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March 30, 2009 
 
St. Marys Cement Inc. (Canada) 
55 Industrial Street 
Toronto, Ontario 
M4G 3W9 
 
Attention: Ms. Melanie Horton, MCIP, RPP 
 Property and Resource Manager 
 
Dear Sirs: 
 
Re: Hydrogeological Study  
 St. Marys Cement Inc. (Canada)  Codrington Property 
 Part of Lots 32, 33 and 34, Concession 6 
 Township of Brighton 
 County of Northumberland, Ontario 
 File 051777.00 
 
 
We are pleased to submit our final report for the above-noted project.  The report provides 
the results of the Hydrogeological Study for the Codrington Property that is proposed to be 
operated as a sand and gravel pit above the groundwater table. 
 
The results of the Hydrogeological Study, which include the data of the May 2008 
monitoring event, indicates that the above water table pit development and operations will 
not impact local groundwater or surface water resources.  Therefore, a Level 2 
Hydrogeological Study is not required.  A performance monitoring program is outlined in 
Section 4.0 of the report. 
 
Thank you for the opportunity to complete the project.  Please contact us if you have any 
questions. 
 
Yours truly, 
JAGGER HIMS LIMITED 
 
 
Jason T. Balsdon, M.A.Sc., P.Eng. 
Consulting EngineerJTB:nah 
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MEMORANDUM 
 
 
TO:  Mr. Mike Le Breton, B.E.S.  
 Mr. Amarjit Sandhu 
 
COPY: Ms. Melanie Horton, MCIP, RPP 
 
FROM:  Jason Balsdon, P.Eng. 
 Vyacheslav Magmedov, P.Geo. 
  
DATE:  May 15, 2009 
 
SUBJECT: Hydrogeological Study  
 St. Marys Cement Inc. (Canada) Codrington Property 
 File 051777.00 
 
 
Based on discussions between the MNR representative and CBM, which was held on May 8, 
2009, it is understood that the groundwater performance monitoring program will be 
implemented as outlined in Section 4.0 of Jagger Hims Limited report during the Codrington 
Pit development. 
 
This memorandum is an addendum to our report dated March 30, 2009 and does not affect 
the general summary/recommendations of the report.  Please call if you have any questions. 
 
 
 
VGM:lnc 
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EXECUTIVE SUMMARY  

 

St. Marys Cement Inc. (Canada), known locally as CBM Aggregates, is proposing to 

submit a Category 3 application under the Aggregate Resources Act (ARA) and its 

associated Provincial Standards.  Approval for the application will permit the establishment 

of an above water table pit on lands referred to as the “Codrington Property,” located east 

of the Village of Codrington, approximately 12 km north of Brighton.  The property 

includes the land south of the Ontario Hydro Powerlines in Parts of Lot 32, 33, and 34, 

Concession 6 of the Township of Brighton (site). 

 

To confirm the location of the seasonal high water level and to evaluate that the above-

water extraction would have no adverse effects on the local groundwater and surface water 

resources, a Hydrogeological Study was undertaken by Jagger Hims Limited to meet and 

exceed the Provincial requirements as established by the ARA Provincial Standards. In 

addition, this Hydrogeological Study also addressed the requirements of the Township of 

Brighton Official Plan with respect to hydrogeological (groundwater) and hydrological 

(surface water) issues. 

 

A sand and gravel unit (Unit 2) occurs across the southern portion of the site and achieves 

a confirmed maximum thickness of about 25 m within the south-central portion of the site.  

Unit 2 was not detected within the northwestern portion of the site.  A unit of sand with 

minor gravel (Unit 3) occurs below Unit 2 and also extends below the northwestern portion 

of the site.  Silt to silty sand (Unit 1) occurs at surface within the northwestern portion of 

the site and was confirmed to increase in thickness toward the northwest to a depth of 

about 17 m.  This Unit 1 was not detected within the southern and eastern portions of the 

site. 

 

The site is located within a high area of land that forms a regional recharge area for 

dominantly confined aquifers in the surrounding lower lying areas.  Most water wells are 

developed in the confined aquifers at a depth greater than 15 m below ground surface.  The 



Hydrogeological Study – Codrington Property  051777.00 
St. Marys Cement Inc. (Canada)  March 30, 2009 

Jagger Hims Limited 6/24/2009 9:10 AM  H:\Proj\05\1777\00\Wp\VGM-R Hydrog Study Codrington_PDF.doc Page ii 

quantity of water available for domestic water supply wells will not be negatively affected 

by the pit development as the recharge to the aquifer developed by the local water wells is 

predicted to increase.  In addition, there will be no negative impact from pit development 

on groundwater quality owing to the nature of the development, the on-site environmental 

management processes, the available attenuation capacity within the water table aquifer 

around the site, and since most water wells around the site are developed within an aquifer 

that is confined by overlying fine-grained deposits such as clay or hardpan. 

 

Development of the site as an above the water table operation under a Category 3 

Application will provide from 20 m to 30 m of available material west of the road 

allowance between Lots 32 and 33 and about 5 m to 25 m of material east of the road 

allowance.  Within the northwestern portion of the Western Parcel the thickness of sand 

and gravel resources will range from approximately 14 m to approximately 17 m due to the 

occurrence of surficial silty deposits (Unit 1).  Most of these surficial silty deposits are 

located within the area not proposed for extraction. 

 

The base of excavation will be 1.5 m above the May 2008 groundwater table, which had an 

elevation of ±175 m above sea level (asl) within the central portion of Lots 33 and 32, 

falling off to below ±150 m asl in the northwest, ±155 m asl in the northeast, ±165 m asl in 

the southeast, and ± 160 m asl in the southwest.  No negative effects to groundwater 

quality or quantity are predicted. 

 

It is calculated that between about 11 and 14 million cubic metres of suitable material 

(Units 2 and 3) are available for extraction for the proposed pit design. 

 

There is no notable groundwater contribution to the wetland within the north-central 

portion of the western portion of the site.  Water accumulates within the wetland area 

during the spring and fall months as a result of surface water runoff, and slowly infiltrates 

through the underlying silt.  As a result, temporary perched groundwater conditions occur 
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in this area.  Pit development will reduce the amount of runoff to the wetland, which will 

reduce the depth and duration of ponded water (refer to Natural Environment report 

prepared by AECOM (formerly Gartner Lee Limited( (2008) for further details).  However, 

the net infiltration to groundwater in this area will be maintained. 

 

A reduction in surface water runoff on the site will occur, but no negative effects to off-site 

surface watercourses are predicted as a result of increased infiltration.  The contribution of 

groundwater baseflow to the watercourses will continue. 

 

Based on the findings of the Hydrogeological Study, the above water table pit development 

and operations will not affect groundwater or surface water resources.  A performance 

monitoring program is outlined in Section 4.0 of the report. 
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1.0 INTRODUCTION  

 

1.1 BACKGROUND 

 

St. Marys Cement Inc. (Canada), known locally as CBM Aggregates, is proposing to open 

a sand and gravel pit, to be operated above the water table, on lands referred to as the 

“Codrington Property”, located east of the Village of Codrington, approximately 12 km 

north of the Town of Brighton as shown on Figure 1.  The property encompasses lands to 

the south of Ontario Hydro power-lines in Parts of Lots 32, 33, and 34, Concession 6, 

Township of Brighton (site). 

 

Applications under the Aggregate Resources Act (ARA) and its Provincial Standards, as 

well as the Municipality of Brighton Official Plan and Zoning By-law, are required to open 

the proposed pit.  Jagger Hims Limited has completed this Hydrogeological Study to 

provide the necessary hydrogeological (groundwater), hydrological (surface water), and 

geological information as required by the Provincial ARA application and municipal 

planning applications.  The study was prepared essentially in accordance with the 

guidelines for a Hydrogeological Level 1 Technical Report, in accordance with the 

Aggregate Resources of Ontario Provincial Standards (AROPS). A Level 1 Report is 

mandatory for ARA licence applications where extraction is proposed from below the level 

of the water table.  In the case of the Codrington Property, the pit is to be operated above 

the water table.  Accordingly, this study exceeds the normal information requirements 

necessary under Provincial and municipal approval processes.  

 

As part of this investigation, a number of boreholes were drilled and five monitoring wells 

installed, designated as BH05-2, BH05-18, BH05-19, BH05-20, and BH06-1.  The borehole 

investigation determined that granular aggregate materials of economically viable 

quality/quantity exist above the water table at the site, to a maximum depth of 

approximately 24 to 25 metres below ground surface at the southwest portion of the site, 
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and approximately 11 metres below ground surface at the southeast portion.  The pit 

operation would remain above the water table at these depths.  

 

1.2 OBJECTIVES AND SCOPE 

 

The primary purpose of the study is to address hydrogeological/hydrological information 

requirements established by the Municipality and the Province.  As such, the objectives are 

as follows. 

 

� To determine the existing elevations of the groundwater table within the site and to 

provide the final depth of excavation such that excavation terminates at least 1.5 

metres above the water table. 

 

� To identify existing surface water on and surrounding the site, storage and drainage 

features on the site, points of discharge to surface water, and possible 

interconnections between surface water and groundwater. 

 

� To assess potential effects of pit excavation activities on local water resources and 

groundwater use. 

 

� To provide the necessary information to determine any impacts on the natural 

environment from a hydrogeological/hydrological perspective. 

 

1.3 METHODOLOGY  

 

To obtain site-specific hydrogeologic information regarding the groundwater and surface 

water systems, possible groundwater and surface water interaction, and input to the pit 

development, the following activities were undertaken. 
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� The available topographic and geological mapping for the site area was reviewed 

and analyzed to interpret the hydrogeological conditions at the site. 

 

� A historic geological report for the site area was reviewed for preliminary 

subsurface conditions. 

 

� The MOE water well records for the site and surrounding area were collected and 

analyzed to determine groundwater depths, geologic profiles, historic water levels, 

and well yields. 

 

� Two reconnaissance on-site visits were completed to identify the locations for the 

new boreholes and monitoring wells, and to investigate for seeps, springs, and other 

components of groundwater and surface water systems. 

 

� Five (5) additional monitoring wells designated as BH05-2, BH05-18, BH05-19, 

BH05-20, and BH06-1 were installed in five boreholes drilled on the site between 

May 2005 and March 2006 to permit the establishment of the depth and elevation of 

the groundwater table, and the direction of groundwater movement.  Borehole  

BH06-2 was drilled and decommissioned after analyses of the geological conditions 

in the southeast corner of the eastern parcel of the site. 

 

� A survey was undertaken to establish monitoring well elevations to an on-site 

benchmark of 189.00 metres above sea level (m asl) for the ground surface at  

BH05-18.  In April 2007, the monitoring well elevations were updated using the 

geodetic information provided by the 43 Degrees North. 

 

� Groundwater levels were measured at monitors BH05-2, BH05-18, BH05-19, and 

BH05-20 in October 2005, January, March, April, and December 2006, April 2007, 

and May 2008 during seven monitoring events.  In monitor BH06-1 groundwater 
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levels were measured in March, April, and December 2006, April 2007, and May 

2008 during five monitoring events. 

 

� A subcatchment analysis and a water balance assessment were completed for the 

low lying area on the site. 

 

 

2.0 HYDROGEOLOGIC SETTING  

 

2.1 TOPOGRAPHY AND PHYSIOGRAPHY  

 

The site is located on a hill, which is approximately 2.5 km wide in an east-west direction 

and slightly longer in the north-south direction.  The hill has a flattened top and is 

approximately 50 m higher than the surrounding sand plain.  Regional mapping by 

Chapman and Putnam (1972), surficial geological mapping (Leyland and Mihychuk, 1984), 

and the Aggregate Resources Inventory (Rowell, 1997) indicate the presence of lacustrine 

sand and gravel in the investigated area. 

 

For the convenience of the site description, it is considered that the site consists of two 

parcels: the Western parcel and the Eastern parcel divided by the road allowance between 

Lots 32 and 33, as shown in Figure 1. 

 

The maximum elevation on the site is about 204 m asl in the western part of the Western 

parcel and the minimum elevation is about 180 m asl in the southeastern portion of the 

Eastern parcel.  A low-lying area at an elevation of about 181 m asl is located in the north-

central portion of the Western parcel and is identified to be seasonal wetland/pond on the 

topographic mapping.  The northern limit of the site along the Ontario Hydro Easement 

varies between 180 to 195 m asl, and the southern limit varies between 180 and 195 m asl. 

 



Hydrogeological Study – Codrington Property  051777.00 
St. Marys Cement Inc. (Canada)  March 30, 2009 

Jagger Hims Limited 6/24/2009 9:10 AM:  H:\Proj\05\1777\00\Wp\VGM-R Hydrog Study Codrington_PDF.doc Page 5 

The Codrington area was influenced by a number of glacial and post-glacial events, and the 

topography is irregular and varied.  During the Pleistocene (glacial) Epoch, the area was 

covered by a succession of ice sheets, which exceeded one kilometre in thickness.  During 

the retreat and melting of the ice sheets, the ice split into several ice lobes, which behaved 

semi-independently.  A northern ice lobe stood in the Rice Lake – Sterling area, and the 

Lake Ontario lobe was centred in the Lake Ontario basin.  The Oak Ridges Moraine was 

formed between these two lobes, and the moraine is a major glacial and physiographic 

feature to the west of the Brighton area toward Toronto.  Brighton is near the eastern 

extremity of the Oak Ridges Moraine, although the feature is poorly developed in this area 

and was eroded into several disconnected fragments. 

 

The Oak Ridges Moraine and the drumlinized till plains to the north and to the south of the 

moraine were subjected to a variety of pro-glacial and post-glacial influences.  During the 

waning of the ice, a number of glacio-fluvial ice-contact features, such as eskers and kames 

were deposited.  Meltwater that flowed generally southward from the ice front often eroded 

previously existing landforms and/or deposited surficial outwash sand with occasional 

gravel.  The site itself is not in the Oak Ridges Moraine physiographic region or the Oak 

Ridges Moraine Conservation Plan Area (ORMCPA). 

 

A series of high level pro-glacial lakes existed in the area after the deposition of the major 

glacial landforms.  The lakes formed adjacent to the ice lobes and numerous shorelines and 

sand plains were deposited at that time in the Brighton area.  The lake deposits commonly 

were developed on, and overlie, previously existing deposits.  

 

Lands within the study area are primarily undeveloped and consist of bush, sand/gravel 

highlands, and some farmlands. 
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2.2 GEOLOGY 

 

2.2.1 Regional Geology 

 

The available geological information for the Codrington area indicates that the surficial 

materials are lacustrine origin.  These materials are several metres in thickness and they 

overlie some type of older deposits.  Leyland and Mihychuk (1984) noted the presence of 

silt to sand till over much of the southern portion of the deposit, and this suggests that the 

Codrington hill is one of several flat-topped till mounds in the area. 

 

The actual soil stratification was interpreted from the data obtained from MOE water well 

records and Jagger Hims Limited boreholes, which are shown on Figure 2.  The regional 

cross sections A-A’ and B-B’, presented on Figures 3 and 4, reflect the regional geology.  

The site is located on a high area of land with near surface deposits of silt, sand, and 

gravel.  Deeper units of fine-grained soil (clay, silt, and hardpan) are present and also occur 

near surface within the surrounding lower lying area.  Surficial sand deposits also occur in 

the lower lying area.  Bedrock was detected north of the site at a depth of about 12 m 

below ground surface, which corresponds to an elevation of about 115 m asl. 

 

2.2.2 Local Geology 

 

Thirty-seven test pits and seventeen boreholes were completed on the site in early 2005.  

Three additional boreholes were completed in late 2005 and two more in early 2006 (for 

total of 22 boreholes) to investigate local geological conditions.  The interpretation of local 

geology suggests that the Codrington hill is an ice-contact or kame feature whose surface 

was modified by the later lacustrine events in the area.  The 2005 and 2006 drilling results 

support the interpretation that Codrington hill is an ice-contact glaciofluvial deposit of 

significant thickness.  The locations of the boreholes advanced during both drilling 

programs are shown on the Site Plan, Figure 5.  The results of the drilling are detailed in 

the appended borehole logs of Appendix A and are summarized on Figures 6, 7, and 8. 
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The main finding of the drilling is that there are substantial amounts of sand and gravelly 

sand in the subsurface beneath the Codrington Property and that a large amount of this 

material is above the water table.  A detailed analysis of the borehole results allows for the 

grouping of the material encountered into three major units. 

 

Unit 1 

Unit 1 includes silt till and silty fine sand that are generally in the order of about 5 m to  

8 m thick, but were detected to be at least 11.9 m deep at BH05-15 and 16.8 m deep at 

BH05-16.  This unit is prominent near surface in boreholes BH05-6, BH05-8, BH05-9, 

BH05-10, BH05-12, BH05-13, BH05-15, BH05-16, BH05-19, and BH05-20.  A surficial 

1.5 m thick portion of Unit 1 is located at BH05-4. 

 

Unit 2 

Unit 2 is the main sand and gravel unit present on the site.  The unit is prominent at surface 

or below Unit 1 in the southern and eastern portions of the site.  The material of Unit 2 is 

variable in texture and commonly ranges from fine to medium sand with some (20%) 

gravel to sand and gravel in approximately equal proportions.  The gravel-rich areas appear 

as lenses or beds within the sand, and the gravel content is variable.  The unit reaches a 

confirmed maximum thickness of 25 m in the south-central and eastern portion of the site 

near boreholes BH05-4, BH05-5, BH05-6, BH05-7, BH06-1, and BH06-2.  There are 

several small inclusions of till and silt within Unit 2, which support the idea that much of 

this unit is ice-contact in origin.  However, the upper few metres of material were likely 

wave-washed during the existence of Lake Iroquois in the area. 

 

Unit 3 

Unit 3 is generally fine to medium sand with an occasional lens (e.g. BH05-13) of coarser 

material.  The unit is present at depth beneath much of the site and is generally regarded as 

marginal for use as aggregate due to its fine-grained texture and lack of gravel.  Unit 3 is 

transitional with Unit 2 and essentially represents the gravel-poor phase of the combined 

unit. 
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Many of the boreholes encountered difficult drilling at the 25 m to 35 m depth.  Boulders 

and/or a possible cemented layer were identified in several boreholes at the depth of 

approximately 30 m, and saturated sand was also encountered at a similar depth. 

 

Two boreholes were advanced near the low-lying area in the north-central portion of the 

Western parcel of the site.  BH05-19 was advanced to a depth of 29.6 m and intersected a 

shallow silt unit (Unit 1) from 0.6 to 8.2 m below ground surface.  Owing to the potential 

for the silt unit to contain a perched water table, a second borehole BH05-20 was advanced 

within the southern portion of the low-lying area to a depth of 5.1 m and was completed as 

a standpipe monitoring well. 

 

2.3 GROUNDWATER SETTING 

 

2.3.1 Regional Groundwater Setting 

 

Most of the water wells are located around the high area of land at a distance of more than 

1 km from the site.  The Ministry of the Environment (MOE) water well record locations 

are shown in Figure 2 and listed in Tables A-1 and A-2, Appendix A.  A well record for the 

recently drilled water well located west of the site boundary is also presented in Appendix 

A.  Two regional hydrogeological cross-sections A-A’ and B-B’ are presented in Figure 3 

and Figure 4. 

 

Based on the MOE water well records, most water wells are drilled wells that are 

developed within deep sand and/or gravel deposits greater than 15 m below ground surface.  

Some shallower water wells and dug wells are present.  Around the high area of land, most 

water wells are developed within an aquifer that is confined by overlying fine-grained 

material such as clay or hardpan.  It is anticipated that the clay identified in the well 

records is dominantly silt with different proportions of clay, and may be a fine-grained till. 
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The two well records for water supply wells in the high area of land (272 and A027288) 

indicate deep wells to about 40 m below ground surface.  A027288 indicates confining 

layers of fine-grained material, with a perched water table at about 32 m below ground 

surface. 

 

Groundwater levels in the water wells indicate higher groundwater elevations within the 

high land, with lower groundwater levels in water wells in the surrounding lower lying 

areas.  Therefore, as expected, regional groundwater is inferred to move in a radial pattern 

from the high land toward the surrounding lower lying areas.  Thus, the high land 

represents a regional groundwater recharge area. 

 

Based on available data, local groundwater uses are for domestic purposes and some 

limited uses for livestock watering. 

 

2.3.2 Site Hydrogeology 

 

Groundwater levels were measured in the on-site monitoring wells BH05-2, BH05-18, 

BH05-19, and BH05-20 in October 2005, in January, March, April, and December 2006, in 

April 2007, and in May 2008.  In monitor BH06-1, groundwater levels were measured in 

March, April, December 2006, in April 2007, and in May 2008.  Monitors locations are 

shown on Figure 5.  Monitor construction details are presented in Table B-1 and 

groundwater elevations are presented in Table B-2, Appendix B.   

 

Groundwater levels within the deep monitoring wells in average fluctuated less than 0.75 m 

from October 4, 2005 to May 9, 2008.  Considering that infiltration to the water table will 

naturally vary between the fall, winter, and spring, it is interpreted that the permeable soil 

permits the rapid dissipation of infiltration.  Thus, the late spring water table conditions 

observed  in May 2008 may be considered to represent the maximum water table elevation 

for the site at most locations.  At BH05-18, the maximum water table elevation occurred in 

April 2007. 
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Figure 9 presents the maximum water table configuration observed for May 2008.  As 

presented, the groundwater table is inferred to be highest in elevation with the central 

portion of the site below the area of high surface topography and where sand occurs near 

surface.  Within the northwestern portion of the site, the fine-grained surficial material (silt 

and silty fine sand) prevents the rapid infiltration of water to the water table and thus 

prevents the establishment of high water table levels.  The direction of groundwater 

movement is outward from the groundwater high toward the north, south, east, and west.  

As expected, no groundwater seeps or springs were identified on the site. 

 

A seasonal perched groundwater table was detected near the wetland/pond area within the 

north-central portion of the Western parcel of the site at BH05-20.  In October 2005, a 

water table was not detected, but from January 2006 through May 2008 the perched water 

table was within 0.5 m of ground surface.  It is interpreted that the perched water table is 

formed as a result of the slow downward movement of groundwater through the underlying 

clayey silt.  As shown in Figure 6, the clayey silt (Unit 1) is underdrained by the deeper 

unconfined water table. 

 

Based on the water table configuration and the surrounding low areas, it is inferred that 

vertical hydraulic gradients are downward and the site is located in a groundwater recharge 

area. 

 

2.4 SURFACE WATER  

 

On a regional basis, there are few surface watercourses located within two kilometres of 

the site.  One watercourse is Cold Creek, which is about 1 km south of the site and flows in 

an easterly direction.  A tributary of Marsh Creek is located about 1 km west of the site and 

flows in a northerly direction toward Murray Marsh, which is located about 2 km northeast 

of the site.  Tributaries of Marsh Creek and Murray Marsh are located within about 500 m 

east of the site.  A permanent watercourse was identified about 50 m south from the 

southeast corner of the site, which slopes in an easterly direction.  Based on the water table 
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elevation in this area as presented in Figure 9, there is a groundwater baseflow component 

to this watercourse.  The groundwater also contributes to baseflow in watercourses located 

further removed from the site, such as Cold Creek and Marsh Creek. 

 

There was no evidence of surface water on the site during September to November 2005, 

and from March 2006 to May 2008, except within the wetland area within the north-central 

portion of the Western parcel.  The low-lying area contained some seasonal water 

accumulation of about 0.2 m depth in March 2006 and about 0.5 m in December 2006, 

April 2007, and May 2008 as a result of snowmelt and overland surface water runoff from 

the surrounding areas of higher topography as well as poor downward drainage due to the 

underlying lower permeability silt.  From January 2006 through May 2008 the monitoring 

well at BH05-20 detected a perched water table within about half a metre below the ground 

surface.  The highest level of perched water was detected at BH05-20 in May 2008, when 

the water table was within about 0.1 m from the ground surface. 

 

2.5 CLIMATIC WATER BUDGET  

 

The water balance for the study area was estimated using available climatic data from the 

on-line resources provided by Environmental Canada and the Ministry of the Environment 

(MOE) infiltration guidelines.  The climatic water budget data from the local climatic 

station at Belleville are summarized in Tables C-1 and C-2, Appendix C.  Based on the 

normal data for 1971 to 2000, the annual precipitation averages about 891.8 mm (mm/a).  

Considering available evapotranspiration of about 533.2 mm/a, the precipitation available 

for runoff or infiltration is about 358.6 mm/a. 

 

As expected, a calculated water surplus occurs during the winter, spring, and fall months, 

with a water deficit during the summer months.  It should be noted that the majority of 

water surplus in the winter accumulates as snow.  Snowmelt during the spring results in the 

runoff or infiltration of precipitation that is effectively equivalent to the winter and spring 

water surplus. 
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2.6 SUBCATCHMENT ANALYSIS 

 

To assess the contribution of precipitation to groundwater and surface water, and to obtain 

the data required for an environmental impact assessment of the proposed pit development, 

a subcatchment analysis was performed for the site. 

 

The site was partitioned into three catchment areas for:  1) the on-site wetland, 2) Cold 

Creek, and 3) Marsh Creek.  Each catchment area was then subdivided into subcatchment 

areas based on the proposed pit excavation boundaries and buffers as shown in Figure 10.  

The infiltration and runoff rates were calculated for each of these subcatchments.  A 

summary of the water balance for subcatchments under pre-development and post-

development conditions is provided in Table 1. 

 

The proposed site development will shift portions of the surface water flow divides for 

local subcatchments.  The following subcatchments will change drainage areas to which 

they contribute; unlisted areas will not change.   

 

SUBCATCHMENT AREA 
PRE-DEVELOPMENT 

DRAINAGE 
POST-DEVELOPMENT 

DRAINAGE DIRECTION 
1A Wetland/Pond Groundwater 
1B Wetland/Pond Groundwater* 
1C Wetland/Pond Groundwater* 
1D Wetland/Pond Groundwater* 
1E Wetland/Pond Groundwater 
1G Wetland/Pond Groundwater* 
2A Cold Creek Groundwater 
3A Marsh Creek Groundwater 
3E Marsh Creek Groundwater 
3G Marsh Creek Groundwater 

 
NOTE: * indicates that the runoff component will be toward the excavation and will infiltrate as 

groundwater within the excavation. 
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Infiltration and runoff for each subcatchment was calculated using the method of Table 2 in 

the Hydrogeologic Information Requirements (MOE, 1995), with some adjustments for site 

conditions.  Runoff was calculated as the difference between moisture surplus and 

infiltration.   

 

The following are detailed comments on the infiltration calculations that were completed 

for the site. 

 

� Input values for Table 1 subfactors are based on available information for soil and 

groundwater conditions.  For subcatchments without direct subsurface information, 

conditions were inferred from the nearest borehole/monitoring well.   

 

� The subcatchment areas were calculated based on the indicated boundaries shown in 

Figure 10.  Water balance calculations were completed for above groundwater table 

extraction on the area of development. 

 

� The moisture surplus used in the calculations was derived from the long-term 

climatic average conditions, based on records between 1971 and 2000.  Monthly 

evapotranspiration values were calculated using the Thornthwaite and Mather 

method (1957) that included a daylight correction for latitude.   

 

� For the wetland/pond an infiltration factor of 1 was considered for direct 

precipitation and runoff as water will accumulate and eventually infiltrate into the 

subsurface and contribute to groundwater.  Open water evaporation was assumed to 

be similar to the calculated evapotranspiration. 

 

� The area covered with wetland was assumed to provide a similar infiltration factor 

for pre-development and post-development conditions. 
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A summary of the site water balance for pre-development and post-development conditions 

is provided in Table 1.  The primary data for the site water balance calculations is shown in 

Table C-3, Appendix C.   

 

For the majority of the site the infiltration rate varied between 70% and 80% of the water 

surplus for an infiltration coefficient of 0.7 to 0.8.  Therefore, a runoff coefficient of 

between 0.2 and 0.3 was estimated for the site for pre-development conditions.  Thus, an 

annual runoff between 72 and 108 mm/a and an annual infiltration between 251 and 287 

mm/a are reasonable.  One exception is for the wetland area within the north-central 

portion of the Western parcel of the site, where an infiltration rate of 100% was estimated.  

Due to the site topography in this area, the water surplus that accumulates in the wetland 

area eventually infiltrates into the underlaying soil which results in localized seasonal 

perched groundwater conditions. 

 

 

3.0 IMPACT ASSESSMENT 

 

3.1 PROPOSED OPERATIONS 

 

CBM Aggregates proposes to operate the pit as an above the water table operation.  In 

accordance with the ARA Provincial Standards, this operation requires that the base of the 

pit must be greater than 1.5 m above the water table.  As noted in Section 2.3, water table 

levels in average fluctuated by less than 0.75 m from October 2005 through May 2008, and 

the late spring water table conditions observed in May 2008 may be considered to represent 

the maximum water table elevation for the site at most locations.  At BH05-18 the 

maximum water table elevation occurred in April 2007. 

 

Groundwater monitors BH05-18 and BH05-19 indicate that the depth to the water table 

within the southwestern portion of the site is between about 23.9 to 25.2 m below ground 

surface.  Within the southeastern portion of the site in the vicinity of BH05-2 the water 
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table is about 10.0 m below ground surface, while within the eastern portion of the site in 

the vicinity of BH06-1 the water table is about 7.0 m below ground surface. 

 

The following table provides an assessment of the extractable material at the site with 

respect to the above water table criterion.  It is noted that the extractable material includes 

material from Units 1, 2, and 3 as defined in Section 2.2.  Depending on the elevation of 

surface topography and the water table, there are localized areas of greater or lesser 

extractable material. 

 

COMPARISON OF WATER TABLE AND EXTRACTABLE MATERIAL 

 

MONITOR 
DESIGNATION 

DEPTH TO WATER 
TABLE 
 (m bgl) 

SOIL THICKNESS ABOVE 
WATER TABLE 

 (m bgl) 

THICKNESS OF 
EXTRACTABLE 
MATERIAL (m) 

BH05-2 10.0 10.0 8.5 
BH05-18 23.9 23.9 22.4 
BH05-19 25.2 25.2 23.7 
BH06-1 7.0 7.0 5.5 
 
 NOTES: 1) ‘m bgl’ indicates metres below ground level. 

2) ‘m’ indicates metres. 
3) Water table depth based on maximum elevations (April 2007 or May 2008).  
4) ARA/Standards Criterion is a base excavation 1.5 m above water table. 

 

In summary, the greatest thickness of extractable material occurs in the area of higher 

surface topography west of the road allowance between Lots 32 and 33 (Western parcel).  

However, it is noted that northwest of BH05-9 the surficial unit of silt to silty fine sand 

(Unit 1) ranges in thickness from about 4.6 m to 8.2 m, with greater than 11.9 to 16.8 m of 

Unit 1 at BH05-15 and BH05-16, respectively.  See Figure 5 for location details. 

 

Based on the May 2008 water table configuration presented in Figure 9, the pit average 

base elevation will be about 177.1 m asl (175.6 m asl + 1.5 m) within the central portion of 

the site and may vary along the site perimeter as detailed in the following table.  It is noted 

that the pit base elevation presented for BH05-18 is based on the April 2007 data, which 

recorded the maximum water table elevation of all the monitoring events. 
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MONITOR 
DESIGNATION 

GROUND SURFACE ELEVATION  
(m asl) 

PIT BASE ELEVATION 
(m asl) 

BH05-2 184.8 176.3 
BH05-18 191.0 168.6 
BH05-19 185.0 161.3 
BH06-1 182.6 177.1 

 

Based on the data obtained during the subsurface investigations and groundwater 

monitoring program, the quantity of the aggregate resources available for extraction was 

calculated.  The calculations were completed for the two scenarios: Scenario I with a 

vertical slope of extraction, and Scenario II with extraction with a slope ratio of 3:1 

(horizontal : vertical).  In both scenarios the volumes of resources available for extraction 

were calculated with consideration of the three phases of the pit development.  The 

calculations results are summarized below. 

 

SCENARIO # 
MATERIAL VOLUME (m 3) 

PHASE I PHASE II PHASE III TOTAL 
Scenario I:  Vertical Slopes 6,398,433 3,898,449 10,235,889 20,532,771 
Topsoil and silt (Unit 1) 1,147,203 920,484 4,125,169 6,192,856 
Sand and gravel (Units 2 and 3) 5,251,230 2,977,965 6,110,720 14,339,915 
Scenario II:  Slopes at 3:1 4,816,017 2,269,863 8,160,669 15,246,549 
Topsoil and silt (Unit 1) 652,698 557,442 3,048,921 4,259,061 
Sand and gravel (Units 2 and 3) 4,163,319 1,712,421 5,111,748 10,987,488 

  

In the event that material washing operations are considered as part of the site operations, 

Section 3.3 provides a summary of surface water available for on-site storage.  If 

groundwater is required to supplement the surface water storage, a Permit To Take Water 

may be required. 

 

A minor groundwater supply will be required for dust control and for periodic watering of 

trees to be planted as part of the site rehabilitation program.  As the predicted maximum 

water requirement will not exceed 50,000 L/day, a Permit To Take Water will not be 

required.  Water will either be obtained from an off-site source or from an on-site water 
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supply well located within the northern portion of the Western parcel of the site, which is 

not proposed for extraction. 

 

3.2 GROUNDWATER ASSESSMENT 

 

According to common industry findings for above water table pit development and based 

on Jagger Hims Limited’s 20 years of experience in extensive groundwater monitoring at 

similar pits, above water table extraction is not known to negatively affect groundwater 

resources. However, to meet and exceed the Provincial requirements as established by the 

ARA Provincial Standards, a detailed groundwater assessment was completed to evaluate 

the possible effects of the above water table extraction on groundwater resources. 

 

Based on the available area for pit development south of the Ontario Hydro Easement and 

estimated setbacks, a pit area of about 81 ha is estimated.  The total infiltration volume for 

the property in pre-development conditions is about 284,805 m3/a, with about 94,126 m3/a 

of runoff.  Development of the pit will prevent runoff within the pit area and some adjacent 

subcatchment areas, and re-direct the runoff to infiltration through the permeable sandy 

soil.  Therefore, the infiltration volume in post-development conditions will be about 

356,954 m3/a.  As such, the post-development conditions will be characterized with an 

increase in infiltration to the groundwater table of about 72,162 m3/a.  

 

The predicted increase in infiltration of water surplus to the groundwater table will 

maintain the groundwater recharge characteristics of the site.  It is predicted that the pre-

development water table high within the central portion of the site will be maintained and 

may increase by about 0.1 m to 0.2 m upon completion of the excavation as a result of the 

increase in infiltration.  As such, shallow groundwater will continue to move from the site 

in a radial direction toward the low-lying areas that surround the site.  Downward hydraulic 

gradients through the underlying low permeable units will maintain the quantity of water 

currently available to local water wells around the site.  
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Based on groundwater information collected from October 2005 to May 2008, there is no 

notable shallow groundwater contribution to the wetland area within the north-central 

portion of the Western parcel.  Water accumulates within the low-lying area during the 

spring and fall months as a result of surface water runoff, and slowly infiltrates through the 

underlying silt.   

 

Water quality impacts are not anticipated and operation of the pit in accordance with 

prescribed conditions and Technical Standards and Safety Authority (TSSA) requirements 

will protect water quality.  The sandy soil and attenuation capacity around the site will also 

prevent detectable changes in suspended solids or temperature within the shallow 

groundwater beyond the 120 m zone around the property as shown in Figure 10.   

 

The watercourse southeast of the property is about 90 m from the edge of the excavation.  

Considering the lateral hydraulic gradient (0.017 m/m), a range of reasonable bulk 

hydraulic conductivities for the soil (10-4 to 10-3 m/s), and a soil porosity of 30%, 

groundwater movement from the excavation to the watercourse would take about 18 to 180 

days, which should provide sufficient time for the infiltration to equilibrate to normal 

groundwater temperatures.  In addition, the low permeable units that protect the deeper 

sand and gravel aquifers will not be compromised by the pit development. 

 

In summary, it is predicted that the development of a pit on the site will not result in 

adverse effects to the local groundwater quantity or quality.  Groundwater monitoring is 

recommended in Section 4.0 of this report to confirm acceptable groundwater conditions, 

and this monitoring program will be included on the ARA Site Plan for the proposed pit. 

 

3.2.1 Effects on Local Water Wells 

 

The results contained in Section 3.2 indicate that the regional groundwater table will not be 

adversely affected by pit excavation.  This assessment is consistent with the research 
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findings published by the Ministry of Natural Resources in the document entitled Applied 

Research On Source Water Protection in the Aggregate Industry.   

 

The pit excavation has no predicted negative effects on groundwater quantity or quality.  In 

fact, it will increase the overall recharge to the aquifer.  As such, there will be no negative 

effects of the proposed excavation on the local groundwater users.  Correspondingly, the 

closest water well, which is located downgradient from the western site boundary at a 

distance of about 20 m, will not be negatively affected by the proposed pit development.  

 

3.3 SURFACE WATER ASSESSMENT 

 

Considering the method of extraction above the groundwater table, the plan to keep a “no 

extraction zone” in the northwest corner of the site, the distance to the nearest surface 

watercourses, and a predicted increase in groundwater recharge, no negative effects to local 

watercourses are expected from the pit operations. 

 

A reduction in runoff on the site and toward the site boundaries is predicted.  The runoff to 

the on-site wetland located within the north-central portion of the Western parcel is 

predicted to be about 77% less than pre-development conditions.  As a result, the depth and 

duration of the ponded water in the wetland will be reduced.  However, as the wetland 

represents a groundwater recharge feature and the reduced runoff corresponds to an 

increase in infiltration, no negative effects to groundwater quantity or quality are predicted 

in this area.  Impacts on the wetland are further reviewed in the Natural Environment report 

prepared by AECON (formerly Gartner Lee Limited) (2008). 

 

Runoff from the site toward Cold Creek will decrease by about 80% with the proposed 

extraction area.  This runoff reduction is minor compared to the overall watershed area for 

Cold Creek and considering the surficial sand and gravel south of the site where most 

runoff will infiltrate into the groundwater.  In addition, the corresponding increase in 
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infiltration will enhance the southerly groundwater movement and the baseflow 

contribution to the creek. 

 

Within the northern and eastern portions of the site, the component of runoff toward Marsh 

Creek will decrease by about 70%, while the overall infiltration to groundwater will 

increase.  As noted above, the resultant groundwater baseflow to the local watercourses 

compensate for the reduced runoff. 

 

The volume of surface water available for storage and use for material washing as part of 

site operations will depend on the surface area and design of on-site storage/settlement 

ponds.  The permeability of the sandy soil requires that the ponds be designed with a low 

permeable base of on-site silty soil.  In addition, the settlement of fines will enhance the 

retention capability of the ponds.  Assuming that evaporation from the ponds will be 

similar to the estimated evapotranspiration rates, a lined pond should provide water at a 

rate of about 0.36 m3/a/m2 of pond area.  Most water accumulation in the ponds will occur 

during the spring months. 

 

No off-site discharge of water from the storage/settlement ponds will be required.  Excess 

water may be directed to the wetland/pond for infiltration to the groundwater table.   

 

 

4.0 PERFORMANCE MONITORING PROGRAM  

 

Development of the pit as an above the water table operation will not have a negative effect 

on local groundwater or surface water resources.  However, it is recommended that the 

following performance monitoring program be implemented to confirm acceptable 

conditions and to provide input to contingency measures, if required. 

 

Considering the proposed extraction area, monitoring wells BH05-19 and BH05-20 should 

be decommissioned in accordance with the regulatory requirements. 
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The performance monitoring program should include the following. 

 

� Groundwater Level Monitoring – Complete at BH05-2, BH05-18, and BH06-1 on a 

quarterly basis over the calendar year. 

 

� Baseline Groundwater Quality Monitoring – Complete one monitoring event at 

BH05-2, BH05-18, and BH06-1 prior to extraction for the following parameters:  pH, 

conductivity, turbidity, temperature, and total dissolved solids. 

 

� Annual Reporting – Prepare an annual monitoring report by March 31 of each year to 

summarize the monitoring results of the preceding year.  The report should document 

complaints and responses. 

 

� Groundwater quality sampling should be completed once, prior to commencement of 

pit operations.  The groundwater level monitoring should be completed annually on a 

quarterly basis. 

 

It is predicted that an above the water table pit operation will have no negative affects on 

groundwater and surface water resources.   

 

4.1 CONTINGENCY MEASURES 

 

If groundwater levels at BH05-2, BH05-18, and BH06-1 decrease by 2 m relative to 

baseline conditions, a detailed review of data collected for the site to determine the cause 

should be completed.   

 

If the water level decrease is a result of site operations, increase the scope of the 

performance monitoring program to include residential wells within 100 m of the site and 

the watercourse southeast of the site.  Monitoring should include annual quality tests for 

the baseline parameters and quarterly levels. 
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If pit operations are determined to negatively affect groundwater or surface water 

resources, the following contingency measures should be implemented. 

 

1. Interference with acceptable quality or quantity of water in a water well should 

result in provision of an acceptable water supply by either installation of a new 

water well or a suitable alternative. 

 

2. Negative effects on the watercourse should be remediated by changes in site 

operations or through site rehabilitation. 

 

 

5.0 CONCLUSIONS AND RECOMMENDATIONS  

 

The results of this Hydrogeologic Study indicate that no negative effects to the 

groundwater and surface water regimes are predicted as summarized below. 

 

� A sand and gravel unit (Unit 2) occurs across the southern portion of the site and 

achieves a confirmed maximum thickness of about 25 m within the south-central 

portion of the site.  The underlying sand unit (Unit 3) contains less gravel.  Within 

the northwest portion of the site a silt to silty sand unit (Unit 1) occurs at surface 

and is generally 5 m to 8 m in thickness, but was detected to a depth of about 17 m 

at one borehole location. 

 

� The wetland within the north-central portion of the Western parcel of the site is 

located in an area with a surficial silt layer (Unit 1) that is about 8 m in thickness, 

but thickens toward the northwest. 

 

� The site is located within a high area of land that forms a regional recharge area for 

dominantly confined aquifers in the surrounding lower lying areas.  Most water 

wells are developed in confined aquifers at a depth greater than 15 m below ground 
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surface.  The quantity of water available for domestic water supply wells will not be 

negatively affected by the pit development as the recharge to the aquifer developed 

by the local water wells is predicted to increase.  In addition, there will be no 

negative impact from pit development on groundwater quality owing to the nature of 

the development, the on-site environmental management processes, and the 

available attenuation capacity within the water table aquifer around the site.  Most 

water wells around the site are developed within an aquifer that is confined by 

overlying fine-grained deposits such as clay or hardpan. 

 

� Development of the site as an above the water table operation under a Category 3 

Application will provide from 20 m to 30 m of available material west of the road 

allowance between Lots 32 and 33 (Western parcel) and about 5 m to 25 m of 

material east of the road allowance (Eastern parcel).  Within the northwestern 

portion of the Western parcel the thickness of sand and gravel resources will range 

from approximately 14 m to approximately 17 m due to the occurrence of surficial 

silty deposits (Unit 1).  Most of these surficial silty deposits are located within the 

area not proposed for extraction. 

 

� It is calculated that between about 11 and 14 million cubic metres of suitable 

material (Units 2 and 3) are available for extraction for the proposed pit design. 

 

� The base of excavation will be 1.5 m above the May 2008 groundwater table, which 

had an elevation of ±175 m above sea level (asl) within the central portion of Lots 

33 and 32, falling off to below ±150 m asl in the northwest, ±155 m asl in the 

northeast, ±165 m asl in the southeast, and ± 160 m asl in the southwest. 

 

� Pit development will increase the groundwater recharge in the area.  No negative 

effects to groundwater quality or quantity are predicted.  Similarly, water wells in 

the area will not be negatively affected by the pit development. 
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� There is no notable groundwater contribution to the wetland within the Western 

parcel of site.  Water accumulates within the wetland during the spring and fall 

months as a result of surface water runoff, and slowly infiltrates through the 

underlaying silt.  As a result, temporary perched groundwater conditions occur in 

this area.  Pit development will reduce the amount of runoff to the wetland, which 

will reduce the depth and duration of ponded water.  However, the net infiltration to 

groundwater in this area will be maintained. 

 

� A reduction in surface water runoff on the site will occur, but no effects to off-site 

surface watercourses are predicted as a result of increased infiltration.  The 

contribution of groundwater baseflow to the watercourses will continue. 

 

The following recommendation is provided for consideration. 

 

� The performance monitoring program should be implemented as outlined in  

Section 4.0. 

 

 

Yours truly, 

JAGGER HIMS LIMITED 

 

 

 

Vyacheslav G. Magmedov, Ph.D., P.Geo. Jason T. Balsdon, M.A.Sc., P.Eng. 

Project Manager Consulting Engineer 
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