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1.0 INTRODUCTION

Nelson Aggregate Co. currently operates a dolostone quarry located on the north side of No. 2
Sideroad, west of Guelph Line in Burlington, Ontario. Nelson is proposing to extend quarry
operations in parts of an 80 hectare extension area south of the existing site. Golder Associates
Ltd. has been retained by Nelson to complete the necessary hydrogeology and water resources
studies to support an application under the Aggregate Resources Act (ARA), the Planning Act,
and the Niagara Escarpment Planning and Development Act.

initial hydrogeologic and water resources field investigations were undertaken from 2003 through
to 2004 and summarized in a report titled, “Hydrogeological and Water Resources Assessment of
the Proposed Nelson Quarry Co. Extension”, dated October 2004.

This report presents the results of additional field investigations that have been undertaken since
October 2004 to supplement the hydrogeological assessment and water resources investigation
(Golder, 2004) and satisfy specific concerns of peer reviewers retained by the joint agency review
team (JART) regarding the relative degree of hydraulic connection between standing surface
water within a wetland at the southern end of the proposed extension area and groundwater
resources in the underlying bedrock.

11 Background

As part of the field studies of the hydrogeological assessment and water resources investigation
(Golder, 2004), an aquifer test at PW-1 was completed in a wetland at the southern end of the
proposed extension area in March 2004. In November 2005, peer reviewers retained by the
JART committee expressed concerns regarding the timing of the aquifer test during a period of
snow melt and the implications of the snow melt on interpretations of the test data. In response to
these comments, Golder developed a work program for additional field investigations in order to
supplement our knowledge of the hydrogeologic function of this wetland. Golder outlined the
specific tasks associated with this work program in a letter to Nelson regarding, “Update On
Additional Hydrogeologic Field Studies At The Proposed Nelsom Quarry Co. Extension,
Burlington, Ontario” dated January 24, 2006. These tasks included:

= analysis of extended water level monitoring data in the wetland area from 2004 to 2005;

= installation of additional shallow water level piezometers and a standing water staff
gauge in the wetland area,

= grain-size and hydrometer analysis of sediment samples from the recent shallow
piezometer installations;

= arepeat of the March 2004 aquifer test with the introduction of up to three tracers in local
monitoring wells during the testing period; and

= maintaining a water level in PW-1 consistent with the mean elevation of the quarry floor
(approximately 251 masl) in the proposed extension area.
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1.2 Report Structure

Section 2 and 3 of this report provide the methodology and resuits of the additional field study
investigations as outlined in the additional field studies work program (Golder, 2006).

It is to be noted that the methodology and results of the tracer tests appear in a separate report on
Karst Investigations, which was prepared by Dr. Stephen Worthington.

2.0 METHODOLOGY

21 Extended Water Level Monitoring Program

Automated water level recorders (dataloggers) were installed in three (3) piezometers of an on-
site observation well nest (MWO03-04) within the wetland area from March 2004 through to
January 2006. Continuous water level monitoring data from this observation well nest has been
analysed to identify normal seasonal water fluctuations and the vertical hydraulic gradient in the
bedrock and deep overburden deposits underlying the wetland.

2.2 Instrumentation of the Wetland Area

Observation Well Nests (OW’s and MW’s)

As shown in Figure 1, the wetland area is well instrumented with multi-level observation well
nests. The construction details of each monitoring well nest are reported in the Hydrogeological
and Water Resources Assessment Report (Golder, 2004). Each observation well nest is generally
comprised of three wells: Series-A completed in the deep bedrock, Series-B completed in the
shallow bedrock; and Series-C completed in the deep overburden sediments in close contact with
bedrock.

The C-series observation wells were installed close to bedrock in order to monitor the full range
of seasonal fluctuations. The hydrographs of these deep overburden wells (during the 2004
aquifer test) indicated a direct hydraulic connection to the underlying shallow bedrock. As a
result, these deep overburden wells do not represent water level elevations in the shaliow
overburden sediments of the wetland.

Piezometers (MP’s)

To observe water level elevation in the shallow overburden sediments, eight shallow piezometers
were installed in and around the wetland area on January 4, 2006. Each piezometer borehole was
hand augured to a depth of approximately 1.5 m below ground surface using a 5 cm (2-inch)
hollow stem auger. The piezometers consist of a 2.5 cm (1-inch) diameter, slotted (10-slot) PVC
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pipe. The annulus of the piezometer boreholes was backfilled with granular material and sealed
at surface with bentonite. Borehole logs for the piezometers are presented in Appendix A.

As shown on Figure |, most of the piezometers have been installed in close proximity to PW-1 (3
to 25 m) to observe any potential response to PW-1 pumping. Two piezometers (MP-7 and MP-
8) were installed outside of the wetland area. Each of the piezometers was installed on relatively
high ground to eliminate potential surface water inflow.

No standing water column was available for measurement in MP-6. All piezometers (with the
exception of MP-6 and MP-8) were equipped with a datalogger from January 4, 2006, through to
the end of the testing period (February 16, 2006). Groundwater monitoring in MP-8 was
undertaken (by datalogger) from February 8 to February 16, 2006.

Surface Water Staff Gauges (SG’s)

During the 2006 winter season, several areas in the wetland contained ponded water. Staff
gauges were installed in key areas of standing water to identify any potential response to PW-1

pumping.

Potential surface water response to PW-1 pumping would be expected close to PW-1. As a result,
a staff gauge (SG-2) was installed in a closed depression located approximately 8 m west of PW-
1. A datalogger was installed at SG-2 from January 4, 2006, through to the end of the testing
period (February 16, 2006).

Access was granted to a neighbouring property on the south side of the proposed extension area
for the installation of additional temporary staff gauges. As shown in Figure 1, staff gauges SG-4
and SG-5 were installed in areas of standing water along the southern limit of the wetland and
woodlot areas respectively.

Each staff gauge was equipped with a datalogger to provide continuous water level monitoring
data during the pumping test and the subsequent recovery period.

2.3 Analysis of Shallow Overburden Sediments in the Wetland Area
Sediment samples of the shallow overburden in the wetland were collected from hand augured

boreholes at the piezometer locations. To assess geological composition, sediment samples were
analysed for grain size distribution, Atterberg limits and hydraulic conductivity (ASTM D 5084).
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2.4 Aquifer Test Program Methodology

As discussed in Section 1.2, the purpose and objectives of the repeated aquifer test have been
outlined in the additional field investigation work program (Golder, 2006). This section outlines
the methodology of the repeated aquifer test which comprised of the following activities.

* Background Monitoring
(January 4 through to 3:50 pm on February 9, 2006);

» Constant rate pumping at 36 m’/day, maintaining a pumping water level in PW-1 of
266.7 masl (3:50 pm on February 9 to 9:00 am on February 10, 2006);

= Constant rate pumping at 46 m’/day, maintaining a pumping water level in PW-1 of
251.8 masl (9:00 am on February 10 to 12:40 pm on February 13, 2006);

* Period of monitored water level recovery
(12:40 pm on February 13 to 11:40 am on February 16, 2006); and

& PW-I Step Testing
(12:40 pm to 3:20 pm on February 16, 2006).

2.4.1 Background Water Level Monitoring

Continuous water level monitoring was completed in twenty-seven (27) observation well nests,
six (6) mini-peizometers and SG-2 for approximately | month prior to the aquifer test. The
objective of this background monitoring was to identify hydrograph trends leading into the
aquifer test period. This included analysis of hydraulic responses to precipitation, normal
groundwater/surface water elevatton fluctuations, and the vertical hydraulic gradient during non-
pumping conditions.

2.4.2 Aquifer Test (Parts 1 and 2)

The aquifer test was separated into two parts (herein referred to as Part 1 and Part 2 of the aquifer
test). Part 1, which reflects pumping conditions consistent with the 2004 aquifer test, was
undertaken in the initial 17 hours of the aquifer test. In Part 2, the pumping rate was increased to
develop greater drawdown in the pumping well consistent with anticipated Quarry conditions.

PW-1 pumping began at 3:50 pm on February 9, 2006. During Part 1 of the aquifer test, PW-1
was pumped at a constant rate of approximately 36 m’/day and maintained a water level elevation
of approximately 266.7 masl. Groundwater flow was controlled and monitored by a gate valve
and flow meter respectively. During Part 1 of the test, pumped groundwater was discharged to an
open field approximately 450 m northeast of PW-1. Local topography in the vicinity of the
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discharge location slopes to the east. As a result, groundwater discharge (from Part | of the test)
drained further east from the proposed extension area and is not expected 1o have re-entered the
wetland area during the remainder of the monitoring period.

Following the development of steady state conditions in the nearby observation wells, Part 2 of
the aquifer test was implemented at 9:00 am on February 10, 2006. During Part 2, the pumping
level in PW-1 was maintained at an elevation of approximately 251.8 masl by a recirculation
valve on the submersible pump. The net flow exiting PW-1, which was approximately 46
m’/day, was also measured by a flow meter on the discharge line. Groundwater pumped from
PW-1 during Part 2 of the aquifer test was diverted to a tanker truck and transported off-site.
Total duration of Part 2 of the aquifer test was approximately 76 hours.

In total, the aquifer test consisted of approximately 93 hours of pumping from 3:50 pm on
February 9 1o 12:40 pm on February 13, 2006. Following the cessation of pumping, water level
recovery was monitored in all observation locations for approximately 71 hours.

2.4.3 PW-1 Step Tests

Three step-pumping tests were undertaken on PW-1 on February 16, 2006. Step tests are
diagnostic well tests typically undertaken to determine the efficiency, specific capacity and yield
of water wells. In some cases the results of these tests can support estimates of aquifer
transmissivity and efficiency of potential dewatering systems. The PW-1 step tests consisted of
short (30 minute) pumping tests at 13 m3/day, 26 m’/day and 39 m*/day. A recovery period was
provided between tests to allow the water level in PW-1 to recover to 95% of the original static
elevation.

3.0 RESULTS
3.1 Extended Water Level Monitoring Program

Observed water levels in the MW03-04 well nest from March 2004 through to January 2006 are
plotted on Figure 2. The hydrograph trends for the deep bedrock (Series-A), shallow bedrock
(Series-B) and deep overburden (Series-C) wells are consistent throughout the entire monitoring
period. These observations indicate a strong degree of hydraulic connection in the bedrock and
deep overburden deposits underlying the wetland.

Annual water level fluctuations in the deep overburden and bedrock deposits ranged from 1.5 m
in 2004 to 2.5 m in 2005. The hydrographs appear to peak during the winter months (from
December through to April) at elevations ranging from 275.0 to 275.5 masl. Between March and
September, water levels underlying the wetland steadily decline to annually low values. In 2005,
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seasonally low water level elevations, ranging from approximately 273.1 to 273.5 masl. were
observed from nid-September through to mid-November.,

As shown on Figure 2, upward hydraulic gradients have consistently been observed throughout
the monitoring period (i.e. higher water level elevations are consistently identified in wells
completed deeper in the bedrock formation). The vertical hydraulic gradient observed at MW03-
04 averages approximately 0.007 m/m.

Ground surface elevation in the wetland area near MW03-04 is roughly 275 masl and the
seasonal high water levels observed in bedrock piczometers are about 0.6 m above this ievel.
Based on the seasonal water level fluctuations and the elevation of the wetland, upward
groundwater seepage from the bedrock into the wetland could only occur from December through
to the months of June or July. During the summer and fall months (i.e. from July through to
November), groundwater levels in the bedrock are below the elevation of the wetland and
downward seepage from the wetland into the bedrock could occur. As will be discussed in
Section 3.2 and 3.3, the presence of a silty clay that immediately underlies the wetland appears to
effectively limit the hydraulic connection and groundwater-surface water interaction between the
bedrock and wetland.

3.2 Analytical Results of Shallow Overburden Sediments

As discussed in Section 2.3, sediment samples of the shallow overburden in the wetland were
collected from hand augured boreholes at the piezometer locations shown on Figure 1. The
analytical results for grain size distribution, Atterberg limits and hydraulic conductivity testing
are included in Appendix B.

Based on grain size distribution analysis, which is shown on Figures B-1 in Appendix B, the
shallow overburden sediments within the wetland can be classified as clayey silt with some sand
and trace gravel.

The results of Atterberg limit testing on five sediment samples of the shallow overburden deposit
are shown in the plasticity chart on Figure B-2. The Atterberg Limit testing results indicate a
liquid limit ranging from about 28% to 40% with an average of 32% and a plastic index ranging
from about 13% to 17% with an average of 14%. These results indicate that the shallow
overburden sediments are characteristic of low plasticity.

One (1) sediment sample, which was collected from borehole coring at MP-1, was submitted for
hydraulic conductivity analysis. The hydraulic conductivity of the clayey silt was evaluated by a
flexible wall triaxial cell permeameter {ASTM D 5084). Based on constant head permeameter
testing results, which are shown on Figure B-3, the hydraulic conductivity of the shallow
overburden sediments at MP-1 is estimated to be approximately 2 x10® cm/s. It is to be noted
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that core samples collected from MP-2 through MP-5 have recently been submitted for hydraulic
conductivity analysis. however, the analytical results were not available for presentation at the
time of this report.

33 Aquifer Test Results

This section presents the results of five (5) components of the aquifer test as outlined in Section
2.4. A summary of the aquifer testing program schedule is shown on Figure 3.

Detailed analysis of water level hydrographs during each part of the aquifer testing period have,
in some cases, focused on the following clusters of selected site instruments which are in close
proximity to PW-1:

*  Cluster 1 - MW03-04, MP-1 and SG-2
«  Cluster 2—- OW03-22, MP-5 and 5G-2; and
*  Cluster 3 —OW3-27, MP-4 and SG-2.

Based on the consistency of the observed water level hydrographs from these clusters, the report
typically focuses discussion on Cluster 2 and includes the results of Cluster 1 and 3 in Appendix
C.

3.3.1 Background Monitoring Results

Water level monitoring data collected during the background monitoring period are compared to
precipitation (recorded at the Environment Canada weather station in Burlington) on Figures 4
and 5.

Figure 4 presents the hydrographs of the piezometers and SG-2. The water levels in most
piezometers {(e.g. MP-1, MP-3, MP-4 and MP-5) show consistent recovery to a normal static
elevation following the installation date (February 4, 2006). Recovery times range from
approximately one (1) week in MP-1 to one (1) month in MP-5.

As shown on Figure 4, water levels in each of the piezometers and SG-2 responded to significant
precipitation events in varying degrees. Water levels in piezometers with longer development
periods (e.g. MP-5) typically showed less than 5 cm response to precipitation. Water level
response to precipitation in MP-2, which required no development time, generally ranged from 5
to 10 cm. The greatest response to precipitation was observed in MP-7, which is located outside
the wetland area. Fluctuations in response to precipitation generally ranged from 40 to 60 c¢m in
MP-7. Variations in piezometric water level response to precipitation is likely to be a result of
variable infiltration and storativity in the shallow overburden sediments.
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Figure 5 presents a comparison of hydrographs from OW03-22. MP-5 and SG-2 (Cluster 2).
Water level hydrograph trends in the multi-level installations of OW03-22 and SG-2 are generally
consistent in response to precipitation. Greater responses (e.g. up to 10 cm) to precipitation are
observed in the Series-A and Series-B wells compared to surface water levels at $G-2, which
further supports the assessment that groundwater recharge to the bedrock is external to the
wetland area. These elevated levels generally return to a static elevation consistent with the SG-2
over a three to four day period. In contrast, the MP-5 hydrograph shows a much more subtle
response 10 precipitation. Relatively similar hydrograph trends are observed in the hydrographs
of other monitoring clusters (see Figures C-1 and C-2 in Appendix C).

These results indicate a strong degree of hydraulic connection between groundwater levels in the
bedrock and surface water levels outside the wetland area. Based on the reduced water level
responses in the ptezometers, the shallow overburden sediments locally confine the bedrock in the
vicinity of the wetland and limits the interaction or seepage between the wetland and bedrock.

3.3.2 PW-1 Step Testing Results
Water level drawdown observed in PW-1 as a function of time during each of the PW-1 step tests

and the initial 30 minutes of the aquifer test are shown on Figure 6. The discharge rates and
observed drawdown after 30 minutes of pumping are summarized in Table | below.

Table 1: Summary of PW-1 Step Test Results
Step Test | Discharge Total Drawdown Specific Capacity
Rate Observed after 30 (m*/day per metre of
3 Minutes of Pumping yP
(m’/day) drawdown)
(m)
Step Test Results ~ February 16, 2005
Step Test | 13 0.9 13.9
Step Test 2 26 2.8 9.1
Step Test 3 39 5.1 7.6
Initial Response During Aquifer Tests
Part 1 36 7.7 4.7
{Drawdown)
Part 2 46 23.5 2
(Recovery)

Figure 7 plots the observed water level drawdown during each test after 30 minutes of pumping.
The specific capacity trend of PW-1 appears non-linear ranging from 2 to 13.9 m*/day per metre
of drawdown. As shown on Figure 7, specific capacity decreases as the pumping rate of PW-1
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increases.  Tlis condition is typical of bedrock wells which experience well losses due to

turbulent groundwater flow entering the open borehole.

Applying Jacob’s modified Theis equation for calculation of well efficiency, the results of the
step-drawdown tests indicate an average weli efficiency of 20% for PW-1 when the discharge rate
is less than 36 m’/day. As the discharge rate increases towards 46 m*/day, well efficiency
decreases to as low as 6%.

The specific capacity trend of PW-1 also showed a small variance from day to day. As shown on
Figure 8, greater drawdown was achieved with a lower discharge rate during the aquifer test on
February 9 in comparison to step tests completed on February 16. This indicates that specific
capacity may vary depending on water table elevations current to the testing period.

3.3.3 Aquifer Testing Results and Interpretation

Response in Pumping Well

Water level drawdown in PW-1 during Part 1 of the aquifer test is shown on Figure 8. Steady
state conditions developed quickly in the pumping well (e.g. less than 100 minutes).

Water level recovery in PW-1 following Part 2 of the pumping test also identified a quick return
to static conditions. As shown on Figure 9, approximately 90% of recovery in PW-1 occurred
within the initial 10 minutes of the recovery period.

Response in Piezometers

As shown on Figure 10, water tevel hydrographs of the piezometers showed no discernable
response to PW-1 pumping. Hydrographs of piezometers located within the wetland area (e.g.
MP-1 through MP-5) maintained a consistent elevation throughout the aquifer testing period.

Declining trends are apparent in piezometers located outside of the wetland (e.g. MP-7 and MP-
8). These declining trends, which were initially observed in the background monitoring period
(see Figure 4), continued during and following the aquifer test. These trends do not appear to be
in response to PW-1 pumping.

Response in Standing Water Staff Gauges

Water level monitoring data from the five (5) standing water staff gauges are shown on Figure 11.
The staff gauge hydrographs generally maintain a consistent water level elevation throughout the
aquifer testing period. Subtle fluctuations ranging from 1 to 2 cm are apparent, however,
reflecting daily fluctuations. The staff gauge hydrographs, including SG-4 and SG-5 that were
located on the neighbouring property, show no response to PW-1 pumping.
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It is to be noted that the hydrograph for SG-4 has been lowered 9 m in elevation to allow for a
detailed comparison to other staff gauges in the wetland.

Response_in Observation Well Nests {(Part 1 of Aquifer Test)

Water level monitoring data observed in the observation wells during Part 1 of the aquifer test are
shown on Figures 12 through 14. Figure 12 presents a summary of water level drawdown versus
time hydrographs which reflect normal water level responses to PW-1 pumping. These
hydrographs, which consist of 19 of the 28 monitored observation welis, show the development
of steady state conditions at approximately 300 minutes into the test. These hydrographs also
show variable water level response to PW-1 pumping with respect to the geologic formations
with the greatest response observed in the deep bedrock piezometers. Table 2 provides a
summary of the total drawdown observed in each geologic unit during Part | of the aquifer test.
At the end of Part 1, total drawdown observed in the monitoring wells ranged from 0.04 to 0.4 m
in Series C, 0.6 to 0.85 m in Series B and 0.9 to 1.2 m in Series A wells.

Figure 13 provides a summary of water level drawdown (observed at the end of Part 1) versus
distance to PW-1. Analysis of the drawdown-distance plot clearly identifies normal response
trends to PW-1 pumping (marked by the broken green and red lines). The consistency of these
results indicate relatively homogenous bedrock conditions in a 60 m radius of the pumping well.

It is to be noted that while the drawdown-distance data points for the Series-C wells were plotted
on Figure 13, correlation of these points has not been attempted since no direct pumping of the
overburden sediments was undertaken. Water level drawdown in the Series C wells can only be
attributable to drainage into the underlying bedrock. As a result, a relatively higher degree of
inconsistency and/or non-response is expected on Figure 13 for the Series-C wells.

In some bedrock observation wells, located both near (e.g. MW03-05B) and distant (e.g. MW03-
06A/B) to PW-1, lower than normal drawdown was observed. The drawdown hydrographs for
these observation wells, which did not conform to normal response trends of the Series A and B,
are plotted on Figure 14. The lack of response is likely to be a result of heterogeneity in some
areas of the bedrock.

Response in Observation Well Nests (Part 2 of Aquifer Test and Recovery Period)

Water level monitoring data observed in the observation wells at the end of Part 2 and during the
recovery period are shown on Figures 15 through 17. Table 2 provides a summary of the total
recovery observed in each geologic unit during the recovery period following Part 2 of the aquifer
test.

As reported in Section 2.4.2, Part 2 of the aquifer test applied an increased pumping rate and
water level drawdown to PW-1. The additional 15 m of water level drawdown in PW-1 during
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Part 2 of the aquifer test could only produce 0.15 cm of additional drawdown outside the PW-]
casing. As a result, Part 2 aquifer test results were generatly consistent with Part | (and the 2004
aquifer test).

Figure 15 presents water level recovery versus time hydrographs for observation well nests that
generally conformed to a normal response trend. Full water level recovery is estimated to have
occurred by 400 minutes following the cessation of PW-1 pumping, however, this assessment
may be partially masked by daily water level fluctuations.

Figure 16 provides a summary of water level recovery (after 400 minutes of recovery time)
versus distance to PW-1. Analysis of the drawdown-distance plot indicates consistent results
with Part 1 of the aquifer test.

Figure 17 identifies the water level recovery hydrographs of monitoring wells with atypical
response to PW-1 pumping. These hydrographs are generally consistent with the observations
during Part 1 of the aquifer test.

Hydrogeologic Properties of the Geologic Formations

Based on the consistency of the drawdown-distance results in the vicinity of the wetland, the
Cooper-Jacob approximation of the Theis equation was applied to develop a general estimate of
transmissivity and storativity for the bedrock aquifer in the vicinity (roughly 60 m radius) of PW-
1. As shown on Figures 14 and 17, the observed drawdown rate (As) for both Series-A and
Series-B wells are essentially similar at 0.26 m per log cycle in Part 1 (drawdown) and 0.29 m
per log cycle in Part 2 (recovery) of the aquifer test. Based on these results, estimates of
transmissivity and storativity of the shallow and deep bedrock units are summarized in Table 2,

Average estimates of transmissivity for both shallow and deep bedrock units is approximately 55
m?/day. This estimate of transmissivity is slightly higher than previous estimates (Golder, 2004).
It is to be noted, that this estimate of transmissivity was calculated from monitoring wells
predominantly located within 60 m of PW-i, which reflect normal values of drawdown during the
2006 aquifer test.

Average theoretical estimates of storativity for the shallow and deep bedrock units is
approximately 9 x10® and 2 x10°. While these estimates of storativity are lower than previous
estimates reported in the hydrogeologic assessment (Golder, 2004), appear to be more typical of
storativity values in fractured rock. These estimates of storativity are well supported by the
drawdown-distance data observed on Figures 14 and 17 and should only be applies in a 60 m
radius around PW-1.
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Table 2: Summary of Drawdown, and Estimates Transmissivity and Storativity

Typical Drawdown Observed . .
Estimated Estimated
. Zone of /Recovery due to Drawdown/ o o
Series . . Transmissivity Storativity
Completion PW1 pumping Recovery Rate 5 i i
(m*/day) (dimensionless)
{(m) {As per log cycle)
Part 1 of Aquifer Test (Drawdown from 36 mslday)
. Deep
Series C 0.0-04 N/A N/A N/A
QOverburden
. Shallow 3
Series B 0.7-0.8 0.26 52 1 x10
Bedrock
SeriesA | D°P 09-12 0.26 52 3x10°
eries Bedrock 9-1. . X
Part 2 of Aquifer Test (Recovery from 46 m’/day)
) Deep
Series C 00-05 N/A N/A N/A
Overburden
. Shallow 8
Series B 08-1.0 0.29 58 6 x10
Bedrock
Series A Deep 1.1-15 0.29 58 5x10™"
eries Bedrock d-1. . X

Hydraulic Connection Between Geologic Formations

Figure 18 presents a comparison of hydrographs from Cluster 2 (OW03-22, MP-5 and $G-2)
during the aquifer test. During the aquifer test, the vertical hydraulic gradient is reversed. As a
result, upward groundwater gradients from the bedrock are reversed. As shown on Figure 18, no
water level response is observed in the shallow overburden sediments and pockets of standing
water. This indicates that there is essentially no hydraulic connection between surface water in
the wetland and groundwater in the underlying bedrock during the testing period. This
assessment is further supported by observed monitoring data from Cluster 1 and 3 which are
presented in Figure C-3 and C-4 respectively in Appendix C.

Comparison of 2004 and 2006 Aquifer Test Results

A comparison of the 2004 and 2006 aquifer test results at OW-22 is shown on Figure 19. The test
results, as shown on Figure 19, and Figures C-5 and C-6 in Appendix C, generally appear to be
similar. In both tests, steady state conditions developed within the initial 300 minutes of the test.
Differences in observed water level drawdown between the 2004 and 2006 tests were less than 20
em. These differences can be expected based on the poor well efficiency of PW-1 and
inconsistent trends in specific capacity observed on Figure 7. Differences in the water table
elevation are also likely to have a small effect on observed drawdown between the 2004 and 2006
aquifer test.
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4.0 CONCLUSIONS

The following conclusions have been developed from the additional hydrogeologic field studies
completed at the proposed Nelson Quarry Co. extension.

1. Shallow overburden sediments underlying the wetland area are comprised of clayey silt.
Hydraulic conductivity testing (i.e. flexible wall triaxial cell permeameter) of a clayey silt
sediment sample at MP-1 indicates that the hydraulic conductivity of the clayey silt
overburden may be as low as 2 x10°® cmi/s.

2. An upward hydraulic gradient has consistently been identified in the bedrock and deep
overburden deposits underlying the wetland area throughout a 1.5 year monitoring period.
Upward hydraulic gradients between groundwater elevations in the bedrock and surface water
elevations in the wetland typically occur between the months of December and July. During
the summer and fall months (i.e. from July through to November), the vertical gradient is
reversed with bedrock groundwater levels lying below the elevation of the wetland. However,
the presence of a silty clay immediately underling the wetland appears to effectively limit the
hydraulic connection and groundwater-surface water interaction between the bedrock and
wetland. Recharge to the bedrock is expected to occur in nearby areas of higher elevation.

3. During the PW-1 aquifer test, 0.7 to 1.5 m of drawdown was observed in the bedrock
underlying the wetland area. As a result, the hydraulic gradient was reversed and a small
degree of vertical seepage was identified in the deep overburden deposits. No water level
response was observed in the piezometers completed in the shallow overburden sediments or
standing water staff gauge locations at ground surface. This indicates that the hydraulic
connection between standing surface water in the wetland and groundwater resources in the
bedrock is weak.

4. No significant differences were observed between the 2004 and 2006 aquifer test results. In
both tests, steady state conditions were observed in nearby observation wells within 300
minutes of the start of PW-1 pumping. Water level responses in the bedrock within 60 m of
PW-1 could be well correlated to calculate estimates of transmissivity and storativity on a
local scale. Based on the resuits of the 2006 aquifer test, average estimates of transmissivity
for both shallow and deep bedrock units is approximately 55 m%day. Average theoretical
estimates of storativity for the shallow and deep bedrock units is approximately 9 x10°® and 2
x10? respectively. These estimates of transmissivity and storativity should only be applied to
a 60 m radius around PW-1, where normal values of drawdown during the 2006 aquifer test
were observed. While these estimates of transmissivity and storativity vary from previous
estimates, they are well supported by the drawdown-distance data observed during the 2006
aquifer test.

5. Due to the presence of the clayey silt deposit underlying the wetland and locally confining the
bedrock, dewatering of the proposed quarry extension is not expected to adversely affect the
behaviour of the wetland. It is, however, to be noted that the catchment area of the wetland
will be reduced as a result of the proposed Quarry extension.
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5.0 CLOSURE

We trust this report provides the additional information required to satisfy concerns regarding the
hydrogeological assessment of the Proposed Nelson Quarry Co. Extension. Should you have any
questions or comments, please do not hesitate to contact the undersigned.

GOLDER ASSOCIATES LTD.

Stephen Di Biase, P.Geo. Sean McFarland, P.Geo.
Hydrogeologist Principal and Senior Hydrogeologist
SMD/SM/am
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