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  GAMAN CONSULTANTS INC. 
      Barrie, Ont. 
  705-279-9156 

ghendy.gaman@outlook.com 
 
February 28, 2023 
 
SCAL Properties Ltd. 
46 Lepage Court 
Toronto, Ontario 
M3J 1Z9 
 
Attention: Mr. Amir Soleimani, Executive VP and COO 
 
Re: Water Balance Evaluation 

Phase 2 Limen Head Office 15123 Woodbine Avenue 
 Town of Whitchurch-Stouffville, York Region 
 File 21013.02 
 
 
GAMAN Consultants Inc. is pleased to submit this updated hydrogeological report to address 

the Conservation Authority Hydrogeological Requirements for Water Balances. The evaluation 

documents the recharge rate needed to match pre-development recharge rates at the site.  The 

Schaeffers’s stormwater management plan will address the implementation of low impact 

development measures to enhance recharge at the site.  If you have any questions or require 

further information, please contact us. 

 

Yours truly, 
GAMAN Consultants Inc. 
 

 
 
Gary R. Hendy, P.Eng. 
Consulting Engineer 
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1.0 INTRODUCTION 

 

1.1 BACKGROUND 

 

GAMAN Consultants Inc. was retained by the SCAL Properties Ltd. to complete a water 

balance evaluation of the subject site to address the Lake Simcoe Region Conservation 

Authority Guidelines.   

The proposed development is located east of Aurora between Woodbine Avenue and 

Fortecon Drive on a 4.02 ha parcel of land as shown on Figures 1 and 2.  The site will be 

developed to support the Limen Head Office in Phase 2A and a future building in Phase 2B.  

It is proposed to service the sites with individual drilled wells for water supply, individual  

on-site subsurface sewage disposal systems and a stormwater pond.  A stormwater 

management report and sewage system report will be prepared as part of separate 

investigations for the site by other consultants.  This report was prepared to assess changes 

to the water budget and determine the need to mitigate groundwater recharge at the site 

in support of Site Plan Approval, a Zoning By-Law Amendment and an Official Plan 

Amendment to permit the contractor yard as shown on the Site Plan (Figure1). Two office 

buildings are proposed, each building on lot areas of 1.48ha and 2.54ha with a contractor 

yard use on the easterly portion of the 2.54ha 2B office building site. Proposed zoning is 

from "Development Reserve" to "Village Commercial" and "Employment Heavy", to 

permit the office buildings and a contractor yard use. Concurrent applications for 

severance of the proposed 1.48ha and 2.54ha lots within Phase 2 lands are being 

submitted to the Town Committee of Adjustment. 

 

 

1.2 STUDY OBJECTIVES & SCOPE 

 

The Conservation Authorities Geoscience Group developed guidelines for hydrogeological 

assessment submissions related to water balances.   The document provides information for 
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consultants to consider and address in technical submissions for a development site.  The 

purpose of this evaluation was to assess the changes in recharge to the site for input into 

appropriate mitigation methods to be implemented to maintain groundwater recharge.   

 

 

 

The tasks required to complete the work program included:  

 Background review of the physical setting of the site including physiography, 

surficial geology, and groundwater. 

 A site inspection of the site and surrounding area. 

 Test pit excavations were completed to assess shallow soil and groundwater for the 

suitability of on-site sewage disposal systems as provided by other project team 

members and to provide data for the water budget evaluation. 

 A review of local water well records and existing services around the site. 

 Sample shallow groundwater to assess water quality from past land use. 

 Groundwater level monitoring. 

 Preparation of a hydrogeological report to address LSRCA Guideline for a water 

balance. 

 

This report documents the study findings of these investigations. 

 

 

2.0 PHYSICAL SETTING 

 

2.1 PHYSIOGRAPHY, SURFICIAL GEOLOGY AND DRAINAGE 

 

The site is situated just north of the Oak Ridges Moraine within the Schomberg Clay Plains 

Physiographic Region as described by Chapman and Putnam (1984).  The clay plain in the 

vicinity of Newmarket is described as drumlinized till plain.  The surficial geology 

illustrated in Figure 3 shows the presence of drumlins in the vicinity of the site.  The site is 
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also located near the northern boundary of the Oak Ridges Moraine.  The figure illustrates 

sandy surficial deposits extend onto the site.  Site investigations described later in this 

report confirm these permeable deposits do not exist at the site.   

Drainage is north to northwest through a tributary of the East Branch Holland River.  The 

Holland River eventually discharges into Lake Simcoe at Cook’s Bay. 

 

2.2 HYDROGEOLOGY 

 

Aquifers are sources of groundwater yielding enough water to supply a well.  Aquifers are 

commonly derived from saturated sand and/or gravel deposits within overburden and from 

fractured bedrock.  Aquitards are barriers to groundwater movement and can provide 

protection to aquifers from sources of contamination.  Aquitards are commonly comprised 

of silt, clay, till or bedrock.  Figure 4 is a stratigraphic cross section from west to east 

through the site.  The section was created from the Oak Ridges Moraine Groundwater 

Program (ORMGP) site and extends from just west of Woodbine Avenue to Warden 

Avenue. 

There are three hydrostratigraphic units of interest to this investigation. 

 The Newmarket Aquitard 

 The Oak Ridges Aquifer Complex 

 The Thorncliffe Aquifer Complex 

The Newmarket (Till) Aquitard is the uppermost stratigraphic unit beneath the site.  This 

unit is expected to behave as an aquitard that protects or buffers deeper sources of 

groundwater from contamination. 

The Oak Ridges Moraine is a source of groundwater for municipal, communal, and 

individual wells and is referred to as the Oak Ridges Aquifer Complex (ORAC).  It is a 

major recharge area for deeper aquifers and a source of recharge for the headwaters to 
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many streams originating on or down hill of the Moraine.  The ORAC is exposed at surface 

east of the site as shown in Figure 4.  

The Thorncliffe Formation is an aquifer where its composition is comprised of coarser 

deposits of saturated sand and/or gravel.  Locally, the Thorncliffe Aquifer Complex (TAC) 

is a source of groundwater to municipal, communal, and individual wells in the vicinity of 

Aurora, Newmarket and the Town of Whitchurch-Stouffville.  The TAC is a proposed 

source of groundwater for this site. 

The west to east Cross-Section shows deeper stratigraphic units comprised of other aquitards 

or aquifers.  These deeper deposits are below the hydrostratigraphic units relevant to this 

water budget evaluation.  

 

 

2.3 SHALLOW GROUNDWATER MOVEMENT 

 

Shallow groundwater movement reflects local topography and drainage.  The ORMGP is an 

interactive web-site analytical tool used to evaluate hydrogeological data at a high scale.  

Figure 5 is an interpretation of shallow groundwater movement based on shallow 

groundwater monitors and wells in the database.  The overall direction of shallow 

groundwater movement is northward through the site at a regional scale.  This is 

reasonably consistent with local topography and drainage at the site that is generally 

northward too. 

 

 

2.4 LOCAL WATER SUPPLIES 

 

Figure 6 illustrates the location of water wells in the vicinity of the site.  Most wells extend 

into the TAC.  The reported test rates of wells terminating in the TAC ranges from 9 to 273 

L/min in this area.  Most wells yield more than the reported test rates because the wells 
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were not tested to evaluate maximum yield.  The average test rate of wells terminating in 

the TAC and appearing in Figure 6 is 68 L/min. 

There is evidence of a few dug wells or a sand point terminating within perhaps sandy 

fractions of the Newmarket Aquitard.  Some wells extract groundwater from a productive 

zone less than 30 metres below grade and we expect that these wells may be hydraulically 

connected with the TAC given the history of water takings in the Vandorf Area.   

The water well for this site will be constructed in the future.  The well at 28 Fortecon 

Drive, abutting the site to the east, was drilled and constructed by Wilson Water Wells and 

it provides an example of expected yields from wells terminating in the TAC as illustrated 

in Well Record A199020 (attached).  This well was drilled to a depth of 60.35 metres 

below grade and terminates within the TAC.  The total volume of water removed from the 

well was 2,720 litres in one hour.  The well is overlain with a thick sequence of Newmarket 

Aquitard that behaves as a protective layer to buffer this water from sources of 

contamination.  The well test provides evidence of a long-term sustainable yield of 45.5 

L/min.  

 

3.0 SITE INVESTIGATIONS 

 

3.1 SHALLOW SUBSURFACE SOILS 

 

Gunnell Engineering is responsible for the design of the subsurface sewage disposal system 

at this site. The firm completed a test excavation program at the site to document shallow 

soil and groundwater conditions within the proposed sewage bed area and at other locations 

on-site.  We understand the proposed sewage bed is to be constructed near test pits TP7 and 

TP8 as shown in Figures 7.  The soils in the Phase 2 Limen Head Office are documented as 

silty clay.  Soil Engineers completed a geotechnical evaluation in 2022.  Borehole logs are 

included in Appendix A and boreholes are shown on Figures C-1 and C-2.  The soils in the 

borehole logs are consistent with soils documented in the test pit program.  Groundwater was 

encountered within two metres of ground surface.  
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 3.2 BACKGROUND WATER QUALITY 

 

The site has been used for agricultural purposes.  Two existing shallow groundwater monitors 

designated BH-4 and BH-8 are illustrated in Figure C-1, Appendix C. These existing shallow 

groundwater monitors were drilled and constructed for other investigations at the site.  There 

are no borehole logs available.  The monitors are constructed with 50-mm diameter pvc 

casing and protective steel casing.  The monitor depths are shallow and documented in Table 

A-1.   

 

Nitrates are an indicator parameter used to assess the effects of fertilizers on agricultural 

farmland. Samples of groundwater were collected from BH4 and BH8 to document 

background nitrate and nitrite concentrations in the shallow groundwater.  The results are 

included in Appendix B and show background nitrates ranging from 0.5 to 1.0 mg/L.  Nitrites 

were not detected in groundwater.  The results of these indicator parameters show 

agricultural land use has not affected shallow groundwater quality. 

 

 

4.0 WATER BUDGET 

 

4.1 CLIMATIC DATA 

 

As precipitation falls to the ground in the form of rainfall or snow, it is subject to components 

of the hydrological cycle.  Water will generally runoff, infiltrate, evaporate or be subject to 

transpiration from plant uptake.  Evaporation and transpiration are commonly grouped 

together as evapotranspiration while runoff and infiltration are grouped together as water 

surplus.  The water budget is represented in a simple form as follows: 

 

Water In = water Out 

P + EI = ET + IR + RO + EO 
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Where: 

P = Precipitation 

EI = External Inputs (Run-on, irrigation, and vertical/lateral transfers) 

ET = Evapotranspiration from plant uptake and evaporation. 

IR = Infiltration Recharge 

RO = Run-off 

EO = External Outputs (water taking and vertical/lateral transfers) 

 

 

4.2 CLIMATIC STATION SELECTION 

 

Precipitation data is available from the Environment Canada website for climatic stations 

across the country and is also compiled in the Oak Ridges Moraine Groundwater Program 

(ORMGP).  

 

GAMAN examined the ORMGP interactive map for climatic stations to identify a station 

with suitable data for the water budget.  Table C-1, Appendix C provides details about 

climatic stations surrounding this site as a screening tool to select an appropriate station.  

The table documents the station, years of data and total precipitation.  Climatic stations 

located near a site with 30-years of continuous data and similar elevations are amongst the 

criteria used to evaluate a suitable station.  Most of the stations shown in Table C-1 either 

have insufficient data or have ceased operation.  

 

The King Smoke Tree Climatic Station provides climatic data, temperature and precipitation 

for the period 1981 to 2010.  The station was chosen for the following reasons: 

1. Located 10km west of the property, it is close to the site. 

2. The climatic station has a recent 30-year dataset ending in 2010. 

3. The annual precipitation is within the range of precipitation of other stations 

evaluated in Table C-1. 
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4. King Smoke Tree station is at an elevation of 352 masl compared with the site 

elevation of about 300 masl. 

5. Buttonville A is another climatic station with 30 years of data, but it is further away 

and at a much lower elevation of 197 masl. 

  

Thornthwaite (1948) developed a mathematical method for analyzing precipitation data and 

calculating evapotranspiration and water surplus.  The method was modified by 

Thornthwaite-Mather in 1957 and was used to evaluate water surplus.  Average monthly 

temperature and precipitation data were analyzed using this method and the results are 

presented in Table C-2.  The 30-year normal annual precipitation is 857.7 mm/yr. with a 

resultant moisture surplus of 241.4 m/yr. 

 

 

4.3 GROUNDWATER RECHARGE ESTIMATES 

 

4.3.1 MECP Recharge Rates 

The MOECC Hydrogeological Technical Information Requirements For Land Development 

Applications (1995) includes Table 2 derived from hydrologic analysis for assessing peak 

runoff for storm water management.  The method considers topography, soil type and 

vegetation cover at a site. Table C-3(A) documents the infiltration factors for pre-

development and post-development at the site.   

 

Topography was evaluated from west to east and north to south and the resulting average 

slopes at the site ranged from 27 metres per kilometre.  The site reflects steep slopes with a 

topographic factor of 0.1 for pre-development as shown in Table C-3(A).  It is proposed to 

grade the site.  Site grading usually makes the slopes gentler than the original topography.  

The gentler the slope, the higher the infiltration factor and higher the recharge rate.  

 

The peer review comments from the LSRCA for the Phase 1 site to the east requested a 

rational for ignoring run-on from the lands to the south forming Catchment Area 301 shown 
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on Figure 9 prepared by Schaeffers Engineering.  A site inspection of the Powell’s property 

to the north shows an existing drainage course is oriented west to east across the north 

property boundary conveys runoff through the Powell site.  Figure 9 Catchment Areas 302 

and 103 drain into this drainage path and provide no additional infiltration from off-site 

sources. 

 

Soils at the Phase 2 sites were confirmed to be comprised of silty clay as described in Section 

3.1.  The soils are associated with low permeability and reflect an infiltration factor of 0.2 

as shown in Table C-3(A) for pre-development and post-development.  It is assumed filled 

needed to raise the grades in Phase 2 will be similar in permeability. 

 

Cover reflects the presence or absence of a canopy that can shade parts of the site and reduce 

evaporation.  The site was open agricultural fields in its pre-development state and will 

remain open post-development, so the Cover Infiltration Factor was selected as 0.1 for both 

the pre-development and post-development scenarios. 

 

The pre-development total infiltration factors presented in Table C-3(A) are 0.4 and 0.5 

respectively.  Pre-development recharge rate for the site is the product of the infiltration 

factor (0.4) times the moisture surplus (241.4 mm/year) and results in 97 mm/year of 

recharge (Table C-3(B)).  This seems reasonable for a site comprised of silty/clayey deposits. 

 

4.3.2 ORMGP Recharge Rates 

The Oak Ridges Moraine Groundwater Program was used as a guide for evaluating recharge 

rates.  We reviewed the recharge model for the area and presented the information in Figure 

8.  The recharge rates within various blocks (or cells) in the figure show wide ranging 

recharge rates.  The high rates at the site and south of the site appear to be related to the 

surficial geological mapping of the area (Figure 3) showing sandy soils.  These high recharge 

rates do not accurately reflect recharge in the area because the Gunnell Test Pit program 

revealed no coarse-grained sediments (sands and gravels) at the site.  The test pits shown in 

Figure 8 were those excavated for the sewage system evaluation and all show soils at the site 
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to be comprised of silty-clayey deposits as documented in Figure 7.  The recharge rates in 

Figure 8 commonly range from about 65 to 135 mm/yr. if we ignore the anomalies from the 

high recharge rates.  We have also ignored the very low recharge rate of 14 mm/year. The 

site recharge rate presented in Section 4.3.1 was calculated at 97 mm/year and seems 

reasonable with the ORMGP if we ignore the high recharge rates that are not supported by 

the geology of the site. 

In summary the pre-development recharge rate was calculated at 97 mm/year and this appears 

reasonable compared with the range of recharge rates documented in the ORMGP. 

 

 

4.4 PRE-DEVELOPMENT & POST-DEVELOPMENT WATER BUDGETS 

 

The existing lands were used for agricultural purposes.  There are no impermeable surfaces 

at the site and the soils have been shown to be comprised of silty-clayey deposits.  We have 

examined runoff and infiltration for the pre-development conditions of the site based on 

water budget information presented in previous sections.  Table C-3(B) documents the runoff 

and recharge rates for the pre-development and post-development scenarios.  The pre-

development recharge rate for the undeveloped lands was calculated at 3,881 m3/year based 

on a recharge rate of 97 mm/year.  Runoff is higher at 5,821 m3/year. 

 

Sources of recharge for post-development include infiltration on the permeable areas of the 

site shown on Figure 2.  The permeable areas of the site include: 

a) Landscaped areas 

b) The sewage bed areas excluding the volume of sewage. 

 

The impermeable areas of the site include: 

a) The two office buildings. 

b) The lined stormwater pond.   

c) The parking lots. 
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The permeable areas of the site post-development total  2.8905 ha of the 4.02 ha parcel of 

land.  Infiltration rates post-development are documented in Table C-3(B).  The site will be 

raised with 1-2 metres of fill and graded gently eastward with mild slopes.  The infiltration 

factor on landscaped areas of the site was increased slightly for the gentle slopes.  The 

permeability of the storage areas is expected to be higher than the native soils with a resultant 

infiltration factor of 0.5.   The total infiltration post-development is estimated at  1,363 

m3/year. 

   

Table C-3(B) documents a recharge deficit of  2,517 m3/year for the site equivalent to an 

65% reduction in recharge. 

 

 

4.5 MITIGATION 

 

Low impact development (LID) systems are used to capture runoff and promote infiltration 

as a means of restoring recharge.  LID provides a wide range of practices that off-set the 

negative impacts of urban stormwater runoff including the reduction of groundwater 

recharge.  Geology and water levels are two of the most important factors used to assess the 

suitability of a site for LID measures.  The LSRCA published a document entitled “Shallow 

Subsurface Characterization to Support Placement for Infiltration Based Low Impact 

Development Practices” dated March 2000.  The document aimed to provide guidance on 

areas low, medium and high suitability for LID systems within the East Holland River Sub-

watershed. 

 

The site is overlain with fine-textured silty clay (till-like) soils that correspond with Medium 

Suitability for LID systems based on geology. 

 

The LSRCA document references the 2012 TRCA Guideline Stormwater Management 

Criteria that notes a preference for at least 1 metre of separation between the seasonal high 

groundwater table and the base of an infiltration facility.  Locations with less than 1 metre 
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separation are considered low suitability, moderate suitability for 1-2 metres of separation 

and high suitability for more than 2 metres of separation to the water table.  

 

Groundwater levels are presented in Table A-1 show varying depths to groundwater.  The 

area around BH22-8 was flooded due to a drainage obstruction at the north property 

boundary.  Groundwater levels from late 2021 to the summer of 2022 show high water levels 

at or near ground surface. Efforts to remove the water and improve drainage occurred during 

the summer and fall of 2022 and water levels at monitor BH22-8 showed groundwater levels 

in November and December were 1 -2 metres below grade.  Additional groundwater level 

monitoring is needed to re-establish the seasonal variations for the water table on this site.  

Despite the uncertainty, these groundwater levels provide evidence of medium to high 

suitability for LID measures subject to confirmation from additional monitoring. 

 

The geology and groundwater information available to date suggests the site has medium to 

moderate suitability for LID measures where there may be more than 1 metre of separation 

to the water table.  The volume of water to be made up from the recharge deficit is calculated 

at 2,518 m3/year. 

 

The two office building areas are 4,924 m2.  From March to November, the total precipitation 

is 704 mm/year and provides up to 3,466 m3/year of water for infiltration.  If 90% of this 

precipitation is captured and infiltrated through infiltration trenches for example, roof runoff 

could provide about 3,119 m3 of recharge to off-set the 2,518 m3 of deficit.  Capturing roof 

runoff between March and November could off-set all of the recharge deficit and provide 

suitable mitigation. 
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5.0 CONCLUSIONS AND RECOMMENDATIONS 

 

The conclusions and recommendations presented below are based upon the data collected 

and reviewed as part of these investigations: 

 

 The study area and site are located within the Schomberg Clay Plain Physiographic 

Region.  This physiographic region has a clayey-silty (till-like) soil matrix at the site. 

 

 Drainage is north to northwest through a tributary of the East Branch Holland River.  

The Holland River eventually discharges into Lake Simcoe at Cook’s Bay. 

 The two common sources of groundwater within the study area include the Oak 

Ridges Aquifer and the Thorncliffe Aquifer.   

 

 Test pit excavations for the proposed on-site sewage disposal system confirm 

shallows soils are comprised of silty, clayey (till-like) sediments. 

 

 The depth to groundwater was affected by poor drainage and recent monitoring 

suggests groundwater may be 1-2 metres below grade.  Additional groundwater 

monitoring is needed to re-establish and confirm seasonal variations in the water 

table. 

 

 The west area of the site has medium or moderate suitability for Low Impact 

Development (LID) systems based on geology and groundwater data, subject to 

confirmation with groundwater level monitoring. 

 

 An existing drainage course, oriented west to east across the north property boundary, 

conveys runoff through the Powell site north of this development.  Runoff from 

Catchment Areas 103 and 302 (Figure 9) is directed towards this drainage path, 

provides no additional infiltration from off-site sources. 
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 The recharge rate for this site was estimated at 97 mm/year.  This is consistent and 

within the range of values obtained from the Oak Ridges Moraine Groundwater 

Program. 

 

 The recharge deficit for this site is calculated at 2,517 m3/year, equivalent to a 65% 

reduction in recharge. This volume of water requires the use of LID systems to be 

established during detailed design of the site to capture runoff from the two-storey 

office building.  The volume of roof from the buildings alone could provide enough 

make-up water to off-set the recharge deficit. 

 

 

Respectfully Submitted, 

GAMAN CONSULTANTS INC. 

 

 
Gary R. Hendy, P.Eng. 

Consulting Engineer 
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6.0 LIMITATIONS AND USE 

 

This report has been prepared for the exclusive use of SCAL Properties Ltd. for the exclusive 

use in the evaluation of the area for the proposed development.   GAMAN Consultants Inc. 

accepts no responsibility for any damages incurred by any third party because of decisions 

made, or actions taken based upon the information contained within this report.  

All background information used in the preparation of this report has been relied upon in 

good faith, and GAMAN does not accept any responsibility for any misstatements, 

inaccuracies, or deficiencies contained in those documents or records.  The information 

contained in this report should be evaluated, interpreted and implemented only in the context 

of the assignment.  

The findings and conclusions included in this report reflect our best judgement in light of 

the information available at the time of report preparation and site inspection and are valid 

only at the date of issuance.  If additional information is provided in the future, such as the 

results of additional site-specific assessments or monitoring, GAMAN will be pleased to re-

evaluate our conclusions contained within this report, and issue amendments, as required. 
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Source: Oak Ridges Moraine Groundwater Program (2021)

Test Pit 8 Gunnell Engineering Test Pit Location and Number
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Phase 2 Limen Head Office Project: Ref No:
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Drainage Areas
Water Balance Evaluation, Phase 2 Limen Head Office,          
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For SCAL Properties Ltd
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TABLE A-1 MONITOR DETAILS & GROUNDWATER LEVELS

Monitor

Well 
Depth 

(mbtoc)

Casing 
Stickup 
(magl)

Casing 
Elev.

Ground 
Elev.

Depth 
(mbgl)

Water 
level 

(mbtoc)

Water 
level 

(mbgl)

Water 
level Elev. 

(masl)

Water 
level 

(mbtoc)

Water 
level 

(mbgl)

Water 
level Elev. 

(masl)

Water 
level 

(mbtoc)

Water 
level 

(mbgl)

Water 
level Elev. 

(masl)
BH1 4.52 0.67 299.34 298.67 3.85 3.28 2.61 296.07
BH2 4.69 0.69 298.52 297.52 4.00 1.84 1.15 296.69 2.96 2.27 295.56 0.67 Frozen
BH3 4.79 0.73 299.00 298.12 4.06 1.78 1.05 297.22 1.04 0.31 297.96 0.73 Frozen
BH4 6.69 0.70 300.45 299.60 5.99 4.78 4.08 295.67 1.64 0.94 298.81 1.33 0.63 299.12
BH5 5.98 0.78 299.61 298.67 5.20 4.57 3.79 295.04 2.02 1.24 297.59 2.02 1.24 297.59
BH6 5.05 0.81 299.00 298.09 4.24 3.64 2.83 295.36 1.66 0.85 297.34 1.62 0.81 297.38
BH7 6.78 0.90 298.33 297.44 5.88 4.30 3.40 294.03 1.65 0.75 296.68 1.88 0.98 296.45
BH8 6.80 0.67 299.99 299.15 6.13 5.64 4.97 294.35 2.27 1.60 297.72 1.74 1.07 298.25

BH22-1 5.36 0.86 298.26 297.40 4.5 1.03 0.17 297.23
BH22-2 5.36 0.86 297.86 297.00 4.5 1.47 0.61 296.39
BH22-8 5.46 0.96 298.56 297.60 4.5 0.75 Frozen 297.81

Phase 2 Monitor Wells
mbtoc = metres below topp of casing
mbgl - metres below ground level

21-Nov-21

BH22-1, BH22-2, BH22-8 are Soil-Eng Borehole Monitors and 
construction data are from the Draft Borehole Logs

destroyed

Project: Water Balance Evaluation Limen Head Office       
Fortecon Drive (21013.02)

Monitor Details 12-Mar-22

destroyed

15-Sep-21

2023-01-252:29 PMC:\Users\GARY\Documents\Projects\2021\21013 Limen Group\02 Phase 2\Tech\Table A-1 Groundwater Levels.xlsx



TABLE A-1 MONITOR DETAILS & GROUNDWATER LEVELS

Monitor

Well 
Depth 

(mbtoc)

Casing 
Stickup 
(magl)

Casing 
Elev.

Ground 
Elev.

Depth 
(mbgl)

BH1 4.52 0.67 299.34 298.67 3.85
BH2 4.69 0.69 298.52 297.52 4.00
BH3 4.79 0.73 299.00 298.12 4.06
BH4 6.69 0.70 300.45 299.60 5.99
BH5 5.98 0.78 299.61 298.67 5.20
BH6 5.05 0.81 299.00 298.09 4.24
BH7 6.78 0.90 298.33 297.44 5.88
BH8 6.80 0.67 299.99 299.15 6.13

BH22-1 5.36 0.86 298.26 297.40 4.5
BH22-2 5.36 0.86 297.86 297.00 4.5
BH22-8 5.46 0.96 298.56 297.60 4.5

Phase 2 Monitor Wells
mbtoc = metres below topp of casing
mbgl - metres below ground level

BH22-1, BH22-2, BH22-8 are Soil-Eng Borehole Monitors and 
construction data are from the Draft Borehole Logs

Project: Water Balance Evaluation Limen Head Office       
Fortecon Drive (21013.02)

Monitor Details
Water 
level 

(mbtoc)

Water 
level 

(mbgl)

Water 
level Elev. 

(masl)

Water 
level 

(mbtoc)

Water 
level 

(mbgl)

Water 
level Elev. 

(masl)

Water 
level 

(mbtoc)

Water 
level 

(mbgl)

Water 
level Elev. 

(masl)

0.95 0.26 297.57 1.24 0.55 297.28 1.19 0.50 297.33
0.91 0.18 298.09 0.93 0.20 298.07 1.10 0.37 297.90
1.51 0.81 298.94 1.42 0.72 299.03 1.59 0.89 298.86
1.62 0.84 297.99 1.72 0.94 297.89 2.27 1.49 297.34
1.47 0.66 297.53 1.78 0.97 297.22 1.98 1.17 297.02
1.22 0.32 297.11 1.31 0.41 297.02 2.18 1.28 296.15
1.35 0.68 298.64 1.43 0.76 298.56 1.89 1.22 298.10
1.09 0.23 297.18 1.14 0.28 297.12 1.44 0.58 296.82
1.20 0.34 296.66 1.21 0.35 296.65 1.35 0.49 296.51
0.99 0.03 297.57 1.04 0.08 297.52 1.01 0.05 297.55

15-Jun-22

destroyed

5-May-22

destroyed

24-Apr-22

destroyed
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TABLE A-1 MONITOR DETAILS & GROUNDWATER LEVELS

Monitor

Well 
Depth 

(mbtoc)

Casing 
Stickup 
(magl)

Casing 
Elev.

Ground 
Elev.

Depth 
(mbgl)

BH1 4.52 0.67 299.34 298.67 3.85
BH2 4.69 0.69 298.52 297.52 4.00
BH3 4.79 0.73 299.00 298.12 4.06
BH4 6.69 0.70 300.45 299.60 5.99
BH5 5.98 0.78 299.61 298.67 5.20
BH6 5.05 0.81 299.00 298.09 4.24
BH7 6.78 0.90 298.33 297.44 5.88
BH8 6.80 0.67 299.99 299.15 6.13

BH22-1 5.36 0.86 298.26 297.40 4.5
BH22-2 5.36 0.86 297.86 297.00 4.5
BH22-8 5.46 0.96 298.56 297.60 4.5

Phase 2 Monitor Wells
mbtoc = metres below topp of casing
mbgl - metres below ground level

BH22-1, BH22-2, BH22-8 are Soil-Eng Borehole Monitors and 
construction data are from the Draft Borehole Logs

Project: Water Balance Evaluation Limen Head Office       
Fortecon Drive (21013.02)

Monitor Details
Water 
level 

(mbtoc)

Water 
level 

(mbgl)

Water 
level Elev. 

(masl)

Water 
level 

(mbtoc)

Water 
level 

(mbgl)

Water 
level Elev. 

(masl)

3.09 2.40 295.43 2.36 1.67 296.16
3.33 2.60 295.67 2.47 1.74 296.53
dry dry dry 6.12 dry dry

5.39 4.61 294.22 4.12 3.34 295.49
dry dry dry na na na
dry dry dry dry dry dry
dry dry dry dry dry dry

3.72 2.86 294.54 4.12 3.26 294.14
5.11 4.25 292.75 2.96 2.10 294.90
2.95 1.99 295.61 2.02 1.06 296.54

10-Dec-22

destroyed

24-Oct-22

destroyed
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Limen Foretcon Drive

02-Dec-21DATE REPORTED:

Caduceon Environmental Laboratories

705-252-5746

112 Commerce Park Drive 

Barrie ON L4N 8W8

705-252-5743Tel:

Fax:

JOB/PROJECT NO.:

Final Report

REPORT No. B21-38777

Gaman Consultants Inc

7 Pinsent Court, 

Barrie ON L4N 6E3 

Report To:

Attention: Gary Hendy

25-Nov-21DATE RECEIVED:

21013.00P.O. NUMBER:

WATERWORKS NO.GroundwaterSAMPLE MATRIX:

C.O.C.: ---

CERTIFICATE OF ANALYSIS

Parameter Units R.L.
Reference 

Method

Date/Site 

Analyzed

BH4 BH8Client I.D.:

B21-38777-1 B21-38777-2Sample I.D.:

24-Nov-21 24-Nov-21Date Collected:
Objective

Type of 

Objective

ODWS

Nitrite (N) < 0.1 < 0.1 1 MACmg/L 0.1 SM4110C 01-Dec-21/O

Nitrate (N) 0.5 1.0 10 MACmg/L 0.1 SM4110C 01-Dec-21/O

Page 1 of 1.

Christine Burke 

Lab Manager

R.L. = Reporting Limit

The analytical results reported herein refer to the samples as received.  Reproduction of this analytical report in full or in part is prohibited without prior consent from 
Caduceon Environmental Laboratories.

ODWS - Ontario Drinking Water Standards
AO - Aesthetic Objectives
IMAC - Interim Maximum Acceptable Concentration
MAC - Maximum Acceptable Concentration
ODWO - D-5-5 Objective
OG - Operational Guidelines
WL - Warning Level - Sodium Restricted Diets

Site Analyzed=K-Kingston,W-Windsor,O-Ottawa,R-Richmond Hill,B-Barrie

Test methods may be modified from specified reference method unless indicated by an *
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NOTES
BH8 Borehole location and designation (BH Logs not available)
BH22-1 Soil-Eng Borehole Location & Designation
Borehole locations are approximate
300 masl topographic contour metres above sea level Date: Scale:

Project: Ref No:

Phase 2 Boundary (Approximate) Figure C-1

Existing Boreholes and Topography
Water Balance Evaluation, Phase 2 Limen Head Office,          

15123 Woodbine Avenue
For SCAL Properties Ltd

GAMAN Consultants Inc.

Feb-23
21013.02

as shown

BH1

BH2BH3

BH4

BH5

BH6

BH7

BH8

Phase 1: Contractor's Yard & Storage 
Site

29
8 

m
as

l

29
8 

m
as

l

BH22-1

BH22-3BH22-4BH22-5

BH22-13

BH22-6

BH22-1

BH22-10

BH22-9

BH22-8

BH22-7

BH22-12

BH22-11 Phases 2a and 2b
Sl

op
e 

= 
27

m
/K

m

298 masl



NOTES
BH22-8 Soil-Eng Groundwater Monitor
BH10 Soil-Eng borehole Location

Date: Scale:
Project: Ref No:

Figure
C-2

Soil-Eng Borehole Map
Water Balance Evaluation, Phase 2 Limen Head Office,          

15123 Woodbine Avenue
For SCAL Properties Ltd

GAMAN Consultants Inc.

Feb-23
21013.02

as shown

BH22-2

BH22-1

BH22-8

BH22-3

BH22-5
BH22-4

BH22-9

BH22-7

BH22-6

BH22-10

BH22-11
BH22-13

BH22-12



TABLE C-1 SUMMARY OF CLIMATIC STATIONS

Project:  Water Balance Evaluation Phase 2 Limen Head Office 15123 Woodbine Ave (21013.02)

Station Name Station ID years Monitored Years
Total 
Precipitation

Distance from Site 
(km)

Aurora NE 6150398 2003-2009 6 892 4km NW
Newmarket 3 615N002 1996-2002 16 817 4.6km NW
Ballantrea 6150460 1979-1992 13 902 8 Km East
Bruce Mills 2002-2021 19 885 13 KM South
Stouffville WPCP 1971-1993 22 851 13 Km Southwest
Goodwood Pumping Stat 6158040 2004-2021 17 964 16 Km East
Uxbridge HY031 1983-1992 9 809 24 Km East
King Smoke Tree 6154142 1981-2010 30 853 10 Km West
Sharon 6157685 1961-1999 38 779 10 Km North
Buttonville A 615HMAK 1981-2010 30 853 18 Km South

861                          Average Precipitation
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TABLE C-2
CLIMATIC WATER BUDGET: CLIMATE NORMAL 1981-2010 (King Smoke Tree  ID6154142) #
Potential Evapotranspiration
Project:  Water Balance Evaluation Phase 2 Limen Head Office 15123 Woodbine Ave (21013.02)  

January -7.4 0.0 0.0 0.81 0.0 51.7 51.7 0.0 51.7 0.0 250.0 0.0 0.0 0.0 51.7
February -6.1 0.0 0.0 0.81 0.0 46.0 46.0 0.0 46.0 0.0 250.0 0.0 0.0 0.0 46.0
March -1.5 0.0 0.0 1.02 0.0 51.2 51.2 0.0 51.2 0.0 250.0 0.0 0.0 0.0 51.2
April 6 1.3 27.6 1.12 30.9 64.9 34.0 0.0 34.0 0.0 250.0 0.0 30.9 0.0 34.0
May 12.5 4.0 60.5 1.27 76.8 87.1 10.3 0.0 10.3 0.0 250.0 0.0 76.8 0.0 10.3
June 17.7 6.8 87.7 1.29 113.1 84.8 0.0 28.3 -28.3 -28.3 197.0 -53.0 137.8 -24.7 0.0
July 20.5 8.5 102.6 1.30 133.4 86.4 0.0 47.0 -47.0 -75.3 170.0 -27.0 113.4 20.0 0.0
August 19.6 7.9 97.8 1.20 117.3 88.4 0.0 28.9 -28.9 -104.2 125.0 -45.0 133.4 -16.1 0.0
September 15.3 5.4 75.0 1.04 78.0 84.2 6.2 0.0 6.2 0.0 131.2 6.2 78.0 0.0 0.0
October 8.6 2.3 40.5 0.95 38.5 72.9 34.4 0.0 34.4 0.0 250.0 118.8 38.5 0.0 -84.4
November 2.2 0.3 9.4 0.80 7.5 84.6 77.1 0.0 77.1 0.0 250.0 0.0 7.5 0.0 77.1
December -3.7 0.0 0.0 0.74 0.0 55.5 55.5 0.0 55.5 0.0 250.0 0.0 0.0 0.0 55.5

TOTALS 36.5 595.6 857.7 366.4 104.2 262.1 -207.8 2623.2 0.0 616.3 -20.8 241.4

262.1 mm TOTAL MOISTURE SURPLUS 241.4 mm

NOTES: 
1) Water budget adjusted for latitude and daylight.
2) (°C) - Represents calculated mean of daily temperatures for the month.
3) Precipitation and Temperature data from the King Smoke Tree Latitude  44°01'00.00" N, Longitude 79°31'00.00" W, elevation 352 masl 557.1
4) Total Water Surplus (Thornthwaite, 1948) is calculated as total precipitation minus adjusted potential evapotranspiration.

TOTAL WATER SURPLUS

Actual Evapo-
transpiration 

(mm)

Moisture Deficit 
(mm)

Unadjusted 
Moisture 

Surplus (mm)

Change in Soil 
Moisture (mm) 

(delta S)

Thornthwaite (1948) Thornthwaite and Mather (1957)

Month
Mean 

Temperature 
(oC)

Heat Index

Potential 
Evapo-

transpiration 
(mm)

Daylight 
Correction 

Value

Adjusted 
Potential 
Evapo-

transpiration 
(mm)

Total 
Precipitation 

(mm)
Surplus (mm) Deficit (mm) PPT - PET 

(mm)

Accumulated 
Potential Water 

Loss (mm)

Storage (mm) 
(ST)
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TABLE C-3(A): PRE-DEVELOPMENT AND POST-DEVELOPMENT INFILTRATION FACTORS
Project: Water Balance Evaluation Phase 2 Limen Head Office (21013.02)

MOECC 1995  Hydrogeological Technical Information Requirements (page 4-62)
Desription of Area/Development Site
TOPOGRAPHY Factor Description Factor Description Factor
Flat lying, average slope < 0.6m/km 0.3
Rolling land average slope of 2.8-3.8m 0.2
Hilly land, average slopes of 28-47 metres 0.1
SOILS
Tight impervious Clay 0.1 Clay and loam 0.2
Medium combinations of clay and loam 0.2 0
open sandy loam 0.4
COVER
Cultivated land 0.1
Woodland 0.2

Total Infiltration factor for pervious areas with medium 
combinations of clay and loam pre-development and post-
development.

0.4 Clay and Loam 0.5

Pre-development Post-development

Slopes = 
27m/km

0.1
Between Flat 
and Rolling

0.2

Clay and loam 0.2

Agricultural 
land

0.1 Open space 0.1
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TABLE C-3(B): PRE-DEVELOPMENT AND POST-DEVELOPMENT WATER BUDGETS

Project:  Water Balance Evaluation Phase 2 Limen Head Office 15123 Woodbine Ave (21013.02)

PRE-DEVELOPMENT WATER BUDGET

Water Surplus (mm/yr) 241.4
Infiltration Areas (ha) 4.02
Pre-Development Infiltration Factor 0.4

A Total Recharge m3/yr 3,881               
Total Recharge mm/yr 97
Runoff m3/year 5,821               

POST-DEVELOPMENT RECHARGE RATES
Landscape & 
sewage bed 

area
2-storey office 

bld Parking Lot

Other 
impervious 

areas
Impervious 
Areas*

Totals

90% Total Precipication (mm/yr) 772
Water Surplus (mm/yr) 241.4 241.4 241.4 241.4
Areas (ha) 1.130 0.4924 2.398 0.000 4.020
Infiltration Factor 0.5 0 0 0 0

B  Recharge from precipitation m3/yr 1,364               -                    -                -                    -                 1,364          
Runoff m3/year 1,364               1,188               5,788            -                    -                 8,340          

C Recharge Deficit (A-B) m3/year 2,517                                                                                                                                                   

Assumptions: (1) stormwater pond is lined, (2) site grading changes topography to gentler slopes, fill soils similar in composition to native soils
*Impervious areas include: Building, parking areas, 90% total precipitation
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