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Report Conclusions and Recommendations Summary 

The conclusions and recommendations from the detailed hydrogeological investigation are summarized 

below.   

CONCLUSIONS 

 Sensitive receivers are present within the study area.  These consist of off-site wells and the 

Black Bay Wetland on and adjacent to the site.   

 The proposed operation, as presented, is not predicted to have a noticeable effect on the 

hydrogeology and hydrology of ground or surface waters, including Black Bay Creek and Black 

Bay Provincially Significant Wetland.   

 Monitoring of groundwater and surface water is recommended to strengthen the assessment, 

validate the predictions and provide baseline data that can be used to assess issues if they arise 

in the future. 

GENERAL RECOMMENDATIONS  

 The groundwater and surface water monitoring program and assessment tools should be 

reviewed regularly by a qualified professional and may be amended subject to approval by 

MNRF and/or MECP.  

ELEVATION OF THE WATER TABLE  

 The maximum predicted water table elevation recorded between December 17, 2020, and 

September 21, 2023, was 145.0 mASL.   

ADAPTIVE MANAGEMENT PLAN  

 The wetland and nearby groundwater users are sensitive receivers.   The adaptive management 

plan (AMP) consists of groundwater and surface water monitoring, assessment tools and 

contingency plans.   

 The plan incorporates regular assessment of data.  Action may be required if the data review 

predicts an unacceptable impact to the groundwater or surface water.  Action may also be 

required if an unpredicted impact is reported to MPL, MECP or MNRF.  

 The components of the AMP may be updated with additional data, subject to approval by 

MNRF.  

 Action to address potential impacts by the operation should be addressed in a timely manner.  

 Under the current operation, the water taken from Black Bay Creek for aggregate processing is 

returned to a separate localized catchment because of the bedrock ridge in the south part of the 

site.  The quantity is small and the impact of moving the wash water between the basins will be 

negligible.  While it is not necessary, it should be noted that this could be mitigated by treating 

the wash water in a settlement pond and discharging the treated water on the south side of the 

bedrock ridge.      
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Baseline Data of Off-Site Groundwater Wells  

A well survey should be undertaken at properties along Rantz Road within 500 m from the license 

boundary (civic numbers between 662 and 1080) before the below water operation begins.  

Participation in the survey by property owners should be voluntary.   

The survey should document the property setting, well location and construction, site use, and should 

confirm the water well record, if possible.   Water samples should be collected from an untreated tap 

and analysed for general groundwater characteristics and pathogenic bacteria following industry 

standard sampling procedures.  The QP may add parameters for analysis if indicated by the observed 

site conditions.   

The water samples will be analysed for at least: 

 Parameter/ Analyte 

Field Measurements temperature, TDS, conductivity, dissolved 

oxygen, pH 

General Characteristics pH, Alkalinity, Hardness, TDS, Conductivity, Ca, 

Mg, Cl, NO2, NO3, NH3, Total Kjeldahl Nitrogen, 

SO4, Fe, Mn, Na, F, phenols 

Bacteriological Analysis e.coli, fecal coliforms, total coliforms, 

background plate count 

Groundwater and Surface Water Monitoring Plan 

 Groundwater and surface water monitoring will be completed.  Groundwater monitoring will be 

done for both above water and below water operation stages.  The monitoring program applies to 

years that the site is open and operating.   

 The monitoring well elevations and the elevations of the staff gauges in the surface water program 

should be surveyed before the first annual review.   

 Monitoring wells that are removed or irreparably damaged should be replaced, and the elevation 

recalibrated if necessary.  

 The monitoring program requirements will depend on the site status and development, but site 

measurements will be taken at least twice a year.  

 When measurements are taken, observations and/or photos of the site activity should be 

recorded.  Weather conditions on, and for two or three days before the monitoring, should also be 

noted.  

 The monitoring program, will consist of; 
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Operational 

Sequence 
Time and Duration Description Details 

Groundwater Monitoring 

A
B

O
V

E
 W

A
T

E
R

 

O
P

E
R

A
T

IO
N

 

From present, for two 

operating years, four times per 

year 

a. before season’s 

excavation begins, 

b. one month after season 

ends, 

c. two additional periods, 

representing pertinent 

conditions 

Additional 

groundwater 

characterization 

Record water levels in four monitoring wells  

After two years, review data and recommend 

revisions to monitoring program, including 

temporary suspension 

B
E

LO
W

 W
A

T
E

R
 O

P
E

R
A

T
IO

N
 

Beginning the operating year 

that below water extraction 

will begin 

a. before season’s 

excavation begins, 

b. alternate months through 

operating season  

c. one month after season 

ends 

Below 

groundwater 

impact 

assessment 

Record water levels in four monitoring wells  

When the monitoring of the below water 

excavation begins, the data should be reviewed 

informally after each visit by a qualified 

professional.  The QP can recommend if or when 

this review may be discontinued.   

After two years, review data and recommend 

revisions to monitoring program, including 

temporary suspension  

Wetland Monitoring 

A
B

O
V

E
 A

N
D

 B
E

LO
W

 W
A

T
E

R
 

a. before season’s excavation 

begins, 

b. alternate months through 

operating season 

c. one month after season 

ends 

Monitor wetland 

conditions 

Record water level and temperature at the time 

of groundwater monitoring.  Alternatively, at MPL 

discretion, install a datalogger in each monitor, 

take manual readings for correlation and 

download data at monitoring visit. 

 

After two years, review data and recommend 

revisions to monitoring program 

  Field 

Measurements 

Temperature, TDS, conductivity, 

dissolved oxygen and pH 

  Laboratory 

 

- if the visual inspection 

indicates sheen and film, a 

sample will be taken and 

analysed for TPH and oil and 

grease 
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Operational 

Sequence 
Time and Duration Description Details 

Pond Monitoring 

B
E

LO
W

 W
A

T
E

R
 

O
P

E
R

A
T

IO
N

 

 

O
P

E
N

 W
A

T
E

R
 

P
R

E
S

E
N

T
 O

N
 S

IT
E

 Beginning of season following 

the year that below water 

extraction begins or when pond 

size reaches +/- 0.3 ha 

Pond Monitoring 

Station 

Establish pond monitoring station near staff 

gauge.  

 

As the open water area expands to 4 to 5 ha, a 

second monitoring station may be installed to 

record the change in water level across the open 

surface 

Reporting 

 The groundwater and surface water program data should be analysed every 2 years by a QP, and a 

brief assessment kept at the company offices for future reference.  After the first two years, the 

data should be reviewed by a qualified professional, and recommendations to modify the 

groundwater and surface water monitoring program may be made. 

Assessment Tools  

 Action may be initiated if the data review predicts that an unacceptable impact to the 

groundwater or surface water will occur.  Additionally, action may be required if an unpredicted 

impact is reported to MPL, MECP or MNRF.   

 The water levels should be reviewed as they are collected on alternate months with attention 

given to flag and follow-up on unusual changes.  An explanation should be determined for any of 

these noted deviations, and the observations and conclusions provided in the subsequent 

review report. 

Contingency Plan 

 The contingency plan addresses the procedure that should be followed if a groundwater or 

surface water issue occurs. 

 The contingency plan is effective within 500 m of the license boundary.   

 If a water loss occurs at one of the addresses between 662 Rantz Rd and 1080 Rantz Rd, and an 

initial investigation cannot identify an obvious cause, MPL will provide an interim potable water 

supply to the affected well within 24 hours.  The interim supply will be continued until the 

matter is resolved.  

Receipt of Unexpected Well Problem  

 If an unexpected issue arises at one of the addresses between 662 Rantz Rd and 1080 Rantz Rd, 

MPL will retain a qualified professional, who will investigate the issue, provide an opinion on 

cause and provide recommendations to MPL in a timely manner.  If the problem is attributed to 

the pit operation, remediation or compensation will be offered by MPL as soon as possible. 

 If MPL is notified by MNRF or MECP of responsibility for a well issue within 500 m of the license 

boundary, any direction by that agency will be followed. 
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Predicted Negative Impact on Off-Site Users  

 If a negative impact on a neighbouring well is predicted through data review, the well conditions 

will be evaluated, and remediation will be implemented to prevent the impact.   

 After the remediation, if natural water quality exceeding the Ontario Drinking Water Standards 

is encountered, appropriate water treatment will be considered.  

Protection of Groundwater and Surface Water Quality  

 Protection of the groundwater and surface water from contaminants will be accomplished 

through management and operation of the materials and equipment to the industry standards 

and legislative requirements.   

 Re-fueling should take place on an impervious surface, and materials storage should be in an 

appropriate container with secondary containment.  Regulatory requirements of the Technical 

Standards and Safety Authority should be followed.  

 A minimum of 30 m will be maintained between a contaminant source, and any surface water 

including but not limited to, wetland, the pit pond or ditch.  

 Material imported to the site should meet the regulatory requirements of O. Reg. 244/97.  

Emergency Spills Procedure  

 An emergency spills procedure should be prepared for the site.   

 If a spill occurs, action will immediately be taken to contain and absorb the spilled material.   

 Any unexplained losses of fuel or other contaminants will immediately be reported to 

appropriate management levels and/or agencies. 

 The reporting requirements of the MECP will be followed under the responsibilities of 

designated staff, to assure that proper clean-up has occurred.   

 Water surfaces, including puddles, ponds or other open water surfaces should be regularly 

inspected by MPL for sheen, film, or foam.  An effort should be made to identify the cause, and 

if needed, to take further action. The details and actions taken should be logged. 

 A quantity of appropriate clean-up material such as absorbent mats and granular absorbent 

material should be kept on site when the pit is operating. 

Additional Recommendations  

 A site plan note should be added to state the below water operation will be undertaken without 

dewatering or other means of lowering the groundwater table including ditches. 

Operational permits, such as a Permit to Take Water or a Certificate of Approval for Industrial 

Wastewater Treatment (part of the Environmental Compliance Approval) should be maintained, if 

necessary.   
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1  INTRODUCTION   

Smiths Construction Co. Arnprior Ltd., a division of Miller Paving Limited (MPL) owns and operates the 

Turcotte Pit, which is licensed under the Aggregate Resources Act (License #15498).  The Turcotte Pit is 

located on Part of Lot 7 and 8, Concession VII, town of Petawawa, County of Renfrew (OS Figure 1).  

The current site plan allows excavation within 1.5 m of the water table.  GRI Inc. (GRI) was retained by 

MPL to prepare a hydrogeological study to assess the impact of extraction below the water table on the 

site to determine the maximum predicted water table, assess the impact of extraction below the water 

table on ground water and surface water features located within the zone of influence of the site 

(Ontario Ministry of Natural Resources and Forestry 2020a).  The technical report requirements for 

hydrogeological requirements for a site plan amendment described in Provincial Standards were used as 

the study scope.    

2 OPERATION  

The existing conditions of the site, the proposed operation and rehabilitation are described on the four 

pages of the site plan that were prepared by Skelton Brumwell & Associates Inc.  and approved by then 

Ministry of Natural Resources (Skelton Brumwell and Associates Inc. 2019).  The licensed property is 

41.1 ha out of which up to approximately 25.1 ha will be disturbed, extracted, and rehabilitated.      

The elevations on the site plan and in this report are geodetic.   

2.1 Current Site Plans 

The current site plans were prepared by Skelton Brumwell and Associates (SBA) and are stamped 

“Acceptable” by MNRF on January 23, 2019.  The plans were prepared to update elevation data and 

address updated requirements.  The site operations were transcribed from the previous site plans 

prepared by Base Mapping Company Ltd in 2004.   

Page 3, Note F.1 of the site plan states, “The site will be operated in one phase with two lifts.  An 

optional third lift below the water table will require MNRF approval”.  Note G.1 adds, “If at some point 

during the excavation of the site, due to quality or quantity of the aggregate, the operator would wish to 

extract material from below the water table using a high hoe or drag line, a site plan amendment with 

required reports must be approved prior to the commencement of Lift 3.” 

Features of the current site plan relevant to this investigation are;  

 The water table is shown at 144 mASL. 

 The pit is approved for operation above the water table, down to a minimum elevation of 

145.5 mASL.  

 Below water table extraction indicated on the site plan as a third lift requires MNRF approval 

before it can proceed.  The site plan shows the below water extraction would be to a minimum 

elevation of 142 mASL. 

 There will be a 30 m excavation setback from the Black Bay Wetland.  A disturbed area within 

the setback will be rehabilitated subject to availability of imported topsoil.    
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 Aggregate products from off-site, organic material and mulch may be imported and temporarily 

stored on site for the purpose of resale and/or blending with site products. 

 Asphalt and concrete will be stored, recycled and processed on site in various locations subject 

to the setbacks and depending where active extraction is taking place.  

 Aggregate processing is done with the required approvals (Permit to Take Water #0710-

9KDHK4-36, ECA #2837-98YKRV-14).  

 Fuel storage on the site is near the scales and scale house.  

 A permanent asphalt plant is located on the site and a concrete plant is permitted.  

 The maximum aggregate to be removed from the pit annually is 1,000,000 tonnes1. 

2.2 Site Plan Changes 

 The site plan will be updated to permit below water excavation of the available resource 

(minimum depth 131 mASL) 

 The position of the maximum water table elevation will be adjusted to reflect data collected 

from the site between 2018 and 2023. 

 The tonnage limit will not change.  The current tonnage limit is listed on the ARA license. 

 This report assumes excavation of the material will be accomplished without dewatering or 

lowering of the water table.  There are no such specific notes provided on the current site plan 

in this regard.   

 Changes on some operations will result from this study (Section 18). 

3 STUDY SCOPE   

The study followed the format prescribed by the Provincial Standards for a site plan amendment 

(Ontario Ministry of Natural Resources and Forestry 2020a, 2020b).  These were;  

1. Predict the maximum water table that will be encountered on the site; and 

2. Identify groundwater and surface water resources and their uses and determine the potential 

for impact by the proposal.   If potential impacts were identified, the study provides an impact 

assessment and if appropriate, an adaptive management plan to identify and address the 

predicted impacts should they occur.  

The “site” consists of the property, licensed and extraction areas which are 41.1 and 25.1 ha, 

respectively.  The Provincial Standards defines 120 m as the area to be examined in assessments for the 

site.   Two other areas are referenced in the report:  

 Reference is made to the “site and surrounding area”.  For hydrogeology, the 120 m Provincial 

Standards distance was expanded to 500 m to evaluate potential impacts.  The radius was 

 

1 Ontario Pits and Quarries Map 
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chosen because it is an area commonly used in planning as well as by MECP to define the area 

where groundwater impacts are most likely to occur. 

 The “study area” consists of the site and approximately 2 km surrounding zone.  Within this area 

there are enough data to represent the regional groundwater conditions and use around the 

site.  A broader area was examined with a higher-level regional assessment to provide 

background to contribute to the site impact assessment.  

4 REGIONAL SETTING   

The study area is shown on OS Figure 1.   The sections below describe the characteristics of the site and 

area.  

4.1 Physiography and Topography 

The site is situated within the Algonquin Highlands.  The area is underlain by Precambrian bedrock and is 

characterized by rounded ridges extending 15 to 60 m above the surrounding lowlands.   Wetlands are 

usually found in the lowlands between the bedrock ridges (Chapman and Putnam 1984).   The exception 

is where the glaciofluvial assemblages wind through the valleys and basins between the uplands (Figure 

1).   Sequences of glaciofluvial outwash or subwash may also be found beneath the lowland wetlands.   

Drilling completed on the site (TW 1 and 4) intercepted more than 15 m of sand and gravel beneath the 

water table (discussed in Section 12).  The water well records for the area south of the site (and Black 

Bay) record a thickness of the glaciofluvial sediment below the water table of more than 40 m. 

Other than the glaciofluvial deposits, the thickness of the overburden on the uplands is typically less 

than 2 m, but on the lee (downgradient) side of bedrock outcrops the thickness may increase.     

Figure 1: Regional Glaciofluvial Assemblages 
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4.2 Surficial Geology  

The surficial geology of the area has been mapped by (Barnett and Clarke 1980a, Barnett and Clarke 

1980b, Barnett and Ainsworth 1982, Ford and Lall 1983, Trotter, Fletcher and Laidlaw 1986, Barnett and 

Leyland 1988).  

The mapping indicates that there are three predominant surficial units in the study area; Precambrian 

bedrock, till and glaciofluvial deposits.  Within the study area, Precambrian bedrock is exposed in 

uplands located to the south, west and north.  Till is found at lower elevations, just above the river 

valleys and lowlands.   The till is discontinuous through the area.    

The site is situated on a glaciofluvial deposit that is part of several assemblages that traverse the area in 

north-west to south-east, and west- to east orientations (MHBC & Gorrell Resource Investigations 

1998).   These assemblages appear to originate from the Nipissing District or even farther west.  The 

assemblages in the immediate area, shown on Figure 2, traverse the area from the Nipissing District to 

the west and to the Ottawa Valley to the southeast.   A typical sediment arrangement is shown in 

Photos 1 and 2. 

When the glacier retreated from the Algonquin Highlands the river and other channels that were 

conduits for meltwater became spillways and outlets for proglacial and glacial lakes west of the area.  

Water from these lakes flowed through the area and merged with the ancestorial Ottawa River.  Large 

sand deltas in and east of Ottawa were formed by these spillway flows. 

Figure 2: Petawawa Glaciofluvial Assemblage 
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4.3 Bedrock Geology 

The bedrock underlying the site was mapped as mafic rock consisting of gneiss gabbroic anorthosite 

gabbro (Lumbers and Vertolli 1980).   Black Bay is a normal fault with the south side thrown down.  The 

bedrock on the downthrown southern side of the bay is part of the Algonquin Batholith, which consists 

of pink granitic rocks (Figure 2).  

4.4 Land Use  

The Miller Turcotte Pit is in Renfrew County, west of the Town of Petawawa, south of Rantz Road and 

between Lac du Bois Dur and Black Bay (OS Figure 1).  The land use is predominantly undeveloped 

(forested/wetland/lake) and Government (CFB Petawawa), as well as industrial (pits) and residential (by 

severance or farmstead) or agricultural.  The proportional use on and within 2 km of the site, estimated 

from the satellite imagery is: 

 57.9% undeveloped (Forest, wetland, open water), 

 25.9% CFB Petawawa, 

 10.3% residential and 

 4.9% industrial 

 1.1% agricultural and farmsteads. 

However, on and within 500 m of the site, the land use is comprised of residential (+/-45%), industrial 

(+/-35%) and wetland or open water (20%). 

4.4.1 Undeveloped Land – Forest, Wetland, Open Water  

Undeveloped land, which consists of forest, or surface water is generally designated as Rural or 

Environmental Protection on the Renfrew County and Town of Petawawa Official Plans. The two 

significant features in the study area are Black Bay Provincially Significant Wetland and Algonquin Park, 

located to the west. 

4.4.2 Federal Land  

Canadian Forces Base Petawawa is located north of Lac du Bois Dor and Percy Lake.  The area is mainly 

undeveloped. 

4.4.3 Aggregate Operations/ Industrial  

In addition to the Turcotte Pit (Miller; ARA #15498, Class ‘A’, AW2), there are four licensed pits and 

quarries, and two additional properties that were operated as pits but are not currently licensed under 

the ARA (OS Figure 1).  The licenced operations are; 

 H & H Construction (# 614101, Class ‘A’, AW) abutting the site on west side,  

 Eastway Developments Inc. (#14716, Hoffman Pit, Class ‘B’,) approximately 500 m east of the site,  

 H & H Construction Inc. (#626340, Pit and Quarry, Miekle Quarry, Class ‘A’, BW) approximately 600 

m south of the site  

 
2 AW – Above water, BW – Below water license 
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 902474 Ontario ltd, O/A Do-All Construction (#624631, Pit and Quarry, Nieman Pit, Class ‘A’, AW) 

located approximately 1400 m southwest of the Site.   

Two pits, ARA #14716 and a former operation, excavate(d) material from below the water table. 

The assemblage part of the glaciofluvial deposits that are along the Barron and Petawawa Rivers.  These 

river channels were subglacial pathways from meltwaters flowing through and from the Algonquin 

Highlands into the Champlain Sea.  These same channels may also have carried water from large 

proglacial lakes that formed as the glacier retreated.   Most interestingly, it is possible that glacial lake 

Agassiz, which formed in Manitoba and western Ontario, drained through these channels. 

The glaciofluvial deposits along the Barron and Petawawa Rivers are some of the largest and extensive 

high-quality aggregate deposits within Renfrew County.  The sand and gravel assessments that have 

been completed for the County indicated that the deposit has primary significance (Trotter, Fletcher and 

Laidlaw 1986, MHBC & Gorrell Resource Investigations 1998).   

A significant proportion of this assemblage outside CFB Petawawa and near the Town of Petawawa has 

been already extracted or sterilized.  A large portion is within CFB Petawawa and is not currently 

accessible.   

4.4.4 Residential  

Residential development has been created by severance along area roads.  There are on the order of 50 

residential properties, with each serviced by individual wells and septic systems.   High level reviews 

(e.g. driving surveys through the area) indicate the development is a mix of seasonal and permanent 

residential use.  The provincial well record database (Section 6) indicates most of the drilled wells in the 

area use the bedrock aquifer.  Records of use of surface water sources or dug wells may be used but are 

not always recorded in the provincial database. 

4.4.5 Agricultural  

Agricultural and associated rural residences are sporadic in the study area (2 km zone that surrounds the 

site) because of the lack of soil.  No more than 2% of the Algonquin Highlands can be used for 

agriculture (Chapman and Putnam 1984).   In the study area traditional agriculture comprises 

approximately 1% of the land use immediately east and south-east of Black Bay Wetland.  Surface water 

or ground water sourced from overburden or bedrock is relied upon for water supply for residents and 

livestock, and potentially irrigation.  

5 CLIMATE STATIONS AND RECORD  

Weather data for the study were obtained 

from Environment Canada (Environment 

Canada accessed October 2023).  The climate 

station should be near the site and have 

similar physiography as both factors affect 

local weather variations.   

The Petawawa Hoffman Climate Station is 

located 7.5 km east of the site in Petawawa.   

Table 1: Climate Station ID and Location 

Climate 

Station 

AECL Chalk River 

Station 

(Normals) 

Petawawa 

Hoffman (Daily 

Records) 

Climate ID 6101335 610FC98 

Latitude 46°03'00.00” N 45°52'59.65" N 

Longitude 77°22'00.00” W 77°14'59.28" W 

Elevation 121.90 m 153.00 m 
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It is the station nearest to the site and has a nearly 20-year precipitation record from 1993 to present.  

The station does not have Normals since those require a 30-year record.  The Normal data were 

obtained from the Atomic Energy Control Laboratory Chalk River Station located 20 km north of the site.   

6 REGIONAL HYDROGEOLOGY  

The Renfrew County-Mississippi-Rideau Groundwater Study (RMRGS; Golder Associates Ltd, 2003) 

describes and maps the regional groundwater systems within the three areas.  The study primarily 

analysed available data including the provincial well record database for the assessment.  The purpose 

of the study, other than to map and characterize the aquifers, was to identify their susceptibility to 

contamination and to identify the quantity and quality of groundwater that the aquifers could 

potentially yield.   

There are three potential aquifers in the study area; they are found within the overburden, the contact 

zone and in the bedrock formations.  The RMRGS reported that 93% of wells are completed in and 

obtain their water supply from the bedrock.  The remaining 7% of the wells are completed in and obtain 

their water from aquifers in the overburden.  Since only wells constructed by licensed well contractors 

require a well record to be filed, wells constructed in overburden may not be recorded in the provincial 

well record database and the proportion of wells in overburden may be higher. The report indicated that 

the area aquifers are generally capable of supplying sufficient water for a residence that relies on a well 

but noted that yields within some of the Precambrian aquifers may be marginal.    

The water supply source for the Town of Petawawa is the Ottawa River (Allumette Lake), and the intake 

is about 10 km east of the site.  There was no source water protection plan or mapping found for the 

supply, however it is down gradient of the site.   

A review of the available water well records in the provincial well record database maintained by the 

MECP3 identified 87 well records within 2 km of the property boundary.   The information from the 

database is summarized in Appendix A and the locations are plotted on OS Figure 1.  Twenty-nine of the 

records could be matched within 500 m of the site.   

The well record database summarizes the well detail and provides a UTM location reference.  The 

variability of the accuracy of the assigned UTM is an acknowledged limitation by the industry.  The UTM 

locations on older well records may be inaccurate because they were interpreted from drillers’ location 

maps with descriptions that were sometimes colloquial.  Some maps were unidentifiable, which meant 

the well location reference was set in the center of the record’s lot and concession.  Well records from 

the last 20 years were required to have the UTM specified on the site by the driller using a GPS.  In 

addition, most recent well records include the civic address where the well is sited. 

The limitations do not make the data useless, but it does need to be acknowledged in the data analysis.  

At the regional assessment scale, the accuracy of the location has little impact on the regional 

groundwater flow interpretation because the interpretation is statistical.   

 
3 Provincial Well Record Database, WWIS 
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In addition, the location maps on many well records can be used to precisely locate a well, and for a site-

specific assessment, the correct location can provide additional information.  For the wells within 500 m, 

the well records were examined to determine if specific wells could be accurately located.  

The well records were analyzed statistically in the study area to identify:  

 Aquifers and aquitards 

 aquifers are being used as a water supply.  

 groundwater flow directions  

 typical well yield.  

Graphical representation of some of the well data is shown on Figure 3, and the regional groundwater 

flow interpreted from the well records is shown on OS Figure 2. 

The examined wells ranged in depth from 11 to 136 m.  Thirty nine percent of the wells ranged in depth 

from 10 to 30 m.  The remainder were distributed between 30 to over 100 m.  The large variation 

reflects bedrock valleys, thick overburden and changes in bedrock composition.  For example, the 

bedrock geology map for the area indicates that a fault underlies Black Bay and that the south side has 

been thrown down (Figure 2). The well records indicate that on the south side of the site the bedrock 

surface plunges and is up to 30 m deeper than the bedrock surface below the existing pit and that the 

overburden consists principally of sand and gravel. 

Well yields in the area are reportedly excellent and 92% of the wells reported yields between 5 and 

20 GPM. 

6.1 Overburden Aquifer  

The overburden aquifer will be intercepted by the proposed operation.  In the study area, where the 

assemblage is exposed, the aquifer is unconfined, but where it is buried, such as in the Black Bay 

wetland south of the site, portions may be buried by organics and fine-grained lacustrine sediments and 

in that area, it may be semi-confined (G. A. Gorrell 1991).  The overburden aquifer may be used if there 

is sufficient granular material present.  The number of wells that use the overburden may be higher than 

were found in the provincial well record database, since dug wells or sand points are not always 

reported.  

The aquifer was characterized using sedimentology and depositional facies (G. A. Gorrell 1991).  The 

expected hydraulic conductivity in a deposit like the one being excavated on the site is in the range of 

10-6 to 10-4 m/s.  The deposit consists mainly of medium to fine grained sand, but is bisected by several 

coarse-grained scours, which increases the hydraulic conductivity range.   

Out of the well records reviewed within 2 km, 14 were completed in overburden.   In an additional 33 

wells, drilling stopped within 5 m of the top of bedrock, and 3 more are within 10 m of the 

overburden/bedrock contact.   Some of these additional wells may derive a portion of their groundwater 

from overburden, depending on the well construction, age, or other factors.  A total of 36 wells or 42% 

of the wells were obtaining all or a good proportion of their water from the overburden.  The main 

groundwater flow in the overburden is through the thick and laterally extensive glaciofluvial deposit.   

Well records and aerial photograph interpretation indicate this deposit can be traced from north of the  
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site, southward through Black Bay and along Black Bay Creek through Mudturtle, Goltz and Meitz Lakes 

into the Champlain Sea (Figure 1). 

The main components of the glaciofluvial deposit are coarse sand and gravel, and as a result most of the 

precipitation and snow melt on the glaciofluvial portion of the site and regionally within the tunnel 

valley (Figure 1, Figure 2) will infiltrate into the sand and gravel.  The area has high permeability and the 

overburden aquifer is a highly vulnerable aquifer (HVA). 

6.2 Contact Zone/ Interface Aquifer  

The contact zone or interface aquifer may be found in weathered bedrock that directly underlies 

overburden.  Weathered bedrock may be present, usually where sedimentary bedrock is found (e.g. 

clastic metasediments, marbles), and it may also be overlain by a thin granular layer.  The bedrock was 

weathered during the glacial period and by isostatic rebound.   

Where the contact zone aquifer is present and targeted by the driller, the interface zone can be 

expanded, and the well may be advanced up to 10 m into bedrock.  The hydraulic conductivity of the 

zone is then increased by well development (surging and fracking) to open or enlarge fractures, enabling 

groundwater stored in the overburden to flow through the bedrock into the well.   

In either case, the more permeable weathered bedrock is the conduit to transmit stored groundwater 

from the overburden aquifer that might not be sufficiently permeable to transmit a sufficient flow.   

Wells where the overburden consists of sand and gravel deposits provide the highest yields, but this 

technique is also used in areas where the overburden is till or fine-grained lacustrine deposits.  Where 

the depth of the water bearing zone is not indicated in a well record, it may be because the interface 

zone developed as the well drilling advanced and the yield gradually increased. 

6.3 Bedrock Aquifer  

The confined bedrock aquifer consists of voids and water bearing fractures in the Precambrian 

bedrock.  Groundwater flows through fractures, gaps and voids and, for metasediments, along bedding 

planes.  There are several bedrock formations in the area.  The underlying bedrock in the study area 

consists of marble metasediments (Lumbers and Vertolli 1980), and the site is situated beside a bedrock 

contact.  Figure 2 shows how the metasediments are exposed in the study area, and bedrock aquifer 

recharge would occur in these locations (OS Figure 2).  Transmissivity in the aquifer depends on the 

fracture connectivity and in turn the bedrock formation.  The geometric mean of transmissivity from 

wells tested in the Precambrian bedrock is approximately 2x104 m2/day (Singer, Cheng and Scafe 2003). 

Where the overburden thickness is less than 2 m, or on highly permeable soil such as the glaciofluvial 

deposit, the bedrock aquifer is defined as highly vulnerable.  Where the clay plain is present, protection 

from surface contaminants to groundwater in the underlying glaciofluvial deposit, where present, and 

the bedrock is provided.  
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7 REGIONAL HYDROLOGY  

The site is situated within the Black Bay-Barron River watershed, which is part of the Petawawa River 

tertiary watershed.  The watershed has a catchment of approximately 30.1 km2 4.  Black Bay Creek, 

which drains into Black Bay approximately 0.25 km west of the site, abuts the south boundary of the 

site.     

The provincially significant Black Bay wetland, which surrounds the Black Bay Creek channel, abuts the 

site to the south and is partially on the site.   The approximate wetland boundary5 is shown on OS Figure 

1.  The wetland is approximately 68 ha, composed of predominantly marsh with smaller areas of swamp 

and open water.  

The Black Bay Provincially Significant Wetland is on and along the southeast corner of the site6 (OS 

Figure 1).  The Town of Petawawa official plan7  states: 

The only provincially significant wetland identified by the Ministry of Natural Resources at this time is 

the Black Bay Wetland. The wetland is an essential component of the Town’s ecosystem and helps 

contribute to the high quality of life enjoyed by Town residents. Wetlands control and store surface 

water to assist in flood control, act as sediment traps to improve water quality, and provide habitat 

for a wide variety of plant and animal species. The limits of the wetland are shown on the Land Use 

Schedules. Development and site alteration shall not be permitted within the Black Bay Wetland. 

Development and site alteration may be permitted on adjacent lands, if it has been demonstrated 

that it will not negatively impact the natural features or ecological functions for which the area is 

identified. The diversity of natural features in an area and the natural connections between them 

should be maintained and improved where possible. Adjacent lands are defined as lands within 120 

metres of the boundaries of significant wetlands. This distance may be modified based upon the 

findings of a site-specific impact assessment. 

Council shall require an Environmental Impact Study (EIS) regarding new development adjacent to 

significant wetlands and its possible impacts. The Ministry of Natural Resources may undertake 

wetland evaluations from time to time in the Town of Petawawa. Where an evaluated wetland has 

been determined to be Provincially Significant, the Official Plan will be amended accordingly. 

Modification to a Provincially Significant Wetland boundary requires the approval of the Ministry of 

Natural Resources. 

The current site plan shows a portion of the site to be rehabilitated by restoring an area of the site that 

had been excavated into the wetland setback.  There is now fill in the area, and the vegetation 

regenerated. 

 
4 Ontario Watershed Boundaries 
5 Ontario Wetlands Data 
6 Ontario GeoHub - Wetlands 
7 Town of Petawawa Official Plan, 2013 
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8 AREA GROUNDWATER AND SURFACE WATER USE, SENSITIVE RECEPTORS 

Any high-water use required for aggregate processing or other uses that results in a site water taking of 

more than 50,000 L/day requires a Permit to Take Water and an Environmental Compliance Approval 

(Ontario Water Resources Act, Sections 34 and 53).    

Within the study area, there are three PTTW and one ECA  (Ontario Ministry of Environment, 

Conservation and Parks 2023).  Two of the PTTWs are held by the Department of National Defense and 

use surface water sources for water supply.  The third is on the site, where a surface water source is 

used for aggregate processing.   

The main groundwater use in the area is for individual water supply for seasonal and permanent 

residential uses.  The well records show the overburden, contact and bedrock aquifers are all used.  The 

number of wells that directly used the overburden may be greater since dug wells or sand points are not 

always reported.  The water supplies within the radius of influence of the site operation are sensitive 

receptors. 

Additionally, the Black Bay wetland is a sensitive receptor as it is recognized as Provincially significant. 

9 SUMMARY OF PRELIMINARY EVALUATION 

The site is located on a regionally extensive granular deposit of glaciofluvial origin.  The sediment has a 

hydraulic conductivity that will range from 10-6 to 10-4 m/s, based on published data.  The site has an 

existing above water table extraction operation and an amendment to permit below water extraction is 

under consideration. 

A review of published information along with site visits found the site is one of eight licensed aggregate 

pits within 2 km.  The area land use is primarily residential and industrial.   There are some 50 residential 

properties within 500 m of the site.  The area relies on groundwater for water supply.  Due to the high 

permeability of the sediment, the unconfined aquifer is highly vulnerability. 

As a result of the presence of sensitive features on and around the site, a detailed site investigation was 

conducted.     The remainder of the report consists of the Level 2 Water Study that was completed to 

address the Provincial Standards.
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LEVEL 2 WATER STUDY 

Level 2 Water Study 

This portion of the report was prepared to address the Provincial Standard for a Water Study in support 

of a Below Water Aggregate Operation (Ontario Ministry of Natural Resources and Forestry 2020a), 

which says; 

“Where the results of Level 1 have identified a potential for impacts from the aggregate site on 

ground water and/or surface water resources and their uses, an impact assessment is required. The 

assessment is to determine the significance of the effect and the potential for mitigation.” 

10 SITE INVESTIGATION  

The hydrogeological assessment consisted of;  

 reviewing the available hydrogeological information on the site and surrounding area,  

 installing groundwater monitors,  

 field-testing the physical characteristics of the encountered stratigraphy,  

 measuring the groundwater level, and  

 sampling the ambient groundwater quality.    

The information was used to characterize the current hydrogeological setting and predict the impact of 

the progression of the operation to the below-water lift shown on the site plan. 

10.1 Information Review  

The data sources reviewed for the background on the site and study area included;   

 The site plans accepted by MNRF on January 23, 2019, prepared by Skelton Brumwell & 

Associates Inc.,   

 Records from the provincial water well record database, accessed in September and October 

2022,  

 Renfrew County -Mississippi -Rideau Groundwater Study, 

 Groundwater, surface water and flow data and mapping identified and outlined by the 

Mississippi Valley Conservation Authority, 

 Geological mapping by the Ontario Geological Survey, Geological Survey of Canada and Ministry 

of Northern Development and Mines,   

 Aggregate resource studies completed by the Ministry of Northern Development and Mines, the 

Ontario Geological Survey and for the County of Renfrew (by George Gorrell and GRI, compiled 

by others), 

 Geodetic site data provided by Miller, 

 Access Environment and other provincial public resources. 
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10.2 Drilling and Monitoring Well Installation  

The faces in the pits in the study area and adjacent pits were examined by GRI staff.  Four boreholes 

were drilled on the site using a sonic drill between February 16 to 19, 2018 by Choice Sonic Drilling 

Ltd.   The sonic drill method uses high-frequency, resonant energy generated by two weights in the drill 

head rotating in different directions.   The energy is directed downward through the drilling rods to the 

drilling head.  Inside the drill rods is a core barrel that collects the material that is drilled as the drill rods 

are advanced.  Because the core barrel is advanced as the material is drilled a continuous sample is 

collected.   From this method of drilling a very accurate record of the stratigraphy from the ground 

surface down to bedrock refusal was obtained.  The core was stored in sealed plastic bags.  

The fineness modulus (FM, indicator used for assessing suitability of the material for construction 

aggregate), average large clast size (ALCS), largest clast size, stone content, and sand texture were 

estimated from the recovered core.  If the material consists of material with grain size of pebbles or 

larger, silt or dust is produced in the drilling process.  The grain size analysis of the sample tends to be 

finer than the in-situ material. In GRI’s experience, for coarser units, the grain size analysis produces a 

FM that is generally on the order of 0.2 to 0.5 below actual.   

A piezometer, constructed of 0.05 m diameter PVC screen attached to solid PVC riser, was installed in 

each borehole.  A pack of #3 silica sand (2.46 mm effective size) was placed around, and for 0.61 m 

above, the well screen.  Bentonite chips were used to fill the bore hole from the sand pack to 

surface.  A protective casing and a locking well cap completed the installation.  

On November 10, 2023, shallow monitoring wells were installed at the south and south-west boundary 

of the site.  The 1.2 m long, 31.8 mm ø slotted galvanized steel sand points were manually pushed into 

the sediment in the Black Bay wetland.   Data loggers to record water levels and water temperature 

were installed in the sand points and TW 1.  

10.3 Water Level Monitoring  

Groundwater levels in the piezometers were measured seasonally with a water level meter on 17 visits 

between May 24, 2018, and November 10, 2023.   Data loggers, to be installed, in TW1, TW5 and TW6 

will record 3 readings daily. 

10.4 Hydraulic Conductivity Testing  

In-situ rising and falling head tests were conducted in the piezometers on December 22, 2020, using a 

“slug” (0.04 m PVC cylinder tubes filled with sand and capped at both ends).  The timed response to an 

instantaneous change in water level caused by the insertion and then subsequent removal of the slug 

was used to measure the hydraulic conductivity of the sediment.   In falling head tests, a rise in water 

level is caused by introducing the slug into the well.  In rising head tests, a decrease in water levels is 

caused by removing the slug from the well.  The water levels during the test were measured using a 

pressure transducer (data logger) deployed in the piezometer.   

10.5 Geochemical Sampling  

Samples for geochemical analysis were collected from the piezometers on December 17 and 20, 

2020.  To prepare the wells for sampling, they were pumped for approximately 30 minutes to remove 
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more than 20 well volumes using a Waterra™ foot valve set at the level of the well screen.  Water 

samples were filtered through 0.45 μm Waterra™ filters into laboratory-supplied prepared bottles.  The 

sample temperature was maintained with ice, and they were submitted to Eurofins Environmental 

Laboratories in Ottawa within 5 hours for analyses.    

The Waterra filters tend to pass sediment when they are at capacity, and consequently the samples 

were turbid.   The samples were resampled on December 10th 2023 using 0.45 µm Pall Acro Syringe 

filters, which have been found to pass less sediment.  The results were all below the MDL of 0.001 mg/L. 

11 CLIMATE AND WATER BUDGET 

The water balance is defined as;  

P = E + I + R + ΔS  

Where;  

P = total precipitation  

E = evaporation  

I = infiltration  

R = runoff  

ΔS = change in storage.  

The water surplus, which is the quantity of precipitation available to recharge groundwater or surface 

water, was used for impact assessment.   

The data that were used in determining the site water budget are discussed below.  Normal and 5-year 

averages were compared to the data record over the study period.  Climate data within the study 

timeframe and for a few previous years is needed for the groundwater data assessment.  Long term 

trends from Normal data, when compared to the recent climate patterns, are used to predict the impact 

of recent trends over the life of the site operation.  The current climate Normal data (1991 – 2020) has 

not yet been released. 

11.1 Precipitation and Temperature   

The daily precipitation and mean daily temperature for 2018 to 2023 at Petawawa Hoffman station are 

shown on OS Figure 3.   Some statistics for precipitation and temperature are listed in Table 1.   The 

2023 data is included through the end of September. 

In the past 5 years, the precipitation patterns have been different than the 1981-2010 average (Normal).  

The variability may be partly because of the shorter period analysed compared to the 30-year period of 

the Normal data.  The data are shown in Table 1.  While total precipitation increased, the precipitation 

between November through February decreased in the past 5-years.  The monthly precipitation in the 

previous 5 years also showed more variation than Normal.  The difference between highest and lowest 

monthly precipitation was greater and at different months than Normal, with very little consistency.  

The precipitation between November and February was slightly below Normal, decreasing each year 

over the periods from 2018/19 through 2021/22 but reverting to Normal over the winter of 2022/23.  

The largest decrease was in November, with recorded precipitation 39.5% of the January Normal.   
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Table 1: Comparative Annual Climate Statistics, AECL Chalk River 

 
Normal 

1981-2010 

5-yr Avg 
2022 2023^ 

2018-2022 

Annual Precipitation (PPT), mm 876.3 922.5 935.1 N/A 

Total PPT to October 1 648.3 712.88 754.1 781.2 

Average Monthly PPT, mm/%@ 
72.03 

79.21 / 

110.0%  

83.8 / 

116.3% 

86.8 / 

120.5%^ 

Winter PPT (Nov – Feb), mm 268.5 251.5 194.5 264.8 

Maximum Rainfall, day, mm 71.1,  

Aug 2, 1965 
   

Maximum Snowfall, day, cm 40.1,  

Mar 17, 1973 
   

Maximum Total PPT, day, mm 71.1, 

Aug 2, 1965 
  

66.0 

June 30 

Mean Daily Temperature, oC -16.8 – 26.2    

Daily Temperature , oC -39 to 39.4    

^ through to October 1 

@ percentage of Normal, to October 1 

The 2023 data were analysed to September 30.  Overall, there were slightly more days without 

precipitation than in the past 5 years, but the total precipitation to date is about 10% higher than 

average for the same period (OS Table 1).  A rainfall of 66 mm was recorded on June 26. 

The distribution of the quantity of precipitation is shown in Figure 4.  Most of the daily precipitation was 

between 0 and 5 mm.  There were 6 days (1.6%) in 2022 with more than 20 mm and there were 9 (3.3%) 

in 2023 through September.  As shown in OS Table 1, the Normal precipitation was 0.876 m.  The 5-year 

average was 5% higher than Normal, at 0.0.923m (2018 to 2022) at the Petawawa Hoffman Station. This 

difference might be accounted for simply by the different climate stations used for the analyses. 

11.2 Evaporation  

The Thornthwaite formula (Thornthwaite 1948) was used to calculate the Normal annual potential 

evaporation using the AECL Chalk River temperature and precipitation Normals and the Petawawa 

Hoffman 2016 to 2021 precipitation data.   

The Thornthwaite equation, is;  

U = 1.6 x ∑ (10t / TE)0.9916  

where:  

U - Evaporation (cm)  

t - mean monthly temperature (OP)  

TE - Annual Heat Index = (t/5)1.514  

The mean monthly temperature was used to estimate the potential evaporation.  The mean monthly 

temperature is compared to Normal and 5-year indices in OS Table 1.  In 2023 the mean annual 
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temperature was 24.4% higher than Normal in the period from January through September and 8.1% 

higher than the 5-year average. 

The calculated evaporation is shown on Figure 5.  The annual evaporation was 0.5892 mm calculated 

from the Normal temperature data.  

Figure 4: Distribution of Daily Precipitation, Petawawa Hoffman  

 

11.3 Water Surplus  

For the Normal water budget, the water surplus was calculated as;  

0.876 – 0.589 = 0.287 m.  

The Normal (AECL Chalk River) and monthly (Petawawa Hoffman) water balance for 2022 and 2023 

compared to the 5-year monthly averages are listed in OS Table 2 and shown on Figure 5.   There is 

Normally a water surplus from September to May.  This is mainly because there is reduced to no 

evaporation in cooler temperatures.  However, data for the past 5 years have months that are higher or 

significantly lower than Normal.  Each of the years has enough variability that overall, the 5-year average 

is 5.4% higher, but individual months show variations that may affect the groundwater recharge and 

fluctuation in the unconfined aquifer.  

In comparison to the Normal 0.287 mm of water surplus, the recent average was 0.303 m (5.4%) higher 

than Normal. 

The Normal water surplus moves into a deficit in May, continues to decline a minimum in July and then 

recovers, reverting to a surplus in September through to November, decreasing slightly in December 

(Figure 5).  The 2018-2022 average was below Normal in January, above Normal through April, moved to  
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Figure 5: Normal (1981-2010), 5-year and 2021 Potential Evaporation and Water Surplus 
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a comparable deficit in May a slight surplus state in June and was in deficit until October.  From October to 

December the surplus was slightly to significantly below Normal. 

Table 2: Normal, 5-year Average and Past Years’ Water Budget (m/yr) 

Water Budget Normal 2018 -2022 2022 2023 

Precipitation  0. 876 0.923 0.935 0.728 

Evaporation  0. 589 0.614 0.623 0.588 

Water Surplus  0. 287 0.306 0.312 0.140^ 

Infiltration  0.215 0.230 0.234 N/A* 

Runoff  0.072 0.077 0.078 

 ^ to Sept 30 

* not analysed due to incomplete data 

The water surplus component of the water cycle can be subdivided into infiltration and runoff components.  

The precipitation, evaporation, seepage, water surplus, topography, soil conditions, vegetative cover, 

infiltration, and runoff characteristics at the site are described below. 

11.3.1 Infiltration   

The MECP procedure (Ministry of Environment and Energy 1995) was used to determine the infiltration 

factor, which is the sum of topographic, soil and vegetative factors.  

The topographic factor was estimated for the existing and post-rehabilitation conditions and is shown in 

Table 3.  

Table 3: Topographic Factor Estimation 

Condition Factor 
Site Condition 

Existing Post- Rehabilitation 

flat land, avg slope not exceeding 0.6 m/km 0.3 About 50% disturbed 62.5% open water and 

rehabilitated setbacks 

rolling land, avg slope of 2.8 to 3.8 m/km 0.2 33.5% 26.5% 

hilly land, average slope of 28 to 47 m/km 0.1 16.5% 11% 

Weighted Factor  0.24 0.25 

A weighted average of these factors for existing and post-rehabilitation stages shows the topographic 

factor will change nominally, resulting in slightly more infiltration.    

The soil on the site consists of sand and sand and gravel and is classified as Type A soil (MTC, 1997).  A 

factor of 0.4 (open sandy loam) was used for the soil factor.   This factor will not change post-rehabilitation. 

Approximately 55% of the site is cleared of vegetation in the disturbed area of the site.   On the south-

eastern third part of the site, approximately 25% has dense tree cover and the remaining 20% is vegetated 

wetland.  Therefore, a cover factor of 0.11 was used.   The cover factor will decrease slightly, post-

rehabilitation compared to the existing condition. 
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The infiltration factor for the current setting is the total of the topography, soil and cover factors, 0.24 + 0.4 

+ 0.11 = 0.75.   For the final configuration, the infiltration factor will be 0.25 + 0.4 + 0.11 = 0.76. 

Applied to the water surplus, the resultant infiltration is 0.75 x 0.287 = 0.215 m (current state) or 0.76 x 

0.287 = 0.218 m (post rehabilitation).  

11.3.2 Runoff  

Runoff remains when the infiltration is subtracted from the water surplus.  The annual runoff is estimated 

to be 0.072 m (Table 2).   

11.3.3 Change in Storage 

For the long term or steady state condition that is assumed for this analysis, storage change (ΔS) is assumed 

to be zero.  

11.4 Water Budget 

The water budget applies values used to the water balance components.  The annual water balance 

calculated using the AECL Chalk River Normal data (1981-2010) was used for the impact assessment.   

12 SITE CONDITIONS  

The ground surface elevation used in the assessment was provided by MPL from a survey conducted by 

drone in August 2023. 

12.1 Site Geology  

The site is situated on a modified glaciofluvial deposit (Section 4.2).   The typical site conditions are shown 

in the photos following the report text. 

The logs from the test holes drilled on the site are found in Appendix B.  The stratigraphy that was 

encountered is summarized below.  Because clean water is introduced as the temporary casing is 

advanced, the water table reported at drilling is an estimate. 

12.1.1 Test Well 1 

Test Well 1 was drilled in the south-central portion of the site with the 30 m setback from the Black Bay 

Wetland.   As shown on the log (figures are attached), there were 11.3 m of coarse sand and gravel over 

0.30 m of a dense clayey silt till above the bedrock surface.   The sand has an estimated FM of >3, and the 

stone content was >20%.   The water table was 1 m below the ground surface (BGS).   

12.1.2 Test Well 2 

Test Well 2 is on the west side of the license just south of the asphalt plant.  As shown on the log, there are 

13.41 m of medium-coarse to very coarse sand and fine gravel, over 0.30 m of clayey silt till above the 

bedrock surface.   The sand has an estimated FM of >3, and the stone content was >20%.   The water table 

was 1.3 m BGS.  
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12.1.3 Test Well 3 

Test Well 3 was drilled adjacent to the pit face in the north-central portion of the site.  As shown on the log, 

there are 13.11 m of layered coarse to very coarse sand and fine gravel overlying 5.79 m of interbedded 

gravel with a very silty sand matrix, above 1.8 m of clayey silt till.  The FM of the upper unit is estimated to 

be >3, and the stone content was greater than 30%.  The lower unit consists of interbedded sand and gravel 

and diamicton.  The gravel layers will have an FM >3 but the diamicton will have a FM of less than 2.  

Overall, this lower sequence has an estimated FM of <2.2.   It is likely that when the material is excavated 

from below the water table, some of the diamicton unit will be removed, which may improve the overall 

quality of the mass sample.   

The water table was 5.29 m BGS.   

12.1.4 Test Well 4 

Test Well 4 was drilled on the east side of the site within the 30 m setback from the Black Bay Wetland, just 

south of the area that has not been stripped.  As shown on the log, there were 4.11 m of fill consisting of 

sand and gravel, silt and clay over 8.69 m of coarse sand and gravel over the bedrock surface.   The FM of 

the lower granular material is estimated to be >3.   

The water table was encountered at 1.79 m BGS. 

12.1.5 Test Well 5 

Test Well 5 is a sand point that was manually driven into the sediment at the edge of the Black Bay 

Wetland.   The intercepted material consisted of sand and organic material.  The water table was 

encountered at 0.03 m BGS 

12.1.6 Test Well 6 

Test Well 6 is a sand point that was manually driven into the edge of the Black Bay Wetland.   The 

intercepted material consisted of sand and organic material.  The water table was encountered at 0.06 m 

BGS. 

12.2 Bedrock Geology  

Bedrock was encountered in the TW 1 to TW 4 (Appendix B).  The bedrock consisted of mafic rock inferred 

to be gneisss gabbroic anorthosite gabbro, based on the published mapping (Lumbers and Vertolli 1980).   

A bedrock ridge transects the site near the south boundary.  There is one large area of exposure from the 

site boundary that extends about half the site width, and two other exposures that were not field-verified, 

that were determined from the topography and similar factors.  These areas are characterized by height – 

on the order of 160 mASL.  Bedrock was also noted on the pit floor, near the ridge, at elevation 

approximately 148 mASL.  These features are shown on OS Figure 5.  The approximate sub-surface 

configuration was interpreted from the test well data.  With the pit floor information, it illustrates the 

steep-sidedness of the ridge. 
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13 SITE HYDROGEOLOGY  

The following sections discuss the results of site testing and other data collection that were used in the 

analysis and impact assessment.   

The site is situated on a modified glaciofluvial deposit with deposition controlled primarily by steep-sided 

bedrock ridges.  A normal fault along Black Bay and Black Bay Creek, with the downside to the south results 

in a significantly increased sediment thickness, is up to 48 m deep according to the water well record data 

(OS Figure 5).  Bedrock refusal was encountered on the site in each of the test wells.   

At the site and area within 500 m, the aquifer is unconfined.  A thin layer of dense clay to clayey silt till 

(0.15 to 0.20 m) was intercepted in TW1 and TW2 (Appendix B).  Where present, the low permeability layer 

provides some protection to the underlying bedrock.   

The granular deposit on the site, in which the overburden aquifer is found, is interconnected with the Black 

Bay wetland.  Each feature provides recharge to the bedrock aquifer. The site impact assessment focused 

on the unconfined aquifer specifically.  The results of the potential impacts on the contact aquifer (if 

present) and bedrock aquifer were also considered. 

13.1 Hydraulic Conductivity 

As described in Section 10.2, following test well drilling a piezometer was installed.  Rising- and falling -head 

hydraulic conductivity tests were conducted on each piezometer.  The results are tabulated in Table 4.  The 

results of the hydraulic conductivity analyses are found in Appendix C.   The tests were analysed with 

AQTESOLV Pro software using the Bouwer-Rice method (Bouwer and Rice 1976). 

The hydraulic conductivity ranged from 2.80 x 10-5 to 9.47 x 10-5 m/s, with the highest permeability at TW3 

on the north-east side of the site, and the lowest in TW4.  The average for the site is 

4.36 x 10-5 m/s.  Literature values for medium fine to medium coarse sand range from 9 x 10-7 m/s to 5 x 10-

4 m/s (Domenico and Schwartz 1990), and the site conditions are in the lower part of the range.  

13.2 Groundwater Levels 

Water levels were measured 17 times between May 24, 2018, and November 10 2023 for TW 1 to 

TW4.   Regular monitoring began in December 2020 following the hydraulic conductivity testing.  The 

measurements are found in Table 5, and shown on Figure 6.  The groundwater flow for July 28, 2022, and 

September 30 2022 are shown on OS Figure 7 and OS Figure 8.   

The water table elevation measurements capture four seasons over nearly three years.  The elevation 

ranged from 140.9 to 144.9 mASL (Table 5).   

From December 2020 to present, the period over which regular water level monitoring has occurred, the 

water levels in the wells have shown a slight increasing trend, consistent in all monitors.     

The groundwater level showed seasonal fluctuations with rapid response to increased water surplus or 

deficit.  The annual fluctuation in groundwater level in each well ranged from 0.02 m (TW2, 2020) to 1.5 m 

(TW3, 2023).  Generally, the fluctuation magnitude at each well in a year was comparable.  The broad range 
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reflects a larger fluctuation in 2023.  From 2020 to 2022, the fluctuations were less than 0.5 m.  The water 

levels respond to changes in the water surplus within a few days.    

Table 4: Summary of Hydraulic Conductivity Test Results 

WELL TEST 

Hydraulic 

Conductivity 

(m/s) 

Type of 

Test 

Average 

(m/s) 

 

TW1  1  3.46 X 10-5 FH 3.98 X 10-5 

2  3.25 X 10-5 RH 

3  4.10 X 10-5 FH 

4  4.65 X 10-5 RH 

5  4.83 X 10-5 FH 

6  3.59 X 10-5 RH 

TW2  1  3.46 X 10-5 RH 3.53 X 10-5 

2  4.07 X 10-5 FH 

3  3.73 X 10-5 RH 

4  2.86 X 10-5 FH 

5  3.54 X 10-5 RH 

TW3  1  7.34 X 10-5 FH 6.25 X 10-5 

2  9.47 X 10-5 RH 

3  6.32 X 10-5 FH 

4  5.84 X 10-5 RH 

5 4.58 X 10-5 FH 

6  3.96 X 10-5 RH 

TW4  1  3.36 X 10-5 RH 3.66 X 10-5 

2  4.04 X 10-5 FH 

3 4.22 X 10-5 RH 

4 3.73 X 10-5 FH 

5 3.27 X 10-5 RH 

6 4.18 X 10-5 FH 

7  2.80 X 10-5 RH 

Average for Site    4.36 X 10-5 

The highest groundwater levels on the site are on and adjacent to Black Bay wetland.  The bedrock ridge 

creates a divide separating groundwater adjacent to the wetland (TW1, TW4) from groundwater in the pit.  

South of the bedrock ridge, the groundwater elevation is comparable to the wetland (OS Figure 7, OS 

Figure 8).   OS Figure 7 shows the groundwater flow measured near its lowest, on July 28, 2022, and OS 

Figure 8 has the maximum groundwater elevation on May 9, 2023.  North of the bedrock ridge, in the pit, 

the data indicates the groundwater flow is northward.   

The highest groundwater level in any well occurred in TW4 on May 9, 2023.  The lowest measured level 

overall was recorded in TW3 on September 21, 2022.  The precipitation on and for 5 days before the water 

levels were measured are tabulated in Table 6. 
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Table 5: Summary of Water Levels 

 24-May-18 17-Dec-20 22-Dec-20 14-May-21 13-Aug-21 

TW1 143.99 143.62 143.58 143.77 143.48 

TW2 143.39 142.95 142.93 142.81 142.85 

TW3 141.89 141.18 141.14 141.39 141.04 

TW4 144.68 144.36 144.33 144.50 144.22 

 01-Oct-21 13-Dec-21 28-July-22 21-Sept-22 31-Oct-22 

TW1 143.36 143.56 143.48 143.39 143.55 

TW2 142.70 142.89 142.82 142.72 142.86 

TW3 141.03 141.09 141.05 140.90 141.04 

TW4 144.07 144.29 143.87 144.16 144.31 

 09-Nov-22 09-May-23 14-July-23 16-Aug-23 21-Sept-23 

TW1 143.49 144.23 143.70 143.66 143.39 

TW2 142.82 143.66 142.98 142.93 142.75 

TW3 141.03 142.43 141.27 141.21 141.02 

TW4 144.24 144.93 144.48 144.40 144.13 

 19-Oct-23 10-Nov-23 24-Nov-23   

TW1 143.38 143.54 143.55   

TW2 142.70 142.84 142.85   

TW3 140.93 141.13 141.14   

TW4 144.14 144.30 144.30   

TW5 N/A 144.45 144.43   

TW6 N/A 144.74 144.77   

^ see OS Figure 7 and OS Figure 8 
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The horizontal flow gradient ranged from 0.006 along the north-east property boundary, to 0.017 near the 

wetland.  The flow directions were consistent, but gradients were slightly higher in the low flow period 

(0.008 to 0.017, July 28, 2022, OS Figure 7) than in peak flow (0.006 to 0.014, May 9, 2023, OS Figure 8).   

13.3 Water Balance  

It was assumed that Rantz Road is a local drainage divide, and that it bounds the north-east property 

boundary.  The site was originally on the southwest facing slope of a hill, with natural drainage 

predominantly south-west towards Black Bay Creek.  The present and future excavation has, and will 

continue to, intercept the runoff resulting in a net increase to infiltration.  The infiltration increase due to 

the excavation was calculated to be between 4.5% currently and 7.4% for the final excavation. 

Using the water surplus, the estimated annual recharge on the site will be in the range of 72,000 to 105,000 

m3 (calculation rounded). (Calculation 1).  

The groundwater flow through the site in cross-section was also estimated (Calculation 2). The 

groundwater flow through the site and deposit is northward on the order of 5.7 x 104 m3/yr. 

14 SITE HYDROLOGY  

The Black Bay Wetland abuts the current excavation on and along the south boundary.  The portion of the 

significant wetland within the licenced area (approximately 0.83 ha) will not be extracted and a setback of 

30 m will be maintained from the wetland boundary.  There are no other surface water features on the 

site.  Once extraction has been completed, the intent is to rehabilitate the property to water features that 

will provide a complimentary environment to the Black Bay Wetland. 

The site was traversed on several visits in different seasons, including recharge periods.  No springs were 

found on the site.   

 

Table 6: Precipitation on Monitoring Date and on Preceding 5 Days 

Date 
PPT, Date 

PPT, 

Previous 

5 Days 

Total 
Date 

PPT, 

Date 

PPT, 

Previou

s 5 Days 

Total 

(mm) (mm) 

24-May-18 0.6 14.6 15.2 31-Oct-22 0.8 4.8 5.6 

17-Dec-20 0 8.8 8.8 09-Nov-22 0 0.8 0.8 

22-Dec-20 0.8 4.4 5.2 09-May-23 0 0.4 0.4 

14-May-21 0 10.4 10.4 14-Jul-23 1.2 19.4 20.6 

13-Aug-21 0 4.6 4.6 16-Aug-23 0 11.2 11.2 

01-Oct-21 5.8 3 8.8 21-Sep-23 0 17.4 17.4 

13-Dec-21 0 19.6 19.6 19-Oct-23 0.8 3.2 4 

28-Jul-22 0 3.6 3.6 11-Nov-23 0 22.2 22.2 

21-Sep-22 1.2 41 42.2     
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Figure 6: Groundwater Level in Site Monitoring Wells Compared to Climate Factors  
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15 GROUNDWATER QUALITY  

Groundwater samples were collected from TW 1, TW 2, TW 3 and TW 4 on December 8, 2020.  The 

geochemical results are presented in OS Table 3.  The geochemistry was similar across the site. 

The Ontario Drinking Water Standards (ODWS) provide the limits and objectives for groundwater quality 

that range through maximum allowable concentration (MAC), interim maximum allowable concentration 

(iMAC), aesthetic objective (AO) or an operation guideline (OG) for water that is planned for human 

consumption.  The Provincial Water Quality Objectives (PWQO) apply to surface water and are to protect 

aquatic and recreational uses. 

The samples were taken for characterization, but the limits for the selected sample parameters are 

included on OS Table 3 for comparison.   

The wells were developed as much as possible, but the resultant samples still had a high sediment load, as 

evidenced by the total suspended solids concentration in TW1 and TW2 in the December 22 samples, 

which were 3860 and 3020 mg/L, respectively.  The samples taken for metals were field filtered according 

to standard protocol, but the sediment could not all be removed.  The sediment affected some of the metal 

measurements, as the preservatives could dissolve constituents from the particles.   The Waterra filters 

tend to pass the sediment when their screens are full and consequently the samples were turbid.    

The wells were resampled on December 10, 2023, using Pall Acro Syringe 0.45 µm filters, which allow much 

less sediment to pass.  The aluminum was below the MDL when these filters were used (OS Table 4 and 

Appendix D).  Poor filtration is the most probable explanation for the initial elevated metals results.   

Total petroleum hydrocarbons are parameters that might result from site operations.  The sample results 

were below the method reporting limit, indicating none were present in the two sampled wells near the 

asphalt plant and area where the greatest vehicular activity occurs. 

16 CONCEPTUAL HYDROGEOLOGICAL MODEL 

The available data were used to conceptualize how the surface water and groundwater interact in the 

study area.  The data consisted of topographic maps (Queen's Printer 2023) water well records from the 

Provincial database and geology maps (Barnett and Leyland 1988).  Regional cross sections were 

constructed from the data to provide a general understanding of the conditions.  The area around the 

Turcotte Pit has a complex hydrogstratigraphy that is controlled primarily by bedrock.  

The bedrock, that consists of intrusive rock and metasediments are generally found as steep sided ridges.  

One of these ridges, with a north-east to south-west to alignment was found along the south part of the 

site. 

Bedrock is at and only slightly below the ground surface on the north side of Black Bay Creek.  On the site, 

bedrock is exposed south of the site road by the entrance, at elevation around 160 mASL at the highest, 

and is on the pit floor at about 148 mASL m in the south part of the excavation (Section 12, OS Figure 5).   

The bedrock geology mapping (Lumbers and Vertolli 1980) shows Black Bay Creek and Black Bay are 

underlain by a fault, which explains the difference between the overburden thickness on each side.   South 
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of the creek is the down-side of the fault and in this area, bedrock is generally buried beneath about 20 m 

of overburden.   

During the glacial period, the bedrock elevation and orientation influenced the deposition of the 

Quaternary sediment.  The upper few metres of these ridges may have been weathered by the glacier ice.   

Till was the first sedimentary unit over the bedrock.  The till was a very dense and compact mixture of 

stones and sand with silt and clay.  At present, the mapping shows it is discontinuous and thin, often less 

than 1 metre.  Till appears in only two of the water well records, but depending on how a well was 

constructed, till might not be identified.   

South of Black Bay Creek, till is mapped at the surface, but north of the creek, it is not found within the 

study area.  A layer was recorded in TW1 (1.2 m), TW2 (0.3 m) and TW3 (7.6 m).  Till was likely eroded and 

re-entrained by the glacier with some redeposited as diamicton.  TW3 described interlayered sand and 

gravel and diamicton near the base of the hole.  The diamicton is randomly interbedded with the sand and 

gravel.  Where present, the diamicton may provide localized low-permeability protection to the contact 

aquifer.   

As the glacier receded, sand and gravel were deposited, filling the valleys between the bedrock ridges, and 

burying them in some areas, such as south of Black Bay Creek.  The well records south of the creek report 

on the order of 20 m or more of sand and gravel over the bedrock (OS Figure 6, Cross-section B8).  North of 

Black Bay Creek, the bedrock ridges separate the sand and gravel deposits, which are in bedrock basins 

separated from other parts of the deposit as can also be seen on Cross-section B.  

The glaciofluvial deposit is highly permeable and most of the precipitation that falls directly on the feature 

infiltrates.  Where the bedrock surface is within about one metre of the ground surface, direct recharge to 

the aquifer will also occur.  Therefore, the entire study area is considered to consist of highly vulnerable 

aquifers. 

Recharge to the overburden aquifer is variable, according to the climate records examined.  The details are 

discussed in Section 11.  The records indicate that on average in the previous 5 years, the precipitation has 

been more variable than Normal9 and about 5% higher, and the mean daily temperature was 28% higher.  

The higher temperature resulted in increased evaporation, but overall, the water surplus that is available 

for recharge was about 12% higher than Normal.  The recharge effects are reflected in the groundwater 

levels measured in wells in the unconfined aquifer as well as in local surface water levels. 

Black Bay Creek is a surface water divide.  The bedrock on the ridge also separates local runoff catchments 

and the groundwater levels. 

 

8 The cross-sections are conceptual and representative as they include data from multiple published sources as well as 

the site data, but they may be imprecise at specific locations beyond the data points. 

9 Climate Normals are 30-year averages for climate variables like temperature and precipitation that provide a 

baseline for comparison of current conditions.  Normals used in the report are from 1981 to 2010.  Updated Normals 

(1991 to 2020) are in preparation by Environment Canada. 
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The glaciofluvial deposit in which the local overburden aquifer is found is regionally extensive, covering 

some 2300 to 2400 km2 from Nipissing through the Ottawa Valley and south to the St Lawrence River.  The 

deposit on the site makes up much less than 0.1% of the aquifer.   

The bedrock ridge on the site separates the groundwater and surface water to the south, including Black 

Bay Creek and Wetland, from the groundwater in the excavation.  Traverses during several field visits did 

not reveal springs, and based on the surveyed elevations, the surface water and deposit south of the ridge 

interact directly. However, north of the ridge, the groundwater levels are lower than those to the south, 

illustrating the bedrock effect.  

Black Bay Creek and Wetland are a local overburden discharge zone that separates the site from wells to 

the south.  Additionally, both the wetland and the overburden aquifer contribute recharge to the bedrock 

aquifer.  Recharge to bedrock by significant wetlands has also been interpreted in other parts of Eastern 

Ontario from regional groundwater analysis.   

17 IMPACT ASSESSMENT  

The impact to environment and sensitive receptors is overseen by the MNRF through enforcement of the 

aggregate license and therefore the site plan conditions, and by the MECP as the agency that enforces the 

Ontario Water Resources Act, the Environmental Protection Act and other legislation and regulations. 

The proposal will excavate the economical material over approximately 25 ha on the site, above and below 

the water table, down to at deepest, 134.1 mASL.  The site testing found the deposit depth was relatively 

consistent, extending to between 134.1 mASL (13.1 m at TW3) and 142.2 mASL (12.8 m at TW4).   The 

excavation below the water table will be done with a long reach excavator, dragline, or cutter 

dredge.   There is no dewatering or lowering of the water table planned for the operation.  Stockpiles will 

be stored on site and allowed to drain before they are sold.   

A pit operation where the water table is not pumped or lowered by some other means does not have major 

impacts (Green, Merritt and Leete 2005, Gartner Lee Limited 2010).  If water is required for processing, 

such as crushing or washing, or for a concrete plant, the required permits including a Permit to Take Water 

and an ECA must be obtained.    

The potential impacts of the proposed amendment to extract below the water table are either negligible, 

or can be mitigated, based on current accepted industrial standards.  Specific components, analysis and 

potential issues are discussed below.  

17.1 Hydrogeological Impact  

The overburden aquifer was examined in detail as the part of the hydrostratigraphy that would potentially 

be affected by the proposed operation.  Once those potential effects were determined the resultant 

potential impacts on the contact and bedrock aquifers were considered.  

The water table elevation in the unconfined aquifer ranged from 140.9 to 144.93 mASL (Table 5).  Figure 6 

shows the water table has seasonal fluctuations and a response to changes in water surplus on the order of 

1 to 2 weeks.    
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The approximate pit base elevation will be between 134.1 mASL and 142.2 mASL, or between 7 and 15 m 

below the water table.   As the excavation progresses below the water table, the open water surface will 

flatten in comparison to the pre-operations slope.   

With the bedrock ridge, there will be two excavation areas.  The main area, where the excavation exists, 

will have a final lake area of approximately 10 ha (Skelton Brumwell and Associates Inc. 2023).  The water 

level in this lake will be around 142 mASL. The area east of the bedrock ridge along Rantz Road will have a 

small lake that is potentially up to +/-2 ha.  The lake will have a water level of around 144.3 mASL.     

The planned below water excavation, with no pumping diversion or other lowering the water table will not 

affect the existing conditions and therefore the unconfined aquifer in the glaciofluvial deposit, the bedrock 

aquifer or surface water flow.  Care and caution will be required during the operation to protect the 

groundwater quality. 

The overburden aquifer contributes some recharge to the underlying contact and bedrock aquifers.  The 

prevention of impacts to the overburden aquifer results in no impact to the lower aquifers also.  The 

aquifer characteristics, potential impacts that were considered, and the mitigation are summarized in Table 

7. 

There are two other aggregate operations within 500 m of the site;  

Operator/ Pit ARA 

License # 

Annual 

Tonnage 

Operation 

Type^ 

 

Location 

H & H Construction 

Black Bay Pit 

614101 20,000 above water 

table 

abutting west site license 

boundary 

Eastway Developments 

Hoffman Pit 

14716 30,000 above water 

table 

east of the intersection of Rantz 

Road and Murphy Road east of 

the site 

^ license status to be verified, current operation status 

If these operations remain above the water table, they should have little to no impact on the groundwater 

quantity.  They are each as likely to result in potential groundwater quality impacts as the Turcotte Pit. 

17.2 Black Bay Wetland 

The surface of the water level on Black Bay Creek was measured at 144.4 m ASL on October 20, 2023. The 

data indicated the wetland and the groundwater in the granular deposit are connected, and that 

groundwater flow occurs from the deposit to the Black Bay wetland.   

The excavated ponds formed by the excavation will have no inlets to or outlets from the wetland.  There 

will be a buffer on the order of 100 m between the main lake and the wetland.   If below water excavation 

occurs in the southeast tail of the site, the buffer from the small pond to the wetland will be on the order 

of 80 m due to requirements of sloping and other factors.  MPL is proposing to maintain an additional 10 m 

buffer between open water in the pit and the wetland for added protection from erosion or other factors 

that might result in a direct connection between the pit ponds and the wetland. 
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Table 7: Summary of Groundwater Impacts 

 

Component Features/ Characteristics Impact Assessment Mitigation 

O
V

E
R

B
U

R
D

E
N

 A
Q

U
IF

E
R

 

 Unconfined 

 14 drilled well records in the study 

area (16% of WWR examined) 

reportedly use the overburden 

aquifer,  

 Average Pot Elev 147.39 mASL 

 Unreported dug wells may also use 

the aquifer for water supply 

 Below water excavation will occur 

within the aquifer 

 Overburden aquifer consists of 

locally isolated deposits of varying 

size situated between bedrock 

ridges. 

 The proposed operation will not 

pump or otherwise lower the water 

table in the pit.  Aggregate will be 

removed from below water by 

excavating or dredging.   

 

 Known wells that use the overburden aquifer are in 

separate areas than the pit operation. 

 Upon approval of the below-water operation, before 

below water excavation begins, a well survey will be 

completed on properties between xxx and xxx Rantz 

Road.  With permission from the property owners, 

the survey will include collection and analysis of a 

water supply sample, and information about the 

well(s) and water uses on the property. 

 To protect the groundwater and surface water 

quality, measures will be taken by the operator to 

monitor fuel handling and use.  This will include 

keeping emergency cleanup materials on site and 

maintaining an emergency spills management and 

reporting plan.   

 Groundwater and surface water quality will be 

monitored during the operation by a qualified 

professional, with impacts assessed. 

 As a precautionary measure, changes to the 

overburden aquifer will be measured through a 

groundwater and surface water monitoring 

program. 

 The monitoring program is designed to provide 

advance warning of unpredicted impacts. 
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Component Features/ Characteristics Impact Assessment Mitigation 
C

O
N

T
A

C
T

 A
Q

U
IF

E
R

 

 Area water well records identified 

22 wells (25.3% of WWR examined) 

that use a contact aquifer source 

(granular unit below a confining 

layer of till or clay, including up to 5 

m of upper bedrock). 

 Average Pot Elev 146.88 mASL 

 Confined to semi-confined. 

 Presence is intermittently and in 

variable thickness. 

 Some wells reporting use of 

bedrock aquifer may include the 

contact aquifer – construction 

dependent. 

 The contact aquifer is not 

consistently recorded in water well 

records in the study area.  To be 

present, a confining low 

permeability unit must be present.  

Till was reported in some water 

well records in the area as well as 

in the test wells on the site.  

 Where present, the contact aquifer 

is protected by the confining layer. 

 The contact aquifer may connect 

with surface water features such as 

Black Bay and the Petawawa River, 

which have surface elevations of 

around 145 mASL.  The wells that 

use the contact aquifer are 

generally adjacent to the surface 

water features. 

 The contact aquifer will be protected by the 

monitoring, mitigation and reporting plan that will 

apply to the overburden aquifer and surface water.   
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Component Features/ Characteristics Impact Assessment Mitigation 
B

E
D

R
O

C
K

 A
Q

U
IF

E
R

 

 confined Precambrian bedrock 

aquifer relies on transmission of 

groundwater through 

interconnected fracture system. 

 metasedimentary rock, such as 

marble found in the surrounding 

area are usually better groundwater 

sources than the igneous 

formations. 

 Faults and changes in bedrock type 

can affect groundwater flow. 

 In the study area, bedrock recharge 

occurs from the Black Bay Creek and 

Wetland as well as in areas of thin 

overburden/ bedrock exposure 

 51 well records (58.8% of WWR 

examined) reportedly use the 

bedrock aquifer. 

 Average Pot Elev 145.97 mASL 

 Bedrock is the main control of 

aquifer definition in the study area. 

 The contact zone and overburden 

contribute recharge to the bedrock 

where sufficient thickness exists.   

 Bedrock recharge occurs directly in 

areas of thin overburden.   

 In the study area, bedrock recharge 

occurs in the Black Bay Wetland 

and Creek as well as the granular 

deposit north and adjacent to it.  

The Turcott Pit is in the granular 

deposit. 

 Wells using bedrock within 500 m 

of the Turcotte Pit are found 

generally along Rantz Road, or 

south of the Black Bay Creek that is 

a groundwater recharge divide.  

 If the operation does not affect the 

unconfined aquifer, there will be no 

net change to the bedrock aquifer 

recharge. 

 The bedrock aquifer will be protected by the 

monitoring, mitigation and reporting plan that will 

apply to the overburden aquifer and surface water.   
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The bedrock ridge separates the pit operation from the wetland currently and will continue to do so when 

below water excavation occurs.  The evidence of this is that the groundwater level in the pit is about 2 m 

lower than the groundwater adjacent to the wetland as well as the surface water level.   

This is the main reason no impact by the operation on the wetland and creek are predicted.  Additionally, 

studies on impact by below-water excavation on surface water (Harden Environmental Services Limited 

1995, Ostrander, et al. 1998, Green, Merritt and Leete 2005) have found that changes are minimal and not 

harmful to the surface water environment. 

TW 5 and TW 6 were installed at the edge of the wetland and were instrumented with data loggers.  A data 

logger was also installed in TW 1 and TW3.   As the below water excavation begins, water level and 

groundwater and surface water temperature readings will be recorded 3 times per day.  There will be pre-

excavation baseline data to which changes can be compared and assessed. 

17.3 Surrounding Groundwater Users  

Residential water supply wells are sensitive receptors, and the operation may not interfere with the long-

term water supply, either with quantity or quality, at these locations.   

For the investigation, available information for properties within 500 m of the site was reviewed, and the 

area around the site was scoped out generally by car and by reviewing the satellite imagery.  The area 

groundwater use in the vicinity is predominantly residential (seasonal and permanent) and industrial (sand 

and gravel pits).  There are agricultural properties beyond 500 m to the south-east. 

The provincial water well database had thirty-three records located within the 500 m radius of the site.  

Out of these, 16 had associated civic numbers so the locations were verifiable.  The GPS coordinates for 

one of the verified wells (WWR #7170012) did not match the civic address.  It was assumed the address 

was correct and the well record was removed.  Two wells were identified as being located on Rantz Road 

but had no civic number.  Based on the GPS coordinates, they are within 500 m.  

Five of the wells are reported to be completed in the overburden aquifer, 16 use the contact aquifer 

(within the upper 5 m of the bedrock) and the remaining 11 use the bedrock aquifer more than 10 m into 

the bedrock  The aquifers were discussed in Section 6. 

The elevations that water bearing zones were reported in the surrounding wells, differentiated by the 

intercepted aquifer is shown in Figure 7. 

17.3.1 Wells in Overburden 

The reported overburden wells were approximately 260 m to 360 m from the site.  All wells except WWR 

#5507604 are south of the Black Bay Creek and Wetland.  There may also be unreported dug wells in the 

area.  

The bedrock ridges controlled the sediment deposition and as a result are key controls in the area 

groundwater movement.  For example, the previously referenced overburden well on the north side of 

Black Bay Creek is separated from the site by a bedrock knoll. 
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Figure 7: Reported Water Bearing Zones within 500 m 

 

17.3.2 Contact Aquifer 

The well records indicate the wells that use the contact aquifer are confined, that is, the groundwater level 

rises above the top of the unit.  Depending on the construction, the wells in the contact aquifer may derive 

some of the groundwater from the overburden also, but the reported water bearing zones are deriving 

groundwater from a greater distance than the site.  Figure 7 shows that reported water bearing zones in 

wells that use the contact aquifer overlap with both overburden and bedrock zones. They occur in areas of 

higher topography, such as north of Black Bay Creek, upgradient topographically from the site and usually 

in the Lac du Bois Dor and Percy Lake catchments. 

17.3.3 Bedrock Aquifer 

The groundwater in bedrock is derived from a variety of recharge sources over an area wider than the 

immediate study area.  The deeper the groundwater is intercepted in bedrock, the greater the distance the 

groundwater has originated.  The bedrock wells reported groundwater zones at a range of elevations.  The 

higher water bearing zones coincide with the topographically higher areas, which indicates where the 

bedrock recharge is occurring.  OS Figure 2 illustrated the bedrock groundwater flow in the study area.  It 

shows the bedrock aquifer recharges from the south and north of Black Bay and Black Bay Creek, with 

discharge to the surface water features. 
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17.3.4 Potential Impact of Proposed Below Water Operation on Area Wells 

Based on the site and area investigation results, it is concluded that area groundwater use will not be 

affected by the proposed below-water extraction operation.  Similarly, the recharge contribution by the 

unconfined aquifer to the bedrock is not predicted to change.   

The main factor for this conclusion is, there will be no pumping or lowering of the groundwater for the 

aggregate extraction.  However, the relatively complex hydrostratigraphy also has a role in the conclusion. 

Wells south of Black Bay Creek are in a different surface water and groundwater catchment.  Some of the 

wells are directly adjacent to the creek or Black Bay, and these surface water features that are flowing 

along the sorted sediment are likely contributors to the supply. 

On the north side of Black Bay Creek, Rantz Road is constructed on the highest topography between Black 

Bay and Percy Lake/Lac du Bois Dur.  The wells in the contact zone and bedrock aquifers on the north side 

of Black Bay Creek are up-gradient of the site and on the other side of the bedrock divide.  The few 

reported wells that use groundwater from an overburden deposit are in a deposit that is separated from 

the site by bedrock.     

17.4 Groundwater Quality  

Water samples were taken by GRI to provide baseline information on general characteristics, nutrients, and 

metals in the overburden aquifer. 

The glaciofluvial deposit is characterized as a highly vulnerable aquifer (HVA).   This condition is present at 

any granular aggregate operation, since one of the definitions of HVA is highly permeable soil.  In practice, 

it has been GRI’s experience that aggregate operators are aware of the aquifer vulnerability and integrate 

care and caution into daily operations to prevent impacts to groundwater quality.   

The risk of contamination is very low when the established preventative measures are taken.  The risks 

through day-to-day operations and that might result from an accidental spill of hydrocarbons are managed 

through the material handling and emergency spills plan.  The basic components, which would typically be 

shown on the site plan and/or in the PTTW and ECA, are discussed in Section 18.4.  These are already part 

of the operation at the Turcotte Pit.   

17.5 Hydrology Impact  

The site is in the lower portion of the Black Bay-Barron River quaternary watershed, about 16 km upstream 

of the Ottawa River.  Water taken from the surface water source for processing at the site is done under 

the approval of PTTW #2087-9MJPKQ and is returned to the overburden aquifer by dispersing the wash 

water over the adjacent pit floor.   

The water in stockpiles also drains back into the ground.  Aggregate is sold by weight, so excess water in a 

product is undesirable and uncompetitive.  Studies of the water losses in aggregate stockpiles found that 

they are negligible.   

The excavation north of the bedrock ridge is a separate catchment area than the Black Bay Creek.  The 

quantity of water used in aggregate processing is small in comparison to the flows in both the creek and 

the aquifer.  The impact of moving the wash water between the basins will be negligible.  The movement of 
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the water could be mitigated by treating the wash water in a settlement pond and discharging the treated 

water on the south side of the bedrock ridge.  Based on the available information, however, this mitigation 

is not necessary. 

The pond(s) that are proposed to be created on the site will not directly connect with any existing surface 

water.  The recharge from the site to the wetland will flow as it currently does.  

17.6 Thermal Impacts  

A pond will be created through the removal of the aggregate below the water table on the site.   The 

potential effects of seasonal temperature changes on the the open water that is connected directly to the 

aquifer were considered.  In theory, there could be thermal changes to the nearby groundwater system and 

potentially the wetland environment.   

As noted in Section 17.2, the open water in the excavation will be separated from the wetland by a bedrock 

ridge.  The separation of the activity will provide the best protection from potential thermal impacts by the 

operation. 

Studies have shown that the impact is minimal.  The studies have found the temperature impacts are 

usually localized and cannot be measured more than a few hundred metres from a pit (Harden 

Environmental Services Limited 1995, Ostrander, et al. 1998).  

TW 5 and TW 6 were installed at the edge of the wetland and were instrumented with data loggers.  A data 

logger was also installed in TW 1.   As the open water area expands the water levels and the temperature of 

the water will be monitored at 8-hour intervals and the data will be reviewed at the end of the year to 

identify whether there are any impacts.  

There are no impacts predicted from a seasonal temperature change.  However, it is recommended the 

conditions be monitored as below water excavation begins as part of the adaptive management plan. 

17.7 Flooding  

There is no plan to discharge from the site during the below water extraction. The proposed operation will 

not contribute to flooding off site or to the creek.   

17.8 Base Flow  

The hydrogeological data indicate that changes from the proposed operation on the existing flow in the 

unconfined groundwater aquifer are not predicted.   The proposed operation, with no diversion or drainage 

will not change the available groundwater or recharge to the site.  As noted in Section 17.5, the aggregate 

processing may be diverting a small quantity of recharge from the south side of the bedrock divide (surface 

water) to the groundwater aquifer, but the impact is considered negligible.  If needed, the operation can be 

modified to discharge the treated wash water to the original catchment.  

18 RECOMMENDATIONS  

Sensitive receivers were identified on and near the licensed pit.  These are the Provincially significant Black 

Bay Wetland and water supply wells.   
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Although research and the study results predict minimal changes to the hydrogeology will occur from the 

proposed operation, it is recommended that some monitoring of groundwater and surface water be 

implemented to address key concerns.  The monitoring data will strengthen the assessment, validate the 

predictions, and provide data that can be used to assess issues if they arise in the future.  This includes 

monitoring at a high-level scale for contaminants that may originate from a typical operation. 

The requirements for monitoring should be reviewed regularly and adapted as the data and analysis 

indicate.  Data should continue to be collected to monitor the effects of the below water excavation for at 

least two years.  The monitoring will provide data that will protect groundwater and surface water 

interests.   

The test wells will be used in the monitoring program.   In addition, monitoring on the site at the wetland is 

recommended.   

18.1 Elevation of the Water Table  

The Provincial Standards (Ontario Ministry of Natural Resources and Forestry 2020a) state; “Excavation at a 

pit proposed above the water table may not occur within 1.5 metres above the maximum predicted water 

table.” (Ontario Ministry of Natural Resources and Forestry 2020a, Section 2.5).  Identification of a 

maximum predicted water table elevation is less of a concern for a below-water table operation, in GRI’s 

view. 

The highest level in any well occurred in TW4 on May 9, 2023.  The lowest level was recorded in TW3 on 

September 21, 2023.  The water table elevation in the unconfined aquifer was measured regularly in the 

monitoring wells over nearly three years, capturing the effects of a significant water surplus and 

representing four seasons.  The groundwater measurements from December 22, 2020, to November 10, 

2023 were used in the maximum water table assessment.  The groundwater elevation on the site ranged 

from 140.9 to 144.93 mASL (Table 5).      

The groundwater levels had average seasonal fluctuations of about 0.05 to 0.10 m.  In spring 2023 an above 

average water surplus resulted in a water level rise of 0.43 to 1.04 m across the site.  Although this surplus 

was the only one of this magnitude recorded in the monitoring period, similar events are possible.   

Seasonally, there is water accumulation in the south-west area of the site, but the information does not 

make it clear whether it is standing water over frozen ground or high groundwater.  This may be 

determined in the future but does not affect the study results or recommendations.     

The current site plan shows an approximate water table elevation of 144.0 mASL (Skelton Brumwell and 

Associates Inc. 2019) that was determined from water well records in an earlier site plan version (The Base 

Mapping Co. Ltd. 2004, approved August 26, 2004).  Based on the study results, this elevation should be 

increased to 145.0 mASL, based on the water table response to the water surplus in May 2023.   

18.2 Adaptive Management Plan   

The proposed operation is not predicted to have a noticeable effect on groundwater or surface water.  

However, the examined systems; climate, hydrogeology and hydrology; are natural and there are factors 
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that cannot be predicted absolutely.  In addition, anthropogenic changes within the influence area that are 

not in the control of the operator cannot be predicted.   

The adaptive management plan (AMP) consists of monitoring water levels and temperature changes, 

assessment tools and contingency plans.  The plan will provide data and ongoing assessment of whether 

and how the site operation is causing an impact.  The plan will assess current conditions to pre-empt 

impact to groundwater or surface water and their users off-site.  Action may be required if the data review 

predicts that an unacceptable impact to the groundwater or surface water will occur.  Additionally, action 

may be required if an unpredicted impact is reported to MPL, MECP or MNRF.  Action to address potential 

impacts by the operation should be addressed in a timely manner.   

The data will provide a record of indicator trends that, in addition to allowing changes in the physical 

character and quality to be assessed, may aid MPL if concerns about the operation arise.   Monitoring data 

collection and regular assessment will reduce uncertainty about the impact that the pit will have on natural 

systems on the site and surrounding area.  The plan includes regular data assessment and reporting.  The 

mitigation and contingency components of the plan illustrate that there are available solutions in the 

unexpected event that an impact occurs. 

The contingency plan outlined below applies to the area 500m around the ARA license boundary, which is 

where issues are most likely to occur.  It does not preclude investigation or reparation if it is found beyond 

this distance.   

The plan should be flexible so changes can be implemented with new or updated knowledge. The 

components of the AMP may be updated if they are substantiated with additional data, subject to approval 

by MNRF and/or MECP.  

18.2.1 Responsibility to Investigate Well Issues 

GRI has no knowledge about reports of previous effects by the operation on wells.  There is no data to 

suggest that adding below water excavation without changing the water table at the Turcotte Pit would 

result in a change to the current condition at any of the surrounding wells.     

However, private well issues do occasionally occur and while, in GRI’s experience, they are often problems 

that relate to the well itself (e.g. equipment deterioration) residents may feel that the aggregate operation 

is responsible.  It is recommended that MPL assume responsibility for investigating well issues within 500 m 

that are reported to them either directly or through another source.  The responsibility for remediation will 

depend on the result of the investigation. 

18.2.2 Groundwater and Surface Water Monitoring  

Generally, the monitoring program applies to the years that the site is open and operating.  For continuity 

of data, though it is recommended the groundwater be monitored four times a year, minimum, when the 

site is closed.  The monitoring program can be reviewed after two years and amended if appropriate.   

When the site is open and operating, the monitoring program should begin at least one month before 

operations begin each year and continue in alternate months through the operating season until at least 

one month after the season ends.   
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The data loggers installed in TW 1, TW3, TW 5 and TW 6 will be downloaded every 3 to 4 months and the 

water level and temperature data will be reviewed annually to assess impacts. 

18.2.2.1 Baseline Data of Off-Site Groundwater Use  

The recommended data collection will provide a baseline of existing conditions that may be used for 

comparison.  The purpose is to provide additional information to MPL if a local well issue or a dispute about 

responsibility arises in the future.   

A well survey should be undertaken at properties along Rantz Road with civic numbers between 662 and 

1080 (shown approximately on OS Figure 4, consisting of about 24 properties) before the below water 

operation begins.  

Table 8: Surrounding Users – Water Sample Parameter List 

 Parameter/ Analyte 

Field Measurements temperature, TDS, conductivity, dissolved 

oxygen, pH 

General Characteristics pH, Alkalinity, Hardness, TDS, Conductivity, Ca, 

Mg, Cl, NO2, NO3, NH3, Total Kjeldahl Nitrogen, 

SO4, Fe, Mn, Na, F, phenols 

Bacteriological Analysis e.coli, fecal coliforms, total coliforms, 

background plate count 

Participation in the survey by property owners should be voluntary.  The survey should document the 

property setting, well location and construction, site use, and should confirm the water well record, if 

possible.   Water samples should be collected from an untreated tap and analysed for general groundwater 

characteristics and pathogenic bacteria (Table 8) following industry standard sampling procedures.  The 

professional conducting the survey may wish to add parameters, such as nuisance bacteria, if a specific site 

warrants. 

18.2.2.2 Groundwater Monitoring 

The four monitoring wells installed in the study are positioned around the site to provide information on 

the impact of the proposed operation on the unconfined aquifer.  The monitoring program for 

groundwater and surface water is found in Table 9. 

At monitoring events, observations and/or photos of the site activity should be recorded.  Weather 

conditions on, and for two or three days before the monitoring, should also be noted.    

The monitoring well elevations and the elevations of the staff gauges in the surface water program should 

be surveyed before the first review.   

Monitoring wells that are removed or irreparably damaged should be replaced, and the elevation 

recalibrated if necessary.
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Table 9: Groundwater and Surface Water Monitoring 

Operational 

Sequence 
Time and Duration Description 

Details 

Groundwater Monitoring  

Above Water  

Operation 

From present, for two operating 

years, four times per year 

a. before season’s excavation 

begins, 

b. one month after season ends 

c. two additional periods, 

representing pertinent 

conditions 

Additional groundwater 

characterization 

Record water levels in four monitoring wells  

After two years, review data and recommend revisions 

to monitoring program, including temporary 

suspension 

Below Water 

operation 

 

Beginning the operating year that 

below water extraction will begin 

a. before season’s excavation 

begins, 

b. alternate months through 

operating season  

c. one month after season ends 

Below groundwater 

impact assessment 

Record water levels in four monitoring wells  

When the monitoring of the below water excavation 

begins, the data should be reviewed informally after 

each visit by a qualified professional.  The QP can 

recommend if or when this review may be 

discontinued.   

After two years, review data and recommend revisions 

to monitoring program, including temporary 

suspension  
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Operational 

Sequence 
Time and Duration Description Details 

Wetland Monitoring 

Above and Below 

Water 

 

a. before season’s excavation 

begins, 

b. alternate months through 

operating season 

c. one month after season ends 

Monitor wetland 

conditions 

Record water level and temperature at the time of 

groundwater monitoring.  Alternatively, at MPL 

discretion, install a datalogger in each monitor, take 

manual readings for correlation and download data at 

monitoring visit. 

 

After two years, review data and recommend revisions 

to monitoring program 

  Field 

Measurements 

Temperature, TDS, conductivity, 

dissolved oxygen, and pH 

  Laboratory 

 

- if the visual inspection indicates 

sheen and film, a sample will be 

taken and analysed for TPH and 

oil and grease 

Pond Monitoring 

Below Water 

operation 

 

Open water present 

on site 

Beginning of season following the 

year that below water extraction 

begins or when pond size reaches 

+/- 0.3 ha 

Pond Monitoring Station Establish pond monitoring station near staff gauge.  

 

As the open water area expands to 4 to 5 ha, a second 

monitoring station may be installed to record the 

change in water level across the open surface 
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Operational 

Sequence 

Time and Duration Description Details 

Below Water 

operation 

Phase 1 and 2 

Open water present 

on site 

The season following the year 

that below water extraction 

begins.   

a. before season’s excavation 

begins, 

b. alternate months through 

operating season 

c. one month after season ends 

Pond level monitoring 
Record water levels at the same interval and date as 

groundwater levels.  

Collect water samples at 

groundwater monitoring 

visit, if required; 

Field 

Measurements 

- pH, temperature, conductivity, 

dissolved oxygen 

Laboratory 

 

- if the visual inspection indicates 

sheen and film, a sample will be 

taken and analysed for TPH and 

oil and grease 

After two years, review data and recommend revisions 

to monitoring program 
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18.2.2.2.1 Above Water Operation 

Groundwater monitoring should take place on the same day as surface water monitoring.  After two 

years, if below water extraction has not started, recommendations can be made to amend the 

monitoring program.   

The above water monitoring program should include TW1 through TW6.   

18.2.2.2.2 Below Water Operation 

Once the material from below the water starts to be removed and a pond of +/- 0.3 ha has been 

created, a staff gauge should be installed, and the elevation of the gauge integrated with the other site 

monitors.  Water level measurements should be recorded on the day as the groundwater and other 

surface water levels.  As the open water area expands to 4 to 5 ha, it may be beneficial to install a 

second staff gauge to record the change in water level across the feature.  

Field measurements should be taken.  If the visual inspection indicates a sheen or film, a sample should 

be taken and analysed for oil and grease and TPH. 

After the first two years, the data should be reviewed by a qualified professional, and recommendations 

to modify the groundwater and surface water monitoring program may be made.  

When the monitoring of the below water excavation begins, the data should be reviewed informally by a 

qualified professional after each visit.  The QP can recommend when and if this review may be 

discontinued.   

Notwithstanding, the data should be analysed every 2 years by a QP, with a brief assessment kept at the 

company offices.  The review may include recommendations for changes to the monitoring program.  

18.2.2.2.3 Revisions to Water Monitoring Program  

The water monitoring program may be revised, subject to approval by MNRF and/or MECP, on the 

recommendation of a qualified professional. 

18.2.2.3 Wetland Monitoring 

The water level and temperature should be measured in these surface water monitors at least quarterly 

over the next two years to establish a baseline of data, after which the frequency can be revised on the 

recommendation of the QP.  Continuous water level and temperature could be collected if MPL chooses 

to install pressure transducers (“data loggers”).  If loggers are employed, the data should be 

downloaded at least twice a year. 

During monitoring visits, field parameters should be recorded in the wetland wells, TW5 and TW6.  If the 

visual inspection indicates a sheen or film, a sample should be taken and analysed for oil and grease and 

TPH.  The monitoring details and sampling parameter list are found in Table 9. 

18.2.3 Assessment Tools 

Action may be required if the data review predicts an unacceptable impact to the groundwater or 

surface water will occur.  Additionally, action may be required if an unpredicted impact is reported to 

MPL, MECP or MNRF.   
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The water levels should be reviewed as they are collected with attention given to flag and follow up on 

anomalies.  An explanation should be provided for any of these noted deviations, and the observations 

and conclusions included in the next review report. 

18.2.4 Contingency Plan 

The contingency plan addresses the procedure that should be followed if a groundwater or surface 

water issue occurs. 

If a water loss occurs at one of the addresses between 662 Rantz Rd and 1080 Rantz Rd, and an initial 

investigation cannot identify an obvious cause, MPL will provide an interim potable water supply to the 

affected well within 24 hours.  The interim supply will be continued until the matter is resolved.  

18.2.4.1 Receipt of Unexpected Well Problem  

If an unexpected issue arises at one of the addresses between 662 Rantz Rd and 1080 Rantz Rd, MPL will 

retain a qualified professional, who will investigate the issue, provide an opinion on the cause, and 

provide recommendations to MPL in a timely manner.  If the problem is attributed to the pit operation, 

remediation or compensation will be offered by the MPL as soon as possible. 

If MPL is notified by MNRF or MECP of responsibility for a well issue within 500 m of the license 

boundary, any direction by the MECP will be followed.  

18.2.4.2 Predicted Negative Impact on Off-Site Users  

If a negative impact on a neighbouring well is predicted through data review, the well conditions will be 

evaluated, and remediation will be implemented to prevent the impact.     

If natural water quality exceeding the Ontario Drinking Water Standards is encountered because of the 

remediation, appropriate water treatment will be considered.  

18.3 Protection of Groundwater and Surface Water Quality  

Protection of the groundwater and surface water from contaminants will be accomplished through 

management and operation of the materials and equipment to the industry standards and legislative 

requirements.  Re-fueling should take place on an impervious surface, and materials storage should be 

in an appropriate container with secondary containment.  Regulatory requirements of the Technical 

Standards and Safety Authority should be followed.  

A minimum of 30 m will be maintained between a contaminant source, and any surface water including 

but not limited to, the pit pond and wetland.  

Material imported to the site should meet the regulatory requirements of O. Reg. 244/97.  

18.4 Emergency Spills Procedure  

Appropriate clean-up material such as absorbent mats and granular absorbent material should be kept 

on site when the pit is operating.    

An emergency spills procedure should be prepared for the site.  If a spill occurs, action will immediately 

be taken to contain and absorb the spilled material.  Any unexplained losses of fuel or other 

contaminants will immediately be reported to appropriate management levels and/or agencies.  The 
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reporting requirements of the MECP will be followed under the responsibility of designated staff, to 

assure that proper clean-up has occurred.   

Water surfaces, including puddles, ponds or other open water surfaces should be regularly inspected by 

MPL for sheen, film or foam.  An effort should be made to identify the cause, and if needed, to take 

further action. The details and actions taken should be logged. 

18.5 Additional Recommendations  

The site plan should indicate the below water operation will be undertaken without dewatering or other 

means of lowering the groundwater table such as ditches. 

Operational permits, such as a Permit to Take Water or a Certificate of Approval for Industrial 

Wastewater Treatment (part of the Environmental Compliance Approval) should be maintained if 

aggregate processing continues.  

19 SUMMARY AND CONCLUSIONS, DETAILED HYDROGEOLOGICAL STUDY  

MPL is proposing to apply for a site plan amendment that will allow them to proceed to Lift 3, below 

water.   Note G.1 on Page 3 of the site plan states; 

“If at some point during the excavation of the site, due to quality or quantity of the aggregate, 

the operator would wish to extract material from below the water table using a high hoe or drag 

line, a site plan amendment with required reports must be approved prior to the commencement 

of Lift 3.” 

The Turcotte Pit is located on Part of Lot 7 and 8, Concession VII, town of Petawawa, County of Renfrew 

(OS Figure 1).        

No diversion, storage or drainage of groundwater is planned in the proposed operation.  The application 

proposes extraction down to, at deepest 131 mASL  

The site holds PTTW #2087-9MJPKQ which allows water to be taken from Black Bay Creek for aggregate 

processing.  The site also has ECA # 5512-9BQRAN for the asphalt plant.  Any additional regulatory 

approvals will be obtained as required.    

The land use in the 2-km area around the Turcotte Pit is approximately 83% undeveloped (including CFB 

Petawawa, 11% residential, 1% agricultural with the remainder being industrial (pits).    

The surficial geology mapping indicates that there are two predominant Quaternary units in the study 

area; thin drift over Precambrian bedrock (igneous or metasedimentary) and glaciofluvial sediment.  The 

bedrock in the study area was mapped as mafic rock consisting of gneiss gabbroic anorthosite gabbro.  A 

normal fault runs beneath Black Bay Creek and Black Bay, with the down-side to the south.   

Regionally, an unconfined aquifer in the glaciofluvial deposit and within the bedrock, a confined aquifer 

and contact zone aquifer were found.  The regional flow in the unconfined aquifer is south-westward, 

towards Black Bay.  The groundwater in the bedrock originates from the wetland and overburden 

aquifer as well as bedrock and topographic highs.   The groundwater flow direction is mainly influenced 

by the bedrock topography that also controlled the deposition of the glacial and glaciofluvial material.  
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There are no well head protection areas (WHP) or intake protection zones (IZP) in or near the study 

area.  The Mississippi Valley Conservation Authority (MVCA) found that most of the watershed consists 

of highly vulnerable aquifers (HVA) due to the presence of less than 1.5 m of overburden or highly 

permeable soil.  The overburden on the site consists of glaciofluvial sediment ranging in texture from 

coarse sand and fine gravel to silty fine sand.  There is an unconfined to semiconfined aquifer within the 

overburden.  Infiltration and runoff contributions are approximately 0.287 m/year and 0.072 m/year, 

respectively.  

Four boreholes were drilled on the site with a roto-sonic rig under the supervision of GRI staff to assess 

the material in the area and to characterize the hydrogeological conditions.  Piezometers were installed 

in the boreholes, and slug tests were conducted on the wells.  Groundwater samples were taken.   

Groundwater levels were measured 17 times in the site wells between May 24, 2018, and November 10, 

2023.  The data show the localized flow on the site is from the north-west, towards the south-east.  The 

main influence on the site flow, like regionally, is bedrock.     

The impact assessment considered whether extraction below the water table might affect groundwater 

quantity or quality in the aquifers.   The analysis found minimal changes to the current 

hydrostratigraphic setting will result from the proposed below water extraction because the proposed 

removal of aggregate from below the water table will not involve diversion, storage, or drainage of 

groundwater.   

The pond(s) that are proposed to be created on the site will not directly connect with any existing 

surface water and an undisturbed land buffer will separate the excavation from the Black Bay wetland 

that is slightly on and along the south boundary of the site.  The wetland is a Provincially Significant 

classed feature.     

The surrounding water well users obtain their supply from the overburden, contact zone and/or bedrock 

aquifer.  The aquifers are reported to provide enough potable water to supply a residence. There will be 

a minimal change to the hydrostratigraphy resulting from the proposed below water excavation due to 

the creation of a permanent pond.  This will not affect the area groundwater quantity.  Care must be 

taken in operations to protect groundwater quality through the prevention of spills. 

The study found the proposed operation, as presented, is not expected to have a noticeable effect on 

groundwater or surface water.  This conclusion is based on published research, theoretical calculations, 

and professional experience with comparable aggregate operations.  The potential changes or impacts 

that were considered are unlikely to occur in this operation.  Even so, it is recommended that some 

monitoring of groundwater and surface water be implemented.  The data will allow the assessment to 

be strengthened, enhanced, and refined.  This includes monitoring at a high-level scale for contaminants 

that may originate from a typical operation. 

20 QUALIFICATIONS 

This study was prepared by Jennifer Gorrell, M.Sc. P.Eng. P.Geo. and George A. Gorrell, M.Sc. F.G.A.C, 

P.Geo..  Together they are partners in the engineering firm GRI Inc.  They have provided geological, 

hydrogeological and associated engineering services since 1988. 
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The field studies found in the references that have been conducted by George Gorrell M.Sc. F.G.A.C 

P.Geo. since 1979 (see References) are the source of the personal knowledge used in this report.  

George Gorrell holds a certificate of registration under the Professional Geoscientists Act, 2000 and is a 

practicing member of the Association of Professional Geoscientists of Ontario.  Mr. Gorrell has 

demonstrated and post-secondary education, including undergraduate and graduate degrees in 

hydrology and sedimentology with specialization in water and resource management.  He has spent 

over 40 years studying the geology and mineral aggregate deposits of Eastern Ontario.   

Jennifer Gorrell holds a certificate of registration under the Professional Geoscientists Act, 2000 and is a 

practicing member of the Association of Professional Geoscientists of Ontario, and the Professional 

Engineers of Ontario.    Mrs. Gorrell has demonstrated and post-secondary education, including 

undergraduate and graduate degrees, in geotechnical engineering with specialization in hydrogeology, 

hydrology, geology and soil mechanics.  Ms. Gorrell has 40 years of professional experience in the fields 

of geology, hydrogeology, and environmental consulting, with more than 30 years’ experience related to 

pits and quarries. 

Respectfully submitted;  

  

  

George A. Gorrell M.Sc. P.Geo. F.G.A.C.  

Senior Geoscientist  

 C (647) 502-5224 | george.gorrell@gri-inc.ca 
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21 LIMITATIONS  

GRI Inc. prepared this report for the account of Miller Paving Limited (the Client).  The report, and its 

figures, tables or other attachments are submitted to the Client as confidential information for a specific 

project.   

The material in the report reflects the judgment GRI Inc. based upon the use, in good faith of all 

information available or provided by the Client or others and used in the report.  GRI does not accept 

responsibility for any deficiency, misstatements, or inaccuracies contained in this document that 

resulted from omissions, misinterpretation, or fraudulent acts of the persons contacted or errors or 

omissions in the reviewed documentation.  

The services performed, as described in this letter, were conducted in a manner consistent with the 

current level of care and skill normally exercised by members of the engineering and science professions 

practicing under similar conditions, under comparable time limits and financial and physical constraints 

applicable to the services. 

The assessment of conditions and possible hazards at this site has been made using the method outlined 

in the project Scope, which may include results of physical measurements and chemical analyses of 

samples from identified monitoring locations.  The conditions between locations have been inferred and 

may vary from the sample location(s). 

Any use made by a third party of this report, or any reliance on or decisions made from it is the 

responsibility of such third parties.  GRI Inc. accepts no responsibility for damages suffered by any third 

party that result from decisions made or actions based on this document, unless GRI Inc. has specifically 

and expressly consented in writing.  Such permissions may be found within the document, such as if 

GRI Inc. has prepared this report for the Client for review by a government agency. 

GRI Inc. retains ownership and copyright of the document and the information found within.  The 

original copy of the document retained by GRI Inc. will be relied upon in any discrepancy between 

versions.   
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Calculations 
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Calculation 1: Site Recharge  

Water Budget from Chalk River AECL Normal   
          

 Precipitation  0.876 m/yr    

 Evaporation  0.589 m/yr    

 Seepage        

 Water Surplus  0.287 m/yr    

 Infiltration  0.192 m/yr    

 Runoff  0.095 m/yr    

     

Runoff and Infiltration Areas  

    Present Final 

  Catchment:  306,000  m2    422,800  m2  

  Infiltration Area:  306,000  m2   422,800  m2 

Calculated Recharge 

  Infiltration:   58,848  m3/yr   92,668  m3/yr 

  Runoff:   29,118  m3/yr   45,852  m3/yr  

  Water Surplus:   87,966  m3/yr 
 

 138,520  m3/yr  

Calculation 2: Average Groundwater Throughflow for Site 

Q=k i A              

Where:              

 Q = groundwater flow, m3/yr  

 k = hydraulic conductivity, m/yr  

 I = hydraulic gradient in the direction of flow,  

  = dv/dh  1.0  dv=change in groundwater level across the site   
    109  dh=distance over which the change occurs  

11.4  average depth of excavation below water table  

500 width of cross section  

i =  0.00918 (average)  

Ax-s =   5,703  m2, cross-sectional area  
k =   1.4 x103  m3/yr, average for site  

              

Q =  7.26 x 104  m3/yr  
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Turcotte Pit 

 

Photo 1 

July 28, 2022 

Typical sediment arrangement; east face 

 

Photo 2 

July 28, 2022 

Coarse sand and cobbles that are 

typical of the site; west face. 

 

Photo 3 

May 9, 2023 

Black Bay wetland.    
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Photo 4 

July 28, 2022 

Gravel windrow in background marks 

the 30 m boundary from the wetland. 

 

Photo 5 

July 28, 2022 

Black Bay, centre of site.   This is the 

same area as shown in Photo 3. 
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Oversize Figures  



HYDROGEOLOGICAL ASSESSMENT  TURCOTTE PIT, ARA LIC. #15498 

TO SUPPORT OPERATION BELOW WATER SITE PLAN AMENDMENT MILLER PAVING LIMITED  

 P a g e  | 59  

OS Figure 1: Regional Setting 

 

OS Figure 2: Regional Groundwater Flow 
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OS Figure 3: Precipitation and Temperature, 2018 to October 2023  

 

0

10

20

30

40

50

60

70

-30

-20

-10

0

10

20

30

40

D
a

il
y

 T
o

ta
l P

P
T

 (
m

m
)

M
e

a
n

 D
a

il
y

 T
e

m
p

 (
o

C
)

Total Precip (mm) Mean Daily Temp (°C)



HYDROGEOLOGICAL ASSESSMENT   TURCOTTE PIT, ARA LIC. #15498 

TO SUPPORT OPERATION BELOW WATER SITE PLAN AMENDMENT MILLER PAVING LIMITED  

   

 

OS Figure 4: Site Detail 

 

OS Figure 5: Bedrock on Site 

 

OS Figure 6: Regional Hydrostratigraphic Cross-Sections 

 

OS Figure 7: Site Groundwater Flow, July 28, 2022 

 

OS Figure 8: Site Groundwater Flow, May 9, 2023 
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OS Table 1: Monthly Precipitation and Mean Monthly Temperature, Petawawa Hoffman Climate 

Station (AECL Chalk River Climate Station 1981-2010 Normals) 

  

1981-

2010 

Normal 

2018 2019 2020 2021 2022 2023 

5-Year 

Average 

2018 - 2022 

January 67.7 67.8 67.6 103.6 28.6 33.2 70.0 60.2 

February 51.3 54.0 72.6 67.2 59.8 57.4 66.0 62.2 

March 55.1 33.2 58.4 90.6 50.6 63.6 63.4 59.3 

April 64.2 97.8 158.4 43.0 48.8 92.6 156.6 88.1 

May 77 81.8 111.3 92.6 29.8 89.0 65.9 80.9 

June 82.4 61.5 120.8 66.3 108.6 162.6 147.2 104.0 

July 83.5 71.2 50.4 95.8 140.6 40.8 130.2 79.8 

August 75.3 91.6 28.2 180.5 19.4 114.7 54.3 86.9 

September 91.8 61.9 80.6 78.0 137.4 100.2 27.6 91.6 

October 78.5 60.8 144.2 69.0 76.6 52.2  80.6 

November 83.6 96.0 37.0 67.6 41.8 31.8  54.8 

December 65.9 86.8 65.8 59.6 62.1 97.0  74.3 

Annual PPT 876.3 864.4 995.3 1,013.8 804.1 935.1  922.5 

Period Total  

(to Sept 30) 
648.30 620.80 748.30 817.60 623.60 754.10 781.20 712.9 

 

  

1981-

2010 

Normal 

2018 2019 2020 2021 2022 2023 

5-Year 

Average 

2018 - 2022 

January -11.8 -10.7 -13.4 -6.8 -7.0 -15.4 -5.7 -9.7 

February -9.2 -13.8 -9.5 -6.9 -8.3 -9.6 -7.7 -8.4 

March -2.9 -2.2 -4.5 -0.8 -0.2 -1.7 -1.3 -1.7 

April 5.5 2.0 4.1 4.4 8.5 5.4 6.8 5.8 

May 12.5 14.7 11.1 12.6 13.2 15.5 13.4 13.1 

June 17.8 18.0 17.4 18.4 20.6 18.2 19.2 18.8 

July 20.3 23.3 22.6 23.6 20.0 21.1 21.6 21.8 

August 19.1 21.5 20.0 19.4 22.6 20.6 18.9 20.3 

September 14.4 16.2 15.2 14.5 15.9 15.3 16.5 15.5 

October 7.6 6.8 8.0 7.4 11.5 8.6  8.9 

November 0.7 -2.4 -2.1 3.9 1.2 3.4  1.6 

December -6.9 -7.0 -6.1 -4.1 -4.0 -3.2  -4.4 

Annual Average Mean 

Daily Temperature 
5.6 5.5 5.2 7.1 7.8 6.5  7.2 
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OS Table 2: Water Surplus at Petawawa Hoffman, 2018 to 2023 

 
1981-

2010 

Normal 

2018 2019 2020 2021 2022 2023 
5-Year 

Average 

January 67.7 67.8 67.6 103.6 28.6 33.2 70.0 60.60 

February 51.3 54.0 72.6 67.2 59.8 57.4 66.0 64.60 

March 55.1 33.2 58.4 90.6 50.6 63.6 63.4 65.32 

April 34.7 89.4 137.7 20.5 8.3 66.9 129.2 72.52 

May -2.7 -8.7 42.9 16.0 -47.5 -6.7 -17.9 -2.65 

June -34.9 -53.8 8.3 -56.0 -23.4 46.4 27.5 0.56 

July -52.3 -83.2 -100.4 -61.4 11.3 -97.6 4.9 -48.63 

August -41.5 -39.1 -93.9 65.3 -118.3 -9.6 -61.4 -43.60 

September 17.8 -19.2 3.1 5.9 59.9 24.4 -52.8 8.09 

October 44.7 33.0 108.8 39.9 28.6 16.0  38.66 

November 81.3 96.0 37.0 54.5 38.9 21.0  30.28 

December 65.9 86.8 65.8 59.6 62.1 97.0  56.90 

Annual Water Surplus  287.1 256.2 407.8 405.6 158.9 312.0  321.1 

Period Total  

(to Sept 30) 
95.2 40.4 196.3 251.7 29.3 178.0 228.8 176.8 
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Appendix A: Water Well Records (Provincial Well Record Database) 

 

 

 

 

 

Appendix A  

Water Well Records  

(Provincial Well Record Database) 

   

Appendix B:  Drill Hole Logs and MECP Cluster Record  
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Appendix B: Drill Hole Logs and MECP Cluster Record 

 

 

 

 

 

Appendix B  

Drill Hole Logs and MECP Cluster Record  

   

Appendix C:  Hydraulic Conductivity Tests and Analysis  
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Appendix C: Hydraulic Conductivity Tests and Analysis 

 

 

 

 

 

Appendix C  

Hydraulic Conductivity Tests and Analysis  

   

Appendix D:  Laboratory Reports  
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Appendix D: Laboratory Reports  

 

 

 

 

 

Appendix D  

Laboratory Reports 
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