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waterbody. The phosphorus and nitrogen coefficients applied in the present study were 
calculated based on coefficients previously applied to other Alberta Lakes (Trew et al. 
1978; Rast and. Lee 1978; Reckow et al. 1980; Mitchell 1985). 

Table A-21 Estimates of Annual TP and TN Loading to Sylvan Lake Based on 
Land Use Export Coefficients 

Export Coefficients Estimated Annual Nutrient Loading
Land Use Type 

 
Land Area

(km2) 
TP 

(kg/km2/yr)
TN 

(kg/km2/yr)
TP 

(kg/yr) 
TN 

(kg/yr) 
Agricultural Land & Pasture 79.80 25 130 1,995 10,374 
Campground 1.84 100 500 184 922 
Golf Course 0.44 100 500 44 221 
Road Allowance 1.65 100 500 165 827 
Developed Land 5.77 100 500 577 2,884 
Streams 0.38 0 0 0 0 
Wetland Vegetation 2.64 0 0 0 0 
Forest & Shrub Vegetation 15.94 10 70 159 1,116 
Sylvan Lake 42.23 0 0 0 0 
      
Total 150.70 - - 3,125 16,343 

 

The nutrient export coefficients were the highest for developed land and lowest for 
wetland vegetation. This reflects the greater nutrient export typically associated with 
developed land compared to the greater nutrient retention capability associated with 
wetland habitats. Developed land use coefficients were substantially higher than the three 
other land use types. Agricultural/pasture and forested/shrubland export coefficients were 
intermediate between wetland and developed land export coefficients. Although 
agricultural/pasture land export coefficients were lower than those assigned to developed 
land; they were greater than those associated with forested land. Forested/shrub habitats 
have a greater capacity to retain nutrients compared with agricultural land, but a reduced 
capacity compared with wetland habitat. 

A.4.1.2 Septic Effluent Inflows 

Estimated Volume of Inflow 
The volume of septic effluent entering the lake annually was estimated by multiplying the 
number of septic fields by the average daily water use per residence. Septic holding tanks 
were not factored into the calculations, as the effluent is not released to the lake. In order 
to be conservative, lots with unknown septic systems were considered to be septic fields 
for the purpose of estimating effluent discharge. Information on the number and types of 
septic systems was available for the Summer Villages of Birchcliff, Norglenwold, 
Sunbreaker Cove, and Halfmoon Bay, however records were not available for 
subdivisions outside of the Summer Villages or Town. The Summer Village of Jarvis Bay 
is connected to the Town of Sylvan Lake’s Sewage System which removes all effluent 
from the Sylvan Lake Watershed. A summary of the septic effluent contribution to the 
lake from the summer villages is presented in Table A-22. 
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Table A-22 Estimated Annual Septic Effluent Volume Discharged to Sylvan Lake by the Summer Villages 
Summer Village Birchcliff1 Halfmoon Bay2 Sunbreaker Cove2 Norglenwold3 All Villages 

Total Lots Generating Sewage 223 62 229 150 664 
Percentage of Lots with Permanent Residences4 11.8% 14.9% 10.7% 44.5% - 
Percentage of Lots with Seasonal Residences4 88.2% 85.1% 89.3% 55.5% - 
-Total Holding Tanks 109 15 36 26 186 
-Total Septic Fields5 92 28 47 77 244 
- Permanent Residences 11 4 5 34 54 
- Seasonal Residences 81 24 42 43 190 

-Total Unknown Systems6 22 19 146 47 234 
- Permanent Residences 3 3 16 21 42 
- Seasonal Residences 19 16 130 26 192 

Annual effluent production from permanent 
residence septic fields (m3/year)7 9,918 5,163 15,226 40,684 70,992 

Annual effluent production from seasonal 
residence septic fields (m3/year)7 18,280 7,271 31,333 12,511 69,396 

Annual effluent production from all septic 
fields (m3/year) 28,198 12,435 46,559 53,196 140,387 

Notes: 1 The total number of lots for Birchcliff includes 97 camp cottages with 91 using holding tanks and 6 with unknown systems. 
 2 A municipal reserve strip is present between the lots and shoreline. 
 3 There are a total of 220 Lots in the Summer Village of Norglenwold, but 30 of those are connected to the Town of Sylvan Lake sewage system and 10 

vacant lots are eligible to be tied in to the Town’s sewage system. The Summer Village is planning to connect the entire municipality to the Town's 
Municipal Sewage System by 2006. 

 4 Percentage of permanent residences is based on the proportion of lots occupied by permanent residents, assuming an average of four people per household. 
Permanent population numbers are based on 2001 Alberta Census data. 

 5 Pit toilets and cesspools are included in the total for Septic Fields. 
 6 In order to be conservative, unknown systems are considered to be Septic Fields for the purpose of estimating effluent discharge. 
 7 Prior studies assume each house/cottage has 3 bedrooms, each producing 0.675 m3/day of water, and that all of that water is disposed of in the septic field 

(Alberta Labour 1990). Permanent residences are assumed to be in use 12 months (365 days) per year. Seasonal residences are assumed to be in use 
3 months (90 days) per year. 

Source: Reiter 2004, pers. comm. 
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Information on sewage handling was also obtained from Camp Woods (Scouts Canada), 
which uses holding tanks (Stade 2004, pers. comm.), as well as for the Baha'I Camp and 
Camp Kum-in-Yar, both of which use septic fields (Anderson 2004, pers. comm.; 
Gold 2004, pers. comm.). 

• The Baha'I Camp is in use seven days per week in summer (approximately 90 days) 
and one or two weekends per month in winter (approximately 32 days). With 
approximately 40 to 50 people per visit, septic effluent production is 1,708 m3 
annually (50 people x 0.28 m3 /day x 122 days). 

• Camp Kum-in-Yar is in use by 60 people, including staff, for three weeks during the 
summer (21 days) with, plus some weekends. This results in an annual septic effluent 
production of approximately 353 m3 (60 people x 0.28 m3/day x 21 days). 

• Total annual septic effluent production from the two camps is 2,060 m3. 

The estimated annual septic effluent inflow to the lake, including summer villages and 
camps, is 142,447 m3. This is about 0.4% of the total water inflow to the lake of 
approximately 34,200,000 m3/year. 

Nutrient Concentrations 
A field program involving the installation, testing and sampling of eight shallow 
groundwater monitoring wells was undertaken during the study. The objective of 
installing these wells was to determine nutrient concentrations in the shallow 
groundwater adjacent to the Sylvan Lake shoreline, downslope from existing septic 
fields. The chemical quality data obtained were used to estimate the nutrient loading to 
the lake from septic field effluent. Complete details of the field program are provided in 
Section B-2.3.2 of Appendix B. 

In summary, a reconnaissance of the Summer Villages of Half Moon Bay, Norglenwold, 
Birchcliff and Sunbreaker Cove was undertaken on September 4, 2004 to select sites for 
the monitoring wells. A representative from each summer village participated in the 
reconnaissance. The reconnaissance was completed using maps showing the known 
locations of septic fields. In consideration of access limitations, access restrictions (the 
wells could be installed only on village property) and proximity to known septic fields, 
eight sites were selected. Three sites are located in Half Moon Bay, two sites in 
Norglenwold and three sites in Sunbreaker Cove. The locations of these sites are shown 
on Figure A-1. The groundwater monitoring wells were drilled on October 6 and 7, 2004, 
and groundwater samples were collected the following week (October 12 and 13). 

The laboratory results for the samples collected from the wells are presented in 
Table B-10 in Appendix B. The nutrient concentrations are summarized as follows: 

• Total Phosphorus (TP) ranged from 0.784 to 12.7 mg/L; 

• Ammonia-N ranged from 0.053 to 0.498 mg/L; 

• Total Kjeldahl Nitrogen (TKN) ranged from 0.95 to 11.1 mg/L; 

• Nitrite-N was detected in only four of the samples; the detected concentrations 
ranged from 0.12 to 0.28 mg/L; and 

• Nitrate-N was not detected in two samples (detection limit of 0.1 mg/L); the detected 
concentrations ranged from 0.2 to 9.6 mg/L. 
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E. coli was not detected in seven of the samples; the one detection was 2 CFU/100 ml. 
Fecal coliforms were not detected in six of the samples; the two detections were 
3 CFU/100 ml and >200 CFU/100 ml. 

For comparison purposes only, the only nutrient for which a guideline concentration has 
been established in the Canadian Drinking Water Quality Guidelines is Nitrate-N. The 
maximum acceptable concentration (MAC) for Nitrate-N in the Guidelines is 10 mg/L 
and, therefore, all of the concentrations detected in the samples were less than this MAC. 

The concentrations of TP, Ammonia-N and TKN vary by a factor of about 10, and the 
concentrations of Nitrate-N vary by a factor of about 100. There are a number of reasons 
for these ranges in concentrations such as the distance from each well to the nearest 
septic field, the number of septic fields upslope from the wells, the number of people 
served by the upslope septic field(s), and the age and efficiency of the upslope septic 
systems. With all of the concentration data taken as one data set, the data set is 
considered to be representative of nearshore groundwater quality for the summer villages 
with septic fields. 

Estimated Nutrient Loading to Sylvan Lake 
Estimates of annual loads of TN and TP associated with septic field inputs to Sylvan 
Lake were derived using the estimated annual discharge volume for septic fields of 
142,447 m3/year and the mean concentrations of TN and TP measured in the samples 
from the eight shallow groundwater monitoring wells (Table A-23). Concentrations in the 
samples ranged from 0.784 mg/L to 12.7 mg/L for TP and from 1.00 mg/L to 14.1 mg/L 
for TN. 

A.4.1.3 Groundwater Inflow 

Estimated Volume of Groundwater Inflow 
The groundwater flow model was used to estimate the volume of groundwater inflow to 
Sylvan Lake. The modelling results are summarized in Sections A.3.4 and A.3.5. Based 
on the modelling results, the estimated volume of groundwater inflow is 9,727 m3/d 
(3.5 million m3/year). In consideration of the annual septic effluent volume 
(approximately 0.1 million m3/year), the net groundwater inflow volume not affected by 
septic effluent is approximately 3.4 million m3/year. 

Nutrient Concentrations 
A field program involving the collection of groundwater samples from seven observation 
wells installed by Alberta Environment in 1990 and 1992 was conducted as part of the 
study. The chemical quality data obtained were used to estimate the nutrient loading to 
the lake from groundwater not affected by septic effluent. Technical information for the 
observation wells and the details of the field program are provided in Section B-2.3.1 of 
Appendix B. 
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Table A-23 Annual Nutrient Balance for Sylvan Lake Using Flow-weighted Mean Concentrations (FWMC) of TP and 
TN for Surface Inflows and Using Land Use TN and TP Export Coefficients for Estimating Surface Inputs 

Nutrient Balance: FWMC Nutrient Balance: Export coefficients  
TP 

(kg/year) 
TN 

(kg/year) 
TP 

(kg/year) 
TN 

(kg/year) 
Inputs     
Surface water 6,564 29,572 3,125 16,343 
Deeper groundwater 946 5,523 946 5,523 
Atmospheric 835 17,702 835 17,702 
Septic fields 483 1,069 483 1,069 
     
Total 8,828 53,867 5,388 40,637 
     
Outputs     
Surface water 62 1,934 62 1,934 
Groundwater 0 0 0 0 
     
Total 62 1,934 62 1,934 
     
Nutrient retention in the lake 8,766 51,932 5326 38703 
Nutrient retention as a percentage of inputs 99.3% 96.4% 98.9% 95.2% 
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The observation wells are located at seven “nest” sites within the watershed. The 
locations of the nest sites and the designation of the one well at each nest site from which 
a groundwater sample was collected are shown on Figure A-1. Well 1-2 is located near 
the natural area at the northwest end of the lake, Well 2-1 is located in a reserve area 
within the Summer Village of Birchcliff, Well 3-3 is located north of the Summer Village 
of Jarvis Bay, Well 4-1 is located immediately north of the Summer Village of 
Sunbreaker Cove, Well 5-2 is located northwest of the Summer Village of Birchcliff, 
Well 6-1 is located southwest of the Summer Village of Half Moon Bay and Well 7-1 is 
located south of the west end of the Summer Village of Norglenwold. Samples were 
collected from the seven wells (specifically the shallowest well at each nest site that 
contained sufficient water for sampling) on September 30, 2004. One well was re-
sampled on October 21, 2004. The depths of the sampled wells range from 6.4 m to 
40.52 m. 

The laboratory results for the samples are presented in Table B-8 in Appendix B. The 
nutrient concentrations are summarized as follows: 

• Total Phosphorus (TP) ranged from 0.075 to 0.55 mg/L; 

• Ammonia-N ranged from non-detect (less than 0.005 mg/L) to 0.315 mg/L; 

• Total Kjeldahl Nitrogen (TKN) ranged from 0.20 to 1.59 mg/L; 

• Nitrite-N was detected in only three of the samples; the detected concentrations were 
0.002, 0.004 and 0.59 mg/L; and 

• Nitrate-N ranged from non-detect to 3.93 mg/L. 

The highest concentration of Nitrate-N (3.93 mg/L) was less than the MAC of 10 mg/L as 
specified in the Canadian Drinking Water Quality Guidelines. 

The seven wells are either surrounded by land used for agriculture (crops) or downslope 
from land used for crop production. Therefore, the higher concentrations of some of the 
nutrients for some of the wells may indicate impact from fertilizers. For nitrate, however, 
PFRA (1997) notes that it can be hard to differentiate between natural background levels 
and possible agricultural contributions. 

Overall, the concentrations are low which is not unexpected in view the land use is crop 
production. Concentrations are higher in areas where the land use includes high-density 
feedlot operations and intensively irrigated soils receiving manure. As noted in 
Agriculture and Agri-Food Canada (1997), nitrate used in agriculture is present in nearly 
all groundwater underlying the principal agricultural regions of Canada, but levels are 
usually below the safe limit (i.e., 10 mg/L). The prairie region is generally considered to 
be at lower risk due to the drier climate, the low intensity of agriculture, soil 
characteristics (i.e., clay till) and lower use of fertilizers. PFRA (1997) concluded that 
although water contamination from agri-chemicals occurs to some degree in the prairies, 
there is no clear evidence of widespread contamination of surface water and groundwater 
from non-point source agricultural activities. 

Estimated Nutrient Loading 
Estimates of annual loads of TN and TP associated with groundwater inflow to Sylvan 
Lake were derived using the estimated annual discharge volume of approximately 
3.4 million m3/year and the mean concentrations of TN and TP measured in the samples 
from the seven Alberta Environment observation wells (Table A-23). Concentrations 




