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Chapter 31 - The Valley Drinking Water System 

The Valley drinking water system consists of 13 wells and is the most extensive groundwater 
system within the City of Greater Sudbury. Two new wells were added to the Valley distribution 
system in 2013, which brought the number of wells in this system from 11 to 13. The Valley 
drinking water system is a combination of two former systems: the Blezard Valley and the Capreol 
drinking water systems. The combined system supplies approximately 36,000 residents in the 
communities of Chelmsford, Azilda, McCrea Heights, Val Therese, Val Caron, Hanmer and Capreol 
with drinking water.  
 
The wells in the former Blezard Valley system are locally referred to as the Valley East wells. Of the 
13 municipal wells, 10 are located within the Whitson River watershed (Kenneth, Deschene, 
Philippe, Michelle, Frost, Linden, Notre Dame, Pharand, and the two recently drilled wells, Q and R) 
and three are located in the Vermilion River watershed (Wells M, J and I). See Map 6.1 for the 
location of the wells and the distribution system. 
 
There are three storage reservoirs which are located in Azilda, Chelmsford and Val Caron, and one 
pressure booster station at Centennial Drive in the distribution system. Wells are pumped as 
required based on the level of the Chelmsford Reservoir. UV systems provide primary treatment 
followed by injection with chlorine gas and fluoridation. All wells are monitored continuously and 
can be manually controlled from the Wanapitei Water Treatment Plant.  
 
A summary of water usage rates for each of the wells is presented in Table 6.1. 
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Table 6.1– Permitted and actual pumping rates in the Valley drinking water system 

 
Deschene 

Well A 
Kenneth 
Well B 

Philippe 
Well C 

Frost 
Well D 

Notre-
Dame 
Well E 

Linden Pharand Michelle Well I  
Well 

 M & J 

Permitted 
Amount (m

3
/day) 

1,798 2,288 2,288 2,288 3,105 3,269 2,290 2,290 1,973 7,200 

Average Monthly 
Permitted 

Amount (m
3
) 

54,689 69,593 69,593 69,593 94,444 99,432 69,654 69,654 60,012 219,000 

Average Actual 
Monthly Volume 

(m
3
) 

21,705 26,955 30,547 41,045 40,299 49,566 25,272 35,655 27,985 65,151 

Percentage of 
Monthly 

Permitted 
Volume 

40% 39% 44% 59% 43% 50% 36% 51% 47% 30% 

Maximum Actual 
Monthly Volume  

(m
3
) 

50,572 44,060 42,805 75,135 42,805 69,993 41,698 55,372 48,259 130,001 

Percentage of 
Monthly 

Permitted 
Volume 

92% 63% 62% 108% 45% 70% 60% 79% 80% 59% 

95
th

 Percentile 
(m

3
) 

32,424 37,470 38,902 56,417 73,319 61,643 37,427 47,770 40,821 93,743 

Percentage of 
Monthly 

Permitted 
Volume (95

th
 

Percentile) 

59% 54% 56% 81% 78% 62% 54% 69% 68% 43% 
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Chapter 32 - The Valley Contributing Areas 

 
Valley East is located in a low lying ‘valley’ containing glaciofluvial and glaciolacustrine deposits in 
the Whitson River watershed, a subwatershed of the Vermilion River watershed. Valley East 
includes the communities of Val Caron, Val Therese, Hanmer and Blezard Valley. The Valley East 
area is characterized by low topography and some of the deepest overburden deposits in the City of 
Greater Sudbury. Drainage in the area is generally towards the Whitson River, which, in turn, 
discharges to the Vermilion River to the southwest of the community of Chelmsford. 
 
From the City of Greater Sudbury groundwater study (Golder 2005), capture zones were developed 
based on the maximum pumping rates. Based on groundwater elevation data, it was interpreted 
that groundwater flow to these wells is from the northeast. For the Tier 1 budgeting, the area of 
watershed that contributes to these wells was estimated as the area surrounding the modeled 
capture zones plus a 500 m buffer down gradient of the capture zone limit. To the north of the well 
field, the groundwater divide was used as a flow boundary and to the east the large discharge 
wetland acted as a flow boundary. The catchment includes runoff from the bedrock knob in the 
south of the well field. The estimated catchment area around these wells was 34 km2. See Maps 6.2 
and 6.3 for an illustration of the contributing areas. 
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Chapter 33 - Water Budget and Quantity Assessment 

 
The Valley drinking water system lies within the Vermilion River watershed. As previously 
described in Chapter 28, the Vermilion watershed was given a water quantity stress level of low 
and therefore did not need to progress to the next level of a water quantity assessment. Given the 
isolated nature of the municipal wells, it was decided by the Greater Sudbury Source Protection 
Area technical team that a Tier 1 water budget should be completed for each drinking water 
system. The Tier 1 and Tier 2 analyzes were done when the Blezard Valley and Capreol systems 
were separate systems and before the two new wells (Q and R) came on line. Therefore, the Tier 1 
and Tier 2 work was done separately for these two systems and did not include wells Q and R. No 
further analysis beyond Tier 1 was required for the Capreol system, but the results of the analysis 
for the Blezard Valley system led to a Tier 2 analysis. The results of the Tier 2 analysis led to a Tier 
3 analysis, which was done for the new, combined Valley system and also included the new Q and R 
wells. The methodology used for Tier 1, Tier 2 and Tier 3 is described in greater detail in Chapter 3 
and Appendix 2.  
 
 

33.1 Tier 1 Water Budget and Stress Assessment 
 
Tier 1 Water Budget 
 

There are no major stream inputs or outflows in this catchment area, so the model for this 
catchment was a simple vertical soil moisture budget completed for the time period 1970-2005. In 
the Valley East Well Aquifer, the average annual recharge was calculated to be the average annual 
water surplus (428 mm). The water removed by all groundwater wells was estimated at 
approximately 90 mm, or 43% of the permitted pumping rate. 
 
The demand on the Valley East groundwater system has increased over the period 2000-2005. The 
NDCA has started monitoring groundwater elevation in Hanmer, within the Valley East catchment 
area. Available data shows the transient nature of groundwater recharge that agrees with the 
monthly soil moisture budget. Other than municipal removals, two other groundwater permits to 
take water are within the contributing area. In addition, there is a small amount of agricultural 
water use estimated in this well catchment area. Tables 6.2 and 6.3 summarize the water budget for 
Valley East (Blezard Valley) and Capreol wells contributing areas respectively. 
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Table 6.2 – Water budget for the Valley East (Blezard Valley) contributing area 

Month 

Water Balance Element (mm) 

Rainfall Snowfall Snowmelt 
Total 
Input 

PET* AET** 
Water 

Surplus 
Water 
Deficit 

January 2.8 61.8 6.1 8.9 0.0 0.0 8.9 0.0 

February 3.1 48.4 13.8 16.9 0.0 0.0 16.9 0.0 

March 19.5 45.6 68.2 87.7 0.0 0.0 87.7 0.0 

April 51.2 13.0 126.3 177.5 19.5 19.5 158.0 0.0 

May 80.8 1.0 8.6 89.3 75.0 73.1 16.2 0.0 

June 78.4 0.0 0.0 78.4 110.7 98.5 0.0 -20.1 

July 78.8 0.0 0.0 78.8 130.5 101.1 0.0 -22.3 

August 85.3 0.0 0.0 85.3 112.5 86.6 0.0 -1.3 

September 107.1 0.0 0.0 107.1 69.3 66.6 40.5 0.0 

October 81.9 2.4 2.4 84.4 30.1 30.1 54.3 0.0 

November 45.1 33.3 19.4 64.4 0.8 0.8 63.6 0.0 

December 9.8 55.8 15.0 24.8 0.0 0.0 24.8 0.0 

Annual 
Total 

643.7 261.3 259.9 903.5 548.3 476.2 471-0 -43.7 

Annual 
Recharge 

      427.3 

*PET – Potential Evapotranspiration 
**AET – Actual Evapotranspiration 
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Table 6.3 – Water budget for the Capreol wells contributing area 

Month 

Water Balance Element (mm) 

Rainfall 
Snow
-fall 

Snow
-melt 

Total 
Input 

PET* AET** 
Stream
-flow 

Bas
e-
flow 

Run-
off 

Water 
Surplu
s 

Water 
Deficit 

January 2.8 61.8 6.1 8.9 0.0 0.0 16.8 9.6 9.6 0.0 -7.9 

February 3.1 48.8 13.8 16.9 0.0 0.0 12.7 6.6 6.6 4.2 0.0 

March 19.5 45.6 68.2 87.7 0.0 0.0 16.6 5.7 13.3 71.1 0.0 

April 51.2 13.0 126.3 177.5 19.5 19.5 85.3 18.9 75.6 72.7 0.0 

May 80.8 1.0 8.6 89.3 75.0 73.7 80.0 13.7 77.8 0.0 -64.4 

June 78.4 0.0 0.0 78.4 110.7 101.9 35.9 7.9 31.7 0.0 -59.4 

July 78.8 0.0 0.0 78.8 130.5 108.0 18.3 9.4 11.5 0.0 -47.5 

August 85.3 0.0 0.0 85.3 112.5 91.5 12.5 6.4 7.9 0.0 -18.7 

September 107.1 0.0 0.0 107.1 69.3 67.2 12.9 5.7 8.6 0.0 0.0 

October 81.9 2.4 2.4 84.4 30.1 30.1 22.5 9.0 16.8 27.0 0.0 

November 45.1 33.3 19.4 64.4 0.8 0.8 30.1 11.7 21.6 336.6 0.0 

December 9.8 55.8 15.0 24.8 0.0 0.0 26.7 12.2 18.3 0.0 -1.9 

Annual 
Total 

643.7 261.3 259.9 903.5 548.3 492.6 370.4 
117.

0 
299.5 240.3 -199.8 

Annual 
Recharge 

         40.5 

*PET – Potential Evapotranspiration 
**AET – Actual Evapotranspiration 

 
 

Tier 1 Water Quantity Stress Assessment 
 
For the Valley East (Blezard Valley) wells, calculated present monthly groundwater stress was 
consistently between 22 and 26% throughout the year with a maximum estimated in June at 25.5%. 
With future municipal demand forecasted, the June monthly groundwater stress level increased to 
27.5%. On an annual basis, groundwater stress level was calculated as 23.4 and 25.2% for present 
and future scenarios, respectively. The monthly maximum stress was greater than 25% under 
present and future conditions, and therefore this contributing area was designated as a ‘moderate’ 
stress level. Since there was not substantial monthly variation in supply or demand, annual average 
stress levels were calculated to be close to 25% for current conditions and above 25% for future 
scenarios. Therefore, the contributing area was designated as ‘moderate’ (current) and ‘significant’ 
(future) groundwater stress level on an annual basis. Calculated ‘moderate’ and ‘significant’ annual 
water quantity stress levels require a Tier 2 local area assessment. Stress levels for the Capreol 
system were low. Water quantity stress assessment for the Valley East (Blezard Valley) and Capreol 
wells contributing areas are summarized in Tables 6.4 and 6.5. 
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Table 6.4 – Water quantity stress assessment for the Valley East (Blezard Valley) contributing area 

Month 
Supply (m

3
/s) Demand (m

3
/s) Stress (%) 

Recharge Reserve Municipal Other Total Forecast Present Forecast 

January 0.46 0.05 0.09 0.001 0.09 0.10 22.36 24.07 

February 0.46 0.05 0.09 0.001 0.09 0.10 22.78 24.55 

March 0.46 0.05 0.09 0.001 0.09 0.10 22.76 24.50 

April 0.46 0.05 0.09 0.001 0.10 0.10 23.10 24.89 

May 0.46 0.05 0.10 0.001 0.10 0.11 23.74 25.58 

June 0.46 0.05 0.10 0.001 0.11 0.11 25.52 27.52 

July 0.46 0.05 0.10 0.001 0.10 0.11 23.77 25.61 

August 0.46 0.05 0.10 0.001 0.10 0.11 24.23 26.11 

September 0.46 0.05 0.10 0.001 0.10 0.11 24.29 26.18 

October 0.46 0.05 0.10 0.001 0.10 0.11 23.93 25.78 

November 0.46 0.05 0.09 0.001 0.09 0.10 22.26 23.97 

December 0.46 0.05 0.09 0.001 0.09 0.10 21.89 23.55 

Annual 0.46 0.05 0.10 0.001 0.10 0.10 23.39 25.19 
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Table 6.5 – Water quantity stress assessment for the Capreol wells contributing area 

Month 
Supply (m

3
/s) Demand (m

3
/s) Stress (%) 

Recharge Reserve Municipal Other Total Forecast Present Forecast 

January 0.86 0.09 0.05 0.0 0.05 0.06 6.97 7.60 

February 0.86 0.09 0.05 0.0 0.05 0.05 6.12 6.67 

March 0.86 0.09 0.05 0.0 0.05 0.06 6.99 7.62 

April 0.86 0.09 0.05 0.0 0.05 0.05 6.10 6.65 

May 0.86 0.09 0.05 0.0 0.05 0.06 6.9 7.52 

June 0.86 0.09 0.05 0.0 0.05 0.05 6.27 6.83 

July 0.86 0.09 0.05 0.0 0.05 0.05 6.38 6.95 

August 0.86 0.09 0.05 0.0 0.05 0.05 5.93 6.47 

September 0.86 0.09 0.05 0.0 0.05 0.05 6.13 6.68 

October 0.86 0.09 0.04 0.0 0.04 0.05 5.78 6.31 

November 0.86 0.09 0.05 0.0 0.05 0.05 5.84 6.36 

December 0.86 0.09 0.04 0.0 0.04 0.05 5.53 6.02 

Annual 0.86 0.09 0.05 0.0 0.05 0.05 6.25 6.81 

 

 
Tier 1 Water Budget and Stress Assessment Uncertainty  
 
Uncertainty in the Tier 1 process takes into account the quality of the available data. Municipal 
water removals and water use trends were obtained from the City of Greater Sudbury and from 
industry, and large volume permits to take water were checked for actual use and active status. For 
each Tier 1 water budget, the water surplus was in the range of that reported in the literature (e.g. 
Richards 2002). For all groundwater sources the estimated uncertainty is low. 
 

 
33.2 Tier 2 Water Budget and Stress Assessment 
 
Tier 2 Water Budget 
 

The Tier 2 water budget analysis was done for the eight wells in the Valley East (Blezard Valley) 
system. The annual water budget for the delineated subwatershed as shown in Table 6.6 was 
compiled using regional climate data and recharge as calculated by the calibrated MODFLOW model 
under steady-state conditions. Annual recharge as estimated by the 3-D model MODFLOW was 298 
mm, or approximately 9,300,000 m3 when weighted by recharge area across the delineated 
subwatershed. The remainder, runoff, was available for drainage to the ditches and municipal 
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drains that fall within the subwatershed. Sublimation accounted for approximately 3% of the total 
precipitation input on an annual basis and represented a small loss in the amount of water available 
for recharge and runoff. 
 
Groundwater recharge as estimated through the MODFLOW model calibration process was 
approximately 70% of the annual recharge previously estimated under the Tier 1 soil moisture 
accounting methodology. Realistically, recharge is more temporally dynamic and depends upon 
daily and monthly precipitation, antecedent moisture conditions and soil temperature conditions. 
The total current annual pumping amount from the municipal wells within the subwatershed was 
approximately 35% of the calibrated MODFLOW recharge value on an annual basis. 
 
 
Table 6.6 – Valley East (Blezard Valley) Tier 2 annual water budget 

 
Water Budget Element (m

3
) 

Rainfall Snowmelt Evapotranspiration Recharge Runoff 

Annual Average 20,262,000 6,900,000 15,704,000 9,300,000 2,158,000 

 

 
Tier 2 Water Quantity Stress Assessment  
 

The general methodology for the Tier 1 and 2 water quantity stress assessment process is outlined 
in Chapter 3 and Part III of the Technical Rules (2009).  
 
Scenarios A and B – Subwatershed Stress Assignment  
 

Monthly stress level assignments are displayed in Table 6.7. Monthly water demand (as a 
percentage of water supply) ranged from 38 to 42% under current pumping rates and from 39 to 
43% under forecasted pumping rates. The consistency in stress calculation results are a reflection 
of the equal partitioning of annual recharge, and relatively stable monthly water demand 
requirements throughout the year.  
 
Discussions with Greater Sudbury staff and the Peer Review Team have identified that water table 
decrease (and therefore, potential distribution concerns) in Valley East are most relevant during 
the summer months, when precipitation is less than evaporation resulting in less water reaching 
the groundwater table. Regardless, the monthly maximum water demand was >25% and <50% of 
supply for Scenarios A and B, and therefore were designated a Stress Level Assignment of 
‘moderate’.  
 
On an average annual basis, water demand (as a percentage of water supply) was 41% under 
current pumping rates and 43% under forecasted pumping rates. These demand scenarios (A and 
B) were both >25%, and were designated a Stress Level Assignment of ‘significant’. As defined in 
the Technical Rules (2009), subwatersheds assigned a moderate or significant stress level will 
proceed to a Tier 3 water budget.  
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As noted above, water supply concerns are considered to be most prevalent during the drier 
summer months in Valley East. During these months, groundwater recharge is decreased, and 
water is removed from aquifer storage. The current calculations for stress level assignment do not 
account for these short term changes in the water budget. 
 
Scenario D and E – Two Year Drought with Current and Future Pumping Rates  
 

The two-year drought, defined in the Technical Rules (2009) as a ‘worst-case’ period where no 
recharge is available to the groundwater table for two years, simulated drawdown of at least 1 m in 
each well under the current and future pumping rates. With current pumping rates (Scenario D) the 
Philippe, Notre Dame, Linden, and Michelle wells were simulated to fall below the top of the well 
screen, while under forecasted pumping rates (Scenario E) these well screens, along with the 
Kenneth well screen, were exposed. In general, drawing the water level below the top of a well 
screen can lead to decreased well efficiency and increased maintenance costs associated with 
mineral precipitation on the screen. Operators will commonly terminate pumping at a well that 
approaches the screen height in order to allow the water table to recover. The simulated well 
screen exposure and resulting (likely) interruption of service at a number of the wells in Valley East 
indicated a ‘moderate’ stress level assignment under Scenarios D and E.  
 

Scenarios G and H – Ten Year Drought with Current and Future Rates  
 

Ten-year transient drought scenarios were completed as a follow-up to the finding of several well 
screen exposures simulated under the two-year drought scenario. The ten-year drought conditions 
were simulated with both current and future daily pumping rates. Annual precipitation at the 
Sudbury airport has displayed an increasing trend for the period 1954 to 2008. Using a running 
average, the lowest 10-year average recorded precipitation was 790 mm/year, which occurred 
during the period 1955 to 1964. This value represents an annual precipitation approximately 13% 
lower than the long-term average for the area (900 mm/year).  
 
The results of this analysis indicated that under the simulated ten-year drought conditions, the 
water level in the Michelle well fell below the top of screen elevation during current pumping 
scenarios (Scenario G), while the Linden well also reached the well screen under the future 
pumping scenarios (Scenario H). In these cases, the stress assignment level was designated as 
‘moderate’. 
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Table 6.7 – Tier 2 monthly and annual groundwater stress assessments for the Valley East (Blezard 
Valley) wells 

Month 

Supply 
(m

3
) 

Demand (m
3
) 

Reserve 
(m

3
) 

Stress (%) 

Recharge 
Municipal 

Wells 
(Current) 

Municipal 
Wells 

(Future) 
PTTW Agriculture Rural 

10% of 
Groundwater 

Recharge 

Water 
Demand 
(Current) 

Water 
Demand 
(Future) 

January 775,000 279,000 292,000 0 5,000 6,000 77,000 42 43 

February 775,000 252,000 263,000 0 5,000 6,000 77,000 38 39 

March 775,000 279,000 282,000 0 5,000 6,000 77,000 42 42 

April 775,000 279,000 282,000 0 5,000 6,000 77,000 40 42 

May 775,000 279,000 292,000 0 5,000 6,000 77,000 42 43 

June 775,000 279,000 282,000 0 5,000 6,000 77,000 40 42 

July 775,000 279,000 292,000 0 5,000 6,000 77,000 42 43 

August 775,000 279,000 292,000 0 5,000 6,000 77,000 42 43 

September 775,000 279,000 282,000 0 5,000 6,000 77,000 40 42 

October 775,000 279,000 292,000 0 5,000 6,000 77,000 42 43 

November 775,000 279,000 282,000 0 5,000 6,000 77,000 40 42 

December 775,000 279,000 292,000 0 5,000 6,000 77,000 42 43 

Annual 9,299,000 3,284,000 3,425,000 0 65,000 76,000 930,000 41 43 

 
 
Scenarios F and I – Two Year and Ten Year Drought Scenarios with Planned System 
  
Under the Planned System droughts (Scenario F and I), all water is supplied to the communities 
through a distribution line from Wanapitei Lake. As such, exposing the screen at any of the 
municipal wells does not have an operational, or water demand, effect on the local serviced 
population. Simulation of the two-year drought and ten-year drought with no municipal pumping 
resulted in a maximum water table drawdown of 2 m and no simulated screen exposure. Therefore 
the stress level assignment for Scenario F and Scenario I was ‘low’. 
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The results of the steady-state and transient simulations for the Valley East subwatershed show 
that stress assignments range from ‘significant’ under the future pumping rate annual average 
condition to ‘low’ under scenarios where the Wanapitei Lake future source is operational. All 
scenarios are summarized in Table 6.8. 
 
 
Table 6.8 – Tier 2 subwatershed stress level scenario summary 

Scenario Description of Scenario Results and Comments 

A Existing system – average 

Maximum monthly = 42%  
Moderate stress level  
Average Annual = 41%  
Significant stress level 

B Existing system – future demand 

Maximum monthly = 43%  
Moderate stress level  
Average Annual = 43%  
Significant stress level 

C 
Planned system demand – operational 
year 

Monthly Demand% = 0  
Low stress level 

D Existing system – two year drought 
Screen exposure at 4 wells  
Moderate stress level 

E 
Existing system – future two year 
drought 

Screen exposure at 5 wells  
Moderate stress level 

F 
Planned system demand – operational 
year – two year drought 

No municipal well operation  
No screen exposure  
Low stress level 

G 
Existing system – future ten year 
drought 

Screen exposure at 1 well  
Moderate stress level 

H Existing system – ten year drought 
Screen exposure at 4 wells  
Moderate stress level 

I 
Planned system demand – operational 
year – ten year drought 

No municipal well operation  
No screen exposure  
Low stress level 

 

 
Tier 2 Significant Groundwater Recharge Areas 
 
The model for the Valley East (Blezard Valley) subwatershed was significantly refined for the 
purposes of the Tier 2 water budget. Rule 46 of the Technical Rules (2009) state that a significant 
groundwater recharge area (SGRA) shall be delineated based on the models developed for the 
water budget assessment. Therefore, the SGRA delineation was further refined to reflect the 
updated information generated from the Tier 2 process. See Chapter 12 for more information about 
calculating significant groundwater recharge areas. 
 
In the Valley East (Blezard Valley) subwatershed, the average annual water surplus was estimated 
at 367 mm. A value of 202 mm (or 55% of 367 mm) was then calculated as the amount of surplus 
water and available for recharge on an annual basis to aquifers within the subwatershed. Recharge 
areas were mapped using the calibrated groundwater model developed for the Tier 2 water budget. 
The SGRA was delineated in areas where the coarse overburden exists and where the recharge 
value is greater than 202 mm. See Map 6.4 for the delineation and of the significant groundwater 
recharge area. 
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Tier 2 Water Budget and Stress Assessment Uncertainty  
 

The 3-D MODFLOW model of the Valley East (Blezard Valley) municipal well system was calibrated 
to steady-state conditions such that the simulated water table elevations provide a reasonable 
representation of the observed groundwater elevations from the MECP Well Water Information 
System (WWIS) and available groundwater monitoring wells.  
 
Areas of uncertainty in the calibration process and the resulting parameterization of the Valley East 
MODFLOW model are presented in Appendix 2. With respect to the predictive simulations 
completed to support the drought simulations in the Tier 2 process, uncertainty in the groundwater 
supply (water level in each well) was considered to be a function of the soil properties. In transient 
simulation mode, the MODFLOW program requires additional aquifer parameters to be estimated. 
The parameters, specific yield and specific storage were therefore adjusted in a series of sensitivity 
simulations with the model set to current pumping rates during drought scenarios.  
 
Overall, although the lowest simulated groundwater elevations were changed, screen exposure 
occurred in at least one well under each modeled scenario and did not change the ‘moderate’ 
designation for Scenarios G and H. 
 

 
33.3 Tier 3 Water Budget and Local Area Risk Assessment  
 

The Tier 3 water budget and local area risk assessment for the Valley system incorporates all 13 
wells in the area: the wells in Capreol and the Valley East well field, including the two new wells, Q 
and R. The local area risk assessment for the Valley system was completed using a 3-Dimensional 
groundwater model as set out in the Technical Bulletin: Part IX Local Area Risk Level, for both 
existing and future pumping rates. The existing actual water demand calculations were based on 
the 2007 study year using pumping rates included in the City of Greater Sudbury Water Works 
Reports. The methodology for the potential water quantity risks from land use changes was 
developed with the help of the water budget peer review committee. The Tier 3 local area risk 
assessment for the Valley system also included updated available information with respect to the 
pumping well infrastructure. 
 
 
WHPA-Q1, WHPA-Q2 and Local Area Delineations 
 
Following the methodology provided in Appendix 2, three distinct WHPA-Q1, WHPA-Q2 and Local 
Areas were delineated.  In each case, the surface area that provided sufficient recharge to provide 
the total annual water removal from the aquifer corresponded closely to a 1 m drawdown area of 
influence. These areas were designated as WHPA-Q1-A, WHPA-Q1-B and WHPA-Q1-C (Map 6.5).  
The WHPA-Q1-B incorporated only the ‘I’ Well, WHPA-Q1-C incorporated the J Well and M Wells, 
while the remaining wells fell within the WHPA-Q1-A.  The drawdown created by J Well and M Well 
was limited in extent, and as such as per MNR direction a 100 m buffer was placed around these 
wells to delineate a WHPA-Q1. 

The WHPA-Q2 was delineated through the reduction of recharge from planned development areas 
outside each of the delineated WHPA-Q1, which affected only the WHPA-Q1-A (Map 6.5).  Repeating 
the simulation under these reduced recharge conditions resulted in no substantial change in area 
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required to supply the municipal wells with sufficient water on an annual basis.  As such, the 
WHPA-Q2 was equivalent to the WHPA-Q1 in each case.   

Three Local Areas were subsequently defined as the area delineated by each of the WHPA-Q2 areas, 
and were designated as Local Area A (with ten municipal wells), Local Area B (with one municipal 
well) and Local Area C (with two municipal wells) (Map 6.5).  In the case of the Local Area A, the 
delineated surface area (38.2 km2) is greater than the subwatershed area calculated in earlier 
GSSPA Valley East Water Budget reports (34 km2).  The change in area can be attributed to the 
inclusion of the two additional wells and that the basis for the subwatershed area was the use of 
groundwater capture zone areas. 

 
Water Budget 

The annual water budget for Local Area A as shown in Table 6.9 was compiled using regional 
climate data and recharge as calculated by the calibrated MODFLOW model under steady-state 
conditions.   

 
Table 6.9 – Tier 3 Local Area A annual water budget 

Water Budget Element (m
3
)
1
 

 Rainfall Snowmelt Evapotranspiration 
2
 Recharge

3
 Runoff 

Annual Average 24,808,000 8,448,100 19,227,300 10,831,600 3,197,200 

Note: 
1
 All water budget elements distributed over subwatershed area (38.2 km

2
) 

2
 Evaporation presented is AET and includes sublimation 

3
 Recharge estimated using MODFLOW calibration and weighted to recharge area in subwatershed 

 

Annual recharge as estimated by the 3-D model MODFLOW was 283.6 mm, or approximately 
10,831,600 m3 when weighted by recharge area across the delineated Local Area A (Map 6.5).  The 
remainder, runoff, was available for drainage to the ditches and municipal drains that fall within the 
Local Area A.  Sublimation accounted for approximately 3% of the total precipitation input on an 
annual basis and represented a small loss in the amount of water available for recharge and runoff. 

The total current annual pumping amount from the municipal wells (AnthOUT) within Local Area A 
was approximately 41% of the calibrated MODFLOW recharge value on an annual basis.  

 
Groundwater Risk Assessment  

Details on the groundwater risk assessment are provided in Appendix 2.  The assessment considers 
the Formation Loss component of the total drawdown as well as additional in-well losses that may 
occur during actual operations.  The in-well losses component are further described later in this 
section.  

For all scenarios, the low simulated head at Linden well, when compared to the other wells in close 
proximity (Notre-Dame, when applicable Chenier (Q) and well R) was noted at peer review 
meetings and was the focus of sensitivity analysis performed on the model. This sensitivity analysis 
is explained later in this section (see Tables 6.10, 6.11 and 6.13) and the water level plots of the 
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simulated water levels in Linden well compared to the other nearby wells can be found in Appendix 
2.  

Other uses (aquatic habitat) were investigated in the absence of certainty of the presence of cold 
water streams within Local Area A.  Modelled scenarios produced baseflow (groundwater 
discharge) changes compared against Scenario (C).  The other uses analysis was applicable to 
Scenarios G(1) and G(2), however, risk assignments based on other uses was applied only to 
Scenario G(2). 

 
Scenario C – Long Term Climate, Existing Pumping, Existing Land Cover 

Simulated steady state drawdown for each existing municipal well is summarized in Table 6.10.  
For this Scenario, water level remained above the trigger elevation (pump intake).  This is 
consistent with the current understanding of the system, that it is able to provide water to satisfy 
the existing municipal demand.   

 
Table 6.10 – Tier 3 Scenario C groundwater model output 

Well Name 

Steady-State  
Simulated 

Groundwater Elevation 
(masl) 

Bottom of Pump intake 
(masl) 

Top of Screen 
(masl) 

A - Deschene 293.0 287.7 286.9 

B - Kenneth 290.7 283.6 282.9 

C - Philippe 291.8 285.6 284.7 

D - Frost 291.4 284.1 281.9 

E - Notre Dame 290.1 284.1 283.7 

F - Linden 285.7 278.6 277.2 

G - Pharand 288.1 285.0 285.0 

H - Michelle 292.0 285.5 285.8 

I Well 290.2 282.4 280.3 

J Well 294.0 275.3 274.2 

M Well 293.4 277.0 274.8 
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Scenario D – Drought Period, Existing Pumping, Existing Land Cover 

Simulated transient water level plots for aquifer level outside of each existing municipal well are 
displayed in Appendix 2.  For the ten-year drought period (1955 to 1964), drawdown ranges from 
<1 m (Well J) to approximately 4 m (at the Michelle and Phillipe Wells).  However, groundwater 
table elevation was maintained above the intake trigger elevation for each of the municipal wells.   
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Scenario G(1) – Long Term Climate, Existing plus Committed plus Planned Pumping, Future Land 
Cover 

Simulated steady state drawdown for each existing and planned municipal well is summarized in 
Table 6.11.   

 
Table 6.11 – Tier 3 Scenario G(1) groundwater model output 

Well Name Steady-State  
Simulated 

Groundwater Elevation 
(masl) 

Bottom of Pump intake 
(masl) 

Top of Screen 
(masl) 

A - Deschene 291.3 287.7 286.9 

B - Kenneth 289.2 283.6 282.9 

C - Philippe 289.8 285.6 284.7 

D - Frost 290.0 284.1 281.9 

E - Notre Dame 287.6 284.1 283.7 

F - Linden 282.4 278.6 277.2 

G - Pharand 287.3 285.0 285.0 

H - Michelle 289.8 285.5 285.8 

I Well 287.7 282.4 280.3 

J Well 293.8 275.3 274.2 

M Well 293.1 277.0 274.8 

Q - Chenier 288.5 - 285.5 

R Well 287.3 - 284.9 

 

With respect to other uses, changes to aquatic habitat were assessed using simulated changes to 
baseflow to the tributaries to the Whitson River (within Local Area A).  Two of these tributaries or 
municipal drains were simulated to show baseflow reductions of greater than 20% (Table 13).  
Although many of these tributaries are likely intermittent and relatively shallow, they cannot be 
excluded from providing potential for transient habitat for trout species.  These simulations suggest 
minimal (<5%) baseflow reduction to the Whitson River, and provide context for potential future 
land use change impacts, but were not applied to the risk assignment for Scenario G(1). 
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Table 6.12 - Predicted baseflow reductions, Tier 3 Scenario G(1) 

Tributary 
Scenario C Baseflow  

(m
3
/day) 

Scenario G(1) 
Baseflow  
(m

3
/day) 

Percent Change 
(%) 

Rivest Drain 11 8 27 

Trib.5 550 524 5 

Trib.6 1,007 991 2 

Trib.6D 136 136 0 

Trib.8 501 437 13 

Trib.8A 879 799 9 

Trib.10 444 410 8 

Trib.11 12,260 8,910 27 

Trib.12 13,910 13,767 1 

Whitson 6,961 6,938 0.3 

WSC Station 15,338 15,122 1 

Note: Subwatersheds as delineated in Appendix 2. 

 
 
For Scenario G(1) the simulated groundwater levels suggest the quantity of water removed from 
each Local Area would be sufficient to meet the municipal water demand.   
 
Scenario G(2) – Long Term Climate, Existing plus Committed plus Planned Pumping, Existing Land 
Cover 

Simulated steady state drawdown for each existing and planned municipal well is summarized in 
Table 6.13. For this Scenario, water level remained above the trigger elevation (pump intake).    
Water levels simulated during G(2) were approximately  1 m higher than those produced under 
Scenario G(1), indicating the effect of land cover change on the aquifer level. 
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Table 6.13 – Tier 3 Scenario G(2) groundwater model output 

Well Name 

Steady-State  
Simulated 

Groundwater Elevation 
(masl) 

Bottom of Pump intake 
(masl) 

Top of Screen 
(masl) 

A - Deschene 291.5 287.7 286.9 

B - Kenneth 289.4 283.6 282.9 

C - Philippe 290.1 285.6 284.7 

D - Frost 290.2 284.1 281.9 

E - Notre Dame 288.0 284.1 283.7 

F - Linden 282.8 278.6 277.2 

G - Pharand 287.5 285.0 285.0 

H - Michelle 290.1 285.5 285.8 

I Well 287.8 282.4 280.3 

J Well 293.8 275.3 274.2 

M Well 293.1 277.0 274.8 

Q - Chenier 288.9 - 285.5 

R Well 287.8 - 284.9 

 

With respect to other uses, changes to aquatic habitat were assessed using simulated changes to 
baseflow to the tributaries to the Whitson River (within Local Area A).  The recently constructed 
Rivest Drain displayed a reduction of 18% and Tributary 11 a reduction of >20% (Table 6.14).  The 
Rivest Drain was designed as a shallow drain that would be constructed with an invert near or 
above the groundwater table (K. Smart Associates 2009), and therefore can be expected to be dry 
for much of the year.  It was therefore considered a poor representation of the baseflow changes 
expected in the area.  Although many of these tributaries are likely intermittent and relatively 
shallow, they cannot be excluded from providing potential for transient habitat for trout species.  As 
such, these reductions in baseflow must be considered when assigning risk level to Scenario G(2).  
Similar to Scenario G(1), the simulation results for Scenario G(2) suggest minimal (1 - 2%) baseflow 
reduction to the Whitson River. 
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Table 6.14 - Predicted baseflow reductions, Tier 3 Scenario G(2) 

Tributary 
Scenario C Baseflow  

(m
3
/day) 

Scenario G(2) 
Baseflow  
(m

3
/day) 

Percent Change 
(%) 

Rivest Drain 11 9 18 

Trib.5 550 538 2 

Trib.6 1,007 1,001 1 

Trib.6D 136 136 0 

Trib.8 501 473 6 

Trib.8A 879 845 4 

Trib.10 444 424 5 

Trib.11 12,260 9,655 21 

Trib.12 13,910 13,808 1 

Whitson 6,961 6,953 0.1 

WSCStation 15,338 15,253 1 

Note: Subwatersheds as delineated in Appendix 2. 

 
For Scenario G(2), the simulated groundwater levels suggest the allocation quantity of water 
removed from each Local Area would be sufficient to meet the existing plus committed plus 
planned water demand.   However, the other uses of the system may be affected by the increased 
pumping and land cover change. 

 
Scenario G(3) – Long Term Climate, Existing Pumping, Future Land Cover 

Simulated steady state drawdown for each existing municipal well is summarized in Table 6.15.  
For this Scenario, water level remained above the trigger elevation (pump intake).   

The water levels produced from Scenario G(3) were generally 2 m higher in elevation than those 
simulated in Scenario G(2) (increased pumping) and were 0.1 m or less lower than those simulated 
for Scenario C (existing land cover), suggesting that pumping rate changes have greater influence 
on the aquifer water level than land use change in Valley East and Capreol. 
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Table 6.15 – Tier 3 Scenario G(3) groundwater model results 

Well Name Steady-State  
Simulated 

Groundwater 
Elevation 

(masl) 

Bottom of Pump 
intake 
(masl) 

Top of Screen 
(masl) 

A - Deschene 291.8 287.7 286.9 

B - Kenneth 289.5 283.6 282.9 

C - Philippe 290.3 285.6 284.7 

D - Frost 290.4 284.1 281.9 

E - Notre Dame 289.2 284.1 283.7 

F - Linden 284.6 278.6 277.2 

G - Pharand 287.8 285.0 285.0 

H - Michelle 290.7 285.5 285.8 

I Well 288.0 282.4 280.3 

J Well 293.9 275.3 274.2 

M Well 293.3 277.0 274.8 

 

 
Scenario H(1) – Drought Period, Existing plus Committed plus Planned Pumping, Future Land Cover 

Simulated transient drawdown for each existing and planned municipal well for Scenario H(1) is 
displayed in Appendix 2.  Under these pumping and land use conditions, Linden Well (located 
within Local Area A) reaches the pump intake elevation (278.6 masl).  As such, the model suggests 
that Linden well would not be able to provide sufficient water to meet its allocated demand under 
these conditions in simulation year five.  Although these drawdown plots also indicate that some of 
this demand could be transferred to other wells, it has been noted that pumping increases are 
limited at many wells and any such action would require operator knowledge of the well system at 
that particular time.  Well field optimization was not completed within this work scope. 

These simulated groundwater elevations suggest that the quantity of water removed from Local 
Area A would not be sufficient to meet the existing plus committed plus planned demand at the 
Linden Well during periods of drought.   

 
Scenario H(2) – Drought Period, Existing plus Committed plus Planned Pumping, Existing Land Cover 

As with Scenario H(1), the Linden well (within Local Area A) reaches the pump intake at 
approximately the third drought summer period.  Although some additional capacity to offset the 
loss of Linden well with increased pumping at other wells appears possible, a well optimization 
study was not completed within this scope of work.   
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Scenario H(3) – Drought Period, Existing Pumping, Future Land Cover 

As displayed in the transient water level plots in Appendix 2, groundwater elevations remain above 
the pump intake trigger elevation for each of the existing municipal wells.  With the exception of the 
Linden Well, water level declines from 1 – 2 m, while at Linden water levels fluctuate within a range 
of approximately 8 m outside of the well casing (i.e. the well shows a strong response to pumping 
and recharge).   

The modelled discrepancy in head at the Linden well when compared with the Notre Dame Well 
was noted in Peer Review meetings and was the focus of the model sensitivity analysis. 

For Scenario H(3), the simulated groundwater elevations suggest that the quantity of water 
removed from each Local Area would be sufficient to meet the existing demand. 

 
Modelled Scenarios – Summary Note 

 
These steady state and transient results presented herein represent updated estimates of the well 
screen elevations and pump intakes as surveyed by CGS staff for above ground infrastructure, and 
interpreted from well rehabilitation reports provided by CGS.  As such, simulated groundwater 
elevations that resulted in wells designated as under ‘significant’ stress in the Tier Two Study 
(2009), such as Michelle Well, have much increased freeboard in the Tier Three study.  This 
emphasizes the importance of accurate baseline information during the data collection phases and 
has greatly improved simulated water level estimates and interpretation of the Valley East aquifer. 

 

Uncertainty and Sensitivity Analysis 
 
Uncertainty and Sensitivity in the 3-Dimensional groundwater model was assessed primarily 
during calibration of the model, and additional sensitivity of transient parameters were 
investigated during the Tier Two process (Golder 2009).   

For the Tier Three exercise, uncertainty and sensitivity was primarily addressed through  

1) Re-investigation of the Linden and Notre Dame Wells.  During peer review meetings, it was 
noted that these wells behaved differently during transient scenarios, and ultimate 
drawdown was greater in the Linden Well than the Notre Dame Well, despite these wells 
being located within approximately  
1 km of one another. 

2)  Estimation of In-Well Losses. 
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Sensitivity Analysis – Linden and Notre Dame Wells 

 
The significance of this discrepancy was magnified once it was identified that the Linden Well 
would provide a trigger for assignment of a significant risk to the Valley East Local Area A.  As such, 
further investigation of these two wells was undertaken, with a number of discussions among 
technical team members following.   

Initially, a review of the conceptual model of each well’s placement in the model was completed, 
which included review of as-built construction logs, MECP Water Well Information System data, 
and well rehabilitation reports.  The following results were taken from this review: 

 The Linden Well was completed to a depth of approximately 28.0 metres below ground 
surface (mbgs), while Notre Dame Well was completed to 18.1 mbgs. 

 The Linden Well was screened over a 9.1 m interval in ‘medium to fine sand’ (over a range 
of 19.5 mbgs to 28.0 mbgs), while the Notre Dame Well was screened over approximately 
6.4 m in ‘sand with some gravel’ (over a range of 11.8 mbgs to 18.1 mbgs). 

This information was consistent with the placement of the wells within the groundwater model, 
where the Linden Well was placed in a layer deeper than the Notre Dame Well (see Appendix 2 for 
layer descriptions).  Based on the soil description and the calibration exercise, hydraulic 
conductivity was set at 15 m/day within the layer at the Linden Well, and at 45 m/day at the Notre 
Dame Well. 

In order to assess the significance of this estimated difference in hydraulic conductivity, the 
hydraulic conductivity was altered initially at Notre Dame Well to be consistent with the Linden 
Well (i.e. 15 m/day).  Subsequently the estimated hydraulic conductivity at the Linden Well was set 
to the Notre Dame Well hydraulic conductivity (i.e. 45 m/day).  Results of this sensitivity test, 
completed under Scenario D conditions are shown in Appendix 2. 

The drawdown plots display that the drawdown at Linden and Notre Dame Wells are sensitive to 
changes in hydraulic conductivity.  With these plots in mind, it is important to recognize that the 
calibration of the model has considered local changes in hydraulic conductivity in best matching 
observed water levels throughout the aquifer.  Additional aquifer testing at the Linden and Notre 
Dame locations would provide a better understanding of the aquifer material properties at each 
well. 

Actual transient water level elevations from inside the municipal wells (or from monitoring wells 
outside the municipal wells) will ultimately provide the best validation against the assumptions 
made during model calibration and simulation.  The lack of actual water level or groundwater table 
elevation remains the greatest uncertainty in the Valley East Local Areas. 

Given the rigorous sensitivity analyses carried out throughout the Valley East groundwater 
modeling program, the uncertainty for the current study can be considered ‘low’.  However, there 
are steps that can be taken to improve the current state of the aquifer resource, and these are 
expanded upon later in this chapter. 
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Sensitivity Analysis – In-Well Losses 

 
In-well losses were considered important additional data that could influence groundwater level 
interpretations, as they incorporate changes in water level that occur across a well screen.  As a 
result, water level inside a well casing may be lower than the water level in the surrounding aquifer 
formation; however the magnitude of this difference depends upon well construction, pumping rate 
and current well condition (e.g. mineral build up on well screens). 

A detailed methodology for calculating formation loss and in-well loss was provided by the MNR 
through S.S. Papadopulos and Associates, Inc. and is included in Appendix 2.  For the current Tier 
Three study, formation loss was estimated through the groundwater modelling exercise, but was 
recalculated here as well. In-well losses were calculated using post-rehabilitation pumping test 
information available from CGS well rehabilitation reports and pumping rates reflective of Scenario 
G(1) (i.e. existing plus committed plus planned pumping rates).  Results of this analysis are 
presented in Table 6.16. 

 
Table 6.16 - In-well loss analysis 

Well 
Pumping Rate 

(L/s) 
Formation Loss 

(m)
1
 

In-Well Loss (m)
1
 

Total Drawdown 
(m) 

Deschene (Well A) 11.2 1.3 0.2 1.5 

Kenneth (Well B) 11.7 1.8 0.1 1.9 

Phillipe (Well C) 13.4 1.5 0.001 1.5 

Frost (Well D) 13.4 1.6 0.04 1.6 

Notre Dame (Well E) 21.5 2.9 0.1 3.0 

Linden (Well F) 19.7 2.6 0.3 2.9 

Pharand (Well G) 7.16 0.9 0.01 0.9 

Michelle (Well H) 15.6 2.1 0.01 2.1 

I Well 12.1 3.6 1.2 4.9 

Well J 2.3 0.5 0.01 0.5 

Well M 15.3 3.0 0.2 3.3 

Chenier (Well Q) 24.0 4.0 0.1 4.1 

R Well  34.1 4.16 0.07 4.2 

Note: 
1
 Additional decimal places shown as required 

 
In most cases, in-well losses are at least an order of magnitude less than the formation losses for the 
utilized pumping rates, with the exception of ‘I’ Well.  This was interpreted as an indication that the 
aquifer drawdown provides a comparatively more important role in the total drawdown and that 
the Valley East Wells are considered efficient, or fall within the ‘properly designed and developed’ 
condition suggested by S.S. Papadopulos and Associates Ltd.  The exception is the ‘I’ Well, which 
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shows in-well loss equal to nearly one half of the formation loss.  This is consistent with the 
operators’ suggestions that ‘I’ Well has persistent drawdown problems and is not an efficient 
pumping well.   

In general these in-well losses would not likely further lower groundwater elevation to the pump 
intake given the results of the modelling Scenarios. Therefore, these results suggest that the key 
preliminary risk assessment designations would not be altered. 

 

Results Summary, Tolerance and Risk Assignment 

 
In the majority of cases, each of the delineated Local Areas was able to provide sufficient water to 
meet the allocated demand of each existing and planned municipal well.  For ten-year drought 
conditions and increased pumping rate (i.e. the existing plus committed plus planned rate), the 
Linden Well (located in Local Area A) was predicted to draw down to the pump intake and would 
not be able to supply its allocated demand. 

At the time of doing the risk assessment in 2010 and 2011, CGS well operators provided insight into 
earlier droughts where wells had difficulty in meeting demand for a period of several days.  This 
provided an indication of the actual tolerance of the system despite the indication from the results 
of Scenarios C and D that peak demand periods were being met.  As well, the model predictions are 
a reflection of the water level outside of the well casing (i.e. without in-well losses), and are 
therefore independent of physical well condition. As actual well condition and operations influence 
the capacity of each well to meet a short term peak demand period, and as operations staff had 
noted problems in supplying peak demand, the tolerance level for Scenarios C and D was 
designated as ‘low’ for Local Area A and Local Area B. No such concerns had been expressed for 
Well J and Well M, so the tolerance level was designated as ‘high’ for Local Area C. As part of this 
discussion, CGS staff had noted that the tolerance designation would change with the addition of the 
two new wells scheduled to be added to the system and with the construction of a new water 
storage tower.  The two new wells have since come on-line in February 2013 and staff has indicated 
that this has changed the designation to high.   

Other uses for the Valley East Local Area A were investigated for Scenarios G(1) and G(2) through 
baseflow reduction analysis.  A contributing tributary to the Whitson River (Tributary 11) was 
estimated to result in a baseflow decrease of greater than 20%, though this was not carried through 
to the Whitson River. Currently the data related to the characterization of the aquatic habitat, 
thermal regime and seasonal streamflow variation within Tributary 11 is unavailable. Due to the 
lack of data a risk level cannot be assigned. 

A risk level of ‘significant’ was presented for Local Area A for Scenario H(1) and Scenario H(2).  
Although the uncertainty analysis provided justification for a ‘low’ level of uncertainty, the greatest 
risk level assigned to a scenario must be assigned to each Local Area.  Therefore, the water quantity 
risk level assignment for Local Area A is ‘significant’.  The Local Area B and Local Area C water 
quantity risk level assignment is ‘low’. Table 6.17 provides a summary of scenarios and designated 
risk assignments.   
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Table 6.17 – Tier 3 water quantity risk assignment 

Scenario 
Municipal 
Demand 

Land 
Cover 

Triggers Tolerance Risk Assignment 

C (Long-
Term) 

Existing Existing Pump Intake 
Local Area A, B, 

C High 
Local Area A,B,C 

Low 

D (Drought) Existing Existing Pump Intake 
Local Area A,B,C 

High 
Local Area A,B,C 

Low 

G(1) (Long-
Term) 

Existing + 
Committed + 
Planned 

Future 
Pump Intake; 
Baseflow 
Reduction 

NA 
Local Area A,B,C 

Low 

G(2) (Long-
Term) 

Existing + 
Committed + 
Planned 

Existing 
Pump Intake; 
Baseflow 
Reduction 

NA 

Local Area A 
Not assigned 

Local Area B,C, 
Low 

G(3) Long-
Term 

Existing Future Pump Intake NA 
Local Area A,B,C 

Low 

H(1) 
(Drought) 

Existing + 
Committed + 
Planned 

Future Pump Intake NA 

Local Area A, 
Significant, based on 

Linden Well drawdown 
Local Area B,C 

Low 

H(2) 
(Drought) 

Existing + 
Committed + 
Planned 

Existing Pump Intake NA 

Local Area A, 
Significant, based on 

Linden Well drawdown 
Local Area B,C 

Low 

H(3) 
(Drought) 

Existing Future Pump Intake NA 
Local Area A,B,C 

Low 

 

 
Significant Groundwater Recharge Areas 
 
For the Tier Three analysis, Significant Groundwater Recharge Areas (SGRA) were reviewed in the 
context of earlier delineations (Golder 2009) and the area encompassed within each Local Area. 

In the delineated Local Areas, the average annual water surplus (total precipitation – evaporation 
and sublimation) was estimated to be 367 mm (see Table 6.9). A value of 202 mm (0.55 x 367 mm) 
was then calculated as the amount of water to be recharged on an annual basis to aquifers within 
the watershed based on previous analysis (Golder 2009).   

From the calibrated groundwater model, recharge zones were developed and mapped in the area of 
the municipal wells.  The threshold value of 202 mm was exceeded in the coarser overburden that 
dominates the western portion of the Local Area. Therefore, these sediments were designated as 
SGRAs in the delineated Local Areas (Map 6.6).  

 
Water Quantity Drinking Water Threats  

As per Part X.2 of the Technical Rules (2009), where a significant or moderate water quantity risk 
assessment is designated, a listing of activities that may be drinking water threats within the 
vulnerable area must be compiled.   Table 5 of the Technical Rules (2009) outlines the activities and 
circumstances relevant to drinking water quantity threats, and the section of the table relevant to 
the current Tier Three study is reproduced in Table 6.18.  Map 6.5 shows Local Area A where water 
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takings (WHPA-Q1 A) and recharge reduction (WHPA-Q2 A) are significant drinking water threats.  
There are no areas where moderate drinking water quantity threats occur because Local Area B 
(WHPA-Q1 B and WHPA-Q2 B) and Local Area C (WHPA-Q1 C and WHPA-Q2 C) were assigned low 
risks, so no water quantity threats would occur in these areas (Map 6.5). 
 
 
6.18 - Water quantity threats listing matrix 

Activity (Drinking 
Water Threat) 

Reference 
Number 

Circumstances 
Area where Activity is 
a Significant Drinking 

Water Threat 

Area where Activity 
is a Moderate 

Drinking Water 
Threat 

An activity that takes 
from an aquifer or a 
surface water body 
without returning the 
water taken to the 
same aquifer or 
surface water body 

2 

1. An existing taking, an 
increase to an 
existing taking or a 
new taking. 

2. The water is or would 
be taken from within 
a WHPA-Q1 

The local area from 
which the water is or 
would be taken if the 
area relates to one or 
more wells and it was 
assessed to have a risk 
level of significant in 
accordance with Part IX 

The local area from 
which the water is or 
would be taken if the 
area relates to one or 
more wells and it was 
assessed to have a 
risk level of moderate 
in accordance with 
Part IX 

An activity that 
reduces recharge to 
an aquifer.  

6 

1. An existing activity, 
a modified activity or 
a new activity. 

2. The activity is or 
would be wholly or 
partly located within 
a WHPA-Q2 

The local area from 
which the water is or 
would be taken if the 
area relates to one or 
more wells and it was 
assessed to have a risk 
level of significant in 
accordance with Part IX.  

The local area from 
which the water is or 
would be taken if the 
area relates to one or 
more wells and it was 
assessed to have a 
risk level of moderate 
in accordance with 
Part IX.  

Note: modified from Table 5, Technical Rules (2009) March 2011 

 
Within the delineated Local Area A, the majority of water removal from the aquifer comes from the 
municipal wells.  Therefore the wells themselves present the greatest threat, in terms of water 
quantity, to the Local Area.   

In addition to the municipal wells, there are a number of groundwater wells identified in the MECP 
WWIS records (Golder 2005) and the CGS recognizes that residents in Valley East and Capreol may 
have private sandpoint wells that supplement the municipal supply.  It is assumed that water from 
these wells is used on site and returns to the aquifer, and is therefore not a threat.   

Recharge reduction within the Valley East Local Area A comes from development. Neither current 
nor planned development triggered a significant risk in the Tier 3 analyses, but because a 
significant risk was assigned to Local Area A for water takings, then any development in the local 
area that reduces recharge is automatically considered as a significant threat. Run off from 
developed properties in Local Area A is transported mainly through ditches that discharge within 
the Local Area; therefore they do not reduce aquifer recharge, and are not significant threats. There 
is some stormwater infrastructure in the Local Area, but most of it discharges within the Local Area 
and recharges the aquifer. However, there is one municipal stormwater system that discharges 
outside of Local Area A and it has been enumerated as a recharge reduction threat.  There are 
approximately twenty identified future developments (as delineated by polygon) within Local Area 
A; if they materialize, they may or may not become significant threats depending on how 
stormwater is managed with respect to whether or not aquifer recharge is reduced. No future 
development is currently indicated for Local Area B or Local Area C.  
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In summary, the identified threats to drinking water quantity in the Valley Local Areas are limited 
to Local Area A and are as follows: 

1) Municipal Wells in Local Area A (ten). 

2) A municipal stormwater system that discharges outside of Local Area A (one). 

These threats are summarized in Table 6.19. 

 
Table 6.19 - Significant drinking water quantity threats for the Valley drinking water system

1
 

Description Local Area A 
Source Protection 

Area 
Municipality 

Municipal Water 
Takings 

10 10 10 

Non-Municipal 

Permitted
2 
Water 

Takings 

0 0 0 

Non-Municipal 

Non-Permitted Water 
Takings 

0 0 0 

Recharge Reduction 1 1 1 

Total 11 11 11 

1
 Local Areas B and C were excluded from this summary because they were assigned low risks, and therefore they 

do not have any significant threats 
2
 There were no identified non-municipal permitted water takings in the Local Areas at the time of the assessment 
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Future Water Quantity Work 

Through the ongoing source protection program and the previous Municipal Groundwater Study, 
improvements in understanding of groundwater transport and potential threats to groundwater 
quality have been made.  Continued co-operation among stakeholders in the safety of the quantity 
and quality of the Valley East municipal water supply is encouraged beyond the scope of these 
projects. 

Additional data that would improve future studies include: 

1) Updates of water level data throughout the watershed.  The NDCA Provincial Groundwater 
Quality Network Well in Hanmer is an excellent starting point that could be supplemented 
with quarterly or monthly monitoring of previously installed boreholes (for example, 
Waters 2002; 2004). 

2) Water level records for within the municipal wells, which would help to track changes in 
well performance and in-well losses.   

3) Monitoring wells installed in the vicinity of each municipal well.  Wells placed relatively 
close (10 m) from each well would indicate water level in the aquifer away from the 
influence of head loss in the pumping well.  In addition, these wells could indicate the 
necessity for well rehabilitation by providing a reference for aquifer water level against 
water level within the pumping well. 

4) Confirmation/investigation of the low-level lockout alarm elevations at each municipal well. 

5) Screening of aquatic habitat in the tributaries and municipal drains that resulted in 
substantial baseflow decreases. 

6) Additional investigation to reconcile hydraulic conductivity at the Linden and Notre Dame 
municipal wells. 
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Chapter 34 - Valley Water Quality Risk Assessment 
 
The following sections provide the results for the water quality risk assessment process for the 
Valley drinking water system.  

 

 

34.1 Wellhead Protection Areas and Vulnerability Scoring 
 

The wellhead protection areas were delineated according to Rules 47 to 50 and followed the 
methodology outlined in Chapter 2. The resulting vulnerable areas are illustrated in Maps 6.7 
through 6.15 for each well in the Valley drinking water system.  
 
Wells M and J are considered Groundwater Under the Direct Influence of surface water (GUDI) 
wells which requires the delineation of a WHPA-E (Rule 49). A WHPA-F was not delineated as no 
water quality issues are present at the well. To determine the 2 hour time of travel (WHPA-E) 
professional judgment was used. Use of the HEC-RAS model was deemed inappropriate for 
modeling flow in Greens Lake.  
 
The vulnerability scoring for the WHPA-E follows the same methodology for an IPZ-2 for a Type C 
intake. The source vulnerability factor was given a score of 0.8 (the score must range from 0.8 to 
1.0) due to the travel distance required within the subsurface. The area vulnerability factor was 
given a score of 7 (out of a range of 7-9) as land cover in the area is mostly forested and the distance 
and time water must travel to enter the well. The overall vulnerability score for WHPA-E is 5.6, or 
moderate. 
 
Vulnerability scoring for the wellhead protection areas followed Rules 82 through 85 and the 
methodology outlined in Chapter 2. Maps 6.16 to 6.24 illustrate the vulnerability scoring for the 
Valley drinking water system. 
 
 

Vulnerable Area Delineation Uncertainty 
 
Modeling groundwater flow is complex and requires good information and adequate data to be 
certain of the model results. Therefore, a degree of uncertainty is always present when using a 
model to interpret real world situations. In general, geological, hydrogeological and methodological 
factors contribute to the level of uncertainty within a model. Table 6.20 summarizes the uncertainty 
in these factors for the Valley drinking water system. For a detailed description of each factor, refer 
to Appendix 2, Technical Reports. 
 
The models for all of the municipal water supply wells are representations of the real world 
conditions using the best available information and best available appropriate model codes. The 
models are limited based on the quality and quantity of data used to construct and calibrate the 
models, the assumptions inherent in the modeling process, and the assumptions required for each 
specific model. The structure of the hydrostratigraphic units in the models are interpolated from 
available surficial and borehole geologic data. The accuracy and reliability of these data vary. 
Aquifer properties (hydraulic conductivity and porosity) are estimated from a limited number of 
hydraulic tests. Single values are extrapolated to represent entire hydrostratigraphic units. Real 
hydrostratigraphic units are inherently heterogeneous and may vary locally or have spatial trends 
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that are not accounted for with the modeled values. As a result, there is not a unique solution to the 
model construction and calibration process. The resulting wellhead protection areas must be 
viewed recognizing these limitations. 
 
A number of components of the modeling process have a moderate to high degree of uncertainty. 
The uncertainty in the WHPA-A and WHPA-B delineations is low. Generally, the uncertainty in 
delineating the WHPAs decreases closer to the wellhead as there is less compounding of errors. The 
overall uncertainty for the WHPA-C and WHPA-D was assessed to be high. 
 
 
Table 6.20 – Summary of wellhead protection area delineation uncertainty for the Valley system 

Geological Factors 

Depth to aquifer, thickness 
of overburden 

Sufficient data from MECP, MNDM, Vale and City of Greater 
Sudbury databases 

Soil and Rock 
characteristics 

Data entry estimations, reporting inconsistencies, averaging 
by assigning Geologic Survey of Canada codes, very few 
grain size analyses 

Hydrogeological 
Factors 

Hydraulic Parameters 
Big difference between calculated hydraulic conductivity and 
value assigned in the model, low density of data, no porosity 
data 

Hydraulic Head 
Measurements 

Questionable accuracy of values in WWIS, no data from 
some areas 

Recharge Recharge assigned according to top layer 

Boundary Conditions Rivers assigned constant head; no sensitivity analyses 

Methodological 
Factors 

Model Used for WHPA 
Delineation 

MODFLOW-SURFACT/MODPATH are industry standards. 
Only saturated zone flow considered. Natural attenuation not 
considered. 

Model Calibration and 
Sensitivity Analysis 

Calibrated hydraulic conductivity and recharge only; no 
sensitivity analyses 

Pump Rate Used for Model 
95th percentile of monthly pumping rate is considered a 
conservative estimate; shape of WHPA’s vary depending on 
pumping rates 

Capture Zone Delineation 
High uncertainty due to uncertainty in hydraulic conductivity, 
boundary conditions and pumping rates. 

 
Uncertainty Level 

 
         High Uncertainty                                         Moderate Uncertainty                                              Low Uncertainty 

 

 
 
Vulnerability Assessment Uncertainty  
 

The vulnerability scores are based on the Intrinsic Susceptibility Index (ISI) and the wellhead 
protection area (as explained in Chapter 2). Therefore, the uncertainty associated with each score is 
a function of these two variables. The uncertainty of the delineation of the wellhead protection 
areas has been described above. 
 
The ISI score is in part based on the presence or absence of an aquitard or confining layer above the 
aquifer. In the Valley contributing areas, there is no, or a very thin, aquitard and, therefore, the ISI 
score is highly vulnerable. There is a great amount of reliability in this information; therefore the 
uncertainty of this score is low. 
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34.2 Valley Drinking Water Quality Threats Activities  
 

The assessment of potential threats to drinking water quality followed Technical Rules (2009) 118 
to 125 and the methodology as outlined in Chapter 2. The list of prescribed drinking water threats 
is located in Table 1.7 in Part 1 of this report. 
 

 
Identification of areas where threats can occur  
 
The areas where a potential threat is or would be significant, moderate or low are illustrated on 
Maps 6.16 to 6.24. According to the Technical Rules (2009):  
 

 Areas with a vulnerability score of 8 or greater have the potential for a significant, moderate 
or low threat.  

 Areas with a vulnerability score of 6 or greater have the potential for a moderate or low 
threat to occur.  

 Areas with a vulnerability score of 4 or greater have the potential for a low threat to occur.  
 Areas with a vulnerability score of less than 4 cannot contain a drinking water threat. 

 
The MECP has established an online tool that incorporates the Provincial Table of Drinking Water 
Threats into an interactive mapping tool, accessible via http://swpip.ca/. With the address search 
function, this tool lets you identify what vulnerable area(s) a property is located in and what the 
vulnerability score is at that location. It also identifies a list of circumstances of all is or would be 
significant, moderate or low drinking water threats. For more detailed instructions on how to use 
the above mentioned website refer to Appendix 5. 

 
Managed Lands  
 

The storage, handling and application of agricultural source material, non-agricultural source 
material, pesticides and fertilizers can result in potential contamination of municipal water 
supplies. The methodology used to calculate percentage of managed lands in vulnerable areas is 
described in Chapter 2.  
 
The percentage of managed lands in the Valley wellhead protection areas was calculated as 
generally being less than 40%. There are small pockets of vulnerable areas where the managed land 
percentage is between 40 and 80%, and one WHPA-A where managed lands are greater than 80%. 
The results are illustrated on Map 6.25. 
 
Impervious Surfaces  

 
Impervious surfaces are measured as an indicator of the amount of area where road salt can be 
applied. The percentage of surface area within a vulnerable area which will not allow surface water 
or precipitation to be absorbed into the soil is measured. For wells M and J, approximately half of 
the wellhead protection area has impervious surface areas in the <1% range, and approximately 
half is in the 1-<8% range. The vulnerable areas surrounding the remaining Valley wells is a fairly 
even mix of the <1%; 1-<8%; and 8-<80%, however, the 1-<8% dominates, followed by 8-<80%, 
and lastly by the <1% range. The percentage of impervious area is illustrated on 6.26. The 
calculation of impervious surface led to the vulnerable area being designated as a moderate or low 

http://swpip.ca/
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threat for the application of road salt depending on the vulnerability score. The results are 
illustrated on Map 6.26.  
 
The methodology used to calculate percentage of impervious surfaces in vulnerable areas is 
described in Chapter 2. 
 

Livestock Density  
 
The calculation of livestock density is based on the calculation of nutrient units per acre of 
agricultural managed lands. The methodology used to calculate the livestock density in the 
vulnerable areas is described in Chapter 2. In spite of the Valley having the most agricultural land in 
the source protection area, the nutrients units per acre was less than 0.5 (low). The results are 
illustrated on Map 6.27.  
 
The combination of livestock density and managed land calculations assigns a threat rating for the 
application of commercial fertilizer to land and the application of agricultural source material to 
land. Table 6.22 illustrates that threat in the different wellhead protection areas.  
 
Enumeration of Threats  
 

Table 6.21 lists an estimate of the current number of significant drinking water threats in the Valley 
system in accordance with Rule 9 and the Drinking Water Threats Tables. Table 6.22 lists an 
estimate of the significant, moderate and low threats for the Valley system in accordance with the 
Drinking Water Threats Tables. 
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Table 6.21 – Significant drinking water quality threats in the Valley drinking water system 

Drinking Water Threat # of Occurrences 

Kenneth Well 

The establishment, operation or maintenance of a system that collects, stores, transmits, 
treats or disposes of sewage. 

10 

The establishment, operation or maintenance of a waste disposal site within the meaning of 
Part V of the Environmental Protection Act. 

1 

The handling and storage of fuel.  1 

Deschene Well 

The establishment, operation or maintenance of a system that collects, stores, transmits, 
treats or disposes of sewage. 

15 

The use of land as livestock grazing or pasturing land, an outdoor confinement area or a farm-
animal yard. 

3 

The storage of agricultural source material. 3 

The application of agricultural source material to land. 1 

The application of commercial fertilizer to land. 1 

Philippe Well 

The storage of snow. 1 

The handling and storage of fuel. 1 

The handling and storage of pesticide. 1 

The handling and storage of commercial fertilizer. 1 

The handling and storage of a dense non-aqueous phase liquid. 3 

Local threat: Transportation of hazardous substances along transportation corridors. 1 

Michelle Well 

The establishment, operation or maintenance of a system that collects, stores, transmits, 
treats or disposes of sewage. 

1 

Local threat: Transportation of hazardous substances along transportation corridors. 1 

Pharand Well 

The handling and storage of a dense non-aqueous phase liquid. 1 

Notre Dame Well 

The establishment, operation or maintenance of a system that collects, stores, transmits, 
treats or disposes of sewage. 

4 

The use of land as livestock grazing or pasturing land, an outdoor confinement area or a farm-
animal yard. 

1 

The storage of agricultural source material. 1 

Linden Well 

The storage of snow. 1 

The establishment, operation or maintenance of a system that collects, stores, transmits, 
treats or disposes of sewage. 

4 

The use of land as livestock grazing or pasturing land, an outdoor confinement area or a farm-
animal yard. 

1 

The storage of agricultural source material. 1 

“R” Well 

The use of land as livestock grazing or pasturing land, an outdoor confinement area or a farm-
animal yard. 

1 

The storage of agricultural source material. 1 
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Table 6.22 - Drinking water quality threats for the Valley drinking water system 

Drinking Water Threat Category 

Number of Occurrences with 
Threat Classification 

Significant Moderate Low 

WHPA A & B - Areas with a vulnerability score of 10 

The establishment, operation or maintenance of a waste disposal site within 
the meaning of Part V of the Environmental Protection Act. 

1   

The establishment, operation or maintenance of a system that collects, 
stores, transmits, treats or disposes of sewage. 

34  2 

The application of agricultural source material to land. 1 5  

The storage of agricultural source material. 6   

The application of commercial fertilizer to land. 1 11  

The handling and storage of commercial fertilizer. 1   

The handling and storage of pesticide. 1   

The application of road salt.  12  

The storage of snow. 2   

The handling and storage of fuel. 2 10  

The handling and storage of a dense non-aqueous phase liquid. 1   

The handling and storage of an organic solvent.  1  

The use of land as livestock grazing or pasturing land, an outdoor 
confinement area or a farm-animal yard. O. Reg. 385/08, s. 3. 

6   

Local threat: Transportation of hazardous substances along transportation 
corridors. 

2 1  

WHPA-C - Areas with a vulnerability score of 8 

The establishment, operation or maintenance of a system that collects, 
stores, transmits, treats or disposes of sewage. 

 22 2 

The application of agricultural source material to land.   3 

The storage of agricultural source material.  3  

The application of commercial fertilizer to land.   9 

The handling and storage of commercial fertilizer.   2 

The handling and storage of pesticide.   2 

The application of road salt.  5 4 

The handling and storage of fuel.  4  

The handling and storage of a dense non-aqueous phase liquid. 3   

The handling and storage of an organic solvent.   3 
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The use of land as livestock grazing or pasturing land, an outdoor 
confinement area or a farm-animal yard. O. Reg. 385/08, s. 3. 

 
3 

 

Local threat: Transportation of hazardous substances along transportation 
corridors. 

 
4 

 

WHPA-D – Areas with a vulnerability score of 6 

The establishment, operation or maintenance of a system that collects, 
stores, transmits, treats or disposes of sewage. 

  
62 

The storage of agricultural source material. 
  

3 

The application of agricultural source material to land. 
  

1 

The application of commercial fertilizer to land. 
  

1 

The application of road salt. 
  

2 

The handling and storage of road salt. 
  

1 

The handling and storage of fuel. 
  

2 

The handling and storage of a dense non-aqueous phase liquid. 
  

1 

The handling and storage of an organic solvent. 
  

1 

The use of land as livestock grazing or pasturing land, an outdoor 
confinement area or a farm-animal yard. O. Reg. 385/08, s. 3. 

  
3 

 
 

34.3 Valley Drinking Water Threats Conditions  
 

A drinking water condition is a situation that results from a past activity and meets the criteria laid 
out in Chapter 2. For a more detailed review of the methodology for identifying drinking water 
conditions, please refer to Part 1, Chapter 2.  
 
The areas where a significant, moderate or low condition could exist are the same areas where a 
potential threat could occur. For an illustration, please see Map 6.16 through 6.24.  
 
Currently, there are no known conditions located within the Valley vulnerable areas. 

 
 
34.4 Valley Drinking Water Quality Issues  
 

Drinking water quality issues were assessed based on the methodology outlined in Chapter 2 and 
Rules 114 and 115.  
 
Elevated levels of sodium are present in a number of wells throughout the period of record. 
Currently, there is insufficient data to determine if there is a significant increasing trend. 
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Chapter 35 - Data Gaps 

 
The analyses for this drinking water system were carried out using the best data available to meet 
the assessment report requirements. Completing scientific assessments on the quality and quantity 
of water undoubtedly raises a number of questions and uncertainties regarding the methodologies 
used, availability of data, reliability of data, and overall outcome. As new information arises, either 
from increased or continuous monitoring, improved models, or a change in methodology, the 
results from this report will have to be updated to reflect the additional information. 
 
The assessment report is a constantly evolving document as new information becomes available 
and refinements in approaches are made. Changes in land use will also impact the identification of 
potential threats to water quality and quantity. Data gaps to be filled include data to determine 
significant water quality issues and increasing trends. 

 


