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1.0 INTRODUCTION
MTE Consultants Inc. (MTE) was retained by Ferma Aggregates Inc. (Ferma) to assess the
water supply potential and the hydraulic properties of the underlying bedrock at the Ferma-
Carden Quarry. This information will be used to demonstrate that the quarry can extract below
255 masl in Phase 1, expand into remaining phases, and mitigate potential impacts to existing
groundwater users by accessing a safe and reliable water supply from a separate deeper
bedrock aquifer.
The Ferma-Carden Quarry is located on Lot 6-10, Concession 9, former geographic Township
of Carden, City of Kawartha Lakes, ON (hereby referred to as the “Site”). Additionally, Ferma
owns W ½ Lot 6 & 7 Concession 10 as well as Lot 8, Concession 10. Figure 1 illustrates the
Site location and the additional lands owned by Ferma.
This report is organized into the following sections:

 Section 1: Introduction – Provides background information, project scope and objectives;

 Section 2: Regional Bedrock Geology – Recaps the geological conditions of the Site by
describing the Bobcaygeon Formation, the underlying Gull River Formation with its
Green Marker Beds, and the deeper underlying Shadow Lake Formation/Precambrian
contact zone;

 Section 3: Gull River Formation Green Marker Beds – Summarizes available information
used to determine the elevation of the Green Marker Beds on a regional scale as well as
a site-specific scale;

 Section 4: Hydraulic Testing Program – Presents the results of hydraulic testing
completed on-Site for each bedrock zone;

 Section 5: Water Chemistry Assessment – Presents the results of groundwater sampling
and analysis for each bedrock zone;

 Section 6: Discussion – General discussion of the physical and chemical properties of
the bedrock formations and the implications for the Ferma-Carden Quarry;

 Section 7: Conclusions – Lists conclusions resulting from this assessment; and

 Section 8: Recommendations – Lists recommendations resulting from this assessment.

1.1 Objectives and Scope
The principle objectives of this assessment are to:

1. Establish a baseline understanding of the hydraulic condition (physical and chemical
properties) of the different bedrock zones (Formations) with respect to water quality and
quantity;

2. Provide information showing that the quarry can extract below 255 masl in Phase 1, and
then into the remaining phases, provided potential impacts to existing groundwater users
are mitigated as proposed; and

3. Demonstrate that a potable water supply of comparable water quality and quantity to
what residents are currently utilizing is available at depths below 255 masl, which can be
used to mitigate impacts to water supply wells permanently affected by quarry
dewatering.
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1.2 ARA Site Plan
The Ferma-Carden Quarry is licensed to extract bedrock under ARA License Number 108268
as a Category 2, Class A, Quarry Below Water.  The approved ARA Site Plans are found in
Appendix A. Based on the approved ARA Site Plan, the maximum depth of extraction for
Phase 1 is 231 masl with a sump elevation of 228 masl.  However, Dewatering Condition 1
states that:

The Permit to Take Water applies to dewatering the first lift of Phase 1, North Part,
Ferma-Carden Quarry which is defined as limestone excavation limited to a depth
elevation of 255.0 masl over the east half of lots 8 and 9, Concession IX, Carden
Township.  Subsequent lifts or Phases or greater pumping volumes will require a new
Permit to Take Water.

This condition limits the quarry floor to an elevation of 255 masl in Phase 1 until such time that a
Permit to Take Water (PTTW) is issued for dewatering at deeper depths and subsequent
phases.  This condition was added to the Site Plan by the Ministry of the Environment
Conservation and Parks (MECP) to mitigate potential impacts to nearby domestic well users
(Trow Consulting Engineers Ltd., 2002).
To further protect domestic well users from potential impacts from dewatering the quarry,
Condition 4A (Trigger Mechanism and Contingency Measures – Domestic Wells) states that:

The Operator will maintain a potable water supply source to surrounding wells adversely
affected by dewatering operations.  Contingency measures include, but not limited to,
the use of holding tanks, the construction of a new wells(s) with the upper bedrock
aquifer at a locations(s) unaffected by quarry dewatering and the delivery of water from
the new wells(s) by pressurized pipe system to each affected residence.  Dewatering
mechanisms will be shut down failing the resolution of water supply problems caused by
quarry dewatering.

As previously mentioned, this report will provide information demonstrating that an alternative
reliable potable water supply of comparable water quality and quantity is available at depths
deeper than 255 masl, such that the quarry can provide affected residences a viable new well(s)
in the event they are permanently affected by quarry dewatering.

2.0 REGIONAL BEDROCK GEOLOGY
The following is a description of the general bedrock geology of the Lake Simcoe Region as
reported by the Geological Survey of Canada (GSC) and Ontario Geological Survey (OGS).
There are four bedrock units present in the Lake Simcoe Area. These include three
sedimentary bedrock formations: the Bobcaygeon, the Gull River, and the Shadow Lake
Formations, and one underlying metamorphic Precambrian gneiss. Table 1 provides a general
description of the lithology of these units as reported by the GSC.

Table 1: Regional Bedrock Lithology

System Group Formation Lithology

ORDOVICAN Simcoe
Bobcaygeon

Upper Member Calcarenites and sublithographic
limestone

Middle Member Sublithographic limestone

Lower Member Argillaceous limestone and calcarenite

Gull River Upper Member Lithographic semicrystalline limestone
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System Group Formation Lithology

Middle Member Lithographic limestone

Lower Member Dolomitic limestone and lithographic
limestone

CAMBRIAN Basal Shadow Lake Red and green shale, arkose

PRECAMBRIAN

2.1 Bobcaygeon Formation
The Bobcaygeon Formation is divided into three members.  Essentially the lower member
consists of grey, fine-grained limestone, but encloses calcarenite in its uppermost few feet.  The
middle member consists of sublithographic limestone.  The upper member alternates between
sublithographic and medium calcarenite limestone, but also includes some brown lithographic
limestone and bluish fine-grained limestone in minor thicknesses.  Shaley partings (up to 2 mm
thick) have been observed in this formation.  Shaley partings are commonly styolitic and
occasionally undulating.

Contact
The lower contact of the Bobcaygeon Formation is defined where the typical grey-brown,
fine- and medium-grained argillaceous limestone with shaley beds overlies the more finely
grained dolomitic limestone of the Gull River Formation.  This contact in many places is
marked by a transitional boundary. The OGS defines this contact as the Moore Hill beds
which are a dark brown fossiliferous limestone (Armstrong, 2000)

2.2 Gull River Formation
The Gull River Formation is divided into three members.  The lower member consists of fine-
grained limestone, lithographic limestone, and fine-grained dolomitic limestone.  The middle
member is composed almost entirely of lithographic limestone; the upper member lithographic,
sublithographic, and semi-crystaline limestone.

Contact
The lower contact of the Gull River Formation is defined where the limestone and dolomitic
limestone overlie the red and green shales of the Shadow Lake Formation.  The upper
contact is defined as the top of the highest development of lithographic limestone and
argillaceous limestone of the Bobcaygeon Formation.  On gross lithology, the Gull River
Formation is a lithographic dolomitic limestone; and the Bobcaygeon Formation is a grey,
fine-grained, argillaceous limestone.
The upper contact of the lower member of this Formation is marked in places by a green
grey sandy dolostone horizon which is known as the “upper green marker bed”.  A similar
horizon near the bottom of the lower member is referred to as the “lower green marker bed”.
The contact between the Gull River Formation and the underlying Shadow Lake Formation
is gradational from carbonate to sandstone and shale.  It is convenient to define this contact
as the uppermost extent of the gradation because of the deleterious effects of the sandstone
and shale content on the potential aggregate quality of the Gull River Formation (Armstrong,
2000).
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2.3 Shadow Lake Formation
The Shadow Lake Formation consists of greenish grey, coarse-grained, calcareous arkose
overlain by several feet of red and green arenaceous shales.  The shales are locally calcareous
and commonly contain frosted, rounded to angular quartz grains that are as much as 1.25 cm
long.  The formation also includes some transitional red mottled green shale. Where the
Cambrian formations are present, the Shadow Lake Formation may include reworked Cambrian
sediments, such as purplish sandstone and shale.  In well cuttings the formation appears to be
more arkosic and sandy (with greenish and reddish shale fragments) than it actually is, because
the softer shale is washed away by the drilling mud.

Contact
The upper contact of the Shadow Lake Formation is defined where the main shale section of
the Shadow Lake Formation is overlain by the limestone sequence of the Simcoe Group.
The lower member of the Gull River Formation consists of grey and brown, fine- and
medium-grained limestone and dolomitic limestone, and grey and brown, dense,
sublithographioc to lithographic limestone (Armstrong, 2000).

3.0 GULL RIVER FORMATION GREEN MARKER BEDS
Over the past 30 years several studies have been undertaken to characterize the lithology of the
Carden Plain, and in particular the presence and elevations of the “Green Marker Beds” located
in the Gull River Formation. The Green Marker Beds have been of particular interest as they
reportedly represent a regionally extensive aquifer that although being relatively thin (1-3 m)
represents a significant transmissive layer (Golder Associates, 2012). In an effort to document
the presence of the Green Marker Beds in the vicinity of, and beneath the Site, MTE has
reviewed a number of pertinent documents, including:

 Cumulative Impacts Assessment for Groundwater Takings in the Carden Plain Area
(Golder Associates, 2012);

 R.W. Tomlinson Ltd. – Brechin Quarry borehole and borehole geophysical logs (Golder
Associates, 2009);

 Hydrotechnical Report Ferma – Carden Quarry for Ferma Crushed Stone Inc. (Oliver,
Mangione, McCalla & Associates Ltd., 1995);

 Well records on file with the MECP for boreholes drilled in 2006;

 Two borehole core logs, logged by MTE in 2011; and

 On-Site geophysical logs completed in 2018.

3.1 Regional Scale Model – Golder, 2016
In 2012, Golder developed a regional scale groundwater model to assess the cumulative
impacts of pumping from the various quarries within the Carden Plain. MTE specifically
reviewed the regionally modelled surface of the Upper Green Marker Bed (UGMB) as presented
in the Addendum report to the Cumulative Impacts Assessment for Groundwater Takings in the
Carden Plain Area (Golder Associates Ltd., 2016). This report showed the UGMB from
approximately 235 to 245 mAMSL across the Site (Appendix B). This regional scale model is
useful in roughly predicting the elevations of the GMBs, but lacks local scale data to calibrate
the findings and is therefore only useful in a general sense.
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3.2 Green Marker Bed Identification - Golder, 2009
To further understand the geology and hydrogeology of the Carden Plain, and to place the
Ferma Quarry in the regional context, MTE made a Freedom of Information (FOI) submission
(ref: A-2018-05968) to the MECP for information related to hydrogeology and geophysics for the
R.W. Tomlinson – Brechin Quarry, located approximately 11 km to the southwest of the Site.
The FOI request returned borehole and geophysical logs from monitoring wells installed at the
Brechin Quarry (Appendix C). Each location was geophysically logged for natural gamma and
conductivity.
A review of the borehole and geophysical logs from the R.W. Tomlinson Brechin Quarry showed
that the locations of the UGMB and Lower Green Marker Bed (LGMB) could be identified based
on geophysical logs. Specifically, it was found that increased gamma values within the Gull
River Formation correlated well with the location of both the UGMB and LGMB. These results
were then compared with visual observations of the core to confirm the correlation between
increased gamma values and the presence of the Green Marker Beds.
The borehole logs presented in Appendix C indicate that the UGMB ranges in thickness from
0.1 to 0.3 m while the LGMB thickness was observed to range from 0.4 to 1.4 m in thickness.
The UGMB was found to occur approximately 3.4 to 3.9 m below the Bobcaygeon and Gull
River Formation contact while the LGMB occurred generally 8.0 m below the UGMB.

3.3 On-Site Borehole Logs - Oliver, Mangione, McCalla, 1993 – 1995,
MECP Well Logs, 2006 & MTE 2011

In 1993, a bedrock core from BH4 was logged by Oliver Mangione McCalla & Associates Ltd.
(Appendix D) located 224 m south of the Phase 1 at the Site (Oliver, Mangione, McCalla &
Associates Ltd., 1995). The log provided by Oliver Mangione McCalla & Associates noted a
greenish grey to dark greenish grey silty to sandy dolostone layer at approximately 27.8 metres
below ground surface, or approximately 239.8 mAMSL. This layer is interpreted by MTE to be
the UGMB. According to the borehole log the UGMB had an approximate thickness of 0.7 m.
Another greenish grey to dark greenish grey silty to sandy dolostone layer (interpreted by MTE
to be the LGMB) was noted to occur at 231.3 mAMSL and based on the borehole log is
approximately 3.0 m thick.
In 2006, six multi-level monitoring wells were installed on-Site (WA, WB, WF, WG, WH & WI),
as shown on Figure 2. Well logs on file with MECP for these boreholes are provided in
Appendix E. The presence of green limestone was noted at various depths, which MTE
interprets to be the approximate depths of the Green Marker Beds. The UGMB was found to
generally dip from northeast to southwest across the Site, occurring at an elevation of
approximately 244.3 mAMSL in the north to 233.2 mAMSL in the south. The LGMB was only
discreetly observed in three boreholes (WA, WB & WI) and occurred at an approximate
elevation of 233.0 to 234.0 mAMSL.
In 2011, MTE retained Marathon Drilling to conduct borehole coring at two locations: BH1-11,
located 47 m north of Phase 1, and BH2-11, located 176 m southwest of Phase 1, as identified
on Figure 2, to assess the rock quality for use as aggregate products. MTE has recently re-
examined the borehole and photographic logs for the presence of the Green Marker Beds.
Borehole logs and photographic logs for BH1-11 and BH2-11 can be seen in Appendix F.
Based on the borehole logs from on-Site monitoring wells, MTE interprets the UGMB to occur at
approximately 243.0 mAMSL (Photograph 1.1) in BH1-11 and 237.8 mAMSL (Appendix F:
Photograph 2.1) in BH2-11. The LGMB was interpreted to occur at an approximate elevation of
230.4 mAMSL (Photograph 1.2) in BH1-11 and 225.4 mAMSL (Photograph 2.2) in BH2-11.
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3.4 On-Site Geophysical Logs - MTE, 2018
In 2018, MTE retained Lotowater Technical Services to conduct geophysical logging on two
deep, open boreholes (W22 & MW4) on-Site. Based on the information obtained from the
Golder Report (i.e. increased gamma readings correlated to the Green Marker Beds), MTE
reassessed the previously published logs for W22, located approximately one kilometer south of
Phase 1 and MW4, located 1.2 km east of Phase 1. Based on this reassessment, the UGMB is
estimated to be located at an elevation of approximately 238.5 mAMSL in W22 and 247.0
mAMSL in MW4, (Figure 3 and 4). The LGMB was estimated to be located at approximately
231.5 mAMSL in W22 and 239.0 mAMSL in MW4.

3.5 On-Site Elevations of the Green Marker Beds
In order to interpret and present the information discussed above, MTE prepared two cross
sections across the Site at the locations shown on Figure 2. The cross-sections show the
interpreted elevations for the UGMB and LGMB (Figures 5 and 6).

4.0 HYDRAULIC TESTING PROGRAM
4.1 March 2022 Hydraulic Testing
Hydraulic testing undertaken in March 2022 was completed by W.D. Hopper and Sons Ltd.
(Hopper) to assess the hydraulic properties of the underlying bedrock, particularly the Gull River
Formation Green Marker Beds at the Ferma-Carden Quarry. The hydraulic testing program was
completed in accordance with Environmental Activity and Sector Registration (EASR) No. R-
011-7169340455 and the Pumping Test Design Report completed by MTE dated March 10,
2022 (Appendix G).
The objective of the hydraulic testing program was to document the hydraulic properties of each
of the bedrock formations including the Bobcaygeon Formation, the Gull River Formation Upper
and Lower Green Marker Beds, and the Shadow Lake Formation / Precambrian contact zone.
In order to determine the hydraulic properties of the underlying bedrock zones, hydraulic testing
was undertaken at MW3 and MW4. The details of these locations are described below.
Monitoring well MW3 is a 0.15 m dia, 20 m deep open borehole extending from 6 to 20 m below
grade and was designed to represent a typical domestic well in the area, the majority of which
are completed in the Bobcaygeon Formation (see Well Tag No.: A238596 in Appendix E).
MW4 is completed as a 0.20m dia, 40.8 m deep open borehole extending from 3 m to 40.8 m
below ground level. This well was designed to extend from the Bobcaygeon Formation to the
Pre-Cambrian bedrock contact (see Well Tag No.: A238597 in Appendix E).
The following section describes the results of the hydraulic testing program.

4.2 Bobcaygeon Formation (Zone 1)
In order to assess the hydraulic conductivity of the Bobcaygeon Formation (Zone 1) monitoring
well MW3 was pumped at a constant rate of 130 L/min for a period of 60 min on March 17,
2022.
Water levels were recorded in MW3 during the pumping and recovery periods using a
datalogger (see Hydrograph 1). Based on the analysis of the recovery data, the hydraulic
conductivity (K) of Zone 1 as measured in MW3 was 2.2 x 10-6 m/s, with a transmissivity (T) of
3.9 x 10-5 m2 /day and a storativity of 6.0 x 10-2.



MTE Consultants | 36123-200 | Hydrogeological Assessment – Carden Quarry | June 3, 2024 7

In order to document the water quality of the Zone 1, water samples were collected from the
water discharged from MW3 after approximately 30 min of pumping and analyzed for general
water quality parameters. Water quality results are further discussed in Section 6.0.

4.3 Upper Gull River Formation (Zone 2)
In order to assess the hydraulic characteristics of the Gull River Formation at the MW4 location,
the geophysical logs for MW4 were reviewed (Figure 4). Based on a review of the geophysical
logs MTE identified the presence of the Upper Green Marker Bed within Zone 2.
As part of this program, and in order to assess the hydraulic properties of the Upper Gull River
Formation including the UGMB (Zone 2), on March 16, 2022 inflatable straddle packers were
placed in the open MW4 borehole at depths of 21.6 m bgl and 32.9 m bgl with a submersible
pump and datalogger installed in between. The straddle packers were designed to effectively
isolate Zone 2 by sealing off the underlying Lower Gull River (including the Lower Green Marker
Bed), Shadow Lake Formation and Precambrian contact zone from the overlying Bobcaygeon
Formation, while allowing Zone 2 to be pumped separately. The placement of the packers are
illustrated on Figure 7 and the temporary well modifications and pumping was completed by
Hopper, licensed well technicians.
To assess the productivity of Zone 2, an initial pumping rate of 40 L/min was chosen. After 1-2
minutes of pumping, this pumping rate was not able to be sustained. Through trial and error, a
constant pumping rate of 8 L/min was achievable while maintaining the pumping level at a safe
level above the pump intake to avoid cavitation and allow for suitable cooling while pumping.
The results of these pumping activities are shown on Hydrograph 2.
Based on an analysis of the recovery data from the pumping activities, the Hydraulic
Conductivity (K) and Transmissivity (T) and Storativity (S) of Zone 2 at the MW4 location was
determined to be 6.7 x 10-7 m/s, 6.5 x 10-5 m2 /day and 6.8 x 10-3 respectively.
In order to document the water quality of the Zone 2, water samples were collected on March
16, 2022 from the water discharged from the pumped isolated zone after approximately 40 min
of pumping and analyzed for general water quality parameters. Water quality results are further
discussed in Section 6.0.

4.4 Lower Gull River Formation / Shadow Lake Formation /
Precambrian Contact Zone (Zone 3)

In order to assess the hydraulic characteristics of the Lower Gull River Formation / Shadow
Lake Formation / Precambrian Contact zone at the MW4 location, the geophysical logs for MW4
were reviewed (Figure 4). Based on a review of the geophysical logs MTE identified the
presence of the LGMB within Zone 3.
As part of this program, and in order to assess the hydraulic properties of the Lower Gull River
Formation including the LGMB / Shadow Lake Formation / Precambrian Contact zone (Zone 3),
on March 14, 2022 an inflatable packer was placed in the open MW4 borehole at a depth of
32.9 m bgl with a submersible pump and datalogger placed below. The packer was designed to
effectively isolate Zone 3 by sealing off the overlying Zones 1 & 2, while allowing Zone 3 to be
pumped separately. The placement of the packers are illustrated on Figure 8 and the temporary
well modifications and pumping was completed by Hopper licensed well technicians. Once the
packer was in place water levels in the overlying open borehole representing Zones 1 & 2 and
the isolated Zone 3 were monitored prior to pumping. Based on the manual measurements
taken prior to pumping test in Zone 3, the vertical water level separation between Zones 1 & 2
and Zone 3 was in the order of 1 m higher, indicative of a downward vertical hydraulic gradient.
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The hydraulic testing plan was to conduct a short term variable rate step test in order to assess
the specific capacity and yield of Zone 3, while allowing for an assessment of the optimal rate
for a longer term constant rate test. Based on the documented pumping rate on the Water Well
Record for MW4 (ie. 300 gpm, see Appendix E), this zone was anticipated to have a high
production capability.

4.4.1 Variable Rate Step Test
On March 14, 2022, the Zone 3 portion of MW4 was pumped at rates of approximately 190
L/min, 380 L/min and 570 L/min sequentially for periods of 30 minutes, separated by 30 minute
periods of recovery.
Based on the results of the pumping, the specific capacity of each pumping rate was 826
L/min/m, 655 L/min/m and 532 L/min/m respectively.
With an additional 34 m of available drawdown after the end of pumping of the third step, along
with the high specific capacity values measured, this pumping confirmed that Zone 3 is a highly
productive water producing zone at this location. Water levels in the pumped zone were
measured on a continual basis using dataloggers and are shown on Hydrograph 3.

4.4.2 Constant Rate Pumping Test
Based on the results of the variable rate step test, on March 15, 2022, Zone 3 at MW4 was
pumped at a constant rate of 570 L/min for a period of 8 hrs in order to document the results of
sustained pumping at a relatively high yield and enable the collection of water samples for
chemical analysis.  The hydrograph displaying the water levels collected during this test are
shown on Hydrograph 4.
Based on an analysis of the recovery data from the pumping activities, Hydraulic Conductivity
(K), Transmissivity (T) and Storativity (S) of the Lower Gull River / Shadow Lake / Precambrian
Contact zone at the MW4 location were determined to be 4.8 x 10-5 m/s, 3.1 x 10-4 m2 /day and
7.7 x 10-6 respectively.
In order to document the water quality of Zone 3, water samples were collected on March 15,
2022 from the water discharged from the pumped isolated zone after 70 minutes and 450
minutes of pumping and analyzed for general water quality parameters. Water quality results
are further discussed below in Section 5.0.

5.0 MULTI-LEVEL WELL INSTALLATION
5.1 W22
Per Condition 4.4 of PTTW 238-BBLKNE on November 30, 2021 W22 was completed as a
multi-level well by Hopper. W22 was completed as two discreetly screened monitoring wells
referred to as W22a and W22b. W22a and W22b were constructed using 0.04 m diameter
schedule 40 PVC piping equipped with a 3 m length No. 10 slot well screen. Borehole logs
indicating the screened elevations of W22a and W22b can be found in Appendix H. W22b was
completed within the Gull River Formation between the Upper and Lower Green Marker Beds
while W22b was completed across the contact between the Bobcageon and Gull River
Formations above the Upper Green Marker Bed.
Following well development both W22a and W22b had a data logger installed to allow for
groundwater levels within these wells to be tracked continually on an hourly basis. Manual water
level measurements and continuous data logger data can be seen on Hydrograph 5. A review
of the water level data indicates that water levels in W22b follow a similar trend to other
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monitoring wells completed other on-Site monitoring wells. However, groundwater levels in
W22a appear to still be recovering since the well was developed in December 2021. The lack of
recovery to static conditions within W22a indicates an area of low hydraulic conductivity within
the Upper Gull River Formation.

5.2 MW4
Per Condition 4.4 of PTTW 238-BBLKNE on January 18th, 2024, MW4 was completed as a
multi-level well by Hopper. MW4 was completed as two discreetly screened monitoring wells
referred to as TW4-24 and MW4a. TW4-24 was constructed using 0.14 m diameter steel casing
with a 6.1 m long continuous stainless steel wire wrapped 100 slot well screen. MW4a-24 was
constructed using 0.03 m schedule 40 PVC piping equipped with a 1.5 m length No. 10 slot well
screen. Borehole logs and an As-Constructed drawing indicating the screened elevations of
MW4a-23 and TW4-24 can be found in Appendix H. Well screen intervals were based on
geophysical data and hydraulic testing data collected in 2022.
MW4 was left an open borehole between 34.1 mbgs and 41.5 mbgs, this depth relates to Zone
3. Zone 3 was hydraulically isolated using a combination of shale traps and bentonite pellets up
to a depth of 23.7 mbgs where a 0.5 m layer of #2 gravel was placed. Between 23.3 mbgs and
the surface MW4 was left as an open borehole which corresponds to the Bobcageon Formation
(Zone 1). Photos taken during the installation of TW4-24 and MW4a can be seen in Appendix I.
Following the installation of TW4a-24 On January 18, 2024 a well yield test was completed on
January 19, 2024. The well yield test was also used to verify the water quantity, quality and that
TW4-24 (Zone 3) had been hydraulically isolated from MW4a-24 (Zone 1). The well yield test
took place over approximately 66 minutes. TW4-24 was pumped at 113 L/min for approximately
20 minutes before increasing to 416 L/min for the remainder of the test. A water quality sample
from the discharge water was collected to compare to previous obtained water quality results.
Water levels from TW4-24, MW4a-24 and MW3 during the well yield test can be seen on
Hydograph 6. As can be observed on Hydrograph 6 groundwater levels in both MW4a-24 and
nearby MW3 were not impacted as a result of pumping from TW4-24 thereby verifying that
TW4-24 had successfully been hydraulically isolated from those wells completed in Zone 1.

6.0 WATER CHEMISTRY ASSESSMENT
6.1 Results – ODWS Compliance
The following section presents the results of groundwater sampling and analysis collected from
the underlying bedrock zones as defined in Section 4.  The water quality results are compared
to each other and the Ontario Drinking Water Standards. A summary of the water quality results
from the different zones has been presented in Table 2.

6.1.1 Bobcaygeon Formation (Zone 1)
The groundwater sample collected from Zone 1 was within the chemical standards for the
ODWS. MTE noted an aesthetic exceedance for iron in the sample obtained from Zone 1,
however iron is not considered a health concern.

6.1.2 Upper Gull River Formation (Zone 2)
The groundwater sample collected from Zone 2 was within the chemical standards for the
ODWS with the exception of a minor exceedance for lead (0.014 mg/L vs. 0.01 mg/L). MTE also
noted an aesthetic exceedance for iron and manganese in the sample obtained from Zone 2,
however both iron and manganese are not considered a health concern.
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6.1.3 Lower Gull River / Shadow Lake / Precambrian Contact Zone (Zone 3)
The groundwater samples collected from Zone 3 during the 2022 Hydraulic Testing and during
the well yield test in 2024 were within the chemical and health standards for the ODWS. MTE
notes the water quality results of the 2024 groundwater samples were comparable to the 2022
samples.
Exceedances of aesthetic guidelines for colour, hardness, and turbidity were noted in samples
collected from bedrock Zones 1, 2 & 3, however aesthetic guidelines and are not health related.
Additionally, no hydrocarbons were detected in samples collected from Zone 1, 2 or 3.

6.2 Geochemical analysis
This section compares the results of the geochemical analysis of the groundwater samples to
determine similarities/differences between the geochemical signatures of the three bedrock
zones that were pumped.
Geochemical analysis of the groundwater samples from each of the respective bedrock zones
(i.e. Zone 1, Zone 2 and Zone 3) was undertaken to determine similarities between the
geochemical signature of the different bedrock zones. For visualization purposes the
geochemical results of the major ionic species (Na+, K+, Ca2+, Mg2+, Cl-, CO3

2- + HCO3
-, and

SO4
2-) have been plotted on a trilinear diagram (Piper, 1944) as percent composition of each

cation or anion (Figure 9). For the purposes of this report CO3
2- + HCO3

- has been plotted as
measured alkalinity. As shown on Figure 9 groundwater samples from each of the three
respective zones plot in a very similar location on the trilinear plot, which indicates comparable
water quality between bedrock zones.

7.0 DISCUSSION
7.1 2022 Hydraulic Testing Compared to Historical Data
In addition to the results of the hydraulic testing presented herein, MTE also reviewed hydraulic
conductivities (K) from previous reports for the Ferma-Carden Quarry, as well as other quarries
within the Carden Plain.  The following sections compare the K-values presented herein to the
those calculated from historical on-Site testing, as well as from the Golder, 2012 report, with the
purpose of corroborating the reported hydraulic conductivities for Zone 1, 2 and 3 presented
above.

7.1.1 Bobcaygeon Formation (Zone 1)
In a report prepared by MTE under separate cover titled “Ferma Aggregates Inc. – Carden
Quarry Zone of Influence Assessment Category 3 PTTW Application Lot 6-10, Concession 9,
Carden Township, City of Kawartha Lakes, ON”, dated January 5, 2018, MTE estimated the
hydraulic properties of the Bobcaygeon Formation, in which the Ferma-Carden Quarry is being
extracted.  Based on a review of this report, the Hydraulic Conductivity (K) and Transmissivity
(T) of the Bobcaygeon Formation at the active quarry location were reported as 3.0 x 10-5 m/s
and 39 m2 /day respectively.
The Golder Associates 2012 Report summarized hydraulic conductivity data from 12 quarries
within the Carden Plain, reporting the geometric mean hydraulic conductivity of the Bobcaygeon
Formation was 5.3 x 10-8 m/s.
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Further, on-Site testing conducting previously (1995) indicates the hydraulic conductivity within
the Middle Bobcaygeon generally ranged from 10-5 m/s to 10-7 m/s with one notable outlier of 10-

9 m/s (Oliver, Mangione, McCalla & Associates Ltd., 1995).
The Table below summarizes the hydraulic conductivity values of the Bobcaygeon Formation
based on on-Site testing and the 2012 Golder Report.

Source Hydraulic Conductivity

Ferma-Carden Quarry (Oliver, Mangione, McCalla & Associates
Ltd., 1995)

10-5 m/s to 10-7 m/s

Quarries analyzed as part of the 2012 Golder Report 5.3 x 10-8 m/s

Ferma-Carden Quarry (MTE Consultants Inc., 2018) 3.0 x 10-5 m/s

Ferma-Carden Quarry Pumping Test, MTE Consultants Inc., 2022 2.2 x 10-6 m/s

It is MTE’s opinion that the hydraulic conductivity values calculated based on MTE’s work in
2018 and the 2022 data from the pumping test on MW3 are the most reliable / representative of
the K of the Bobcaygeon Formation in this area of the Carden Plain, as it is based on Site
specific testing and in general agreement with previously published on-Site data. Golder’s
estimate of the K in the Bobcaygeon Formation appears to be several orders of magnitude
lower than reported above, which is indicative of the spatial variability of K within this Formation.
Based on the above, MTE classifies Zone 1 as a relatively low producing aquifer zone.

7.1.2 Gull River Formation (Zone 2)
The Golder Associates 2012 Report indicated the geometric mean hydraulic conductivity of the
Upper Gull River Formation (including the UGMB) was 1.6 x 10-6 m/s.
On-Site testing conducting previously (1995) indicates the hydraulic conductivity within the
Lower Bobcaygeon/Upper Gull River (including the UGMB) ranged from 4.0 x 10-6 m/s to 1.0 x
10-8 m/s (Oliver, Mangione, McCalla & Associates Ltd., 1995).
The Table below summarizes the hydraulic conductivity values of the Upper Gull River
Formation (including the UGMB) based on on-Site testing and the 2012 Golder Report.

Source Hydraulic Conductivity

Ferma-Carden Quarry (Oliver, Mangione, McCalla & Associates
Ltd., 1995)

4.0 x 10-6 m/s to 1.0 x 10-8 m/s

Quarries analyzed as part of the 2012 Golder Report 1.6 x 10-6 m/s

Ferma-Carden Quarry Pumping Test, MTE Consultants Inc., 2022 6.7 x 10-7 m/s

MTE notes that the 2012 Golder Report identifies and models the Upper Gull River Formation
as an aquitard. This interpretation agrees with MTE’s testing and is further supported by the lack
of water level recovery to static conditions noted in W22a (Hydrograph 5).
The 1995 Hydrotechnical Report by Oliver, Mangione, McCalla & Associates Ltd. indicates
beneath the Bobcaygeon Formation is an approximatly 10 m thick lower permeable section
which MTE is interpretting to be the Upper Gull River Formation. The hydraulic conductivity
value calculated based on the data from the pumping test at MW4 on Zone 2 is in agreement
with previously presented data, as such Zone 2 (including the UGMB) is considered an aquitard.
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7.1.3 Lower Gull River Formation / Shadow Lake Formation / Precambrian
Contact Zone (Zone 3)

The Golder Associates 2012 Report indicated the geometric mean hydraulic conductivity of the
“Green Bed” within the Gull River Formation, the Lower Gull River Formation (including the
LGMB) and the Shadow Lake Formation ranged from 1.1 x 10-6 m/s to 2.8 x 10-7 m/s. However,
MTE notes that the “Green Bed” within the Gull River Formation was reported to have a
maximum hydraulic conductivity of 2.8 x 10-4 m/s (Golder Associates, 2012). Additionally, a
hydraulic conductivity of the Shadow Lake Formation / Precambrian contact is not provided
specifically, while a range of 9.2 x 10-7 m/s to 9.0 x 10-11 m/s is provided. On-Site testing
conducted previously (1995) indicates the hydraulic conductivity within the Gull River/Shadow
Lake ranged from 7.0 x 10-5 m/s to 1.0 x 10-8 m/s (Oliver, Mangione, McCalla & Associates Ltd.,
1995).
The table below summarizes the hydraulic conductivity values of the area pertaining to Lower
Gull River Formation (including the LGMB) down to the Precambrian based on on-Site testing
and the 2012 Golder Report.

Source Hydraulic Conductivity

Ferma-Carden Quarry (Oliver, Mangione, McCalla & Associates
Ltd., 1995)

7.0 x 10-5 m/s to 1.0 x 10-8 m/s

Quarries analyzed as part of the 2012 Golder Report 1.1 x 10-6 m/s to 2.8 x 10-7 m/s

Ferma-Carden Quarry Pumping Test, MTE Consultants Inc., 2022 4.8 x 10-5 m/s

MTE notes that the 2012 Golder Report identifies and models both the “Green Bed” (within the
Gull River Formation) and the Shadow Lake Formation /Precambrian contact as an aquifer.
Additionally, the 1995 Hydrotechnical Report by Oliver, Mangione, McCalla & Associates Ltd.
also identifies the Lower Gull River Formation to the Precambrian basement as an aquifer. As
such, the hydraulic conductivity value calculated by MTE based on the data from the 2022
pumping test at MW4 on Zone 3 is in agreement with previously presented data and therefore
Zone 3 is considered a relatively highly producing aquifer.

7.2 Water Source Potential Assessment

7.2.1 Water Quantity
The Bobcaygeon Formation (Zone 1) is the primary aquifer in the vicinity of the Site in which
domestic wells obtain their water and the Ferma-Carden Quarry extracts high grade carbonate
aggregate materials. Previous reports completed on-Site have indicated that as the quarry
expands and the extraction area approaches its limits that nearby domestic wells may be
impacted. As such, in addition to assessing the hydraulic properties of the underlying bedrock
zones MTE also assessed the potential water supply capabilities of the various bedrock zones
beneath the Site.
As discussed above, hydraulic testing indicates that the hydraulic conductivity of Zone 2 (which
contains the Upper Green Marker Bed) was 6.7 x 10-7 m/s, additionally Zone 2 was found to
have limited sustainable yield (8 L/min). As such, Zone 2 is not viewed as a viable alternative
water source, should nearby residential domestic wells be impacted by quarry extraction.
Anecdotal evidence from the water well record prepared at the time of construction of MW4
(Appendix E) indicated that a high producing fracture was encountered in the Lower Gull River
Formation. Results from the Zone 3 pumping test that took place in 2022 and the well yield test
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on TW4-24 which took place in 2024 confirmed the viability of this zone as a potential future
water source. As a result, this aquifer zone (Zone 3) can be considered as a viable alternative
aquifer in which to supply water to domestic wells that may experience well interference issues
related to the dewatering of the Ferma-Carden Quarry.

7.2.2 Water Quality
As shown on Figure 9 groundwater samples from each of the three respective bedrock zones
plot in a very similar location on the trilinear plot. These results are interpreted to indicate a
downward movement of groundwater from Zone 1 to Zone 2 and finally Zone 3 whereby water
quality is similar. As such, in the event a nearby resident’s domestic well requires replacement
due to quarry dewatering, the water quality of a well installed within Zone 3 will have
comparable water quality to domestic wells currently completed in Zone 1.

8.0 ROLE OF THE GREEN MARKER BEDS
8.1 Upper Green Marker Bed
Pumping test data from Zone 2 (which contains the UGMB) indicated that this zone had limited
water supply potential (8 L/min). These results were found to agree with previous conclusions
from 2012 Golder Report categorizing the Upper Gull River Formation as an aquitard. As such,
it is MTE’s opinion that the UGMB is not considered to be a highly transmissive zone on-Site
and would provide low quantities of water, should it be extracted.
Although the water quality within Zone 2 was found to be comparable to Zone 1 (Bobcageon
Formation) the limited transmissivity within this zone does not make it a good candidate as an
alternative water source.

8.2 Lower Green Marker Bed
Based on hydraulic testing undertaken in 2022 and well yield testing in 2024, Zone 3 is
considered to be an alternative water supply with comparable water quality to the Bobcageon
Formation. With the LGMB contained within this aquifer zone, this zone would provide
significant quantities of water, should quarrying activities be expanded into it.
Maximum Depth of Extraction
As indicated in Section 1.2 the current maximum extraction depth of Phase 1 is 255 masl. This
limit was established in an effort to mitigate potential negative impacts to nearby domestic wells
as a result of quarry dewatering. However based on on-Site testing in the event nearby water
supply wells are impacted as a result of dewatering, a new supply well could be drilled into Zone
3 to supply the affected resident. As such, in order to protect the potential future water source of
Zone 3, MTE recommends the future quarry floor maintain a separation of 10 m above the
Lower Green Marker Bed, as shown on Figure 5 & 6. Domestic wells completed within Zone 3
or below are not anticipated to be negatively impacted as the depth of the quarry will remain 10
m above the LGMB.
Based on MTE’s interpretation of the data presented herein, which combined on-Site current
and historical testing as well as a review of hydraulic data from 12 different quarries within the
Carden Plain, it is MTE’s opinion that extraction should be allowed to occur down to a depth of
10 m above the LGMB while still maintaining the integrity of the underlying water source (Zone
3).
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9.0 CONCLUSIONS
Based on the work conducted for the Scope of Work as outlined in Section 1.0, MTE offers the
following conclusions:

 The hydraulic conductivity (K) of Zone 1 as measured in MW3 was 2.2 x 10-6 m/s, with a
transmissivity (T) of 3.9 x 10-5 m2 /day and a storativity of 6.0 x 10-2.Zone 1 is interpreted
to be a low producing aquifer.

 The hydraulic conductivity (K) and Transmissivity (T) and Storativity (S) of Zone 2
(including the UGMB) at the MW4 location was determined to be 6.7 x 10-7 m/s,
6.5 x 10-5 m2 /day and 6.8 x 10-3 respectively. Zone 2 is interpreted to be an aquitard
zone.

 The hydraulic conductivity (K), Transmissivity (T) and Storativity (S) of Zone 3, including
the Lower Gull River Formation (including the UGMB) / Shadow Lake Formation /
Precambrian Contact zone at the MW4 location was determined to be 4.8 x 10-5 m/s,
3.1 x 10-4 m2 /day and 7.7 x 10-6, respectively. Zone 3 is interpreted to be a relatively
high producing aquifer.

 The hydraulic characteristics of the three bedrock zones are in agreement with previous
hydraulic testing that was undertaken on-Site.

 Most nearby domestic wells are completed in the Bobcaygeon (Zone 1).

 Those domestic wells completed within the Lower Gull River Formation, Shadow Lake
Formation or underlying Precambrian are not anticipated to be negatively impacted as
the depth of the quarry will be 10 m above the LGMB.

 Based on hydraulic testing Zone 3 was found to be a water bearing aquifer zone that can
produce sufficient quantities of good quality water for household domestic requirements.

 Zone 3 was found to have comparable water quality to that of Zone 1.

 Zone 3 can be used as a future water source to mitigate the impacts of quarry
dewatering.

 To maintain the integrity of Zone 3, MTE’s opinion is that the quarry floor can be lowered
down to a maximum depth of 10 m above the LGMB.
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10.0 RECOMMENDATIONS
Based on the results of the hydraulic and water quality testing described herein, MTE offers the
following recommendations:

 Ferma Aggregates Inc. apply for a Site Plan Amendment to increase the depth of
extraction to 10 m above the LGMB;

 Prior to expansion into additional phases, Ferma Aggregates conducts sufficient
geological and hydraulic testing and analysis to confirm the depth elevation of the LGMB
at each phase; and

 On-going monitoring continue as per PTTW 238-BBLKNE.
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Figure 3: Borehole Geophysical Log of W22

Notes:
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Figure 4: Borehole Geophysical Log of MW4

Notes:

Reference Point: TOC

Date Logged: 2018/06/29
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Table 2: Groundwater Quality Summary

Parameter Units
Reporting Detection 

Limit
ODWS

MW4 Zone 3 

Start 

3/15/2022

MW4 Zone 3 

End 

3/15/2022

MW4 Zone 2

3/16/2022

MW3 

 3/17/2022

MW4 Zone 3 

1/19/2024

Alkalinity mg/L 1 30/500 234 237 228 249 252

Ammonia mg/L 0.01 - 0.091 0.098 0.089 0.238 0.0916

Chloride mg/L 0.5 250 6.29 7.47 6.15 8.75 6.42

Fluoride mg/L 0.02 1.5 0.102 0.119 0.111 0.187 0.1

Nitrate mg/L 0.02 10 <0.02 <0.02 <0.02 <0.02 <0.02

Nitrite mg/L 0.01 1 <0.01 <0.01 <0.01 <0.01 <0.01

Orthophosphate mg/L 0.003/0.001 - <0.003 <0.003 <0.003 <0.003 <0.001

Sulfate mg/L 0.3 500 7.18 9.59 7.95 9.35 6.63

Benzene ug/L 0.5 1 <0.5 <0.5 <0.5 <0.5 <0.5

Ethylbenzene ug/L 0.5 140/2.4 <0.5 <0.5 <0.5 <0.5 <0.5

Toluene ug/L 0.5 60/24 0.67 <0.5 11.3 2.18 <0.5

Total Xylenes ug/L 0.5 90/300 <0.5 <0.5 <0.5 <0.5 <0.5

o-Xylene ug/L 0.3 - <0.3 <0.3 <0.3 <0.3 <0.3

p+m-Xylene ug/L 0.4 - <0.4 <0.4 <0.4 <0.4 <0.4

Aluminum-Total mg/L 0.005/0.05 0.1 <0.005 <0.005 3.76 0.0325 0.0057

Antimony-Total mg/L 0.0001/0.001 0.006 <0.0001 <0.0001 <0.001 <0.0001 <0.0001

Arsenic-Total mg/L 0.0001/0.001 0.01 <0.0001 0.00017 0.0033 0.00013 <0.0001

Barium-Total mg/L 0.0001/0.001 1 0.016 0.0148 0.0243 0.0112 0.0184

Beryllium-Total mg/L 2E-05/0.001 - <0.0001 <0.0001 <0.001 <0.0001 <2E-05

Bismuth-Total mg/L 5E-05/0.0005 - <5E-05 <5E-05 <0.0005 <5E-05 <5E-05

Boron-Total mg/L 0.01/0.1 5 0.091 0.102 <0.1 0.208 0.102

Cadmium-Total mg/L 5E-06/5E-05 0.005 <5E-06 <5E-06 <5E-05 <5E-06 <5E-06

Calcium-Total mg/L 0.05/0.5 - 79.1 79.7 85.2 76 81.9

Cesium-Total mg/L 1E-05/0.0001 - <1E-05 <1E-05 0.00054 3.80E-05 <1E-05

Chromium-Total mg/L 0.0005/0.005 0.05 <0.0005 <0.0005 0.007 <0.0005 <0.0005

Cobalt-Total mg/L 0.0001/0.001 - <0.0001 <0.0001 0.0031 <0.0001 <0.0001

Copper-Total mg/L 0.0005/0.005 1 <0.0005 <0.0005 0.0971 <0.0005 <0.0005

Iron-Total mg/L 0.01/0.1 0.3 0.208 0.283 4.05 0.512 0.137

Lead-Total mg/L 5E-05/0.0005 0.01 <5E-05 <5E-05 0.0143 9.30E-05 <5E-05

Lithium-Total mg/L 0.001/0.01 - 0.0061 0.0064 <0.01 0.0166 0.007

Magnesium-Total mg/L 0.005/0.05 - 7.33 8.24 10.1 8.79 7.08

Manganese-Total mg/L 0.0005/0.005 0.05 0.0425 0.043 0.13 0.0426 0.0432

Molybdenum-Total mg/L 5E-05/0.0005 - 0.000168 0.000311 <0.0005 0.000102 0.000078

Nickel-Total mg/L 0.0005/0.005 - <0.0005 <0.0005 0.009 <0.0005 <0.0005

Phosphorus-Total mg/L 0.05/0.5 - <0.05 <0.05 <0.5 <0.05 <0.05

Potassium-Total mg/L 0.05/0.5 - 1.21 1.38 2.04 2.2 1.15

Rubidium-Total mg/L 0.0002/0.002 - 0.00124 0.00151 0.0057 0.00203 0.00127

Selenium-Total mg/L 5E-05/0.0005 0.05 <5E-05 <5E-05 <0.0005 <5E-05 <5E-05

Silicon-Total mg/L 0.1/1 - 1.9 2.13 6.6 1.75 1.71

Silver-Total mg/L 1E-05/0.0005 - <5E-05 <5E-05 <0.0005 <5E-05 <1E-05

Sodium-Total mg/L 0.05/0.5 20/200 7.53 8.04 8.01 15.4 6.98

Strontium-Total mg/L 0.001/0.01 - 0.524 0.709 0.501 0.675 0.395

Sulfur-Total mg/L 0.5/5 - 2.58 3.39 <5 3.03 2.84

Tellurium-Total mg/L 0.0002/0.002 - <0.0002 <0.0002 <0.002 <0.0002 <0.0002

Thallium-Total mg/L 1E-05/0.0001 - <1E-05 <1E-05 <0.0001 <1E-05 <1E-05

Thorium-Total mg/L 0.0001/0.001 - <0.0001 <0.0001 <0.001 <0.0001 <0.0001

Tin-Total mg/L 0.0001/0.001 - <0.0001 <0.0001 <0.001 <0.0001 <0.0001

Titanium-Total mg/L 0.0009/0.0003/0.003 - <0.0003 <0.0003 0.0521 <0.0009 <0.0003

Tungsten-Total mg/L 0.0001/0.001 - <0.0001 <0.0001 <0.001 <0.0001 <0.0001

Uranium-Total mg/L 1E-05/0.0001 0.02 4.10E-05 4.60E-05 0.0006 5.40E-05 4.10E-05

Vanadium-Total mg/L 0.0005/0.005 - <0.0005 <0.0005 <0.005 <0.0005 <0.0005

Zinc-Total mg/L 0.003/0.03 5 0.0067 0.0087 0.354 0.0276 0.0041

Zirconium-Total mg/L 0.0002/0.002 - <0.0002 <0.0002 <0.002 <0.0002 <0.0002

F1 (C6-C10) ug/L 25 - <25 <25 <25 <25 <25

F1 (C6-C10) - BTEX ug/L 25 - <25 <25 <25 <25 <25

F2 (C10-C16 Hydrocarbons) ug/L 100 - <100 <100 <100 <100 <100

F3 (C16-C34 Hydrocarbons) ug/L 250 - <250 <250 <250 <250 <250

F4 (C34-C50 Hydrocarbons) ug/L 250 - <250 <250 <250 <250 <250

Total Hydrocarbons (C6-C50) ug/L 370 - <370 <370 <370 <370 <370

Colour CU 2 5 12 16.1 29.2 4.6 10.7

Electrical Conductivity umhos/cm 1 - 458 473 436 496 473

Hardness mg/L 0.5/1.3 80/100 228 233 254 226 234

Total Dissolved Solids mg/L 20 500 249 267 285 284 259

Turbidity NTU 0.1 5 1.18 2.57 70.7 7.15 0.5

pH pH units 0.1 6.5/8.5 7.89 7.91 7.93 7.94 8.23

*Reporting Detection Limit (RDL) may have been altered based on the RDL at the time of analyis.

0.00  = Result did not fall within range of suggested operational guidelines

0.00 = Result exceeded ODWS Aesthetic Objective

0.00 = Result exceeded ODWS Health Objective
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Hydrograph 1: Zone 1 Pumping Test

Zone 1 - MW3
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Appendix A

Ferma-Carden Quarry Site Plans













Appendix B

Figure 6 – Golder Associates Ltd.,
2016 – Cumulative Impacts

Assessment for Groundwater
Takings in the Carden Plain Area –

Addendum Report





Appendix C

R.W. Tomlinson Ltd. – Golder
Associates, 2009 – Brechin Quarry

Borehole and Borehole
Geophysical Logs

































































































































































































































Appendix D

BH4 Borehole Log – 1995
Hydrotechnical Report – Oliver,

Mangione, McCalla & Associates
Ltd., Ferma Carden Quarry for

Ferma Crushed Stone Inc.







Appendix E

Well Records on File
with the MECP



Monitoring Well WA



Monitoring Well WB



Monitoring Well WF



Monitoring Well WG



Monitoring Well WH



Monitoring Well WI



Monitoring Well MW1



Monitoring Well MW2



Monitoring Well MW3



Monitoring Well MW4



Appendix F

Borehole and Photographic Logs
of BH1-11 & BH2-11
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BH1-11Ferma Aggregates Inc.

Carden Quarry 36123-100

Carden Quarry, Carden Township, ON September 6, 2011

271.18

270.57

269.73

268.21

266.86

265.34

263.81

260.76

OVERBURDEN
topsoil, clay, stones

BOBCAYGEON FORMATION
weathered (moderately to highly) limestone, all 
bedding planes were < 5 cm, thinly bedded

medium dark grey limestone, medium to fine 
grained, thinly bedded, friable minor shale, few 
stylolites

medium dark grey limestone, vertical fracture with 
calcite crystals 4 m to 5.2 m, shaly partings at 
3.7m, thinly bedded

thinly bedded but core becoming more competent 
below 5.2 m. Bottom 0.6 m pieces 15 - 20 cm

medium dark grey limestone, thinly bedded 
stylolite partings, competent pieces 25 cm long, 
weathered (slightly) shaly bedding partings, fine 
grained

medium dark grey limestone, thinly laminated 
stylolite, competent, weathered (slightly) bedding, 
shaly partings 8.9 m. No sign of fossils

medium grey limestone, fine grained crystalline, 
low shale %, shaly partings at 11.6 m, thinly 
bedded
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Continuous Core Sampling (Contractor: Marathon Drilling)

Very little water lost.  Drilling was hard.  No soft spots encountered.
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Carden Quarry, Carden Township, ON September 6, 2011

259.24

257.72

256.19

254.67

253.14

251.62

250.10

248.57

medium grey limestone, weathered wavy shale 
partings, brown layered bedding at 12.8 m, minor 
shaly layering at weathered partings

tan layer at 13.7 m, weathered bedding 14.0 - 14.4 
m

medium grey limestone, medium to fine 
crystalline, stylolite wavy bedding 5 - 8 cm, 
weathered bedding at 15 m

brown-grey limestone, mottled in places, vertical 
fracture filled with calcite from 16.5 - 17.1 m, 
fossiliferous 17.4 - 18 m 

GULL RIVER FORMATION 
(UPPER MEMBER)
grey limestone, fine grained, competent core, thick 
beds, weathered partings, rough, very little shale, 
fossiliferous layers

grey limestone, fine grained, thick beds, fossil 
layers, few partings, rough undulating bedding 
planes

grey limestone, fine grained stylolites, medium 
bed, fossiliferous 22.25 - 22.6 m, shaly partings at 
22.25m

grey limestone, some brown, breaks, minor 
weathering, thick bedding
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Continuous Core Sampling (Contractor: Marathon Drilling)

Very little water lost.  Drilling was hard.  No soft spots encountered.
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247.05

245.52

244.00

242.99

241.46

240.90

239.38

237.96

236.59

GULL RIVER FORMATION 
(MIDDLE MEMBER)
medium to dark grey limestone, stylolites, fine to 
very fine crystalline

medium grey limestone, few stylolites, very 
competent

break at 28.2 m, grey to brown

GULL RIVER FORMATION 
(LOWER MEMBER)
grey limestone, fine grained crystaline, competent, 
greenish colour 28.3 - 29 m (upper green marker 
bed)

grey limestone, fine grained crystaline, stylolite, 
break at 29.4 m

grey limestone, thick bedding

grey-tan limestone, weathered at 33.2 m, no shale 
evident

tan limestone, competent, brown stylolites at 33.5 
m at rough break, thick bedding

change near 34.4 m, thick bedding, calcite filled 
dipping fracture 34.6 - 34.9 m, weather zone 36 m 
(zone takes up water)
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Continuous Core Sampling (Contractor: Marathon Drilling)

Very little water lost.  Drilling was hard.  No soft spots encountered.
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235.01

233.49

231.96

230.36

228.84

227.29

225.76

224.55

grey-tan limestone, competent, thick bedding

grey-tan limestone, shaly lense at 38.7 m

dark grey limestone, stylolite, crystaline, shaly 
mud layer at 40.3 m, fossiliferous

green and purplish sandstone, laminated, coarse 
grained (lower green marker bed at 41.5 m)

SHADOW LAKE FORMATION
laminated, dark grey-tan limestone, coarse 
grained

red, mottled green shale

red, mottled green shale

Hole Terminated
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Continuous Core Sampling (Contractor: Marathon Drilling)

Very little water lost.  Drilling was hard.  No soft spots encountered.
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265.57

262.83

261.30

259.78

258.10

256.58

254.95

OVERBURDEN

BOBCAYGEON FORMATION
grey limestone, argillaceous, medium to coarse 
grained, weathered, thin beds

grey limestone, argillaceous, shaley partings, 
medium beds

grey limestone, argillaceous, shaley partings, 
weathered breaks - one piece 30 cm, thin beds

medium to dark grey lithographic limestone, 
medium to coarse grained, argillaceous, thin beds

less argillite below 9.8 m, thin beds

dark grey, less argillaceous, few stylolites, shaley 
partings pieces <25 cm, thin beds
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Continuous Core Sampling (Contractor: Marathon Drilling)

Very little water lost.  Drilling was hard.  No soft spots encountered.
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253.38

251.85

250.33

249.92

248.65

247.08

245.55

244.03

242.46

grey-some tam lithographic to sub-lithographic 
limestone, less argillaceous, medium to fine 
grained

medium coarse grained limestone, shaley partings

conglomerate type break at 15.65 m

GULL RIVER FORMATION 
(UPPER MEMBER)
grey-tan limestone, stylolites, finer grained, longer 
core pieces, less or few shaley partings

grey-tan limestone, fossils at 18 to 18.15 m 
(crinoids?), few partings, less argillaceous, thick 
beds

grey limestone, fine grained, competent, minor 
argillite, few stylolites, thick beds

grey limestone, fine grained, very little shale, 
competent, few stylolites, thick beds

grey limestone, fine grained, competent, little 
weathering, minor argillite, thick beds
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Continuous Core Sampling (Contractor: Marathon Drilling)

Very little water lost.  Drilling was hard.  No soft spots encountered.
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240.88

239.33

237.78

236.31

234.79

233.26

231.69

230.11

GULL RIVER FORMATION 
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Very little water lost.  Drilling was hard.  No soft spots encountered.
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Photograph 1.1: Approximate Location of Upper Green Marker Bed – BH1-11 
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Photograph 1.2: Approximate Location of Lower Green Marker Bed – BH1-11 
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Photograph 2.1: Approximate Location of Upper Green Marker Bed – BH2-11 
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Photograph 2.2: Approximate Location of Lower Green Marker Bed – BH2-11 
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Introduction

Ferma Aggregates Inc. (Ferma) has retained MTE Consultants Inc. (MTE) to undertake
hydraulic testing to comply with Condition 4.4 of Permit to Take Water (PTTW) 1238-BBLKNE
(Appendix A). PTTW 1238- BBLKNE permits dewatering of the Carden Quarry located on Lot
6-10, Concession 9, former geographic township of Carden, City of Kawartha Lakes, ON.
Additionally Ferma owns W ½ Lot 6 & 7 Concession 10 as well as Lot 8, Concession 10. Figure
1 illustrates the Site location.

The objective of the hydraulic testing is to characterize the hydraulic properties of the underlying
bedrock formations beneath the Site. In order to achieve this objective MTE is proposing to
conduct short term pumping tests on discrete bedrock zones at an on-Site monitoring well
(MW4). MW4 is located adjacent to Victoria road on Lot 8, Concession 10. The results of this
testing will presented in the 2022 Annual PTTW Report.

This report provides support for an Environmental Activity and Sector Registry (EASR)
application for a pumping test and discusses in detail the following:

Proposed short term pumping test;

Groundwater discharge plan;

Water resources monitoring plan;

Potential impacts to groundwater and/or surface water resources during the short term
pumping test; and

Proposed contingency measures.

Site Setting

2.1 Physiography and Topography

The Site is located within the physiographic region known as the Carden Plain (Chapman and
Putnam, 1984). This region generally consists of shallow to outcropping limestone bedrock with
a thin layer of overburden. As a result, on-Site elevations are generally flat, laying around 270
metres above sea level (Figure 2).

2.2 Surface Water and Drainage

The Site and study area are entirely within the Upper Talbot River subwatershed, which is part
of the Lake Simcoe Watershed.

Watercourse mapping indicates that a tributary of the Talbot River flows through the Site
(Figure 2). On-Site reconnaissance has indicated that only the southern reach of the Talbot
River flows year round.

On-Site surface water drainage follows flows into the Talbot River tributary and eventually off-
Site at the south-western portion of the Site.

2.3 Local Geology

2.3.1 Quaternary Geology

The Quaternary Geology mapping of the Site indicates much of the Site is outcropping
Paleozoic bedrock. There is a small pocket of till located in the southeast corner of the Site, a
pocket of organic deposits associated with a wetland in the central portion of the Site, and a
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coarse-textured glaciolacustrine deposit running from the center to the west of the Site that is
associated with the on-Site creek (Figure 3) (Finamore & Bajc, 1982).

2.3.2 Bedrock Geology

The underlying bedrock is composed of Ordovician age carbonates and shales of the Simcoe
Group overlying the Precambrian basement. The Ordovician age carbonates can be subdivided
into three formations (from oldest to youngest): Shadow Lake Formation, Gull River Formation,
Bobcaygeon Formation. In general, these formations dip to the southwest.

Shadow Lake Formation

The Shadow Lake formation consists of a non-fossiliferous, arkosic siltstone, argillaceous
sandstone conglomerate (Armstong, 2000).

Gull River Formation

The Gull River formation consists of fossiliferous, micritic limestone and dolostones (Armstong,
2000). The Gull River Formation contains features locally referred to as the green marker beds.
These beds are approximately 1-3 m in thickness and are laterally extensive across the Carden
Plain. These features have been reported to represent a regional aquifer (Golder Associates,
2016).

Bobcaygeon Formation

The Bobcaygeon formation overlies the Gull river formation and consists of fossiliferous course
grained limestone and can be subdivided into the upper, middle and lower unit (Armstong,
2000).

2.4 Local Groundwater Use

Local area residents within the vicinity of the Site obtain water from private drilled supply wells.
Based on a review of the MECP well records and Site reconnaissance, private wells are
generally screened within the shallow bedrock of the Bobcaygeon formation. Additionally, the
MECP database indicates that, apart from wells owned by the Client, there are no private wells
within 500 m of the pumping well (MW4) (Figure 4). However, MTE notes there are eight private
wells within 1500 m of the pumping well (MW4) (Figure 4). Details of private wells constructed
within 1500 m of the pumping well (MW4) have been compiled from well records on file with the
MECP, and are available in Table 1.

Pumping Test Program

Two separate intervals will be isolated in MW4 using a packer system for hydraulic testing. The
intervals will be individually pumped at a maximum rate of 11.4 L/s (150 IGPM). For testing
purposes MTE has separated the bedrock into three distinct zones. The “lower zone”, defined
as being below the green marker beds with the Gull River Formation, a “middle zone” which is
defined as the area between and including the green marker beds and a “upper zone” above the
two green marker beds primarily consisting of the Bobcaygeon formation.

Step one: Install a packer such that the lower zone is hydraulically isolated, and pump at
various rates to determine optimal pumping rate for testing in step 2;

Step two: Pump the lower zone at a continuous rate (not exceeding 11.4 L/s) for approximately
eight hours, and measure drawdown in the lower zone.

Step three: Install a straddle packer such that the middle zone is hydraulically isolated and
pump at various rates to determine optimal pumping rate for testing in step four, and;
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Step four: Pump the middle zone at a continuous rate (not exceeding 11.4 L/s) for
approximately eight hours, and measure drawdown in the middle zone and the upper zone.

The proposed combined maximum taking has been summarized below.

Source
Name

Maximum
Pumping

Rate (L/min)

Maximum
Number of
Hours of

Taking per Day

Maximum
Pumping
Volume
(m3/day)

Typical
Pumping
Volume
(m3/day)

Maximum
Number of

Days of
Taking

MW4 682 24* 982 982 4

*Individual pumping tests for step 2 and step 4 are anticipated to last between 8-12 hours.

3.1 Monitoring Plan

Monitoring of groundwater levels will occur across the Site at select monitoring wells. These
monitoring locations have been selected based on their proximity to the pumping well (MW4)
and their screened interval. Monitoring of these locations will allow responses to pumping to be
monitored within the various bedrock aquifers. Additionally, one private well (W4) located
approximately 1100 m southeast of the pumping well (MW4) will be monitored on a daily basis
and will have a data logger programmed to take readings every 60 minutes for the duration of
the pumping test.

The table below outlines the locations to be monitored, the bedrock formation that the screen is
installed in, and the data logger recording interval.

Monitoring Location
Approximate

Distance from MW4
(m)

Screened
Aquifer

Data Logger Recording Interval
(min)

MW3 100 Bobcaygeon 5

MW1 710 Bobcaygeon 5

MW2b 740 Bobcaygeon 5

WAc 1,100 Gull River 5

WBc 1,100 Gull River 5

W22a 2,060
Upper Green
Marker Bed
(Gull River)

1

W22b 2,060
Lower Green
Marker Bed
(Gull River)

1

W4 1,100 Bobcaygeon 60

3.1.1 Data Loggers

During the pumping tests, select monitoring locations will be equipped with dedicated pressure
transducers (data loggers) to record water levels at regular intervals.

From the commencement of pumping, data loggers within the selected monitoring locations will
be programmed to collect a water level every 5 minutes, with the exception of W22a and W22b.
The two nested wells at W22 are the only wells on-Site screened across the green marker beds.
As such, data logger readings will be taken on one minute intervals at these two wells.



MTE Consultants | 36123-200 | Carden Quarry – EASR – Pumping Test Design Report | March 10, 2022 4

Following the conclusion of the pumping test, data loggers will be programmed to collect a water
level every hour for a minimum of seven days to record recovery data.

3.1.2 Manual Measurements

Manual measurements at MW4 and select on-Site monitoring wells will be collected on a daily
basis.

3.2 Groundwater Discharge Plan

Water pumped from MW4 will flow through a discharge pipe with an in-line flow meter (totalizer)
and will be discharged though an orifice weir approximately 250 m to the southeast of MW4.
Discharge water will be allowed to follow the existing roadside ditch down Victoria Road towards
McNamee Road (Figure 5). South of McNamee road, an unnamed stream flows southwest
through a topographic low, and ultimately empties into Canal Lake. Hay bales will be placed in
the roadside ditch along Victoria Road to reduce flow/erosion and increase infiltration. As such,
water from the pumping test will be discharged in such a manner as to not cause adverse
impacts to the environment and at a distance which will not interfere with the results of the
pumping test.

Discharge water will be sampled during Step 2 and Step 4 and will be analyzed for parameters
including general chemistry and hydrocarbons.

Potential Impacts and Proposed Contingency Measures

4.1 Potential Impacts

4.1.1 Private Supply Wells

A contingency plan has been prepared to ensure that a reliable and continuous water supply is
maintained should any potential interference cause an adverse effect at a local private supply
well during the short-term pumping test.  Details of the contingency plan have been provided in
Section 4.2.

4.1.2 Natural Features

Based on the limited duration and discrete nature of the hydraulic testing, MTE does not anticipate
any impacts to surrounding natural features. As discussed in Section 3.2, water from the pumping
test will be discharged into an existing roadside ditch, and hay bales will be used to assist in
dissipating the energy and mitigating potential increases to erosion and downstream total
suspended solids.

4.2 Proposed Contingency Measures

4.2.1 Private Well Interference

Prior to the first day of the short term pumping test (approximately 48 hours), MTE will distribute
a notice to private well owners within 1,500 m of MW4 (Figure 4).  The notice will include the
anticipated date, start time, and duration of the pumping test.

In addition, the notice will include a 24-hour contact number should a resident have any
problems or concerns during the pumping test.

Should MTE be notified of a resident experiencing any adverse effects to their domestic well a
licensed well contractor/pump installer, along with a qualified MTE representative, will be
dispatched to the location of the complaint to provide corrective action.  If required, the licensed
well contractor will be able to disconnect the owner from their well and supply water via a
temporary water storage tank for the duration of the short-term pumping test.
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Table 1: Private Wells within 1.5 km of MW4 (Pumping Well)

WWR No.  

number
Type Drilled Easting Northing Depth

Elevation 
(mAMSL)

Well casing 
depth (mbgs)

Well casing 
bottom 

elevation 
(mAMSL)

Initial 
Static 
Water 

Level  (m) 

Water Found 
(m)

Recommended 
Pump Setting 

(m)

Initial 
Available 

Drawdown 
(m)

Initial 
Specific 
Capacity 

Recommended 
Pumping Rate 

(gpm)

Estimated 
drawdown from 
domestic use 

(m)

Water 
Supply 
Aquifer

6400005 Domestic Y 662358 4943542 13.72 270.88 NA NA 4.57 9.45, 13.72 13.11 8.53 NA 1 NA Bobcageon
6400514 Livestock Y 662352 4943176 13.72 270.68 Illegible NA 3.05 6.10 NA NA NA NA NA Bobcageon
6400515 Livestock Y 662319 4943375 18.29 271.60 3.66 267.94 4.57 17.68 NA NA NA NA NA Bobcageon
6404295 Domestic Y 662315 4943424 13.11 271.17 4.57 266.60 5.49 6.40,9.14 12.80 7.32 0.1 2 1.75 Bobcageon
6404456 Domestic Y 662355 4943599 14.63 271.35 5.18 266.17 8.53 14.33 14.33 5.79 NA 0.5 NA Bobcageon
6407486 Domestic Y 662275 4943764 34.14 274.81 19.81 255.00 7.32 33.53 9.75 2.44 NA 10 NA Gull River
6413273 Domestic Y 662198 4945932 22.25 285.40 6.71 278.70 3.66 21.34-22.25 23.77 20.12 NA 15 NA Bobcageon
6415342 Domestic Y 661868 4943116 24.99 268.46 6.10 262.37 6.10 23.77-24.99 23.77 17.68 NA 7 NA Gull River
Notes: mAMSL = metres above mean sea level, mbgs = metres below ground surface, gpm = gallons per minute

Tables
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Appendix I

Photolog – MW4 Multi-Level
Installation
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MTE Consultants |  C36123-200  | Hydrogeological Assessment – Carden Quarry | June 2024 1

Photograph No. 1 – TW4-24 Stainless Steel Screen – January 18, 2024

Photograph No. 2 – Installation of Shale Traps – January 18, 2024
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MTE Consultants |  C36123-200  | Hydrogeological Assessment – Carden Quarry | June 2024 2

Photograph No. 3 – Bentonite Pellets within Shale Traps – January 18, 2024

Photograph No. 4 – Installation of Casing for TW4-24 and MW4a-24 – January 19, 2024
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Photograph No. 5 – Completed Installation – January 19, 2024
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