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EXECUTIVE SUMMARY 

Terraprobe Inc. (Terraprobe) was retained by Environmental 360 Solutions Ltd. to conduct a 
hydrogeological assessment in support of the proposed development for the Site located to the northeast 
corner of the intersection of Welham Road and Maple Drive E in Barrie, Ontario. It is proposed to further 
develop the Site with a new slab-on-grade one-story structure south of the existing building. The 
proposed structure on story building will have footprint approximately 4,904 sq.m. The purpose of this 
report is to assess local and regional hydrogeological conditions and the potential impacts of the proposed 
development on the ground water system. In summary results of the hydrogeological investigation 
indicate following: 

i. A total of fifteen (15) boreholes were drilled to depths varying from 2.0 m to 13.7 m below 
existing grades. Monitoring wells were installed in eight (8) selected boreholes for groundwater 
monitoring and to confirm the ground water quality. The fill was underlain by native soil deposit 
extending to the full depth of investigation in all boreholes. The native soils deposit in generally 
consisted of cohesionless sands and silts 

ii. The principal drainage feature adjacent to the Site is tributary of Lovers Creek. Based on the 
topography, the Site provides significant surface runoff to the adjacent tributary. There is a 
possibility of base flow contribution to the tributary due to the presence of moderate to high 
permeability soils at the Site.  

iii. Six (6) month groundwater monitoring was conducted on the Site from April 2020 to September 
2020. Based on the available water level recordings it is noted that ground water level varies from 
268.2 ± masl to 262.5 ± masl (5.7 mbgs to 10.4 mbgs) indicating the inferred ground water flow 
direction as southeast towards Lovers Creek tributary.  

iv. The hydraulic conductivity of the native cohesionless sand and silts deposits rages from order of 
10-5 to 10-7 m/s. The moderate to high permeability of the subsurface soils at the Site indicates 
possible contribution to the infiltration, recharge and the base flow. The recharge rate for this type 
of soil is estimated as greater than 250 mm/year 
 

v. The results of the groundwater quality analysis at the Site do not indicate any exceedance as per 
the Provincial Water Quality Objectives Standards (PWQO). The background ground water 
quality exceeds the Ontario Drinking Water Quality Standards for hardness, temperature, total 
dissolved solids, turbidity and dissolved sodium. However, the proposed development will not be 
contributing any contaminants that may affect the background groundwater quality in the area. 

 
vi. The Site is not located in Well Head Protection Area (WHPA, WHPA - Q1, WHPA - Q12) to 

protect water quality and quantity at municipal water supplies. 
 

vii. The Site is partially located in the Highly Vulnerable Aquifer (HVA). There are no significant 
contaminating activities associated with the proposed development, therefore the Highly 
Vulnerable Aquifer (HVA) is not considered to be at risk.  
 



Environmental 360 Solutions Ltd. November 24, 2020 
Hydrogeological Assessment, 571 Welham Road, Barrie, Ontario File No. 1-19-0792-46 
 

 

 

Terraprobe 
Page No. iii 

 
 

viii. The Site is located within Intake Protection Zone 3 (IPZ-3) with the score of 5.6, for water 
supplies that draw water from Lake Simcoe. The proposed land development is not considered as 
a land use of concern in Intake Protection Zone 3 and do not pose any risk to water supplies. 
 

ix. The water balance calculations show that development has potential to reduce the natural 
infiltration by 3,047 m3/a, and to increase the runoff by 8,072 m3/a. If roof top runoff water is re-
infiltrated through storm water management features, a total of 4,746 m3/a of water could be 
available for infiltration under post-development conditions (assuming 90% available of the run-
off captured). Approximately 64% of the effective roof runoff captured will be required to 
compensate the post-development infiltration deficit. This indicates that, with proper storm water 
management and mitigation measures, the overall infiltration rates at the property can be 
maintained. 

x. The Site is located partially within a Significant Ground Water Recharge Area (SGRA). 
Mitigation measures such as conventional low impact development (LID) storm water 
management measures should be applied to maintain and enhance natural infiltration. Final 
design of the LID measures should be reviewed in conjunction with the storm water management 
plan for the Site. 

xi. The development of the Site will result in an overall reduction of ground water recharge and a 
significant increase in surface water runoff unless appropriate mitigation measures are provided at 
the design stage. The following mitigation measures can be implemented for the Site: 
• The entire run-off from the roof of the proposed development may be directed to a bio-

infiltration trench to promote infiltration through slow discharge to the Lovers creek 
tributary.  

• Appropriate storm water control measures would be required to prevent erosion due to 
increased run off, for slow and delayed release to promote infiltration and prevent flooding. 
The implementation of these measures at the Site will assist in maintaining the shallow 
ground water recharge and replicate the existing surface drainage to tributary of Lovers 
Creek. 
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1.0 INTRODUCTION 

1.1 Project Description: 

Terraprobe Inc. (Terraprobe) was retained by Environmental 360 Solutions Ltd. to conduct a 
hydrogeological assessment in support of the proposed development for the site located to the northeast 
corner of the intersection of Welham Road and Maple Drive E in Barrie, Ontario (Site or Property). The 
Property has a municipal address of 571 Welham Road, Barrie, Ontario. The Property location is shown 
in Figure 1 
The Property is approximately rectangular in shape and covers an area of approximately 3.28 ha (8.10 
acres). The Property currently consists of parcel of land that is occupied by a single storey industrial 
building of brick construction, with associated asphalt surfaced parking areas. The south and east portion 
of the Property is covered with soil, grass, and trees.   
It is proposed to further develop the Site with a new slab-on-grade one-story structure south of the 
existing building. The proposed building will have footprint of approximately 4,904 sq.m (52,787 sq.f) 
which includes a detached truck unloading area and office space. Refer to proposed development plans 
provided in Appendix H 
The purpose of this report is to assess local and regional hydrogeological conditions and the potential 
impacts of the proposed development on the ground water system.  

1.2 Scope of Work  

The scope of work for the hydrogeological investigation consisted of the following: 
• Background Information Review: A review of available geologic and hydrogeological information for 

the Site and surrounding areas was conducted. This provided background information to allow for 
characterization of regional hydrogeological conditions. The information reviewed included 
topographic mapping, geologic mapping, and Ministry of the Environment, Conservation and Parks 
(MECP) water well records. 

• Borehole Drilling: Prior to the commencement of drilling, the locations of underground utilities; 
including telephone, natural gas and electrical lines were marked out by local locating companies and 
individual borehole locations were cleared by private utility locating service providers. A total of 
fifteen (15) exploratory boreholes were advanced across the Site to depths of about 2.0 m to 13.7 m 
below grade.  

• Well Installation: To measure the ground water level and investigate the quality of ground water, eight 
(8) boreholes were instrumented with a monitoring well. The monitoring well consisted of a 50 mm 
diameter PVC screen with a length of PVC riser pipe, 10-ft slotted screen and finished at the surface 
with protective flush mount casings. Upon installation, an elevation survey of the monitoring wells, 
relative to a local datum, was completed so that relative ground water flow direction can be assessed. 
The information obtained from the boreholes was used for the hydrogeological assessment. 
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• In-Situ Hydraulic Conductivity Tests: In-situ hydraulic conductivity tests (rising head tests) were 
conducted in only one (1) monitoring well as all other monitoring wells were reported “dry” during 
hydrogeological testing event.  

• Private Well Survey: Due to the current COVID-19 work restrictions that have been imposed by the 
provincial government, and to ensure health and safety, the private well survey has been put on hold. 

• Six-month Groundwater Monitoring Program: In order to capture the seasonal groundwater 
fluctuations, a six (6) month groundwater monitoring program was conducted on the Site from April 
2020 to September 2020 to observe groundwater levels at an hourly interval with data loggers 

• Hydrogeological Assessment Report: Following completion of the above-noted study, a detailed 
engineering report was prepared regarding the Site hydrogeology. The report provides the following 
information: 

▪ Presentation of all the factual information gathered during the study including the background 
information and results of site subsurface investigation. 

▪ Provision of a conceptual site model for local and regional hydrogeologic conditions. The 
conceptual site model will be used as a basis to assess impacts to local surface and ground 
water features. 

▪ Calculations of water balance for existing (pre-development) conditions. 
▪ Calculation of water balance for post-development conditions, along with recommendations 

for appropriate LID measures to maintain ground water infiltration rates. 
▪ Assessment of the requirements for ground water monitoring in order to confirm long-term 

impacts.  
 

2.0 APPLICABLE REGULATIONS AND AGENCIES 

A review of current regulatory requirements associated with water supply and hydrogeology in 
connection with the proposed development was conducted as indicated below: 

2.1 Lake Simcoe Region Conservation Authority  

As per the Lake Simcoe Region Conservation Authority (LSRCA) website accessed on May 28, 2020, it 
is indicated that eastern and southern portions of the Property are partially regulated by LSRCA. Based to 
LSRCA Sub watershed mapping, the Property is located within the Lovers Creek Sub-watershed of the 
Lake Simcoe Watershed (Refer to Appendix A for associated mapping).  
 
The Barrie Creeks, Lovers Creek and Hewitt’s Creek Sub-watershed Plan (2012) is developed under the 
direction of Lake Simcoe Protection Plan (LSPP) to mitigate the impacts of land use changes in the 
watershed and prevent future impacts. The plan provides recommendations for sustainable development 
including stormwater management, protection of the integrity of both hydrological and hydrogeological 
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functions, improvement of water quality, conservation of wetlands and wood lands, maintenance or 
enhancement of fish habitat, and land use planning, etc.  

2.2 Lake Simcoe Source Protection Plan under CWA  

The MECP mandates the protection of existing and future sources of drinking water under the Clean 
Water Act, 2006 (CWA). Initiatives under the CWA include the delineation of Wellhead Protection Areas 
(WHPAs), Significant Ground Water Recharge Areas (SGRAs) and Highly Vulnerable Aquifers (HVAs) 
as well as the assessment of drinking water quality and quantity threats within Source Protection Regions. 
Source Protection Plans are developed under the CWA and include the restriction and prohibition of 
certain types of activities and land uses within WHPAs. This plan dictates that any site within the Lake 
Simcoe Watershed of South Georgian Bay (SGBLS) region can be rated in terms of score indicating 
vulnerability to drinking water quality and quantity threats. 
The Source Protection Plan (Approved: January 2015, amended: September 2019) under the Clean Water 
Act (2006) was developed for the South Georgian Bay Lake Simcoe region. Under the Clean Water Act, 
the objectives of a source protection plan are:  
1. to protect existing and future drinking water sources in the source protection region  
2. to ensure that, for every area identified in the assessment reports as an area where an activity is or 
would be a significant drinking water threat  

i. the activity never becomes a significant drinking water threat; or  
ii. if the activity is occurring when the source protection plan takes effect, the activity ceases to be a 

significant drinking water threat. 

2.3 Associated Policy Areas 

A review of the “The Barrie Creeks, Lovers Creek and Hewitt’s Creek Sub-watershed Plan” (2012) was 
reviewed, and the Oak Ridges Moraine Ground Water Program (ORMGP) and County of Simcoe 
Interactive mapping tool accessed on May 28, 2020. The information obtained indicates that the subject 
property is located partially within a Significant Ground Water Recharge Area (SGRA). The SGRAs are 
regional areas that receive more than average estimated recharge for a watershed area. The SGRAs within 
the Lake Simcoe watershed represents areas where the recharge is 15 % greater than the average recharge 
of 164 mm/yr. The Site is located within an area designated as having a recharge rate range of greater 
than 250mm/ year as indicated in mapping from “The Barrie Creeks, Lovers Creek and Hewitt’s Creek 

Sub-watershed Plan” (2012). The Site is located partially within a Significant Ground Water Recharge 
Area (SGRA) hence additional measures will be required to maintain proper infiltration at the Site.  
 
The Site is also partially located in the Highly Vulnerable Aquifer (HVA). HVAs are those areas where 
an aquifer may be more prone to contamination. These areas have been identified where there is little or 
no protection from an overlying aquitard (a protective layer of low permeability materials).  
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The Site is not located in Well Head Protection Area (WHPA). Based on the assessment of water quantity 
threats, the Site is not located in the Wellhead Protection Areas (WHPA - Q1, WHPA - Q12) and Intake 
Protection Zone Q. 
 
Additionally, the Site is located within Intake Protection Zone 3 with the vulnerability score of 5.6. The 
associated vulnerability score is low and indicates the activities on the Site would have a low likelihood 
of affecting water quality in a surface water intake of Lake Simcoe. The proposed land development is not 
considered as a land use of concern in Intake Protection Zone 3.  
 
Refer to Appendix A for associated mapping details. 
 

2.4 City of Barrie Official Plans 

As a part of Hydrogeological Study, Terraprobe reviewed the Official Plans related to the Property. The 
City of Barrie Official Plans were reviewed for the current study with the results summarized as below: 

• Schedule A (Land Use) - A review of the map, dated January 2018, indicates that the Site is 
located within the areas designated as General Industrial with some portion within Environmental 
Protection Area (EP Zone). 

• Schedule B (Planning Areas) - A review of the map, dated January 2018, indicates that the Site is 
located within the areas designated as Industrial.  

• Schedule C (Special Policy Areas) - A review of the map, dated January 2018, indicates that the 
Site is located within the areas designated as Urban Growth Centre. 

• Schedule F (Conservation Authority Regulation Limits) - A review of the map, dated January 
2018, indicates that the Site is located within the areas designated as Lake Simcoe Regional 
Conservation Authority with some portions designated as Lake Simcoe Region Conservation 
Authority Regulation Limits as discussed earlier. 

• Schedule G (Drinking Water System Vulnerable Areas) - A review of the map, dated January 
2018, indicates that the Site is not located within designated Well Head Protection Areas 
(WHPAs). 

• Schedule H (Natural Heritage Resources) - A review of the map, dated January 2018, indicates 
that the Site is located within the areas designated as Level 1 Natural Heritage Resources.   

• Schedule J (Lake Simcoe Watershed) - A review of the map, dated January 2018, indicates that 
the Site is located within the boundary designated as Lake Simcoe Watershed.   

2.5 Hydrogeological Assessment Submission Guidelines 

The Conservation Authority Guidelines for Development Applications (June 2013) was reviewed on May 
27, 2020 before the preparation of the hydrogeological report for 571 Welham Road, Barrie, Ontario. The 
guidance document is referred in Barrie Hydrogeological Study Terms of References (January 2019). The 
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main purpose of this guidance document is to provide information and guidance material related to 
hydrogeological assessments and to standardize the hydrogeological study requirements.  
 
Table 1: Hydrogeological Assessment Checklist to support Development Application has been completed 
and attached with the report for the reference 
 
3.0 REGIONAL AND LOCAL SITE SETTING  

3.1 Regional Physiography and Geology  

Based on published geological information for the area, the Site is located within the physiographic 
region known as the Peterborough Drumlin Field. The drumlins are composed of sand, gravel and boulder 
till and are separated by low -lying wetland areas composed of the fine-grained soils. (Chapman and 
Putnam 1984). Based on the Ontario Geological Survey (OGS) mapping, the surficial geology at the Site 
consist of  

- Coarse-textured glaciolacustrine deposits - Sand, gravel, minor silt and clay (9b) 
- Ice contact stratified deposits - Sand and gravel, minor silt, clay and till (6) 
- Till - stone poor, sandy silt to silty sand textured on Paleozoic terrain (5b) 

Based on the Ontario Geological Survey (OGS) mapping, the bedrock consists of Lindsay Formation 
consisting of limestone, dolostone, shale, arkose, and sandstone (54a). Based on the Oak Ridges Moraine 
Ground Water Program (ORMGP) geological cross section, the depth to bedrock is approximately 167.5 
m below the existing grade (Elev. 110 ± masl).  

3.2 Regional Hydrogeology 

Barrie Creeks, Lovers Creek and Hewitt’s Creek Sub-watershed Plan (2012) was reviewed and Oak 
Ridges Moraine Groundwater Program (ORMGP) produced cross sectional geological mapping of the 
Site to aid the characterization of the general stratigraphy of the Site and surrounding area. Considering 
the regional cross section, it is understood the overburden units prevalent in this area are as follows, with 
the youngest unit at the top: 
Halton Till (Upper Till): The Halton Till is mainly comprises of sandy silt to clayey silt till interbedded 
with silt, clay, and a number of discontinuous sand and gravel lenses. Based on cross-sectional geology, 
the Halton Till or equivalent is present beneath the Site, with an approximate thickness of up to 3.12 m 
(E. 274.96 - 271.81 ± masl). The Halton Till have low permeabilities. 
Oak Ridges Moraine: The Oak Ridges Moraine Aquifer Complex (ORAC) is a regionally significant 
aquifer in southern Ontario. A majority of the aquifer’s recharge occurs at the crest of the moraine north 
of the Site. It is primarily composed of interbedded fine sand and silt deposits with localized coarse sand 
and gravel deposits. Approximate thickness of the ORAC could extend up to 3.92 m (El. 271.81 - 267.87 
masl). The ORAC is generally comprised of soils with medium to high permeabilities. 
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Newmarket Till: The Newmarket Till is a regionally extensive till formation that acts as an aquitard 
separating the Oak Ridges Aquifer Complex (ORAC) from the underlying Thorncliffe Formation and 
generally has low permeability. Based on the ORMGP cross-section, Newmarket Till is mapped beneath 
the ORAC. The average thickness of the Newmarket Till is approximately 67.04 m beneath the Site (El. 
m (El. 267.87 - 200.82 ± masl) 
Thorncliffe Formation: The Thorncliffe Formation consists of glaciofluvial and glaciolacustrine sand 
and silt deposited approximately 30,000 to 50,000 years ago. The Thorncliffe Formation shows a 
considerable variation in grain size and thickness, both locally and regionally. It acts as a regional aquifer. 
It generally comprises of sands and silts with a high permeability. 
Sunnybrook Drift: The Sunnybrook Drift consists of silt to silty clay materials deposited 45,000 years 
ago and acts as a regional aquitard. The thickness of the Sunnybrook Drift is generally less than 10 m to 
20 m. The Sunnybrook Drift comprises of silt and clays with low permeabilities. 
Scarborough Formation: It is the third regional aquifer in the area underlying the Sunnybrook Drift. It 
comprises of sands, silt and clays with varying permeabilities. Based on the ORMG cross-section; the 
surface of the Scarborough Formation has an approximate thickness of 47 m beneath the Site. 

3.3 Topography and Drainage  

Based on the topographic map of the Site provided by the Joseph N Campitelli Architect Inc., the 
approximate elevation of the Property varies from 274 ± masl to 262.5 ± masl slopes to the south towards 
tributary of Lovers Creek. The nearest water body is a tributary of Lovers Creek which is located adjacent 
of the Property to the south which flows towards east and eventually drains into Lovers Creek. The 
Lovers Creek is located approximately 800 m southeast of the Property. The ground water and surface 
water in the general area are expected to flow to the southeast towards Lovers Creek. Based on ORMGP 
mapping, the regional ground water flow is expected to be southeast towards Lake Simcoe. The ground 
water and the surface water drainage at the Site are directed to the tributary of Lovers Creek towards 
south/southeast following local topography. 

3.4 Watershed Setting  

Based to LSRCA Sub watershed mapping, the Property is located within the Lovers Creek Sub-watershed 
of the Lake Simcoe Watershed. All of the lands within the Lake Simcoe watershed ultimately drain into 
Lake Simcoe, via one of the tributary rivers. The Barrie Creeks, Lovers Creek, and Hewitt’s Creek sub 
watersheds are three of the 18 sub watersheds that make up the Lake Simcoe watershed. To the east of 
Barrie Creeks is the Lovers Creek sub watershed, with just over half of its land mass in the Town of 
Innisfil and the rest in the City of Barrie. Unlike the Barrie Creeks sub watershed, Lovers has only one 
main tributary that has a total combined length of 93.1 km (includes all branches) or about 2% of the total 
combined watercourse length of the entire Lake Simcoe watershed. With headwaters located in the 
southern part of the sub watershed (south of Innisfil Beach Road), it flows in a northerly direction until 
draining into Lake Simcoe. The land uses are relatively evenly split between agriculture, natural heritage, 
and urban and built up areas (Barrie Creeks, Lovers Creek and Hewitt’s Creek Sub-watershed Plan -2012) 
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3.5 Local Surface Water and Natural Heritage Features 

Mapping from the Ontario Ministry of Natural Resources and Forestry (MNRF) was reviewed to 
determine if water bodies were present on the Property and within the Study Area. The Ontario Ministry 
of Natural Resources National Heritage Information Centre database for listings of Areas of Natural or 
Scientific Interest (ANSIs) was reviewed. A tributary of Lovers Creek is located adjacent of the Property 
to the south. The Lovers Creek is located approximately 800 m southeast of the Property.  
Record review indicates that there are no records for Areas of Natural or Scientific Interest (ANSIs) 
within or in close proximity to the Site. However, the MNRF mapping tool and County of Simcoe 
mapping indicates presence of Provincially Significant Wetland (PSW) i.e. portion of Lovers Creek 
Swamp (IN4) located approximately 160 m southeast of the Property. Most of the wetland areas outlined 
are regulated by LSRCA.  

3.6 Active Permit to Take Water Records Review 

MECP website was reviewed for any active PTTW application records within a 1.0 km radius of the Site 
on May 29, 2020. Record review indicates there are two (2) records for active PTTW within the study 
area and include the following: 
 
Active Permit to Take Water Records 

 

3.7 Ground Water Resources 

MECP Water Well Records (WWRs) were reviewed on May 29, 2020 for the registered wells located at 
the Site and within 500 m radius of the Site boundaries (study area).  Information contained in these 
records provides data for determining the nature and use of local ground water resources. Total of 26 well 
records were found out of which six (6) wells were reported as abandoned. MECP well record data is 
presented in Appendix B. The findings are summarized as below: 
 
Summary of MECP Well Records (within 500 m radius) 

Total Number of Wells 26 

Wells completed in Overburden 22 (84.6%) 

Bedrock 0 (0 %) 

Unknown 4(15.4 %) 

Permit Number Permit Holder Purpose Source Type 
Maximum Litres 

per Day 
Distance to 

Site 
5014-85KHKK Cedar Links Golf 

Centre Inc. 
Water Supply Surface and 

Groundwater 
54,740 0.68 

5014-85KHKK Cedar Links Golf 
Centre Inc. 

Golf Course 
Irrigation 

(Commercial) 

Surface and 
Groundwater 

218,208 0.82 
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Total Number of Wells 26 

Well Type 

Drilled Well (Rotary, Boring, Cable Tool, Direct Push) 22 (84.6%) 

Unknown 4 (15.4%) 

Depth Ranges 

Less than 15 m 14 (53.8 %) 

15 m - 30 m 4 (15.4 %) 

Greater than 30 m 2 (7.7 %) 

Unknown or no well 6 (23.1 %) 

Water Use 

Test Holes + Monitoring/Observation 12 (46.2 %) 

Test Hole 2 (7.7 %) 

Test Hole/Observation + Municipal 1 (3.8 %) 

Water Supply 5 (19.2 %) 

Abandoned - Other 6 (23.1 %) 

 
The above summary indicates the most of the wells are used as test holes/observation and all are 
completed in the overburden ranging in depth from 4.57 mbgs to 105.16 mbgs. The record indicated five 
(5) active water supply wells are located within 500 m radius of the Property ranging in depth from 14.02 
mbgs to 51.81 mbgs completed in the overburden and use for domestic and irrigation purpose. Barrie 
Creeks, Lovers Creek and Hewitt’s Creek Sub-watershed Plan (2012) indicates the regionally aquifer 
system contains four major sand and gravel aquifer units (from shallowest to deepest: A1, A2, A3 and 
A4). The depths of the wells indicate the majority water supply wells are completed in shallow A2 aquifer 
system as the A2 aquifer found in the elevation range of approximately 175 - 230 masl. The above 
summary shows record of one (1) test hole/observation well - municipal water use, with the depth of 90.8 
mbgs (154 masl), however, this well is located at distance of 700 m north from the center of the Property. 
This indicates the municipal well is completed in deep A3 aquifer system as A3 is the main municipal 
production aquifer in the area.  
The proposed development will likely be serviced with municipal water. There is no record of any well 
completed in the bedrock. Based on the Oak Ridges Moraine Ground Water Program (ORMGP) 
geological cross section, the depth to bedrock is approximately 167.5 m below the existing grade. It is 
unlikely that impacts from the proposed development will affect the water resources within the vicinity of 
the Site. 

3.8 Results of Door to Door Survey 

Due to the current COVID-19 work restrictions that have been imposed by the provincial government, 
and to ensure health and safety, the private well survey has been put on hold. The rationale for placing the 
private well survey on hold is as follows: In order to conduct the private well survey within 500 m of the 
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proposed development, it is required by Terraprobe field staff on the day of the private well survey to 
visit all the properties within a 500 m radius of the subject Site. 
 

3.9 Property Inspection to Assess Hydrogeologic Features 

The Site was assessed for the presence of features which are significant from a hydrogeologic viewpoint 
to understand the hydrogeologic dynamics of the subject area. In particular, the property was inspected to 
assess the following: 
• Areas of visible ground water discharge, springs or seepage at the property or in the vicinity of 

the on-property water courses. 
• Areas of potential enhanced ground water recharge such as closed drainage features or 

depressions or large flat areas which may allow for significant ground water infiltration. 
• Inspection of swales and drainage courses for evidence of ground water seepage or springs. 
• Evidence of phreatophytic vegetation, which may indicate seasonally high ground water levels 

and/or ground water discharge and seepage. 
 
The property approximate elevation of the Property varies from 274 ± masl to 262.5 ± masl slopes to the 
south towards tributary of Lovers Creek which flows towards east and eventually drains into Lovers 
Creek. Currently, ground water and the surface water drainage at the Site is directed to the tributary of 
Lovers Creek towards south/southeast following local topography.  
 
The principal drainage feature adjacent to the Site is tributary of Lovers Creek. Based on the topography, 
the Site provides significant surface runoff to the adjacent tributary. There is a possibility of base flow 
contribution to the tributary due to the presence of moderate to high permeability soils at the Site. The 
MNRF mapping tool and County of Simcoe mapping indicates presence of provincially significant 
wetland (PSW) i.e. portion of Lovers Creek Swamp (IN4) located approximately 160 m southeast of the 
Property. Most of the wetland areas outlined are regulated by LSRCA. The PSW provides significant 
ecological functions and hydrological function and fed by the groundwater discharge.  
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4.0 RESULTS OF SUBSURFACE INVESTIGATIONS 

4.1 Methodology: 

A subsurface investigation was conducted at the Property by Terraprobe during Feb 24, 2020 to March 3, 
2020. The subsurface investigation was conducted in conjunction with geotechnical and environmental 
investigation. The findings of the Geotechnical Investigation and the Phase Two Environmental Site 
Assessment are provided under a separate cover. A total of fifteen (15) boreholes (BH1 - BH15) were 
drilled to depths varying from 2.0 m to 13.7 m below existing grades. Monitoring wells were installed in 
eight (8) selected boreholes (BH2, BH3, BH4, BH6, BH7, BH13, BH14, and BH15) for ground water 
monitoring and to confirm the ground water quality. The borehole and monitoring well locations are 
presented on Figure 2. 
 
Borehole drilling and monitoring well construction were completed by a licensed water well contractor, 
Walker Drilling Ltd., under the full-time supervision of a field technician from Terraprobe. The boreholes 
were drilled using continuous flight, solid and hollow stem augers using 2-inch split spoon sampler.  The 
soil samples were observed and recorded by a member of our field technician, who logged the borings 
and examined the samples as they were obtained. All samples obtained during the investigation were 
sealed into plastic jars, and transported to our geotechnical testing laboratory for detailed inspection and 
testing. Detailed descriptions of the encountered subsoil and groundwater conditions are presented on the 
borehole and monitoring well logs, on the enclosed Appendix C, inclusive. The geotechnical laboratory 
testing consisted of grain size distribution (Sieve and Hydrometer) on six (6) selected soil samples (five 
samples from native and one from fill) from three (3) borehole locations. The results of the Sieve and 
Hydrometer analysis are provided in Appendix D. 

4.2 Local Soil Stratigraphy 

For detailed soil stratigraphy, refer to findings of Geotechnical Investigation Report under separate cover 
“Geotechnical Investigation Proposed Industrial Development 571 Welham Road, Barrie, Ontario, File 
No. 1-19-0792-01, Dated: May 29, 2020”.  
 
In summary, all the boreholes with exception of BH2 encountered a topsoil and surficial materials at the 
ground surface that was underlain by a layer of earth fill materials in all boreholes, with exception of 
BH2, BH3 and BH6.  The fill was underlain by native soil deposit extending to the full depth of 
investigation in all boreholes, with exception of BH10 and BH11 which were terminated in the fill 
material.  The native soils deposit in generally consisted of cohesionless sands and silts. 
 
Top Soil and Surficial Materials: All the boreholes with exception of BH2 encountered a topsoil and 
surficial materials at the ground surface. The topsoil thickness ranges from about 50 mm (BH5 and BH8) 
to 180 mm (BH 6). Asphaltic concrete of about 75 mm and 100 mm was encountered at the ground in 
BH3 and BH10 respectively, whereas asphaltic concrete of about 150 mm and 75 mm underlain by 
aggregate of about 150 mm and 40 mm was encountered in BH14 and BH15 respectively.  
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Earth Fill: Below the top soil or surficial materials (aggregates), all boreholes were underlain by a layer 
of earth fill materials with exception of BH2, BH3 and BH6. The earth fill extends to the depths of about 
0.8 m (BH4 - BH9, BH12 and BH14) to 3.0 m (BH13) below existing grade. The earth fill material 
composed of sand to silty sand, trace to some gravel, and clayey silty sand, silt with trace gravel and 
organics. 
 

Native Soil: The fill was underlain by native soil deposit extending to the full depth of investigation in all 
boreholes, with exception of BH10 and BH11 which were terminated in the fill material. The 
cohesionless undisturbed native soil deposit varies in depth ranging from about 0.1 m (BH3) to 13.7 m 
(BH6) below existing grade. The deposit generally consisted of cohesionless sands and silts with trace 
gravel and clay. 
 
The Property stratigraphy, including soil materials, composition and texture are presented in detail on the 
borehole logs in Appendix C. The stratigraphic units that were encountered at the Site are summarized 
below and shown in hydrogeological cross sections presented in Figure 3a and 3b 
 
Summary of Sub surface Soil Stratigraphy 

 

4.3 Monitoring Well Installation 

Monitoring wells were installed in eight (8) selected boreholes (BH2, BH3, BH4, BH6, BH7, BH13, 
BH14, and BH15) for ground water monitoring and to confirm the ground water quality. The monitoring 
wells were constructed using 50-mm diameter PVC riser pipes and screens, which were installed in each 
of the selected geotechnical boreholes in accordance with Ontario Regulation  
(O. Reg.) 903.  Filter sand was placed around the well screen to approximately 0.6 m above the top of the 
screen. The wells were then backfilled with bentonite to approximately 0.3 m below ground surface. As 
per Ontario Regulation 903 the monitoring wells were tagged with cluster water well record. All of the 
monitoring wells were finished with protective casings. The monitoring wells installation details are 
summarized in Table below: 
Monitoring Well Installation 

Stratum/Formation Aquifer/Aquitard 
Depth Range 

(mbgs) 
Elevation Range 

(masl) 
Thickness Range (m) 

Earth Fill  Aquifer 0.1 to 3.0 273.6 - 269.9 0.5 to 2.9  

Cohesionless Native 
Sands and Silts 

Aquifer 0.1 to 13.7 273.0 - 260.7 0.6 to 13.6 

Well ID 
Well 

Diameter 
(mm) 

Ground 
Surface 
(masl) 

Top of Screen Bottom of Screen 
Screened Geological 

Units/Description Depth 
(m) 

Elev. 
(masl) 

Depth 
(m) 

Elev. 
(masl) 

BH 2 50 273 3.1 270.0 6.1 266.9 Sand, trace to some Silt  

BH 3 50 273.1 6.1 267.0 9.1 264.0 Sand and Silt to Silt and Sand, 
trace gravel and clay 



Environmental 360 Solutions Ltd. November 24, 2020 
Hydrogeological Assessment, 571 Welham Road, Barrie, Ontario File No. 1-19-0792-46 

 

 

 

Terraprobe 
Page No. 12 

 
 

Note: mbgs: meters below ground surface; masl: meters above mean sea level 

Ground surface elevations were referenced to a geodetic benchmark 

Additional details of the monitoring well installation is presented on the enclosed borehole logs in 
Appendix C. 

4.4 Ground Water Monitoring  

All eight (8) installed monitoring wells were utilized to measure and monitor ground water levels. As a 
part of the geotechnical investigation water levels were measured upon completion of borehole drilling / 
monitoring well installation. Stabilized ground water level measurements in the monitoring wells were 
recorded manually on seven (7) monitoring events from March, 2020 to September 2020. Summary of the 
manual ground water level observations are provided in the Appendix I. 
In order to capture the seasonal groundwater fluctuations, a six (6) month groundwater monitoring 
program was conducted on the Site from April 2020 to September 2020. As part of groundwater 
monitoring program, data loggers were installed in monitoring wells BH2, BH3, BH4, BH6, BH7 and 
BH13. The data loggers were programmed to record groundwater levels at 1 hour recording interval. 
Barologger was also programmed at 1-hour interval and installed in BH13 for barometric compensation. 
The groundwater level observation is analyzed and presented as hydrographs representing the 
groundwater fluctuation. Please refer to the Appendix I for further details. 
The results indicate, during the first two monitoring events all the wells were reported as “dry” except 

monitoring well BH6 which indicated a water level at an approximate elevation of 263.7 ± masl 
comparable to the elevation of tributary of Lovers Creek located to south of the Property. Based on the 
most recent water level observation conducted on September 24, 2020, all the wells were reported as 
“dry” except monitoring well BH6, BH7 and BH13. Based on the available water level recordings it is 
noted that ground water level varies from 268.2 ± masl to 262.5 ± masl (5.7 mbgs to 10.4 mbgs) 
indicating the inferred ground water flow direction as southeast towards Lovers Creek tributary. The 
ground water contour plan is shown in Figure 5. 
Based on ORMGP mapping, the regional ground water flow is expected to be southeast towards Lake 
Simcoe with an approximate elevation of 266 ± masl to 261 ± masl. Refer to Appendix A for associated 
mapping. Additional details of the monitoring well installation is presented on the enclosed borehole logs 
in Appendix C. 

BH 4 50 273 3.1 270.0 6.1 266.9 Sand some silt, trace gravel and 
clay 

BH 6 50 273.3 10.7 262.6 13.7 259.6 Sand, trace to some Silt  

BH 7 50 273.4 7.6 265.8 10.7 262.7 Sand and Silt to Silty Sand, trace 
gravel and clay 

BH 13 50 272.9 7.0 265.9 10.7 262.2 Sandy Silt to Silt and Sand, trace 
clay and gravel 

BH 14 50 273.9 3.1 270.9 6.1 267.8 Sand, trace to some Silt, trace 
gravel 

BH 15 50 273.2 4.6 268.6 7.6 265.6 Sand and Silt to Silty Sand, trace 
gravel and clay 
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4.5 Estimation of Hydraulic Conductivity 

4.5.1 Grain Size Distribution Analysis 

The geotechnical laboratory testing consisted of grain size distribution (Sieve and Hydrometer) on six (6) 
selected soil samples (five samples from native and one from fill) from three (3) borehole locations. The 
results of the Sieve and Hydrometer analysis are provided in Appendix D and summarized below: 
 
Grain Size Distribution Analysis Results 

 
Grain size results indicated the samples composition was in percentage of Sand varying from 54 - 87 % 
with some silt (7 - 21 %), trace clay (2 - 21 %) and trace gravel (3 - 8 %). The percentage fines vary from 
12 - 29.2 % for samples composed of Sand and Silts. The amount of fines within a deposit impacts the 
ability of the aquifer to transmit the water thus affecting overall hydraulic conductivity. 
 
4.5.1.1 Hydraulic Conductivity Estimation based on Grain Size Analysis: 

 
The Allen Hazen equation estimation method was also used to estimate the hydraulic conductivity (K) for 
saturated subsoils at selected depths beneath the water table below the subject site.  The Hazen Equation 
method was adopted to estimate the hydraulic conductivity (K) for different soil layers which may contain 
groundwater during the seasonal high-water table (spring) period, or if they are not encountered within 
the screen intervals. The Allen Hazen Equation method relies on the interrelationship between hydraulic 
conductivity and effective grain size, d10, in the soil media.  This empirical relation predicts a power-law 
relation with K, as follow: 

                                                

K = Cd10
2 

where; 
d10:  Value of the soil grain size gradation curve as determined by sieve analysis, whereby 10% 

by weight of the soil particles are finer and 90% by weight of the soil particles are coarser. 
C:            Coefficient; it is equal to 1 when K in cm/sec and d10 is in mm 

Borehole 
No. 

Sample No. 

Sampling 
Depth/Elevation 

(mbgs/masl) 

Gravel 
(%) 

Sand 
(%) 

Silt 
(%) 

Clay 
(%) 

Soil 
Type 

Description 
(MIT System) 

BH4 SS2 1.1 / 271.9 8 76 12 4 Native SAND, some silt, trace clay and gravel 

BH6 SS3 1.8 / 271.5 7 66 18 9 Native SAND, some silt, trace clay and gravel 

BH6 SS10 10.9 / 262.4 0 87 11 2 Native SAND, some silt, trace clay 

BH13 SS3 1.8 / 271.1 4 54 21 21 Fill CLAYEY SILTY SAND, trace gravel 

BH13 SS5 3.3 / 269.6 3 87 7 3 Native SAND, trace silt, clay and gravel 

BH13 SS6 
 

4.8 / 268.1 4 70 18 8 Native SAND, some silt, trace clay and gravel 
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K:            Estimated hydraulic conductivity in cm/s 
The Allen Hazen Equation estimation provides an indication of the groundwater yield capacity for 
saturated soil strata at the depths where soils samples were selected for grain size analysis.  The grain size 
distribution graphs prepared for the geotechnical investigation were used to the estimate the hydraulic 
conductivity. The details are presented in Appendix D. The results of the Hazen equation are summarized 
below:  
 
Hydraulic Estimation based on Grain Size Analysis 

Note: mbgs: meters below ground surface; masl: meters above mean sea level 

 
Based on the Allen Hazen estimation method, the hydraulic conductivity of the native cohesionless sand 
and silts deposits ranges from order of 10-5 to 10-7 m/s, whereas the hydraulic conductivity of clayey silty 
sand deposit encountered in BH13 SS3 as fill material is estimated as order of 10-12 m/s. 

4.5.2 In-Situ Hydraulic Conductivity Testing 

The hydraulic conductivity was also determined based on single well response tests (SWRTs), as per the 
hydrogeological investigation completed on April 28, 2020. As indicated above in Section 4.4, during the 
monitoring event all the wells were reported as “dry” except monitoring wellBH6 which indicated a water 
level at an approximate elevation of 263.7 ± masl. The monitoring well 6 was developed in advance of the 
testing date. Well development involves the purging and removal of ground water from the monitoring 
well to remove remnants of clay, silt and other debris introduced into the monitoring well during 
construction, and to induce the flow of formation ground water through the well screens, thereby 
improving the transmissivity of the subsoil strata formation at the well screen depths. 
The most recent water level observation conducted on May 28, 2020 recorded ground water levels except 
monitoring wells BH2, BH4 and BH15 which were reported as “dry”. The height of ground water column 
recorded on May 28, 2020 in the monitoring wells BH3, BH7, BH13 and BH14 is not sufficient to 
carryout the rising head testing on these monitoring wells. Hence, the hydraulic conductivity is estimated 
from the Grain Size Analysis and single well response testing results from the monitoring well BH6. It is 
noted that there is a requirement for long-term monitoring ground water levels to assess seasonal 

Borehole No. 
Sample No 

Sampling 
Depth 

mbgs/masl 

D10 Grain 
Size (mm) 

Soil Description 
Estimated 
Hydraulic 

Conductivity (m/s)  

BH4 SS2 1.1 / 271.9 3.45 x 10-2 SAND, some silt, trace clay and gravel 1.19 x 10-5 

BH6 SS3 1.8 / 271.5 2.83 x 10-3 SAND, some silt, trace clay and gravel 8.01 x 10-8 

BH6 SS10 10.9 / 262.4 5.17 x 10-2 SAND, some silt, trace clay 2.67 x 10-5 

BH13 SS3 1.8 / 271.1 1.30 x 10-5 CLAYEY SILTY SAND, trace gravel 1.70 x 10-12 

BH13 SS5 3.3 / 269.6 6.15 x 10-2 SAND, Trace silt, clay and gravel 3.78 x 10-5 

BH13 SS6 
 

4.8 / 268.1 4.23 x 10-3 SAND, some silt, trace clay and gravel 1.79 x 10-7 
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variations for the period of six (6) months. Upon completion of the on-going long-term monitoring an 
addendum report will be issued incorporating the hydrographs representing the seasonal ground water 
fluctuations at the Site and also the results of single well response testing on the remaining wells, if 
required.  
4.5.2.1 Hydraulic Conductivity Estimation based on In-situ Testing 

 
The test involved the rapid removal of water which displaces a known volume of water from a single well 
and then monitoring the water level in the well until the well has recovered. The static water level was 
measured prior to the test. The Solinst Datalogger was programmed to record the water levels at one (1) 
second of the interval throughout the test. The data from the tests was analyzed using the Bouwer and 
Rice method (1976) included in the Aquifer Test V.7 software package. The results of the analysis are 
presented in Appendix E in form of semi-log plots for drawdown versus time 
 
Hydraulic Conductivity Estimation based on In-situ Testing 

 
Based on the single well response estimation, the hydraulic conductivity of the native cohesionless sand 
and silts deposit is estimated as order of 10-5 m/s. The field results indicated a fast recharge of MW6 
during the single well response test as indicated by the estimated hydraulic conductivity. Also, the 
estimated conductivity is comparable to hydraulic conductivity estimated from the grain size distribution 
analysis for BH6 SS10 (El: 262.4 masl) i.e. 2.67 x 10-5 m/s. 

 

4.5.2.2 Hydraulic Conductivity Estimation from Literature: 

According to Freeze and Cherry (1979), the typical hydraulic conductivity of the strata investigated at the 
Site are reported as: 

• Earth Fill (Silty Sand) :10-3 m/s to 10-7 m/s 
• Native (Sands and Silts): 10-2 m/s to 10-9 m/s 

Based on the analyses, the hydraulic conductivity calculated from the rising head test and grain size 
analyses are relatively consistent with the published values associated with the geological material tested.  

4.6 Ground Water Quality Assessment 

One (1) unfiltered sample of ground water was collected by Terraprobe from monitoring well BH6 on 
April 29, 2020 and analysed for the Provincial Water Quality Objectives Standards (PWQO) and Ontario 
Drinking Water Quality Standards. The Metals and Mercury (Hg) bottles were filtered in the lab before 
the analyses.  The monitoring well BH6 was developed and purged prior to sample collection.  Upon 
sampling, all of the bottles were placed in ice and packed in a cooler for shipment to the analytical 
laboratory. Sample analysis was performed by AGAT Laboratories., a laboratory accredited by the 
Canadian Association for Laboratory Accreditation Inc. (CALA). No exceedances were reported in the 

Monitoring Well Well Screen Elevation (masl) 
Screened Geological Unit 

Description 
Hydraulic Conductivity (m/s) 

BH 6 262.6 - 259.6 Sand, trace to some Silt 1.43 x 10-5 
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analysis as per Provincial Water Quality Objectives Standards (PWQO).  
The background ground water quality exceeds the Ontario Drinking Water Quality Standards for 
hardness, temperature, total dissolved solids, turbidity and dissolved sodium. However, the proposed 
development will not be contributing any contaminants that may affect the background ground water 
quality in the area. The certificates of the analysis are provided in Appendix F. 

The site is partially located in the Highly Vulnerable Aquifer (HVA). HVAs are those areas where an 
aquifer may be more prone to contamination. These areas have been identified where there is little or no 
protection from an overlying aquitard (a protective layer of low permeability materials). The findings of 
Phase Two Environmental Site Assessment reported in “Phase Two Environmental Site Assessment, 571 

Welham Road, Barrie Ontario, File No. 1-19-0792-42, Dated: March 13,2020” indicates that there were 

no exceedances of the MECP Table 8 RPI/ICC Standards in the soil and ground water on the Property.  
There are no significant contaminating activities associated with the proposed development, therefore the 
Highly Vulnerable Aquifer (HVA) is not considered to be at risk. 
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5.0 IMPACT ASSESSMENT 

The proposed development typically results in impacts which includes increase in the run-off and 
decrease in the infiltration ultimately leading to reduced interflow and baseflow discharge. The impact 
assessment details that are applicable to the Property are discussed below. 

5.1 Ground Water Baseflow 

It is required to assess the potential impact of development on ground water contribution to baseflow. The 
degree to which the shallow ground water flow is altered largely depend on the infiltration potential of the 
sub surface soils and nature of proposed development. The degree to which streams and wetlands may be 
affected also depends on the proximity of the proposed development and its hydrogeological connection 
with the stream or wetland. The principal drainage feature adjacent to the Site is tributary of Lovers 
Creek. There will be base flow contribution to the tributary of the Lovers Creek due to the presence of 
moderate to high permeability soils and topographic configuration of the creek. This will be addressed by 
maintaining the overall ground water recharge across the Site area. 

5.2 Water Balance for Infiltration Impact 

An evaluation of water balance was completed in order to estimate the potential impacts that may occur 
due to proposed development in terms of recharge/discharge characteristics. The water balance is the 
amount of water entering and leaving a control volume during a given time period. The purpose of water 
balance analysis is to estimate the pre-development and post-development infiltration and run-off. The 
maintenance of pre-development ‘recharge’ is a general requirement in the Oak Ridges Moraine 
Conservation Plan, Lake Simcoe Protection Plan and the Provincial Policy Statement that is often 
captured in municipal Official Plans. The water balance analysis is conducted for the entire site 
considering it as one catchment and one drainage outlet. 

5.2.1 Water Balance Methodology 

The surface soils at the Site provide possible ground water recharge into the shallow ground water 
system. This is a result of the moderate to high permeable sandy soils found across the Site. Based on Site 
investigations, it is indicated in the earlier sections that the native soil samples range in major percentage 
of Sand varying from 54 - 87 %. Based on the hydraulic testing at the Site, the hydraulic conductivity of 
the native cohesionless sand and silts deposit is estimated as order of 10-5 m/s. 
One of the objectives during development should be to ensure that the overall volume of ground water 
recharge is maintained or enhanced. A water balance for the Site was prepared to assess the distribution of 
rainfall, runoff, and infiltration for pre-development and post-development conditions.  Based on the 
Environment Canada Climatic Normals (1981 - 2010) for the Barrie WPCC weather station (Climate ID: 
6110557), the average annual precipitation is considered as 933 mm/ yr. for water balance analysis. Based 
on the “Lake Simcoe Climate Data Reference Document to Support the Completion of Water Balance 
Assessment Version 1.0 (April 2017)” the actual evapotranspiration is considered as 571 mm/yr for 
Urban lawns Hydrologic Soil Group B (fine sandy loam).  
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The volume of surplus water that infiltrates into the soil was determined by applying an infiltration factor 
to the surplus volume based on topography, soil type and land cover as per Table 2 approach in the 
Technical Information Requirements for Land Development Applications (1995). Based on Table 2 
approach the infiltration factor is estimated as 0.8, considering the topography as flat topography (0.3), 
soil type as open sandy loam soils (0.4) and cover as cultivated (0.1). Also, Table 3 approach in the 
Technical Information Requirements for Land Development Applications (1995) reported the typical 
ground water recharge rates for fine to medium sands as 200 - 250 mm/yr. The infiltration factors for the 
post-development conditions was considered same as the pre-development conditions. Refer to Appendix 

G for details. 
Based on above information, a conceptual model of ground water flow and water balance was developed. 
The Thornthwaite method approach was used to calculate the relative balance between rainfall, 
evaporation, and evapotranspiration in a shallow soil zone. A water balance was conducted for the post-
development conditions for the entire Site, using the proposed land use statistics information and property 
development plan. The development plans are provided in Appendix H. The post-development water 
balance accounts for hard-surfaced areas created by building and pavements. The post-development 
conditions will result in a surplus of water available from run-off. The surplus of water available from 
roof runoff can be used for infiltration into the shallow ground water system. 
The following assumptions were applied for the pre and post development water balance: 

• No infiltration will occur beneath the hard surface areas including asphalt/concrete surfaced 
parking areas and walkways or driveways. 

• It is assumed that there will be 10% of evaporation in hard-surface areas/impervious surface and 
remaining will contribute to run-off. 

• Run-off from parking areas will be directed towards storm sewers, and is not included in the 
infiltration calculations. 

• Iinfiltration rates in open areas of the property (landscaped areas) will occur at rates similar to 
those for pre- development conditions. 

• There will be no infiltration beneath hard-surface areas including, building, pavements, and 
walkways. 

5.2.2 Water Balance Analysis: 

Based on the proposed site plan (Drawing No. A.100, Dated: 2020-11-23) provided by the Joseph N 
Campitelli Architect Inc, the Site currently consists of parcel of land that is occupied by a single storey 
industrial building with the footprint of approximately 1,376 sq.m (0.14 ha), with associated asphalt 
surfaced parking areas. The south and east portion of the Property consist of landscape areas. The 
south/southeast portion of the property with a total area of 8,228 sq.m (0.82 ha) is considered as 
Environmental Protection (EP) zone and regulated by LSRCA. For the water balance, the total area is 
considered as 24,508 sq.m (2.45 ha) excluding the EP zone as it will not be developed and remain as 
regulated area by LSRCA. Refer to Appendix H for pre and post development site statistics details. 
Based on the Climate data, annual precipitation of 933 mm/annum is considered and an actual 
evapotranspiration of 571 mm/annum. There is a water surplus of 362 mm/annum occurring at the Site 
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that can either infiltrate into the subsurface or go as a run off. The rate of infiltration was based on 
topography, soil type and land cover as per as per Table 2 approach in the Technical Information 

Requirements for Land Development Applications (1995). 
The water balance for pre-development conditions for the entire Site is summarized in the Table below: 
Summary of Site Statistics (Pre-development) 

Land Use Area (ha) Area (m2) 

Building Footprint/Envelope 0.14 1,376 
Hardscape/Impervious 0.70 7,043 
Softscape/Pervious 1.61 16.089 
Total 2.45 24,508 

 
Pre- Development Water Balance (Entire Site) 
 Area 

(m2) 
Precipitation 
(m3) 

Evapotranspiration 
(m3) 

Evaporation 
(m3) 

Infiltration   
(m3) 

Run-Off     
 (m3) 

Proposed 
Development 

24,508 22,866 9,187 785 4,659 8,234 

  
Development of an area affects the natural water balance of the Site. The most significant difference is the 
addition of impervious surfaces as type of surface cover. Impervious surfaces prevent the infiltration of 
water into the soils. Net effect of the construction of impervious surfaces is that most of precipitation that 
falls onto the impervious surfaces becomes surplus water and direct runoff. The natural permeability of 
the ground surface changes by reducing the current undeveloped land/ open space and vegetation at the 
Site and replacing part of these areas with less permeable/ impervious surfaces such as building roofs, 
roads, and driveways. The development will result in an increased volume of runoff and reduction in 
infiltration. Pre-development conditions results in approximately 4,659 m3 of water available for 
infiltration to the ground water system as mentioned in the above table. 
 
Based on the post-development plan, a summary of proposed land use is provided in the table below: 
 
Summary of Site Statistics (Post-development) 

Land Use Area (ha) Area (m2) 

Building Footprint/Envelope 0.63 6,280 
Hardscape/Impervious 1.27 12,659 
Softscape/Pervious 0.56 5,569 
Total 2.45 24,508 

 
The water balance calculations for the post-development case are provided as Appendix G. The results of 
the analysis are summarized in the Table below: 
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Post- Development Water Balance (Entire Site)  

In the post-development, the water balance calculations show that development has potential to reduce the 
natural infiltration by 3,047 m3/a, and to increase the runoff by 8,072 m3/a. If roof top runoff water is re-
infiltrated through storm water management features, a total of 4,746 m3/a of water could be available for 
infiltration under post-development conditions (assuming 90% available of the run-off captured). The 
volume of roof run-off available is compared to the difference in infiltration between pre-development 
and post-development, as noted in the Table below: 
 
Roof runoff Infiltration Deficit and Volume of Available Roof Run-off (Entire Site) 
 

 Potential Post-Development 
Infiltration Deficit (m3) 

Volume of Roof Run-off Available 
(m3) 

Proposed Development Property 3,047 4,746 

As noted, the volume of roof runoff exceeds the infiltration deficit. Approximately 64% of the effective 
roof runoff captured will be required to compensate the post-development infiltration deficit. This 
indicates that, with proper storm water management and mitigation measures, the overall infiltration rates 
at the property can be maintained. The Site is located partially within a Significant Ground Water 
Recharge Area (SGRA). Mitigation measures such as conventional low impact development (LID) storm 
water management measures should be applied to maintain and enhance natural infiltration. 

5.3 Surface Water Impact 

The MNRF mapping tool and County of Simcoe mapping indicates presence of provincially significant 
wetland (PSW) i.e. portion of Lovers Creek Swamp (IN4) located approximately 160 m southeast of the 
Property. Most of the wetland areas outlined are regulated by LSRCA. The PSW provides significant 
ecological functions and hydrological function and fed by the ground water discharge. (LSRCA 2012). 
Under proposed development, the quality of water directed to pervious areas for infiltration is not 
expected to contain any contaminant of concerns. The run off from the Site will not be significantly 
affected by the proposed development resulting in maintenance of functions of wetland that are supported 
by ground water discharge or surface runoff. 

5.4 Ground Water Quality Impact 

The impact of the proposed development on ground water quality was assessed as part of hydrogeological 
assessment. The results of the ground water quality analysis at the Site do not indicate any exceedance as 
per the Provincial Water Quality Objectives Standards (PWQO). The background ground water quality 
exceeds the Ontario Drinking Water Quality Standards for hardness, temperature, total dissolved solids, 

 Area              
 (m2) 

Precipitation  
(m3) 

Evapotranspiration 
(m3) 

Evaporation 
(m3) 

Infiltration    
(m3) 

Run-Off       
(m3) 

Proposed 
Development 

24,508 22,866 3,180 1,767 1,613 16,306 
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turbidity and dissolved sodium. However, the proposed development will not be contributing any 
contaminants that may affect the background ground water quality in the area. 
 
The Site is partially located in the Highly Vulnerable Aquifer (HVA). Phase Two Environmental 
Assessment conducted by Terraprobe reported no significant contaminating activities associated with the 
proposed development, therefore the Highly Vulnerable Aquifer (HVA) is not considered to be at risk. 
Best management practices for the use of salt for winter driveways maintenance should be adopted that 
will reduce the potential to affect underlying ground water resources. The Site is not located in Well Head 
Protection (WHPA, WHPA - Q1, WHPA - Q12) to protect water quality and quantity at municipal water 
supplies. It was assessed there are no potential water quality threats to ground water flow system as well 
as to any sensitive ground water dependent features such as wetlands and water courses.  

6.0 MITIGATING MEASURES TO MAINTAIN HYDROGEOLOGIC 
FUNCTIONS  

6.1.1 Maintenance of Ground Water Infiltration 

The existing ground water recharge rates at the Site are approximated as greater than 250 mm/annum. 
These recharge rates are based on the property specific conditions. This recharge occurs in a broad diffuse 
manner over the entire Site. Mitigation measures are available to maintain recharge rates, base flow and 
surface flow to creek following development.  
Appropriate low-impact development techniques (LID) which can be applied include: 

• Maintenance of the volume and nature of surface drainage to the tributary of Lovers Creek. 
• Maintenance of overall ground water recharge across the Site area. 

In order to maintain ground water recharge for the Site, the following mitigation measures are provided: 
• The entire run-off from the roof of the proposed development will be directed to a bio-infiltration 

trench to promote infiltration through slow discharge to the Lovers creek tributary. The results of 
the water balance indicate that approximately 64% of the roof runoff from the building must be 
re-directed towards the enhanced infiltration feature in order to match the pre-development 
infiltration rates.  

• Appropriate storm water control measures would be required to prevent erosion due to increased 
run off, for slow and delayed release to promote infiltration and prevent flooding. The 
implementation of these measures at the Site will assist in maintaining the shallow ground water 
recharge and replicate the existing surface drainage to tributary of Lovers Creek. 

6.1.2 Maintenance of Ground Water Transmission Pathways 

The Site predominantly consisted of native sandy soils, which are of moderate to high permeabilities. The 
overall continuity of the ground water flow at the Site should be maintained, where practical. No 
significant excavation activities will be involved in the proposed development as the building will be 
supported on slab on grade. The associated activities will not interrupt the ground water flow system at 
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the Site. Hence there is no requirement for maintain ground water transmission pathways as result of 
proposed development. However, in general the continuity of any sand or more permeable zones should 
be maintained by backfilling with the native sandy (or more permeable) material as it is excavated, if 
required. However, it was assessed there are no potential water quality threats to ground water flow 
system as well as to any sensitive ground water dependent features such as wetlands and water courses.  
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7.0 CONCLUSIONS AND RECOMMENDATIONS 

Terraprobe Inc. (Terraprobe) was retained by Environmental 360 Solutions Ltd. to conduct a 
hydrogeological assessment in support of the proposed development for the Site located to the northeast 
corner of the intersection of Welham Road and Maple Drive E in Barrie, Ontario with a municipal address 
of 571 Welham Road, Barrie, Ontario. In summary results of the hydrogeological investigation indicate 
following: 

i. The Site is located within the physiographic region known as the Peterborough Drumlin Field. 
The surficial geology at the Site consists of coarse textured glaciolacustrine deposits and bedrock 
consists of Lindsay Formation found at depth of approximately 168 m below the existing grade. 

ii. The nearest water body is a tributary of Lovers Creek which is located adjacent of the Property to 
the south-southwest which flows towards east and eventually drains into Lovers Creek. The 
Lovers Creek is located approximately 800 m southeast of the Property. The ground water and 
surface water are expected to flow to the southeast towards Lovers Creek.  

iii. The principal drainage feature adjacent to the Site is tributary of Lovers Creek. Based on the 
topography, the Site provides significant surface runoff to the adjacent tributary. There is a 
possibility of base flow contribution to the tributary due to the presence of moderate to high 
permeability soils at the Site.  

iv. The MNRF mapping tool and County of Simcoe mapping indicates presence of provincially 
significant wetland (PSW) i.e. portion of Lovers Creek Swamp (IN4) located approximately 160 
m southeast of the Property. Most of the wetland areas outlined are regulated by LSRCA. 
Considering the nature of the proposed development it will not pose any significant threat to 
wetlands or water courses. 

v. MECP Water Well Records (WWRs) review indicates the most of the wells are used as test 
holes/observation and all are completed in the overburden. Five (5) active water supply wells are 
located within 500 m radius of the Property completed in the overburden and use for domestic 
and irrigation purposes. The proposed development will likely be serviced with municipal water. 
There is no record of any well completed in the bedrock. It is unlikely that impacts from the 
proposed development will affect the water resources within the vicinity of the Site 

vi. A total of fifteen (15) boreholes were drilled to depths varying from 2.0 m to 13.7 m below 
existing grades. Monitoring wells were installed in eight (8) selected boreholes (BH2, BH3, BH4, 
BH6, BH7, BH13, BH14, and BH15) for ground water monitoring and to confirm the ground 
water quality. All the boreholes with exception of BH2 encountered a topsoil and surficial 
materials at the ground surface that was underlain by a layer of earth fill materials in all 
boreholes, with exception of BH2, BH3 and BH6.  The fill was underlain by native soil deposit 
extending to the full depth of investigation in all boreholes, with exception of BH10 and BH11 
which were terminated in the fill material.  The native soils deposit in generally consisted of 
cohesionless sands and silts. 
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vii. Six (6) month groundwater monitoring was conducted on the Site from April 2020 to September 
2020. Based on the available water level recordings it is noted that ground water level varies from 
268.2 ± masl to 262.5 ± masl (5.7 mbgs to 10.4 mbgs) indicating the inferred ground water flow 
direction as southeast towards Lovers Creek tributary.  

viii. Based on the in-situ hydraulic testing and grain size distribution, the hydraulic conductivity of the 
native cohesionless sand and silts deposits rages from order of 10-5 to 10-7 m/s. The moderate to 
high permeability of the subsurface soils at the Site indicates possible contribution to the 
infiltration, recharge and the base flow. The recharge rate for this type of soil is estimated greater 
than 250 mm/year. 
 

ix. The results of the ground water quality analysis at the Site do not indicate any exceedance as per 
the Provincial Water Quality Objectives Standards (PWQO). The background ground water 
quality exceeds the Ontario Drinking Water Quality Standards for hardness, temperature, total 
dissolved solids, turbidity and dissolved sodium. However, the proposed development will not be 
contributing any contaminants that may affect the background ground water quality in the area. 

 
x. The Site is not located in Well Head Protection area (WHPA, WHPA - Q1, WHPA - Q12) to 

protect water quality and quantity at municipal water supplies. 
 

xi. The Site is partially located in the Highly Vulnerable Aquifer (HVA). There are no significant 
contaminating activities associated with the proposed development, therefore the Highly 
Vulnerable Aquifer (HVA) is not considered to be at risk. Best management practices for the use 
of salt for winter driveways maintenance should be adopted that will reduce the potential to affect 
underlying ground water resources. 
 

xii. The Site is located within Intake Protection Zone 3 (IPZ-3) with the score of 5.6, for water 
supplies that draw water from Lake Simcoe. The proposed land development is not considered as 
a land use of concern in Intake Protection Zone 3 and do not pose any risk to water supplies. 
 

xiii. The water balance calculations show that development has potential to reduce the natural 
infiltration by 3,047 m3/a, and to increase the runoff by 8,072 m3/a. If roof top runoff water is re-
infiltrated through storm water management features, a total of 4,746 m3/a of water could be 
available for infiltration under post-development conditions (assuming 90% available of the run-
off captured). Approximately 64% of the effective roof runoff captured will be required to 
compensate the post-development infiltration deficit. This indicates that, with proper storm water 
management and mitigation measures, the overall infiltration rates at the property can be 
maintained. 

xiv. The Site is located partially within a Significant Ground Water Recharge Area (SGRA). 
Mitigation measures such as conventional low impact development (LID) storm water 
management measures should be applied to maintain and enhance natural infiltration. Final 
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design of the LID measures should be reviewed in conjunction with the storm water management 
plan for the Site. 

xv. The development of the Site will result in an overall reduction of ground water recharge and a 
significant increase in surface water runoff unless appropriate mitigation measures are provided at 
the design stage. The following mitigation measures can be implemented for the Site: 
• The entire run-off from the roof of the proposed development may be directed to a bio-

infiltration trench to promote infiltration through slow discharge to the Lovers creek 
tributary.  

• Appropriate storm water control measures would be required to prevent erosion due to 
increased run off, for slow and delayed release to promote infiltration and prevent flooding. 
The implementation of these measures at the Site will assist in maintaining the shallow 
ground water recharge and replicate the existing surface drainage to tributary of Lovers 
Creek. 

 
 
8.0 CLOSURE 

We trust that the above-noted information is suitable for your review. If you have any questions regarding 
this information, please do not hesitate to contact the undersigned. 
 

Yours truly, 
Terraprobe Inc. 

 
 

  
Usman Arshad, M.Eng., EIT  Muhammad I. Shahid, P.Geo., QPESA  

Project Manager Senior Project Manager  
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LIMITATIONS OF LIABILITY 

This report was prepared at the request of, and for the exclusive use of Environmental 360 Solutions Ltd. 
and its affiliates (“the Intended User”) is intended to provide an assessment of the hydrogeological 
conditions of the Property located at 571 Welham Road, Barrie, Ontario (the Site). No one other than the 
Intended User has the right to use and rely on the work without first obtaining the written authorization of 
Terraprobe Inc. and Environmental 360 Solutions Ltd.  
Terraprobe Inc. expressly excludes liability to any party except the Intended User for any use of, and/or 
reliance upon, the work. Any use which a third party makes of this report, or any reliance on or decisions 
to be made based on it, are the responsibility of such third parties. Terraprobe Inc. accepts no 
responsibility for damages, if any, suffered by any third party as a result of decisions made or actions 
based on this report, including consequential financial effects on transactions or property values, or 
requirements for follow-up actions and costs.  
The assessment should not be considered a comprehensive audit that eliminates all risks of encountering 
hydrogeological problems. The information presented in this report is based on information collected 
during the completion of the hydrogeological study by Terraprobe Inc. It was based on the conditions on 
the Site at the time of the hydrogeological study by a review of historical information and field 
investigation to assess the hydrogeological conditions of the Site, as reported herein.  
There is no warranty expressed or implied by this report regarding the hydrogeological conditions for the 
Site. Professional judgement was exercised in gathering and analyzing information collected by reviewing 
previous reports, data provided by government and are open to public and field work investigation. The 
conclusions presented are the product of professional care and competence, and cannot be construed as an 
absolute guarantee. 
In the event that during future work new information regarding the hydrogeological conditions of the Site 
is encountered, or in the event that the outstanding responses from the regulatory agencies indicate 
outstanding issues on file with respect to the Site, Terraprobe Inc. should be notified in order that we may 
re-evaluate the findings of this assessment and provide amendments, as required. 
Neither possession of the Work, nor a copy of it, carries the right of publication. All copyright in the 
Work is reserved to Terraprobe Inc. The Work shall not be disclosed, produced or reproduced, quoted 
from, or referred to, in whole or in part, or published in any manner, without the express written consent 
of Terraprobe Inc. or Environmental 360 Solutions Ltd. 
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APPENDIX B

                                     
                                     TERRAPROBE INC.



7291358 1006679300 605893 4909922 285.046 Test Hole Test Hole 2017‐06‐23 ‐ 12.19 9.15 12.20 Direct Push OVERBURDEN
7291359 1006679303 605966 4909940 283.453 Test Hole Test Hole 2017‐06‐23 ‐ 11.58 8.54 11.59 Direct Push OVERBURDEN
7105796 1001603935 606035 4910369 264.977 Observation Wells Monitoring 2008‐04‐04 ‐ 9.10 7.60 9.10 Boring OVERBURDEN
7261608 1005933413 606099 4910206 274.497 Monitoring and Test Hole Monitoring 2016‐02‐23 ‐ 6.10 3.05 6.10 Rotary (Convent.) OVERBURDEN
7181772 1003828878 606177 4910961 266.991 Test Hole Monitoring and Test Hole 2012‐05‐08 ‐ 7.62 4.50 7.60 Direct Push OVERBURDEN
5701395 10379288 606251.4 4910385 263.001 Water Supply Domestic 1966‐05‐28 15.86 17.68 16.80 17.70 Cable Tool OVERBURDEN
7172332 1003612933 606270 4910480 267.318 Test Hole Monitoring 2010‐06‐21 ‐ 12.19 9.14 12.19 Auger OVERBURDEN
7174080 1003626956 606335 4910454 262.480 Abandoned ‐ 2011‐11‐22 ‐ ‐ ‐ ‐ ‐ ‐
7243476 1005439183 606382 4910061 263.511 Monitoring and Test Hole Monitoring ‐ ‐ 9.60 6.10 7.60 Boring OVERBURDEN
5739457 11329021 606396 4910464 258.644 Abandoned ‐ 2004‐10‐23 ‐ ‐ ‐ ‐ ‐ ‐
5713836 10391572 606514.4 4910473 255.290 Water Supply Domestic 1976‐10‐13 20.74 21.64 20.74 21.64 Cable Tool OVERBURDEN
5711986 10389776 606564.4 4910423 253.352 Water Supply Domestic 1974‐11‐08 12.19 14.02 12.81 13.73 Cable Tool OVERBURDEN
5711981 10389771 606564.4 4911073 248.572 Test Hole/Observation Well Municipal 1974‐07‐30 90.8 105.16 93.03 94.55 Rotary (Convent.) OVERBURDEN
5705610 10383492 606594.4 4910623 251.901 Water Supply Domestic 1968‐03‐05 13.1 14.02 13.70 14.02 Cable Tool OVERBURDEN
7222736 1004899475 606618 4910525 252.150 Monitoring and Test Hole Monitoring and Test Hole 2014‐05‐22 ‐ 4.57 1.53 3.05 Direct Push OVERBURDEN
7250548 1005761022 606654 4910511 251.960 Observation Wells Monitoring 2015‐10‐02 ‐ 15.25 12.20 15.25 Boring OVERBURDEN
7288657 1006568572 606654 4910511 251.955 Test Hole Monitoring 2017‐05‐18 ‐ 15.25 12.20 15.25 Boring OVERBURDEN
7144552 1002978255 606664 4910184 250.372 Abandoned ‐ 2010‐03‐25 ‐ ‐ ‐ ‐ ‐ ‐
7144551 1002978253 606665 4910183 250.348 Abandoned ‐ 2010‐03‐19 ‐ ‐ ‐ ‐ ‐ ‐
7225645 1005080456 606679 4909964 251.824 Observation Wells Monitoring 2014‐03‐21 ‐ 6.10 3.05 6.10 Boring OVERBURDEN
7225644 1005080453 606680 4910039 250.857 Observation Wells Monitoring 2014‐03‐21 ‐ 4.58 1.53 4.58 Boring OVERBURDEN
7225643 1005080392 606696 4909912 252.364 Observation Wells Monitoring 2014‐03‐21 ‐ 4.575 1.525 4.575 Boring OVERBURDEN
7148487 1003174304 606696 4910375 250.355 Water Supply Irrigation ‐ Golf Course 2010‐05‐17 51.81 51.81 42.67 51.8 Rotary (Convent.) OVERBURDEN
7250547 1005761019 606700 4910227 250.012 Observation Wells Monitoring 2015‐10‐02 ‐ 13.73 3.04/10.67 9.14/13.73 Boring OVERBURDEN
7288656 1006568569 606700 4910227 250.011 Abandoned‐Other Monitoring 2017‐05‐18 ‐ ‐ ‐ ‐ ‐ ‐
5730744 10408300 606695.3 4910663 248.966949 Abandoned ‐ 1994‐05‐13 ‐ ‐ ‐ ‐ ‐ ‐

FINAL STATUSWELL ID BOREHOLE ID EASTING  NORTHING ELEV (masl)
DRILLING 
METHOD

SCREENED UNITWATER LEVEL UPON 
COMPLETION (m)

SECONDARY PURPOSE DATE OF 
COMPLETION

BOREHOLE DEPTH 
(m)

SCREEN TOP 
(m)

SCREEN 
BOTTOM (m)
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APPENDIX C

TERRAPROBE INC.
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100mm  TOPSOIL

FILL, sand, trace to some silt, trace
gravel, trace organics, compact, brown /
dark brown, moist

SAND, trace to some silt, compact,
brown, moist

END OF BOREHOLE

Borehole was dry and open upon
completion of drilling.

50 mm dia. monitoring well installed.
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Drilling Method :  Solid stem augersRig type :  Track-mounted

Client : Environmental 360 Solutions Ltd
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WATER LEVEL READINGS
Date Water Depth (m) Elevation (m)

Mar 10, 2020 dry n/a
Apr 28, 2020 dry n/a
May 28, 2020 dry n/a
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7

SS2 Analysis:
M&I

SS7 Analysis:
BTEX, VOC, PHC

PID: 0

PID: 0

PID: 0

PID: 0

PID: 0

PID: 0

PID: 0

Trace organics
(WEATHERED/DISTURBED)

SAND, trace to some silt, very dense,
brown, moist

END OF BOREHOLE

Borehole was dry and open upon
completion of drilling.

50 mm dia. monitoring well installed.
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WATER LEVEL READINGS
Date Water Depth (m) Elevation (m)

Mar 10, 2020 dry n/a
Apr 28, 2020 dry n/a
May 28, 2020 8.9 264.2
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3

4
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6
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SS2 Analysis:
M&I, PAH

SS4 Analysis:
VOC, .pH
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PID: 5
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75mm  AGGREGATE

SAND AND SILT to SILT AND SAND,
trace clay, trace gravel, dense to very
dense, brown, moist

Augered to about 9.1m below grade to
install monitoring well

END OF BOREHOLE

Water level and cave could not
measured due to hollow stem auger.

50 mm dia. monitoring well installed.
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WATER LEVEL READINGS
Date Water Depth (m) Elevation (m)

Mar 10, 2020 dry n/a
Apr 28, 2020 dry n/a
May 28, 2020 dry n/a

1

2

3

4

5

6

7

SS1 Analysis:
M&I

8   76   12   4

SS7 Analysis:
BTEX, VOC, PHC

PID: 0

PID: 0

PID: 0

PID: 0

PID: 0

PID: 0

PID: 0

100mm  TOPSOIL

FILL, gravel and sand, some silt, trace
organics, compact, brown / dark brown,
moist

SAND, some silt to silty, trace gravel,
trace clay, very dense, brown, moist

END OF BOREHOLE

Borehole was dry and open upon
completion of drilling.

50 mm dia. monitoring well installed.
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PID: 5

PID: 5
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PID: 0
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PID: 0

PID: 0

50mm  TOPSOIL

FILL, sand, trace to some silt, trace
gravel, trace organics, loose, brown /
dark brown, moist

SAND, trace to some silt, trace gravel,
loose to dense, brown, moist

SANDY SILT, trace clay, trace gravel,
dense, brown, moist

END OF BOREHOLE

Water level and cave could not
measured due to hollow stem auger.
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auger refusal moved
1m east and
continued drilling on
Feb 27, 2020.
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brown, damp

...wet below
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SS

SS

WATER LEVEL READINGS
Date Water Depth (m) Elevation (m)

Mar 10, 2020 9.6 263.7
Apr 28, 2020 9.6 263.7
May 28, 2020 9.7 263.6

10

11

0   87   11   2

SS10 Analysis:
BTEX, VOC, PHC

PID: 0

PID: 0

SAND, trace to some silt, very dense,
brown, damp (continued)

Augered to about 13.7m below grade to
install monitoring well

END OF BOREHOLE

Water level and cave could not
measured due to hollow stem auger.

50 mm dia. monitoring well installed.
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150mm  TOPSOIL

FILL, silty sand, some gravel, trace
organics, compact, brown / dark brown,
moist

SAND AND SILT to SILTY SAND, trace
clay, trace gravel, compact to very
dense, brown, moist

...wet below
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SS

WATER LEVEL READINGS
Date Water Depth (m) Elevation (m)

Mar 10, 2020 dry n/a
Apr 28, 2020 dry n/a
May 28, 2020 10.4 263.0

10 SS10 Analysis:
BTEX, VOC, PHC

PID: 0

SAND AND SILT to SILTY SAND, trace
clay, trace gravel, compact to very
dense, brown, moist (continued)

END OF BOREHOLE

Borehole was dry and open upon
completion of drilling.

50 mm dia. monitoring well installed.
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PID: 5

PID: 5
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PID: 0
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PID: 0

50mm  TOPSOIL

FILL, silty sand, some gravel, trace
organics, compact, brown / dark brown,
moist

SAND AND SILT to SILTY SAND, trace
clay, trace gravel, compact to very
dense, brown, moist

END OF BOREHOLE

Water level and cave could not
measured due to hollow stem auger.
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auger grinding

PID: 5
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75mm  TOPSOIL

FILL, sand, trace to some silt, trace
gravel, trace organics, stone pieces
inclusion, compact, brown / dark brown,
moist

SAND AND SILT to SILTY SAND, trace
clay, trace gravel, compact to dense,
brown, moist

END OF BOREHOLE

Water level and cave could not
measured due to hollow stem auger.
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SS
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1
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3 SS3 Analysis:
M&I

PID: 0

PID: 5

PID: 5

100mm  AGGREGATE

FILL, silty sand, some gravel, trace
organics, compact, brown / dark brown,
moist

...topsoil inclusions

FILL, sand, trace to some silt, trace
gravel, trace organics, compact, brown /
dark brown, moist

END OF BOREHOLE

Borehole was dry and open upon
completion of drilling.
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3

PID: 5

PID: 5

PID: 5

100mm  TOPSOIL

FILL, silty sand, some gravel, trace
organics, compact, brown / dark brown,
moist

...wood pieces inclusion

END OF BOREHOLE

Borehole was dry and open upon
completion of drilling.
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PID: 5

PID: 0

PID: 0

100mm  TOPSOIL

FILL, silty sand, some gravel, trace
organics, compact, dark brown, moist

SANDY SILT to SILT AND SAND, trace
clay, trace gravel, compact to dense,
brown, moist

END OF BOREHOLE

Borehole was dry and open upon
completion of drilling.
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4   54   21   21

3   87   7   3

4   70   18   8

PID: 5

PID: 5

PID: 5

PID: 5

PID: 0

PID: 0

PID: 0

100mm  TOPSOIL

FILL, silty sand, some gravel, trace
organics, compact, brown / dark brown,
moist

FILL, clayey  silty sand, trace gravel,
trace organics, compact, dark brown,
moist

...at 2.3 m, cobble / stone pieces
inclusion

SAND, trace to some silt, compact to
very dense, brown, moist

SANDY SILT to SILT AND SAND, trace
clay, trace gravel, very dense, brown,
moist

Augered to about 10.7m below grade to
install monitoring well on Feb 26, 2020.
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WATER LEVEL READINGS
Date Water Depth (m) Elevation (m)

Mar 10, 2020 dry n/a
Apr 28, 2020 dry n/a
May 28, 2020 10.3 262.6

Augered to about 10.7m below grade to
install monitoring well on Feb 26, 2020.
(continued)

END OF BOREHOLE

Water level and cave could not
measured due to hollow stem auger.

50 mm dia. monitoring well installed.
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AS

SS

SS

SS

SS

SS

SS

WATER LEVEL READINGS
Date Water Depth (m) Elevation (m)

Mar 10, 2020 dry n/a
Apr 28, 2020 dry n/a
May 28, 2020 5.7 268.2

1

2

3

4

5

6

7

SS2 Analysis:
M&I, VOC

SS3 Analysis:
.pH

SS7 Analysis:
BTEX, VOC, PHC

PID: 0

PID: 0

PID: 0

PID: 0

PID: 0

PID: 0

PID: 0

150mm  ASPHALTIC CONCRETE

150mm  AGGREGATE

FILL, sand, some silt, trace gravel, trace
organics, loose, brown / dark brown,
moist

SAND, trace to some silt, trace gravel,
very dense, brown, damp to moist

END OF BOREHOLE

Borehole was dry and open upon
completion of drilling.

50 mm dia. monitoring well installed.
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Position : E: 606052, N: 4910529 (UTM 17T) Elevation Datum :  Geodetic

Originated by  :

Compiled by  :

Checked by  :

CM

AS

MMT

Drilling Method :  Solid stem augersRig type :  Track-mounted

Client : Environmental 360 Solutions Ltd

Project : 571 Welham Road

Location : Barrie, Ontario
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AS

SS

SS

SS

SS

SS

SS

SS

WATER LEVEL READINGS
Date Water Depth (m) Elevation (m)

Mar 10, 2020 dry n/a
Apr 28, 2020 dry n/a
May 28, 2020 dry n/a

1

2

3

4

5

6

7

8

SS2 Analysis:
PAH

SS3 Analysis:
M&I, VOC

SS5 Analysis:
BTEX, VOC, PHC

PID: 0

PID: 0

PID: 5

PID: 5

PID: 5

PID: 5

PID: 0

PID: 0

75mm  ASPHALTIC CONCRETE

40mm  AGGREGATE

FILL, silty sand, some gravel, trace
organics, compact, brown / dark brown,
moist

SAND AND SILT to SILTY SAND, trace
clay, trace gravel, compact to very
dense, brown, moist

Augered to about 7.6m below grade to
install monitoring well

END OF BOREHOLE

Water level and cave could not
measured due to hollow stem auger.

50 mm dia. monitoring well installed.
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Position : E: 606168, N: 4910578 (UTM 17T) Elevation Datum :  Geodetic

Originated by  :

Compiled by  :

Checked by  :

BO

AS

MMT

Drilling Method :  Hollow stem augersRig type :  Track-mounted

Client : Environmental 360 Solutions Ltd

Project : 571 Welham Road

Location : Barrie, Ontario
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Location: Barrie Slug Test: MW6 Test Well: MW6

Test Conducted by: AK Test Date: 4/28/2020

Water level at t=0 [m]: 12.93 Static Water Level [m]: 13.10 Water level change at t=0 [m]: -0.17

Slug Test Analysis Report  Page 1 of 2

Project: 571 Welham Road

Number: 1-19-0792-46

Client:

Time
[s]

Water Level
[m]

WL Change
[m]

1 1 12.993 -0.107

2 2 12.996 -0.104
3 3 13.002 -0.098

4 4 13.005 -0.095
5 5 13.008 -0.092

6 6 13.011 -0.089
7 7 13.011 -0.089

8 8 13.017 -0.083
9 9 13.017 -0.083

10 10 13.02 -0.08
11 11 13.023 -0.077

12 12 13.026 -0.074
13 13 13.026 -0.074

14 14 13.029 -0.071
15 15 13.032 -0.068

16 16 13.032 -0.068
17 17 13.035 -0.065

18 18 13.038 -0.062
19 19 13.038 -0.062

20 20 13.041 -0.059
21 21 13.041 -0.059

22 22 13.044 -0.056
23 23 13.044 -0.056

24 24 13.044 -0.056
25 25 13.047 -0.053

26 26 13.047 -0.053
27 27 13.05 -0.05

28 28 13.05 -0.05
29 29 13.05 -0.05

30 30 13.053 -0.047
31 31 13.053 -0.047

32 32 13.053 -0.047
33 33 13.056 -0.044

34 34 13.053 -0.047
35 35 13.053 -0.047

36 36 13.053 -0.047
37 37 13.053 -0.047

38 38 13.05 -0.05
39 39 13.041 -0.059

40 40 13.035 -0.065
41 41 13.029 -0.071

42 42 13.026 -0.074
43 43 13.02 -0.08

44 44 13.017 -0.083
45 45 13.014 -0.086

46 46 13.011 -0.089
47 47 13.008 -0.092

48 48 13.005 -0.095



Slug Test - Water Level Data  Page 2 of 2

Project: 571 Welham Road

Number: 1-19-0792-46

Client:

Time
[s]

Water Level
[m]

WL Change
[m]

49 49 13.002 -0.098

50 50 13.002 -0.098



Slug Test Analysis Report

Project: 571 Welham Road

Number: 1-19-0792-46

Client:

Location: Barrie Slug Test: MW6 Test Well: MW6

Test Conducted by: AK Test Date: 4/28/2020

Analysis Performed by: TS MW6 RHT Analysis Date: 5/4/2020

Aquifer Thickness: 13.71 m

0 6 12 18 24 30
Time [s]

1E-1

1E0

h
/h

0

Calculation using Bouwer & Rice

Observation Well Hydraulic Conductivity

[m/s]

MW6 1.43 × 10-5
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CLIENT NAME: TERRAPROBE INC.
11 INDELL LANE
BRAMPTON, ON   L6T3Y3    
(905) 796-2650

5835 COOPERS AVENUE
MISSISSAUGA, ONTARIO

CANADA L4Z 1Y2
TEL (905)712-5100
FAX (905)712-5122

http://www.agatlabs.com

Nivine Basily, Inorganics Report WriterMICROBIOLOGY ANALYSIS REVIEWED BY:

Jacky Zhu, Spectroscopy TechnicianWATER ANALYSIS REVIEWED BY:

DATE REPORTED:

PAGES (INCLUDING COVER): 12

Jun 05, 2020

VERSION*: 1

Should you require any information regarding this analysis please contact your client services representative at (905) 712-5100

*Notes

Disclaimer:
· All work conducted herein has been done using accepted standard protocols, and generally accepted practices and methods. AGAT test methods may 

incorporate modifications from the specified reference methods to improve performance.
· All samples will be disposed of within 30 days following analysis, unless expressly agreed otherwise in writing. Please contact your Client Project 

Manager if you require additional sample storage time.
· AGAT’s liability in connection with any delay, performance or non-performance of these services is only to the Client and does not extend to any other 

third party. Unless expressly agreed otherwise in writing, AGAT’s liability is limited to the actual cost of the specific analysis or analyses included in the 
services.

· This Certificate shall not be reproduced except in full, without the written approval of the laboratory.
· The test results reported herewith relate only to the samples as received by the laboratory.
· Application of guidelines is provided “as is” without warranty of any kind, either expressed or implied, including, but not limited to, warranties of 

merchantability, fitness for a particular purpose, or non-infringement. AGAT assumes no responsibility for any errors or omissions in the guidelines 
contained in this document.

· All reportable information as specified by ISO/IEC 17025:2017 is available from AGAT Laboratories upon request.

20T596512AGAT WORK ORDER:

ATTENTION TO: Muhammad Shahid

PROJECT: 1-19-0792-46

Laboratories (V1) Page 1 of 12

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory 
Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests listed on the 
scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian 
Association for Laboratory Accreditation Inc. (CALA) for specific drinking water tests. Accreditations 
are location and parameter specific. A complete listing of parameters for each location is available 
from www.cala.ca and/or www.scc.ca. The tests in this report may not necessarily be included in 
the scope of accreditation. Measurement Uncertainty is not taken into consideration when stating 
conformity with a specified requirement.

Association of Professional Engineers and Geoscientists of Alberta 
(APEGA)
Western Enviro-Agricultural Laboratory Association (WEALA)
Environmental Services Association of Alberta (ESAA)

Member of:



MW6SAMPLE DESCRIPTION:

WaterSAMPLE TYPE:

2020-04-28DATE SAMPLED:

1098255G / S RDLUnitParameter

NDEscherichia coli 10CFU/100mL

NDTotal Coliforms 10CFU/100mL

Comments: RDL - Reported Detection Limit;     G / S - Guideline / Standard: Refers to O. Reg 169/03 - Ontario Drinking Water Quality Standards. Na value derived from O. Reg 248
Guideline values are for general reference only. The guidelines provided may or may not be relevant for the intended use. Refer directly to the applicable standard for regulatory interpretation.

1098255 ND - Not Detected. 

Analysis performed at AGAT Toronto (unless marked by *)

Results relate only to the items tested. Results apply to samples as received.

DATE RECEIVED: 2020-04-29

Certificate of Analysis

ATTENTION TO: Muhammad ShahidCLIENT NAME: TERRAPROBE INC.

AGAT WORK ORDER: 20T596512

DATE REPORTED: 2020-06-05

PROJECT: 1-19-0792-46

Total Coliforms & E. Coli (Using MI Agar)

SAMPLED BY:SAMPLING SITE:

5835 COOPERS AVENUE
MISSISSAUGA, ONTARIO

CANADA L4Z 1Y2
TEL (905)712-5100
FAX (905)712-5122

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 2 of 12



MW6SAMPLE DESCRIPTION:

WaterSAMPLE TYPE:

2020-04-28DATE SAMPLED:

1098255G / S: A RDLUnit G / S: BParameter

1460Electrical Conductivity 2µS/cm

8.02pH NApH Units 6.5-8.5

7.19Saturation pH (Calculated)

0.828Langelier Index (Calculated)

151Hardness (as CaCO3) (Calculated) 0.5mg/L 80-100

770[>B]Total Dissolved Solids 20mg/L 500

331Alkalinity (as CaCO3) 5mg/L 30-500

331Bicarbonate (as CaCO3) 5mg/L

<5Carbonate (as CaCO3) 5mg/L

<5Hydroxide (as CaCO3) 5mg/L

<0.05[<A]Fluoride 0.051.5mg/L

233[<B]Chloride 0.50mg/L 250

1.64[<A]Nitrate as N 0.2510.0mg/L

<0.25[<A]Nitrite as N 0.251.0mg/L

<0.25Bromide 0.25mg/L

22.9[<B]Sulphate 0.50mg/L 500

<0.50Ortho Phosphate as P 0.50mg/L

7.82Reactive Silica 0.05mg/L

<0.02Ammonia as N 0.02mg/L

<0.000002Ammonia-Un-ionized (Calculated) 0.000002mg/L

0.14Total Phosphorus 0.02mg/L

6.0Total Organic Carbon 0.5mg/L

<5[<B]Colour 5TCU 5

357[>B]Turbidity 0.5NTU 5

53.9Dissolved Calcium 0.25mg/L

3.93Dissolved Magnesium 0.25mg/L

1.36Dissolved Potassium 0.25mg/L

193[>A]Dissolved Sodium 0.2520mg/L

0.020Dissolved Aluminum 0.004mg/L

<0.001[<A]Dissolved Antimony 0.0010.006mg/L

Results relate only to the items tested. Results apply to samples as received.

DATE RECEIVED: 2020-04-29

Certificate of Analysis

ATTENTION TO: Muhammad ShahidCLIENT NAME: TERRAPROBE INC.

AGAT WORK ORDER: 20T596512

DATE REPORTED: 2020-06-05

PROJECT: 1-19-0792-46

Water Quality Assessment - Dissolved Metals - PWQO (mg/L)

SAMPLED BY:SAMPLING SITE:

5835 COOPERS AVENUE
MISSISSAUGA, ONTARIO

CANADA L4Z 1Y2
TEL (905)712-5100
FAX (905)712-5122

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 3 of 12



MW6SAMPLE DESCRIPTION:

WaterSAMPLE TYPE:

2020-04-28DATE SAMPLED:

1098255G / S: A RDLUnit G / S: BParameter

<0.003[<A]Dissolved Arsenic 0.0030.01mg/L

0.041[<A]Dissolved Barium 0.0021.0mg/L

<0.0005Dissolved Beryllium 0.0005mg/L

<0.010[<A]Dissolved Boron 0.0105.0mg/L

<0.0001[<A]Dissolved Cadmium 0.00010.005mg/L

<0.003[<A]Dissolved Chromium 0.0030.05mg/L

<0.0005Dissolved Cobalt 0.0005mg/L

0.002Dissolved Copper 0.001mg/L

<0.010Dissolved Iron 0.010mg/L

<0.001[<A]Dissolved Lead 0.0010.010mg/L

0.002Dissolved Manganese 0.002mg/L

<0.0001[<A]Dissolved Mercury 0.00010.001mg/L

<0.002Dissolved Molybdenum 0.002mg/L

<0.003Dissolved Nickel 0.003mg/L

0.006[<A]Dissolved Selenium 0.0040.05mg/L

<0.0001Dissolved Silver 0.0001mg/L

0.149Dissolved Strontium 0.005mg/L

<0.0003Dissolved Thallium 0.0003mg/L

<0.002Dissolved Tin 0.002mg/L

<0.002Dissolved Titanium 0.002mg/L

<0.010Dissolved Tungsten 0.010mg/L

<0.002[<A]Dissolved Uranium 0.0020.02mg/L

<0.002Dissolved Vanadium 0.002mg/L

<0.005Dissolved Zinc 0.005mg/L

<0.004Dissolved Zirconium 0.004mg/L

Comments: RDL - Reported Detection Limit;     G / S - Guideline / Standard: A Refers to O. Reg 169/03 - Ontario Drinking Water Quality Standards. Na value derived from O. Reg 248, B Refers to O. Reg 169/03 - 
Ontario Drinking Water Quality Standards - Aesthetic Objectives and Operational Guidelines
Guideline values are for general reference only. The guidelines provided may or may not be relevant for the intended use. Refer directly to the applicable standard for regulatory interpretation.

1098255 Un-ionized Ammonia and/or Ammonium detection limit is a calculated RDL.

Analysis performed at AGAT Toronto (unless marked by *)

Results relate only to the items tested. Results apply to samples as received.

DATE RECEIVED: 2020-04-29

Certificate of Analysis

ATTENTION TO: Muhammad ShahidCLIENT NAME: TERRAPROBE INC.

AGAT WORK ORDER: 20T596512

DATE REPORTED: 2020-06-05

PROJECT: 1-19-0792-46

Water Quality Assessment - Dissolved Metals - PWQO (mg/L)

SAMPLED BY:SAMPLING SITE:

5835 COOPERS AVENUE
MISSISSAUGA, ONTARIO

CANADA L4Z 1Y2
TEL (905)712-5100
FAX (905)712-5122

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 4 of 12



1098255 ON 169/03 AO&OG
Water Quality Assessment - Dissolved Metals -

PWQO (mg/L)
Hardness (as CaCO3) (Calculated) 80-100 151MW6 mg/L

1098255 ON 169/03 AO&OG
Water Quality Assessment - Dissolved Metals -

PWQO (mg/L)
Temperature 15 24.0MW6 Deg C

1098255 ON 169/03 AO&OG
Water Quality Assessment - Dissolved Metals -

PWQO (mg/L)
Total Dissolved Solids 500 770MW6 mg/L

1098255 ON 169/03 AO&OG
Water Quality Assessment - Dissolved Metals -

PWQO (mg/L)
Turbidity 5 357MW6 NTU

1098255 ON 169/03 MAC/IMAC
Water Quality Assessment - Dissolved Metals -

PWQO (mg/L)
Dissolved Sodium 20 193MW6 mg/L

Results relate only to the items tested. Results apply to samples as received.

Guideline Violation

ATTENTION TO: Muhammad ShahidCLIENT NAME: TERRAPROBE INC.

AGAT WORK ORDER: 20T596512

PROJECT: 1-19-0792-46

SAMPLEID GUIDELINE ANALYSIS PACKAGE PARAMETER GUIDEVALUE RESULTSAMPLE TITLE UNIT

5835 COOPERS AVENUE
MISSISSAUGA, ONTARIO

CANADA L4Z 1Y2
TEL (905)712-5100
FAX (905)712-5122

http://www.agatlabs.com
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Total Coliforms & E. Coli (Using MI Agar)

Escherichia coli 1098718 ND ND NA < 1

Total Coliforms 1098718 24 22 8.7% < 1

 
Comments: ND - Not Detected, NA - % RPD Not Applicable
 

Certified By:

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 20T596512

Dup #1 RPD
Measured

Value
Recovery Recovery

Quality Assurance

ATTENTION TO: Muhammad Shahid

CLIENT NAME: TERRAPROBE INC.

PROJECT: 1-19-0792-46

Microbiology Analysis

UpperLower

Acceptable
Limits

BatchPARAMETER
Sample

Id
Dup #2

UpperLower

Acceptable
Limits

UpperLower

Acceptable
Limits

MATRIX SPIKEMETHOD BLANK SPIKEDUPLICATERPT Date: Jun 05, 2020 REFERENCE MATERIAL

Method
Blank

5835 COOPERS AVENUE
MISSISSAUGA, ONTARIO

CANADA L4Z 1Y2
TEL (905)712-5100
FAX (905)712-5122

http://www.agatlabs.com
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AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests 
listed on the scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian Association for Laboratory Accreditation Inc. (CALA) for specific drinking water 
tests. Accreditations are location and parameter specific. A complete listing of parameters for each location is available from www.cala.ca and/or www.scc.ca. The tests in this report may 
not necessarily be included in the scope of accreditation. RPDs calculated using raw data. The RPD may not be reflective of duplicate values shown, due to rounding of final results.



Water Quality Assessment - Dissolved Metals - PWQO (mg/L)

Electrical Conductivity 1098220 635 637 0.3% < 2 109% 80% 120%

pH 1098220 7.90 7.77 1.7% NA 102% 90% 110%

Total Dissolved Solids 1091908 498 498 0.0% < 20 100% 80% 120%

Alkalinity (as CaCO3) 1098220 108 106 1.9% < 5 94% 80% 120%

Bicarbonate (as CaCO3)
 

1098220 108 106 1.9% < 5

Carbonate (as CaCO3) 1098220 <5 <5 NA < 5

Hydroxide (as CaCO3) 1098220 <5 <5 NA < 5

Fluoride 1097224 <0.05 <0.05 NA < 0.05 107% 90% 110% 103% 90% 110% 105% 85% 115%

Chloride 1097224 1.54 1.54 0.0% < 0.10 91% 70% 130% 101% 80% 120% 102% 70% 130%

Nitrate as N
 

1097224 1.88 1.87 0.5% < 0.05 92% 70% 130% 102% 80% 120% 105% 70% 130%

Nitrite as N 1097224 <0.25 <0.25 NA < 0.05 103% 70% 130% 105% 80% 120% 105% 70% 130%

Bromide 1097224 <0.25 <0.25 NA < 0.05 100% 90% 110% 98% 90% 110% 100% 85% 115%

Sulphate 1097224 5.45 5.44 0.2% < 0.10 96% 70% 130% 103% 80% 120% 105% 70% 130%

Ortho Phosphate as P 1097224 <0.50 <0.50 NA < 0.10 104% 70% 130% 107% 80% 120% 111% 70% 130%

Reactive Silica
 

1098255 1098255 7.82 7.82 0.0% < 0.05 107% 90% 110% 106% 90% 110% 96% 80% 120%

Ammonia as N 1098255 1098255 <0.02 <0.02 NA < 0.02 101% 70% 130% 100% 80% 120% 85% 70% 130%

Total Phosphorus 1098332 0.08 0.08 NA < 0.02 96% 70% 130% 96% 80% 120% 109% 70% 130%

Total Organic Carbon 1098255 1098255 6.0 6.4 6.5% < 0.5 96% 90% 110% 103% 90% 110% 93% 80% 120%

Colour 1100321 18 17 NA < 5 102% 90% 110%

Turbidity
 

1098255 1098255 357 356 0.3% < 0.5 101% 80% 120%

Dissolved Calcium 1090825 57.6 60.4 4.7% < 0.05 90% 70% 130% 100% 80% 120% 98% 70% 130%

Dissolved Magnesium 1090825 12.8 13.4 4.6% < 0.05 94% 70% 130% 104% 80% 120% 102% 70% 130%

Dissolved Potassium 1090825 9.29 9.59 3.2% < 0.05 94% 70% 130% 102% 80% 120% 101% 70% 130%

Dissolved Sodium 1090825 2.01 2.09 3.9% < 0.05 94% 70% 130% 102% 80% 120% 101% 70% 130%

Dissolved Aluminum
 

1098663 0.103 0.117 12.7% < 0.004 106% 70% 130% 105% 80% 120% 102% 70% 130%

Dissolved Antimony 1098663 <0.005 <0.005 NA < 0.001 102% 70% 130% 98% 80% 120% 98% 70% 130%

Dissolved Arsenic 1098663 <0.015 <0.015 NA < 0.003 103% 70% 130% 98% 80% 120% 99% 70% 130%

Dissolved Barium 1098663 0.014 0.012 15.4% < 0.002 99% 70% 130% 100% 80% 120% 97% 70% 130%

Dissolved Beryllium 1098663 <0.0025 <0.0025 NA < 0.0005 102% 70% 130% 96% 80% 120% 99% 70% 130%

Dissolved Boron
 

1098663 <0.050 <0.050 NA < 0.010 101% 70% 130% 100% 80% 120% 103% 70% 130%

Dissolved Cadmium 1098663 <0.0005 <0.0005 NA < 0.0001 100% 70% 130% 100% 80% 120% 113% 70% 130%

Dissolved Chromium 1098663 <0.015 <0.015 NA < 0.003 100% 70% 130% 100% 80% 120% 102% 70% 130%

Dissolved Cobalt 1098663 <0.0025 <0.0025 NA < 0.0005 105% 70% 130% 99% 80% 120% 104% 70% 130%

Dissolved Copper 1098663 <0.005 <0.005 NA < 0.001 97% 70% 130% 99% 80% 120% 99% 70% 130%

Dissolved Iron
 

1098663 0.011 <0.010 NA < 0.010 104% 70% 130% 93% 80% 120% 109% 70% 130%

Dissolved Lead 1098663 <0.005 <0.005 NA < 0.001 98% 70% 130% 97% 80% 120% 94% 70% 130%

Dissolved Manganese 1098663 <0.010 <0.010 NA < 0.002 103% 70% 130% 99% 80% 120% 104% 70% 130%

Dissolved Mercury 1098055 <0.0001 <0.0001 NA < 0.0001 100% 70% 130% 98% 80% 120% 94% 70% 130%

Dissolved Molybdenum 1098663 <0.010 <0.010 NA < 0.002 101% 70% 130% 99% 80% 120% 100% 70% 130%

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 20T596512

Dup #1 RPD
Measured

Value
Recovery Recovery

Quality Assurance

ATTENTION TO: Muhammad Shahid

CLIENT NAME: TERRAPROBE INC.

PROJECT: 1-19-0792-46

Water Analysis

UpperLower

Acceptable
Limits

BatchPARAMETER
Sample

Id
Dup #2

UpperLower

Acceptable
Limits

UpperLower

Acceptable
Limits

MATRIX SPIKEMETHOD BLANK SPIKEDUPLICATERPT Date: Jun 05, 2020 REFERENCE MATERIAL

Method
Blank
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CANADA L4Z 1Y2
TEL (905)712-5100
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Dissolved Nickel
 

1098663 <0.015 <0.015 NA < 0.003 105% 70% 130% 99% 80% 120% 101% 70% 130%

Dissolved Selenium 1098663 <0.020 <0.020 NA < 0.004 102% 70% 130% 98% 80% 120% 100% 70% 130%

Dissolved Silver 1098663 <0.0005 <0.0005 NA < 0.0001 104% 70% 130% 113% 80% 120% 109% 70% 130%

Dissolved Strontium 1098663 0.081 0.077 5.1% < 0.005 104% 70% 130% 103% 80% 120% 103% 70% 130%

Dissolved Thallium 1098663 <0.0015 <0.0015 NA < 0.0003 102% 70% 130% 103% 80% 120% 102% 70% 130%

Dissolved Tin
 

1098663 <0.010 <0.010 NA < 0.002 99% 70% 130% 100% 80% 120% 99% 70% 130%

Dissolved Titanium 1098663 <0.010 <0.010 NA < 0.002 101% 70% 130% 98% 80% 120% 107% 70% 130%

Dissolved Tungsten 1098663 <0.050 <0.050 NA < 0.010 99% 70% 130% 100% 80% 120% 101% 70% 130%

Dissolved Uranium 1098663 <0.010 <0.010 NA < 0.002 106% 70% 130% 100% 80% 120% 100% 70% 130%

Dissolved Vanadium 1098663 <0.010 <0.010 NA < 0.002 98% 70% 130% 94% 80% 120% 102% 70% 130%

Dissolved Zinc
 

1098663 <0.025 <0.025 NA < 0.005 102% 70% 130% 101% 80% 120% 102% 70% 130%

Dissolved Zirconium 1098663 <0.020 <0.020 NA < 0.004 95% 70% 130% 94% 80% 120% 94% 70% 130%

 
Comments: NA signifies Not Applicable.
If RPD value is NA, the results of the duplicates are less than 5x the RDL and the RPD will not be calculated.
 

Certified By:

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 20T596512

Dup #1 RPD
Measured

Value
Recovery Recovery

Quality Assurance

ATTENTION TO: Muhammad Shahid

CLIENT NAME: TERRAPROBE INC.

PROJECT: 1-19-0792-46

Water Analysis (Continued)

UpperLower

Acceptable
Limits

BatchPARAMETER
Sample

Id
Dup #2

UpperLower

Acceptable
Limits

UpperLower

Acceptable
Limits

MATRIX SPIKEMETHOD BLANK SPIKEDUPLICATERPT Date: Jun 05, 2020 REFERENCE MATERIAL

Method
Blank
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Microbiology Analysis

Escherichia coli MIC-93-7010 EPA 1604 Membrane Filtration

Total Coliforms MIC-93-7010 EPA 1604 Membrane Filtration

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 20T596512

Method Summary

ATTENTION TO: Muhammad Shahid

CLIENT NAME: TERRAPROBE INC.
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FAX (905)712-5122
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Water Analysis

Electrical Conductivity INOR-93-6000 SM 2510 B PC TITRATE

pH INOR-93-6000 modified from SM 4500-H+ B PC TITRATE

Saturation pH (Calculated) SM 2320 B CALCULATION

Langelier Index (Calculated) SM 2330B CALCULATION

Hardness (as CaCO3) (Calculated) MET-93-6105
modified from EPA SW-846 6010C & 
200.7 & SM 2340 B

CALCULATION

Total Dissolved Solids INOR-93-6028
modified from EPA 1684,ON MOECC 
E3139,SM 2540C,D

BALANCE

Alkalinity (as CaCO3) INOR-93-6000 SM 2320 B PC TITRATE

Bicarbonate (as CaCO3) INOR-93-6000 SM 2320 B PC TITRATE

Carbonate (as CaCO3) INOR-93-6000 SM 2320 B PC TITRATE

Hydroxide (as CaCO3) INOR-93-6000 SM 2320 B PC TITRATE

Fluoride INOR-93-6004 modified from SM 4110 B ION CHROMATOGRAPH

Chloride INOR-93-6004 modified from SM 4110 B ION CHROMATOGRAPH

Nitrate as N INOR-93-6004 modified from SM 4110 B ION CHROMATOGRAPH

Nitrite as N INOR-93-6004 SM 4110 B ION CHROMATOGRAPH

Bromide INOR-93-6004 SM 4110 B ION CHROMATOGRAPH

Sulphate INOR-93-6004 modified from SM 4110 B ION CHROMATOGRAPH

Ortho Phosphate as P INOR-93-6004 modified from SM 4110 B ION CHROMATOGRAPH

Reactive Silica INOR-93-6070
QuickChem 10-114-27-1-A & SM 4500 
Si-F 

LACHAT FIA

Ammonia as N INOR-93-6059 modified from SM 4500-NH3 H LACHAT FIA

Ammonia-Un-ionized (Calculated) MOE REFERENCE, PWQOs Tab 2 CALCULATION

Total Phosphorus INOR-93-6022
modified from SM 4500-P B and SM 
4500-P E

SPECTROPHOTOMETER

Total Organic Carbon INOR-93-6049 modified from EPA 415.1 & SM 5310 B SHIMADZU CARBON ANALYZER

Colour INOR-93-6046 SM 2120 B SPECTROPHOTOMETER

Turbidity INOR-93-6044 modified from SM 2130 B NEPHELOMETER

Dissolved Calcium MET-93-6105 modified from EPA 6010D ICP/OES

Dissolved Magnesium MET-93-6105 modified from EPA 6010D ICP/OES

Dissolved Potassium MET-93-6105 modified from EPA 6010D ICP/OES

Dissolved Sodium MET-93-6105 modified from EPA 6010D ICP/OES

Dissolved Aluminum MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Antimony MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Arsenic MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Barium MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Beryllium MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Boron MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Cadmium MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Chromium MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Cobalt MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Copper MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 20T596512

Method Summary

ATTENTION TO: Muhammad Shahid

CLIENT NAME: TERRAPROBE INC.

PROJECT: 1-19-0792-46

AGAT S.O.P ANALYTICAL TECHNIQUELITERATURE REFERENCEPARAMETER
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Dissolved Iron MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Lead MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Manganese MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Mercury MET-93-6100
modified from EPA 245.2 and SM 3112 
B

CVAAS

Dissolved Molybdenum MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Nickel MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Selenium MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Silver MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Strontium MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Thallium MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Tin MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Titanium MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Tungsten MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Uranium MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Vanadium MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Zinc MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Zirconium MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 20T596512

Method Summary

ATTENTION TO: Muhammad Shahid

CLIENT NAME: TERRAPROBE INC.

PROJECT: 1-19-0792-46

AGAT S.O.P ANALYTICAL TECHNIQUELITERATURE REFERENCEPARAMETER

5835 COOPERS AVENUE
MISSISSAUGA, ONTARIO
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CLIENT NAME: TERRAPROBE INC.
11 INDELL LANE
BRAMPTON, ON   L6T3Y3    
(905) 796-2650

5835 COOPERS AVENUE
MISSISSAUGA, ONTARIO

CANADA L4Z 1Y2
TEL (905)712-5100
FAX (905)712-5122

http://www.agatlabs.com

Nivine Basily, Inorganics Report WriterMICROBIOLOGY ANALYSIS REVIEWED BY:

Jacky Zhu, Spectroscopy TechnicianWATER ANALYSIS REVIEWED BY:

DATE REPORTED:

PAGES (INCLUDING COVER): 11

May 06, 2020

VERSION*: 1

Should you require any information regarding this analysis please contact your client services representative at (905) 712-5100

*Notes

Disclaimer:
· All work conducted herein has been done using accepted standard protocols, and generally accepted practices and methods. AGAT test methods may 

incorporate modifications from the specified reference methods to improve performance.
· All samples will be disposed of within 30 days following analysis, unless expressly agreed otherwise in writing. Please contact your Client Project 

Manager if you require additional sample storage time.
· AGAT’s liability in connection with any delay, performance or non-performance of these services is only to the Client and does not extend to any other 

third party. Unless expressly agreed otherwise in writing, AGAT’s liability is limited to the actual cost of the specific analysis or analyses included in the 
services.

· This Certificate shall not be reproduced except in full, without the written approval of the laboratory.
· The test results reported herewith relate only to the samples as received by the laboratory.
· Application of guidelines is provided “as is” without warranty of any kind, either expressed or implied, including, but not limited to, warranties of 

merchantability, fitness for a particular purpose, or non-infringement. AGAT assumes no responsibility for any errors or omissions in the guidelines 
contained in this document.

· All reportable information as specified by ISO/IEC 17025:2017 is available from AGAT Laboratories upon request.

20T596512AGAT WORK ORDER:

ATTENTION TO: Muhammad Shahid

PROJECT: 1-19-0792-46

Laboratories (V1) Page 1 of 11

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory 
Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests listed on the 
scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian 
Association for Laboratory Accreditation Inc. (CALA) for specific drinking water tests. Accreditations 
are location and parameter specific. A complete listing of parameters for each location is available 
from www.cala.ca and/or www.scc.ca. The tests in this report may not necessarily be included in 
the scope of accreditation. Measurement Uncertainty is not taken into consideration when stating 
conformity with a specified requirement.

Association of Professional Engineers and Geoscientists of Alberta 
(APEGA)
Western Enviro-Agricultural Laboratory Association (WEALA)
Environmental Services Association of Alberta (ESAA)

Member of:



MW6SAMPLE DESCRIPTION:

WaterSAMPLE TYPE:

2020-04-28DATE SAMPLED:

1098255G / S RDLUnitParameter

NDEscherichia coli 1CFU/100mL

NDTotal Coliforms 1CFU/100mL

Comments: RDL - Reported Detection Limit;     G / S - Guideline / Standard

1098255 ND - Not Detected. 

Analysis performed at AGAT Toronto (unless marked by *)

Results relate only to the items tested. Results apply to samples as received.

DATE RECEIVED: 2020-04-29

Certificate of Analysis

ATTENTION TO: Muhammad ShahidCLIENT NAME: TERRAPROBE INC.

AGAT WORK ORDER: 20T596512

DATE REPORTED: 2020-05-06

PROJECT: 1-19-0792-46

Total Coliforms & E. Coli (Using MI Agar)

SAMPLED BY:SAMPLING SITE:

5835 COOPERS AVENUE
MISSISSAUGA, ONTARIO

CANADA L4Z 1Y2
TEL (905)712-5100
FAX (905)712-5122

http://www.agatlabs.com
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Page 2 of 11



MW6SAMPLE DESCRIPTION:

WaterSAMPLE TYPE:

2020-04-28DATE SAMPLED:

1098255G / S RDLUnitParameter

1460Electrical Conductivity 2µS/cm

8.02pH NA6.5-8.5pH Units

7.19Saturation pH (Calculated)

0.828Langelier Index (Calculated)

151Hardness (as CaCO3) (Calculated) 0.5mg/L

770Total Dissolved Solids 20mg/L

331Alkalinity (as CaCO3) 5mg/L

331Bicarbonate (as CaCO3) 5mg/L

<5Carbonate (as CaCO3) 5mg/L

<5Hydroxide (as CaCO3) 5mg/L

<0.05Fluoride 0.05mg/L

233Chloride 0.50mg/L

1.64Nitrate as N 0.25mg/L

<0.25Nitrite as N 0.25mg/L

<0.25Bromide 0.25mg/L

22.9Sulphate 0.50mg/L

<0.50Ortho Phosphate as P 0.50mg/L

7.82Reactive Silica 0.05mg/L

<0.02Ammonia as N 0.02mg/L

<0.000002Ammonia-Un-ionized (Calculated) 0.0000020.02mg/L

0.14Total Phosphorus 0.02*mg/L

6.0Total Organic Carbon 0.5mg/L

<5Colour 5TCU

357Turbidity 0.5NTU

53.9Dissolved Calcium 0.25mg/L

3.93Dissolved Magnesium 0.25mg/L

1.36Dissolved Potassium 0.25mg/L

193Dissolved Sodium 0.25mg/L

0.020Dissolved Aluminum 0.0040.075mg/L

<0.001Dissolved Antimony 0.0010.020mg/L

Results relate only to the items tested. Results apply to samples as received.

DATE RECEIVED: 2020-04-29

Certificate of Analysis

ATTENTION TO: Muhammad ShahidCLIENT NAME: TERRAPROBE INC.

AGAT WORK ORDER: 20T596512

DATE REPORTED: 2020-05-06

PROJECT: 1-19-0792-46

Water Quality Assessment - Dissolved Metals - PWQO (mg/L)

SAMPLED BY:SAMPLING SITE:
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MW6SAMPLE DESCRIPTION:

WaterSAMPLE TYPE:

2020-04-28DATE SAMPLED:

1098255G / S RDLUnitParameter

<0.003Dissolved Arsenic 0.0030.1mg/L

0.041Dissolved Barium 0.002mg/L

<0.0005Dissolved Beryllium 0.0005*mg/L

<0.010Dissolved Boron 0.0100.2mg/L

<0.0001Dissolved Cadmium 0.00010.0002mg/L

<0.003Dissolved Chromium 0.003mg/L

<0.0005Dissolved Cobalt 0.00050.0009mg/L

0.002Dissolved Copper 0.0010.005mg/L

<0.010Dissolved Iron 0.0100.3mg/L

<0.001Dissolved Lead 0.001*mg/L

0.002Dissolved Manganese 0.002mg/L

<0.0001Dissolved Mercury 0.00010.0002mg/L

<0.002Dissolved Molybdenum 0.0020.040mg/L

<0.003Dissolved Nickel 0.0030.025mg/L

0.006Dissolved Selenium 0.0040.1mg/L

<0.0001Dissolved Silver 0.00010.0001mg/L

0.149Dissolved Strontium 0.005mg/L

<0.0003Dissolved Thallium 0.00030.0003mg/L

<0.002Dissolved Tin 0.002mg/L

<0.002Dissolved Titanium 0.002mg/L

<0.010Dissolved Tungsten 0.0100.030mg/L

<0.002Dissolved Uranium 0.0020.005mg/L

<0.002Dissolved Vanadium 0.0020.006mg/L

<0.005Dissolved Zinc 0.0050.030mg/L

<0.004Dissolved Zirconium 0.0040.004mg/L

Comments: RDL - Reported Detection Limit;     G / S - Guideline / Standard: Refers to PWQO * Variable - refer to guideline reference document
Guideline values are for general reference only. The guidelines provided may or may not be relevant for the intended use. Refer directly to the applicable standard for regulatory interpretation.

1098255 Un-ionized Ammonia and/or Ammonium detection limit is a calculated RDL.

Analysis performed at AGAT Toronto (unless marked by *)

Results relate only to the items tested. Results apply to samples as received.

DATE RECEIVED: 2020-04-29

Certificate of Analysis

ATTENTION TO: Muhammad ShahidCLIENT NAME: TERRAPROBE INC.

AGAT WORK ORDER: 20T596512

DATE REPORTED: 2020-05-06

PROJECT: 1-19-0792-46

Water Quality Assessment - Dissolved Metals - PWQO (mg/L)

SAMPLED BY:SAMPLING SITE:

5835 COOPERS AVENUE
MISSISSAUGA, ONTARIO

CANADA L4Z 1Y2
TEL (905)712-5100
FAX (905)712-5122

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
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Total Coliforms & E. Coli (Using MI Agar)

Escherichia coli 1098718 ND ND NA < 1

Total Coliforms 1098718 24 22 8.7% < 1

 
Comments: ND - Not Detected, NA - % RPD Not Applicable
 

Certified By:

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 20T596512

Dup #1 RPD
Measured

Value
Recovery Recovery

Quality Assurance

ATTENTION TO: Muhammad Shahid

CLIENT NAME: TERRAPROBE INC.

PROJECT: 1-19-0792-46

Microbiology Analysis

UpperLower

Acceptable
Limits

BatchPARAMETER
Sample

Id
Dup #2

UpperLower

Acceptable
Limits

UpperLower

Acceptable
Limits
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Method
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Water Quality Assessment - Dissolved Metals - PWQO (mg/L)

Electrical Conductivity 1098220 635 637 0.3% < 2 109% 80% 120%

pH 1098220 7.90 7.77 1.7% NA 102% 90% 110%

Total Dissolved Solids 1091908 498 498 0.0% < 20 100% 80% 120%

Alkalinity (as CaCO3) 1098220 108 106 1.9% < 5 94% 80% 120%

Bicarbonate (as CaCO3)
 

1098220 108 106 1.9% < 5

Carbonate (as CaCO3) 1098220 <5 <5 NA < 5

Hydroxide (as CaCO3) 1098220 <5 <5 NA < 5

Fluoride 1097224 <0.05 <0.05 NA < 0.05 107% 90% 110% 103% 90% 110% 105% 85% 115%

Chloride 1097224 1.54 1.54 0.0% < 0.10 91% 70% 130% 101% 80% 120% 102% 70% 130%

Nitrate as N
 

1097224 1.88 1.87 0.5% < 0.05 92% 70% 130% 102% 80% 120% 105% 70% 130%

Nitrite as N 1097224 <0.25 <0.25 NA < 0.05 103% 70% 130% 105% 80% 120% 105% 70% 130%

Bromide 1097224 <0.25 <0.25 NA < 0.05 100% 90% 110% 98% 90% 110% 100% 85% 115%

Sulphate 1097224 5.45 5.44 0.2% < 0.10 96% 70% 130% 103% 80% 120% 105% 70% 130%

Ortho Phosphate as P 1097224 <0.50 <0.50 NA < 0.10 104% 70% 130% 107% 80% 120% 111% 70% 130%

Reactive Silica
 

1098255 1098255 7.82 7.82 0.0% < 0.05 107% 90% 110% 106% 90% 110% 96% 80% 120%

Ammonia as N 1098255 1098255 <0.02 <0.02 NA < 0.02 101% 70% 130% 100% 80% 120% 85% 70% 130%

Total Phosphorus 1098332 0.08 0.08 NA < 0.02 96% 70% 130% 96% 80% 120% 109% 70% 130%

Total Organic Carbon 1098255 1098255 6.0 6.4 6.5% < 0.5 96% 90% 110% 103% 90% 110% 93% 80% 120%

Colour 1100321 18 17 NA < 5 102% 90% 110%

Turbidity
 

1098255 1098255 357 356 0.3% < 0.5 101% 80% 120%

Dissolved Calcium 1090825 57.6 60.4 4.7% < 0.05 90% 70% 130% 100% 80% 120% 98% 70% 130%

Dissolved Magnesium 1090825 12.8 13.4 4.6% < 0.05 94% 70% 130% 104% 80% 120% 102% 70% 130%

Dissolved Potassium 1090825 9.29 9.59 3.2% < 0.05 94% 70% 130% 102% 80% 120% 101% 70% 130%

Dissolved Sodium 1090825 2.01 2.09 3.9% < 0.05 94% 70% 130% 102% 80% 120% 101% 70% 130%

Dissolved Aluminum
 

1098663 0.103 0.117 12.7% < 0.004 106% 70% 130% 105% 80% 120% 102% 70% 130%

Dissolved Antimony 1098663 <0.005 <0.005 NA < 0.001 102% 70% 130% 98% 80% 120% 98% 70% 130%

Dissolved Arsenic 1098663 <0.015 <0.015 NA < 0.003 103% 70% 130% 98% 80% 120% 99% 70% 130%

Dissolved Barium 1098663 0.014 0.012 15.4% < 0.002 99% 70% 130% 100% 80% 120% 97% 70% 130%

Dissolved Beryllium 1098663 <0.0025 <0.0025 NA < 0.0005 102% 70% 130% 96% 80% 120% 99% 70% 130%

Dissolved Boron
 

1098663 <0.050 <0.050 NA < 0.010 101% 70% 130% 100% 80% 120% 103% 70% 130%

Dissolved Cadmium 1098663 <0.0005 <0.0005 NA < 0.0001 100% 70% 130% 100% 80% 120% 113% 70% 130%

Dissolved Chromium 1098663 <0.015 <0.015 NA < 0.003 100% 70% 130% 100% 80% 120% 102% 70% 130%

Dissolved Cobalt 1098663 <0.0025 <0.0025 NA < 0.0005 105% 70% 130% 99% 80% 120% 104% 70% 130%

Dissolved Copper 1098663 <0.005 <0.005 NA < 0.001 97% 70% 130% 99% 80% 120% 99% 70% 130%

Dissolved Iron
 

1098663 0.011 <0.010 NA < 0.010 104% 70% 130% 93% 80% 120% 109% 70% 130%

Dissolved Lead 1098663 <0.005 <0.005 NA < 0.001 98% 70% 130% 97% 80% 120% 94% 70% 130%

Dissolved Manganese 1098663 <0.010 <0.010 NA < 0.002 103% 70% 130% 99% 80% 120% 104% 70% 130%

Dissolved Mercury 1098055 <0.0001 <0.0001 NA < 0.0001 100% 70% 130% 98% 80% 120% 94% 70% 130%

Dissolved Molybdenum 1098663 <0.010 <0.010 NA < 0.002 101% 70% 130% 99% 80% 120% 100% 70% 130%

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 20T596512

Dup #1 RPD
Measured

Value
Recovery Recovery

Quality Assurance
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Dissolved Nickel
 

1098663 <0.015 <0.015 NA < 0.003 105% 70% 130% 99% 80% 120% 101% 70% 130%

Dissolved Selenium 1098663 <0.020 <0.020 NA < 0.004 102% 70% 130% 98% 80% 120% 100% 70% 130%

Dissolved Silver 1098663 <0.0005 <0.0005 NA < 0.0001 104% 70% 130% 113% 80% 120% 109% 70% 130%

Dissolved Strontium 1098663 0.081 0.077 5.1% < 0.005 104% 70% 130% 103% 80% 120% 103% 70% 130%

Dissolved Thallium 1098663 <0.0015 <0.0015 NA < 0.0003 102% 70% 130% 103% 80% 120% 102% 70% 130%

Dissolved Tin
 

1098663 <0.010 <0.010 NA < 0.002 99% 70% 130% 100% 80% 120% 99% 70% 130%

Dissolved Titanium 1098663 <0.010 <0.010 NA < 0.002 101% 70% 130% 98% 80% 120% 107% 70% 130%

Dissolved Tungsten 1098663 <0.050 <0.050 NA < 0.010 99% 70% 130% 100% 80% 120% 101% 70% 130%

Dissolved Uranium 1098663 <0.010 <0.010 NA < 0.002 106% 70% 130% 100% 80% 120% 100% 70% 130%

Dissolved Vanadium 1098663 <0.010 <0.010 NA < 0.002 98% 70% 130% 94% 80% 120% 102% 70% 130%

Dissolved Zinc
 

1098663 <0.025 <0.025 NA < 0.005 102% 70% 130% 101% 80% 120% 102% 70% 130%

Dissolved Zirconium 1098663 <0.020 <0.020 NA < 0.004 95% 70% 130% 94% 80% 120% 94% 70% 130%

 
Comments: NA signifies Not Applicable.
If RPD value is NA, the results of the duplicates are less than 5x the RDL and the RPD will not be calculated.
 

Certified By:

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 20T596512

Dup #1 RPD
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Recovery Recovery

Quality Assurance
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Microbiology Analysis

Escherichia coli MIC-93-7010 EPA 1604 Membrane Filtration

Total Coliforms MIC-93-7010 EPA 1604 Membrane Filtration

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 20T596512

Method Summary
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Water Analysis

Electrical Conductivity INOR-93-6000 SM 2510 B PC TITRATE

pH INOR-93-6000 modified from SM 4500-H+ B PC TITRATE

Saturation pH (Calculated) SM 2320 B CALCULATION

Langelier Index (Calculated) SM 2330B CALCULATION

Hardness (as CaCO3) (Calculated) MET-93-6105
modified from EPA SW-846 6010C & 
200.7 & SM 2340 B

CALCULATION

Total Dissolved Solids INOR-93-6028
modified from EPA 1684,ON MOECC 
E3139,SM 2540C,D

BALANCE

Alkalinity (as CaCO3) INOR-93-6000 SM 2320 B PC TITRATE

Bicarbonate (as CaCO3) INOR-93-6000 SM 2320 B PC TITRATE

Carbonate (as CaCO3) INOR-93-6000 SM 2320 B PC TITRATE

Hydroxide (as CaCO3) INOR-93-6000 SM 2320 B PC TITRATE

Fluoride INOR-93-6004 modified from SM 4110 B ION CHROMATOGRAPH

Chloride INOR-93-6004 modified from SM 4110 B ION CHROMATOGRAPH

Nitrate as N INOR-93-6004 modified from SM 4110 B ION CHROMATOGRAPH

Nitrite as N INOR-93-6004 SM 4110 B ION CHROMATOGRAPH

Bromide INOR-93-6004 SM 4110 B ION CHROMATOGRAPH

Sulphate INOR-93-6004 modified from SM 4110 B ION CHROMATOGRAPH

Ortho Phosphate as P INOR-93-6004 modified from SM 4110 B ION CHROMATOGRAPH

Reactive Silica INOR-93-6070
QuickChem 10-114-27-1-A & SM 4500 
Si-F 

LACHAT FIA

Ammonia as N INOR-93-6059 modified from SM 4500-NH3 H LACHAT FIA

Ammonia-Un-ionized (Calculated) MOE REFERENCE, PWQOs Tab 2 CALCULATION

Total Phosphorus INOR-93-6022
modified from SM 4500-P B and SM 
4500-P E

SPECTROPHOTOMETER

Total Organic Carbon INOR-93-6049 modified from EPA 415.1 & SM 5310 B SHIMADZU CARBON ANALYZER

Colour INOR-93-6046 SM 2120 B SPECTROPHOTOMETER

Turbidity INOR-93-6044 modified from SM 2130 B NEPHELOMETER

Dissolved Calcium MET-93-6105 modified from EPA 6010D ICP/OES

Dissolved Magnesium MET-93-6105 modified from EPA 6010D ICP/OES

Dissolved Potassium MET-93-6105 modified from EPA 6010D ICP/OES

Dissolved Sodium MET-93-6105 modified from EPA 6010D ICP/OES

Dissolved Aluminum MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Antimony MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Arsenic MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Barium MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Beryllium MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Boron MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Cadmium MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Chromium MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Cobalt MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Copper MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 20T596512

Method Summary
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Dissolved Iron MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Lead MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Manganese MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Mercury MET-93-6100
modified from EPA 245.2 and SM 3112 
B

CVAAS

Dissolved Molybdenum MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Nickel MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Selenium MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Silver MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Strontium MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Thallium MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Tin MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Titanium MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Tungsten MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Uranium MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Vanadium MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Zinc MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Zirconium MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 20T596512

Method Summary

ATTENTION TO: Muhammad Shahid

CLIENT NAME: TERRAPROBE INC.

PROJECT: 1-19-0792-46

AGAT S.O.P ANALYTICAL TECHNIQUELITERATURE REFERENCEPARAMETER
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APPENDIX G

TERRAPROBE INC.



1. Climate Information

Precipitation1 933 mm/a 0.93 m/a
Evapotranspiration2 571 mm/a 0.57 m/a
Water Surplus 362 mm/a 0.36 m/a

2. Infiltration Rates

Table 2 Approach - Infiltration Factors 3

Topography: Flat Land 0.3
Soil: Open Sandy Loan 0.4
Cover: Cultivated 0.1

Infiltration Factor: 0.8

Infiltration 289.6 mm/a 0.2896 m/a
Run-off 72 mm/a 0.0724 m/a

3. Property Statistics 4

Building Area/Coverage 1,376 m2 0.14 ha
Hardscape/Impervious 7,043 m2 0.70 ha
Softscape/Landscape 16,089 m2 1.61 ha

TOTAL 24,508 m2 2.45 ha
Post-Development Coverage

Building Area/Coverage 6,280 m2 0.63 ha
Hardscape/Impervious 12,659 m2 1.27 ha
Softscape/Landscape 5,569 m2 0.56 ha

TOTAL: 24,508 m2 2.45 ha

Notes:
Water Balance Analysis Method: Thornthwaite and Matther approach

1 Environment Canada (Climate ID: 6110557)

2 Lake Simcoe Climate Data Reference Document (April 2017)

3 MOEE Technical Information Requirements for Land Development Applications (1995)

(Pre and Post Development)

APPENDIX G - Water Balance - 571 Welham Road, Barrie, Ontario File No. 1-19-0792-46

Pre- Development Site Coverage 

4 Proposed site plan (Drawing No. A.100, Dated: 2020-11-23), Joseph N Campitelli Architect Inc

(Considering slope of the area excluding EP zone)



Land Use Area (m2) Precipitation (m3) Evapotranspiration (m3) Evaporation (m3) Infiltration (m3) Run-Off (m3)
Building Area/Coverage 1,376 1,284 nil 128 nil 1,155

Hardscape/Impervious 7,043 6,571 nil 657 nil 5,914

Softscape/Landscape 16,089 15,011 9,187 nil 4,659 1,165

TOTAL 24,508 22,866 9,187 785 4,659 8,234

Land Use Area (m2) Precipitation (m3) Evapotranspiration (m3) Evaporation (m3) Infiltration (m3) Run-Off (m3)
Building Area/Coverage 6,280 5,859 nil 586 nil 5,273

Hardscape/Impervious 12,659 11,811 nil 1,181 nil 10,630

Softscape/Landscape 5,569 5,196 3,180 nil 1,613 403

TOTAL 24,508 22,866 3,180 1,767 1,613 16,306

7. Comparison of Pre-Development (before buidling additions) and Post-Development (after building additions)

Precipitation (m3) Evapotranspiration (m3) Evaporation (m3) Infiltration (m3) Run-Off (m3)

22,866 9,187 785 4,659 8,234
22,866 3,180 1,767 1,613 16,306

4,746 m3

3,047 m3

64% m3

File No. 1-19-0792-46

Pre-Development
Post-Development

APPENDIX G - Water Balance - 571 Welham Road, Barrie, Ontario

4. Annual Water Balance (Pre Development)

6. Annual Water Balance (Post Development)

Volume of roof  run-off captured (90%) (roof run-off available in post development)
Volume of roof run-off required to match pre-development infiltration rates (Infiltration deficit in post development)

8. Requirement for Infiltration Maintaenance from roof run-off

Percentage of roof run-off required to match pre-development infiltration
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TERRAPROBE INC. 



This drawing, as an instrument of service, is provided by,
and is the property of, Joseph N. Campitelli, Architect Inc.
(the "Architect").  The contractor must verify and accept
responsibility for all dimensions and conditions on site
and must notify the Architect, of any variations from the
supplied information.  The Architect is not responsible
for the accuracy of survey, structural, mechanical,
electrical, engineering information, etc., which is shown
on this drawing.  Refer to the appropriate engineering
drawings before proceeding with the work.  Construction
must conform to all applicable codes and requirements
of the authorities having jurisdiction.  Unless otherwise
noted, no investigation has been undertaken or reported
on by the Architect, in regards to the environmental
condition of the site to which this drawing relates.
This drawing is not to be used for construction purposes
until countersigned by the Architect.

This drawing is not to be scaled.  All architectural symbols
indicated on this drawing are graphic representations only.

___________________________________
COUNTERSIGNED
Joseph N. Campitelli, Architect
B.ARCH., O.A.A., M.R.A.I.C.

___________________________________
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and is the property of, Joseph N. Campitelli, Architect Inc.
(the "Architect").  The contractor must verify and accept
responsibility for all dimensions and conditions on site
and must notify the Architect, of any variations from the
supplied information.  The Architect is not responsible
for the accuracy of survey, structural, mechanical,
electrical, engineering information, etc., which is shown
on this drawing.  Refer to the appropriate engineering
drawings before proceeding with the work.  Construction
must conform to all applicable codes and requirements
of the authorities having jurisdiction.  Unless otherwise
noted, no investigation has been undertaken or reported
on by the Architect, in regards to the environmental
condition of the site to which this drawing relates.
This drawing is not to be used for construction purposes
until countersigned by the Architect.
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This drawing, as an instrument of service, is provided by,
and is the property of, Joseph N. Campitelli, Architect Inc.
(the "Architect").  The contractor must verify and accept
responsibility for all dimensions and conditions on site
and must notify the Architect, of any variations from the
supplied information.  The Architect is not responsible
for the accuracy of survey, structural, mechanical,
electrical, engineering information, etc., which is shown
on this drawing.  Refer to the appropriate engineering
drawings before proceeding with the work.  Construction
must conform to all applicable codes and requirements
of the authorities having jurisdiction.  Unless otherwise
noted, no investigation has been undertaken or reported
on by the Architect, in regards to the environmental
condition of the site to which this drawing relates.
This drawing is not to be used for construction purposes
until countersigned by the Architect.

This drawing is not to be scaled.  All architectural symbols
indicated on this drawing are graphic representations only.
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This drawing, as an instrument of service, is provided by,
and is the property of, Joseph N. Campitelli, Architect Inc.
(the "Architect").  The contractor must verify and accept
responsibility for all dimensions and conditions on site
and must notify the Architect, of any variations from the
supplied information.  The Architect is not responsible
for the accuracy of survey, structural, mechanical,
electrical, engineering information, etc., which is shown
on this drawing.  Refer to the appropriate engineering
drawings before proceeding with the work.  Construction
must conform to all applicable codes and requirements
of the authorities having jurisdiction.  Unless otherwise
noted, no investigation has been undertaken or reported
on by the Architect, in regards to the environmental
condition of the site to which this drawing relates.
This drawing is not to be used for construction purposes
until countersigned by the Architect.

This drawing is not to be scaled.  All architectural symbols
indicated on this drawing are graphic representations only.

___________________________________
COUNTERSIGNED
Joseph N. Campitelli, Architect
B.ARCH., O.A.A., M.R.A.I.C.
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File No.

Depth of 
Ground 
Water 
(mbgs)

Ground 
Water 

Elevation 
(masl)

Depth of 
Ground Water 

(mbgs)

Ground Water 
Elevation 

(masl)

Depth of 
Ground 
Water 
(mbgs)

Ground 
Water 

Elevation 
(masl)

Depth of 
Ground 
Water 
(mbgs)

Ground 
Water 

Elevation 
(masl)

Depth of 
Ground 
Water 
(mbgs)

Ground 
Water 

Elevation 
(masl)

Depth of 
Ground 
Water 
(mbgs)

Ground Water 
Elevation 

(masl)

Depth of 
Ground 
Water 
(mbgs)

Ground Water 
Elevation 

(masl)

MW 2 03‐Mar‐20 28‐Apr‐20 273 6.1 1.1 DRY DRY DRY DRY DRY DRY DRY DRY DRY DRY DRY DRY DRY DRY
MW 3 24‐Feb‐20 28‐Apr‐20 273.1 9.1 1.1 DRY DRY DRY DRY 8.9 264.2 DRY DRY DRY DRY DRY DRY DRY DRY
MW 4 03‐Mar‐20 28‐Apr‐20 273 6.1 0.9 DRY DRY DRY DRY DRY DRY DRY DRY DRY DRY DRY DRY DRY DRY
MW 6 26‐Feb‐20 28‐Apr‐20 273.3 13.7 1.0 9.6 263.7 9.6 263.7 9.7 263.6 9.7 263.6 9.8 263.5 9.7 263.6 9.7 263.6
MW 7 03‐Mar‐20 28‐Apr‐20 273.4 10.7 1.0 DRY DRY DRY DRY 10.4 263.0 10.5 262.9 10.5 262.9 10.4 263.0 10.4 263.0

MW 13 25‐Feb‐20 28‐Apr‐20 272.9 10.7 0.9 DRY DRY DRY DRY 10.3 262.6 10.4 262.5 10.4 262.6 10.4 262.5 10.4 262.5
MW 14 03‐Mar‐20 ‐ 273.9 6.1 ‐ DRY DRY DRY DRY 5.7 268.2 5.7 268.2 DRY DRY DRY DRY DRY DRY
MW 15 24‐Feb‐20 ‐ 273.2 7.6 ‐ DRY DRY DRY DRY DRY DRY DRY DRY DRY DRY DRY DRY DRY DRY

NOTES:

Six Month Groundwater Monitoring 

Barlogger installed in MW 13
masl: meters above sea level, mbgs: meters below ground surface

Data logger 
Installation 

date

24-Sep-20

Monitoring 
Well

10-Mar-20 28-Apr-20 28-May-20 26-Jun-20

Drilling Date
Well depth 

(m)

1‐19‐0792‐46
571 Welham Road, Barrie, ON

23-Jul-20

Ground 
Surface 

Elevation 
(masl) 

Stickup 
(m)

31-Aug-20
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Monthly Monitoring (April 2020 ‐ September 2020) 
571 Welham Road, Barrie, Ontario

Total Precipitation (mm) BH6 (masl) BH7 (masl) BH13 (masl) BH3 manual

BH6 (manual) BH7 (manual) BH 13 (manual) BH14 (manual)
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