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I am pleased to provide the following preliminary hydrogeological investigation results in 
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1.0 Introduction 
 

1.1 Background  
 

It is proposed to construct a nine floor condominium complex on existing properties on the south 

side of Dunlop Street West. The property includes four (4) existing single residence lots on the 

south side of Dunlop Street West and three (3) single residential lots north of Perry Street. The 

property is shown on Figure 1.  The location of the existing on-site boreholes and one monitoring 

well completed by Alston Associates (2016) are also shown on Figure 1. 

 
As part of the development application for site plan approval, supporting studies have been 

requested by the City of Barrie. This includes a geotechnical/hydrogeological investigation 

report which must address groundwater levels and any impact those levels may have on the 

proposed development. The report will further confirm that the proposed development will not 

impact any proposed wells within a 300m radius of the subject property` (City of Barrie, 

Engineering Department Memorandum, by Nadine Rush, September 14, 2016).  

 

The Lake Simcoe Protection Plan Policy 4.6 DP requires that pre-development recharge is 

maintained for any major development that exceeds 500m
2
. The proposed condominium 

development will have a building footprint area of 1229.53 m
2
 . Therefore the Lake Simcoe 

Protection Plan Policy 4.8 DP will apply. This is addressed with the completion of a water 

balance for the proposed development with conclusions and recommendations for design, 

construction, and maintenance practices to maintain pre-development recharge.   

 

1.2 Local and Site Description 
 

The subject property includes an area of 6930m
2
. It is located on the south side of Dunlop Street 

West east of Boys Street South.  Most of the property is vacant. It previously contained four 

individual properties fronting onto Dunlop Street West. Three of the four residential buildings 

have been removed at 233, 237 and 241 Dunlop Street West.   These three properties were the 

focus of a geotechnical investigation by Alston Associates (2017) and a Phase 2 Environmental 

Site Assessment by Trinity Consultants.  A residential building remains on 245 Dunlop Street 

West. The back half of the property includes three lots which include the wooded valley sides 

and bottom of Bunkers Creek. The adjacent properties along Dunlop Street west consist of a 

single family residential building to the east and a small commercial building to the west at the 

corner of Boys Street South and Dunlop Street West.  

              

 The property is serviced by municipal sewer and water services. It is located within a 

Well Head Protection Area for the municipal wells of the City of Barrie and is also located 

within an area of high Aquifer Vulnerability.  A Tier Three Water Budget and Local Area Risk 

Assessment have been completed by Aqua Resource (2013) in support of the Source Water 

Protection Plan for the source protection area including the City of Barrie. The Tier Three Water 

Budget and Risk Assessment have identified sodium and chloride as an issue for an area 

including the property. The wellhead protection areas and groundwater vulnerability issues are 

identified in Schedule G of the City of Barrie Official Plan as shown on Figure 2.  



Preliminary Hydrogeological Investigation

20 m

Figure 1

     January 2018

Norbert M. Woerns
      98 Myles Drive 
    Tobemory, Ontario
           N0H 2R0
    Ph: (519) 596-2967

Norbert M. Woerns
      98 Myles Drive 
    Tobemory, Ontario
           N0H 2R0
    Ph: (519) 596-2967

NN

2

     231,237,241,245 Dunlop Street Location Map 

Property
Boundary

(Image from Google Maos, January, 2018)

-  Borehole Locations
(Alston Associates, 2017)

- Monitoring Well Locations
(Alston Associates, 2017)

Dunlop St
reet W

e
ts

 

 

Pe
rry

Str
eet

Bo
s 

tre
 S.

y
S

e
t

BH 1

MW4

MW4

BH7

BH6

BH5

BH3

BH2

BH1



Dunlop St Preliminary Hydrogeological Investigation Figure 2

January 2018

                Norbert M. Woerns
   98 Myles Dr., Tobermory, Ontario N0H 2R0
Ph: (519) 596-2967; email: nwoerns@eastlink.ca

N

Subject Property

( modified from City of Barrie Official Plan, 2017)

3



Norbert M. Woerns, P.Geo. 

 

Dunlop Street West, Preliminary Hydrogeological Investigation, January, 2018 

4 

 

  

 

2.0 Study Objectives   
 

The proposed residential condominium development exceeds 500 m
2 

for ground floor area 

which constitutes a ‘major development’.   The Lake Simcoe Protection Plan policy 4.8-DP 

requires that an application for major development be accompanied by a stormwater 

management plan that demonstrates:   

 

‘through an evaluation of anticipated changes in the water balance between pre-development 

and post-development, how such changes shall be minimized’ 

 

The objectives of this preliminary hydrogeological investigation are: 

 

1) Identify the potential for impact of the proposed development on the local groundwater 

resources from both an quantity and quality perspective,  

2) Provide recommendations for minimizing impact on the groundwater system and wells 

within 300m of the subject property, and 

3) Quantify the potential changes in groundwater recharge from the proposed development 

compared to pre-development conditions and provide conclusions and recommendations for 

minimizing the reduction in groundwater recharge.  

 

 

3.0 Study Results  
 

3.1 Physical Setting 

 
As noted above the subject property is located on the south side of Dunlop Street West east of 

Boys Street South.  It lies within a sand plain within the Simcoe Lowlands physiographic region 

as defined by Chapman and Putnam (1984).  The topography of the site is relatively flat in the 

northern portion of the property and slopes steeply toward Bunkers Creek at the southern end of 

the property.  Surface drainage is generally to the south toward Bunkers Creek which drains into 

Lake Simcoe.  Surface elevations range from about 228 mASL in the northern portion of the 

property to about 222 mASL along Bunkers Creek in the southern portion of the property.  The 

area near Dunlop Street was previously occupied by single family residential buildings. Three 

residential buildings have been removed and the site has been leveled in this area. One 

residential building at 245 Dunlop Street West still remained on-site during a reconnaissance site 

visit January 10th, 2018.  The back portion of the property is wooded adjacent to Bunkers Creek. 
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3.2 Surficial Geology 
 

The surficial geology of the area has been mapped on a regional basis by the Ontario Geological 

Survey (Barnett, 1997) as shown on Figure 3. The mapped surficial deposits on the subject 

property consist of fine to medium grained sand of glacial lacustrine origin.  Boreholes 

completed for the Phase 2 and Geotechnical investigations encountered silty sand to sand to the 

bottom of the boreholes to depths of about 9.6m.  Locally the sand is overlain by sandy fill 

materials up to about 1.5m deep.  Borehole logs from the geotechnical report by Alston 

Associates Ltd (2017) report are included in Appendix A.  

 

3.3 Bedrock Geology 
 

The underlying bedrock is buried under great thickness of overburden materials.  Local wells 

have been drilled up to depths of over 122 m (400ft) without encountering bedrock.  No bedrock 

has been encountered in any local well records which indicate that the bedrock surface occurs at 

depths in excess of 122m. Regional bedrock mapping indicate that the underlying bedrock is 

interpreted to consist of the limestone, dolostone, shale , arkose, and sandstone of the Ottawa 

Group, Simcoe Group, and Shadow Lake Formation of middle Ordovician age. (Ontario 

Geological Survey, Map 2544 - 1991).   

 

3.4 Hydrogeological Setting 
 

The hydrogeological setting of the vicinity of the subject property has been investigated using 

available geological mapping and Ministry of the Environment and Climate Change (MOECC) 

water well records.  MOECC well records were plotted within 300m of the property.  Locations 

have been plotted as shown on Figure 4. Selected well records are provided in Appendix B. 

Subsurface conditions are shown on hydrogeological cross – section Figure 5 that is taken from 

the Tier Three Water Budget and Local Area Risk Assessment  (AquaResource, 2013).  The 

following description of the hydrostratigraphic units in the vicinity of the subject property is 

taken from this reference. 

 

There are four major water producing or aquifer zones beneath the city of Barrie.  These are 

shown on Figure 4 as A1, A2, A3, and A4 in order of increasing depth.  These zones are 

separated by non-water producing zones or aquitards identified as C1, C2, C3, and C4.   

The three closest municipal wells to the subject property are wells 3A, 4, and 5.  Municipal Well 

4 is closest to the property located about 200m east and south of the property. This well was 

reported to be off-line in the Aqua Resources (2013) City of Barrie Tier Three Water Budget and 

Local Risk Assessment (Table 3.1).  Local well records No. 7164608 shows that Municipal Well 

No. 4 was decommissioned in 2011. Well Record No. 7151274 suggests that a replacement well 

for Municipal Well 4 was constructed in 2010.  Municipal wells closest to the subject property, 

Wells 3A and 4 obtain water supplies from aquifers A3 and A4 at depths in the order of 40 to 

100m from surface. The top of the well screens in these two municipal wells are at 96.4m and 

44.0 m respectively.  The top of the aquifer is 62.4m and 41.6 m from surface in municipal wells 

3A and 4 respectively.  Two over lying aquitards C1 and C2 provide protective layers over  
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these aquifers. The shallow aquifer, A1 underlying the property does not appear to be used by 

local wells. Aquifer A1 is an unconfined aquifer and is therefore susceptible to contamination.  

 

The groundwater table was measured at 4.4m below surface in monitoring well MW4 on March 

25, 2017.  Caving of the soil at about 3.5m below surface was observed within boreholes BH1, 

BH2, and BH3 suggesting the groundwater table was at or below this level within these 

boreholes. These boreholes were completed to depths of between 8.2m and 9.6m from surface. 

Boreholes BH5, BH6, and BH7 were dry upon completion with no caving of the soil. These 

boreholes were completed to depths of about 2.1m. This information indicates that the 

groundwater table on the property lies between 3.5 and 4.4m below surface.  

 

All wells within the area have been completed within and obtain water supplies from granular 

layers or zones within the overburden materials. These are described in more detail in Section 

4.1 below.  

 

Static water levels recorded in well records for most wells vary, between about 1.5m to about 

10m.  Static water levels in the nearest Municipal wells 3A, 4 and 5 are reported to be 7.8m, 

8.0m 11.2m respectively (AquaResource, 2010, Appendix D).   These represent water levels in 

the deeper aquifer A4 for wells 3A and 5, and aquifer A3 for well 4. These aquifers occur at 

depths in excess of 60m for municipal wells 3 and 5. Well 4 is completed into the shallower 

aquifer A3 which occurs below a depth of about 41 m.  The groundwater table in the shallow 

aquifer A1 below the subject property has been observed at 4.4m in monitoring well MW4 as 

noted above. This suggests a slight downward hydraulic gradient from the shallow to the deeper 

system.  The regional groundwater flow direction within the City of Barrie is generally toward 

Lake Simcoe as indicated in Figure 3.1.24 of the South Georgian Bay Lake Simcoe Source 

Protection Region, Approved Assessment Report, Chapter 3.   

  

4.0 Groundwater Vulnerability   
 

The City of Barrie Official Plan (March 2017) indicates that the subject property lies within the 

25 year Capture Zone (WHPA-D Well Head Protection Area of the City of Barrie municipal well 

field. It is also located within the Issue Contributing Area Well 11, 12, and 14, Chloride and 

Sodium as shown on Schedule G of the City of Barrie Official Plan as shown on Figure 2 above.  

The nearest municipal wells are Well 4, about 200 m southwest of the property boundary and 

Well 3A located about 500m south of the property as shown on Figure 4. 

 

There are a number of MOECC well records within 300m of the property. Most of these are 

related to the municipal well field as test wells or observation wells and  wells related to previous 

dewatering  activities within the area. Most of the latter were installed for short term dewatering 

activities on behalf of sewer and water infrastructure for the City of Barrie. These were typically 

shallow wells of about 6m or les in depth and have been decommissioned.  The original 

Municipal Well 4 was decommissioned June 16, 2011 (MOECC Well No. 7164608) and was 

replaced by Well Record No. 7151274 August 10, 2010. 
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4.1 Well Interference Potential 
 

The proposed development consists of a multiple story residential condominium development 

with some street level retail commercial space.  The exact depth of excavation has not yet been 

established.  The development concept shows no underground parking. Therefore the depth of 

excavation is anticipated to be limited and expected to be within a few metres of surface. This 

will need to be confirmed through a detailed geotechnical study for detailed design purposes. 

The anticipated impact to local groundwater resources may need to be reevaluated subject to 

confirmation of the depth of excavation.       

 

The majority of wells in the vicinity of the proposed development were completed on behalf of 

the City of Barrie and are related to the municipal well field or to dewatering projects.  Two well 

records Well No. 5700238, completed in 1953, and Well No. 5700279 completed in 1964 appear 

to be private wells. Most of the information on Well Record No. 5700238 is faded and difficult 

to see.  This well appears to be completed to a depth in excess of 30m with a static water level of 

0.9m     It is located about 300m to the northeast of the subject property on Eccles Street. Well 

Record No. 5700278 is located on Vespra Street about 250 m south of the property.  It is 

completed to a depth of 25.6 m.  Given the age of these wells and the fact that the area is 

municipally serviced with sewer and water services, it is anticipated that these wells are most 

likely no longer used as a source of water.  This was confirmed in the Peto MacCallum 

Hydrogeoloogical Site Investigation (2007) which includes a survey of MOE Well Records 

within 500m of a proposed sewer upgrade along Boyes Street and followed up by a door to door 

well survey.  

 

The subject of the hydrogeological site assessment completed by Peto MaCallum Ltd. in 2007 

was storm sewer up-grades along Boys Street between Henry Street and Bunkers Creek.  The 

storm sewer upgrades were located to within about 50m west of the property.  A pumping test 

was conducted to assess the dewatering requirements for the storm sewer upgrade construction in 

support of a Permit-To-Take-Water. The storm sewer installation was three to five metres below 

surface and up to about two meters below groundwater table. Lowering of the groundwater table 

was recommended to about one meter below the bottom of the storm sewer excavation to 

maintain dry working conditions. Groundwater lowering of between 0.5m to 2.9m was 

anticipated. The results of the hydrogeological analysis estimated the zone of dewatering 

influence to extend 21 to 50m on either side of the sewer trench excavation.   No groundwater 

level fluctuations were observed in monitoring wells MW1, MW3 or the nearby municipal well 

during the two days of pumping during the pumping test.  

 

The anticipated level of potential groundwater lowering for construction of the proposed 

condominium development is comparable to that of the storm sewer upgrades.  Groundwater 

lowering of the shallow water table is therefore anticipated to be localized within close proximity 

of the building excavation. No impacts are anticipated on the deep municipal wells and the deep 

municipal aquifers.  Detailed hydrogeological analysis may be required to confirm the amount of 

dewatering required for purposes of construction design and for obtaining a Permit-To-Take-

Water if applicable.  
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4.2 Groundwater Quality 
 

The nearest municipal wells are protected from surface contamination due to the depth of the 

deep aquifers which are in excess of 40 m from surface, and the presence of overlying aquitards, 

C1 and C2 as illustrated in the regional Cross–Section, Figure 5. 

 

The proposed residential condominium development with ground floor commercial retail space 

is not anticipated to represent a significant threat to groundwater quality.  This type of 

development does not constitute a potential water quality threat under the Clean Water Act. The 

property lies within a sodium and chloride groundwater issue to the underlying aquifers. The 

storage, management and application of deicing material should be controlled and minimized. 

On-site storage of deicing salts should be minimized or eliminated if possible.  The City of 

Barrie Official Plan (2017) Policy 3.5.2.3.5.1b. i)  states that ‘ Development, site alteration and 

proposed lands uses that involve the storage or manufacture of pathogens, chemicals or dense 

aqueous phase liquids shall be prohibited in vulnerable areas identified on Schedule G, where 

they would constitute a significant risk.’   It is not anticipated that the above described land uses 

will be associated with the proposed development. 

 

The Phase II Environmental Site Assessment completed by Trinity Consultants Ontario Inc. 

(Trinity) completed chemical testing of on-site soil and groundwater samples.  Based upon the 

soil and groundwater analytical results, Trinity concluded that, ‘there does not appear to be 

environmental concern at the Site.  Shallow impacted soil at BH5 is anticipated to be localized 

and easily managed during development.’ (Trinity Consultants Ontario Inc. 2017, page, 8). 

Construction activities on the subject property are therefore not considered to represent a threat 

to groundwater quality. 

 

Transportation pathways have been identified in the vicinity of the subject property as shown on 

Schedule G of the Official Plan, Figure 2, above. These are considered to be anthropogenic in 

origin including private wells, unused wells, abandoned wells, construction of underground 

services, subsurface excavations, and pits and quarries. These features are thought to contribute 

to increasing groundwater and aquifer vulnerability. Details of these features and their 

identification is provided in Chapter 8 of the Lake Simcoe and Couchiching-Black River Source 

Protection Area, Part 1, Approved Assessment Report (2015) and in Golder 2010.  The nearest 

transportation pathway to the property is located about 200m to the southwest at the City of 

Barrie Municipal Well No. 4. Apart from the on-site monitoring well, there are no known 

preciously constructed wells on the subject property. The proposed development is not 

considered to be a source of contamination or threat to the underlying aquifers via the nearby 

transportation pathways. 
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5.0 Water Balance Analysis 
 

5.1 Methodology 
  
The potential for impact of the proposed development on groundwater recharge has been 

assessed using a water balance analysis. A pre- and post-development water balance analysis was 

completed using climatic data obtained from Environment Canada, Meteorological Service of 

Canada for the nearest climate station with the longest period of record. This analysis used 

climatic data from the Barrie WPCC Climate Station with data for the years 1973 to 2017 and is 

based upon Thornthwaite’s soil moisture approach.  Soil moisture retention from 75 mm/yr for 

shallow rooted plants (lawns) in a sandy soil to 250 mm/yr for forested areas in a sandy soil were 

used in the pre-development water balance analysis.  Monthly climatic water balance summaries 

for the different soil moistures used in the water balance analysis are presented in Appendix C.   

 

 

 

5.2 Pre- and Post -Development Conditions  
 

The subject property consists mostly of an open area containing grasses and meadow plants 

closest to Dunlop Street West. The back portion of the property is covered with a regenerating 

forest that covers the valley slopes extending to the edge of Bunkers creek and associated 

wetland areas.  Bunkers Creek occupies a flat bottomed creek valley and drains in an easterly   

direction into Lake Simcoe.  The bottom of the creek valley includes Bunkers Creek as well as 

associated wetland areas. An existing residential building occupies the western edge of the 

property at 245 Dunlop St West. 

 

For water balance purposes pre-development conditions are considered to be typical residential 

development even though three residential buildings have been removed.  Open areas adjacent to 

the residential buildings are assumed to be manicured lawns with shallow rooted plants.  An area 

of old field meadow plants is assumed to exist in the back lots adjacent the forest areas.  These 

are considered to be medium rooted plant communities for purposes of the water balance 

analysis. The forested areas have deep rooted plants for purposes of the water balance. The post-

development open areas include manicured areas around the proposed building and around the 

parking areas. The areas of old field meadow plants will be replaced with parking facilities and  

forest areas will be encroached upon. It is assumed that there will be a about a five (5) meter 

buffer of existing trees between the proposed development and the top of bank.  Setbacks for 

development are subject to LSRCA requirements and approval.  No information has been 

provided in regard to natural heritage features on the subject property and setback requirements 

from these features.  The City of Barrie Official Plan Schedule F indicates that a 30m buffer is 

required from the edge of Bunkers Creek.   It is assumed that the proposed development plan has 

incorporated the required setbacks.  
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A summary of the climatic water balance for various site conditions is provided in Table 1 below 

and summarized in Appendix C.  This table shows average conditions from the meteorological 

data.   

 

 The mean annual precipitation of 940 mm/yr is used to estimate long term changes to the water 

balance from the proposed development. The total annual surplus is the amount of water 

available after evapotranspiration (ET) has occurred.  Evapotranspiration, the largest component 

of the water balance, increases with increasing depth of plant roots and represents between 57% 

to 64% of total precipitation.  Of the remaining surplus water, between 45% and 60% will 

infiltrate in pervious areas and the remainder will runoff.     

                  

                     Table 1.        Climatic Water Balance Summary  

                                    Barrie WPCC  (1973 – 2017) 

 

 

   Note : Data from Meteorological Service of Canada, 2018 

   ET – Evapotranspiration 

*- Evaporation data from Bowmanville representative of open water   

                          Numbers rounded off   

 

The potential evapotranspiration is the amount of evapotranspiration that could take place if 

there was sufficient precipitation available during the drier summer months.  Potential 

evapotranspiration becomes relevant where runoff from impervious surfaces is directed to 

pervious areas under post-development conditions as discussed below.  Pan evaporation data 

from Bowmansville was obtained for the wetland features on the property.  

 

5.3 Infiltration Factors 
 

The partitioning of the water surplus between runoff and infiltration depends upon soil type, 

topography and cover type. Water infiltrates relatively easily through sands compared to clay. 

Flatter slopes tend to promote infiltration over steeper slopes. Naturally vegetated areas such as 

trees and mature shrubs with deep roots promote infiltration to a slightly higher degree over 

shorter rooted plants such as in cultivated areas and turf grass.   

 

Infiltration factors were calculated according to a method cited in MOEE (1995), and MOE 

(2003). Infiltration factors were calculated by summing individual sub-factors representative of 

the topography, soil type, and cover conditions and are summarized in Table 2 below.  

 

Most of the property is relatively flat with moderate slopes along the creek valley walls. The 

property slopes is a southerly direction toward Bunkers Creek.  The majority of the property has 

 

Cover Type 

Soil Moisture 

mm/yr 

Precipitation 

(mm/yr) 

Potential ET 

(mm/yr) 

Actual ET 

(mm/yr) 

Surplus 

(mm/yr) 

Lawn areas  75 940 606 538 402 

Fields//shrubs 150 940 606 580 360 

Forest 250 940 606 600 340 

Wetland   940 746* 746* 102 
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a topographic infiltration sub-factor of 0.25 for relatively flat land.  The sloping valley walls will 

have a topographic infiltration sub-factor of 0.15.    

 

The predominant silty sand soil will provide an infiltration sub-factor of 0.3.  The hydraulic 

conductivity of silty sand soil is estimated from grain size analysis (Alston, 2017) to be in the 

range of 1.0 E-02 to 1.0 E-03 cm/s.  This is consistent with Freeze and Cherry, 1979, Table 2-2 

p.29. The equivalent soil percolation rate for the predominant silty sand soil type ( soil 

classification SP) is estimated to be in the range of 75 to 300 mm/hr (2 to 8 min/cm) for the 

sandy silt soil as per Supplementary Guide SG-6 of the Ontario Building Code 1997 (Appendix 

D).  Infiltration trenches and pervious pipe infiltration systems require a minimum percolation 

rate of 15mm/hr (MOE, 2003).  The silty sand surficial soil types are considered to be well suited 

for infiltration trenches and pervious pipe infiltration systems.  These conditions are typical of 

most of the property.  Site specific soil testing will be required to confirm suitability for and 

design of infiltration trenches and pervious pipe infiltration systems.     

 

Landscaped areas and lawns are expected to experience compaction of the soil due to heavy 

equipment movement.  This may reduce the infiltration capability of the surficial soil.  Over time 

weathering processes and the action of roots from vegetation may restore the pre-development 

conditions.  As a conservative measure, a slightly lower infiltration sub-factor for the soil 

component of 0.15 has been selected to account for the reduced infiltration capacity for 

manicured lawns under post-development conditions.  The change in cover type from fields to 

manicured lawns will result in an increase in runoff and a reduced infiltration cover type sub-

factor from 0.30 for fields to 0.25 for manicured lawns.  The sum of the post-development 

infiltration sub-factors for manicured lawns is 0.55 under post-development conditions.  This 

incorporates the impacts of soil compaction and the change in cover materials from cultivated 

field to manicured lawns.  The forest areas remain unchanged for the most part with minor 

alteration and are modeled to have an infiltration factor of 0.75 for flat areas to 0.65 for sloped 

areas along the creek valley walls.  Infiltration factors for various cover types, soil conditions, 

and slope conditions are summarized below in Table 2. 

 

Table 2.   Average Infiltration Factors 

 

  Sub Factors Infiltration  

 Cover Type Topography Soil (silty sand) Cover Factor 

Meadow/ field 0.25 0.3 0.1 0.65 

Forest (flat areas) 0.25 0.3 0.2 0.75 

Forest (sloped areas) 0.15 0.3 0.2 0.65 

Manicured Lawns 0.25 0.25* 0.05 0.55 

      

                   *  Represents Compaction under Post Development Conditions 
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 5.4 Post-development Water Balance 
 

 The distribution of water under post-development conditions was modeled for the proposed 

development within the subject property.  Areas of various land uses were identified and 

measured by ISM Architects (Figure 6).  Post-development conditions were compared to pre-

development conditions specifically with respect to changes in infiltration, runoff, 

evapotranspiration and evaporation. The water balance analysis also addresses measures that will 

promote infiltration and maintenance of groundwater recharge under post-development 

conditions.   The results of this analysis are provided in Appendix E. 

 

5.4.1 Proposed Land Uses 

The proposed development includes a multi-storey condominium residence with associated 

parkway and landscaped areas.  The existing forest will remain unchanged for the most part with  

a minor reduction in area and the field/meadow will be replaced with parking areas.  The existing 

residence at 245 Dunlop St. West will be removed and will become part of the parking areas. 

About 70m
2
 will be removed from the property for road widening purposes. 

 

5.4.2 Water Movement from Impervious Surfaces 
The change in land use with the proposed development will result in the creation of additional 

impervious surfaces including building roof and outdoor parking areas.  This will affect the 

water balance by redistributing the infiltration, runoff and evapotranspiration.  The runoff will 

increase while the infiltration and evapotranspiration will decrease.  In order to account for the 

movement of water on the property under post-development conditions, it is necessary to 

consider whether storm water is directed to surface drainage features through pipes or confined 

channels or over pervious areas prior to discharge to surface drainage features.  The latter may 

include passive facilities such as grassed swales or gently sloped lawn areas and/or active 

infiltration systems such as infiltration trenches or swales designed specifically for infiltration. 

Due to the sensitive hydrogeological nature of the area, passive runoff from roads and parking 

areas should be carefully managed so to minimize road salt contamination of the groundwater 

system. Mitigation measures should be part of the storm water management system for the 

property. 

 

Within pervious areas it is assumed that the surplus water will either runoff or infiltrate 

according to the appropriate infiltration factors. Runoff from pervious surfaces resulting from 

large storm events will be controlled though a storm water management system prior to 

discharging into local drainage ditches or streams.  Impervious surfaces such as parking areas, 

roadways, and driveways are typically connected to or drain directly into a storm water 

management system.  Low Impact Development (LID) measures such as grassed swales, 

vegetated filter strips, and infiltration trenches are normally considered where there are no 

concerns with respect to groundwater quality protection.  The property lies within a vulnerable 

wellhead protection areas with water quality issues as identified in Schedule G of the City of 

Barrie Official Plan (Figure 2).  Infiltration of parking lot runoff should be managed to reduce or 

eliminate road salt contamination of surface runoff prior to infiltrating this water.  



Figure 6

January 2018

Norbert M. Woerns
      98 Myles Drive
   Tobermory, Ontario
             N0H 2R0
      Ph: (519) 598-2967

Norbert M. Woerns
      98 Myles Drive
   Tobermory, Ontario
             N0H 2R0
      Ph: (519) 598-2967

(from ISM Architects, January 2018)

16

233,237,243,245
   Dunlop Street
       Site Plan 

(not to scale)



Norbert M. Woerns, P.Geo. 

 

Dunlop Street West, Preliminary Hydrogeological Investigation, January, 2018 

17 

 

  

 

The surplus water for both pervious and impervious surfaces is partitioned for the various land 

uses and cover types in the post-development water balance.  Paved surfaces such as driveways , 

walkways, and parking area shed water relatively rapidly.  These are relatively flat surfaces with 

very gentle slopes.  A runoff factor of 0.85 is used for these areas to account for minor 

depression storage of water and evaporation.  The remaining 15% is assumed to be lost to 

evaporation.  Sloped roofs of residential buildings will have less opportunity for depression 

storage and more rapid runoff of precipitation.  Sloped roofs are therefore given a runoff 

coefficient of 0.9 with the remaining 10% lost to evaporation.  No sloped roofs are anticipated 

for the proposed development.   Runoff factors for impervious areas are consistent with 

commonly accepted runoff coefficients for urban areas (Ontario Ministry of Transportation and 

Communications, Drainage Manual, 1984).  

 

Within pervious areas, infiltration and runoff are partitioned according to soil type, topography, 

and land cover as described in Section 5.3 and summarized in Table 2 above.  The precipitation 

and evapotranspiration as well as wetland evaporation components are provided by 

Meteorological Service of Canada (MSC).  Where runoff from roof areas is directed onto 

pervious areas, there will be additional water available for infiltration, runoff, and 

evapotranspiration. Due to groundwater vulnerability within this area roof runoff is assumed to 

be directed to the stormwater drainage system.  Where roof runoff is directed onto pervious 

surfaces the additional roof runoff added to the normal precipitation and partitioned according to 

the infiltration factors typical for the pervious areas receiving this water. This is considered 

reasonable where the roof run off can be metered out over a period of time to optimize the 

amount of infiltration.   

 

5.4.3 Post-development Water Balance Results 

The water balance analysis for post-development conditions for the proposed development 

concept was completed by considering two development scenarios, Scenario 1 without 

mitigation measures and Scenario 2 with mitigation measures.  The result of this analysis is 

presented in spreadsheets in Appendix E.   The scenario without mitigation assumes that runoff 

from impervious surfaces is conveyed directly to nearby surface drainage along  confined 

drainage channels with little opportunities for infiltration prior to discharge into stormwater 

management facilities.  Scenario 2, includes directing runoff from impervious surfaces into an 

infiltration trench or pervious pipe infiltration system located beneath the proposed parking area.   

 

Roof runoff directed toward pervious surfaces is assumed to infiltrate according to the 

infiltration factors as discussed in Section 5.3.  As noted above, Scenarios 2 takes into account 

the slightly reduced infiltration potential of the pervious lawn areas due to soil compaction from 

construction activities.  Impervious areas represent 54% of the property (ISM Architects Inc., via 

email January 10, 2018).   

 

Scenario 1 

 

It is assumed that under worst case conditions, all runoff from roofs and impervious surfaces 

would be directed to local drainage channels with little opportunity for infiltration. This scenario 
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also assumes that walkways will be impervious.  The results of this analysis indicated a loss of 

infiltration of about 619 m3/yr, a decrease from pre-development infiltration of about 48.6%.  

Infiltration is reduced from about 1,273 to 654 m3/yr (19.3 to 9.90 % of total precipitation 

respectively). The loss of infiltration is equivalent to a flow of 0.020 L/sec.  The loss of 

infiltration is due primarily to the creation of impervious surfaces.  Evapotranspiration was also 

reduced about 30.9% from 3,523 to 2,433 m
3
/yr., (53.58 to 37.0% of total precipitation 

respectively).   These changes result in a 95.7 % increase in runoff from 1,784 m
3
/yr to about 

3,493 m
3
/yr (27.1 to 53.1% of total precipitation respectively).  

 

Scenario 2 

 

Scenario 2 of the water balance analysis includes directing of roof runoff to an infiltration 

trench/pervious pipe infiltration system located beneath the parking area. This scenario assumes 

that all of the roof runoff can be infiltrated within the proposed infiltration system.  Runoff from 

impervious roads and paved areas will be directed to the stormwater management system for 

discharge into local drainage channels.  The use of pervious areas for infiltration form parking 

areas and roads should only be considered if an acceptable salt management plan has been 

provided to reduce or eliminate the potential for salt contamination of local groundwater 

resources. The calculated result of infiltrating roof runoff indicates that there will be a significant 

improvement in the groundwater infiltration under post-development conditions.  Infiltration is 

calculated to increase 364 m3/yr from 1,273 to 1,637 m
3
/yr.  This is an increase of about 28.6% 

over pre-development conditions and is equivalent to 0.012 L/sec.  Evapotranspiration decreases 

by 1,089 m
3
/yr or about 30.9% from 3523 m

3
/yr to 2,433 m

3
/yr. Runoff increases about 726 

m
3
/yr or about 40.7% from 1,784 m

3
/yr to 2,510 m

3
/yr.  The increase in post-development runoff 

is reduced significantly from Scenario 1 where no mitigation is implemented.  

 

The resulting change in infiltration between pre- and post-development conditions is summarized 

in Table 3 below.  Detailed results for the water balance are presented in Appendix E.  

 

Table 3.  Infiltration Summary - Water Balance Analysis 

 

 

  Note : Ppt. = Precipitation      

 

The calculated post-development infiltration varies from a loss of about 619 m3/yr to a net gain 

of about 364 m
3
/yr from Scenario 1 and 2 respectively, from pre-development conditions.  This 

assumes that all of the captured roof runoff will be directed to the infiltration trench/pervious 

                                                                                 

Description 

Infiltration Change 

Post-development Conditions 

Infiltration % 

of Total Ppt. 

(m
3
/yr) L/s % 

Change   

 

Pre-development  0 0 0 19.3 

Scenario 1 Runoff to Drainage 

Channels (No mitigation) 

-619 -0.020 -48.6 9.9 

Scenario 2 Runoff to infiltration 

Trench/ pervious pipe sys. 

+364 +0.012 +28.60 24.9 
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pipe infiltration system and is infiltrated. The soil conditions beneath the subject property are 

considered to be more than adequate to infiltrate total roof runoff from the proposed building. 

Site specific investigations will be required for detailed design of the infiltration system 

 

Infiltration Options 

As noted above the sandy silt soil type underlying the property, is well suited for infiltration 

measures.    Seasonally high groundwater table level and soil hydraulic conductivity will need to 

be confirmed through site specific hydrogeological investigated for design of infiltration 

trench/pervious pipe infiltration system.  Depending upon the location of the infiltration system, 

a slope stability study may be required to ensure stability of the valley walls of Bunkers Creek as 

the shallow groundwater flow direction is anticipated to be towards Bunkers Creek.  

 

Infiltrating runoff from the propped parking lot, access roads, and impervious walkways may be 

considered subject to the development of a salt management program that will ensure there is 

little or no risk of salt contamination of groundwater from winter maintenance programs.  

 

 

6.0 Conclusions 
 

The following conclusions are provided: 

 

1) The subject property is underlain by sandy soils that are considered well suited for 

infiltration measures such as infiltration trenches and pervious pipe infiltration systems. 

2) The Phase II Environmental Site Assessment completed by Trinity Consultants, Ontario, 

Inc (2017) has concluded `there does not appear to be environmental concern at the site. 

`This is from soils and groundwater sampling and analysis covering most of the 

development property with the exception of 245 Dunlop St West.   From these results it is 

concluded that portion of the development property subject to the Phase II Environmental 

Site Assessment by Trinity Consultants Ontario, Inc. does not pose a significant risk to 

the local groundwater system.  

3) Environmental Site conditions beneath the existing residential building and property at 

245 Dunlop Street West have not been considered in this report.  

4) The proposed multi story condominium development will have no underground levels. 

Therefore no deep excavations beyond a few metres are anticipated.  Little or no 

disruption or impact is anticipated to the groundwater table that occurs at depths of 

between 3.5 to 4.4m from surface. Impacts if any are anticipated to be localized to the 

directly adjacent areas. 

5) Municipal groundwater supplies are provided locally from deep buried aquifer zones A3 

and A4 which occur at depths of between 40 to 100 m below surface.  Overlying aquitard 

zones C1 and C2 are considered to provide a level of protection to the major municipal 

aquifers. The proposed condominium development is essentially residential use with 

limited commercial space.  This is not considered to represent a significant threat to 

groundwater quality. 



Norbert M. Woerns, P.Geo. 

 

Dunlop Street West, Preliminary Hydrogeological Investigation, January, 2018 

20 

 

6) The proposed condominium development has the potential to significantly reduce 

groundwater recharge from pre-development conditions without the implementation of 

mitigation measures. 

7) Water Balance analysis has shown that directing roof runoff into an infiltration trench 

and/or pervious pipe system located beneath the proposed parking area has the potential 

to result in the maintenance and enhancement of groundwater recharge over pre-

development conditions.   

8)  Transportation (contaminant) pathways have been identified locally within the City of 

Barrie Official Plan. A survey of local well records indicates there are no potential 

transportation pathways on/or directly adjacent the property. The nearest transportation 

pathways are associated with the City of Barrie municipal well system.  

9) The site water balance analysis was completed with the assumption that the proposed site 

plan, Revision 3, dated September 1, 2017, has incorporated the required setbacks from 

the Top of Bank of Bunkers Creek.  

 

8.0 Recommendations  
 

The following recommendations are submitted for consideration: 

 

1) Mitigation measures including an infiltration trench and/or pervious pipe infiltration 

system are recommended for infiltration of roof runoff in order to maintain and/or 

enhance groundwater recharge on the subject property. 

2) Site specific hydrogeological investigations are required to confirm site conditions for 

detailed design of an infiltration trench and/or pervious pipe infiltration system beneath 

the proposed parking area.  The infiltration system should be designed to infiltrate all of 

the roof runoff from the proposed building. 

3) Depending upon the location of the infiltration trench/pervious pipe infiltration system, a 

slope stability study may be required to ensure stability of the valley walls of Bunkers 

Creek near the southern portion of the property.  

4) A winter salt management program designed to reduce or eliminate deicing salt should be 

developed for the maintenance of the proposed development as the property lies within a  

hydrogeologically vulnerable area.  

5) Directing runoff from impervious walkways, roads, and parking areas is not 

recommended without the completion of a winter salt deicing management plan for the 

property that provides assurances that there will be little or no impacts on groundwater 

quality and no adverse effects. 

6) The conclusions of this report are subject to confirmation of the depth of excavation 

required for the proposed development.  Should the confirmed depth of excavation not be 

consistent with the assumptions of this report, a re-evaluation of the potential impact of 

the proposed development on the groundwater system may be required.  

7) The use of the commercial space within the proposed condominium should be limited to 

those activities that are not prescribed Drinking Water Threats as defined under The 

Clean Water Act.(Ontario Regulation 287/07).   
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Climatic Water Balance 

 

 

 

 

 



Month Temperature Precipitation Potential  ET Actual ET Deficit Surplus

(Degrees C) (mm) (mm) (mm) (mm) (mm)

January -7.9 84 1 1 0 36

February -7.4 59 1 1 0 35

March -2.1 62 7 7 0 114

Aprilo 5.5 66 31 31 0 79

May 12.4 78 76 76 0 17

June 17.6 88 111 106 -5 5

July 20.4 77 132 101 -31 0

August 19.5 90 116 91 -25 0

September 15.1 91 77 71 -7 8

October 8.6 83 39 38 -1 15

November 2.6 84 13 13 0 48

December -3.9 80 2 2 0 45

Total 6.8* 940 606 538 -69 402

Notes:

ET - Evapotranspiration

Data from Meteorological Sevice of Canada

* - Average Value

Numbers Rounded off 

Climatic Water Balance

Barrie WPCC Climate Station (1973-2017)

Soil moisture 75 mm/year



Month Temperature Precipitation Potential ET Actual ET Deficit Surplus

(mm) (mm) (mm) (mm) (mm)

January -7.9 84 1 1 0 31

February -7.4 59 1 1 0 34

March -2.1 62 7 7 0 114

Aprilo 5.5 66 31 31 0 79

May 12.4 78 76 76 0 18

June 17.6 88 111 111 0 5

July 20.4 77 132 126 -6 0

August 19.5 90 116 102 -14 0

September 15.1 91 77 71 -6 7

October 8.6 83 39 39 0 8

November 2.6 84 13 13 0 32

December -3.9 80 2 2 0 32

Total 6.8* 940 606 580 -26 360

Notes:

ET - Evapotranspiration

Data from Meteorological Sevice of Canada

* - Average Value

Numbers Rounded off 

Climatic Water Balance

Barrie WPCC Climate Station (1973-2017)

Soil moisture 150 mm/year



Month Temperature Precipitation Potential ET Actual ET Deficit Surplus

(degrees C) (mm) (mm) (mm) (mm) (mm)

January -7.9 84 1 1 0 25

February -7.4 59 1 1 0 31

March -2.1 62 7 7 0 110

Aprilo 5.5 66 31 31 0 79

May 12.4 78 76 77 0 18

June 17.6 88 111 111 0 5

July 20.4 77 132 131 -1 0

August 19.5 90 116 112 -4 0

September 15.1 91 77 75 -3 8

October 8.6 83 39 39 0 6

November 2.6 84 13 13 0 27

December -3.9 80 2 2 0 31

Total 6.8 940 606 600 -8 340

Notes:

ET - Evapotranspiration

Data from Meteorological Sevice of Canada

* - Average Value

Numbers Rounded off 

Climatic Water Balance

Barrie WPCC Climate Station (1973-2017)

Soil moisture 250 mm/year
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Soil Percolation Rates OBC Guide SG-6 
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Site Water Balance 

 

 
 



 Dunlop Street, Barrie, Ontario,  Water Balance Analysis 

Dunlop Street West , Barrie Ontario Scenario 1 - Roof Runoff to Surface Drainage / Impervious Walkways 
Shallow rooted plants Medium rooted plants Water Feature/ Impervious Area Roads & Flat Roofs Pervious Walkways Deep Rooted Plants

(lawns) (field/meadow) Wetland Roof - Sloped Walkways (trees-sloped areas

Climate Data from Barrie WPCC (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)

(1973 to 2017) Soil Moisture 75 Soil Moisture 150 Soil Moisture  250 N/A NA NA 250

Evaporation Data from Bowmanville Total  Precip. 940 Total  Precip. 940 Total  Precip. 940 940 940 940 940 940

Evapotrans. 538 Evapotrans. 580 Evapotrans. 600 746 94 141 141 600

Surplus 402 Surplus 360 Surplus 340 194 846 799 799 340

Pot Evapotr 606

Post-development Post-development Pre/post-development

Infiltrn factor 0.55 Infiltrn Factor 0.65 Infiltrn factor 0.75 0.0 0 0 0.85 0.65

Runoff factor 0.45 Runoff factor 0.35 Runoff factor 0.25 1.0 0.9 0.85 0.15 0.35

Pre-development Water Balance 

Areas Total Pervious Pervious Impervious Impervious Perv. Infil. Perv. R/O Perv. ET Imperv Infil      Imper R/O Imperv ET Total

(m²) % Area (m2) % Area (m2) (m3) (m3) (m3) (m3) (m3) (m3) (m3)

Open Space (meadow /cultivated field) 320                  100               320                  75                        40                           186                          301                             

Open Space Forest -sloped 1,305               100               1,305               288                      155                         783                          1,227                          

Open Space Forest - flat 1,060               100               1,060               270                      90                           636                          996                             

Wetland 315                  100                  315                 61                            235                            296                             

Open Space lawns (4 X 723m²) 2,892               100               2,892               639                      523                         1,556                       2,718                          

Driveway (4X72m²) 288                  100                  288                 230                          41                              271                             

House & Garage (4 X 155m²) 620                  100                  620                 525                          58                              583                             

Patio/Sidewalks ( 4X 50m²) 200                  100                  200                 160                          28                              188                             

Total 7,000               5,577               1,223              1,273                   809                         3,160                       976                          362                            6,580                          

Volume check( area X precip)  6,580                          

 Percent Error 0-                                 

Total lot area (7 x 1000m²) 7,000               

Post-development Water Balance

Scenario 1-Runoff to surface drainage

Open Space (meadow /cultivated field) 0 100               0 -                       -                         -                           -                              

Open Space Forest -sloped 1,305               100               1,305               288                      155                         783                          1,227                          

Open Space Forest - flat 345                  100               345                  88                        29                           207                          324                             

Wetland 315                  100               315                  61                            235                            296                             

Open Space lawns 1,255               100               1,255               277                      227                         675                          1,180                          

Paved areas/walkways 2,550               100                  2,550              2,037                       360                            2,397                          

Building  1,230 100                  1,230              983                          173                            1,156                          

Total 

Column Check 6,580                          

Total 7,000               3,220               3,780              654                      412                         1,665                       -                           3,081                       768                            6,580                          

Volume Check (area X precip.) 6,580                          

Percent Error -                              

Volume Difference (m3/yr) 0

% Change Pre to Post-dev Pre-dev Post-dev %Change (m3/yr) (L/sec) % of total precip % of total precip

(m3/yr) ` pre-development post-development

Infiltration 1,273                   654                         48.6-                         619-                          0.020-                       19.3                           9.9                              

Evapotransporation 3,523                   2,433                      30.9-                         1,089-                       53.5                           37.0                            

Runoff 1,784                   3,493                      95.7                         1,709                       27.1                           53.1                            

Total 6,580                   6,580                      100.0                         100.0                          

Deep rooted plants

(trees- flat areas)

1



 Dunlop Street, Barrie, Ontario,  Water Balance Analysis 

Dunlop Street West , Barrie Ontario Scenario 2 - Roof Runoff to Infiltration Trench/Bed 
Shallow rooted plants Medium rooted plants Water Feature/ Impervious Area Roads & Flat Roofs Pervious Walkways Deep Rooted Plants

(lawns) (field/meadow) Wetland Roof - Sloped Walkways (trees-sloped areas

Climate Data from Barrie WPCC (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)

(1973 to 2017) Soil Moisture 75 Soil Moisture 150 Soil Moisture  250 N/A NA NA 250

Evaporation Data from Bowmanville Total  Precip. 940 Total  Precip. 940 Total  Precip. 940 940 940 940 940 940

Evapotrans. 538 Evapotrans. 580 Evapotrans. 600 746 94 141 141 600

Surplus 402 Surplus 360 Surplus 340 194 846 799 799 340

Pot Evapotr 606

Post-development Post-development Pre/post-development

Infiltrn factor 0.55 Infiltrn Factor 0.65 Infiltrn factor 0.75 0.0 0 0 0.85 0.65

Runoff factor 0.45 Runoff factor 0.35 Runoff factor 0.25 1.0 0.9 0.85 0.15 0.35

Pre-development Water Balance 

Areas Total Pervious Pervious Impervious Impervious Perv. Infil. Perv. R/O Perv. ET Imperv Infil      Imper R/O Imperv ET Total

(m²) % Area (m2) % Area (m2) (m3) (m3) (m3) (m3) (m3) (m3) (m3)

Open Space (meadow /cultivated field) 320                  100               320                  75                        40                           186                          301                             

Open Space Forest -sloped 1,305               100               1,305               288                      155                         783                          1,227                          

Open Space Forest - flat 1,060               100               1,060               270                      90                           636                          996                             

Wetland 315                  100                  315                 61                            235                            296                             

Open Space lawns (4 X 723m²) 2,892               100               2,892               639                      523                         1,556                       2,718                          

Driveway (4X72m²) 288                  100                  288                 230                          41                              271                             

House & Garage (4 X 155m²) 620                  100                  620                 525                          58                              583                             

Patio/Sidewalks ( 4X 50m²) 200                  100                  200                 160                          28                              188                             

Total 7,000               5,577               1,223              1,273                   809                         3,160                       976                          362                            6,580                          

Volume check( area X precip)  6,580                          

 Percent Error 0-                                 

Total lot area (7 x 1000m²) 7,000               

Post-development Water Balance

Scenario 1-Runoff to surface drainage

Open Space (meadow /cultivated field) 0 100               0 -                       -                         -                           0

Open Space Forest -sloped 1,305               100               1,305               288                      155                         783                          1,227                          

Open Space Forest - flat 345                  100               345                  88                        29                           207                          324                             

Wetland 315                  100               315                  61                            235                            296                             

Open Space lawns 1,255               100               1,255               277                      227                         675                          1,180                          

Paved areas/walkways 2,550               100                  2,550              2,037                       360                            2,397                          

Building  1,230 100                  1,230              983                          173                            173                             

Total 

Column Check 5,597                          

Total 7,000               3,220               3,780              654                      412                         1,665                       983                          2,099                       768                            6,580                          

Volume Check (area X precip.) 6,580                          

Percent Error 0

Volume Difference (m3/yr) 0

% Change Pre to Post-dev Pre-dev Post-dev %Change (m3/yr) (L/sec) % of total precip % of total precip

(m3/yr) ` pre-development post-development

Infiltration 1,273                   1,637                      28.6                         364                          0.012                       19.3                           24.9                            

Evapotransporation 3,523                   2,433                      30.9-                         1,089-                       53.5                           37.0                            

Runoff 1,784                   2,510                      40.7                         726                          27.1                           38.1                            

Total 6,580                   6,580                      100.0                         100.0                          

Deep rooted plants

(trees- flat areas)
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