
 

  

 

 

 

 

ENGINEERING 

  

LABORATORY 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
400 Esna Park Drive, Unit 15 
Markham, ON 
L3R 3K2 
 
Tel: (905) 475-7755 
Fax: (905) 475-7718 
www.fisherenvironmental.com 

 

 

 

HYDROGEOLOGICAL INVESTIGATION  

  

PROPOSED DEVELOPMENT ,   
1144  HUGEL AVENUE ,  M IDLANDS , 

ONTARIO   

 

Prepared for: 

United Hotels Inc. 

Project No. FH 23-12806  

May 30, 2023 

 



          Page I 

400 ESNA PARK DRIVE, UNIT 15, MARKHAM, ONTARIO L3R 3K2 P: 905 475 7755 F: 905 475 7718 

WWW.FISHERENVIRONMENTAL.COM 

Issued to: United Hotel Inc. 

Super 8 Hotel, 1144 Hugel Ave,  

Midland ON, 

Contact:  Mr. Sonu Dhillon 

gsm@super8midland.com   

Project Name: Hydrogeological Investigation for Proposed 
Development 

Project Address: 1144 Hugel Avenue, Midland, ON, L4R 0B1. 

Project Number: FH 23-12806 

Issued on: May 30, 2023 

 

 

 

Report Prepared By: 

 

 

Clive Wiggan, PhD, PMP, 

Project Manager 

clive@fishereng.com 

 

 

 

Report Reviewed By: 

 

 

 

Frank Fan, PEng, 

Geotechnical Engineer 

frank@fishereng.com 

 



1144 Hugel Avenue, Midland, On, - Hydrogeological Investigation Page II 

  F i s h e r  E n g i n e e r i n g  L t d  

                                                                                                   Project No. FH 23 – 12806, May 30, 2023 

 

TABLE OF CONTENTS 

1. INTRODUCTION ................................................................................................................................... 1 

2. SITE AND PROJECT DESCRIPTIONS ....................................................................................................... 1 

3. SCOPE OF HYDROGEOLOGICAL INVESTIGATION .................................................................................. 2 

4. FIELD AND LABORATORY WORKS ........................................................................................................ 3 

5. SOIL CONDITIONS ................................................................................................................................ 4 

6. HYDROGEOLOGICAL STUDY ................................................................................................................. 5 

6.1 HYDROGEOLOGICAL CONDITIONS................................................................................................. 5 

6.2 HYDRAULIC CONDUCTIVITY K MODELING RESULTS .................................................................... 7 

6.3 GRAIN SIZE ANALYSIS FOR HYDRAULIC CONDUCTIVITY .............................................................. 8 

7. CONSTRUCTION DEWATERING & PERMANENT DRAINAGE ................................................................. 8 

7.1 CONSTRUCTION DEWATERING ...................................................................................................... 8 

7.2 PERMANENT DRAINAGE................................................................................................................ 9 

7.3 PERMISSION TO TAKE WATER (PTTW) AND EASR ........................................................................ 9 

7.4 GROUNDWATER QUALITY ............................................................................................................ 9 

7.5 DEWATERING INFLUENCE ZONE ................................................................................................. 10 

7.6 HYDROGEOLOGICAL IMPACT ...................................................................................................... 10 

8. PRIVATE WELL SURVEY ...................................................................................................................... 10 

9. WATER BALANCE ............................................................................................................................... 11 

9.1 OBJECTIVE ................................................................................................................................. 11 

9.2 SCOPE OF WORK ......................................................................................................................... 11 

9.3 HYDROLOGICAL CONDITIONS ..................................................................................................... 11 

9.4 WATER BALANCE ANALYSIS ....................................................................................................... 12 

9.4.1 Proposed Development .............................................................................................................. 12 

9.4.2 Climate and Precipitation .......................................................................................................... 12 

9.4.3 Site-Level Water Balance ........................................................................................................... 12 

9.4.4 Precipitation, Evapotranspiration, Infiltration and Runoff .......................................................... 13 

9.4.5 Pre-development ....................................................................................................................... 13 

9.4.6 Post-development without Mitigation Methods ......................................................................... 13 



1144 Hugel Avenue, Midland, ON - Hydrogeological Investigation TOCIII 

 

                  F i s h e r  E n g i n e e r i n g  L t d  

                                                                                                   Project No. FH 23 – 12806, May 30, 2023 

10. INFILTRATION TESTS ...................................................................................................................... 14 

11. DISCUSSION ................................................................................................................................... 14 

12. LIMITATIONS ................................................................................................................................. 15 

APPENDIX A – SITE AND LOCATION PLANS..................................................................................................A 

APPENDIX B – LOG OF BOREHOLES ............................................................................................................. B 

APPENDIX C – GRAIN SIZE DISTRIBUTION ANALYSES ..................................................................................C 

APPENDIX D – HYDRAULIC CONDUCTIVITY ANALYSES ................................................................................D 

APPENDIX E – PRIVATE WELL SEARCH ......................................................................................................... E 

APPENDIX F – WATER BALANCE ANALYSIS .................................................................................................. F 

APPENDIX G – INFILTRATION TESTS ........................................................................................................... G 

  



1144 Hugel Avenue, Midland, ON, - Hydrogeological Investigation Page 1 

  F i s h e r  E n g i n e e r i n g  L t d  

                                                                                                   Project No. FH 23 – 12806, May 30, 2023 

 

1. INTRODUCTION  

Fisher Engineering Ltd (Fisher) was commissioned by United Hotels Inc to carry out a Hydrogeological 

Investigation at the property municipally addressed as 1144 Hugel Avenue, Midland, Ontario, 

hereinafter referred to as the ‘Site’.  

The purpose of the Hydrogeological Investigation was to evaluate groundwater conditions with respect 

to the redevelopment of the site.    

The report has been prepared specifically and solely for the proposed development regarding 

hydrogeological aspects for design and construction.   

The Hydrogeological Review has been prepared in accordance with the Ontario Water Resources Act, 

Ontario Regulation 387/04, the Severn Sound Source Protection and the South Georgian Bay Lake Simcoe 

Source Protection Region guidelines. 

 

2. SITE AND PROJECT DESCRIPTIONS 

Site Settings 

The site is located on the north side of Hugel Avenue, approximately 100m east Penetanguishene Road, 

in a predominantly commercial area of Midland, and is bounded by Hugel Avenue to the south, 

Penetanguishene Road to the east, a Canadian Car property to the north and Huronia Medical Centre to 

the east.  The site has an approximate area of 7,459.9m2 and is irregular in shape. 

At the time of the investigation, the site was occupied by a three-storey Super 8 by Wyndham property. 

The remaining areas of the site were covered with asphalt paved parking/driveways.  Access to the site 

was via a paved driveway off Hugel Avenue.   

Little Lake and Georgian Bay are located approximately 1.2km southeast and 2km east, respectively of the 

site. Some creeks were observed within an approximate radius of 1.0km of the site. 
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Topography 

The site is generally flat with elevations changing from approximately 245.67m at BH1, located in the 

northwest corner, to 245.98m at BH7, south of the proposed building.  The property is graded for drainage 

towards several catch basins and ditches.  

Proposed Development 

Based on the conceptual site plans, prepared by n Architecture Inc., dated May 29, 2023, the proposed 

development will consist of the construction of a two-storey restaurant building, with no underground 

level, to be located at the northwest side of the existing hotel building.  Approximate building footprint 

for the building is 334.38m2.  Finished Floor Elevations (FFE) were given as 246.01m asl.  

 

3. SCOPE OF HYDROGEOLOGICAL INVESTIGATION 

The Hydrogeological Investigation works were required to:  

1) Establish groundwater conditions for the design of dewatering works, if required, prior to 

construction of the proposed building.  

2) Determine the need for permanent drainage and  

3) Conduct calculations/analyses of the groundwater quantity and quality to be used for the 

necessary permits applications prior to proceeding with construction dewatering and design of 

permanent drainage, if necessary. 

The scope of this work generally consisted of the following: 

• Drilling/locating Monitoring Wells.  Drilling of, and locating existing, monitoring wells and 

reviewing / compiling borehole logs and onsite / laboratory testing. 

• Data Evaluation.  Evaluating the results of soil types, groundwater static levels, ground surface 

elevation, groundwater quality, flow direction and other available hydrogeological data for the 

site and their potential impact on the proposed development. 

• Hydraulic Conductivity Tests.  Conduct pumping/single well response tests in monitoring wells 

and record groundwater level drawdown and recovery to model/calculate hydraulic conductivity. 
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• Groundwater Quality Analysis. Carry out laboratory analyses on groundwater to determine 

compliance with the local Sewer Use Bylaws. 

• Groundwater Level Monitoring. Conduct long-term monitoring of the groundwater to determine 

seasonal highwater levels. 

• Private Well Survey. Carry out a search of the MECP records to ascertain the number of private 

water wells within 500m of the site and determine the impact of construction on these wells.  

• Field Infiltration tests. Conduct field infiltration tests in order to recommend suitable LID 

methods. 

• Preliminary Water Balance Assessment. Conduct a preliminary water balance assessment to 

determine development induced impact on the hydrological characteristics of the site.  

• Hydrogeological Report. Prepare and submit a report detailing the findings and 

recommendations of the Hydrogeological Investigation.  

 

4. FIELD AND LABORATORY WORKS 

Subsurface exploration for the Hydrogeological Investigation was conducted concurrent with drilling for 

the Geotechnical Investigation on March 21, 2023 and consisted of seven (7) boreholes extending to 

approximate depths of 3.51m to 6.55m below prevailing grades. Five of the boreholes were instrumented 

as groundwater monitoring wells (MW1 to MW5).  Two shallow test boreholes were drilled to 

approximate depths of 1.83m to be used for field infiltration tests. The monitoring wells were installed 

with 50mm PVC slotted pipes and clean silica sands pack placed around the well screens and isolated with 

bentonite to depths below existing grade as shown in borehole details in Appendix B.  

A truck mounted drill rig, equipped with solid stem augers, supplied by Terra Firma Services, was used for 

all drilling work under direct supervision of Fisher Engineering personnel.  

Laboratory Analyses 

Fourteen (14) representative soil samples from BH1, BH2, BH5, TH1 and TH2 were selected and submitted 

to Fisher Engineering laboratory for moisture content analyses, six (6) for grain size and two (2) samples 

for hydrometer tests. The laboratory results, which are presented in Appendix C, are consistent with the 

field descriptions for subsurface soils discussed in Section 5.0. 
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All monitoring wells were dry throughout the investigation and consequently no groundwater samples 

were submitted for analysis of water quality under the local sewer use bylaws.  

The soil samples recovered during the investigation will be stored in the Fisher Engineering laboratory for 

a period of 30 days after submitting the report and will be discarded thereafter unless otherwise 

instructed. 

Site Survey 

Elevations at borehole locations were established by interpolation from a topographic survey/plan, dated 

April 14, 2022, prepared by F.S. Surveying Inc.  

 

5. SOIL CONDITIONS 

Surface and subsurface conditions encountered at borehole locations are shown in Appendix B - Log of 

Boreholes and are summarized in the following sections. The logs include soil stratification at borehole 

locations along with detailed soil descriptions. Variations in soil stratification may occur and should be 

expected between borehole locations and elsewhere on the site. 

• Asphalt/Granular Material/Fill/Topsoil – Layers of asphalt underlain by granular material were 

encountered at the surface of BH1 and BH4. Topsoil was found at the surface of BH2, BH3, BH6 and 

BH7. Fill soils were observed at the surface of BH5 and below the granular material/topsoil of BH1 to 

BH4, BH6 and BH7. The fill extended to approximate depths below prevailing grades/elevations as 

shown in Table 1. 

The fill composition varied from dark brown to brown sand with trace of roots/topsoil and trace to 

some gravel. 

• Brown Sand – Native soils of brown, moist, loose to compact sand with trace of silt were encountered 

below the fill soils extending to depths of 4.57m in BH5. Boreholes BH1 to BH4, BH6 and BH7 were 

terminated in the brown sand between depths of 3.51m and 6.55m bgs. 

• Brown Silty Sand – Greyish brown, moist, loose silty sand was encountered towards the bottom of 

BH5. 
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Table 1: Fill Levels and Elevations 

Borehole No. BH1 BH2 BH3 BH4 BH5 BH6 BH7 

Surface Elevation (m asl) 245.67 246.01 245.96 245.76 245.88 245.96 245.98 

Depth of Borehole (m) 5.03 5.03 6.55 5.03 5.03 3.51 3.51 

Elevation at Bottom of 
Borehole (m asl) 

240.64 240.98 239.41 240.73 240.85 242.45 242.47 

Depth of Fill (m) 0.61 0.61 0.38 0.61 0.18 0.30 0.30 

Elevation at Bottom of 
Fill (m asl) 

245.06 245.40 245.58 245.15 245.70 245.66 245.68 

 

 

6. HYDROGEOLOGICAL STUDY 

Hydrogeological study for the subject site was conducted based on the boreholes/wells’ exploration, 

observation and site/laboratory testing. Groundwater details from the seven (7) newly installed 

monitoring wells were used in the Hydrogeological Study. The wells were constructed with 3.05 (10’) long, 

51mm diameter PVC slotted screen pipes and risers as shown in Appendix B. Clean silica sand packs were 

placed around each well screen which was isolated with bentonite extending to slightly below existing 

grade.   

6.1  Hydrogeological Conditions 

Review of the available surficial geological and hydrogeological information for the area shows that the 

soils at the site comprise generally of coarse-textured glaciolacustrine deposits consisting of sand, gravel, 

minor silt and clay, foreshore and basinal deposits (Ontario Geological Survey Map).  Underlying bedrock 

is represented by Limestone, dolostone, shale, arkose and sandstone from the Ottawa Group/Simcoe 

Group and Shadow Lake Formation. Depth to bedrock in the area is generally more than 100m below 

existing grade as shown on well records for drinking water wells. 

The subsoils and hydrogeological conditions were observed and recorded during the Hydrogeological 

Investigation. Based on the subsurface exploration, the soils, below the fill material, are dominated by 
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layers of brown sand to silty sand. No groundwater was encountered to maximum investigated depth of 

6.55m bgs.  

Groundwater depths and elevations are summarized in Table 2.   

Table 2: Groundwater Levels and Elevations 

Monitoring Well No. MW1 MW2 MW3 MW4 MW5 BH6 BH7 

Surface Elevation (m asl) 245.67 246.01 245.96 245.76 245.88 245.96 245.98 

Depth of Well/BH, m bgs 4.57 4.57 6.10 4.57 4.57 

- - 
Elevation at well base, m 

asl 
241.10 241.44 239.86 241.19 241.31 

On 
Completion 

GW level, 
m bgs 

dry dry dry dry dry dry dry 
GW Ele, 

m asl 

29-Mar-23 

GW level, 
m bgs 

dry dry dry dry dry n/a n/a 
GW Ele, 

m asl 

12-Apr-23 

GW level, 
m bgs 

dry dry dry dry dry n/a n/a 
GW Ele, 

m asl 

26-Apr-23 

GW level, 
m bgs 

dry dry dry dry dry n/a n/a 
GW Ele, 

m asl 

 

Comments on Table 2: 

The following general comments regarding groundwater conditions at the site are based on the 

groundwater level data and the Geotechnical Investigation: 

• Groundwater levels are being monitored biweekly to determine seasonal highwater levels on the site 

and will be included when the report is updated. 

• The monitoring wells were observed to be dry on completion of drilling and during subsequent site 

visits.  

• Moisture content from samples at various depths in the monitoring wells were in the range 3.8% to 

5.3%, indicating moist conditions.  Moisture content values in the test boreholes used for infiltration 
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tests were 19.3% and 23.4%.  These higher values may however be attributed to snow melt in the 

area covered by the test holes during the investigation. 

• Given the proposed development, with no underground levels, it is not expected that groundwater 

will be encountered within the excavation depths for footings.  

• The closest bodies of surface water are Little Lake and Georgian Bay located approximately 1.2km 

southeast and 2km east, respectively of the site. Some creeks were observed within an approximate 

radius of 1.0km of the site. 

 

6.2 Hydraulic Conductivity K Modeling Results  

Slug Tests 

The monitoring wells were dry throughout the investigation and consequently rising head slug tests could 

not be conducted. Falling head slug tests were therefore carried out in three monitoring wells (MW1, 

MW3 and MW5) on March 29, 2023. The overburden soils consist of sand with silty fine sand at greater 

depths. Data from the falling head slug tests were used to calculate hydraulic conductivity values using 

Luthin’s method. 

Details of the hydraulic conductivity analyses derived from falling head slug tests are presented in 

Appendix D and summarized in Table 3.  

Table 3: Summary of Single Well Response Tests and Hydraulic Conductivity Results 

Test 
Wells 

Well Surface 
Elevation (m asl) 

Groundwater 
Depth (m) 

 

Screen 
Elevation (m 

asl) 

Variance of 
water head 
created (m) 

30 Minutes/  

Recovery 
Percentage 

Hydraulic Conductivity, K 
(Luthin’s Method) 

m/s  m/day 

MW1 245.67 dry 241.10 – 244.15 3.65 31 mins / 28% 4.54 x 10-7 0.039 

MW3 245.96 dry 239.86 – 242.91 5.04 31 mins / 17% 1.06 x 10-7 0.009 

MW5 245.88 dry 241.31 – 244.36 2.98 31 mins / 48% 6.05 x 10-7 0.052 
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6.3 Grain Size Analysis for Hydraulic Conductivity 

Representative soil samples from BH1, BH3, BH5, TH1 and TH2 were selected from depths associated with 

the recommended footing locations or change in soil stratigraphy and submitted to the laboratory for 

grain size distribution and hydrometer analyses. The results of the grain size distribution and hydrometer 

analyses are presented in Appendix C. 

The effective D10 sizes obtained from the Grain Size Distribution Graph were used to estimate the 

hydraulic conductivity (K) of the overburden soils using Hazen’s expression, Equation 1: 

K=10-2 D2
10

 (m/s)     Equation 1 

The hydraulic conductivity values at various depths, based on grain size, are summarized in Table 4.  The 

estimated K values are consistent with those obtained during the single well response tests. 

Table 4:  Hydraulic Conductivity Estimated from Grain Size Analysis 
 

Location 
Depth of soil 
sample (m) 

Soil Classification 
Estimated Hydraulic Conductivity 

m/s m/day 

BH1 
0.76 – 1.22 Sand, trace Silt 8.1 x 10-5 7 

1.53 – 1.98 Sand, trace Silt 7.2 x 10-5 6.24 

BH3 

0.76 – 1.22 Sand, trace Silt 8.1 x 10-5 7 

1.53 – 1.98 Sand, trace Silt 8.1 x 10-5 7 

BH5 0.76 – 1.22 Sand, trace Silt 6.4 x 10-5 5.5 

  1.53 – 1.98 Sand, trace Silt 7.2 x 10-5 6.24 

 

7. CONSTRUCTION DEWATERING & PERMANENT DRAINAGE 

7.1 Construction Dewatering 

The boreholes were observed to be dry during and on completion of drilling. The monitoring wells were 

also dry on several occasions during the investigation. Based on the type of building, without underground 

level, the footing depths are expected at up to 1.9m below existing grade.  The monitoring wells were all 

dry at depths of 5.03m to 6.10m bgs. It is therefore not expected that any significant amount of 

groundwater will be encountered during excavation for footings in the predominantly sandy soils. 
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Seasonal High Groundwater Levels 

Groundwater levels are being monitored biweekly to determine seasonal highwater levels at the site. 

Based on groundwater level measurements taken in March and April 2023 no groundwater was 

encountered within the expected excavation depths for footing for the building with no underground 

levels.  Dewatering quantities will be updated on completion of the groundwater monitoring programme. 

Accounting for Accumulated Precipitation 

Sandy soils were encountered to depths of more than 5m in most boreholes except BH5 where silty fine 

sand was observed from 4.57m bgs. This means that most precipitation would be expected to infiltrate 

into the underlying soils. Notwithstanding the preceding, provisions should be made to pump any 

accumulated precipitation from the excavation areas during construction, particularly following a period 

of heavy rainfall. For example, 25mm rainfall in 24 hrs may result in direct accumulation of approximately 

13.5 m3/day in the excavated area (predominantly sand underlain by silty fine sand in some areas).  This 

does not include overland flows into the excavation area.  Based on the type of soils at the excavation 

depth, this water is expected to infiltrate into the ground. 

7.2 Permanent Drainage 

No groundwater was observed within depths of approximately 5.03m to 6.10m in the monitoring wells 

during the rainy season so far. Under conditions observed during the investigation, it is not expected that 

permanent under-slab or perimeter drain will be required.  

7.3 Permission to take water (PTTW) and EASR 

Registration on the MECP EASR for water taking will not be required for construction dewatering as the 

daily flowrate, including accumulated precipitation, is less than 400,000 L/day.  An application for 

permission to take water (PTTW) will not be required for permanent drainage as the daily flowrate is less 

than 50,000 litres.  

7.4 Groundwater Quality 

Groundwater was not encountered in the monitoring wells during the investigation. Consequently, water 

samples were not collected and submitted for analyses under the relevant sewer use bylaw. 
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It should be noted that any accumulation of precipitation occurring in the excavation during construction, 

that may require offsite discharge, will have to be tested at the time of the event to determine the quality 

of water for discharge.  

7.5 Dewatering Influence Zone 

As groundwater was not encountered within the expected excavation depth it is not anticipated that 

dewatering will generally be required. Any localized dewatering, if encountered, may be managed by 

pumping from sump pits. Consequently, no groundwater dewatering influence zones will be created.  

7.6 Hydrogeological Impact 

Dewatering is not expected during construction except to deal with any minor accumulation of 

precipitation.  In addition, the location of the new restaurant building is not in proximity to public 

infrastructure. Based on the preceding, it was determined therefore that there will not be any negative 

impact to the natural environment, Midland Municipality Sewer works nor surrounding properties due to 

construction dewatering. No groundwater induced depression at surface level is therefore expected.  

Consequently, it is not expected that construction dewatering will impact public infrastructure, the natural 

environment nor will there be any settlement issues.  

 

8. PRIVATE WELL SURVEY 

A query of the MECP water well records showed that there are 69 well records within an approximate 

radius of 500m of the site as shown in Appendix E. Twenty-four (24) of these were listed as supply wells. 

Six (6) of the wells were reportedly decommissioned; others may have been decommissioned but not 

reported.  The wells were installed mainly over the period 1963 to 1994.  Well depths vary from 

approximately 138 feet to 360 feet bgs but were generally greater than 200 feet.  Static water levels in 

the supply wells vary from about 80 feet to 176 feet with pump intake set at greater depths.  

The type of soils encountered at the expected excavation depths, below the surficial soils, are mainly sand 

with trace silt. No water was encountered within the maximum explored depth of 6.55m below prevailing 

grade for the building with no underground level.  Any localized dewatering for accumulated precipitation, 
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if required, will be done by pumping from sump pits. Consequently, no radius of influence for construction 

dewatering would be expected.   

 

9. WATER BALANCE 

9.1 Objective 

The purpose of the Water Balance Analysis was to assess the impact of the proposed development on the 

hydrologic characteristics of the site by evaluating the changes in runoff and infiltration volumes that may 

be associated with the proposed development. 

9.2 Scope of Work 

The water balance analysis comprised: 

A review of the site geology, surface water and groundwater conditions from previous investigations, 

• Review of historical data relating to precipitation and temperature from the MECP, 

• Assessment of runoff, infiltration and evapotranspiration from assumed pre-development and 

post-development conditions, and 

• Preparation of a summary report with recommendations. 

 

9.3 Hydrological Conditions 

The Site is located in the Severn Sound Source Protection Authority (SSSPA), which is part of the South 

Georgian Bay Lake Simcoe Source Protection Region (SGBLS), but is outside of an area that is regulated 

under the Ontario Regulation 179/06. The property is located in a Wellhead Protection Area (WHPA-B) 

with a score of 6 and also in a WHPA-Q1 and Q2 with moderate stress level.  The site is however not 

located in a Highly Vulnerable Aquifer (HVA), a WHPA-E, an Intake Protection Zone, an Issue Contributing 

Area nor a Significant Groundwater Recharge Area as shown on the Source Protection Map in Appendix 

F.  
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9.4 Water balance analysis 

9.4.1 Proposed Development 

Based on the site plans, provided during the investigation, the development will consist of the 

construction of a two-storey restaurant building with no underground level along with associated 

infrastructure. Pre-development and post-development site coverage plans are presented at Appendix F.  

9.4.2 Climate and Precipitation 

Climatic data for the analysis were obtained from the closest meteorological station to the Site which is 

MIDLAND WATER POLLUTION CONTROL PLANT located approximately 3.46km from the site (44O 45’ N, 

79o 52’ W at an elevation of 180m asl). Climate normal data from the MIDLAND WATER POLLUTION 

CONTROL PLANT, between 1981 and 2010, were obtained from Environment Canada and used in the 

water balance analysis.  

The monthly average temperature and precipitation data were used in the Thornthwaite Equation to 

estimate the monthly potential evapotranspiration which was adjusted using a daylight correction factor 

(Trow) to account for varying lengths of daylight throughout the year. Refer to Appendix F for daylight 

adjustment factors and climate normal data. 

Precipitation surplus i.e., the amount of water available to infiltrate or runoff, was calculated as the 

difference between the yearly precipitation and potential evapotranspiration. Infiltration was calculated 

by applying infiltration factors to the estimated precipitation surplus.  Infiltration factors are dependent 

on topography, type of soil and land cover at the site. 

The site cover was classified as impervious, consisting of paved areas and buildings, and pervious, 

consisting predominantly of landscaped /grassed areas. 

9.4.3 Site-Level Water Balance 

A site scale water balance analysis was conducted following the Thornthwaite and Mather (1957) water 

balance method as outlined in Chapter 3 of the MOECC’s SWM Planning and Design Manual (MOECC, 

2003).  The method accounts for water in the hydrological cycle.  Specifically, precipitation (P) occurs as 

rain and snow and can run off towards lakes and streams (R), infiltrate to the groundwater table (I) or 

evaporate from surface water and vegetation (ET). When long-term average values of P, R, I and ET are 

evaluated, there is negligible change to groundwater storage (∆S). 
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The annual water budget can therefore be stated as: 

𝑷 = 𝑬𝑻 +𝑹 + 𝑰 + ∆𝑺        Equation 2 

Where: 

P = precipitation in mm/year 

ET = evapotranspiration in mm/year 

R = runoff in mm/year 

I = infiltration in mm/year and 

∆S = change in groundwater storage in mm/year (taken as zero) 

 

9.4.4 Precipitation, Evapotranspiration, Infiltration and Runoff 

The average annual precipitation for the site area is 1040.60 mm/year with an adjusted potential 

evapotranspiration of 631.74 mm/year giving a water surplus of 1040.60 – 631.74 = 408.86 mm/year. This 

surplus makes up the infiltration and runoff components of the water budget.  

The infiltration rate (which can be broadly referred to as the groundwater recharge) at the site is however 

expected to vary based on a number of factors as considered in the infiltration model.  Calculated 

infiltration and runoff volumetric rates in the pre-development and post-development stages are 

presented in the water balance calculations at Appendix F and are discussed below.   

9.4.5 Pre-development 

Based on the water balance analysis of the pre-development conditions, using the MOE data, infiltration 

and runoff comprised approximately 5.1% and 64.3% respectively of the total precipitation, with 

evapotranspiration making up the difference.  

9.4.6 Post-development without Mitigation Methods 

The proposed development, without the implementation of mitigation methods, is expected to cause the 

following: 

1. Reduction in infiltration by 247 m3/yr, 

2. Reduction in evapotranspiration by 511 m3/yr and  

3. Increase in total runoff by 758 m3/yr. 
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Attempts should therefore be made to implement suitable mitigation measures, and or enhance 

stormwater management plans, to reduce the post-development impact on the water recharge. These 

measures should be aimed at reducing the worse case of 247 m3/yr development induced infiltration 

deficit. 

Comparisons and limitations of some LID methods, that can be used to reduce runoff and increase 

recharge, are presented in Table 6 of Appendix F. 

 

10.INFILTRATION TESTS 

Field infiltration tests were carried out in the location of the proposed infiltration gallery. Two test 

boreholes were drilled to approximate depth of 1.83m below prevailing grade.  Infiltration tests were 

conducted and the results presented in Fisher FH 23-12809. 

Based on the field investigation, using the last two observed stable successive intervals or the average of 

the last results for each test hole, percolation rates (Time T) for test holes INF8 and INF9 were computed 

at 2.22 and 2.0 min/cm respectively. Corresponding infiltration rates, calculated as 1/T, are 0.45, and 

0.50 cm/min respectively.  Percolation data sheets are presented in Appendix G. Infiltration rates for 

TH1 and TH2, using a factor of safety 2.0 are 135.0 and 150.0 mm/hour respectively. 

 

11.DISCUSSION 

1. Hydraulic conductivity values from falling head slug tests vary between 1.06 x 10-7 m/s (0.009 

m/day) and 6.05 x 10-7 m/s (0.052 m/day) in the sandy soils with trace silt encountered on the 

site.  

2. No groundwater was observed in the open boreholes on completion of drilling or in the 

monitoring wells during the investigation.   

3. Based on the field observation, neither construction groundwater dewatering nor permanent 

drainage will be required for the building with no underground level.  

4. As neither construction dewatering nor permanent drainage are required, neither an application 

for PTTW nor registration on the MECP EASR would be required. 
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5. Construction dewatering is not expected to influence the quality or quantity of water in supply 

wells in proximity to the site. 

6. The proposed development, without implementation of mitigation measures, will impact the 

hydrologic conditions of the site mainly in the form of increased runoff and reduced infiltration 

and evapotranspiration. 

 

12.LIMITATIONS 

This report is limited in scope to those items specifically referenced in the text. The discussions and 

recommendations presented in this report are intended only as guidance for the named client, design 

engineers and those directly associated with the implementation and monitoring of the project. The 

information on which these recommendations are based is subject to confirmation by engineering 

personnel at the time of construction. Localized variations in the subsoil conditions may be present 

between and beyond the boreholes and should be verified during construction.  

As more specific subsurface information becomes available during excavations on the site, this report 

should be updated.  Contractors bidding on or undertaking the work should decide on their own 

investigations, as well as their own interpretations of the factual borehole results. This concern specifically 

applies to the classification of the subsurface soil and the potential reuse of these soils on/off site. 

Contractors should draw their own conclusions as to how the near surface and subsurface conditions may 

affect them. 
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APPENDIX C – GRAIN SIZE DISTRIBUTION ANALYSES 

  



Project Name: Geotechnical Investigation  F.E. Lab #: 23-220

Client: United Hotels Inc. Date Sampled: 21-Mar-2023

Project ID: 23-12807 Date Received: 23-Mar-2023

Location: 1141 Hugel Avenue, Date Reported: 6-Apr-2023

Midland, Ontario

Analyses Matrix Quantity

Moisture Content Soil 14

Grain Size (Sieve 

Analysis)
Soil 6

Grain Size 

(Hydrometer)
Soil 2

Atterberg test Soil 0

Behnam Sayad Pour Zanjani

Geo-Lab Supervisor

Certificate of Analysis

Testing Date Method Reference

23-Mar-23 ASTM D2216

24-Mar-23 LS-602

Tel:(905) 475-7755               www.fishereng.com 

03-Apr-23 LS-702

N.A. LS-703/704

Authorized by:                                                                               

400 Esna Park Drive, Unit 15, Markham, ON L3R 3K2
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 F.E. Lab #: 23-220

Analysis Requested: 14 Soil Sample(s)

BH1 SS2 BH1 SS3 BH1 SS4 BH1 SS5 BH3 SS2 BH3 SS3

Sample Depth (m) 0.76-1.22 1.53-1.98 2.29-2.75 3.05-3.51 0.76-1.22 1.53-1.98

Moisture Content (%) 4.9 3.8 4.2 4.6 4.9 4.4

BH3 SS4 BH3 SS5 BH5 SS2 BH5 SS3 BH5 SS4 BH5 SS5

Sample Depth (m) 2.29-2.75 3.05-3.51 0.76-1.22 1.53-1.98 2.29-2.75 3.05-3.51

Moisture Content (%) 4.4 4.9 5.3 4.5 3.8 4.8

TH1 TH2 BH1 SS15 BH1 SS16 BH1 SS17 BH1 SS18

Sample Depth (m) 1.53-1.98 1.53-1.98 4.58-5.12 4.58-5.13 4.58-5.14 4.58-5.15

Moisture Content (%) 19.3 23.4 21.2 21.2 21.2 21.2

BH1 SS19 BH1 SS20 BH1 SS21 BH1 SS22 BH1 SS23 BH1 SS24

Sample Depth (m) 4.58-5.16 4.58-5.17 4.58-5.18 4.58-5.19 4.58-5.20 4.58-5.21

Moisture Content (%) 21.2 21.2 21.2 21.2 21.2 21.2

BH1 SS25 BH1 SS26 BH1 SS27 BH1 SS28 BH1 SS29 BH1 SS30

Sample Depth (m) 4.58-5.22 4.58-5.23 4.58-5.24 4.58-5.25 4.58-5.26 4.58-5.27

Moisture Content (%) 21.2 21.2 21.2 21.2 21.2 21.2

BH1 SS31 BH1 SS32 BH1 SS33 BH1 SS34 BH1 SS35 BH1 SS36

Sample Depth (m) 4.58-5.28 4.58-5.29 4.58-5.30 4.58-5.31 4.58-5.32 4.58-5.33

Moisture Content (%) 21.2 21.2 21.2 21.2 21.2 21.2

BH1 SS37 BH1 SS38 BH1 SS39 BH1 SS40 BH1 SS41 BH1 SS42

Sample Depth (m) 4.58-5.34 4.58-5.35 4.58-5.36 4.58-5.37 4.58-5.38 4.58-5.39

Moisture Content (%) 21.2 21.2 21.2 21.2 21.2 21.2

BH1 SS43 BH1 SS44 BH1 SS45 BH1 SS46 BH1 SS47 BH1 SS48

Sample Depth (m) 4.58-5.40 4.58-5.41 4.58-5.42 4.58-5.43 4.58-5.44 4.58-5.45

Moisture Content (%) 21.2 21.2 21.2 21.2 21.2 21.2

Certificate of Analysis
Moisture Content Sample Description:

Sample Info

Sample Info

Sample Info

Sample Info

Sample Info

Sample Info

Sample Info

Sample Info
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 F.E. Lab #: 23-220

Analysis Requested: 6 Soil Sample(s)

 

23-221 23-222 23-223 23-224 23-225 23-226

BH1 SS2 BH1 SS3 BH3 SS2 BH3 SS3 BH5 SS2 BH5 SS3

Sample Depth (m) 0.76-1.22 1.53-1.98 0.76-1.22 1.53-1.98 0.76-1.22 1.53-1.98

Grain Size (%)

>19mm 0.0 0.0 0.0 0.0 0.0 0.0

9.5mm-19mm 0.0 0.0 2.4 0.0 0.0 0.0

4.75mm-9.5mm 0.0 0.0 1.1 0.0 0.0 0.0

1.18mm-4.75mm 0.1 0.0 0.8 0.0 0.3 0.0

300um-1.18mm 43.3 47.4 29.6 42.6 19.5 30.3

75um-300um 52.7 47.0 63.8 53.0 74.6 65.0

<75um 3.8 5.6 2.2 4.4 5.6 4.7

Clay and Silt 3.8 5.6 2.2 4.4 5.6 4.7

Sand 96.2 94.4 94.3 95.6 94.4 95.3

Gravel 0.0 0.0 3.5 0.0 0.0 0.0
 

23-207 23-208 23-209 23-210 23-211 23-212

BH1 SS1 BH1 SS2 BH1 SS3 BH1 SS4 BH1 SS5 BH1 SS6

Sample Depth (m) 0-0.61 0.76-1.22 1.53-1.98 2.29-2.75 3.05-3.51 4.58-5.03

Grain Size (%)

>19mm 4.6 4.6 4.6 4.6 4.6 4.6

9.5mm-19mm 0.7 0.7 0.7 0.7 0.7 0.7

4.75mm-9.5mm 3.1 3.1 3.1 3.1 3.1 3.1

1.18mm-4.75mm 8.0 8.0 8.0 8.0 8.0 8.0

300um-1.18mm 17.2 17.2 17.2 17.2 17.2 17.2

75um-300um 31.1 31.1 31.1 31.1 31.1 31.1

<75um 35.3 35.3 35.3 35.3 35.3 35.3

Clay and Silt 35.3 35.3 35.3 35.3 35.3 35.3

Sand 56.4 56.4 56.4 56.4 56.4 56.4

Gravel 8.3 8.3 8.3 8.3 8.3 8.3

23-213 23-214 23-215 23-216 23-217 23-218

BH1 SS7 BH1 SS8 BH1 SS9 BH1 SS10 BH1 SS11 BH1 SS12

Sample Depth (m) 4.58-5.04 4.58-5.05 4.58-5.06 4.58-5.07 4.58-5.08 4.58-5.09

Grain Size (%)

>19mm 4.6 4.6 4.6 4.6 4.6 4.6

9.5mm-19mm 0.7 0.7 0.7 0.7 0.7 0.7

4.75mm-9.5mm 3.1 3.1 3.1 3.1 3.1 3.1

1.18mm-4.75mm 8.0 8.0 8.0 8.0 8.0 8.0

300um-1.18mm 17.2 17.2 17.2 17.2 17.2 17.2

75um-300um 31.1 31.1 31.1 31.1 31.1 31.1

<75um 35.3 35.3 35.3 35.3 35.3 35.3

Clay and Silt 35.3 35.3 35.3 35.3 35.3 35.3

Sand 56.4 56.4 56.4 56.4 56.4 56.4

Gravel 8.3 8.3 8.3 8.3 8.3 8.3

Certificate of Analysis

Grain Size ( Sieve Analysis) Sample Quantity:

Sample Info

Sample Info

Sample Info
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 F.E. Job #: 23-220

Gravel: 0% Sand: 96.2% Clay and Silt 3.8%

Grain Size Distribution

Sample ID: 23-221 BH1 SS2 0.76-1.22m
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 F.E. Lab #: 23-220

Gravel: 0% Sand: 94.4% Clay and Silt 5.6%

Grain Size Distribution

Sample ID: 23-222 BH1 SS3 1.53-1.98m
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 F.E. Job #: 23-220

Gravel: 3.5% Sand: 94.3% Clay and Silt 2.2%

Grain Size Distribution

Sample ID: 23-223 BH3 SS2 0.76-1.22m
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 F.E. Job #: 23-220

Gravel: 0% Sand: 95.6% Clay and Silt 4.4%

Grain Size Distribution

Sample ID: 23-224 BH3 SS3 1.53-1.98m
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 F.E. Lab #: 23-220

Gravel: 0% Sand: 94.4% Clay and Silt 5.6%

Grain Size Distribution

Sample ID: 23-225 BH5 SS2 0.76-1.22m
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 F.E. Job #: 23-220

Gravel: 0% Sand: 95.3% Clay and Silt 4.7%

Grain Size Distribution

Sample ID: 23-226 BH5 SS3 1.53-1.98m
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 F.E. Job #: 23-220

Analysis Requested: Grain Size (Hydrometer)

Sample Description: 2 Soil Sample(s)

 

23-228 23-229 23-199 23-200 23-201 23-202

TH1 TH2 BH1 SS3 BH1 SS4 BH1 SS5 BH1 SS6

Sample Depth (m) 1.53-1.98 1.53-1.98 1.53-1.98 2.29-2.75 3.05-3.51 4.58-5.03

Grain Size (%)

>19mm 0.0 0.0 2.0 2.0 2.0 2.0

9.5mm-19mm 0.0 0.0 4.0 4.0 4.0 4.0

4.75mm-9.5mm 0.0 0.0 8.0 8.0 8.0 8.0

1.18mm-4.75mm 0.3 0.6 0.9 0.9 0.9 0.9

300um-1.18mm 3.6 2.4 4.4 4.4 4.4 4.4

75um-300um 11.4 19.4 4.2 4.2 4.2 4.2

5um-75um 68.5 64.4 14.3 14.3 14.3 14.3

2um-5um 6.3 4.5 12.2 12.2 12.2 12.2

<2um 10.0 8.6 50.0 50.0 50.0 50.0

Clay 10.0 8.6 50.0 50.0 50.0 50.0

Silt 74.7 68.9 26.5 26.5 26.5 26.5

Sand 15.3 22.5 9.5 9.5 9.5 9.5

Gravel 0.0 0.0 14.0 14.0 14.0 14.0

23-203 23-204 23-205 23-206 23-207 23-208

BH1 SS1 BH1 SS2 BH1 SS3 BH1 SS4 BH1 SS3 BH1 SS4

Sample Depth (m) 0-0.61 0.76-1.22 1.53-1.98 2.29-2.75 1.53-1.98 2.29-2.75

Grain Size (%)

>19mm 2.0 2.0 2.0 2.0 2.0 2.0

9.5mm-19mm 4.0 4.0 4.0 4.0 4.0 4.0

4.75mm-9.5mm 8.0 8.0 8.0 8.0 8.0 8.0

1.18mm-4.75mm 0.9 0.9 0.9 0.9 0.9 0.9

300um-1.18mm 4.4 4.4 4.4 4.4 4.4 4.4

75um-300um 4.2 4.2 4.2 4.2 4.2 4.2

5um-75um 14.3 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!

2um-5um 12.2 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!

<2um 50.0 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!

Clay 50.0 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!

Silt 26.5 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!

Sand 9.5 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!

Gravel 14.0 14.0 14.0 14.0 14.0 14.0

Sample Info

Certificate of Analysis

Sample Info



 F.E. Job #: 23-220

Gravel: 0% Sand: 15.3% Silt: 74.7% Clay: 10%

Diameter Weight (%)

>4.75mm 0.0

1.18mm-4.75mm 0.3

300um-1.18mm 3.6

75um-300um 11.4

5um-75um 68.5

2um-5um 6.3

<2um 10.0 Clay

Silt

Grain Size Distribution

Sample ID: 23-228 TH1 1.53-1.98m

Sample ID: 23-228 TH1 1.53-1.98m
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 F.E. Job #: 23-220

Gravel: 0% Sand: 22.5% Silt: 68.9% Clay: 8.6%

Diameter Weight (%)

>4.75mm 0.0

1.18mm-4.75mm 0.6

300um-1.18mm 2.4

75um-300um 19.4

5um-75um 64.4

2um-5um 4.5

<2um 8.6

Gravel

Medium Sand

Fine Sand

Grain Size

Grain Size Distribution

Sample ID: 23-229 TH2 1.53-1.98m

Sample ID: 23-229 TH2 1.53-1.98m
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APPENDIX D – HYDRAULIC CONDUCTIVITY ANALYSES 

  



Location: 1144 Hugel Avenue, Midland, Ontario

Project: FH 23-12806

Test Date: 3/29/2023

Tested by: CAW

Well No. MW1

Equilibrium Water level (from top of pipe) HE cm

Initial Water level (from top of pipe) Ho 365 cm

Monitoring well inner Dia D 0.05 m

Initial Time offset To 1 second

Reverse of Luthin's reference system Ru = Ho - HE 365.00 cm

Slope of Log((ho-he)/(ht-he)) / T 3.00E-05

G = Ru / (HT - HE)

Hydraulic conductivity computed k = 0.0000454 cm/s
4.54E-07 m/s

0.039 m/day
Time HT (Water Drop )

(Interval s) (Elapsed s) ( m ) ( cm )

0 3.650

10 10 3.660 366.0 0.99727 -0.00119 0.00118822

10 20 3.740 374.0 0.97594 -0.01058 0.01057874

10 30 3.800 380.0 0.96053 -0.01749 0.01749073

10 40 3.930 393.0 0.92875 -0.03210 0.03209969

10 50 3.990 399.0 0.91479 -0.03868 0.03868003

10 60 4.090 409.0 0.89242 -0.04943 0.04943044

30 90 4.240 424.0 0.86085 -0.06507 0.06507299

30 120 4.380 438.0 0.83333 -0.07918 0.07918125

30 150 4.490 449.0 0.81292 -0.08995 0.08995348

30 180 4.540 454.0 0.80396 -0.09476 0.09476299

30 210 4.560 456.0 0.80044 -0.09667 0.09667198

30 240 4.580 458.0 0.79694 -0.09857 0.09857261

30 270 4.600 460.0 0.79348 -0.10046 0.10046497

30 300 4.610 461.0 0.79176 -0.10141 0.10140806

30 330 4.620 462.0 0.79004 -0.10235 0.10234911

30 360 4.625 462.5 0.78919 -0.10282 0.10281887

300 660 4.64 464 0.78663793 -0.1042251 0.10422512

300 960 4.65 465 0.78494624 -0.1051601 0.10516009

300 1260 4.66 466 0.7832618 -0.1060931 0.10609305

300 1560 4.665 466.5 0.78242229 -0.1065588 0.10655878

300 1860 4.67 467 0.78158458 -0.107024 0.10702402

300 2160 4.68 468 0.77991453 -0.107953 0.10795299

HYDRAULIC CONDUCTIVITY ANALYSIS

G LOG (G) Graph for

falling head



Location: 1144 Hugel Avenue, Midland, Ontario

Project: FH 23-12806

Test Date: 3/29/2023

Tested by: CAW

Well No. MW1

HYDRAULIC CONDUCTIVITY ANALYSIS
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0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0 500 1000 1500 2000 2500

Lo
g

(G
)

Time Elapse (s)

HYDRAULIC CONDUCTIVITY ANALYSIS



Location: 1144 Hugel Avenue, Midland, Ontario

Project: FH 23-12806

Test Date: 3/29/2023

Tested by: CAW

Well No. MW3

Equilibrium Water level (from top of pipe) HE cm

Initial Water level (from top of pipe) Ho 504 cm

Monitoring well inner Dia D 0.05 m

Initial Time offset To 1 second

Reverse of Luthin's reference system Ru = Ho - HE 504.00 cm

Slope of Log((ho-he)/(ht-he)) / T 7.00E-06

G = Ru / (HT - HE)

Hydraulic conductivity computed k = 0.0000106 cm/s
1.06E-07 m/s

0.009 m/day
Time HT (Water Drop )

(Interval s) (Elapsed s) ( m ) ( cm )

0 5.040

10 10 5.060 506.0 0.99605 -0.00172 0.00171998

10 20 5.140 514.0 0.98054 -0.00853 0.00853258

10 30 5.220 522.0 0.96552 -0.01524 0.01523997

10 40 5.290 529.0 0.95274 -0.02103 0.02102514

10 50 5.360 536.0 0.94030 -0.02673 0.02673425

10 60 5.410 541.0 0.93161 -0.03077 0.03076673

30 90 5.550 555.0 0.90811 -0.04186 0.04186245

30 120 5.620 562.0 0.89680 -0.04731 0.04730578

30 150 5.700 570.0 0.88421 -0.05344 0.05344432

30 180 5.750 575.0 0.87652 -0.05724 0.05723731

30 210 5.800 580.0 0.86897 -0.06100 0.06099746

30 240 5.840 584.0 0.86301 -0.06398 0.06398231

30 270 5.860 586.0 0.86007 -0.06547 0.06546708

30 300 5.865 586.5 0.85934 -0.06584 0.06583748

30 330 5.870 587.0 0.85860 -0.06621 0.06620756

30 360 5.875 587.5 0.85787 -0.06658 0.06657733

300 660 5.880 588.0 0.85714 -0.06695 0.06694679

300 960 5.885 588.5 0.85641 -0.06732 0.06731593

300 1260 5.89 589.0 0.85569 -0.06768 0.06768476

300 1560 5.895 589.5 0.85496 -0.06805 0.06805327

300 1860 5.897 589.7 0.85467 -0.06820 0.06820059

300 2160 5.905 590.5 0.85351 -0.06879 0.06878937

1800 3960 5.9 590.0 0.85424 -0.06842 0.06842148

1800 5760 5.91 591.0 0.85279 -0.06916 0.06915694

HYDRAULIC CONDUCTIVITY ANALYSIS

G LOG (G) Graph for

falling head



Location: 1144 Hugel Avenue, Midland, Ontario

Project: FH 23-12806

Test Date: 3/29/2023

Tested by: CAW

Well No. MW3

HYDRAULIC CONDUCTIVITY ANALYSIS
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Location: 1144 Hugel Avenue, Midland, Ontario

Project: FH 23-12806

Test Date: 3/29/2023

Tested by: CAW

Well No. MW5

Equilibrium Water level (from top of pipe) HE cm

Initial Water level (from top of pipe) Ho 304 cm

Monitoring well inner Dia D 0.05 m

Initial Time offset To 1 second

Reverse of Luthin's reference system Ru = Ho - HE 298.00 cm

Slope of Log((ho-he)/(ht-he)) / T 4.00E-05

G = Ru / (HT - HE)

Hydraulic conductivity computed k = 0.0000605 cm/s
6.05E-07 m/s

0.052 m/day
Time HT (Water Drop )

(Interval s) (Elapsed s) ( m ) ( cm )

0 2.980

10 10 3.010 301.0 0.99003 -0.00435 0.00435023

10 20 3.140 314.0 0.94904 -0.02271 0.02271338

10 30 3.250 325.0 0.91692 -0.03767 0.0376671

10 40 3.370 337.0 0.88427 -0.05341 0.05341364

10 50 3.480 348.0 0.85632 -0.06736 0.06736298

10 60 3.600 360.0 0.82778 -0.08209 0.08208624

30 90 3.670 367.0 0.81199 -0.09045 0.0904498

30 120 3.740 374.0 0.79679 -0.09866 0.09865534

30 150 3.820 382.0 0.78010 -0.10785 0.1078471

30 180 3.960 396.0 0.75253 -0.12348 0.12347892

30 210 4.080 408.0 0.73039 -0.13644 0.1364439

30 240 4.170 417.0 0.71463 -0.14592 0.14591979

30 270 4.220 422.0 0.70616 -0.15110 0.15109619

30 300 4.260 426.0 0.69953 -0.15519 0.15519334

30 330 4.290 429.0 0.69464 -0.15824 0.15824103

30 360 4.310 431.0 0.69141531 -0.160261 0.16026101

300 660 4.350 435.0 0.68505747 -0.164273 0.16427299

300 960 4.400 440.0 0.67727273 -0.1692364 0.16923641

300 1260 4.420 442.0 0.67420814 -0.171206 0.17120601

300 1560 4.440 444.0 0.67117117 -0.1731667 0.17316671

300 1860 4.460 446.0 0.66816143 -0.1751186 0.17511859

300 2160 4.470 447.0 0.66666667 -0.1760913 0.17609126

300 2460 4.480 448.0 0.66517857 -0.1770617 0.17706175

300 2760 4.530 453.0 0.65783664 -0.1818819 0.18188194

HYDRAULIC CONDUCTIVITY ANALYSIS

G LOG (G) Graph for

falling head



Location: 1144 Hugel Avenue, Midland, Ontario

Project: FH 23-12806

Test Date: 3/29/2023

Tested by: CAW

Well No. MW5

HYDRAULIC CONDUCTIVITY ANALYSIS

y = 4E-05x + 0.0954
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APPENDIX E – PRIVATE WELL SEARCH



PROJECT NAME AND ADDRESS

PROJECT NO.

DATE

SCALE

400 Esna Park Dr., #15
Markham, Ontario
L3R 3K2

Tel: 905 475-7755
Fax: 905 475-7718

NORTH

LEGEND

HYDROGEOLOGICAL INVESTIGATION

1144 Hugel Avenue, MIDLAND, ONTARIO

H1
SHEET NO.

FIGURE 1:

AS SHOWN

APRIL 2023

FH 2312806

WELLS WITHIN 500M RADIUS
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APPENDIX F – WATER BALANCE ANALYSIS
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Daylight Adjustment Factors (Trow)

Location: 1144 Hugel Avenue, MIDLAND

Project: FH 23-12806WB

Date: 5/1/2023

Latitude 0 10 20 30 40 50 10 20 30 40 50

Jan 1.04 1 0.95 0.9 0.84 0.74 1.08 1.14 1.2 1.27 1.37

Feb 0.94 0.91 0.9 0.87 0.83 0.78 0.97 1 1.03 1.06 1.12

Mar 1.04 1.03 1.03 1.03 1.03 1.02 1.05 1.05 1.06 1.07 1.08

Apr 1.01 1.03 1.05 1.08 1.11 1.15 0.99 0.97 0.95 0.93 0.89

May 1.04 1.08 1.13 1.18 1.24 1.33 1.01 0.96 0.92 0.86 0.77

Jun 1.01 1.06 1.11 1.17 1.25 1.36 0.96 0.91 0.85 0.78 0.67

Jul 1.04 1.08 1.14 1.2 1.27 1.37 1 0.95 0.9 0.84 0.74

Aug 1.04 1.07 1.11 1.14 1.18 1.25 1.01 0.99 0.96 0.92 0.88

Sep 1.01 1.02 1.02 1.03 1.04 1.06 1 1 1 1 0.99

Oct 1.04 1.02 1 0.98 0.96 0.92 1.06 1.08 1.12 1.15 1.19

Nov 1.01 0.98 0.93 0.89 0.83 0.76 1.05 1.09 1.14 1.2 1.29

Dec 1.04 0.99 0.94 0.88 0.81 0.7 1.1 1.15 1.21 1.29 1.41

SouthNorth



CLIMATE NORMALS 1981-2010 STATION DATA

Location: 1144 Hugel Avenue, MIDLAND

Project: FH 23-12806WB

Date: 5/1/2023

Month
Daily Average

Temp (oC)

Monthly Heat

Index i

Potential

Evapotranspiration PET,

(mm)

Daylight

Correction

Factor

Adjusted PET

(mm)

Total

Precipitation

(mm)

Surplus (mm) Deficit (mm)

Jan -8.5 - 0.00 0.79 0.00 109.80 109.80 -

Feb -6.4 - 0.00 0.81 0.00 69.90 69.90 -

Mar -1.9 - 0.00 1.03 0.00 65.70 65.70 -

Apr 5.8 1.25 25.93 1.13 29.28 65.10 35.82 -

May 12.2 3.86 59.71 1.28 76.58 92.80 16.22 -

Jun 18.1 7.01 92.93 1.30 121.01 89.50 -31.51 31.51

Jul 20.8 8.66 108.61 1.32 143.09 72.70 -70.39 70.39

Aug 19.9 8.10 103.36 1.21 125.39 77.90 -47.49 47.49

Sep 15.9 5.76 80.36 1.05 84.34 99.10 14.76 -

Oct 9.3 2.56 44.04 0.94 41.44 90.10 48.66 -

Nov 3.2 0.51 13.31 0.80 10.61 103.60 92.99 -

Dec -3.1 - 0.00 0.76 0.00 104.40 104.40 -

TOTALS 7.1 37.71 528.26 631.74 1040.60 408.86 149.39

Climate Station ID: 615HMAK Total Differential Surplus (mm): 259.47

Latitude: 44.00o

Longitude: 79.50o

Monthly Thornthwaite heat Index

Annual heat index

Assumptions:

L - average day length 12

N - days in the month 30

α - daylight correction 1.12150278

Adjusted potential evapotranspiration:
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WATER BUDGET: PRE-DEVELOPMENT

Location: 1144 Hugel Avenue, MIDLAND
Project: FH 23-12806WB
Date: 5/1/2023

Grass/Soil Area Total

Area (m2) 1935 7457

Pervious Area (m2) 1935 1935

Impervious Area (m2) 0 5523

Topography Infiltration Factor 0.2

Soil Infiltration Factor 0.2

Land Cover Infiltration Factor 0.1

MOE Infiltration Factor 0.5

Run-Off Coefficient 0.5

Runoff from Impervious Surfaces* 0.8

Precipitation (mm/yr) 1041 1041
Run-On (mm/yr) 0 0

Other Inputs (mm/yr) 0 0

Total Inputs (mm/yr) 1041 1041

Precipitation Surplus (mm/yr) 409 424

Net Surplus (mm/yr) 409 424

Evapotranspiration (mm/yr) 632 424

Infiltration (mm/yr) 204 204

Runoff Pervious Areas 204 204

Runoff Impervious Areas 0 204

Total Runoff (mm/yr) 204 409

Total Outputs (mm/yr) 1041 1037

Difference (Inputs - Outputs) 0 4

Precipitation (m3/yr) 2013 7760

Run-On (m3/yr) 0 0

Other Inputs (m3/yr) 0 0

Total Inputs (m3/yr) 2013 7760

Precipitation Surplus (m
3
/yr) 791 5389

Net Surplus (m
3
/yr) 791 5389

Evapotranspiration (m3/yr) 1222 2372

Infiltration (m3/yr) 396 396

Runoff Pervious Areas 396 396

Runoff Impervious Areas 0 4597

Total Runoff (m3/yr) 396 4993

Total Outputs (m3/yr) 2013 7760

Difference (Inputs - Outputs) 0 0

*Evaporation from impervious areas was assumed to be: 20% of precipitation

Infiltration, I = IF x (P-E) where IF is infiltration factor, P is precipitation and E is evapotranspiration

0

0

0

5747

4597

4597

1149

Outputs (Volumes)

0

0

4597

4597

5747

5747

0

1041

832

832

208

0
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0
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WATER BUDGET: POST-DEVELOPMENT

Location: 1144 Hugel Avenue, MIDLAND

Project: FH 23-12806WB

Date: 5/1/2023

Grass/Soil Area Total

Area (m2) 728 7457

Pervious Area (m2) 728 728

Impervious Area (m2) 0 6729

Topography Infiltration Factor 0.2

Soil Infiltration Factor 0.2

Land Cover Infiltration Factor 0.1

MOE Infiltration Factor 0.5

Run-Off Coefficient 0.5

Runoff from Impervious Surfaces* 0.8

Precipitation (mm/yr) 1041 1041
Run-On (mm/yr) 0 0

Other Inputs (mm/yr) 0 0

Total Inputs (mm/yr) 1041 1041

Precipitation Surplus (mm/yr) 409 424

Net Surplus (mm/yr) 409 424

Evapotranspiration (mm/yr) 632 424

Infiltration (mm/yr) 204 204

Runoff Pervious Areas 204 204

Runoff Impervious Areas 0 204

Total Runoff (mm/yr) 204 408

Total Outputs (mm/yr) 1041 1036

Difference (Inputs - Outputs) 0 4

Precipitation (m3/yr) 758 7760

Run-On (m3/yr) 0 0

Other Inputs (m3/yr) 0 0

Total Inputs (m3/yr) 758 7760

Precipitation Surplus (m3/yr) 298 5900

Net Surplus (m3/yr) 298 5900

Evapotranspiration (m3/yr) 460 1861

Infiltration (m3/yr) 149 149

Runoff Pervious Areas 149 149

Runoff Impervious Areas 0 5602

Total Runoff (m3/yr) 149 5751

Total Outputs (m3/yr) 758 7760

Difference (Inputs - Outputs) 0 0

*Evaporation from impervious areas was assumed to be: 20% of precipitation

Infiltration, I = IF x (P-E) where IF is infiltration factor, P is precipitation and E is evapotranspiration
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WATER BUDGET SUMMARY

Location: 1144 Hugel Avenue, MIDLAND
Project: FH 23-12806WB
Date: 5/1/2023

Measurement Pre - Development
Post -

Development

Overall Change (Pre

to Post) (m3/yr)

Percentage

Change

(Pre- to Post-)

Precipitation (m3/yr) 7760 7760 0 0%

Run-On (m
3
/yr) 0 0 0 0%

Other Inputs (m
3
/yr) 0 0 0 0%

Evapotranspiration (m
3
/yr) 2372 1861 -511 -22%

Infiltration (m
3
/yr) 396 149 -247 -62%

Runoff Pervious Areas 396 149 -247 -62%

Runoff Impervious Areas 4597 5602 1004 -

Total Runoff (m
3
/yr) 4993 5751 758 15%

Pre-Development Post-Development

Percentage of

Precipitation

Percentage of

Precipitation
Evapotranspiration 30.6% 24.0%

Infiltration 5.1% 1.9%

Runoff Pervious Areas 5.1% 1.9%

Runoff Impervious Areas 59.2% 72.2%

Total Runoff 64.3% 74.1%

Pervious Impervious Pervious Impervious
Land Area, m2

1934.79 5522.65 728 6729.05

Precipitation, mm/yr 1040.60 1040.6 1040.60 1040.60

Evapotranspiration, mm/yr 631.74 208.12 631.74 208.12

Infiltration (mm/yr) 204.43 0.00 204.43 0.00

RunOff pervious areas, mm/yr 204.43 - 204.43 -

RunOff impervious areas, mm/yr - 204.43 - 204.43

Inputs (Volumes)

Outputs (Volumes)

Category

Pre Development Post Development

Effect of Development on Hydrologic Input and Output Characteristics of the Site



Examples of Mitigation Measures 

Some measures that may be implemented to mitigate against reduction in groundwater recharge and 

reduce the amount of runoff are discussed: 

• Permeable pavement – Based on the conceptual site plan some sections of the site area will be 

covered by pavement and sidewalks which will perhaps channel surface water to stormwater 

catchment systems. Some of these areas, where feasible, could be designed as permeable 

pavements to potentially mitigate against the reduction in infiltration and increased runoffs from 

the pre-development levels.  The introduction of permeable pavements could potentially reduce 

the load on the stormwater management system. Volumetric runoff reduction between 45 and 

90% over conventional impermeable pavements have been observed on some projects. Some 

examples of permeable pavements include, 

o Porous asphalt, 

o Pervious concrete, 

o Plastic or concrete grid systems (grid pavers), and 

o Permeable interlocking concrete pavers (block pavers). 

It should be noted however that there is a risk to groundwater quality if runoffs from parking lot 

pavements and roadways are allowed to infiltrate into the ground.  The use of permeable 

pavements in parking areas should therefore only be considered after careful assessment of the 

potential impact on the quality of the groundwater. 

Provisions could also be made for the installation of infiltration boxes in the location of new catch 

basins and maintenance holes. The potential runoff to be directed for infiltration from the 

pavement area could then be calculated and included in the LID methods as part of the storm 

water management plan.   

• Roof drainage system/rainwater harvesting system – Allowing water from rooftops to drain 

directly to landscaped areas increases the amount of infiltration.  This however depends on the 

soil type and may not be suitable for soils of low permeability or soils that have been compacted 

during construction.  



• Rooftop Runoff to Infiltration Gallery/Trench – This allows for the collection of water from the 

roof into an engineered infiltration trench or soak away pit.  According to the MOE criteria (MOE, 

2003), the infiltration trench should be to a maximum depth of 1.5 m to avoid compaction of the 

soil at the base of the trench which would cause a reduction in the infiltration rate. The base of 

the proposed infiltration trench should be vertically separated from the top of bedrock and 

seasonal high groundwater table by at least 1m.  

• Increasing the topsoil depth - The thickness of the existing fill/topsoil varies in the areas 

investigated.  This means that there will be a surplus of fill/topsoil on the site.  This extra fill could 

be utilized, depending on the quality, to provide additional topsoil, thus increasing the soil water 

storage capacity to be used in time of low precipitation.  It should be noted however, that 

construction activities will compact the existing topsoil.  In order to fully benefit from increased 

topsoil thickness, it is recommended that the top 150-300 mm of soil be tilled or scarified to allow 

easier penetration. 

• Green roofs or rooftop gardens – These consist of a thin layer of vegetation and growing medium 

installed on top of a flat or sloped roof.  The benefits of a green roof include improved energy 

efficiency, reduced urban heat island effects, contribution to achieving the water balance objects 

and maintaining peak flow control.  Green roofs act as lawns by storing rainwater in the growing 

medium and ponding areas.  Excess rainfall enters underdrains and overflow points and is 

channeled to the building drainage system.  Green roof incentives are also offered by some 

Municipalities. 

Green roofs can contribute to meeting the water balance objectives by potentially reducing the 

total annual runoff volumes by 45 to 55% (conservatively) relative to runoff from conventional 

roofs. The percentage contribution will however depend on the depth of the growing medium, 

roof slope, annual rainfall and season effects. 

• Vegetated Filter Strips - These are buffer strips and grassed filter strips on flat or gently sloping, 

densely vegetated areas that treat runoff as sheet flow from adjacent impervious areas.  Filter 

strips contribute to a reduction in the flow velocity of surface water while filtering out suspended 

sediments and pollutants and can also accommodate some amount of infiltration into the 

underlying soils.  The grassed areas can also be used for snow storage and treatment and are 

useful due to their capacity for snowmelt infiltration. 

• Perforated Pipe Systems – These systems perform the same functions as infiltration trenches or 

linear soakaways and are designed for both conveyance and infiltration of stormwater runoff. The 



perforated pipe systems attenuate runoff volumes and consequently reduce contaminant loads 

in receiving waters.  The systems are fairly simple and consist of perforated pipes installed in 

gently sloping granular stone beds lined with geotextile fabric to allow infiltration of runoff into a 

gravel bed and the underlying native soils while being conveyed to end-of-pipe facility. Perforated 

pipe systems are easily integrated cost effectively into a storm management system. 

The vertical distance measured from the base of the perforated pipe storage medium to the 

bedrock and to seasonal high groundwater level should be equal to or greater than 1m. The 

storage bedding layer should be 75mm – 150mm deep above the perforated pipe and the depth 

below the pipe base should be calculated to permit the bedding to drain the stormwater in 24 

hours. 

The effectiveness of perforated pipe systems and the degree to which they meet the water 

balance objectives will depend on the underlying native soil type on which the system is located. 

This could be considered for the pipes draining overflow from an infiltration gallery to any 

underground storage tanks. 

• Bioretention - This may be used to temporarily store, treat and infiltrate runoff. The design, 

however, depends on the permeability of the underlying soil. The main component of a 

bioretention plan is the filter bed comprising a mixture of sand, fines, organic material, mulch 

ground cover and plants suited to the conditions of a stormwater practice. Some amount of pre-

treatment in the form of settling forebays, vegetated filter strips or stone diaphragms are often 

used to remove particles that would otherwise clog the filter bed.  An overflow or bypass is usually 

necessary to pass large storm flows. 

It should be noted that the above list is not exhaustive and that some of the LID practices outlined 

may not be suitable for all sites. For example, limited land area may preclude the implementation 

of some LID methods and may necessitate the use of underground systems such as infiltration 

galleries. There are additional limitations to implementing some LID practices including two-year 

time of travel to WHPA.  Suitable examples of these practices can however be economically 

integrated into the stormwater management plan and the site landscaping and grading, thereby 

providing aesthetic benefits and satisfying the objectives of the water balance. 



Table 6: Comparison of site constraints for a range of structural LID SWM practices
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APPENDIX G – INFILTRATION TESTS 



Project: Project No Date: 4/5/2023

INF8 Tested By:

1.98

Length Width

4"

1 11:00 11:05 0:05 100 120 20 Greater
2 11:10 11:15 0:05 95 117 22 Greater

1 11:40 11:42 2.00 95.0 107.5 12.50 0.16
2 11:42 11:44 2.00 107.5 116.0 8.50 0.24
3 11:44 11:46 2.00 116.0 123.2 7.20 0.28
4 11:46 11:48 2.00 123.2 129.7 6.50 0.31
5 11:48 11:50 2.00 129.7 135.7 6.00 0.33
6 11:50 11:52 2.00 135.7 140.7 5.00 0.40
7 11:52 11:54 2.00 140.7 144.7 4.00 0.50
8 11:54 11:56 2.00 144.7 148.7 4.00 0.50
9 11:56 11:58 2.00 148.7 151.0 2.30 0.87

10 11:58 12:00 2.00 151.0 152.2 1.20 1.67
11 12:00 12:02 2.00 152.2 153.1 0.90 2.22
12 12:02 12:04 2.00 153.1 154.0 0.90 2.22
13 12:04 12:06 2.00 154.0 154.9 0.90 2.22

Percolation

Rate

(min/cm)

COMMENTS: Rainy (-1°C to 2°C).

Change in

Water Level

(cm)

Greater

than or

Equal to 6"

If two consecutive measurements show that six inches of water seeps away in less than 25 minutes

(150mm), the test shall be run for an additional hour with measurements taken every 10 minutes.

Otherwise, pre-soak (fill) overnight. Obtain at least twelve measurements per hole over at least six

hours (approximately 30 minute intervals) with a precision of at least 0.25".

Test No. Start Time Stop Time
∆t Time

Interval (min)

D0 Initial

Depth to

Water (cm)

Df Final

Depth to

Water (cm)

∆D Change

in Water

Level (cm)

Test Hole Dimensions (cm)

Radius (if round)= Sides (if rectangular)=

Sandy Soil Criteria Tests

Trial No. StartTime Stop Time

Time

Interval

(min)

Initial Depth

to Water

(cm)

Final Depth

to Water

(cm)

Depth of Test Hole, DT: USCS Soil Classification: S.M

Percolation Test Data Sheet

1144 Hugel Avenue, Midland 23-12809

Test Hole No: Priyank



Project: Project No Date: 4/5/2023

INF9 Tested By:

1.98

Length Width

4"

1 11:15 11:20 0:05 75 92.5 17.5 Greater
2 11:25 11:30 0:05 90 109.5 19.5 Greater

1 11:41 11:43 2.00 53.0 64.5 11.50 0.17
2 11:43 11:45 2.00 64.5 74.0 9.50 0.21
3 11:45 11:47 2.00 74.0 83.0 9.00 0.22
4 11:47 11:49 2.00 83.0 90.5 7.50 0.27
5 11:49 11:51 2.00 90.5 96.7 6.20 0.32
6 11:51 11:53 2.00 96.7 102.0 5.30 0.38
7 11:53 11:55 2.00 102.0 107.0 5.00 0.40
8 11:55 11:57 2.00 107.0 111.0 4.00 0.50
9 11:57 11:59 2.00 111.0 113.5 2.50 0.80

10 11:59 12:01 2.00 113.5 115.0 1.50 1.33
11 12:01 12:03 2.00 115.0 116.0 1.00 2.00
12 12:03 12:05 2.00 116.0 117.0 1.00 2.00
13 12:05 12:07 2.00 117.0 118.0 1.00 2.00

Percolation

Rate

(min/cm)

COMMENTS: Rainy (-1°C to 2°C).

Change in

Water Level

(cm)

Greater than

or Equal to 6"

If two consecutive measurements show that six inches of water seeps away in less than 25 minutes

(150mm), the test shall be run for an additional hour with measurements taken every 10 minutes.

Otherwise, pre-soak (fill) overnight. Obtain at least twelve measurements per hole over at least six

hours (approximately 30 minute intervals) with a precision of at least 0.25".

Test No. Start Time Stop Time
∆t Time

Interval (min)

D0 Initial

Depth to

Water (cm)

Df Final

Depth to

Water (cm)

∆D Change

in Water

Level (cm)

Test Hole Dimensions (cm)

Radius (if round)= Sides (if rectangular)=

Sandy Soil Criteria Tests

Trial No. StartTime StopTime

Time

Interval

(min)

Initial Depth

to Water

(cm)

Final Depth

to Water

(cm)

Depth of Test Hole, DT: USCS Soil Classification: S.M

Percolation Test Data Sheet

1144 Hugel Avenue, Midland 23-12809

Test Hole No: Priyank
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