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1. INTRODUCTION 
 
BluMetric Environmental Inc. (BluMetric®) was retained by Hanley Park Developments Inc. to 
conduct a hydrogeological impact assessment for the proposed Hanley Park North residential 
subdivision in Belleville, Ontario. The subject property covers an area of approximately 
35.2 hectares and is located on Part of Lots 14 & 15, Concession 1, Former Thurlow Township, City 
of Belleville, Hastings County. The site is to the east of Haig Road between Airport Parkway West 
and Highway 2 in the City of Belleville, Ontario. The proposed residential subdivision will be 
serviced by the Belleville municipal water supply and sewage systems. 
 

The provincially significant Bell Creek Swamp Complex (Bell Creek Wetland) runs from north to 
south across the eastern side of the site.  
 

1.1 OBJECTIVES 
 

The objective of the hydrogeological investigation is to satisfy the requirements of the City of 
Belleville and Quinte Conservation Authority regarding the potential for hydrogeological impacts 
associated with the proposed residential development and the installation of City services 
including: 
 

• Assess groundwater elevations and seasonal variability across the site. 
• Conduct a limited assessment of terrain conditions based on the hydrogeological drilling 

program. 
• Assess surface water elevations and seasonal variability in the adjacent wetland (the Bell 

Creek Swamp Complex). 
• Determine the potential for hydrogeological impacts during construction and associated 

with the long-term effects of residential use. 
• Conduct a detailed water balance assessment to determine the effects of residential 

construction and long-term use on the volume of infiltration at the site and assess any 
potential impacts to the adjacent wetland. 

• Conduct one year of groundwater and surface water monitoring and integrate results into 
a revised report. 

 

1.2 SITE DESCRIPTION 
 

The subject property is located to the immediate east of the City of Belleville, Ontario (Figure 1) 
and is within the urban area of the City. The site is within the boundaries of the Quinte 
Conservation Authority (QCA). The Quinte Conservation Authority (QCA) online GIS (QCA, 
2023) indicates that most of the site is subject to Ontario Regulation 319/09 (Quinte Conservation 
Authority, Interference with Wetlands and Alterations to Shorelines and Watercourses). 
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The subject property is relatively flat and is mostly forest covered with some access trails.  
The provincially significant Bell Creek Swamp Complex (Bell Creek Wetland) occurs on the eastern 
side of the site. 
 
1.3 SURROUNDING LAND USE 
 
Surrounding land uses within 500 m of the subject site are described below: 
 

• North: 
o Forested undeveloped land (unused) 
o Wetland (Bell Creek Wetland) 
o Railway lines (CNR) 
o Roads (Airport Parkway West, Haig Road) 
o Industrial land north of Airport Parkway West including an engineered lagoon 

• East: 
o Forested undeveloped land (unused) 
o Wetland  
o Agricultural land (pasture) 
o Rural residential (farmhouses and outbuildings) 383 A Airport Parkway West and 385 

Airport Parkway West 
o Roads (Antrim) 

• West: 
o Urban Residential development 
o Roads (Spruce Gardens, Haig, Hickory, Linden, Sumac, Tessa, Mercedes, Oak Ridge, 

Briarwood, Victoria. Joyce, Richmond, Freemont, Cambridge, Flint, Diamond, 
Kingsway, Edgehill) 

o Industrial land adjacent to railway lines (with trucking / distribution / storage) 
o Agricultural land (crop and pasture) 
o Wetland and parkland (Stanley Park) 
o Stormwater retention pond 
o Walking trial (former hydro line) 

• South: 
o Undeveloped partially cleared land 
o Wetland (Bell Creek Wetland) 
o Railway line (former CPR) 
o Roads (Bridge, Janlyn, Whalen) 
o Parkland (Haig Park) 

 
Most of the existing development in the area is connected to the Belleville municipal water supply 
and sewage systems.  
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1.4 TOPOGRAPHY AND HYDROLOGY 
 
The topography at the site is flat with gentle slopes to the southeast towards the provincially 
significant Bell Creek Swamp Complex (Bell Creek Wetland). The highest elevation occurs at the 
northern end of the site (approximately 89 m above sea level (asl)). The elevation at the onsite 
wetland varies from approximately 86 m asl (upstream end at north end of site) to 83 m asl 
(downstream end at south end of site). Topographic contours are included on Figure 2.  
 
Surface water drainage at the site is by infiltration with some overland flow towards the wetland. 
The overburden is generally topsoil and clay/gravel, so infiltration is expected to be the dominant 
component of onsite drainage. Flow within the wetland is to the south towards the Bay of Quinte 
(Lake Ontario), immediately west of Telegraph Narrows. The site occurs within the Bell Creek 
Watershed which is part of the Telegraph Narrows Watershed (Ontario Ministry of Natural 
Resources and Forestry, 2023). The Bell Creek Watershed drains an area of approximately  
23 square kilometres. 
 
Channels within the Bell Creek Wetland in the vicinity of the site are shown on Figure 2 and 
include: 
 

• Two northern channels (North Channel West and North Channel East) that flow towards 
the site from the north. These channels run through culverts beneath Airport Parkway West 
and the CNR railway lines. These channels join at the northern end of the site to form the 
Main Channel. 

• A Main Channel that that runs through the eastern side of the site and exits the site at the 
eastern site boundary. 

• A West Side Channel that runs eastwards towards the eastern side of site through drains 
beneath existing residential development. This side channel then runs to the south 
immediately adjacent to the proposed Hanley Park North subdivision then exits the site at 
the eastern site boundary and joins with the main channel at a point that is southeast of 
the south-eastern corner of the site. 

• An East Side Channel that enters the Main Channel / wetland to the west of the site. 
• A Southwest Side Channel that flows from a wetland to the west of Haig Road, through a 

culvert beneath Haig Road, then along a channel that runs parallel to the abandoned 
walking trail near the western site boundary. 

• The West Side Channel and the Southwest Side Channel join the main channel to the 
southeast of the eastern corner of the site. From there the Main Channel flow south through 
a culvert beneath the CPR railway line. 
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The Bell Creek Wetland is considered to be a ‘warm water’ system meaning that it does not derive 
most of its water from cold groundwater inputs. The water in the system mostly comes from runoff 
with some component of shallow groundwater input from overburden water tables. Details of 
vegetation, wildlife, species at risk and fish habitat are included in an environmental impact study 
by Michalski Nielson (2020). 
 
1.5 PROPOSED SUBDIVISION 
 
The proposed development involves the creation of 74 lots for detached family homes and  
29 townhouse lots on 8 hectares of the 35.16-hectare parcel. The 74 detached home lots cover an 
area of 3.9 hectares (average size = 534 square metres), and the 29 townhouse lots cover an area 
of 0.7 hectares (average size = 236 square metres). There are two areas of development.  
The ‘Northern Development Area’ at the northwestern corner of the site includes six detached 
home lots. The ‘Southern Development Area’ includes the remainder of the development (68 
detached home lots, 29 townhouse lots, and a stormwater pond. 
 
A large portion of the site (27.14 hectares) will be reserved for parkland and wetland features.  
Of this, 15.1 hectares of the land is Bell Creek Wetland, 8.9 hectares is wetland buffer (woodland), 
2.5 hectares is significant woodland, and 0.7 hectares is woodland buffer. For reference 
information refer to the unsigned Draft Plan of Subdivision (Watson Land Surveyors, 2018) which 
is included in Appendix A. 
 
The proposed residential subdivision will be serviced by the Belleville municipal water supply and 
sewage systems. This form of servicing is consistent with the established hierarchy prescribed in the 
Ontario Provincial Policy Statement and is consistent with servicing of the established neighbouring 
urban residential developments to the west. 
 
 
2. METHODOLOGY 
 
2.1 BACKGROUND INFORMATION REVIEW 
 
A review of available background information was conducted including: 
 

• MECP water well records (see Figure 3) 
• MECP permit to take water (PTTW) database 
• Topographic databases 
• QCA online GIS 
• Property information  
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• Ontario Geological Survey (OGS) online geology mapping databases 
• A hydrogeological investigation and terrain analysis report for the Mercedes Meadows   

residential development (Lissom Earth Sciences, 2008). 
 
2.2 DRILLING PROGRAM 
 
BluMetric obtained public utility clearances and underground service location documentation was 
finalized prior to drilling. 
 
A total of eight (8) boreholes (BH1 to BH8) were drilled at the site on July 4 and July 12, 2022 by 
Canadian Environmental Drilling and Contractors Inc. (CED) of Inverary Ontario (Well Contractor 
License No. 7323). All of the eight boreholes were instrumented as monitoring wells (MW1 to MW8). 
Drilling supervision was provided by BluMetric.  
 
The boreholes were advanced using a track mounted drilling rig equipped with solid stem augers. 
Soil samples were collected from the augers for logging and sample collection. Table 1 includes a 
summary of borehole depths and monitoring well configurations. Borehole logs are provided in 
Appendix B and borehole/monitoring well locations are indicated on Figure 4. 
 
2.3 WELL INSTALLATION AND GROUNDWATER MONITORING 
 
The monitoring wells (MW1 to MW8) were constructed using new 44 mm and 50 mm inside 
diameter flush threaded schedule 40 PVC standpipe and well screen. All wells were assembled on 
site. Silica sand was placed as a filter pack around the well screen and extending approximately  
0.3 m above the well screen. Bentonite clay was used to install a seal in the annular space above 
the sand pack interval. Each monitoring well was completed as a stickup configuration at surface 
and is protected by a locked steel monument casing. All monitoring wells were constructed in 
compliance with O. Reg. 903, as amended. A water well record is included with Appendix C.  
 
Table 1: Borehole Depths / Monitoring Well Nests and Configurations 

 

Shallow MW1 85.20 0.94 86.14 1.45 1.45 0.6 m well screen in overburden unit / to top of bedrock

Deep MW4 85.16 0.76 85.92 1.22 3.96 1.5 m screen in bedrock unit

Shallow MW2 86.76 0.92 87.68 2.41 2.41 1.5 m well screen in overburden unit / to top of bedrock

Deep MW3 86.72 0.94 87.67 2.39 5.03 1.5 m screen in bedrock unit

Shallow MW5 86.02 0.92 86.94 2.59 2.59 1.5 m screen in overburden unit / to top of bedrock

Deep MW6 85.96 0.85 86.81 2.59 4.27 0.6 m screen in bedrock unit

Shallow MW8 86.26 1.02 87.28 3.66 3.66 1.5 m well screen in overburden unit / to top of bedrock

Deep MW7 86.19 0.90 87.09 3.66 5.79 1.5 m screen in bedrock unit

Well Screen Position / Configuration
Well Nest 

Groups

Nest A

Nest B

Nest C

Nest D

Borehole 
Depth 

bgs (m)

Borehole/M
onitoring 
Well ID

Ground 
Surface 

Elevation 
(m asl)

Stickup 
(m)

Top of 
Riser 

Elevation 
(m asl)

Depth to 
Bedrock 

(m)
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2.4 SURFACE WATER PIEZOMETER INSTALLATION AND MONITORING 
 

Two surface water piezometers (P1 and P2) were installed at the onsite Bell Creek Wetland. The 
piezometers were constructed using new 50 mm inside diameter schedule 40 PVC well screen with 
drive point and protective cap. At each location the well screen was attached to a steel post that 
was driven into the wetland substrata. The piezometer locations are indicated on Figure 4. A 
summary of surface water piezometer configurations is provided in Table 2. 
 

Table 2: Piezometer Summary 

 
 

2.5 ELEVATION / LOCATION SURVEY  
 

Proposed borehole locations were laid out in the field on June 8, 2022 by BluMetric prior to drilling. 
The locations were reviewed with the planning consultant (Macaulay Shiomi Howson Ltd.) and were 
laid out in the field using RTK (real-time kinematic) global positioning system (GPS) technology. 
 

An elevation/location survey for the completed monitoring wells was carried out by BluMetric on 
August 16, 2022. GPS survey points (ground control points, site features, etc.) were surveyed using 
an RTK-GPS system.  
 

2.6 QUALITY ASSURANCE AND QUALITY CONTROL 
 

A quality assurance/quality control (QAQC) program was implemented according to BluMetric 
protocols. The QAQC program included the following elements: 
 

• Field staff were suitably qualified and trained to carry out the work and have extensive 
experience with drilling, installation of wells, management of dataloggers and RTK-GPS 
field survey methods. 

• The field investigation was completed according to BluMetric standard operating 
procedures for hydrogeological studies. Any deviations were recorded along with an 
explanatory rationale. 

• Field notes and data collection sheets were checked for accuracy and completeness. 
• Hard copies including field notes and chain of custody forms were collated, cross-

referenced, and filed for future reference if required. 
• Survey data was processed by a senior geomatics professional with expertise in RTK-GPS 

surveying techniques. 

Piezometer ID
Ground Surface 

Elevation (m 
asl)

Stickup (m)
Top of Riser 
Elevation (m 

asl)

P1 85.49 1.61 87.10

P2 83.79 1.36 85.15
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3. GEOLOGY AND HYDROGEOLOGY 
 
3.1 SURFICIAL GEOLOGY 
 
Surficial geology information from the Ontario Geological Survey (OGS) was obtained from the 
OGS Earth website (OGS, 2023). The data shows that most of the site has Paleozoic bedrock near 
the surface (including undifferentiated carbonate and clastic sedimentary rock, exposed at surface 
or covered by a discontinuous, thin layer of drift), and some of the site (approximately 
corresponding to the wetland areas) has “modern alluvial deposits” (clay, silt, sand, gravel, which 
may contain organic material). The physiography is described as “beveled till plains”.  
 
These descriptions are generally consistent with the information identified in water well records in 
the area (overburden thickness from 0 m to 7 m with an average thickness of 2.9 m) and is generally 
consistent with the findings of the drilling program. 
 
3.1.1 Terrain Analysis 
 
The drilling program that was completed as part of this investigation identified the following terrain 
elements (see Figure 4 for borehole locations): 
 
 

• Well Nest A 
o BH1 

 0.0 to 1.37 m  SANDY GRAVEL with some boulders 
 1.37 m   Refusal at top of bedrock 

o BH4  
 0.0 to 1.22 m  SANDY GRAVEL with some boulders 
 1.22 m    Top of bedrock (hole extended into bedrock) 

• Well Nest B 
 

o BH2  
 0.0 to 0.10 m  TOPSOIL 
 0.10 to 2.39 m  SANDY GRAVEL with some boulders 
 2.39 m   Refusal at top of bedrock 

o BH3 
 0.0 to 0.10 m  TOPSOIL 
 0.10 to 2.39 m  SANDY GRAVEL with some boulders 
 2.39 m   Top of bedrock (hole extended into bedrock) 
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• Well Nest C 
o BH5 

 0.0 to 2.59 m  SANDY CLAY with silt and trace gravel/cobbles 
 2.59 m   Refusal at top of bedrock 

o BH6 
 0.0 to 2.59 m  SANDY CLAY with silt and sand, trace gravel/cobbles 
 2.59 m   Top of bedrock (hole extended into bedrock) 

• Well Nest D 
o BH7 

 0.0 to 0.10 m  TOPSOIL 
 0.10 to 2.40 m  SAND 
 2.40 to 3.66 m SAND and GRAVEL increasing gravel towards base 
 3.66 m   Top of bedrock (hole extended into bedrock) 

o BH8 
 0.0 to 0.10 m  TOPSOIL 
 0.10 to 2.40 m  SAND 
 2.40 to 3.66 m SAND and GRAVEL increasing gravel towards base 
 3.66 m   Refusal at top of bedrock 

 
The thickness of the overburden unit decreases from north to south at the site. At the Northern 
Development Area the depth to bedrock is 3.7 m and the predominant material is sand and gravel. 
At the north end of the Southern Development Area the depth to bedrock is 2.6 m and the 
predominant material is sandy clay. At the eastern side of the Southern Development Area, near 
the wetland, the depth to bedrock is 2.4 m and the predominant material is sandy gravel. At the 
south end of the Southern Development Area the depth to bedrock is 1.2 to 1.4 m and the 
predominant material is sandy gravel. 
 
3.2 BEDROCK GEOLOGY  
 
Geological mapping information from the OGS Earth website (OGS, 2023) shows that the site is in 
an area where the Middle Ordovician Verulam Formation is the uppermost bedrock unit.  
The Verulam Formation occurs within the Simcoe Group. The bedrock is described as limestone 
and shale. The site is not in an area of inferred karst, but an area of known and inferred karst occurs 
440 m to the south of the site in the area including Old Kingston Road to the shoreline of the Bay 
of Quinte (Lake Ontario). 
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3.3 HYDROGEOLOGY 
 
A discontinuous shallow unconfined water table exists in parts of the overburden unit. 
Observations made during drilling in late July 2022 show that the overburden groundwater is 
typically encountered at depths of 0.9 to 1.3 m below ground surface (bgs). The direction of 
groundwater flow in the overburden unit is interpreted to be to the south.  
 
In the Belleville area, a water supply aquifer occurs within the horizontally bedded Palaeozoic 
carbonate sedimentary bedrock. Permeability within these strata is controlled by fractures.  
The primary porosity (i.e. the ‘primary fracture network’) is associated with horizontal bedding 
plane fractures. A secondary porosity is associated with subvertical fracturing. The direction of 
groundwater flow in the bedrock aquifer is interpreted to be to the south, towards the Bay of 
Quinte.  
 
A review of information from the Ontario Source Water Protection Atlis online GIS (MECP, 2023) 
was conducted. The site is not within a ‘Source Water Protection Zone’. The bedrock aquifer 
beneath the site is characterized as a highly vulnerable aquifer. 
 
3.3.1 Water Well Records 
 
A total of 23 water well records from the MECP Water Well Information System (MECP, 2023) 
were reviewed (individual well records for the wells containing useful information are provided in 
Appendix C). The well record locations are shown on Figure 3. Please note that the well record 
locations used are based on the MECP database coordinates and may be subject to varying degrees 
of error. A summary of relevant information from the water well records is provided in Table 3. 
 
Of the 23 well records identified, ten appear to correspond to water supply wells and the rest are 
associated with monitoring wells and/or are well abandonment records. Eight of the ten water 
supply well records are for wells drilled into bedrock. Two water supply wells were completed in 
the overburden layer only. Nine records indicate freshwater conditions, two well records indicate 
sulphur for kind of water. One of the wells with sulphur also has salty water indicated.  
 
Static water levels in the well records range from 0.3 m bgs to 6.1 m beg, with an average of 3.1 
m bgs. Well yields were generally moderate to high (18 to 114 L/min) with only one well record 
showing signs of a relatively low yield (5 L/min). 
 
Water-bearing fractures in bedrock that are mentioned in the water well records all occur at depths 
of less than 10 m bgs.  
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Table 3: Water Well Records Summary 

 
 
A review of the MECP Permit to Take Water (PTTW) database was carried out for a 3 km radius 
of the site. PTTW information was obtained directly from the MECP interactive GIS system (MECP, 
2023). No PTTWs were identified within the 3 km search area. The closest PTTWs are 
approximately 4 km southeast of the site for industrial takings by Lafarge Canada Inc. of up to 
10,712,506 L/day of surface water and groundwater at their Pointe Anne Quarry. 
 
3.3.2 Groundwater Elevations 
 
Groundwater monitoring events were carried out immediately after drilling on July 12 and July 
27, 2022, then on August 16, 2022, January 11, April 13, August 31 and November 16, 2023. A 
summary of groundwater elevation data is provided in Table 4. Groundwater elevation data for 
the overburden unit is shown on Figure 5. Groundwater elevation data for the bedrock unit is 
shown on Figure 6, and is shown graphically on Figure 7. 
 
  

Well 
Record ID

Year 
Drilled

Depth to BR (m) Overburden mater ial
Total 
depth 
(m)

Casing 
depth 
(m)

Depth to 
water 

bearing 
frac tures 

(m)

Static  
Water 
Level 
(m)

Drawdown 
after 

Drillers 
Pumping 
Test (m)

Recommended 
pumping rate 

(GPM)

Recommended 
pumping rate 

(L/min)
Comments

2902643 1954 0.0 Bedrock at surface 9.8 1.5 8.5 1.8 2.7 18 82 Sulphur + salt

2902820 1954 3.7 Clay 11.0 4.0 9.1 6.1 ? 1 5 Fresh

2902822 1955 1.5 Clay 9.1 2.4 8.5 2.4 0.0 17 77 Fresh

2906319 1974 3.0 Clay 11.6 3.0 8.5 3.0 7.6 8 36 Fresh

2910595 1984 4.3 Clay 9.1 6.1 6.1, 7.9 0.3 7.3 5 23 Fresh

2910818 1985 0.9 Clay 10.7 3.7 5.5 2.7 2.7 15 68 Fresh

2912290 1988 0.6 Topsoil + shale 10.1 3.0 4.3 2.7 6.4 15 68 Sulphur  

2916144 1994

2916831 1995 6.7 Sand + clay 6.7 6.7 2.7, 6.7 12.0 6.0 4 18 OB well / fresh

2917263 1996 7.0 Sand + clay 7.0 7.0 7.0 1.2 4.0 7 32 OB well / fresh

2917344 1996 4.9 Sand + clay 12.2 5.8 5.5 4.0 10.7 5 23 Fresh

2917345 1996 Well previously drilled  to 13.1 m was then extended 20.7 ? ? 4.6 16.2 25 114 Fresh

7044014 2007

7135960 2009 1.1 Clay 1.1 0.8 1.1 nm nt Untested

7135961 2009 0.9 Clay 0.9 0.6 0.9 nm nt Untested

7150194 2010

7150254 2010 4.1 5.2 5 23

7172233 2011 Fresh

7180030 2012 ? Silt 6.0 3.0 nm nt

7184581 2012

7188292 2012

7315465 2018

7315466 2018

Well abandonment to 4.27 m

MECP WATER WELL RECORDS SUMMARY

Abandonment of dug well

Well abandonment to 13.7 m

PVC monitoring well

PVC monitoring well

Well abandonment to 4.13 m

Well abandonment to 3.27 m

Well abandonment to 1.84 m

Well upgraded, casing extended

PVC monitoring wellWell abandonment to 9.1 m

PVC monitoring well

Well abandonment to 6 m



Hydrogeological Impact Assessment Hanley Park North Subdivision  220384 
Hanley Park Developments Inc. January 2024 

 Page 11  BluMetric 

Table 4:  Groundwater Elevation Summary 

 
 
Figure 7:  Groundwater Elevations 
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Nest A - overburden MW1 85.20 0.94 86.14 1.45 1.45 83.8

Nest A - bedrock MW4 85.16 0.76 85.92 1.22 3.96 81.2 2.35 83.57 2.39 83.53 2.45 83.47

Nest B = overburden MW2 86.76 0.92 87.68 2.41 2.41 84.4
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Nest B = overburden MW2 86.76 0.92 87.68 2.41 2.41 84.4 3.27 83.49 3.26 84.42
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The results show that an overburden water table exists across the northern part of the site including 
the northern part of the Southern Development Zone. The following observations are noted:  
 

• Overburden groundwater was absent at times (typically in the summer and fall) at MW1, 
MW2 and MW8. 

• A slight downward vertical gradient occurs at the southern-most well nest (MW1 and 
MW4), and at the well nest (MW2 and MW3) to the east of the Southern Development 
Area. 

• Groundwater elevations at the well nest (MW5 and MW6) near the northwestern corner 
of the Southern Development Area are often very similar, but the overburden monitoring 
well appears to be more responsive to periods of recharge. 

• Un upward vertical hydraulic gradient occurs at the well nest (MW7 and MW8) at the 
Northern Development Area. 

 
Maximum groundwater elevations occur at well nest D (MW7 and MW8) at the Northern 
Development Area. The maximum elevation of the unconfined water table in the overburden unit 
is 85.47 m asl at MW8 in November 2023. The maximum elevation based on measurements made 
at the bedrock wells was 86.45 m asl measured at MW7 in April 2023 but this represents 
pressurized groundwater in the upper bedrock hydrostratigraphic unit. For the Southern 
Development Area, the maximum overburden groundwater elevation was 85.19 m asl at MW5 in 
April 2023, and the maximum bedrock groundwater elevation was 85.92 m asl at MW6 in 
November 2023. 
 
An upper bedrock hydro-stratigraphic unit extends across the site and groundwater was 
encountered at all monitoring well locations. An upward vertical hydraulic gradient is noted within 
the upper bedrock unit.  
 
A pressure sensing datalogger was installed at MW3 on August 16, 2023. Groundwater elevations 
measured by the datalogger are presented on Figure 8.  
 
The maximum groundwater elevation at MW3 based on the information from the datalogger was 
84.61 m asl which was measured at 4 pm on April 1, 2023. This elevation is 0.37 m higher than 
the maximum manual water level measurement taken on April 13, 2023. 
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Figure 8:  Datalogger Groundwater Elevations at MW3 

 
 
The relationships between groundwater and surface water elevations are shown on a conceptual 
cross-section in Figure 9. The cross-section alignment is indicated on Figure 4. 
 
Figure 9:  Cross Section 

 
 
3.3.3 Conceptual Model 
 

• Overburden (thickness is 1.2 to 3.7 m): 
o Stratigraphy includes sandy gravel, clay and sand. 
o A discontinuous shallow unconfined water table exists across the southern part of 

the site (overburden groundwater was identified at two of the four overburden 
monitoring wells). 

o Overburden groundwater is from 0.9 to 1.3 m bgs and occurs as an unconfined 
water table. 

o Flow within the overburden unit is considered to be within a porous media.  
o Overburden groundwater flows to the south 
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• Upper Bedrock (nominally to 10 m thickness): 
o Verulam Formation (limestone and shale). 
o The upper bedrock hydro-stratigraphic unit appears to be pressurised, so a confined 

condition is indicated. Higher pressures are indicated at the north of the site (MW7, 
MW6). 

o The vertical direction of groundwater flow appears to be upwards between the 
upper bedrock unit and the overburden unit (i.e. upward hydraulic gradient). 

o Flow is within a fractured bedrock media with primary porosity along bedding 
plane fractures. 

o The groundwater elevation at the southern bedrock screened monitors is lower 
(slightly pressurized with groundwater elevations within the bedrock zone). 

o Groundwater flow is to the south towards the Bay of Quinte. 
 
3.3.4 Hydrogeological Sensitivity 
 
The terrain analysis findings show that the overburden thickness varies across the site from 1.2 m 
to 3.7 m and is an average of 2.5 m thick. Most of the overburden material at the site is expected 
to be of moderate to high permeability based on the materials encountered (sand and gravel with 
some clay in one area). The site is not within in area of ‘inferred karst’ as determined by the OGS 
Karst mapping layer (OGS, 2023). As mentioned above the OGS database does indicate an area of 
known and inferred karst to the south of the site. The Bobcaygeon Formation is the uppermost 
bedrock unit in that area. Based on the summarized findings the site is generally not considered to 
be hydrogeologically sensitive, but the zone around the well nest at MW1 and MW4 is potentially 
hydrogeologically sensitive due to thin soils (< 2m thickness). 
 
3.3.5 Potential Sources of Contamination 
 
No potential sources of onsite contamination were identified. The areas of the proposed 
subdivision are undeveloped. Several walking trails occur within the areas to be developed.  
 
Historical clearing of the land occurred prior to 1948 (as evidenced in an air photo from that year 
in a report by Palmer, 2021).  
 
Application of road salt along roadways near the western site boundary is expected to have caused 
some limited impacts to the area immediately bordering the roads and ditches. No onsite impact 
is expected as a result of road salt application activities.  
 
Industrial land uses to the north of the site have some potential to impact the bedrock aquifer 
beneath the site. Neighbouring sewage and effluent treatment systems include a treatment lagoon 
north of Airport Parkway West and any individual septic system associated with the farms at 383-



Hydrogeological Impact Assessment Hanley Park North Subdivision  220384 
Hanley Park Developments Inc. January 2024 

 Page 15  BluMetric 

A Airport Parkway West and 385 Airport Parkway West. These locations are considered far enough 
away that no specific concerns for adverse environmental impacts were identified. The bedrock 
aquifer is not used as a source of potable water for the site, so no significant concerns were 
indicated. 
 
3.4 HYDROLOGY 
 
3.4.1 Surface Water Elevations 
 
Surface water elevations measured at the wetland piezometers are summarized in Table 5.  An 
elevation difference of 1.9 metres between the two points which are 580 m apart is noted. These 
elevations are consistent with the change in surface elevations on regional topographic maps. 
Surface water elevation data is shown graphically in Figure 10. 
 
Table 5: Surface Water Elevations Summary 
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Figure 10:  Surface Water Elevations 

 
 
A pressure sensing datalogger was installed at P1 on August 16, 2023. Surface water elevations 
measured by the datalogger are presented on Figure 11. 
 
Figure 11:  Datalogger Surface Water Elevations at P1 

 
 
The highest surface water elevation (85.55 m asl) was measured manually at P1 on July 27, 2022. 
The maximum surface water elevation at P1 based on the information from the datalogger (which 
was deployed from August 16, 2022 to November 16, 2023) was 83.87 m asl which was measured 
at 5 am on May 1, 2023. 
 
The relationship between precipitation, surface water elevations, and groundwater elevations was 
assessed by comparing climate data (Government of Canada, Environment and Natural Resources, 
Historical Weather, 2022-2023) with the datalogger information from P1 and MW3 as shown in 
Figure 12. 
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Figure 12:  Precipitation, Surface Water Elevations at P1, and Groundwater Elevations at MW3 

 
 
The relationships between groundwater and surface water elevations are shown on a conceptual 
cross-section in Figure 9. The cross-section alignment is indicated on Figure 4. 
 
 
4. DEVELOPMENT IMPACT ASSESSMENT 
 
Development of the Hanley Park North subdivision has the potential to cause some limited impacts 
to the local hydrological and hydrogeological systems. Changes such as addition of impervious 
surfaces can reduce the volume of groundwater recharge from precipitation. Installation of deep 
service trenches for municipal water supply and sewer piping will impact local groundwater during 
construction and has the potential to impact groundwater in the long term unless control measures 
are implemented. The management of storm water at the site could impact the quality and quantity 
of surface water flow to the adjacent wetland and has the potential to reduce impacts due to the 
introduction of impervious surfaces and trenching.  
 
4.1 ENGINEERING DESIGN 
 
An unsigned draft plan of subdivision (Watson Land Surveyors, 2018) is included as Attachment A. 
No detailed plans for building construction were available for review. A detailed engineering design 
for the site including residential structure plans will be developed after draft plan approval. Building 
design for the site should take the following items into account: 
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• The maximum depth of basements must be above the overburden water table (i.e. the 
overburden water table in all areas to the north of MW1 and MW2) and the top of bedrock 
in the southern areas.  

• The maximum depth of sumps in any basement or subgrade structure must be above the 
established maximum elevation of overburden groundwater. 

 
PLEASE NOTE: The grading plan and landscape design for the site should incorporate features that 
promote re-infiltration of runoff water. Such features should include (but not be limited to): 
 

• Dry swales / bioswales 
• Check dams 
• Gravel beds 

 
4.2 IMPACT TO EXISTING GROUNDWATER USES 
 
The water well records that were reviewed in Section 3.3.1 show that there were ten water supply 
wells in the area. Six of those records are plotted on one location which suggests that the location 
information was inadequate at the time of data entry into the system and a centroid location was 
used, so some of those wells probably occur more than 500 m from the site boundaries. Most of the 
wells that plot within developed areas that are now serviced by the Belleville municipal water supply 
system have probably been abandoned or are not used. If any of the wells are still in use, they are 
probably associated with the farms at 383-A Airport Parkway West and 385 Airport Parkway West. 
Well record 7150254 (extension of an existing well) may be still in use in this area. The well was 
extended in 2010 but there is no indication of the well depth. Table 6 provides a summary of water 
supply well information. 
 
Table 6: Water Supply Wells Summary 

 
 

Well 
Record ID

Year 
Drilled

Depth to BR (m) Overburden mater ial
Total 
depth 
(m)

Casing 
depth 
(m)

Depth to 
water 

bearing 
frac tures 

(m)

Static  
Water 
Level 
(m)

Drawdown 
after 

Drillers 
Pumping 
Test (m)

Recommended 
pumping rate 

(GPM)

Recommended 
pumping rate 

(L/min)
Comments

2902643 1954 0.0 Bedrock at surface 9.8 1.5 8.5 1.8 2.7 18 82 Sulphur + salt

2902820 1954 3.7 Clay 11.0 4.0 9.1 6.1 ? 1 5 Fresh

2902822 1955 1.5 Clay 9.1 2.4 8.5 2.4 0.0 17 77 Fresh

2906319 1974 3.0 Clay 11.6 3.0 8.5 3.0 7.6 8 36 Fresh

2910595 1984 4.3 Clay 9.1 6.1 6.1, 7.9 0.3 7.3 5 23 Fresh

2910818 1985 0.9 Clay 10.7 3.7 5.5 2.7 2.7 15 68 Fresh

2912290 1988 0.6 Topsoil + shale 10.1 3.0 4.3 2.7 6.4 15 68 Sulphur  

2916831 1995 6.7 Sand + clay 6.7 6.7 2.7, 6.7 12.0 6.0 4 18 OB well / fresh

2917263 1996 7.0 Sand + clay 7.0 7.0 7.0 1.2 4.0 7 32 OB well / fresh

2917344 1996 4.9 Sand + clay 12.2 5.8 5.5 4.0 10.7 5 23 Fresh

2917345 1996 Well previously drilled  to 13.1 m was then extended 20.7 ? ? 4.6 16.2 25 114 Fresh

7150254 2010 4.1 5.2 5 23Well upgraded, casing extended

MECP WATER WELL RECORDS SUMMARY
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The closest well that may be in use (well record #7150254) is approximately 430 m away to the 
northeast of the proposed subdivision, and the well is upgradient / side-gradient relative to the 
proposed subdivision. No impacts to existing well users are anticipated. The closest permits to take 
water (PTTWs) are approximately 4 km southeast of the site at the Pointe Anne Quarry. No impacts 
to these uses are anticipated. 
 
4.3 CONSTRUCTION DEWATERING 
 
Construction dewatering will be required to ensure that excavations remain dry to allow safe access 
for workers and equipment. It is anticipated that the deepest excavations that will be made during 
construction of the proposed residential subdivision will be the service trenches for municipal sewer 
and water. The maximum depth of excavation is expected to be approximately 5 m. Since 
groundwater in the overburden at the northern end of the site is typically encountered from 0.9 
to 1.3 m below ground surface, excavation dewatering is expected, and the excavations will need 
to be dewatered during construction. The vertical hydraulic gradient in the upper bedrock unit 
appears to be upwards, so the bedrock excavations will probably continue to make water after 
initial pumping. Water taking from the overburden unit is not expected to have any significant 
impact on the bedrock aquifer as the hydraulic gradient is upwards. 
 
Construction dewatering will probably be carried out using standard construction practices. As each 
excavation is opened to the required depth, water will be pumped out. If contaminated water is 
encountered, the discharge water should be directed to treatment control measures before it is 
discharged. The pumped water will probably be of good quality once the excavation is opened 
and initially pumped out. In the event of major precipitation events there may be anomalous 
volumes of water to be pumped if the excavations are open and fill with water. After initial 
dewatering of overburden excavations, the rate of water influx is expected to slow considerably. 
It is expected that pumping will be relatively continuous if the excavation extends into the shallow 
bedrock. The construction plans should include erosion and sedimentation control measures for 
controlling surface water runoff to the excavation and any nearby watercourses.  
 
Discharge of water associated with construction dewatering will require approvals/permits (i.e. 
municipal sewer use, OWRA Section 53 sewage works). Measures must be taken to minimize 
erosion, sedimentation, flooding or water quality impacts. MECP approvals may not required for 
the discharge of water during the construction phase as the work may be conducted according to 
an agreement with the City of Belleville for discharge to the nearest down-gradient storm sewers 
(subject to the City of Kingston Sewer Use By-law). 
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Please Note: Water takings in excess of 50,000 L/day must be registered with the MECP. Water 
takings from 50,000 to 400,000 L/day must be registered under the ‘Environmental Activity and 
Sector Registry’ (EASR) process. Water taking greater than 400,000 L/day would require a ‘permit 
to take water’ (PTTW).  
 
4.4 SERVICES TRENCHES 
 
Ainley Graham & Associates has prepared a ‘preliminary watermain design brief’ for the proposed 
Hanley Park North Development (Ainley 2021). The report includes the following information: 
 

• 738 linear metres of 200 mm diameter PVC watermain will be installed. 
• All of the watermain piping will be installed at a minimum depth 1.8 bgs. 

 
Trenching for installation of sanitary and storm sewer piping is also expected to be below 1.8 m 
bgs. The requirement for gravity drainage along sewer lines result in greater depths in most areas. 
No detailed sewer design drawings were available to determine maximum depths of excavation.  
Since bedrock was encountered at a depth of 1.2 m at BH4 it is anticipated that some excavations 
into bedrock will be required in this area, so groundwater will probably be encountered. Trenching 
of overburden material at the Northern Development Area and at the northern end of the Southern 
Development area is expected to encounter groundwater.  
 
PLEASE NOTE: The detailed engineering design for the site should include the implementation of 
vertical impermeable cut-off barriers (clay plugs) as part of the trench backfilling specifications and 
drawings. Cut-off barriers prevent/inhibit the movement of groundwater along backfilled trenches 
as engineered backfill is typically of a granular nature and has a high hydraulic conductivity. Low 
permeability clay plugs act to inhibit the flow of groundwater along backfilled trenches, thus 
reducing the possibility of groundwater drainage from the area. 
 
4.5 CONSTRUCTION RELATED CONTAMINATION 
 
Construction related activities which have a potential to impact groundwater at the site include: 
 

• Storage and handling of liquid fuels (refuelling of construction equipment). 
• Handling and disposal of construction related chemicals (adhesives, sealants, paints, etc.) 

and associated waste materials. 
• Sanitary waste and chemicals associated with portable toilets. 

 
  



Hydrogeological Impact Assessment Hanley Park North Subdivision  220384 
Hanley Park Developments Inc. January 2024 

 Page 21  BluMetric 

These potential concerns can be mitigated by adhering to ‘best management practices’ regarding 
the storage and handling of fuels and other potentially hazardous chemicals. The requirement for 
best management practices should be included in the detailed design drawings for the 
development. The site should be kept free of construction waste and all waste should be contained 
and removed on a regular short-term basis. 
 
4.6 STORMWATER MANAGEMENT 
 
Stormwater runoff from construction sites can have high concentrations of total suspended solids 
(TSS). The use of stormwater and erosion controls during construction will minimize impacts 
associated with stormwater runoff. The potential for impacts to the bedrock aquifer are considered 
to be extremely low due to the thick and confining nature of the overburden unit and the upward 
hydraulic gradient within the bedrock unit. 
 
It is expected that construction plans and tender documents / specifications will include erosion 
and sedimentation control (ESC) measures. These measures must be designed to be effective in 
controlling surface water runoff to excavations and any nearby watercourses (special care must be 
taken with surface water flow to the adjacent wetland. 
 
Ainley Graham & Associates has prepared a preliminary stormwater management plan for the site 
(Hanley Park North Residential Subdivision, Stormwater Management Report, Part of Lots 14 & 
15, Concession 1, Former Thurlow Township, City of Belleville, Hastings County. November 2021). 
The report indicates the following: 
 

• Drainage will be conveyed through the Northern Development Area toward the park 
block. 

• Drainage from the Southern Development Area will generally be conveyed toward the 
southeast to the proposed stormwater management (SWM) facility. 

• Backyard run-off from most of the lots will be directed toward the Bell Creek Wetland. 
• Drainage within developed areas will be handled by curbs, gutters, and storm sewers which 

will be designed in accordance with City of Belleville design standards. 
• A Master Drainage Plan (1996) referenced in the Ainley report (The Stormwater 

Management Report, Stanley Park West Subdivisions by G.M. Sernas, June 1996) indicates 
the Stanley Park facility (located upstream to the west of Haig Road on the West Side 
Channel) was designed to overcontrol discharge allowing for proposed developments to 
the east (i.e. Mercedes Meadows, Hanley Park North) so that stormwater can be directed 
to the Bell Creek System via overland flow routes.  

• The uncontrolled release of rear yard runoff is not expected to cause an adverse effect to 
the Bell Creek Wetland. 
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• Surface water quality control for the Northern Development Area will involve a level 
spreader berm within the proposed parkland block to the immediate south of the Northern 
Development Area. 

• Surface water quality control for the Southern Development Area will be managed by an 
‘extended detention wet pond’.  

• An erosion and sediment control strategy will be included in the detailed engineering design 
for the site, to minimize the transfer of sediment during construction. Various measures 
should be incorporated into the strategy as required, including:  

o Geotextile barriers, straw bales, rock check dams, etc. 
o Routine inspection and maintenance of the erosion and sediment control devices  
o All exposed earth to be re-vegetated (tree, shrub and groundcover species native to 

the area). 
o Removal and disposal of the erosion and sediment control devices after 

construction and at a point where the sediment load to drainage water has reduced 
to an acceptable level. 

 
PLEASE NOTE: The maximum depth of the pond is expected to be 2.5 m. The pond is close to 
BH1 and BH4 where the overburden thickness is 1.2 to 1.4 m. Grading in the area will need to be 
adjusted to accommodate the pond as excavation of bedrock is not recommended. 
 
4.7 ONGOING RESIDENTIAL USE 
 
Following construction of the residential subdivision any potential impacts to groundwater will be 
minimal (e.g. storage and handling of liquid fuels in small quantities, storage and handling of 
household chemicals in small quantities, application of garden fertilizer, application of pesticides, 
spills, etc.). The potential for any adverse impacts associated with these items is considered to be 
low. 
 
Future use of salt on roads within the proposed subdivision is expected to have a minimal impact 
which will be localized and confined to the overburden unit. 
The environmental impact study for the site (Michalski Nielson, 2020) suggests that the applicant 
should prepare a “Stewardship/Homeowner’s Manual” for inclusion as a schedule in the 
subdivision agreement that will information regarding the significance and sensitivity of the Bell 
Creek Wetland and the conservation role/actions of landowners. 
 
4.8 IMPACT TO SURFACE WATER AND NATURAL FUNCTION OF THE ECOSYSTEM 
 
Since construction related dewatering work is of a short-term nature and there will be no ongoing 
taking of groundwater at the site, there will be no significant impact on surface water and the 
natural function of the associated ecosystems. During construction, all pumped water will be 
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discharged to storm sewers with due regard for quality and flow as per an agreement between the 
City of Belleville and the contractor. After construction runoff and stormwater will mostly re-
infiltrate. Any other runoff will flow to the Bell Creek Wetland. There will be no net loss of water 
to the wetland. 
 
4.9 WATER BALANCE 
 
Determination of a water balance for the site involved quantification of the following key 
parameters, according to the relationship that is provided: 

• Precipitation 
• Evapotranspiration 
• Infiltration (or recharge) 
• Runoff 

 

P↓ = E↑+I↓+R→ 
 
Precipitation can be directly measured. Data was obtained from Environment and Climate Change 
Canada (ECCC, Canadian Climate Normals, 2023) for the closest climate station (Belleville Station). 
The total annual precipitation (911.6 mm/year based on data from 1981 to 2010) multiplied by the 
entire area of the site (350,610 square metres) results in a volume of precipitation over the site of 
320,442 cubic metres per year. 
 
Evapotranspiration was calculated using the empirical formulas of Thornthwaite (Thornthwaite 
and Mather, 1957) with temperature and precipitation data from ECCC (Canadian Climate 
Normals, 2023). The methodology of Gupta (2017) was used to calculate a daylight adjusted 
evapotranspiration rate of approximately 0.638 m/year, which results in a volume of 
evapotranspiration over the entire site of 224,210 cubic metres per year. The calculations are 
provided in Appendix D. This value assumes that evapotranspiration is equal over the entire site 
including wetland and treed area, which is reasonable since the wetland is mostly vegetated except 
for some small areas of open water. The evapotranspiration calculations result is a value for ‘surplus 
water’ (precipitation minus evapotranspiration) which includes infiltration and runoff. 
 
Infiltration was calculated using the infiltration factors from MECP’s 'Storm Water Management. 
Planning and Design Manual' (MOE, 2003). These infiltration factors are also listed in 
'Hydrogeological Technical Information Requirements for Land Development Applications (MOEE, 
1995). Infiltration components were calculated using the following information: 
 
  



Hydrogeological Impact Assessment Hanley Park North Subdivision  220384 
Hanley Park Developments Inc. January 2024 

 Page 24  BluMetric 

• Topography 
o Undeveloped land areas are ‘flat to rolling’ (average slope between 0.6 m and 

2.8 m per km). This includes future park areas. 
o Developed lots will be flat (slopes less than 0.6m per km). 
o Wetland areas are assumed to have an infiltration factor of 1 (i.e. all surplus water 

infiltrates). 
• Soil 

o Three of the four locations investigated has coarse grained materials (sand and 
gravel). One location has sandy clay.  

o In order to reflect a portion of the Southern Development area having “medium 
clay loam” soil, the townhouses portion of calculation was assigned an infiltration 
factor of 0.2. All other areas were assigned and infiltration factor of 0.4. 

• Cover 
o Treed areas (including future park land) were assigned an infiltration factor of 0.2 

(woodland). 
o Developed lots (lawns and garden beds) were assigned and infiltration factor of 0.1 

(cultivated) 
o Wetland areas are assumed to have an infiltration factor of 1 (i.e. all water 

infiltrates). 
 
Runoff was calculated by subtracting evapotranspiration and infiltration from precipitation. A 
water balance assessment was conducted by comparing pre and post development conditions in a 
quantitative model. Development of the site will include construction of impervious surfaces 
(rooftops, driveways, roadways and walkways).  The areas of impervious features were estimated 
using typical sizes of similar items in surrounding development areas. Changes to the volumes of 
infiltration and runoff resulting from the proposed development were calculated. A summary is 
provided in Table 7. 
 
A simplified water balance model was developed using the site boundaries as limits. Groundwater 
flow through the upper bedrock (based on a 10 m thick upper bedrock zone, hydraulic conductivity 
of 1 x 10-5 m/sec and a 380 m wide block) is estimated (using Darcy’s Law) to be approximately 13 
cubic metres per day. The hydraulic conductivity of the upper bedrock unit is based on the high 
end of the typical range for fractured limestone (Freeze and Cherry, 1979).  
 
The volume of groundwater flow through the overburden was estimated for the northern portion 
of the site where the overburden water table has been identified using an estimated hydraulic 
conductivity of 1 x 10-3 m/sec and a 200 m wide block (since the overburden unit is absent where 
the wetland exists). A flow from north to south of approximately 60 cubic metres a day was 
estimated on this basis. The hydraulic conductivity for the overburden unit is based on the typical 
range for sand/gravel (Freeze and Cherry, 1979). 
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No recent information was available to estimate the volume of flow through the wetland. The 
flow rate is expected to vary considerably due to seasonal fluctuations. Ongoing monitoring of the 
piezometer locations will provide some insight into seasonal variability. Flow into and out of the 
system could potentially be estimated by attempting to measure flows at railway line culvert 
locations to the north and south of the site. A floodplain report by Ecos Garatech Associates Limited 
(1989) indicates peak flow rates at the mouth of Bell Creek of 17 cubic metres per second for a 5-
year flood. The report includes an analysis if flow dynamics at various railway culverts and road 
crossings within the catchment area. Although it is beyond the scope of the current investigation 
to provide a detailed analysis of this data, the information that was reviewed shows that the flow 
rate within Bell Creek is substantially greater than any of the other parameters that have been 
discussed as part of the water balance model. 
 
Table 7: Water Balance Summary 

 
 
Development is expected to result in a reduction in the amount of infiltration across the site of 
approximately 8,750 cubic metres per year (24 cubic metres per day) and an increase in runoff of 
approximately the same volume. 
 

 

PRE DEVELOPMENT CONDITIONS

Area (m2)
Precip 

(m3/year)
Evapotrans 
(m3/year)

Precip - 
Evapotrans 
(m3/year)

Infiltration Runoff

Total Pre Development Natural Areas 351,610         320,422              224,210                  96,212               85,236            10,977            

100% 70.0% 26.6% 3.4%

POST DEVELOPMENT CONDITIONS
Post Development Natural Area Total 271,370         247,299              173,044                  74,256               67,670           6,585             

100% 70.0% 27.4% 2.7%

Percentage of total 77% 77% 88% 33%

Total Subdivision Permeable Area 39,470          35,969                25,169                    10,800               8,814              1,987              

100% 70.0% 24.5% 5.5%

Percentage of total 11% 11% 12% 10%

Total Subdivision Impermeable Area 40,780          37,163                26,004                   11,159                0 11,159             

100% 70.0% 0.0% 30.0%

Percentage of total 12% 12% 0% 57%

Precip 
(m3/year)

Evapotrans 
(m3/year)

Infiltration Runoff

Total Pre Development Natural Areas 320,422        224,210              85,236                    10,977               

Post Development All Areas 320,431         224,217              76,484                    19,731                
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The pre-development scenario indicates infiltration of 27 % of the water is infiltrated, and in the 
post -development scenario the infiltration component is reduced to 24%. 
 
The volume of flow through the wetland is orders of magnitude greater than the differences in 
runoff and infiltration that are indicated by the water balance model, so the subtle variation in 
return flow to the wetland from development (less from overburden groundwater and more from 
runoff) is expected to have no significant impact to water levels within the wetland. Since the 
wetland is a warm water system, the small change (3% less) affecting the volume of infiltration 
compared to runoff is not expected to have a significant impact to the natural function of wetland 
and local ecosystems.  
 
4.10 CATCHMENT ANALYSIS 
 
A catchment analysis was conducted by BluMetric’s hydrology engineering group using Geo HEC- 
Hydrologic Modeling System (HMS) software, and US Soil Conservations Service (SCS) 
methodology for estimating design peak flows in small watersheds (i.e. SCS curve number 
infiltration ‘loss’ method and SCS unit hydrograph ‘transform’ method for stormwater runoff). 
Kinematic wave routing was used to model stormwater. The hydrological models were run with 
10-year and 100-year type II SCS design storms (rainfall associated with a 10-year storm is 84 mm, 
and rainfall associated with a 100-year storm is 120 mm). The SCS storm information was retrieved 
from an Ontario Ministry of Transportation (MTO) database by the GeoHEC-HMS software.  
 
The catchment analysis included pre- and post-development scenarios. Figure 13 shows: 
 

• The Northen Development Area and the Southern Development Area. 
• The existing stormwater pond to the immediate west of the Southern Development Area.  
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• The proposed stormwater pond to the immediate south of the Southern Development 
Area.  

• Sub-basin areas. 
  
Figure 13:  Development Area and Sub-basin Delineation 

 
 
The modeling framework incorporates seven sub-basin areas with corresponding lag time flow 
paths, five routing reaches, three connecting junctions, and two storage areas (i.e. the existing and 
proposed stormwater ponds). The development areas are situated within a larger sub-basin which 
is designated as ‘Sub-05-EX’. In the post-development scenario, the Southern Development Area is 
treated as a distinct sub-basin and designated ‘Sub-07-EX’. This distinction takes into account the 
changing dynamics in study area hydrological characteristics associated with the proposed 
development. A separate simulation was performed for the Northen Development Area, which 
assumes that stormwater will be diverted to the existing stormwater pond. 
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Tables 8 and 9 provide an overview of the delineated sub-basins and simulated runoff during the 
modelled storm events. The results show that runoff for the pre-development scenario (for Sub-
05-EX and Sub-07-EX) will be lower compared to the post-development scenario. 
 
Table 8:  Sub-basin Summary for Pre-Development Scenario 

 
 
Table 9:  Sub-basin Summary for Post-Development Scenario 

 
 
Figures 14 and 15 show the differences between pre- and post-development scenarios for 10-year 
and 100-year storms in Sub-05-EX and Sub-07-EX. The modelled storm events indicate a 15 to 20% 
increase in runoff from pre- to post-development conditions. The extra runoff will be directed to 
the stormwater system associated with the new development and will be directed back to the 
wetland. 
 
The redirection of water from the Northen Development Area to the existing stormwater pond 
results in an approximate 3% reduction in overall runoff. This diversion is indicated in Figure 16 
and shows that it has a negligible impact on the volume of water that will reach the wetland to 
the south of Sub-05-EX. 
 

Sub-basin
Drainage 

Area
Initial Curve Impervious Lag

Peak 10-Year 
Storm

Peak 100-Year 
Storm

ID (ha) Abstraction Number Surface Time Discharge Discharge

(mm) (%) (minutes) (cms) (cms)

Sub-01-EX 74.975 16.49 75.2 0.02 53.38 2.43 4.88

Sub-02-EX 21.717 19.73 71.74 0 28.61 0.86 1.86

Sub-03-EX 14.368 11.17 90.1 35.84 22.36 1.8 2.79

Sub-04-EX 68.048 14.67 77.29 2.19 31.55 3.7 7.05

Sub-05-EX 87.645 17.4 75.15 0.57 63.71 2.08 4.35

Sub-06-EX 27.435 9.92 83.34 15.09 38.11 1.92 3.21

Sub-07-EX 5.771 7.93 91.91 43.92 20 0.61 0.97

Sub-basin
Drainage 

Area
Initial Curve Impervious Lag

Peak 10-Year 
Storm

Peak 100-Year 
Storm

ID (ha) Abstraction Number Surface Time Discharge Discharge

(mm) (%) (minutes) (cms) (cms)

Sub-01-EX 74.975 16.49 75.2 0.02 53.38 2.43 4.88

Sub-02-EX 21.717 19.73 71.74 0 28.61 0.86 1.86

Sub-03-EX 14.368 11.17 90.1 35.84 22.36 1.8 2.79

Sub-04-EX 68.048 14.67 77.29 2.19 31.55 3.7 7.05

Sub-05-EX 87.645 17.4 75.15 0.57 63.71 2.44 4.96

Sub-06-EX 27.435 9.92 83.34 15.09 38.11 1.92 3.21

Sub-07-EX 5.771 7.93 91.91 43.92 20 0.83 1.24
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Figure 14:  Pre- and Post Development Scenarios for 10-year and 100-year Storms (Sub-05-EX) 

 
  
Figure 15:  Pre- and Post Development Scenarios for 10-year and 100-year Storms (Sub-07-EX) 

 
  
  



Hydrogeological Impact Assessment Hanley Park North Subdivision  220384 
Hanley Park Developments Inc. January 2024 

 Page 30  BluMetric 

Figure 16:  Northern Development Area As Separate Sub-basin (Sub-08-EX) Diverted to Existing 
Storage 

 
 
5. CONCLUSIONS 
 
The following statements and conclusions are based on the investigation and analysis contained 
within this report: 
 

• An unconfined overburden water was identified across the northern portion of the site. 
The maximum elevation of the unconfined water table in the overburden unit is 85.3 m asl 
at MW8 measured on July 27, 2022. The water table was absent across the southern 
portion of the site (MW1 and MW2). 

• The maximum elevation of the unconfined water table in the overburden unit is 85.47 m 
asl at MW8 (measured in November 2023). For the Southern Development Area. the 
maximum overburden groundwater elevation was 85.19 m asl at MW5 in April 2023.  

• An upper bedrock hydro-stratigraphic unit was identified. The upper bedrock unit is 
confined and appear to be slightly pressurized. Groundwater elevation data indicates an 
upward vertical hydraulic gradient between the overburden and bedrock units.  

• The maximum groundwater elevations based on measurements made at the bedrock wells 
was 86.45 m asl measured at MW7 in April 2023, and 85.92 m asl at MW6 in November 
2023, but it should be noted that these measurements represent pressurized groundwater 
in the upper bedrock hydrostratigraphic unit. 
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• The thickness of the overburden unit decreases from north to south at the site. At the 
Northern Development Area (BH7 and BH8) a maximum depth to bedrock of 
approximately 3.7 m was identified where the material is sand and gravel. At the north of 
the Southern Development Area the depth to bedrock is 2.6 m where the material is sandy 
clay. At the eastern side of the Southern Development Area, near the wetland, the depth 
to bedrock is 2.4 m where the material is sandy gravel. At the south of the Southern 
Development Area the minimum depth to bedrock was identified at BH4 (1.2) where the 
material is sandy gravel. 

• The site is not hydrogeologically sensitive and potential sources of contamination from 
historical and surrounding land uses are not considered to of any significant concern for 
development of the site as a residential subdivision on City services. 

• Surface water elevations at two piezometers installed in the Bell Creek Wetland vary from 
an average of 84.8 m asl at the upstream piezometer (P1) to an average of 83.0 m asl at 
the downstream piezometer (P2). The highest surface water elevation (85.55 m asl) was 
measured manually at P1 on July 27, 2022. 

• An assessment of hydrogeological impacts associated with construction at the proposed 
development areas indicates: 

o No impacts to surrounding groundwater users. 
o Short term impacts associated with construction dewatering. 
o No long-term impacts associated with service trenching as long as precautions are 

implemented. 
o No long-term impacts associated with sub-grade construction as long as all items are 

above the maximum elevation of the unconfined water table and precautions are 
implemented. 

o Potential contamination from construction activities can be mitigated. 
• A stormwater management plan for the site indicates: 

o Drainage from the Northern Development Area will be controlled by a level 
spreader berm and conveyed to the park block. 

o Drainage from the Southern Development Area will be conveyed to a stormwater 
pond. 

o An erosion and sediment control strategy will be provided as part of the detailed 
engineering design for the site. 

• Potential impacts associated with ongoing residential use of the site can be mitigated. The 
grading plan and landscape design for the site should incorporate features that promote re-
infiltration of runoff water (including, but not be limited to, dry swales / bioswales / check 
dams / gravel beds). 
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• There will be no significant impact to surface water (including the Bell Creek Wetland) or 
the natural function of the ecosystem.  A water balance analysis shows that there will be a 
slight change in the proportions of infiltration and runoff due to development within the 
subdivision areas (increased runoff is indicated). A catchment analysis indicates a 15 to 20% 
increase in runoff from pre- to post-development conditions. 

• A reduction in infiltration is not expected to cause an adverse effect because runoff will be 
directed to stormwater ponds or to parkland areas between the subdivision and the 
wetland. Some of the extra runoff water will reinfiltrate before it reaches the wetland so 
the impact will be mitigated. The wetland is part of a warm water system so the changes 
to infiltration and runoff will not have a significant adverse effect.  

 
In summary, it is our professional opinion that this site is suitable for development as a residential 
subdivision at the proposed lot density. The hydrogeological recommendations contained within 
this report, if followed, will ensure that the development takes place in an effective manner, with 
a minimal impact to the natural environment. 
 
 
6. LIMITATIONS 
 
The conclusions presented in the above captioned report represent our professional opinion, 
in light of the terms of reference, scope of work, and the limiting conditions noted herein. 
 
The findings presented in this report are based on conditions observed at the specified dates and 
locations, the analysis of samples for the specified parameters, and information obtained for this 
project. Unless otherwise stated, the findings cannot be extended to previous or future site 
conditions, locations that were not investigated directly, or types of analysis not performed. 
 
BluMetric makes no warranty as to the accuracy or completeness of the information provided by 
others, or of conclusions and recommendations predicated on the accuracy of that information. 
Nothing in this report is intended to constitute or provide a legal opinion. 
 
This report describes the site conditions and observations made by the BluMetric team at the time 
of the site investigation and have been prepared solely for the use of the client. No other party 
may use or rely upon the above-captioned report or portion thereof without the express written 
consent of BluMetric. BluMetric will consent to any reasonable request to approve the use of this 
report by other parties as “Approved Users”.  
 
  



Hydrogeological Impact Assessment Hanley Park North Subdivision  220384 
Hanley Park Developments Inc. January 2024 

 Page 33  BluMetric 

Please do not hesitate to contact the undersigned if you have any questions regarding this 
information. 
 
 
Respectfully submitted, 
BluMetric Environmental Inc.,  
 
 
 
 
Russell Chown, B.Sc., P.Geo., QPESA   Michael Melany, M.Sc.Eng., P.Eng. 
Senior Hydrogeologist   Senior Engineer  



Hydrogeological Impact Assessment Hanley Park North Subdivision  220384 
Hanley Park Developments Inc. January 2024 

 Page 34  BluMetric 

7. REFERENCES 
 
Ainley Graham & Associates, 2021. Hanley Park North Residential Subdivision, Stormwater 

Management Report. Part of Lots 14 & 15, Concession 1, Former Thurlow Township, City 
of Belleville, Hastings County.  

 
Ainley Graham & Associates, 2021. Hanley Park North Development, Preliminary Watermain 

Design Brief. 
 
American Society for Testing and Materials (ASTM), 2000. Standard Practice for Classification of 

Soils for Engineering Purposes (Unified Soil Classification System, or USCS), Active Standard 
ASTM D2487. 

 
City of Belleville Official Plan (as amended), 2002. City of Belleville Development Services 

Department. https://www.belleville.ca/en/do-business/resources/Documents/Planning-
Docs/2002-OP---TO-DATE-WITH-AMENDMENTS-June-9-2022.pdf. 

 
City of Belleville, 2023. Geographical Information System (GIS) public access zoning portal. 

https://bellevillegis.maps.arcgis.com/apps/webappviewer/index.html?id=baa3d031de814
28cbb8429027406932f. 

Darcy, H., 1856. Les fontaines publiques de la ville de Dijon. Paris: Dalmont. 

Environment and Climate Change Canada (ECCC), 2023. Meteorological Service of Canada, 
Canadian Climate Normals at: Canadian Climate Normals - Climate - Environment and 
Climate Change Canada (meteo.gc.ca). 

 
Ecos Garatech Associates Limited, 1989. Flood Plain Mapping Master Drainage Plan, Bell Creek. 

Environment Canada / Ministry of Natural Resources. Canada / Ontario Flood Damage 
Reduction Program. 

Freeze, R.A. and J.A. Cherry, 1979. Groundwater. Prentice-Hall, Englewood Cliffs, NJ. 

Government of Canada, Environment and Natural Resources, 2022-2023. Historical Weather for 
Belleville Station. https://climate.weather.gc.ca/historical_data/search_historic_data_e.html  

Gupta, R.S., 2017. Hydrology and Hydraulic Systems' 4th edition  
 
Hanley Park Development Inc. 2018, Revised 2021. Draft Plan of Subdivision, Hanley Park North. 
 
  

https://www.belleville.ca/en/do-business/resources/Documents/Planning-Docs/2002-OP---TO-DATE-WITH-AMENDMENTS-June-9-2022.pdf
https://www.belleville.ca/en/do-business/resources/Documents/Planning-Docs/2002-OP---TO-DATE-WITH-AMENDMENTS-June-9-2022.pdf
https://bellevillegis.maps.arcgis.com/apps/webappviewer/index.html?id=baa3d031de81428cbb8429027406932f
https://bellevillegis.maps.arcgis.com/apps/webappviewer/index.html?id=baa3d031de81428cbb8429027406932f
https://climat.meteo.gc.ca/climate_normals/index_e.html
https://climat.meteo.gc.ca/climate_normals/index_e.html
https://climate.weather.gc.ca/historical_data/search_historic_data_e.html


Hydrogeological Impact Assessment Hanley Park North Subdivision  220384 
Hanley Park Developments Inc. January 2024 

 Page 35  BluMetric 

Lissom Earth Sciences, 2008. Hydrogeological Assessment, Proposed Residential Subdivision 
(Mercedes Meadows)  Part Lot 13 Concession I (Thurlow), City of Belleville, Hastings 
County. 

 
Michalski Nielson Associates Limited. 2020. Environmental Impact Study, Hanley Park North 

Subdivision, City of Belleville.  
 
Ontario Geological Survey (OGS) OGS Earth website, 2023. Various authors. 

https://www.geologyontario.mndm.gov.on.ca/ogsearth.html  
 
Ontario Ministry of Environment Conservation and Parks (MECP), 2023. Water Well Information 

System (WWIS) online GIS map. https://www.ontario.ca/page/map-well-records 
 
Ontario Ministry of Environment Conservation and Parks (MECP), 2023. Permits to Take Water 

(PTTW) online GIS map. https://www.ontario.ca/page/map-permits-take-water 
 
Ontario Ministry of Environment Conservation and Parks (MECP), 2023. Source Protection 

Information Atlas. 
https://www.lioapplications.lrc.gov.on.ca/SourceWaterProtection/index.html?viewer=So
urceWaterProtection.SWPViewer&locale=en-CA  

 
Ontario Ministry of Environment (MOE), 2003. Storm Water Management. Planning and Design 

Manual. ISBN 0-7794-2969-9. PIBS 4329e. 
 
Ontario Ministry of Environment and Energy (MOEE), 1995. Hydrogeological Technical 

Information Requirements for Land Development Applications (April 1995). 
 
Ontario Water Resources Act, 1990. Revised Statute of Ontario (R.S.O.), Ontario Regulation 903 

(O.Reg. 903), 1990, Wells. 
 
Ontario Ministry of Natural Resources and Forestry, 2023. Ontario GeoHub, Ontario Watershed 

Boundaries (OWB), at: https://geohub.lio.gov.on.ca/maps/mnrf::ontario-watershed-
boundaries-owb/  

 
Quinte Conservation Authority, Public Access Geographic Information System 2023. 

https://gis.quinteconservation.ca/Html5Pub/index.html?viewer=QCA_Regulations.QCA_
Regulations_Screening  

 
Palmer, 2021. 1948 Air Photo figure dated July 30, 2021 (work for Michalski Nielson). 

https://www.geologyontario.mndm.gov.on.ca/ogsearth.html
https://www.ontario.ca/page/map-permits-take-water
https://www.lioapplications.lrc.gov.on.ca/SourceWaterProtection/index.html?viewer=SourceWaterProtection.SWPViewer&locale=en-CA
https://www.lioapplications.lrc.gov.on.ca/SourceWaterProtection/index.html?viewer=SourceWaterProtection.SWPViewer&locale=en-CA
https://geohub.lio.gov.on.ca/maps/mnrf::ontario-watershed-boundaries-owb/
https://geohub.lio.gov.on.ca/maps/mnrf::ontario-watershed-boundaries-owb/
https://gis.quinteconservation.ca/Html5Pub/index.html?viewer=QCA_Regulations.QCA_Regulations_Screening
https://gis.quinteconservation.ca/Html5Pub/index.html?viewer=QCA_Regulations.QCA_Regulations_Screening


Hydrogeological Impact Assessment Hanley Park North Subdivision  220384 
Hanley Park Developments Inc. January 2024 

 Page 36  BluMetric 

Theis, C.V., 1935. The relation between the lowering of the piezometric surface and the rate and 
duration of discharge of a well using groundwater storage, Trans. American Geophysical 
Union, Vol. 16, pp. 519-524. 

Thornthwaite, C. W., and Mather, J.R., 1957: Instructions and tables for computing potential 
evapotranspiration and the water balance. Publications in climatology, Volume 10(3), 
Laboratory of Climatology. 

 
Watson Land Surveyors Ltd., 2018. Unsigned draft plan of subdivision, Hanley Park North, Part of 

Lot 14, Concession 1, East of Haig Road and North of Victoria Avenue, City of Belleville, 
Former Thurlow Township, City of Belleville, Hastings County. Project LJ17-1588. 

 



 

  BluMetric 

 
 
 
 
 
 
 
 
 
 

FIGURES 
  



PROJECT #

DRAWN FIG NO.

DATE

CHECKED REV

September 06, 2022

CLIENT

PROJECT

TITLE

LEGEND

REFERENCES

0 200100 Metres

0

REV.

1

DESCRIPTION YY/MM/DD BY CHK

220384

IT 01RC

Hanley Park Development Inc

Hanley Park North
Hydrogeological Impact Assessment

Site Layout

PROPRIETARY INFORMATION MAY NOT BE REPRODUCED OR DIVULGED
WITHOUT PRIOR WRITTEN CONSENT OF BLUMETRIC ENVIRONMENTAL INC.
DO NOT SCALE DRAWING.
THIS DRAWING MAY HAVE BEEN REDUCED. ALL SCALE NOTATIONS
INDICATED ARE BASED ON 11"x17" FORMAT DRAWINGS.

Subdivision Concept Layout

Property Boundary

C:\BluMetric Geomatics Sharepoint\Blumetric Environmental\Geomatics - GIS\GIS_PROJECTS\220000\220384 - P07423 - Hanley Park Developments - Hydrog for Subdiv on City Services - Belleville\APRX\2022-09-06\220384 - P07423 - Hanley Park Developments.aprx

The Tower - The Woolen Mill,
4 Cataraqui St.,
Kingston, Ontario K7K 1Z7
TEL: (613) 531-2725
FAX: (613) 531-1852
Email: info@blumetric.ca
Web: http://www.blumetric.ca

1:4,500

M
ea

do
w

va
le

Av
en

ue H
aig R

oad

Tessa
Boulevard

Joyce Crescent
Victoria Avenue

Edgehill Road

H
ickory G

rove

Oak Ridge Boulevard

Spruce G
ardens

M
ercedes D

rive

Parrott D
rive

Park Lane

Briarwood Crescent

Cambridge Court

Linden Lane

Site LocationSite Location



PROJECT #

DRAWN FIG NO.

DATE

CHECKED REV

September 06, 2022

CLIENT

PROJECT

TITLE

LEGEND

REFERENCES

®0 300150 Metres

0

REV.

1

DESCRIPTION YY/MM/DD BY CHK

220384

IT 02RC

Hanley Park Development Inc

Hanley Park North
Hydrogeological Impact Assessment

Hydrology and Topography

PROPRIETARY INFORMATION MAY NOT BE REPRODUCED OR DIVULGED
WITHOUT PRIOR WRITTEN CONSENT OF BLUMETRIC ENVIRONMENTAL INC.
DO NOT SCALE DRAWING.
THIS DRAWING MAY HAVE BEEN REDUCED. ALL SCALE NOTATIONS
INDICATED ARE BASED ON 11"x17" FORMAT DRAWINGS.

Inferred Direction of Groundwater Flow

Watercourse

Contour (5m, OBM)

Subdivision Concept Layout

Railway

Bell Creet Wetland - Provincially Significant Wetland (PSW)

Property Boundary

C:\BluMetric Geomatics Sharepoint\Blumetric Environmental\Geomatics - GIS\GIS_PROJECTS\220000\220384 - P07423 - Hanley Park Developments - Hydrog for Subdiv on City Services - Belleville\APRX\2022-09-06\220384 - P07423 - Hanley Park Developments.aprx

NOTES:
Bells Creek Wetland is a provincially significant wetland

The Tower - The Woolen Mill,
4 Cataraqui St.,
Kingston, Ontario K7K 1Z7
TEL: (613) 531-2725
FAX: (613) 531-1852
Email: info@blumetric.ca
Web: http://www.blumetric.ca

1:6,500

Canadian National

Canadian Pacific

F
arley A

venue

Hickory Grove

H
aig R

oad

Victoria Avenue

Sumac Terrace

S
tanley P

ark D
rive

Edgehill Road

Tessa
B

oulevard
D

iam
on

d

Crescent

Oak Ridge Boulevard

M
elrose C

rescent

Mead
ow

va
le

A
ve

nu
e

Joyce C
rescent

S
pruce G

ardens

M
ercedes D

rive

P
ark Lane

Briarwood Crescent

H
uron Lane

Flint Drive

Cambridge Court

Freemont Road

Bridge Street East

Sunset Drive

Lee Avenue

Linden
L

ane

O'neill Drive

Hemlock Crescent

Northwood C r
es

ce
nt

P
arrott D

rive

Antrim Road

Airport Parkway West

95

90

100

95

90

85

90

85

80

90

 North Channel West
 North Channel East

 Main Channel

 West Side Channel

 Southwest Side

 Bell Creek Wetland

 East Side Channel



PROJECT #

DRAWN FIG NO.

DATE

CHECKED REV

September 06, 2022

CLIENT

PROJECT

TITLE

LEGEND

REFERENCES

0 400200 Metres

0

REV.

1

DESCRIPTION YY/MM/DD BY CHK

220384

IT 03RC

Hanley Park Development Inc

Hanley Park North
Hydrogeological Impact Assessment

Water Well Records

PROPRIETARY INFORMATION MAY NOT BE REPRODUCED OR DIVULGED
WITHOUT PRIOR WRITTEN CONSENT OF BLUMETRIC ENVIRONMENTAL INC.
DO NOT SCALE DRAWING.
THIS DRAWING MAY HAVE BEEN REDUCED. ALL SCALE NOTATIONS
INDICATED ARE BASED ON 11"x17" FORMAT DRAWINGS.

Property Boundary

Subdivision 500 m Boundary

WWIS Well Record (MECP)
Potable Water or Agricultural Supply Well

Well of Other Status

C:\BluMetric Geomatics Sharepoint\Blumetric Environmental\Geomatics - GIS\GIS_PROJECTS\220000\220384 - P07423 - Hanley Park Developments - Hydrog for Subdiv on City Services - Belleville\APRX\2022-09-06\220384 - P07423 - Hanley Park Developments.aprx

The Tower - The Woolen Mill,
4 Cataraqui St.,
Kingston, Ontario K7K 1Z7
TEL: (613) 531-2725
FAX: (613) 531-1852
Email: info@blumetric.ca
Web: http://www.blumetric.ca

1:8,500

2902643

2902820

2902822

2906319

2910595

2910818

2912290
2916144

2916831

2917263

2917344

2917345

7044014

7135960

7135961

7150194

7150254

7172233

7180030

7184581 7188292

7315465

7315466



PROJECT #

DRAWN FIG NO.

DATE

CHECKED REV

November 22, 2023

CLIENT

PROJECT

TITLE

LEGEND

REFERENCES

®0 200100 Metres

0

REV.

1

DESCRIPTION YY/MM/DD BY CHK

220384

MB 04RC

Hanley Park Development Inc

Hanley Park North
Hydrogeological Impact Assessment

Boreholes/Monitoring Wells/Piezometers

PROPRIETARY INFORMATION MAY NOT BE REPRODUCED OR DIVULGED
WITHOUT PRIOR WRITTEN CONSENT OF BLUMETRIC ENVIRONMENTAL INC.
DO NOT SCALE DRAWING.
THIS DRAWING MAY HAVE BEEN REDUCED. ALL SCALE NOTATIONS
INDICATED ARE BASED ON 11"x17" FORMAT DRAWINGS.

@A Monitoring Well (BluMetric, 2022)

Piezometer (BluMetric, 2022)

Subdivision Concept Layout

Cross-Section Alignment

Property Boundary

C:\SP\Blumetric Environmental\Geomatics - GIS\GIS_PROJECTS\220000\220384 - P07423 - Hanley Park Developments - Hydrog for Subdiv on City Services - Belleville\APRX\2023-11-22\220384 - P07423 - Hanley Park Developments.aprx

The Tower - The Woolen Mill,
4 Cataraqui St.,
Kingston, Ontario K7K 1Z7
TEL: (613) 531-2725
FAX: (613) 531-1852
Email: info@blumetric.ca
Web: http://www.blumetric.ca

1:4,500

@A@A

@A@A

@A@A

@A@A

A

A'

P2

P1

BH4/MW4
1.2

BH1/MW1
1.4

BH2/MW2
2.4

BH3/MW3
2.4

BH5/MW5
2.6

BH6/MW6
2.6

BH7/MW7
3.7

BH8/MW8
3.7

3.7 Depth to Bedrock (m)

Overburden MW1

Bedrock MW4

Overburden MW2

Bedrock MW3

Overburden MW5

Bedrock MW6

Overburden MW8

Bedrock MW7

Well Nest Groups

Nest A

Nest B

Nest C

Nest D

Borehole /
Monitoring

Well ID



PROJECT #

DRAWN FIG NO.

DATE

CHECKED REV

November 21, 2023

CLIENT

PROJECT

TITLE

LEGEND

REFERENCES

®0 200100 Metres

0

REV.

1

DESCRIPTION YY/MM/DD BY CHK

220384

MB 05RC

Hanley Park Development Inc

Hanley Park North
Hydrogeological Impact Assessment

Overburden Groundwater Elevations
(November 16, 2023)

PROPRIETARY INFORMATION MAY NOT BE REPRODUCED OR DIVULGED
WITHOUT PRIOR WRITTEN CONSENT OF BLUMETRIC ENVIRONMENTAL INC.
DO NOT SCALE DRAWING.
THIS DRAWING MAY HAVE BEEN REDUCED. ALL SCALE NOTATIONS
INDICATED ARE BASED ON 11"x17" FORMAT DRAWINGS.

@A Monitoring Well (BluMetric, 2022)

Piezometers (BluMetric, 2022)

Subdivision Concept Layout

Property Boundary

C:\SP\Blumetric Environmental\Geomatics - GIS\GIS_PROJECTS\220000\220384 - P07423 - Hanley Park Developments - Hydrog for Subdiv on City Services - Belleville\APRX\2023-11-21\220384 - P07423 - Hanley Park Developments.aprx

The Tower - The Woolen Mill,
4 Cataraqui St.,
Kingston, Ontario K7K 1Z7
TEL: (613) 531-2725
FAX: (613) 531-1852
Email: info@blumetric.ca
Web: http://www.blumetric.ca

1:6,000
@A

@A

@A

@A

MW1
DRY

MW2
DRY

MW5
84.75

MW8
85.47

P2
81.95

P1
83.78

83.78

DRY

Water Level Elevation (m asl) (16-Nov-2023)

DRY

Depth to
Water

(m)

Water
Level

Elev (m
asl)

Depth to
Water (m)

Water
Level

Elev (m
asl)

Depth
to

Water
(m)

Water
Level

Elev (m
asl)

P1 85.49 1.61 87.10 1.55 85.55 1.60 85.50
P2 83.79 1.36 85.15 1.70 83.45 1.57 83.59

Depth to
Water

(m)

Water
Level

Elev (m
asl)

Depth to
Water (m)

Water
Level

Elev (m
asl)

Depth
to

Water
(m)

Water
Level

Elev (m
asl)

P1 85.49 1.61 87.10 1.49 84.01 1.72 85.38 1.77 83.78
P2 83.79 1.36 85.15 1.32 82.27 1.49 83.66 1.51 81.95

bgs = below ground surface
m asl = metres above sea level

13-Apr-23 31-Aug-23 16-Nov-23

Surface Water
Piezometers

Piezometer
ID

Ground
Surface

Elevation
(m asl)

Stickup
(m)

Top of
Riser

Elevation
(m asl)

27-Jul-22 16-Aug-22 11-Jan-23

frozen (1.49)

Surface Water
Piezometers

Piezometer
ID

Ground
Surface

Elevation
(m asl)

Stickup
(m)

Top of
Riser

Elevation
(m asl)

innaccessible

Depth
to

Water
(m)

Water
Level

Elev (m
asl)

Depth
to

Water
(m)

Water
Level

Elev (m
asl)

Depth
to

Water
(m)

Water
Level

Elev (m
asl)

Depth
to

Water
(m)

Water
Level

Elev (m
asl)

Depth
to

Water
(m)

Water
Level

Elev (m
asl)

Depth
to

Water
(m)

Water
Level

Elev (m
asl)

Depth
to

Water
(m)

Water
Level

Elev (m
asl)

Nest A - overburden MW1 85.20 0.94 86.14 1.45 1.45 83.8 2.04 84.11 2.17 83.97

Nest A - bedrock MW4 85.16 0.76 85.92 1.22 3.96 81.2 2.35 83.57 2.39 83.53 2.45 83.47 2.08 83.84 2.08 83.84 2.30 83.62 2.34 83.58

Nest B = overburden MW2 86.76 0.92 87.68 2.41 2.41 84.4 3.27 84.41 3.26 84.42

Nest B - bedrock MW3 86.72 0.94 87.67 2.39 5.03 81.7 3.83 83.84 3.84 83.83 3.90 83.77 3.44 84.23 3.43 84.24 3.74 83.93 3.82 83.85

Nest C - overburden MW5 86.02 0.92 86.94 2.59 2.59 83.4 2.34 84.60 2.18 84.76 2.29 84.65 1.75 85.19 1.75 85.19 2.15 84.79 2.19 84.75

Nest C - bedrock MW6 85.96 0.85 86.81 2.59 4.27 81.7 2.02 84.80 2.02 84.80 2.15 84.67 1.64 85.17 1.63 85.18 1.99 84.82 2.04 85.92

Nest D - bedrock MW7 86.19 0.90 87.09 3.66 5.79 80.4 0.93 86.16 0.80 86.29 0.93 86.16 0.64 86.45 0.90 86.19 0.90 86.19

Nest D - overburden MW8 87.10 -1.63 85.47 3.66 3.66 83.4 1.95 83.52 2.29 83.18 1.28 84.19 1.26 84.21 2.10 83.37 2.16 85.47

16-Nov-23

Dry

Dry

31-Aug-23

Dry

Dry

Well Nest Groups

16-Aug-22

Dry

Dry

Bottom of
Borehole
Elevation

(m asl)

12-Jul-22 27-Jul-22

Borehole/M
onitoring
Well ID

Depth to
Bedrock

(m)

Borehole
Depth bgs

(m)

Stickup
(m)

Top of
Riser

Elevation
(m asl)

Ground
Surface

Elevation
(m asl)

11-Jan-23 13-Apr-23

Dry

Dry

Dry

Dry

Dry

Frozen



PROJECT #

DRAWN FIG NO.

DATE

CHECKED REV

November 21, 2023

CLIENT

PROJECT

TITLE

LEGEND

REFERENCES

®0 200100 Metres

0

REV.

1

DESCRIPTION YY/MM/DD BY CHK

220384

MB 06RC

Hanley Park Development Inc

Hanley Park North
Hydrogeological Impact Assessment

Bedrock Groundwater Elevations
(Nov 16, 2023)

PROPRIETARY INFORMATION MAY NOT BE REPRODUCED OR DIVULGED
WITHOUT PRIOR WRITTEN CONSENT OF BLUMETRIC ENVIRONMENTAL INC.
DO NOT SCALE DRAWING.
THIS DRAWING MAY HAVE BEEN REDUCED. ALL SCALE NOTATIONS
INDICATED ARE BASED ON 11"x17" FORMAT DRAWINGS.

@A Monitoring Well (BluMetric, 2022)

Piezometers (BluMetric, 2022)

Subdivision Concept Layout

Property Boundary

C:\SP\Blumetric Environmental\Geomatics - GIS\GIS_PROJECTS\220000\220384 - P07423 - Hanley Park Developments - Hydrog for Subdiv on City Services - Belleville\APRX\2023-11-21\220384 - P07423 - Hanley Park Developments.aprx

The Tower - The Woolen Mill,
4 Cataraqui St.,
Kingston, Ontario K7K 1Z7
TEL: (613) 531-2725
FAX: (613) 531-1852
Email: info@blumetric.ca
Web: http://www.blumetric.ca

1:6,000

@A

@A

@A

@A

MW4
83.58

MW3
83.85

MW6
85.92

MW7
86.19

P2

P1

86.19 Water Level Elevation (m asl) (16-Nov-2023)

Depth
to

Water
(m)

Water
Level

Elev (m
asl)

Depth
to

Water
(m)

Water
Level

Elev (m
asl)

Depth
to

Water
(m)

Water
Level

Elev (m
asl)

Depth
to

Water
(m)

Water
Level

Elev (m
asl)

Depth
to

Water
(m)

Water
Level

Elev (m
asl)

Depth
to

Water
(m)

Water
Level

Elev (m
asl)

Depth
to

Water
(m)

Water
Level

Elev (m
asl)

Nest A - overburden MW1 85.20 0.94 86.14 1.45 1.45 83.8 2.04 84.11 2.17 83.97

Nest A - bedrock MW4 85.16 0.76 85.92 1.22 3.96 81.2 2.35 83.57 2.39 83.53 2.45 83.47 2.08 83.84 2.08 83.84 2.30 83.62 2.34 83.58

Nest B = overburden MW2 86.76 0.92 87.68 2.41 2.41 84.4 3.27 84.41 3.26 84.42

Nest B - bedrock MW3 86.72 0.94 87.67 2.39 5.03 81.7 3.83 83.84 3.84 83.83 3.90 83.77 3.44 84.23 3.43 84.24 3.74 83.93 3.82 83.85

Nest C - overburden MW5 86.02 0.92 86.94 2.59 2.59 83.4 2.34 84.60 2.18 84.76 2.29 84.65 1.75 85.19 1.75 85.19 2.15 84.79 2.19 84.75

Nest C - bedrock MW6 85.96 0.85 86.81 2.59 4.27 81.7 2.02 84.80 2.02 84.80 2.15 84.67 1.64 85.17 1.63 85.18 1.99 84.82 2.04 85.92

Nest D - bedrock MW7 86.19 0.90 87.09 3.66 5.79 80.4 0.93 86.16 0.80 86.29 0.93 86.16 0.64 86.45 0.90 86.19 0.90 86.19

Nest D - overburden MW8 87.10 -1.63 85.47 3.66 3.66 83.4 1.95 83.52 2.29 83.18 1.28 84.19 1.26 84.21 2.10 83.37 2.16 85.47

16-Nov-23

Dry

Dry

31-Aug-23

Dry

Dry

Well Nest Groups

16-Aug-22

Dry

Dry

Bottom of
Borehole
Elevation

(m asl)

12-Jul-22 27-Jul-22

Borehole/M
onitoring
Well ID

Depth to
Bedrock

(m)

Borehole
Depth bgs

(m)

Stickup
(m)

Top of
Riser

Elevation
(m asl)

Ground
Surface

Elevation
(m asl)

11-Jan-23 13-Apr-23

Dry

Dry

Dry

Dry

Dry

Frozen



 

  BluMetric 

 
 
 
 
 
 
 
 
 
 

APPENDIX A 
 

Draft Plan of Subdivision 
  



File: N:\GIS_PROJECTS\220000\220384 - P07423 - Hanley Park Developments - Hydrog for Subdiv on City Services - Belleville\DWG\2022-06-02\Hanley Park North_draft plan_October'2021.dwg (DPlan) <italha> Aug 19, 2022-11:46am

AutoCAD SHX Text
TESSA BOULEVARD

AutoCAD SHX Text
HAIG ROAD

AutoCAD SHX Text
VICTORIA AVENUE

AutoCAD SHX Text
BRIARWOOD

AutoCAD SHX Text
CRESCENT

AutoCAD SHX Text
JOYCE CRESCENT

AutoCAD SHX Text
EXISTING SWM

AutoCAD SHX Text
2

AutoCAD SHX Text
64

AutoCAD SHX Text
24

AutoCAD SHX Text
33

AutoCAD SHX Text
29

AutoCAD SHX Text
5

AutoCAD SHX Text
38

AutoCAD SHX Text
39

AutoCAD SHX Text
40

AutoCAD SHX Text
41

AutoCAD SHX Text
42

AutoCAD SHX Text
43

AutoCAD SHX Text
44

AutoCAD SHX Text
45

AutoCAD SHX Text
46

AutoCAD SHX Text
47

AutoCAD SHX Text
48

AutoCAD SHX Text
49

AutoCAD SHX Text
50

AutoCAD SHX Text
51

AutoCAD SHX Text
52

AutoCAD SHX Text
53

AutoCAD SHX Text
54

AutoCAD SHX Text
55

AutoCAD SHX Text
56

AutoCAD SHX Text
57

AutoCAD SHX Text
58

AutoCAD SHX Text
59

AutoCAD SHX Text
60

AutoCAD SHX Text
N39°12'10"W

AutoCAD SHX Text
35.905

AutoCAD SHX Text
N62°34'45"W

AutoCAD SHX Text
175.425

AutoCAD SHX Text
13.420

AutoCAD SHX Text
63

AutoCAD SHX Text
62

AutoCAD SHX Text
61

AutoCAD SHX Text
N16°31'55"W

AutoCAD SHX Text
130.363

AutoCAD SHX Text
25

AutoCAD SHX Text
N18°52'20"W

AutoCAD SHX Text
26

AutoCAD SHX Text
27

AutoCAD SHX Text
34

AutoCAD SHX Text
35

AutoCAD SHX Text
17

AutoCAD SHX Text
16

AutoCAD SHX Text
32

AutoCAD SHX Text
31

AutoCAD SHX Text
30

AutoCAD SHX Text
N18°34'45"W

AutoCAD SHX Text
28

AutoCAD SHX Text
23

AutoCAD SHX Text
22

AutoCAD SHX Text
21

AutoCAD SHX Text
20

AutoCAD SHX Text
19

AutoCAD SHX Text
18

AutoCAD SHX Text
N17°44'35"W

AutoCAD SHX Text
15

AutoCAD SHX Text
14

AutoCAD SHX Text
13

AutoCAD SHX Text
12

AutoCAD SHX Text
11

AutoCAD SHX Text
10

AutoCAD SHX Text
9

AutoCAD SHX Text
8

AutoCAD SHX Text
7

AutoCAD SHX Text
6

AutoCAD SHX Text
29.795

AutoCAD SHX Text
4

AutoCAD SHX Text
3

AutoCAD SHX Text
1

AutoCAD SHX Text
BLOCK 75 5 Street Townhouses

AutoCAD SHX Text
17.790

AutoCAD SHX Text
N48°14'30"W

AutoCAD SHX Text
7.302

AutoCAD SHX Text
272.287

AutoCAD SHX Text
N18°08'00"W

AutoCAD SHX Text
N62°34'45"W

AutoCAD SHX Text
N71°54'00"E

AutoCAD SHX Text
N18°18'10"W

AutoCAD SHX Text
29.928

AutoCAD SHX Text
N18°18'10"W

AutoCAD SHX Text
N15°35'35"W

AutoCAD SHX Text
95.851

AutoCAD SHX Text
120.329

AutoCAD SHX Text
72.046

AutoCAD SHX Text
N18°52'20"W

AutoCAD SHX Text
N18°21'15"W

AutoCAD SHX Text
102.134

AutoCAD SHX Text
N18°14'55"W

AutoCAD SHX Text
134.436

AutoCAD SHX Text
70.844

AutoCAD SHX Text
102.300

AutoCAD SHX Text
N18°24'00"W

AutoCAD SHX Text
105.644

AutoCAD SHX Text
N18°59'40"W

AutoCAD SHX Text
110.390

AutoCAD SHX Text
67.200

AutoCAD SHX Text
N71°53'35"E

AutoCAD SHX Text
N71°53'35"E

AutoCAD SHX Text
88.232

AutoCAD SHX Text
N71°53'35"E

AutoCAD SHX Text
87.380

AutoCAD SHX Text
N71°53'35"E

AutoCAD SHX Text
18.000

AutoCAD SHX Text
133.700

AutoCAD SHX Text
N18°07'10"W

AutoCAD SHX Text
77.618

AutoCAD SHX Text
N18°07'10"W

AutoCAD SHX Text
94.843

AutoCAD SHX Text
N18°07'10"W

AutoCAD SHX Text
88.075

AutoCAD SHX Text
N18°07'10"W

AutoCAD SHX Text
87.536

AutoCAD SHX Text
N18°08'40"W

AutoCAD SHX Text
147.854

AutoCAD SHX Text
N18°08'40"W

AutoCAD SHX Text
N17°49'45"W

AutoCAD SHX Text
N38°16'45"W

AutoCAD SHX Text
61.167

AutoCAD SHX Text
N70°49'00"E

AutoCAD SHX Text
45.290

AutoCAD SHX Text
N77°32'00"W

AutoCAD SHX Text
57.165

AutoCAD SHX Text
N18°08'40"W

AutoCAD SHX Text
29.155

AutoCAD SHX Text
N71°30'25"E

AutoCAD SHX Text
94.465

AutoCAD SHX Text
N70°49'00"E

AutoCAD SHX Text
137.855

AutoCAD SHX Text
N77°32'00"W

AutoCAD SHX Text
30.700

AutoCAD SHX Text
N53°13'10"E

AutoCAD SHX Text
17.767

AutoCAD SHX Text
N18°08'00"W

AutoCAD SHX Text
46.114

AutoCAD SHX Text
N58°23'50"E

AutoCAD SHX Text
15.240

AutoCAD SHX Text
N70°18'10"W

AutoCAD SHX Text
39.125

AutoCAD SHX Text
N70°18'10"W

AutoCAD SHX Text
26.510

AutoCAD SHX Text
N70°18'10"W

AutoCAD SHX Text
16.325

AutoCAD SHX Text
N85°02'45"E

AutoCAD SHX Text
12.176

AutoCAD SHX Text
N85°02'45"E

AutoCAD SHX Text
24.226

AutoCAD SHX Text
N71°30'25"E

AutoCAD SHX Text
22.815

AutoCAD SHX Text
N71°30'25"E

AutoCAD SHX Text
22.500

AutoCAD SHX Text
22.468

AutoCAD SHX Text
N18°08'40"W

AutoCAD SHX Text
33.000

AutoCAD SHX Text
N10°08'45"W

AutoCAD SHX Text
33.440

AutoCAD SHX Text
N4°13'00"W

AutoCAD SHX Text
32.693

AutoCAD SHX Text
N10°07'50"E

AutoCAD SHX Text
N23°23'30"E

AutoCAD SHX Text
27.095

AutoCAD SHX Text
40.521

AutoCAD SHX Text
N58°23'50"E

AutoCAD SHX Text
38.240

AutoCAD SHX Text
21.165

AutoCAD SHX Text
14.688

AutoCAD SHX Text
10.652

AutoCAD SHX Text
N26°53'00"E

AutoCAD SHX Text
N71°54'00"E

AutoCAD SHX Text
28.157

AutoCAD SHX Text
N64°47'15"W

AutoCAD SHX Text
15.000

AutoCAD SHX Text
28.400

AutoCAD SHX Text
N26°53'00"E

AutoCAD SHX Text
10.477

AutoCAD SHX Text
12.500

AutoCAD SHX Text
12.500

AutoCAD SHX Text
N18°06'00"W

AutoCAD SHX Text
29.393

AutoCAD SHX Text
15.655

AutoCAD SHX Text
N71°54'00"E

AutoCAD SHX Text
N18°06'00"W

AutoCAD SHX Text
31.972

AutoCAD SHX Text
N71°54'00"E

AutoCAD SHX Text
31.930

AutoCAD SHX Text
N18°06'00"W

AutoCAD SHX Text
12.500

AutoCAD SHX Text
12.500

AutoCAD SHX Text
12.500

AutoCAD SHX Text
15.000

AutoCAD SHX Text
15.000

AutoCAD SHX Text
15.000

AutoCAD SHX Text
15.000

AutoCAD SHX Text
15.000

AutoCAD SHX Text
15.000

AutoCAD SHX Text
15.000

AutoCAD SHX Text
12.000

AutoCAD SHX Text
12.000

AutoCAD SHX Text
33.650

AutoCAD SHX Text
N71°54'00"E

AutoCAD SHX Text
N18°06'00"W

AutoCAD SHX Text
38.760

AutoCAD SHX Text
N18°06'00"W

AutoCAD SHX Text
38.760

AutoCAD SHX Text
N71°54'00"E

AutoCAD SHX Text
20.000

AutoCAD SHX Text
N18°06'00"W

AutoCAD SHX Text
41.400

AutoCAD SHX Text
N18°06'00"W

AutoCAD SHX Text
41.400

AutoCAD SHX Text
N71°54'00"E

AutoCAD SHX Text
40.550

AutoCAD SHX Text
12.000

AutoCAD SHX Text
12.000

AutoCAD SHX Text
12.000

AutoCAD SHX Text
12.000

AutoCAD SHX Text
12.000

AutoCAD SHX Text
12.000

AutoCAD SHX Text
12.000

AutoCAD SHX Text
12.000

AutoCAD SHX Text
12.000

AutoCAD SHX Text
12.000

AutoCAD SHX Text
27.170

AutoCAD SHX Text
10.484

AutoCAD SHX Text
6.909

AutoCAD SHX Text
N63°07'00"W

AutoCAD SHX Text
10.633

AutoCAD SHX Text
N71°54'00"E

AutoCAD SHX Text
28.470

AutoCAD SHX Text
N26°54'00"E

AutoCAD SHX Text
6.364

AutoCAD SHX Text
N18°00'00"W

AutoCAD SHX Text
13.500

AutoCAD SHX Text
12.000

AutoCAD SHX Text
12.000

AutoCAD SHX Text
12.000

AutoCAD SHX Text
12.000

AutoCAD SHX Text
12.000

AutoCAD SHX Text
12.000

AutoCAD SHX Text
12.000

AutoCAD SHX Text
12.000

AutoCAD SHX Text
12.000

AutoCAD SHX Text
12.003

AutoCAD SHX Text
40.772

AutoCAD SHX Text
40.744

AutoCAD SHX Text
40.716

AutoCAD SHX Text
40.688

AutoCAD SHX Text
40.660

AutoCAD SHX Text
40.632

AutoCAD SHX Text
40.604

AutoCAD SHX Text
40.576

AutoCAD SHX Text
40.548

AutoCAD SHX Text
12.000

AutoCAD SHX Text
12.000

AutoCAD SHX Text
15.000

AutoCAD SHX Text
15.000

AutoCAD SHX Text
15.000

AutoCAD SHX Text
15.000

AutoCAD SHX Text
15.000

AutoCAD SHX Text
15.000

AutoCAD SHX Text
69

AutoCAD SHX Text
70

AutoCAD SHX Text
71

AutoCAD SHX Text
72

AutoCAD SHX Text
73

AutoCAD SHX Text
74

AutoCAD SHX Text
Block C SWM 3168.26m²

AutoCAD SHX Text
Block B Walkway/ Emergency Exit 271.77m²

AutoCAD SHX Text
Block E Future  Development 6346.66m²

AutoCAD SHX Text
BLOCK 78 7 Street Townhouses

AutoCAD SHX Text
BLOCK 76 6 Street Townhouses

AutoCAD SHX Text
BLOCK 77 7 Street Townhouses

AutoCAD SHX Text
BLOCK 79 4 Street Townhouses

AutoCAD SHX Text
N18°14'15"W

AutoCAD SHX Text
319.201

AutoCAD SHX Text
N26°36'40"W

AutoCAD SHX Text
25.510

AutoCAD SHX Text
N36°57'20"W

AutoCAD SHX Text
25.824

AutoCAD SHX Text
N50°07'00"W

AutoCAD SHX Text
31.630

AutoCAD SHX Text
222.089

AutoCAD SHX Text
N62°29'10"W

AutoCAD SHX Text
240.371

AutoCAD SHX Text
FLOODLINE

AutoCAD SHX Text
104.694

AutoCAD SHX Text
N62°34'45"W

AutoCAD SHX Text
51.995

AutoCAD SHX Text
N70°53'45"E

AutoCAD SHX Text
147.815

AutoCAD SHX Text
N17°48'00"W

AutoCAD SHX Text
N18°03'15"W

AutoCAD SHX Text
N17°58'20"W

AutoCAD SHX Text
N18°19'35"W

AutoCAD SHX Text
33.682

AutoCAD SHX Text
26.216

AutoCAD SHX Text
15.728

AutoCAD SHX Text
61.112

AutoCAD SHX Text
38.680

AutoCAD SHX Text
PART 1

AutoCAD SHX Text
PART 2

AutoCAD SHX Text
PART 3

AutoCAD SHX Text
PART 4

AutoCAD SHX Text
PART 5

AutoCAD SHX Text
PART 6

AutoCAD SHX Text
PART 7

AutoCAD SHX Text
N17°49'45"W

AutoCAD SHX Text
82.677

AutoCAD SHX Text
PLAN 21R-22939

AutoCAD SHX Text
30m WETLAND SETBACK

AutoCAD SHX Text
FLOODLINE

AutoCAD SHX Text
SPRUCE GARDENS

AutoCAD SHX Text
30m WETLAND SETBACK

AutoCAD SHX Text
30m WETLAND SETBACK

AutoCAD SHX Text
30m WETLAND SETBACK

AutoCAD SHX Text
STREET A

AutoCAD SHX Text
STREET B

AutoCAD SHX Text
STREET A

AutoCAD SHX Text
HYDRO EASEMENT

AutoCAD SHX Text
HYDRO EASEMENT

AutoCAD SHX Text
FLOODLINE

AutoCAD SHX Text
FLOODLINE

AutoCAD SHX Text
FLOODLINE

AutoCAD SHX Text
FLOODLINE

AutoCAD SHX Text
WETLAND BOUNDARY

AutoCAD SHX Text
WETLAND BOUNDARY

AutoCAD SHX Text
WETLAND BOUNDARY

AutoCAD SHX Text
WETLAND

AutoCAD SHX Text
BOUNDARY

AutoCAD SHX Text
WETLAND BOUNDARY

AutoCAD SHX Text
WETLAND BOUNDARY

AutoCAD SHX Text
WETLAND BOUNDARY

AutoCAD SHX Text
68

AutoCAD SHX Text
67

AutoCAD SHX Text
65

AutoCAD SHX Text
66

AutoCAD SHX Text
Block A Park 3181.43m²

AutoCAD SHX Text
36

AutoCAD SHX Text
37

AutoCAD SHX Text
30m WOODLAND SETBACK

AutoCAD SHX Text
WOODLAND BOUNDARY

AutoCAD SHX Text
WOODLAND BOUNDARY

AutoCAD SHX Text
WOODLAND BOUNDARY

AutoCAD SHX Text
Block D Walkway 146.23m²

AutoCAD SHX Text
Block F Park 4624.36m²

AutoCAD SHX Text
Block G Park 622.22m²

AutoCAD SHX Text
0

AutoCAD SHX Text
METRES

AutoCAD SHX Text
10

AutoCAD SHX Text
25

AutoCAD SHX Text
50

AutoCAD SHX Text
100

AutoCAD SHX Text
REQUIRED UNDER SECTION 51(17) OF THE PLANNING ACT

AutoCAD SHX Text
ADDITIONAL INFORMATION

AutoCAD SHX Text
HASTINGS COUNTY

AutoCAD SHX Text
LJ17-1588

AutoCAD SHX Text
Nov 8, 2018

AutoCAD SHX Text
DATE

AutoCAD SHX Text
PROJECT No.

AutoCAD SHX Text
SCALE

AutoCAD SHX Text
1:1500

AutoCAD SHX Text
CITY OF BELLEVILLE

AutoCAD SHX Text
No.

AutoCAD SHX Text
DATE

AutoCAD SHX Text
REVISION

AutoCAD SHX Text
DRAFT PLAN OF SUBDIVISION

AutoCAD SHX Text
FORMER TOWNSHIP OF THURLOW

AutoCAD SHX Text
SCHEDULE OF LAND USE

AutoCAD SHX Text
OWNER'S AUTHORIZATION

AutoCAD SHX Text
SIGNED

AutoCAD SHX Text
DATE

AutoCAD SHX Text
NAME, POSITION

AutoCAD SHX Text
SURVEYOR'S CERTIFICATE

AutoCAD SHX Text
SIGNED

AutoCAD SHX Text
DATE

AutoCAD SHX Text
KEITH WATSON, O.L.S.

AutoCAD SHX Text
WATSON LAND SURVEYORS LTD.

AutoCAD SHX Text
I/WE, BEING THE REGISTERED OWNER OF THE SUBJECT LANDS, HEREBY AUTHORIZE MACAULAY SHIOMI HOWSON LTD TO PREPARE AND SUBMIT THIS DRAFT PLAN OF SUBDIVISION FOR APPROVAL.

AutoCAD SHX Text
I HEREBY CERTIFY THAT THE BOUNDARIES OF THE SUBJECT LANDS AND THEIR RELATIONSHIP TO THE ADJACENT LANDS ARE ACCURATELY AND CORRECTLY SHOWN ON THIS PLAN.

AutoCAD SHX Text
a  SHOWN ON DRAFT PLAN AND SURVEYOR'S SHOWN ON DRAFT PLAN AND SURVEYOR'S CERTIFICATE b SHOWN ON DRAFT AND KEY PLANS  SHOWN ON DRAFT AND KEY PLANS  c  SHOWN ON KEY PLAN  SHOWN ON KEY PLAN  d LAND TO BE USED IN ACCORDANCE WITH LAND LAND TO BE USED IN ACCORDANCE WITH LAND USE SCHEDULE  e  SHOWN ON DRAFT PLAN  SHOWN ON DRAFT PLAN  f SHOWN ON DRAFT PLAN  SHOWN ON DRAFT PLAN  g SHOWN ON DRAFT AND KEY PLANS  SHOWN ON DRAFT AND KEY PLANS  h FULL MUNICIPAL SERVICES  FULL MUNICIPAL SERVICES  i SOIL IS LOAM OVERLYING BEDROCK  SOIL IS LOAM OVERLYING BEDROCK  j SHOWN ON DRAFT PLAN  SHOWN ON DRAFT PLAN  k ALL MUNICIPAL SERVICES TO BE PROVIDED  ALL MUNICIPAL SERVICES TO BE PROVIDED  l SHOWN ON DRAFT PLANSHOWN ON DRAFT PLAN

AutoCAD SHX Text
PART OF LOT 14, CONCESSION 1 EAST OF HAIG ROAD AND NORTH OF VICTORIA AVENUE

AutoCAD SHX Text
TOTAL NON-DEVELOPABLE

AutoCAD SHX Text
NON-DEVELOPABLE LAND USE

AutoCAD SHX Text
%%%

AutoCAD SHX Text
ha

AutoCAD SHX Text
AREA

AutoCAD SHX Text
1)

AutoCAD SHX Text
2)

AutoCAD SHX Text
3)

AutoCAD SHX Text
[Ac.]

AutoCAD SHX Text
43.0

AutoCAD SHX Text
25.3

AutoCAD SHX Text
15.104

AutoCAD SHX Text
8.880

AutoCAD SHX Text
21.94

AutoCAD SHX Text
37.32

AutoCAD SHX Text
7.0

AutoCAD SHX Text
2.476

AutoCAD SHX Text
6.12

AutoCAD SHX Text
1

AutoCAD SHX Text
Bellcreek Wetland

AutoCAD SHX Text
Significant Woodland

AutoCAD SHX Text
TOTAL DEVELOPABLE

AutoCAD SHX Text
Lots / Blocks / Streets

AutoCAD SHX Text
PROPOSED DEVELOPABLE LAND USE

AutoCAD SHX Text
22.8

AutoCAD SHX Text
%%%

AutoCAD SHX Text
8.024

AutoCAD SHX Text
ha

AutoCAD SHX Text
86

AutoCAD SHX Text
Lots/Blocks

AutoCAD SHX Text
AREA

AutoCAD SHX Text
YIELD

AutoCAD SHX Text
REFERENCE

AutoCAD SHX Text
103

AutoCAD SHX Text
Units

AutoCAD SHX Text
19.83

AutoCAD SHX Text
[Ac.]

AutoCAD SHX Text
8.3

AutoCAD SHX Text
2.7

AutoCAD SHX Text
2.928

AutoCAD SHX Text
0.946

AutoCAD SHX Text
46

AutoCAD SHX Text
46

AutoCAD SHX Text
28

AutoCAD SHX Text
28

AutoCAD SHX Text
Lots 24-63, 69-74

AutoCAD SHX Text
Lots 1-23, 64-68

AutoCAD SHX Text
6)

AutoCAD SHX Text
0.1

AutoCAD SHX Text
0.042

AutoCAD SHX Text
.

AutoCAD SHX Text
Spruce Gardens, Streets A, B

AutoCAD SHX Text
7)

AutoCAD SHX Text
.

AutoCAD SHX Text
0.10

AutoCAD SHX Text
2.34

AutoCAD SHX Text
7.23

AutoCAD SHX Text
Detached 15.24m (50') min.

AutoCAD SHX Text
Detached 9.75m (32') min.

AutoCAD SHX Text
5)

AutoCAD SHX Text
.

AutoCAD SHX Text
8)

AutoCAD SHX Text
Roads - Public R.O.W.s

AutoCAD SHX Text
2.4

AutoCAD SHX Text
0.843

AutoCAD SHX Text
3

AutoCAD SHX Text
.

AutoCAD SHX Text
Blocks A, G, F

AutoCAD SHX Text
2.09

AutoCAD SHX Text
Walkways

AutoCAD SHX Text
Parks

AutoCAD SHX Text
Block E

AutoCAD SHX Text
1

AutoCAD SHX Text
1.9

AutoCAD SHX Text
0.683

AutoCAD SHX Text
5

AutoCAD SHX Text
29

AutoCAD SHX Text
Blocks 75-79

AutoCAD SHX Text
1.69

AutoCAD SHX Text
Townhouse 6.0m (19.7') min.

AutoCAD SHX Text
1

AutoCAD SHX Text
.

AutoCAD SHX Text
Future Development

AutoCAD SHX Text
2

AutoCAD SHX Text
.

AutoCAD SHX Text
Stormwater Management Facility

AutoCAD SHX Text
30 m Bellcreek Wetland Buffer

AutoCAD SHX Text
77.2

AutoCAD SHX Text
27.137

AutoCAD SHX Text
67.05

AutoCAD SHX Text
9)

AutoCAD SHX Text
10)

AutoCAD SHX Text
11)

AutoCAD SHX Text
12)

AutoCAD SHX Text
0.9

AutoCAD SHX Text
0.317

AutoCAD SHX Text
0.78

AutoCAD SHX Text
4.6

AutoCAD SHX Text
1.632

AutoCAD SHX Text
4.03

AutoCAD SHX Text
1.8

AutoCAD SHX Text
0.634

AutoCAD SHX Text
1.57

AutoCAD SHX Text
TOTALS

AutoCAD SHX Text
100

AutoCAD SHX Text
35.16

AutoCAD SHX Text
86.88

AutoCAD SHX Text
HANLEY PARK NORTH

AutoCAD SHX Text
Prepared Draft Plan

AutoCAD SHX Text
December 4, 2019

AutoCAD SHX Text
Blocks B & D

AutoCAD SHX Text
Block C

AutoCAD SHX Text
Notes: Bellcreek Wetland Boundary Surveyed September 13, 2017

AutoCAD SHX Text
4)

AutoCAD SHX Text
1.9

AutoCAD SHX Text
0.677

AutoCAD SHX Text
1.67

AutoCAD SHX Text
Significant Woodland Buffer

AutoCAD SHX Text
2

AutoCAD SHX Text
Revised Draft Plan  based on new Environmental Assessment

AutoCAD SHX Text
August 25, 2021

AutoCAD SHX Text
3

AutoCAD SHX Text
Revised Draft Plan

AutoCAD SHX Text
September 22, 2021

AutoCAD SHX Text
4

AutoCAD SHX Text
Revised Draft Plan

AutoCAD SHX Text
October 8, 2021



 

  BluMetric 

 
 
 
 
 
 
 
 
 
 

APPENDIX B 
 

Borehole Logs  



83.8

SANDY GRAVEL
Sandy gravel, vegetation, roots

SANDY GRAVEL
Sandy gravel with some boulders

BEDROCK
Bedrock refusal at 1.37 m
0.61 m well screen installed between 0.84 and
1.45 m bgs. Backfilled with silica sand and
3/8" bentonite plug.

[1.3]

Ground Surface

J-Plug

Monument Well Casing

Concrete Footing

Bentonite Seal

Silica Sand Filter
50 mm 010 Slot PVC Screen

0.0

1.4

85.2

4894353.987 N

312926.144 E

85.20 m

86.14 m

Drilled By:

Drilling Method:

Drill Date: AUGER SAMPLEHole Diameter (OD):

Logged By:

RLCChecked By:

0.23 m

MD
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'Canadian Environmental Drilling and Contractors Inc.
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84.3

TOPSOIL
Organic topsoil, vegetation, roots

SANDY GRAVEL
Sandy gravel, vegetation, roots
SANDY GRAVEL
Sandy gravel with some boulders

BEDROCK
Bedrock refusal at 2.39 m
1.52 m well screen installed between 0.89 and
2.41 m bgs. Backfilled with silica sand and
3/8" bentonite plug.

[2.3]

Ground Surface

J-Plug

Monument Well Casing

Concrete Footing

Bentonite Seal

Silica Sand Filter

50 mm 010 Slot PVC Screen

0.0

2.4

86.8

4894501.045 N

313102.919 E

86.76 m

87.68 m

Drilled By:

Drilling Method:

Drill Date: AUGER SAMPLEHole Diameter (OD):

Logged By:

RLCChecked By:

0.23 m
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'Canadian Environmental Drilling and Contractors Inc.

Hollow Stem Auger
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2022-Aug-16:  2.96 m bgs  (83.77 m)

84.3

81.7

TOPSOIL
Organic topsoil, vegetation, roots

SANDY GRAVEL
Sandy Ggravel, vegetation, roots

SANDY GRAVEL
Sandy gravel with some boulders

BEDROCK
Limestone bedrock

1.52 m well screen installed between 3.51 and
5.03 m bgs. Backfilled with silica sand and
3/8" bentonite plug.

[2.3]

[2.6]

Ground Surface

J-Plug

Monument Well Casing

Concrete Footing

Cuttings Backfill

Bentonite Seal

Silica Sand Filter

50 mm 010 Slot PVC Screen

0.0

2.4

5.0

86.7

4894500.413 N

313104.047 E

86.72 m

87.67 m

Drilled By:

Drilling Method:

Drill Date: AUGER SAMPLE CYCLONE RETURN
(HAMMER)

Hole Diameter (OD):

Logged By:

RLCChecked By:

0.23 m

MD
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'Canadian Environmental Drilling and Contractors Inc.

Hollow Stem Auger/ Air Hammer
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2022-Aug-16:  1.69 m bgs  (83.47 m)

83.9

81.2

SANDY GRAVEL
Sandy gravel, vegetation, roots

SANDY GRAVEL
Sandy gravel with some boulders

BEDROCK
Limestone bedrock

1.52 m well screen installed between 2.44 and
3.96 m bgs. Backfilled with silica sand and
3/8" bentonite plug.

[1.1]

[2.7]

Ground Surface

J-Plug

Monument Well Casing

Concrete Footing

Cuttings Backfill

Bentonite Seal

Silica Sand Filter

50 mm 010 Slot PVC Screen

0.0

1.2

4.0

85.2

4894352.652 N

312926.459 E

85.16 m

85.92 m

Drilled By:

Drilling Method:

Drill Date: AUGER SAMPLE CYCLONE RETURN
(HAMMER)

Hole Diameter (OD):

Logged By:

RLCChecked By:

0.23 m

MD

2022 July 12

'Canadian Environmental Drilling and Contractors Inc.

Hollow Stem Auger/ Air Hammer
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Client:

Report:
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220384

Hanley Park Development Inc.

Subdivision Hydrogeology Assessment

Part Lot 14, Con. 1, E. of Haig Rd., N. of Victoria Ave.

Belleville, On.

Sheet

1 of 1

Monitoring Well ID: BH4/MW4
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2022-Aug-16:  1.37 m bgs  (84.65 m)

83.4

SANDY CLAY
Silty sandy clay, vegetation, roots

SANDY CLAY
Silty sandy clay with trace gravel and cobble

BEDROCK
Bedrock refusal at 2.59 m

    2.6 m:
1.52 m well screen installed between 1.07 and
2.59 m bgs. Backfilled with silica sand and
3/8" bentonite plug.

[2.5]

Ground Surface

J-Plug

Monument Well Casing

Concrete Footing

Bentonite Seal

Silica Sand Filter

50 mm 010 Slot PVC Screen

0.0

2.6

86.0

4894654.213 N

312812.464 E

86.02 m

86.94 m

Drilled By:

Drilling Method:

Drill Date: AUGER SAMPLEHole Diameter (OD):

Logged By:

RLCChecked By:

0.23 m
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Sheet

1 of 1

Monitoring Well ID: BH5/MW5
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2022-Aug-16:  1.29 m bgs  (84.67 m)

83.4

81.7

SANDY CLAY
Silty sandy clay, vegetation, roots

SANDY CLAY
Silty sandy clay with trace gravel and cobble

BEDROCK
Limestone bedrock

0.91 m well screen installed between 3.39 and
4.27 m bgs. Backfilled with silica sand and
3/8" bentonite plug.

[2.5]

[1.7]

Ground Surface

J-Plug

Monument Well Casing

Concrete Footing

Cuttings Backfill

Bentonite Seal

Silica Sand Filter

50 mm 010 Slot PVC Screen

0.0

2.6

4.3

86.0

4894654.097 N

312816.714 E

85.96 m

86.81 m

Drilled By:

Drilling Method:

Drill Date: AUGER SAMPLE CYCLONE RETURN
(HAMMER)

Hole Diameter (OD):

Logged By:

RLCChecked By:

0.23 m

MD

2022 July 12

'Canadian Environmental Drilling and Contractors Inc.

Hollow Stem Auger/ Air Hammer

Description

D
ep

th
 (

m
) 

/
E

le
v.

 (
m

.a
.s

.l.
)

Project No.:

Client:

Report:

Site Address:

220384

Hanley Park Development Inc.

Subdivision Hydrogeology Assessment

Part Lot 14, Con. 1, E. of Haig Rd., N. of Victoria Ave.

Belleville, On.

Sheet

1 of 1

Monitoring Well ID: BH6/MW6

C
on

st
ru

ct
io

n

T
yp

e

E
le

va
tio

n 
(m

)

86

85

84

83

82

81

S
ym

bo
l

D
ep

th
 (

m
)

0

1

2

3

4

5

WELL COMPLETIONSAMPLESUBSURFACE PROFILE

UTM  (Zone 18):

Ground:

TOP:

Elevation

Notes

True Groundwater Strike / Stabilized Groundwater Level

Perched Groundwater Strike / Unstabilized Groundwater Level

B
lo

w
 C

ou
nt

s

R
ec

ov
er

y 
(%

)

La
b 

A
na

ly
si

s

S
am

pl
e 

ID

B
H

 M
W

 O
B

 L
O

G
  2

20
38

4
-A

U
G

 2
5 

B
H

 4
.0

7.
G

P
J 

 B
LU

M
E

T
R

IC
 S

T
A

N
D

A
R

D
.G

D
T

  2
2-

8-
26

1000
    

200 400 600 800

rchown
Rectangle



2022-Aug-16:  0.02 m bgs  (86.16 m)

83.7

82.5

TOPSOIL
Organic topsoil, vegetation, roots

SAND
Sand

SAND & GRAVEL
Sand, increasing gravel

BEDROCK
Limestone bedrock

[2.4]

[1.2]

[2.1]

Ground Surface

J-Plug

Monument Well Casing

Concrete Footing

Cuttings Backfill
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Silica Sand Filter
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80.41.52 m well screen installed between 4.27 and
5.79 m bgs. Backfilled with silica sand and
3/8" bentonite plug.
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2022-Aug-16:  1.27 m bgs  (84.99 m)

83.8

82.6

TOPSOIL
Organic topsoil, vegetation, roots

SAND
Sand

SAND & GRAVEL
Sand, increasing gravel

BEDROCK
Bedrock refusal at 3.66 m
1.52 m well screen installed between 2.14 and
3.66 m bgs. Backfilled with silica sand and
3/8" bentonite plug.

[2.4]

[1.2]

Ground Surface

J-Plug

Monument Well Casing

Concrete Footing

Cuttings Backfill

Bentonite Seal

Silica Sand Filter

50 mm 010 Slot PVC Screen

0.0
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3.7

86.3
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312706.591 E

86.26 m

87.28 m

Drilled By:

Drilling Method:

Drill Date: AUGER SAMPLEHole Diameter (OD):

Logged By:
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Water Well Records  
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APPENDIX D 
 

Calculations 
 



Thornthwaite Method (1957) Potential Evapotranspiration
'Hydrology and Hydraulic Systems' 4th edition by Ram S. Gupta, 2017
Et month = 1.62 (10*Tm)/I)^a
where:
a = 675*10^-9*I^3 - 771 *10^-7*I^2 +179*10^-4 * I + 492*10^-3
Ii = sum (Tm/5)^1.514

Canada Climate Normals
Environment Canada Climate Normals: BELLEVILLE
STATION Ontario Temp C Ii Et (cm) Daylight Et (mm)
Month unadjusted Factor adjusted
January -6.7 frozen
Feb -5.1 frozen
March -0.4 frozen
April 7 1.6643 2.9857 1.13 0.0337
May 13.7 4.6000 6.4313 1.28 0.0823
June 19 7.5473 9.3455 1.29 0.1206
July 21.8 9.2936 10.9353 1.31 0.1433
Aug 20.8 8.6558 10.3640 1.21 0.1254
Sept 16.3 5.9843 7.8440 1.04 0.0816
Oct 9.5 2.6426 4.2325 0.94 0.0398
Nov 3.6 0.6081 1.3964 0.79 0.0110
Dec -2.6 frozen

40.996 53.535 0.638
a = 1.1428 metres

Note: Daylight Factor is an adjustment factor for possible hours of sunshine based on latitude.

<- UPDATE

<- UPDATE

Environment Canada Climate Normals: BELLEVILLE STATION Ontario 911.3 mm

Potential Evapotranspiration (PE) 638 mm

Surplus Water (Precipitation - PE) 274 mm

Thornthwaite Calculation

Monthly temperature from Environment Canada Climate Normals website at:
https://climate.weather.gc.ca/climate_normals/index_e.html



Darcy Calculations
Groundwater Flow Through (Overburden)

Hydraulic Conductivity (k) = 1E-03  m/s

Horizontal Gradient (i) = 0.0013

Length (L) = 200  m

Aquifer Thickness (t) = 2.7  m

Groundwater Flow (Qb) = 60  m3/day

21,833 m3/year

Groundwater Flow Through (Bedrock)

Hydraulic Conductivity (k) = 1E-05  m/s

Horizontal Gradient (i) = 0.0038

Length (L) = 380  m

Aquifer Thickness (t) = 10  m

Groundwater Flow (Qb) = 13  m3/day

4,580 m3/year



Area (m2)
Precip

(m3/year)
Evapotrans
(m3/year)

Precip -
Evapotrans
(m3/year)

Topo factor Soil factor
Cover
factor

Infiltratio
n Factor

Infiltration Runoff

Natural Areas

Wetland Area 151,040 137,643 96,313 41,330 1 41,330 0

Treed Area 200,570 182,779 127,897 54,883 0.25 0.4 0.2 0.85 46,650 8,232

Total Pre Development Natural Areas 351,610 320,422 224,210 96,212 87,980 8,232

100% 70.0% 27.5% 2.6%

Natural Areas

Wetland Area 151,040 137,643 96,313 41,330 1 41,330 0

Treed Area 120,330 109,657 76,730 32,926 0.25 0.4 0.2 0.85 27,987 4,939

Post Development Natural Area Total 271,370 247,299 173,044 74,256 69,317 4,939

100% 70.0% 28.0% 2.0%

Percentage of total 77% 77% 89% 27%

Subvivison Areas - Permeable

Parks 8,420 7,673 5,369 2,304 0.25 0.4 0.2 0.85 1,958 346

Stormwater Pond 3,170 2,889 2,021 867 1 867 -

Future Development (remains treed for now) 6,340 5,778 4,043 1,735 0.25 0.4 0.2 0.85 1,475 260

Detached lots (minus bldg footprints and driveways) 18,760 17,096 11,963 5,133 0.3 0.4 0.1 0.8 4,107 1,027

Townhouse lots (minus bldg footprints and driveways) 2,770 2,524 1,766 758 0.3 0.2 0.1 0.6 455 303

Total Subdivision Permeable Area 39,460 35,960 25,162 10,798 8,862 1,936

100% 70.0% 24.6% 5.4%

Percentage of total 11% 11% 11% 11%

Subvivison Areas - Impermeable

Bldg footprints 18,280 16,659 11,657 5,002 5,002

Paved Driveways 5,760 5,249 3,673 1,576 1,576

Roadways 16,320 14,872 10,407 4,466 4,466

Walkways 420 383 268 115 115

Total Subdivision Impermeable Area 40,780 37,163 26,004 11,159 11,159

100% 70.0% 0.0% 30.0%

Percentage of total 12% 12% 0% 62%

Precip
(m3/year)

Evapotrans
(m3/year)

Infiltration
(m3/year)

Runoff
(m3/year)

Total Pre Development Natural Areas 320,422 224,210 85,236 10,977

Post Development All Areas 320,422 224,217 76,484 19,731

27%

24%

PRE DEVELOPMENT CONDITIONS

POST DEVELOPMENT CONDITIONS

Infiltration %
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