite
Split Spoon

Augur Core Drill

Silica Sand

Gravel
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161.700 Ground Surface

Moist, gray with orange and black
streaks CLAYEY SILT, some sand

Moist, light gray SILT

End of test pit at target depth of 2.7
metres on inferred limestone

bedrock; groundwater seepage at
approximately 1.2 to 1.4 metres

depth

-

TP1-01

TP1-02

Backfilled with excavated
material

Project No.: ASC-275
Project: Subsurface Investigation
Client: AECOM
Location: 9934 County Road 10,
Westport, ON

Test Pit Log:
TP1

Coordinates: 18T 388437 4947840
Excavated By: Morris Charby
Logged By: A.M.
Date: September 30th, 2015

TOPSOIL - Moist, dark brown silt,
some sand trace clay, trace rootlets

and organics
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161.060 Ground Surface
-TOPSOIL - Moist, dark brown silt,

some sand, trace clay, trace rootlets
and organics

Moist gray/brown SILT, some sand,
some clay

Wet, orange-brown SAND
Wet brown SILT, some sand

Moist gray SILT
End of test pit at target depth of 2.5

metres on inferred limestone
bedrock; groundwater seepage from

approximately 2.0 to 2.2 metres
depth

-

-
TP2-01

-

Backfilled with excavated
material

Project No.: ASC-275
Project: Subsurface Investigation
Client: AECOM
Location: 9934 County Road 10,
Westport, ON

Test Pit Log:
TP2

Coordinates: 18T 388584 4947929
Excavated By: Morris Charby
Logged By: A.M.
Date: September 30th, 2015
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157.370 Ground Surface
TOPSOIL - Moist, dark brown silt,
some sand, trace clay, trace rootlets

and organics
Moist, brown with orange-brown
streaks SILT, some sand, some

clay

End of test pit at target depth of 0.7
metres on inferred limestone

bedrock; no groundwater seepage

- Backfilled with excavated
material

Weathered LIMESTONE

TP3-01
-

Project No.: ASC-275
Project: Subsurface Investigation
Client: AECOM
Location: 9934 County Road 10,
Westport, ON

Test Pit Log:
TP3

Coordinates: 18T 388711 4947023
Excavated By: Morris Charby
Logged By: A.M.
Date: September 30th, 2015
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155.280 Ground Surface

Moist, brown with orange-brown
streaks SILT some sand, some clay

End of test pit at target depth of 0.9
metres on inferred limestone

bedrock; no groundwater seepage

TP4-02

TP4-01

Backfilled with excavated
material

Project No.: ASC-275
Project: Subsurface Investigation
Client: AECOM
Location: 9934 County Road 10,
Westport, ON

Test Pit Log:
TP4

Coordinates: 18T 388820 4947105
Excavated By: Morris Charby
Logged By: A.M.
Date: September 30th, 2015

TOPSOIL - Moist, dark brown silt,
some sand, trace clay, trace rootlets

and organics
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161.450

Project No.: ASC-275
Project: Subsurface Investigation
Client: AECOM
Location: 9934 County Road 10,
Westport, ON

Test Pit Log:
TP5

Ground Surface
TOPSOIL - Moist, dark brown silt,
some sand, trace clay, trace rootlets

and organics
Dry to wet, orange-brown SILT,

some sand, some clay, trace gravel

End of test pit at target depth of 2.5
metres on inferred limestone

bedrock; groundwater seepage at
approximately 1.0 to 1.3 metres

depth.

- Backfilled with excavated
material

Moist brown SILT, some gravel,
some cobbles, trace sand, blocky

TP5-01

TP5-03

Coordinates: 18T 388480 4947992
Excavated By: Morris Charby
Logged By: A.M.
Date: September 30th, 2015

TP5-02
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156.250 Ground Surface

Moist, gray with orange-brown
streaks, SILT, some sand, some clay,

trace cobbles
Moist, light brown CLAYEY SILT,

some sand, blocky
End of test pit at target depth of 1.2

metres on inferred limestone
bedrock;  no groundwater seepage

- Backfilled with excavated
material

Project No.: ASC-275
Project: Subsurface Investigation
Client: AECOM
Location: 9934 County Road 10,
Westport, ON

Test Pit Log:
TP6

-

TP6-01

Coordinates: 18T 388632 4947085
Excavated By: Morris Charby
Logged By: A.M.
Date: September 30th, 2015

TOPSOIL - Moist, dark brown silt,
some sand trace clay, trace rootlets

and organics
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150.040 Ground Surface

Moist, red-brown to brown SILT,
some sand, some clay

End of test pit at target depth of 1.5
metres on inferred sandstone

bedrock; no groundwater seepage

- Backfilled with excavated
material

Project No.: ASC-275
Project: Subsurface Investigation
Client: AECOM
Location: 9934 County Road 10,
Westport, ON

Test Pit Log:
TP7

Moist, light brown CLAYEY SILT,
some sand

Weathered SANDSTONE

TP7-01

TP7-02

-

Coordinates: 18T 388793 4947212
Excavated By: Morris Charby
Logged By: A.M.
Date: September 30th, 2015

TOPSOIL - Moist, dark brown silt,
some sand trace clay, trace rootlets

and organics
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160.480 Ground Surface
TOPSOIL - Moist, dark brown silt,
some sand, trace clay, trace rootlets

and organics
Moist, light brown SILT
Weathered LIMESTONE

End of test pit at target depth of 1.0
metres on inferred limestone

bedrock; no groundwater seepage

- Backfilled with excavated
material

Project No.: ASC-275
Project: Subsurface Investigation
Client: AECOM
Location: 9934 County Road 10,
Westport, ON

Test Pit Log:
TP8

-

TP8-01

Coordinates: 18T 388418 4947091
Excavated By: Morris Charby
Logged By: A.M.
Date: September 30th, 2015
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153.680 Ground Surface

Moist to dry brown SILT, some sand,
some clay

End of test pit at target depth of 1.0
metres on inferred sandstone

bedrock; no groundwater seepage

-

Project No.: ASC-275
Project: Subsurface Investigation
Client: AECOM
Location: 9934 County Road 10,
Westport, ON

Test Pit Log:
TP9

Weathered SANDSTONE

TP9-01

-

Coordinates: 18T 388557 4947151
Excavated By: Morris Charby
Logged By: A.M.
Date: September 30th, 2015

TOPSOIL - Moist, dark brown silt,
some sand trace clay, trace rootlets

and organics

Backfilled with excavated
material
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150.360 Ground Surface

Weathered SILTSTONE

End of test pit at target depth of 1.5
metres on inferred siltstone bedrock;

no groundwater seepage

- Backfilled with excavated
material

Project No.: ASC-275
Project: Subsurface Investigation
Client: AECOM
Location: 9934 County Road 10,
Westport, ON

Test Pit Log:
TP10

TP10-01

Coordinates: 18T 388654 4947261
Excavated By: Morris Charby
Logged By: A.M.
Date: September 30th, 2015

TOPSOIL - Moist, dark brown silt,
some sand, trace clay, trace rootlets

and organics

Sheet:  11 of 13
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149.360 Ground Surface

Moist brown SAND, with black ore
deposits

End of test pit at target depth of 1.9
metres on inferred sandstone

bedrock; no groundwater seepage

TP11-04

Project No.: ASC-275
Project: Subsurface Investigation
Client: AECOM
Location: 9934 County Road 10,
Westport, ON

Test Pit Log:
TP11

Moist, brown GRAVELLY SAND
Moist, light brown SAND

TP11-01

TP11-02

TP11-03

Backfilled with excavated
material

Coordinates: 18T 388617 4947369
Excavated By: Morris Charby
Logged By: A.M.
Date: September 30th, 2015

TOPSOIL - Moist, dark brown silt,
some sand, trace clay, trace rootlets

and organics
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147.890 Ground Surface

Moist, brown GRAVELLY SAND,
some silt

End of test pit at target depth of 2.6
metres on large boulder;

groundwater observed to be perched
at approximately 0.6 to 0.8 metres

depth

-

Project No.: ASC-275
Project: Subsurface Investigation
Client: AECOM
Location: 9934 County Road 10,
Westport, ON

Coordinates: 18T 388712 4947443
Excavated By: Morris Charby
Logged By: A.M.
Date: September 30th, 2015 Test Pit Log:

TP12

Moist, light brown marbled with
orange and gray SILT, some sand,

some clay, trace gravel, trace
cobbles, trace boulders

Moist, light brown SAND, some silt,
trace gravel

TP12-01

-

-

Backfilled with excavated
material

TOPSOIL - Moist, dark brown silt,
some sand trace clay, trace rootlets

and organics

Sheet:  13 of 13



  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
APPENDIX C   

Laboratory Grain Size Analysis Results 
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APPENDIX D   
AQTESOLV Printouts 
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WELL TEST ANALYSIS

Data Set:  Q:\...\BH-E1.aqt
Date:  10/28/15 Time:  12:53:13

PROJECT INFORMATION

Company:  ASC Environmental
Project:  ASC-275
Location:  9934 County Road 10, Westport
Test Well:  BH-E1
Test Date:  September 30, 2015

AQUIFER DATA

Saturated Thickness:  2.84 m

WELL DATA (BH-E1)

Initial Displacement:  0.32 m Static Water Column Height:  2.84 m
Total Well Penetration Depth:  1.8 m Screen Length:  1.5 m
Casing Radius:  0.0095 m Well Radius:  0.05 m

SOLUTION

Aquifer Model:  Confined Solution Method:  KGS Model

Kr  = 1.797E-6 m/sec Ss  = 6.718E-7 m-1

Kz/Kr = 0.1
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WELL TEST ANALYSIS

Data Set:  Q:\...\BH-E1.aqt
Date:  10/07/15 Time:  14:52:42

PROJECT INFORMATION

Company:  ASC Environmental
Project:  ASC-275
Location:  9934 County Road 10, Westport
Test Well:  BH-E1
Test Date:  September 30, 2015

AQUIFER DATA

Saturated Thickness:  2.84 m Anisotropy Ratio (Kz/Kr):  0.1

WELL DATA (BH-E1)

Initial Displacement:  0.32 m Static Water Column Height:  2.84 m
Total Well Penetration Depth:  1.8 m Screen Length:  1.5 m
Casing Radius:  0.0095 m Well Radius:  0.05 m

SOLUTION

Aquifer Model:  Confined Solution Method:  Cooper-Bredehoeft-Papadopulos

T = 5.082E-6 m2/sec S = 5.694E-9
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WELL TEST ANALYSIS

Data Set:  Q:\...\BH-E2.aqt
Date:  10/28/15 Time:  12:55:08

PROJECT INFORMATION

Company:  ASC Environmental
Project:  ASC-275
Location:  9934 County Road 10, Westport
Test Well:  BH-E2
Test Date:  September 30, 2015

AQUIFER DATA

Saturated Thickness:  4.5 m Anisotropy Ratio (Kz/Kr):  0.1

WELL DATA (BH-E2)

Initial Displacement:  0.12 m Static Water Column Height:  4.5 m
Total Well Penetration Depth:  1.8 m Screen Length:  1.5 m
Casing Radius:  0.0095 m Well Radius:  0.05 m

SOLUTION

Aquifer Model:  Confined Solution Method:  Cooper-Bredehoeft-Papadopulos

T = 4.09E-6 m2/sec S = 0.0009273
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WELL TEST ANALYSIS

Data Set:  Q:\...\BH-E2.aqt
Date:  10/07/15 Time:  14:52:04

PROJECT INFORMATION

Company:  ASC Environmental
Project:  ASC-275
Location:  9934 County Road 10, Westport
Test Well:  BH-E2
Test Date:  September 30, 2015

AQUIFER DATA

Saturated Thickness:  4.5 m

WELL DATA (BH-E2)

Initial Displacement:  0.12 m Static Water Column Height:  4.5 m
Total Well Penetration Depth:  1.8 m Screen Length:  1.5 m
Casing Radius:  0.0095 m Well Radius:  0.05 m

SOLUTION

Aquifer Model:  Confined Solution Method:  KGS Model

Kr  = 2.383E-6 m/sec Ss  = 0.0009625 m-1

Kz/Kr = 0.1
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WELL TEST ANALYSIS

Data Set:  Q:\...\BH-A.aqt
Date:  10/28/15 Time:  12:52:27

PROJECT INFORMATION

Company:  ASC Environmental
Project:  ASC-275
Location:  9934 County Road 10, Westport
Test Well:  BH-A
Test Date:  September 30, 2015

AQUIFER DATA

Saturated Thickness:  3.68 m Anisotropy Ratio (Kz/Kr):  0.1

WELL DATA (BH-A)

Initial Displacement:  0.19 m Static Water Column Height:  3.68 m
Total Well Penetration Depth:  1.8 m Screen Length:  1.5 m
Casing Radius:  0.0095 m Well Radius:  0.05 m

SOLUTION

Aquifer Model:  Confined Solution Method:  Cooper-Bredehoeft-Papadopulos

T = 1.226E-8 m2/sec S = 0.04406
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WELL TEST ANALYSIS

Data Set:  Q:\...\BH-A.aqt
Date:  10/07/15 Time:  14:50:25

PROJECT INFORMATION

Company:  ASC Environmental
Project:  ASC-275
Location:  9934 County Road 10, Westport
Test Well:  BH-A
Test Date:  September 30, 2015

AQUIFER DATA

Saturated Thickness:  3.68 m

WELL DATA (BH-A)

Initial Displacement:  0.19 m Static Water Column Height:  3.68 m
Total Well Penetration Depth:  1.8 m Screen Length:  1.5 m
Casing Radius:  0.0095 m Well Radius:  0.05 m

SOLUTION

Aquifer Model:  Confined Solution Method:  KGS Model

Kr  = 3.332E-9 m/sec Ss  = 0.07957 m-1

Kz/Kr = 0.1
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WELL TEST ANALYSIS

Data Set:  Q:\...\BH-H1.aqt
Date:  10/28/15 Time:  12:55:50

PROJECT INFORMATION

Company:  ASC Environmental
Project:  ASC-275
Location:  9934 County Road 10, Westport
Test Well:  BH-H1
Test Date:  October 5, 2015

AQUIFER DATA

Saturated Thickness:  1.02 m

WELL DATA (BH-H1)

Initial Displacement:  0.27 m Static Water Column Height:  1.02 m
Total Well Penetration Depth:  1.8 m Screen Length:  1.5 m
Casing Radius:  0.0095 m Well Radius:  0.05 m

SOLUTION

Aquifer Model:  Confined Solution Method:  KGS Model

Kr  = 3.704E-9 m/sec Ss  = 0.002432 m-1

Kz/Kr = 0.1
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WELL TEST ANALYSIS

Data Set:  Q:\...\BH-H1.aqt
Date:  10/07/15 Time:  14:51:09

PROJECT INFORMATION

Company:  ASC Environmental
Project:  ASC-275
Location:  9934 County Road 10, Westport
Test Well:  BH-H1
Test Date:  October 5, 2015

AQUIFER DATA

Saturated Thickness:  1.02 m Anisotropy Ratio (Kz/Kr):  0.1

WELL DATA (BH-H1)

Initial Displacement:  0.27 m Static Water Column Height:  1.02 m
Total Well Penetration Depth:  1.8 m Screen Length:  1.5 m
Casing Radius:  0.0095 m Well Radius:  0.05 m

SOLUTION

Aquifer Model:  Confined Solution Method:  Cooper-Bredehoeft-Papadopulos

T = 3.778E-9 m2/sec S = 0.0006481
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WELL TEST ANALYSIS

Data Set:  Q:\...\BH-H2.aqt
Date:  10/28/15 Time:  12:56:30

PROJECT INFORMATION

Company:  ASC Environmental
Project:  ASC-275
Location:  9934 County Road 10, Westport
Test Well:  BH-H2
Test Date:  October 5, 2015

AQUIFER DATA

Saturated Thickness:  3.31 m Anisotropy Ratio (Kz/Kr):  0.1

WELL DATA (BH-H2)

Initial Displacement:  0.15 m Static Water Column Height:  3.31 m
Total Well Penetration Depth:  1.8 m Screen Length:  1.5 m
Casing Radius:  0.0095 m Well Radius:  0.05 m

SOLUTION

Aquifer Model:  Confined Solution Method:  Cooper-Bredehoeft-Papadopulos

T = 7.675E-6 m2/sec S = 3.245E-10
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WELL TEST ANALYSIS

Data Set:  Q:\...\BH-H2.aqt
Date:  10/07/15 Time:  14:55:59

PROJECT INFORMATION

Company:  ASC Environmental
Project:  ASC-275
Location:  9934 County Road 10, Westport
Test Well:  BH-H2
Test Date:  October 5, 2015

AQUIFER DATA

Saturated Thickness:  3.31 m

WELL DATA (BH-H2)

Initial Displacement:  0.15 m Static Water Column Height:  3.31 m
Total Well Penetration Depth:  1.8 m Screen Length:  1.5 m
Casing Radius:  0.0095 m Well Radius:  0.05 m

SOLUTION

Aquifer Model:  Confined Solution Method:  KGS Model

Kr  = 2.589E-6 m/sec Ss  = 4.064E-8 m-1

Kz/Kr = 0.1
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Westport Lagoons

03-Nov-15DATE REPORTED:

Caduceon Environmental Laboratories

613-544-2770

285  Dalton Ave 
Kingston Ontario K7K 6Z1

613-544-2001Tel:
Fax:

JOB/PROJECT NO.:

Final Report

REPORT No. B15-28441

Aecom Canada Ltd
654 Norris Court, 
Kingston Ontario K7P 2R9 Canada

Report To:

Attention: Danny Potts

29-Oct-15DATE RECEIVED:

P.O. NUMBER:

WATERWORKS NO.GroundwaterSAMPLE MATRIX:

C.O.C.: G53837

CERTIFICATE OF ANALYSIS

Parameter Units R.L.
Reference 

Method
Date/Site 
Analyzed

TP1 TP2Client I.D.

B15-28441-1 B15-28441-2Sample I.D.

29-Oct-15 29-Oct-15Date Collected

E coli < 20 < 20cfu/100mL 1 SM9222B 29-Oct-15/K 1 1

Alkalinity(CaCO3) to pH4.5 572 389mg/L 3 SM 2320 30-Oct-15/K
Conductivity @25°C 1090 783µmho/cm 1 SM2510B 30-Oct-15/K
Chloride 6.4 < 0.5mg/L 0.5 SM4110C 30-Oct-15/O
Nitrate (N) 0.3 < 0.1mg/L 0.1 SM4110C 30-Oct-15/O
Sulphate 41 18mg/L 1 SM4110C 30-Oct-15/O
Total Suspended Solids 1500 1650mg/L 3 SM2540D 30-Oct-15/K
Phosphorus-Total 1.75 2.63mg/L 0.01 E3199A.1 30-Oct-15/K
Total Kjeldahl Nitrogen 2.9 2.6mg/L 0.1 E3199A.1 30-Oct-15/K
Ammonia (N)-Total 0.32 0.04mg/L 0.01 SM4500-

NH3-H
02-Nov-15/K

Calcium 177 115mg/L 0.02 SM 3120 02-Nov-15/O
Magnesium 40.0 27.4mg/L 0.01 SM 3120 02-Nov-15/O
Potassium 2.4 1.0mg/L 0.1 SM 3120 02-Nov-15/O
Sodium 13.7 16.4mg/L 0.2 SM 3120 02-Nov-15/O

1 . Elevated detection limit due to sample matrix

Page 1 of 1.

Michelle Dubien 
Lab Manager

Uncertainty Values available upon request
Site Analyzed: K-Kingston,W-Windsor,O-Ottawa,R-Richmond Hill
R.L. = Reporting LImit

The analytical results reported herein refer to the samples as received.  Reproduction of this analytical report in full or in part is prohibited without prior consent from 
Caduceon Environmental Laboratories.


