Suite 700
55 King Street
St. Catharines, ON, Canada L2R 3H5

T:+1 905 687-1771
F: +1 905 687-1773
wsp.com

October 03, 2022

Ms. Debra Walker

MHBC Planning

7050 Weston Road, Suite 230
Woodbridge, ON L4L 8G7

Subject: Response to JART Hydrogeological Comments
Proposed Upper’s Quarry
WSP Project No. 161-11633-03

Dear Ms. Walker:

We are pleased to provide our response to agency review comments on the WSP
Canada Inc. (WSP) Level 1 and 2 Water Report for the proposed the proposed Upper’s
Quarry (Site).

The Level 1 and 2 Water Report and Maximum Predicted Water Table Report (WSP,
October 2021) were submitted as part of the ARA Licence Application package in 2021.
A number of comments related to the reports were provided by the Joint Agency Review
Team (JART) in their correspondence dated August 23, 2022. Comments from the peer
reviewer (Terra-Dynamics Consulting Inc.) and Niagara Peninsula Conservation Authority
(NPCA) staff related to the Level 1 and 2 Water Report are provided in Appendix 4 of the
JART correspondence and reproduced below in blue font. WSP responses to the
comments are provided.

A number of tables and figures from the Level 1 and 2 Water Report have been revised

as part of this response to comments. References to this appended material are also
provided in the response to comments below.

WSP Canada Inc.



PEER REVIEW COMMENTS (TERRA-DYNAMICS CONSULTING INC.)

1. S.3.1Field investigations — The field investigations followed standard acceptable industry practice,
however it is recommended borehole logs that are final have the “draft” watermark removed in the
report.

Agreed. Finalized borehole logs (i.e., Appendix C-1) are appended to this memorandum.
2. S.3.1.1 Water Quality:

a. The summary of the 2019 PW1 Pumping Test Discharge as presented on page 55 of Section 4.1.2.2
utilizes values from four different sample dates without explanation of presentation (e.g. pH and
calcium from February 22, 2019, hardness, chloride, sodium, boron and iron from February 23, 2019,
sulphate and alkalinity from February 24, 2019 and hydrogen sulphide from February 26, 2019),
please clarify the data selection procedure for this table.

The table from page 55 of Section 4.1.2.2 is reproduced below. The values included in the column representing
the 2019 PW1 Pumping Test Discharge are the median concentrations of the seven (7) samples obtained during
the pumping test, as shown in Table D.7.2. The column title has been clarified as “median” in the reproduced
table below.
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2019 PW1 Baseline Median
Pumping DeCew /
Parameter PWQO Test Surface | Contact Shallow | Goat Island Rochester
Discharge Water Aquifer Iiedrpck Member | mation
Median quifer Bedrock Bedrock
General Parameters
pH (lab) (pH units) 6.5—8.5 7.52 7.98 7.90 7.64 752 6.68
Total Dissolved Solids -- 273 982 951 13,200 127,500
Total Suspended Solids <2-14 27 - - - -
Hardness 824 215 710 730 3,500 44,000
Turbidity (@) Visually clear 32 - - - -
Hydrogen Sulphide (undissociated) 0.002 3.7 -- <0.005 0.9 0.6 1.8
Major lons
Chloride 150 85 46 74 9,000 75,500
Sulphate 352 68 240 310 780 1,000
Alkalinity (b) 443 125 440 420 230 99
Calcium 188 55 98 140 950 9,350
Magnesium 88 17 110 91 270 4,850
Sodium 80 53 65 47 3,600 29,500
Potassium 4.0 4.0 3.2 3.1 51 435
Nutrients
Nitrate - 0.4 0.3 <0.1 <0.1 <1
Un-ionized Ammonia 0.02 <0.001 <0.001 - - - -
Total Phosphorus 0.03 - 0.14 0.80 0.07 0.30 0.40
Metals *
Aluminum 0.075 <0.01 0.009 0.006 <0.005 <0.005 <0.175
Boron 0.2 0.15 0.03 0.04 0.06 0.92 3.2
Total Chromium 0.0089 <0.001 <0.005 <0.005 <0.005 <0.025 <0.175
Cobalt 0.0009 <0.0002 0.0009 <0.0005 <0.0005 <0.0025 <0.0175
Copper 0.005 <0.001 0.0054 0.001 <0.001 <0.005 <0.035
Iron 0.3 0.73 2.15 <0.1 <0.1 <0.5 1.3
Lead 0.025 <0.001 0.0013 <0.0005 <0.0005 <0.0025 <0.0175
Molybdenum 0.04 <0.005 0.0008 0.0032 <0.0005 <0.0025 <0.0175
Nickel 0.025 <0.005 0.004 0.001 <0.001 <0.005 <0.035
Uranium 0.005 -- 0.0008 0.0091 0.0018 0.008 <0.0015
Vanadium 0.006 <0.001 0.0030 0.0014 <0.0005 <0.001 <0.0175
Zinc 0.03 <0.01 0.010 0.011 <0.005 <0.025 <0.175
Notes: Concentrations in mg/L unless otherwise noted.

PWQO - Provincial Water Quality Objectives (MECP 1994 and updates)

Shaded values exceed the PWQO.

(a) Turbidity does not have a firm objective

(b) Alkalinity should not decrease by more than 25% of the natural concentration

* Total metals concentrations shown for 2019 pumping test and baseline surface water median; dissolved
metals concentrations shown for baseline groundwater median.
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b. The Provincial Water Quality Objective for nickel of 0.025 pg/L is missing from surface water quality
table criteria, please add and discuss any exceedances (MECP, 1994).

Agreed. Table G-1 has been revised to include the PWQO for nickel, please see attached. Only one (1)
exceedance of the nickel PWQO was observed during the baseline monitoring period, at DP1 on May 1, 2017.
This single exceedance suggests that locally, background nickel PWQO exceedances in surface water are not a
widespread or continuous water quality concern.

3. S.3.1.2 Groundwater Levels:

a. The water levels at groundwater monitoring wells MW5A-GP and MW5AR-GP are different by
approximately 3-4m. Is the difference between the two monitors believe related to gas production
or another cause?

Natural gas has been observed at both MW16-5A and MW16-5AR, although qualitatively, a greater amount of gas
has been noted by WSP at MW16-5AR. We are unable to provide a definitive conclusion as to the difference in
water levels between these two wells based on the available data. However, we would agree that a greater rate
of natural gas infiltration to MW16-5AR could be the cause of the elevated water levels. The seasonal water level
pattern at MW16-5AR is similar to that of MW16-5A, albeit at a higher elevation.

b. Also,itis recommended a different colour line be used for one of the Gasport monitors on Figure E-
6 in order to distinguish between locations (Groundwater Hydrograph for Well Nest MW16-5).

Agreed. Figure E-6 has been revised to distinguish the graph colours for MW16-5A and MW16-5AR, please see
attached.

c. lItisrecommended, if appropriate, that MW16-6A be listed in Section 2.5.2.4 (Page 30) as having
slow water level recovery inhibiting specific interpretation.

Agreed. The third paragraph of Section 2.5.2.4 (on page 30) should be revised as follows (underlined for
emphasis):

“The majority of the deep bedrock aquifer wells show no response to precipitation events. Long recovery periods
of a year or more following sampling are observed at most wells. Following the April 2018 sampling event,
groundwater levels in most deep bedrock aquifer wells appear to have stabilized to static conditions and indicate a
muted response to seasonal fluctuations observed in the overlying hydrostratigraphic units. Slow water level
recovery at MW16-6A, MW16-9A, MW16-10A and MW16-13A inhibits specific interpretation with the available
data set.”

d. Itisrecommended to fix what appears to be a typographical error (page 33, Section 2.5.3.1,
underlined added here for clarity): “These observations show that an upward vertical gradient
between the contact aquifer and the Existing Watercourse exists at MW16-16/DP3 near the south
end of the Site, except for the summer months when an upward hydraulic gradient occurs.”

Agreed. The last sentence of the second paragraph of Section 2.5.3.1 (on page 33) should be revised as follows
(underlined for emphasis):
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“These observations show that an upward vertical gradient between the contact aquifer and the Existing
Watercourse exists at MW16-16 / DP3 near the south end of the Site, except for the summer months when a
downward hydraulic gradient occurs.”

4. S. 3.1.3 Surface Water — The calculation of 35 mm/year of runoff at SW1 for 2017 (page 13, Section
2.3.1) is incredibly low compared to existing reporting for the area (e.g. 288 mm/year and 196
mm/year for NPCA catchments BDSC_BRDC_W100 and W200, respectively, AquaResource Inc. and
NPCA, 2009). Itis acknowledged that WSP has already provided clarification by email to Terra-
Dynamics of the surface water flow measurement challenges at this station that may have
erroneously influenced calculation of flows from stage measurements (WSP, 2022). It is
recommended that this value be removed given it appears unrealistic. It is also consequently
recommended the analyses in the second last paragraph of Section 2.3.1 with respect to Site
recharge rates in 2017 be reworded based on removal of this low value.

Agreed. The fourth paragraph of Section 2.3.1 (on page 13) should be revised as follows (underlined for
emphasis):

“Station SW1 monitors flow along Beaverdams Creek from the east of the Site. None of the flow passing though
this station originates from the Site itself, and this station is considered a background / upstream monitoring
station for the Beaverdams Creek reservoir / wetland complex present to the north of the Site. The catchment
area for this upstream station is approximately 3.26 km2. The hydrograph on Figure E-26 shows that flow within
this upstream branch of the Beaverdams Creek is intermittent, with flow occurring only following large precipitation
or melt events. During 2017, the estimated total flow at SW1 is approximately 112,844 cubic metres (m?), with
daily average flow rates ranging between 150 L/s to no measurable flow. When the catchment area is
considered, this results in a total runoff of 35 mm/year. As shown on Table I-12, the estimated water surplus
during 2017 is about 474 mm. Therefore, a runoff coefficient of 7% is calculated for 2017. It is noted that the
calculated runoff appears to be erroneously low compared to published NPCA values, which WSP attributes to
underestimation of flows measured in the field due to the presence of thick vegetation in the creek. Therefore,
this calculated runoff value is not considered further in the analysis.”

Furthermore, the second last paragraph of Section 2.3.1 (on page 15) should be revised as follows (underlined
for emphasis):

“It is noted that the published runoff values for the study area (AguaResource Inc. and NPCA, 2009) range
between 196 mm/year and 288 mm/year. Excluding the erroneous value calculated for SW1, the 2017 runoff
amounts calculated for the SW2, SW3 and SW4 catchment areas are between 114 mm/year and 317 mm/year,
similar to the published range.”

5. S. 3.2 Identification of Features — features were adequately identified. However, it is recommended
a. Figures 16 through 21 not truncate well identifiers;

Agreed. Figures 16 through 21 have been revised, please see attached.
b. References to the ‘Brown Road Landfill’ (Sections 2.4.1, Table C-2, Figure 8 and Figures H-1 and H-

4) be changed to the ‘Cytec Canada Inc. Welland Plant Site’, as the ‘Brown Road Landfill’ is only a
small part of that site; and
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Agreed. Figures 8, H-1 and H-4 and Table C-2 have been revised, please see attached. In addition, references
to “Brown Road Landfill Site” (two in Section 2.4.1 on page 16 and one in Section 2.4.2.1 on page 19) should be
revised to read “Cytec Canada Inc. Welland Plant Site”.

c. Section H.4.3.1, 3rd paragraph reference Figure 9, not Figure 8, with respect to the Welland Canal.

Agreed. The first sentence of the third paragraph of Section H.4.3.1 (on page H-13) should be revised as follows
(underlined for emphasis):

“The Welland Canal is located west of the Site and is shown on the conceptual east-west cross section (Figure 9
of the main report).”

6. S. 3.3 Monitoring, Trigger Mechanisms and Contingency Plans — The proposed groundwater
monitoring and response program is acceptable:

a. However, itis recommended that clarification be provided with respect to the specific meaning of
the columns “Interpolated” and “Predicted” on Tables 2 and 3 as it is not clear.

Interpolated available drawdown was defined earlier in Section 2.5.4.5 (on page 42), but we agree that a
reference should have been included in Section 5.2.2 for improved clarity. The interpolated available drawdown
in the shallow and deep bedrock aquifers was calculated using ArcGIS by subtracting the elevation of the
interpolated lower contact of the Gasport member bedrock from the potentiometric surface elevation shown on
Figure 15. The interpolated available drawdown is shown in Figure 24.

The predicted available drawdown was defined in Section 4.1.1.1 (on page 51), and again, we agree that a
reference should have been included in Section 5.2.2 for improved clarity. Numerical groundwater modeling was
completed to simulate the predicted available drawdown in the shallow and deep bedrock aquifers as a result of
the proposed quarry dewatering during the drier summer and fall months as shown on Figure 26.

Both the interpolated and predicted available drawdown from Figures 24 and 26 are provided for each well
location included on Tables 2 and 3.

b. Also, itis acknowledged that WSP (2021a) has stated that “There is currently limited continuous
water level data for most private wells”, but a specific reason was not provided for the
discontinuous hydrographs for private well monitoring locations R1, R2, R3, R4 and R7. Please
clarify if these locations are still appropriate for listing on the Proposal Monitoring Program (Table
1) given collection of baseline background water levels appear incomplete.

We can confirm that R1, R2, R3, R4 and R7 are still equipped with data loggers and are included in the on-going
monitoring program. Data logger downloads were only completed at R5, R6, R8 and R12 in July 2020, during the
early portion of the Covid-19 pandemic. Data loggers were not downloaded at the remaining private wells at that
time in order to limit potential contact between WSP staff and the well owners. The most recent download of all
residential wells was completed in August 2022.

NPCA STAFF COMMENTS

7. Section 2.5.3 Groundwater / Surface Water Interaction — The NPCA offers no objection to the
conclusion that the site’s surface water features are underlain with a thick layer of silt and clay. As
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such, the surface water features are not anticipated to be impacted by the quarry dewatering as there
is minimal groundwater/surface water interaction occurring.

Acknowledged.

8. Section 2.5.3.1 Existing Watercourse and Associated Wetland Complex — The NPCA offers no
objection to the conclusion that the site’s surface water and wetland features are underlain with a
thick layer of silt and clay. As a result, there is minimal groundwater/surface water interaction
occurring in these features.

Acknowledged.

9. Section 2.6.1 Groundwater Quality — The NPCA offers no objection to the characterization of the
quality of the groundwater in the area. Within the shallow overburden, groundwater is fresh and
similar in quality to precipitation. Within the bedrock aquifers, the groundwater varies between fresh
and sulfur type waters.

Acknowledged.

10. Section 2.6.3 Surface Water Quality — The NPCA offers no objection to the conclusion that the
ambient surface water quality is generally in poor condition and is typically turbid with elevated
nutrient loads.

Acknowledged.

11. Section 3.1 Proposed Development Phases — The NPCA has no general objection to the proposed
phasing of this development.

Acknowledged.

12. Section 4.1.2.1 Impact Assessment Surface Water Flow — The NPCA understands that during the
quarry’s operational life approximately 50L/s (4,268 cubic meters/day) will be discharged from the
quarry into the receiving watercourse. The NPCA will require that an erosion assessment be
undertaken in order to determine the impact of these discharge rates and volumes on the receiving
watercourse.

The impacts of future quarry discharge on erosion in the designed watercourse channel are addressed by others
(Stantec) in the report accompanying the Licence application.

13. Section 4.1.2.2 Impact Assessment Surface Water — The NPCA has no objection to the comparison
between the quality of the surface water and the local groundwater regime. Staff note that the
groundwater contains elevated levels of Hydrogen Sulphide.

Acknowledged.
14. Section 4.1.2.2 Impact Assessment Surface Water — Staff have no objection to the conclusion that the

proposed quarry discharge into the existing watercourse is predicted to generally improve the
surface water quality in the watercourse downstream of the site. However, NPCA staff still remain
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concerned about the ability of this development to mitigate the elevated levels of Hydrogen Sulphide
prior to discharge into the watercourse.

Acknowledged.

15. Section 4.2 Final Rehabilitation Conditions — NPCA staff offer no objection to the proposal that the
quarry be rehabilitated as a series of lakes from an engineering perspective.

Acknowledged.

16. Section 5.1 Proposed Monitoring Program — NPCA staff have no objection to the proposed
monitoring plan as described in Table 1 and Figure 29. However, with respect to preventing elevated
levels of Hydrogen Sulphide from being discharged for a prolonged period of time into the existing
watercourse, Staff would recommend that the Quarry Sump Discharge be sampled at least once a
week for this parameter.

Paragraph 7 of Section 5.4 (on page 67) outlines the quarry discharge trigger mechanism with respect to
hydrogen sulphide. Routine monthly sampling is recommended, with weekly confirmatory sampling completed in
the event of a trigger exceedance. This proposed routine sampling frequency for hydrogen sulphide is consistent
with the Environmental Compliance Approval for Industrial Sewage Works (ECA) no. 4148-89YHGE for the
closest known quarry where hydrogen sulphide is included as a trigger for quarry discharge.

17. Section 5.4 Discharge Trigger Mechanism and Contingency Plan:
a. NPCA has no objection to the proposed trigger concentrations.
Acknowledged.

b. Staff recommend that the trigger mechanism for total phosphorus be added. The trigger
concentration should be that the quarry discharge concentration be less than the concentration in
the watercourse upstream of the quarry.

We agree that the proponent should monitor and report on total phosphorus in quarry discharge as per the future
Site ECA. We are, however, unaware of any other operating pit or quarry on the Niagara peninsula that has a
discharge trigger for total phosphorus as a condition of licence. Given that the upstream and downstream total
phosphorus concentrations in the Existing Watercourse, Beaverdams Creek and the Welland Canal south turn
basin surface waters generally exceed the Provincial Water Quality Objective (PWQO), we would recommend that
total phosphorus not be included in the proposed trigger mechanism for quarry discharge. Because of their
ubiquitous nature on the Niagara peninsula, concerns over total phosphorus concentrations should be addressed
on an annual basis as part of the proposed routine long term hydrogeological monitoring.

c. Should monthly sample results indicate exceedances above the trigger criteria, staff would
recommend that weekly sampling be initiated until all parameter concentrations fall below the
trigger thresholds.

Agreed. Paragraph 5 of Section 5.4 (on page 66) should be modified as shown below (underlined for emphasis):

“The monthly sump discharge sample results will be compared with the background conditions in the Existing
Watercourse (station SW3) and Beaverdams Creek (station SW1). If parameter concentrations in the sump
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discharge exceed the above trigger concentrations without a corresponding exceedance in the background
surface water, then weekly sampling of the quarry sump will be initiated. Weekly sampling will continue until less
thantwe parameter concentrations in the sump discharge exceed fall below any trigger concentrations.”

d. After 4 weeks of exceedances of the pH, TSS, and oil/grease trigger thresholds, this would initiate
a review and redesign of quarry discharge concentrations. There is no timeline provided for
implementing these changes. The NPCA recommends adding a timeline and the immediate
reduction in quarry discharge until the issue is addressed.

Agreed. Paragraph 6 of Section 5.4 (on page 66) should be modified as shown below (underlined for emphasis):

“If weekly sampling is required for a period of more than four (4) weeks, contingency measures would be
implemented to reduce concentrations in the future quarry discharge within four (4) weeks of receipt of the
laboratory results confirming a fourth consecutive trigger exceedance. Trigger exceedances for pH-FSS-and-total
oil-and-grease all trigger parameters would initiate a review of the design and operation of the quarry discharge
system. Where required, improvements would be made to reduce discharge concentrations.”

e. After 4 weeks of exceedances of the Hydrogen Sulphide trigger threshold, the NPCA recommends
that this should initiate a review and redesign of quarry discharge concentrations. There is no
timeline provided for implementing these changes. The NPCA recommends adding a timeline and
the immediate reduction in quarry discharge until the issue is addressed.

Agreed. Please refer to the response to comment 17 (d) above.
18. Other General Comments:

a. The “study area” needs to be defined as it appears to different than the “site area”. This is
important because NPCA ambient monitoring is mentioned study area sections 2.6.1 and 2.6.3 and
it’s not clear what is being referred too.

The study area is defined in Section 1.3 (on page 3), reproduced below for clarity.

“The study area extends to the Niagara Escarpment brow to the north, the Queenston-Chippewa Power Canal to
the east, the Welland River to the South, and the modern Welland Canal to the west. This area roughly coincides
with the extent of Figure 1.”

b. Section 2.6.1 Groundwater Quality — This section mentions that the NPCA has completed “on-
going ambient monitoring”. While the NPCA does have ambient groundwater monitoring program
throughout its watershed jurisdiction, there is no NPCA monitoring near the study area of the
proposed work. This report should include the monitoring NPCA sites/data that are relevant to
this study. NPCA is willing to provide any groundwater data from it’'s ambient monitoring program
to assist.

The text included in the Level 1 and 2 report was a general comment on the regional groundwater quality, rather
than refer to specific monitoring stations operated by the NPCA. The second paragraph of Section 2.6.1 (on
page 43 of the Level 2 report) was intended to reference Section 2.4.1 (on page 25) of the Updated Assessment
Report for the Niagara Peninsula Source Protection Area (2013). This section notes that NPCA operates 15
monitoring wells as part of the Provincial Groundwater Monitoring Network (PGMN), as shown in Figure 2.11 of
the Updated Assessment Report. Figure 2.11 indicates that there are four (4) PGMN wells situated in relatively
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close proximity to the study area (GA-356-A, GA290, GA362-A and GA362-B). Nonetheless, we propose that the
second paragraph of Section 2.6.1 should be modified as shown below (underlined for emphasis):

“On-going monitoring of ambient groundwater quality has been completed by NPCA. Withinthe-study-area At
various locations throughout the Niagara peninsula, ambient groundwater quality for the contact and shallow
bedrock aquifers generally meets Ontario Drinking Water Quality Standards (ODWQS) (MECP 2006 and updates)
for parameters with health-related standards. Exceptions include sporadic exceedances of some dissolved
metals concentrations. Agricultural and / or septic system impacts are also observed regionally, resulting in
elevated nitrate concentrations in the groundwater.”

c. Section 2.6.3 Surface Water Quality- This section also mentions that the NPCA has completed “on-
going ambient monitoring”. It would be helpful to include the NPCA monitoring sites/data or
reference to provide context. The NPCA currently has two ongoing water quality monitoring
stations in the Beaver Dams/Shriner Creek watershed. The Beaver Dams Creek station is located
on the west side of the canal and rated as “Fair” water quality using Canadian Water Quality index
based on the last five years (2020-2016) of data. The Shriners Creek station is located on Thorold
Stone Road just west of Kalar Road as rated as “Poor” water quality using again Canada WQlI
(2020-2016 - 5 yrs of data). There is also historic NPCA data (2008-2010) that was generated from
the Beaver Dams/Shriners Creek watershed study may provide additional background watershed
information. Both of these data sets are available from the NPCA.

The text included in the Level 1 and 2 report was a general comment on the regional surface water quality, rather
than refer to specific monitoring stations operated by the NPCA. The second paragraph of Section 2.6.3 (on
page 44 of the Level 2 report) was intended to reference Section 2.3.5 (on page 24 of the Updated Assessment
Report), in particular, paragraph four. The stations referenced in this section are spread throughout the entire
Niagara peninsula as shown in Figure 2.10 of the Updated Assessment Report. Therefore, we propose that the
second paragraph of Section 2.6.3 should be modified as shown below (underlined for emphasis):

“On-going monitoring of ambient surface water quality has been completed by the NPCA. Withinthe-study area
At various locations throughout the Niagara peninsula, results from over two-thirds of the surface water quality
stations operated by the NPCA suggest surface water conditions are poor or impaired, and only 5% of the stations
regularly indicate good conditions. The main contaminants of concern are total phosphorus, E. coli, suspended
solids and chloride, originating from sources including agricultural activities, poorly maintained septic systems,
road salting activities and untreated stormwater runoff from urban areas.”

The 2008-2010 Beaverdams Creek / Shriners Creek surface water results were provided by NPCA to WSP
following the JART meeting of May 2022. These data can be incorporated into future reports.

d. Section 5.4 Discharge Trigger Mechanism and Contingency Plan - NPCA staff would recommend
that dissolved oxygen be considered as trigger owing to the potential present of hydrogen
sulphide in dewatering discharge. The NPCA has observed DO depletion in watercourses
downstream of sulphur springs in the Hamilton portion of the NPCA watershed. DO
concentrations should meet PWQO before quarry discharge into the receiving watercourse.

Similar to our response to comment 17 (b) above, we agree that the proponent should monitor and report on
dissolved oxygen in quarry discharge as per the future Site ECA. We are, however, unaware of any other
operating pit or quarry on the Niagara peninsula that has a discharge trigger for dissolved oxygen as a condition
of licence. We would recommend that dissolved oxygen not be included in the proposed trigger mechanism for

Page 10
H:\Projects\2016\161-11633 Uppers Lane\03 20211100 HydroG Consult\WP\Response to Comments\JART Comments - 23-Aug-2022\Uppers - WSP Response to JART Hydrogeology Comments - Sept 2022.docx



quarry discharge. Concerns over dissolved oxygen concentrations should be addressed on an annual basis as
part of the proposed routine long term hydrogeological monitoring.

e. Staff note that the closest NPCA monitoring well to the site is located at Baden-Powell Park.
Annual geochemistry and hourly water level elevation data is available as far back as 2015 if there
is interest. The data from the Baden-Powell NPCA monitoring well appears to be consistent with
the groundwater elevation and chemistry data findings of the report.

Acknowledged.

f. Under Section 2.5.4- NPCA staff agree that the water levels within the Welland Canal that supply
the DeCew Falls Water Treatment Plant will not be impacted by the proposed quarry dewatering.

Acknowledged.

g. Under Section 2.5.4.4 — NPCA staff agree that they have identified the groundwater takings
surrounding the site that likely have had an impact on the regional potentiometric surface,
including the lesser-known impacts from the Welland Canal tunnel dewatering.

Acknowledged.

CLOSING

We trust that the responses to comments above meet your expectations. Please contact us if you have additional
questions or concerns.

Yours truly,
WSP Canada Inc.

L/,‘ e?% Dm’,fﬁ

Leigh Davis, M.A.Sc., P.Eng. Kevin Fitzpatrick, P.Eng.
Project Engineer, Earth & Environment Senior Project Engineer, Earth & Environment

Attachments: Figure 8 — Conceptual Regional North-South Cross Section (Revised)
Figures 16 through 21 — Potentiometric Contours (Revised)
Appendix C-1 - Borehole Logs (Finalized)
Table C-2 — Off-Site Well Details (Revised)
Figure E-6 — Groundwater Hydrograph for Well Nest MW16-5 (Revised)
Table G-1 — Surface Water Chemical Results (Revised)
Figure H-1 — Model Domain Grid (Revised)
Figure H-4 — Recharge Zones (Revised)

Page 11
H:\Projects\2016\161-11633 Uppers Lane\03 2021\100 HydroG Consult\WP\Response to Comments\JART Comments - 23-Aug-2022\Uppers - WSP Response to JART Hydrogeology Comments - Sept 2022.docx



ELEVATION (m ASL)

SOUTH —= LOOKING WEST = NORTH
200 L O _200
CYTEC CANADA INC.
WELLAND PLANT SITE NIAGARA FALLS B SITE LOCATION N WAI THOROLD SITE
l< MORAINE - - | —
B S AU TSP P TR PUPR % -
2 4 z a
2 8 8 3 w <
190 — - O e T DLl e @ <Zt ........................................................... <Q( .................................. 8 ................................................................................................... 190
¥ | 3 @) — o) w
X u = T o (4 z
o) 4 O > O
o o I - n () Pt
JE X S T e U Z. Dz § ................................. 5 S —
o = | =] o) [a)]
> w - 4 —
)] a w O
9] o | > x
180 —----- E‘é ......... 6 ....................................................... 5 .................................. % ............................................................................................... 180
) | ) =
T S S PRI | B ” ........... | T -
70— b TSI LI SR AL RS ARL SR S AL A LA AL AL S A ” ...... ” ........... I/ .......... \\ ........................ pu—— —170
+
I
e B N N N N N N U URUUPNPIN o UUURPURVRPURROPIRRRRRRY DUPROPRE. o A S PN TR N L
/H' I —
| —
Il | -
QOO — -+ RO e I/ ..................................................... —160
/
e | g _
I R T o SO USSP OO OO RPRRRURUUU o UDPRDIDRPRORRPRRRRIRRRY NUSDIRIOY | DDRNNS | E-rtiOey L L 7
7~ A | <
P 11 | -~ Zz
150 — NSNS ES AN e R @ N T e ” .................................. SE o RLIRTERTERTE —150 o
L 7R | — — =
| — — <
B N (U S - USROS UUUURNUVPURRRNRUPRRR-DUPPURNY | FUPPRRURRRRY uTU T, - u
J_Il/ - m
/
g -
Q4O — - O T TN / ......................................................................................................................................................... —140
e GASPORT / DECEW CONTACT
'n_: PROPOSED QUARRY DEPTH
B TR P TP = 8 T @ o I Tt T TN L
/
— é
1 30 —_ / ................... g0 TS0 T S _1 30
| — - _—
/
/
e e T N T e S PP P PP P T L
/ /
/ /
— — LEGEND
120_ ....... / .......................................................................................................................................... _120 CONCEPTUAL REGIONAL
L EXISTING GROUND SURFACE ELEVATION NORTH-SOUTH CROSS SECTION
W T e R T - o 0P OF BEDROCK ELEVATION LEVEL 2 WATER REPORT
— PROPOSED UPPER'S QUARRY
110_ .................. // .......... P / .................................................................. _110 —  — INTERPOLATED STRATIGRAPHIC CONTACT THOROLD / NlAGARA FALLS’ ON
— —
o / - For Walker Aggregates Inc.
T T AN — DATE:
— SEPTEMBER 2022
_ WSI))
PROJECT:
Q00 — / ................................................................................................................... L—100 161-11633-00
HORIZONTAL SCALE: HORIZONTAL SCALE: 55 KING STREET, SUITE 700
0 650 1300 m 1:32,500 | 1 oosasior|r e0sesr17ra wmuspcom
' ' ' DRAWN BY: FIGURE No:
NOTE: 70X VERTICAL EXAGGERATION JLD 8

H\PROJECTS\2016\161-11633 UPPERS LANE\00\03 LEVEL 2 HYDROG\GRAPHICS\SEPT 2022 REVISIONS\161-11633-3-F8-CS.DWG



MW16-80B
183.28
had

SW3
179.80

~ N

/

/V\,J//f’\ (/\/\ 0
/173.49 .
{Z \\/ = 4
J \ )[a/_\\\
Q\/\\ BEAVERDAMS CREEK D o b
N\ SW1 Y04 S oy
(DRY) 7\ BEAVERDAMS ROAD
@ MW16-100B o \ Nl
179.74 DP5 - -
DP2 (DRY) o a FF
DRY R s —- \
=R 6505 MwW11-308R ! —
= * MW16-190B 177.39
y T 176,60
4 ) 175.39 N |
l e/ |\
e AL S 8 '
2 l'% MW11-40B  \/ & 178
O .
MW16-180B
| s 175.89 2 . .
\ o 12
\ I l 2, S MW16-608B 2
> - <
i¢lMW16—11 Kt ) 180.2077 . ¢
MW17-23SP @ . |179.92 = SW2
180.69 780 1 L — (DRY)
; MW16-9SP ' 1'% 5 o) e = \
\/\rMW17-23OB 180.77 l h © — = S |
177.68 MW16-90B — SW4 + D !
A" — 3 (DRY)~ N ]
177.84 IMW16 12 NE | .
- \SLP\ — o £ 15 e
DP7 18175 \\ ,\ppER @ i dags
(DRY) 57 Z A | \\
MW17-22SP N~ = — S > | A
& 18253 X 3 & \ ‘ 2
|v|w17-2zoBI , Z | ! e
181.92 5 | x
e N 7 w
283 el 1] ,\ g | 2
S [ emw16-1308 R M <
Tl 18260 4 < mwii208/ .4 )
z | P 182.32 @ z MW17-20SP < DP6
= | MW16-17 vg‘“ <183.50 (DRY)
= l 17649 @1~ B B e F mwi7-2008
\ ol —— = =1 <181.30 FERNWOOD WOODLOT
[ A= — s = =7 a PARK
B MWV16-14L e e o= =222 — 2 2
7 /18116 ~ o P e ) .
MW17-21SP .
183.99 A | /// 8 Al A ,9 —
MW17-210B / [ DP4 16708 3 - S )
183.31 I | (DRY) ’6‘177_11 _J% FERNWOOD o QQ = o A
g O
| = .
e B 4 SUBDIVISION 52—
g k3

a0

LEGEND

== e==.== S|TE BOUNDARY

— — — PROPOSED LIMIT OF EXTRACTION
—————— REALIGNED WATERCOURSE SETBACK
ADDITIONAL LANDS OWNED BY WAI
APPROXIMATE LAND PARCELS

I:I WOODLOT

WETLAND

DESIGNATED PARK AREA

— —~__ SURFACE WATER COURSE

GROUND SURFACE CONTOUR, 5 m INTERVAL
GROUND SURFACE CONTOUR, 1 m INTERVAL
FENCELINE

UTILITY LINE

wwi1-108< MONITORING WELL LOCATION AND
DESIGNATION

DP1 H DRIVEPOINT LOCATION AND DESIGNATION
SW1 A STAFF GAUGE LOCATION AND DESIGNATION

179.31 GROUNDWATER ELEVATION,
OCTOBER 1, 2017 (masl)

INTERPOLATED POTENTIOMETRIC

179" CONTOURS (mas))

e~ |INFERRED GROUNDWATER FLOW DIRECTION

AREA OF INFERRED GROUNDWATER
DISCHARGE TO EXISTING WATERCOURSE

0 180
1

3(‘|30 m

CONTACT AQUIFER
POTENTIOMETRIC
CONTOURS - OCTOBER 2017

LEVEL 2 WATER REPORT
PROPOSED UPPER'S QUARRY
THOROLD / NIAGARA FALLS, ON
For Walker Aggregates Inc.

DATE:
SEPTEMBER 2022 \ \ \ )
PROJECT:
161-11633-00
SCALE: 55 KING STREET, SUITE 700
1:9,000 ST. CATHARINES, ON L2R 3H5
T 905-687-1771 | F 905-687-1773 | www.wsp.com

DRAWN BY: FIGURE No:

JLD 1 6

H:\PROJECTS\2016\161-11633 UPPERS LANE\00\03 LEVEL 2 HYDROG\GRAPHICS\SEPT 2022 REVISIONS\161-11633-3-F16-GW.DWG



MW17-23SP
180.24
MW17-230B

\/\r
179.16

” @ MW16—1QOB\
F 17609 % N
> \) ®
X ety
B = p—
\ \’lg

L
] BEAVERDAMS CREEK N ol
A =
N SW1 O
(DRY) 7\ BEAVERDAMS ROAD
D -
DP5

DP2 17848\ k\—? =,
175.02 B Sy i A S — -

X TS MW16-508— w0 SR

178.39 17788 |
178

\

MW16-80B
185.47
had

|
. 181, MW16-180B-& ]
I L,{ 17629 |2
I 213\ E
. I | © E\
| ) = > >\ - s
SIMW16-11B ) >
|181.78
@ et \ \
MW16—98F’/ T 762 o)
180.36 !\l \ ‘ Swa
MW16-90B ,qa=T] N o
Q17964 Sl IMwWA16-12, ANE N '
| oer / l183.40 |\ Y oPER
182.32 |: L W o
MW17-22SP -~ X==
—
18342
A7 Mwi17-2208
183.45 | S
1\85 %! | .//
| ${MW16-130B
wl 184.52
%- 1 MW16—17\$
°
= )
7 /. 8
MWA17-215P T
185.09 /A )
MW17-210B o
185.18 z

K

[ 1
1 [ w
’ I 1T 1 Fm
8 o 9 o
= v 2 < Y -
g i%l 0\ u]
H MW16-16 @M
lo'Mwii108 178.537
i 1180.50 o~y

LANE

SW3
179.78

~ N

MW17-20SP m| DP6
184.35 ¥ 186.18
F mwi17-2008

183.11

T

N

o P \

[m]

L Tul
T
-/

FERNWOOD WOODLOT

PARK

GARNER ROAD

LEGEND
== e==.== S|TE BOUNDARY
— — — PROPOSED LIMIT OF EXTRACTION
—————— REALIGNED WATERCOURSE SETBACK
ADDITIONAL LANDS OWNED BY WAI
APPROXIMATE LAND PARCELS

|:| WOODLOT

WETLAND

DESIGNATED PARK AREA

—__ SURFACE WATER COURSE

GROUND SURFACE CONTOUR, 5 m INTERVAL
GROUND SURFACE CONTOUR, 1 m INTERVAL
FENCELINE

UTILITY LINE

MONITORING WELL LOCATION AND

MW11-108 9 e SIGNATION

DP1 B DRIVEPOINT LOCATION AND DESIGNATION

SW1 A STAFF GAUGE LOCATION AND DESIGNATION

179.31

GROUNDWATER ELEVATION,

MAY 1, 2018 (masl)

—179— INTERPOLATED POTENTIOMETRIC
CONTOURS (masl)
e [NFERRED GROUNDWATER FLOW DIRECTION

AREA OF INFERRED GROUNDWATER
DISCHARGE TO EXISTING WATERCOURSE

0 180 360 m
1 ]

CONTACT AQUIFER
POTENTIOMETRIC
CONTOURS - MAY 2018

LEVEL 2 WATER REPORT
PROPOSED UPPER'S QUARRY
THOROLD / NIAGARA FALLS, ON
For Walker Aggregates Inc.

DATE:
SEPTEMBER 2022 \ \ \ )
PROJECT:
161-11633-00
SCALE: 55 KING STREET, SUITE 700
1:9,000 ST. CATHARINES, ON L2R 3H5
T 905-687-1771 | F 905-687-1773 | www.wsp.com

DRAWN BY: FIGURE No:

JLD 1 7

H:\PROJECTS\2016\161-11633 UPPERS LANE\00\03 LEVEL 2 HYDROG\GRAPHICS\SEPT 2022 REVISIONS\161-11633-3-F17-GW.DWG



@ MW16-10B
176.39

,F———— A —— —

e T MW A6-5B

& MW16-19B 1
175.92
/
176
. —MW16-185-
| I L= 17611 -
— . . Pl
M &
. C
S 3
\ . I ll %
| | “
MW17-23B | . [
176.45 U 5
I \ R
L b A
\ — .’.
@ MW16-9B I N ME == S
176.74 | \ o\ =" %
® Pl e )
MW17-22B l—,/.,-"/r — =
176.71 = P
."BH03-2B  / <
all 176.62 z
6( o 1 / @
75> el | /7
2l1¢mMw16-13B
S 17670 o
o || %
r—! I : =~
N 72 LI B T gyt
\ \ mm AT T L ==
MW17-21B v
5

7

75.34

ATT
AT
MW16-6B
179.35
- g

Vo

~ N

\ BEAVERDANS CREEK Q

%
=,
=
>
?

<

BEECH

<0

~

[ad]

LANE

MW17-20B ¢
180.38

: J__/ |
<
(@]
o
o
(o]
o
=

a
o

O w0
=)
BEAVERDAMS ROAD

FERNWOOD WOODLOT
PARK

_9(3 ot
FERNWOOD 758 %
SUBDIVISION <

o

GARNER ROAD

o
=‘:IIZI & o

i

[u]

a0

LEGEND

SITE BOUNDARY
— — — PROPOSED LIMIT OF EXTRACTION
—————— REALIGNED WATERCOURSE SETBACK
ADDITIONAL LANDS OWNED BY WAI
APPROXIMATE LAND PARCELS
|:| WOODLOT

~ WETLAND
DESIGNATED PARK AREA
———__ SURFACE WATER COURSE
GROUND SURFACE CONTOUR, 5 m INTERVAL
GROUND SURFACE CONTOUR, 1 m INTERVAL
FENCELINE

UTILITY LINE

MONITORING WELL NEST LOCATION AND
MW11-18 9 DESIGNATION

DP1 B DRIVEPOINT LOCATION AND DESIGNATION

17675 GROUNDWATER ELEVATION,
'® OCTOBER 1, 2017 (masl)

—179— INTERPOLATED POTENTIOMETRIC

CONTOURS (masl)

el INFERRED GROUNDWATER FLOW DIRECTION

AREA OF INFERRED GROUNDWATER
DISCHARGE TO EXISTING WATERCOURSE

0 180 360 m
1 ]

SHALLOW BEDROCK
AQUIFER POTENTIOMETRIC
CONTOURS - OCTOBER 2017

LEVEL 2 WATER REPORT
PROPOSED UPPER'S QUARRY
THOROLD / NIAGARA FALLS, ON
For Walker Aggregates Inc.

DATE:
SEPTEMBER 2021 \ \ \ )
PROJECT:
161-11633-00
SCALE: 55 KING STREET, SUITE 700
1:9,000 ST. CATHARINES, ON L2R 3H5
T 905-687-1771 | F 905-687-1773 | www.wsp.com

DRAWN BY: FIGURE No:

JLD 1 8

H:\PROJECTS\2016\161-11633 UPPERS LANE\00\03 LEVEL 2 HYDROG\GRAPHICS\SEPT 2022 REVISIONS\161-11633-3-F18-GW.DWG



MW17-23B
177.05

\/\’\

\
N
N

@ MW16-10
177.40

\

L

¢ MW16-9B
177.64

—

7
>

N

@ I

MWA17-22B , L~z

17756 = —

Z
%,
779\ \

.“BH03-2B

TOWNLINE ROAD

MW17-21B
179.46

L=< 176.39

\ D
BEAVERDANS

=]
5 CREEK

o o o

— 5 mw11-38R |
177.71
[

g

!;!1
" 18057 9L o2

— -t

|
— ¢ MW16-5B

& MW16-19B 176.02
) 176.37

A10

o —_ "

— MW16-18B @ AT

=21

)\a\dlﬂa\t\l

LANE

~ N

WOOD ROAD

BEECH

MW17-20B ¢
182.93

o \

O w0
=)
BEAVERDAMS ROAD

ol

FERNWOOD 73 ST
SUBDIVISION ¥~

FERNWOOD WOODLOT

PARK

e O;Q

o

oy

GARNER ROAD

=F|E| =)

i

[u]

a0

LEGEND

SITE BOUNDARY

— — — PROPOSED LIMIT OF EXTRACTION
—————— REALIGNED WATERCOURSE SETBACK
ADDITIONAL LANDS OWNED BY WAI
APPROXIMATE LAND PARCELS

I:I WOODLOT

WETLAND

i| DESIGNATED PARK AREA

— ~__ SURFACE WATER COURSE

GROUND SURFACE CONTOUR, 5 m INTERVAL
GROUND SURFACE CONTOUR, 1 m INTERVAL
FENCELINE

UTILITY LINE

MONITORING WELL NEST LOCATION AND
MW11-18-¢ DESIGNATION

DP1 M DRIVEPOINT LOCATION AND DESIGNATION

17675 GROUNDWATER ELEVATION,
' MAY 1, 2018 (masl)
—179— INTERPOLATED POTENTIOMETRIC
CONTOURS (masl)

e INFERRED GROUNDWATER FLOW DIRECTION

AREA OF INFERRED GROUNDWATER
DISCHARGE TO EXISTING WATERCOURSE

0 180 360 m
1 ]

SHALLOW BEDROCK
AQUIFER POTENTIOMETRIC
CONTOURS - MAY 2018

LEVEL 2 WATER REPORT
PROPOSED UPPER'S QUARRY
THOROLD / NIAGARA FALLS, ON
For Walker Aggregates Inc.

DATE:
SEPTEMBER 2022 \ \ \ )
PROJECT:
161-11633-00
SCALE: 55 KING STREET, SUITE 700
1:9,000 ST. CATHARINES, ON L2R 3H5
T 905-687-1771 | F 905-687-1773 | www.wsp.com

DRAWN BY: FIGURE No:

JLD 1 9

H:\PROJECTS\2016\161-11633 UPPERS LANE\00\03 LEVEL 2 HYDROG\GRAPHICS\SEPT 2022 REVISIONS\161-11633-3-F19-GW.DWG




@ MW16-10A
159.94*

¢ MW16-9A
152.03*

TOWNLINE ROAD

T

MW16-8A
169.51
had

i

Al

1

,F————— e —— —

113
A

il

—_—

o

@ MW16-5AR
179.06
AN

\ BEAVERDANS CREEK Q

<0

F

OAD

o
o
o
o
=
I
o
0
o
DG
LANE
'S

~ N

MW17-20A @
178.50

T

0 o=
Ol g o \
{LTal
ek
/.

O w0
=)
BEAVERDAMS ROAD

_hQEJ
FERNWOOD

SUBDIVISION ;55>

v

FERNWOOD WOODLOT
PARK

ot
0 O%
¢ (o
T
o

GARNER ROAD

o
=‘:IIZI & o

i

[u]

a0

LEGEND

SITE BOUNDARY

— — — PROPOSED LIMIT OF EXTRACTION
—————— REALIGNED WATERCOURSE SETBACK
ADDITIONAL LANDS OWNED BY WAI
APPROXIMATE LAND PARCELS

[ ] wooptor

. WETLAND

| DESIGNATED PARK AREA

SURFACE WATER COURSE

GROUND SURFACE CONTOUR, 5 m INTERVAL
GROUND SURFACE CONTOUR, 1 m INTERVAL

FENCELINE

UTILITY LINE

MONITORING WELL NEST LOCATION AND
MW16-7A @ DESIGNATION

176.89 GROUNDWATER ELEVATION,

"~ OCTOBER 1, 2017 (masl)

GROUNDWATER ELEVATION DATA NOT

% AVAILABLE FOR OCTOBER 1, 2017;
DATA FROM NOVEMBER 2, 2017 SHOWN

0 180 360 m
1 ]

DEEP BEDROCK AQUIFER
POTENTIOMETRIC
ELEVATIONS - OCTOBER 2017

LEVEL 2 WATER REPORT
PROPOSED UPPER'S QUARRY
THOROLD / NIAGARA FALLS, ON
For Walker Aggregates Inc.

DATE:
SEPTEMBER 2022 \ \ \ )
PROJECT:
161-11633-00
SCALE: 55 KING STREET, SUITE 700
1:9,000 ST. CATHARINES, ON L2R 3H5
T 905-687-1771 | F 905-687-1773 | www.wsp.com

DRAWN BY: FIGURE No:

JLD 2 O

H:\PROJECTS\2016\161-11633 UPPERS LANE\00\03 LEVEL 2 HYDROG\GRAPHICS\SEPT 2022 REVISIONS\161-11633-3-F20-GW.DWG



@ MW16-10A
150.93

¢ MW16-9A
150.86

TOWNLINE ROAD

T

MW16-8A
150.97
had

i

A=
b

,F————— e —— —

113
A

il

e T T MWAGBAR T _M}

178.57
N

MW16-6A
152.57

7

~ R

O

\ BEAVERDANS CREEK Q

WOOD ROAD

BEECH

[ad]

=]

LANE

MW17-20A @
163.20

F

A

0 o=
Ol g o \
{LTal
ek
/.

O w0
=)
BEAVERDAMS ROAD

FERNWOOD

SUBDIVISION ;55>

ol

v

GARNER ROAD

FERNWOOD WOODLOT
PARK

O

T o)
i & & =

SIERIC)\ A

0
oy

O
g

LEGEND

SITE BOUNDARY

PROPOSED LIMIT OF EXTRACTION

REALIGNED WATERCOURSE SETBACK
ADDITIONAL LANDS OWNED BY WAI
APPROXIMATE LAND PARCELS

WOODLOT

WETLAND

DESIGNATED PARK AREA

SURFACE WATER COURSE

GROUND SURFACE CONTOUR, 5 m INTERVAL
GROUND SURFACE CONTOUR, 1 m INTERVAL
FENCELINE

UTILITY LINE

MONITORING WELL NEST LOCATION AND
MW16-7A @ DESIGNATION
GROUNDWATER ELEVATION,

17689 \1av 1, 2018 (masl)

0 180 360 m
1 ]

DEEP BEDROCK AQUIFER
POTENTIOMETRIC
ELEVATIONS - MAY 2018

LEVEL 2 WATER REPORT
PROPOSED UPPER'S QUARRY
THOROLD / NIAGARA FALLS, ON
For Walker Aggregates Inc.

DATE:
SEPTEMBER 2022 \ \ \ )
PROJECT:
161-11633-00
SCALE: 55 KING STREET, SUITE 700
1:9,000 ST. CATHARINES, ON L2R 3H5
T 905-687-1771 | F 905-687-1773 | www.wsp.com
DRAWN BY: FIGURE No:
JLD 2 1

H:\PROJECTS\2016\161-11633 UPPERS LANE\00\03 LEVEL 2 HYDROG\GRAPHICS\SEPT 2022 REVISIONS\161-11633-3-F21-GW.DWG



LOG OF BOREHOLE BHO03-2 Retrofit

\\\I)

project | Proposed Uppers Quarry projectno. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/11/08
location | Thorold / Niagara Falls, ON method | supervisor | SK
position | E: 648519 N: 4772919 (17T, Geodetic) coring | n/a reviewer | KJF
- SUBSURFACE PROFILE SAMPLE j Fenctaln TostValios o b Data
£ - El d
> 3 SPT 8 _ X Dynamic Cone Water Content (%) £l =2 an
3 alg NValue | 23 o a4 & Plastciy 5| 5% Comments
@ |Eev c|2] g alu 52 - s| z2
< [perm| STRATIGRAPHY 28l & S E | Undrained Shear Strength (kPa) 4 a NSz
3 a3 F B © Unconfined “+ Field Vane Lowe a %)
Z|m B2 7, | A | Sk, sluw | By |2 TN
o |ugeal GROUND suRFAcE covery 120 1 1 2 GR SA Sl CL
CLAYEY SILT, reddish brown, dolostone 184 Statgraphy inferred
boulders at 3.4 m ] borehole log
- completed by
183+ Jagger Hims Limited
in 20(
- 1
182
'S
[° | gs
181 E‘a:‘?
- 1
179.0| _at4.4m below grade 180
44" ERAMOSA FORMATION, hard, fresh, |
= brownish-grey to grey, medium grained
dolostone with saccharoidal texture, with 1794
a petroliferous odour when broken. Thin |
= to medium horizontal beds with
occasional 2 mm thick shale layers. Rare 178
stylolites and nodules of gypsum and |
-7 other minerals. Approximately 3% vug
content. 177
...Vugs 1-25 mm, to 1%, large ones at ]
B 6.2m, 6.8 m, 7.5m, 8.1 mand 8.4m.
Some encrusted with dolomite, calcite, 1761
siderite and sphalerite. ]
o
175
10 1
1744
11 1
1734
|12 1
172+
..Gypsum nodules at 12.4 m and 13.7 m,
L 13 up to 100 mm, less than 1% by volume. 1
1714
14 T
170
15 ...Vuggy zone, 14.7 m to 14.8 m, 2 mm to 1
50 mm, approximately 13% by volume. 160
16 1
168
17 1
...Vuggy zone, 17.1 mto 17.6 m, 2 mm to 167
45 mm, approximately 10% by volume.
18
166
...Coarse grained layer, 18.6 m to 20.1 1
19 m.
165
20 1642 71
g 20.1] GOAT ISLAND FORMATION,, hard, grey, 1641
i fine grained, fresh dolostone with 4
gl occasional gypsum and chert nodules.
ol Weak petroliferous odour when broken. 1631
g Rare fossil fragments, minor calcite and i
g gypsum veins. Occasional to common
=| stylolites and shale partings 2 mm thick. 162
s Fracture surfaces clean. Medium |
23 bedded.
161
24 . T
...Occasional chert, gypsum and other 160
nodules, 20.1 m to 26.5 m, 2-3% by
2% volume. L
159
2 1
158
(continued on next page) |

(continued next page)
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LOG OF BOREHOLE BHO03-2 Retrofit

\\\I)

1 file: uppers lane 2016.gpj

nivar - library glb_roport: gon

jibrary:

project | Proposed Uppers Quarry projectno. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/11/08
location | Thorold / Niagara Falls, ON method | supervisor | SK
position | E: 648519 N: 4772919 (17T, Geodetic) coring | n/a reviewer | KJF
z SUBSURFACE PROFILE SAMPLE . Penetralon TestValues o Lab [;ma
e s SPT §_ | Xoynemiccone Water Content (%) | S an
8 [Eev al8| o | Nvae | 23 P 4p & Plasticity H Comments
2 [Perm STRATIGRAPHY g8 ’% £ [ undrained shear strength (kPa) 4 sz
S A E] s © Unconfined “+ Field Vane Lowe a %)
g™ g1z roe | & @ PoditPancirometor I Lo o ——i T Rt
. (continued) © ecovery 120 1 1 2 GR SA S CL
...Fossiliferous and stylolitic layer, 26.5 m 157
to 26.8 m. Rare chert and gypsum
28 nodules 26.5mto 31.5m. 1
GOAT ISLAND FORMATION,, hard, grey, 156
fine grained, fresh dolostone with
|20 occasional gypsum and chert nodules. 1
Weak petroliferous odour when broken. 155
Rare fossil fragments, minor calcite and
- gypsum veins. Occasional to common 1
stylolites and shale partings 2 mm thick. 154
Fracture surfaces clean. Medium
|- 31 bedded. (continued) 71
152.8 1531
315 GASPORT FORMATION, hard, fresh, 1
32 grey to dark grey, fine to medium grained
il dolostone with i 152
texture. Medium bedded with fossil 1
33 fragments up to 6%. Occasional
stylolites. Rare gypsum nodules, less 519
than 1% by volume. 1
=
150
= 1
1494
36 1
...Dark grey fossiliferous dolomitic 1484
limestone from 36.2 m to 39.8 m. |
37 .Frequent shale partings below 37.0 m, o
up to 10 mm thick.
38 1
146
= 1
145
- T
144+
4 1421, .. Fossilferous conglomeratic layer from 10
2{\41.0 m to 41.2 m marks lower contact.
|22 DECEW FORMATION, medium hard, 1
dark grey, fine grained. Fresh 142
argillaceous dolostone with occasional i
|43 shale partings 3 mm thick.
141+
- T
140
45 1300 136
453] ROCHESTER FORMATION,, very dark
L6 grey to black, dolomitic to calcareous 1
shale. Increase in calcareous content 138
below 45.9 m.
4 Frequently splits horizontally along o
bedding planes. Conchoidal fractures.
48 1
136
49 T
135
50 ...Fossiliferous layers below 49.7 m. 1
134.0
B WELL 1 WATER LEVEL MONITORING WELL 2 WATER LEVEL MONITORING
END OF BOREHOLE Date Depth (m) Elevation (m) Date Depth (m) Elevation (m)
Nov 10, 2016 85 175.9 Nov 10, 2016 86 1758

Borehole was dry and open upon
completion.

25 mm monitoring well installed.
No. 10 screen installed.
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project | Proposed Uppers Quarry

client | Walker Aggregates Inc.

location | Thorold / Niagara Falls, ON

position |

LOG OF BOREHOLE 11-3A/B Decom

rig type |
method |

coring |

CME 75

Rock coring

HQ core, OD=96mm, ID=64mm

project no. |
date started |
supervisor |

reviewer |

\\\I)

161-11633-00
2016/10/25
SK

KJF

Depth Scale (m)

LU L L L L |
B O N Y

-8

glb report: gon log v flo: uppers lane 2016.gpj

&
g

SUBSURFACE PROFILE

SAMPLE

Elev
Depth

(m)

STRATIGRAPHY

GROUND SURFACE

Graphic Plot

Number

SPT
N-Value

Type

Core
Recovery

Elevation Scale
(mASL)

Penetration Test Values
(Blows/0.3m)

X Dynamic Cone
P 4

Undrained Shear Strength (kPa)

O Unconfined + Field Vane

@ Pocket Penetrometer M Lab Vane
120 1

Water Content (%)

& Plasticity

PID Readings

Lab Data
and
Comments

Well
Details

IN SIZE
DISTRIBUTION (%)
)

SRSA S CL

Bentonite grout

Monitoring well
overdrilled to 30.7
m. PVC risers and
screens removed.

END OF BOREHOLE

Borehole was dry and open upon
completion.

Sheet No. 1 of 1

LOG OF BOREHOLE 11-30B Decom

\\\I)

project | Proposed Uppers Quarry projectno. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/10/25
location | Thorold / Niagara Falls, ON method | supervisor | SK
position | coring | n/a reviewer | KJF
R SUBSURFACE PROFILE SAMPLE . Penetralon TestValues o b Data
e s SPT 3N X Dynamic Cone Water Content (%) £ c and "
8 |eev L8| o | Nvale | <3 P4 & Plasticity 3 omments
< [perm] STRATIGRAPHY 21E S 2§ [Undrained snear strengtn (Pa) 4 NSz
3 =8 = B © Unconfined “+ Field Vane Lowe a %)
Em §12| 7l | & | Sl | 8 |8 oSTRRIGN 09
|, GROUND SURFACE © ecovery 120 1 0 3 e s s oL
Granular bentonite
PVC riser and screen
pulled from
borehole, Borehole
backfilled with
granular bentonite.
1
-2
-3

jibrary: genivar - ibrary.glb_report: gon log v1 filo: uppers lane 2016.pj

END OF BOREHOLE

Borehole was dry and open upon
completion.

Sheet No. 1 of 1




\\\I) \\\I)
LOG OF BOREHOLE 11-3BR LOG OF BOREHOLE 11-3AR

project | Proposed Uppers Quarry project no. | 161-11633-00 project | Proposed Uppers Quarry project no. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/10/27 client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/10/26
location | Thorold / Niagara Falls, ON method | Rock coring supervisor | SK location | Thorold / Niagara Falls, ON method | Rock coring supervisor | SK
position | E: 649515 N: 4773487 (17T, Geodetic) coring | HQ core, OD=96mm, ID=64mm reviewer | KJF position | E: 649515 N: 4773489 (17T, Geodetic) coring | HQ core, OD=96mm, ID=64mm reviewer | KJF
Penetration Test Vall Penetration Test Vall
R SUBSURFACE PROFILE SAMPLE . Fenetration Test Values = o Lab Ddala = SUBSURFACE PROFILE SAMPLE . Fonetration Test Values = o Lab Ddala
e 3 SPT 8 _ X Dynamic Cone Water Content (%) S| =2 an s 3 SPT 8 _ X Dynaic Cone Water Content (%) < an
g |ee a18| o | Nvae | 23 0 4 & Plasticity gl 22 Comments 2 | g & || o | Nvawe | 23 0 4 & Plastciy H Comments
2 [Perm STRATIGRAPHY g8 ’% 2§ [Undrained snear strength (Pa) 4 o sz 2 [Perm STRATIGRAPHY g8 ’% 2§ [Undrained snear strengtn (Pa) 4 sz
S A E] s © Unconfined “+ Field Vane Lowe a % 3 a3 B © Unconfined “+ Field Vane Lowe a %)
g™ HE Re‘ig\’; B @ Pocket Penetromster Ml Lab Vane —e— T OISTREIMN ) g™ HE Re‘ig\’; B @ Pockot Penetromster Ml Lab Vane —— T OISTREIMN )
1787 GROUND SURFACE Y 120 1 1 2 GR SA S CL 1786] GROUND SURFACE Y 120 1 1 2 v GR SA S| CL
-0 -0
CLAYEY SILT 1 CLAYEY SILT 1 Avasan condions
ncounte
- 1784
. For stratigraphic descriptions, refer to 11- 78 . For stratigraphic descriptions, refer to 11-
30BR. g 30BR. 1
1774 1774
-2 | -2 ]
176 176
= 1 2% 3 ] 39
- 2 1754 £
. 175 £E [, 1 £
174.1| at 4.6m below grade 174.0| _at 4.6m below grade e
174
| . 48| For stratigraphic descriptions, refer to 11- v | . 48] ERAMOSA FORMATION, brownish-grey
3AR. g to grey dolostone, hard, fresh, medium to TCR= 100% 1
thin grained with saccharoidal texture, T R | Rao-= se% .
1734 172.5| Ppetroliferous odour when broken, thin to
¢ ] 76 |-5| medium horizontal beds with i 1
“'[ 2 mm thick shale layers. Rare styolites
172 " " and gypsum nodules. Approximately 3% 2| re [TCR= 100% 172
7 4 Y I -7 vug content. RQD= 73% 1
NN 171.0)
1714 o = 78] 1714
s I = (¥ s i
1 ) ! TCR= 100%
3| R = 2%
170 R = Rap= 72 1701
Lo L H o 1695
1 1 9.1 71
160 ::‘:: B TCR= 100% 169
10 1 = 10 4| R | Rap= 76% ]
(R = 168.0
161 168 - I 1669
- 11.0] B
GOAT ISLAND FORMATION, dolostone, ToR= 100%
END OF BOREHOLE Date WATER Li\:Elth(lg;MORlNgeva:ion ™ hard, grey, fine grained, fresh, occasional S| R [rav=om [ 6
Nov 25, 2016 p3 2 1755 |12 1664 9YPSUM and chert nodules, weak
' - - 4] petroliferous odour when broken. Rare g
Borehole was dry and open upon 122 fossil fragments, minor calcite and
completion. gypsum nodules. Occasional to common ol re [ToR= 100 166
. ) 13 slylites and shale partings 2 mm thick. RAD= 95% ]
50 mm monitoring well installed. 165.0| Fracture surfaces clean. Medium
No. 10 screen installed. 55| bedded. 165
14 4
TCR= 100%
7| ®7 “
RAD= 100% [ 150 ]
[-15  |163.4 E
15.2|
TCR= 100 "6
= )%
16 81 R& fRrap= 100% ]
161.8 162
L., [ 163
TCR= 100%
9| R [rap= 100% 161
18 [1603 1
= = 18.3]
B B 160
b3 3 TCR= 8%
: E 19 | on 10| R0 | Ro37 S |
5 5 1583 GASPORT FORMATION, dolostone, 1591
¢ ¢l 20 [ 197| hard, fresh, grey to dark grey. fine to
g g medium grained fossiliferous dolostone 1
a7%
s s with saccharoidal texture. Medium 1| rn o, 158
< i bedded with fossil fragments up o 6%.
157.3] - stylolites shaley partings up to 3 mm, 2 1
H 213| per 1.5 m. Rare gypsum nodules, less 157
b than 1% by volume. o8%
H 22 12| Rz ol i
2 155.8 156
gf2s | 228
o o | 1ms | s
524
7 154.2] 1
g 244 i
K 1527 y 14| R4 154

Sheet No. 1 of 1
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LOG OF BOREHOLE 11-3AR

\\\I)

project | Proposed Uppers Quarry projectno. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/10/26
location | Thorold / Niagara Falls, ON method | Rock coring supervisor | SK
position | E: 649515 N: 4773489 (17T, Geodetic) coring | HQ core, OD=96mm, ID=64mm reviewer | KJF
z SUBSURFACE PROFILE SAMPLE . Peneiralon TestValues o Lab [La‘a
2 3 SPT 8_ | xomemiccone Water Content (%) £| =2 an
i alg| 5 | Nvaue | 23 w4 oy | 3 3% Comments
2 [Perm STRATIGRAPHY HE ,% £& [ undreinea shear strength (<Pa) © e RAN SIZE
a a|s Fa O Unconfined + Field Vane PL MC a C
g™ T|2 R g @ Pociet Panotrometer M Lab Vano —— T ST
| s (continued) © ecovery 120 1 1 2 GR SA S CL
GASPORT FORMATION, dolostone, 16| mes | TOR= 100% 1 Atesian conditons
hard, fresh, grey to dark grey, fine to 4 RAD= 100% 153 untered
|6 medium grained fossiliferous dolostone
with saccharoidal texture. Medium 1
bedded with fossil fragments up to 6%. 15| mis | TCR= 100% 152
Stylolites shaley partings up to 3 mm, 2 RAD = 100%
727 |,51.0| Pper 1.5 m. Rare gypsum nodules, less ]
—— than 1% by volume. (continued)
274 151
28 CR= 100% R
16| R | Rap= o7%
150
|20 1
DECEW FORMATION, dolostone, 17| Ri7 | SR %% 149
20 medium hard, dark grey, fine grained, |
fresh, argil with i shale

1 file: uppers lane 2016.gpj

“\partings, 3 mm thick.

/

END OF BOREHOLE
Borehole was dry and open upon
completion.

50 mm monitoring well installed.
No. 10 screen installed.

Date
Nov 25, 2016

WATER LEVEL MONITORING
Depth (m)

0.4

Elevation (m)
179.0

Sheet No. 2 of 2

LOG OF BOREHOLE 11-30BR

\\\I)

1 file: uppers lane 2016.gpj

nivar - library glb_roport: gon

jibrary:

project | Proposed Uppers Quarry projectno. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/10/27
location | Thorold / Niagara Falls, ON method | Hollow stem augers, 215 mm dia. supervisor | SK
position | E: 649515 N: 4773486 (17T, Geodetic) coring | n/a reviewer | KJF
R SUBSURFACE PROFILE SAMPLE . Penetralon TestValues o Lab dea
rY 3 SPT 8_ X Dynamic Cone Water Content (%) £ an
i = al8| o | Nvae | 23 P 4p & Plasticity H Comments
< [perm| STRATIGRAPHY HE ,% £& [ unareinea shear strengtn (<Pa) © RAN SIZE
a a|s F O Unconfined + Field Vane PL MC a o
g™ T|2 R g @ Pociot Panotometer M Lab Vano —— T ST
|, [izeel GROUND suRrFacE o ecovery 120 1 10 3 o8 SA S oL
CLAYEY SILT, brown, trace sand, trace T
gravel, stiffto very stiff, DTPL to APL ]
1 8ss 10
1784
B 2| ss 2 1 S
1774 e
3| ss 32 1 =
-2 ] B =
af ss 12 176
-3 1
...at 3.0 m, Becoming reddish brown, =
firm, APL to WTPL ] =
5| ss 8 = i
175
|4 ] I =
6| ss 8 i |
1742 L
4.4
END OF BOREHOLE
WATER LEVEL MONITORING
Date Depth (m) Elevation (m)
Borehole was dry and open upon Dec 5, 2016 27 176.0
completion.
50 mm monitoring well installed.
No. 10 screen installed.
Sheet No. 1 of 1




LOG OF BOREHOLE 16-5A

\\\I)

project | Proposed Uppers Quarry projectno. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/10/28
location | Thorold / Niagara Falls, ON method | Rock coring supervisor | SK
position | E: 649017 N: 4773470 (17T, Geodetic) coring | HQ core, OD=96mm, ID=64mm reviewer | KJF
z SUBSURFACE PROFILE SAMPLE . Peneiralon TestValues o b Data
£ — 3 d
> s SPT 8 _ X Dynamic Cone Water Content (%) £l =2 an
§ |ee al8| o | Nvale | 23 I & Plasticity 3 2% Comments
< [perm] STRATIGRAPHY 21E] & 2§ [Undrained snear strength (Pa) 4 a RAN SZE
a o |3 - Fa © Unconfined + Field Vane PL MC a C
gm §12| 7l | & | Sl | & |8 oeTRRIGN 09
o [|iz2s] GROUND SuRFACE O ecovery 120 1 0 3 ™
CLAYEY SILT
179
- For stratigraphic details, refer to 16-508. |
178
- 1
177
= 1
176 - z
EH
-4 1 g2
£g
175 =
-5 |4743] at5.2mbelow grade E
52| ERAMOSA FORMATION, brownish-grey ToR= 5% 174
to grey dolostone, hard, fresh, medium to 1] R | Rap= 0%
|76 |173.3| thin grained with saccharoidal texture, 1
52| petroliferous odour when broken, thin to 1734
medium horizontal beds with occasional ToR= 100%
7 2 mm thick shale layers. Rare styolites 2| R2 | Rap-'gn 1
and gypsum nodules. Approximately 3%
vug content. 172
- ..Coarsely broken core recovery from |
549mto6.10 m. PN
...Trace vugs below 7.16 m as 2-3 mm 3| R | Rap= 63% 171
Lo blebs, some encrusted.
1703] _ Thin calcite or fracture surface at 7.39 1
92
1704
Lo ..Trace 4 cm gypsum nodules below 4| me | T0R= W%
9.70 m. RQD = 83% 71
168.7| -Trace sharp lower contact of change in 169
8] _colour and texture.
- 1
| GoAT ISLAND FORMATION  dolostone, B
hard, grey, fine grained, fresh, occasional 5| ms | Teml 0| 168
| 1o gypsum and chert nodules, weak ]
167.2| petroliferous odour when broken. Rare
12.3| fossil fragments, minor calcite and 167
gypsum nodules. Occasional to common o
13 slylites and shale partings 2 mm thick. 6| re | T o 1
Fracture surfaces clean. Medium 166
165.6| bedded.
|14 [0 L
..Chert as 5 cm 1o 10 cm nodules from 7| w | Rl e 1651
15 1641 14.47 m to 16.18 m, 2 to 3 % of core. 4
5.4 164
16 TeR= 98% 1
8 Re [ rap- sa%
163
|17 1
TCR= 98%
9| R [ rap= o8% 162
|18 [1613 L
A 18.2 161
o TCR= 97%
H gl 10| R0 | FGRZ 87 1
| 159.7 1601
é 20 | 198 >’ 4
: TCR= 100% 159+
s 1| rn < too%
i ...Lower contact at 21.7 m at change is Rap= 100% ]
colour and increase in shale partings.
158
2 GASPORT FORMATION,, dolostone, ToR= 100% 1
hard, fresh, grey to dark grey, fine to 12 riz | TR0
medium grained fossiliferous dolostone 157
23 [1285) with saccharoidal texture. Medium ]
23.0[ bedded with fossil fragments up to 6%.
Stylolites shaley partings up to 3 mm, 2 N 156
per 1.5 m. Rare gypsum nodules, less 13[ ri3 | R9RZ 0%
24 than 1% by volume. 1
...2 cm very fine grained (graphite like) 155
shale layer. 14| R4

(continued next page)

Sheet No. 1 of 2

LOG OF BOREHOLE 16-5A

\\\I)

project | Proposed Uppers Quarry projectno. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/10/28
location | Thorold / Niagara Falls, ON method | Rock coring supervisor | SK
position | E: 649017 N: 4773470 (17T, Geodetic) coring | HQ core, OD=96mm, ID=64mm reviewer | KJF
R SUBSURFACE PROFILE SAMPLE . Penetralon TestValues o Lab [gﬂ“a
e 3 SPT 8_ X Dynamic Cone Water Content (%) £ an
i = 218| g | N-Value "g’ 3 P 4p & Plasticity H Comments
< [perm| STRATIGRAPHY £|E ,% G E | Undrained Shear Strength (kPa) © RAN SIZE
a a|s F © Unconfined + Field Vane PL MC a o
g™ g1z roe | & @ Pockst enstrometor M Lab Van ——i T Rt
| s (continued) © ecovery 120 1 1 2 GR SA S CL
.25 cm chert nodule. rore o
..Chert nodule, slighty chalky at 24.79 m. 14| Ria | TOR St 154
| s 1534 GASPORT FORMATION, dolostone, |
[26.1| hard, fresh, grey to dark grey, fine to
medium grained fossiliferous dolostone 153
with saccharoidal texture. Medium 15| Ris [ TR~ 1020
27 bedded with fossil fragments up to 6%. = %% 1
151.9| Stylolites shaley partings up to 3 mm, 2 152
276| per 1.5 m. Rare gypsum nodules, less
=2 than 1% by volume. (continued) L
..Noticably darker and more fossiliferous 16| Ris | ToR= 100
below 26.59 m. 1519
|29 [1504 i
29.1
TCR= 94% 507
| 17 R17 | Rap= s7% g
148.9 149
306
- ]
..Sharp lower contact at 31.83 m on 18| mis | TOR= 102%
147.7| conglomeratic fossil bed. RAD= 89% 1481
32 [T878] " pECEW FORMATION, dolostone, .
321 medium hard, dark grey, fine grained, 147
fresh, argillaceous with occasional shale ToR= 100%
|33 partings, 3 mm thick. 19| R19 | rap= 100% 4
...Trace fossils below rhythmite bed at
L4581 33.02 m. 146
337
WATER LEVEL MONITORING
END OF BOREHOLE

1 file: uppers lane 2016.gpj

nivar - library glb_roport: gon

jibrary:

Borehole was dry and open upon
completion.

50 mm monitoring well installed.
No. 10 screen installed.

Date Depth (m)
Nov 17, 2016 6.0

Elevation (m)
173,

Sheet No. 2 of 2
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LOG OF BOREHOLE 16-5AR LOG OF BOREHOLE 16-5AR

project | Proposed Uppers Quarry project no. | 161-11633-00 project | Proposed Uppers Quarry project no. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75, track-mounted date started | 2017/07/10 client | Walker Aggregates Inc. rig type | CME 75, track-mounted date started | 2017/07/10
location | Thorold / Niagara Falls, ON method | Solid stem augers, 150 mm dia. supervisor | SCL/SM location | Thorold / Niagara Falls, ON method | Solid stem augers, 150 mm dia. supervisor | SCL/SM
position | E: 649040 N: 4773471 (17T, Geodetic) coring | HQ core, OD=96mm, ID=64mm reviewer | KJF position | E: 649040 N: 4773471 (17T, Geodetic) coring | HQ core, OD=96mm, ID=64mm reviewer | KJF
z SUBSURFACE PROFILE SAMPLE . Fenetration Test Values = " Lab Data z SUBSURFACE PROFILE SAMPLE . Fonetration Test Values = - Lab Data
e 3 SPT 3 X Dynamic Cone Water Content (%) gl e and e 3 SPT 3 X Dynamic Cone Water Content (%) £ and
8 lee 3| o | Nvaue | €3 w4 & Plasticity 3 2% Comments 2 |ee 5| o | nvawe | 23 w4 & Prostiiy 3 Comments
< [Depm] STRATIGRAPHY L1E ’% 2§ [Undrained snear strength (Pa) .4 ] NSz < [Depm| STRATIGRAPHY L1E ’% 2§ [Undrained snear strengtn (Pa) 4 NSz
S A E] s © Unconfined “+ Field Vane Lowe a % - a3 B © Unconfined “+ Field Vane Lowe a %)
g™ g1z roe | & @ PoditPancirometor I Lo o ——i T R i g™ g1z roe | & @ PoditPancirometor I Lo o ——i T Rt
| o [izezl GROUND suRFACE o ecovery 20 1 03 GRosA s | s (continued) o ecovery 20 1 03 ok sn s oL
CLAYEY SILT 1 GASPORT FORMATION, dolostone, TCR= 100% 1
176 hard, fresh, grey to dark grey, fine to R13 [ rap= 100% 154
- For stratigraphic details, refer to 16-508. | s |1237| medium grained fossiliferous dolostone
1 26.0| with saccharoidal texture. Medium 1
bedded with fossil fragments up to 6%. ToR= 99%
178 Stylolites shaley partings up to 3 mm, 2 R4 | pap- g% 153
|2 |27
4 per 1.5 m. Rare gypsum nodules, less 4
152.2| than 1% by volume. (continued)
177 27.5| 152
|3 |28
B TCR= 100% 4
R15 | raD= 100%
176 150.7 151
[ 1 [2° 290 1
e? ToR= o7
s 7 g2 20 L
1 [ 149.1 |
1744 306 149
|6 |1736| at6.1m below grace Lo 9
511" ERAMOSA FORMATION, brownish-grey 1 Riy | TOR= 103 1
to grey dolostone, hard, fresh, medium to TCR= 84% 173 148
- thin grained with saccharoidal texture, Rl | RaD= 27% |32 DECEW FORMATION, dolostone,
petroliferous odour when broken, thin to 1 medium hard, dark grey, fine grained,
medium horizontal beds with i 1724 fresh, argillaceous with occasional shale WATER LEVEL MONITORING
| o 2 mm thick shale layers. Rare styolites artings, 3 mm thick. Date Depth (m) Elevation (m)
and gypsum nodules. Approximately 3% CR= 9% 4 Jul 14, 2017 52 1745
vug content. I
= 0% 1714 END OF BOREHOLE
o [t705 ]
92
1704 Borehole was dry and open upon
L 10 R3 ';CGRD - 1;180;f completion.
168.8 169 50 mm monitoring well installed.
|11 [ 18] GOAT ISLAND FORMATION, dolostone, No. 10 sereen installed.
hard, grey, fine grained, fresh, occasional TCR= 100% 1
gypsum and chert nodules, weak R4 | Rap= 8% 168
|12 |67.4| petroliferous odour when broken. Rare
4 fossil fragments, minor calcite and 1
123 gypsum nodules. Occasional to common o
L s slylites and shale partings 2 mm thick. TCR= 100%
Fracture surfaces clean. Medium R | RaD= 92% ]
165.0| bedded. 150
|14 [138
TCR= 100%
R6 | Rap= 5% 165
15
164.3 1
154
1641
16 TCR= 100%
R7 | RaD= 95% 1
= . 162.8] 163 =
g 168] GASPORT FORMATION, dolostone, ] g
5 hard, fresh, grey to dark grey, fine to TCR= 100% 3
g medium grained fossiliferous dolostone R8 | Rap= 98% 162+ g
E["® |i614] with saccharoidal texture. Medium ] g
= [ a] bedded with fossil fragments up to 6%. E
& 4| Stylolites shaley partings up to 3 mm, 2 161 &
£f19 per 1.5 m. Rare gypsum nodules, less ro | TCR= 100% g
P than 1% by volume. RQD= 100% 1 g
H 159.8] 160 3
14 — 14
§ 20 [To9 ] §
s ToR= 8% s
= R10 | rap= 100% 159 l
shoa s
158.3 1 2
214 158 8
22 TCR= 100% H
"1 | o~ s 1 §
1567 157 E
23 730 ] £
TCR= 100% 5
R12 < toow 156 g
24 RQD= 100% Z|
155.2] ]
&5 125

(continued next page) Sheet No. 1 0f 2 Sheet No. 2 of 2
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LOG OF BOREHOLE 16-5B LOG OF BOREHOLE 16-50B

project | Proposed Uppers Quarry project no. | 161-11633-00 project | Proposed Uppers Quarry project no. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/11/03 client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/11/03
location | Thorold / Niagara Falls, ON method | Rock coring supervisor | SK location | Thorold / Niagara Falls, ON method | Hollow stem augers, 215 mm dia. supervisor | SK
position | E: 649015 N: 4773470 (17T, Geodetic) coring | HQ core, OD=96mm, ID=64mm reviewer | KJF position | E: 649014 N: 4773469 (17T, Geodetic) coring | HQ core, OD=96mm, ID=64mm reviewer | KJF
R SUBSURFACE PROFILE SAMPLE . Fonetation Test Values = " Lab Data R SUBSURFACE PROFILE SAMPLE . Fonelation Test Values = " Lab Data
2 % 2 3
e 3 SPT 8 _ X Dynamic Cone Water Content (%) S| =2 and s 3 SPT 8 _ X Dynaic Cone Water Content (%) < and
g |ee al8| o | Nvae | 23 0 4 & Plasticity gl 22 Comments 2 | g & || o | Nvaue | 23 0 4 & Plastciy H Comments
2 [Perm STRATIGRAPHY g8 ’% 2§ [Undrained snear strength (Pa) 4 o sz 2 [Perm STRATIGRAPHY g8 ’% 2§ [Undrained snear strengtn (Pa) 4 sz
S A E] s © Unconfined “+ Field Vane Lowe a % - a3 B © Unconfined “+ Field Vane Lowe a %)
o 2| 7 ol | & | Sramen sl | 5 |8 osTRRN ) I 2| 7 ol | & | Sramn sl | 5 |8 sTREUTOH
| . |izecl GROUND SuRFACE Y 120 1 1 2 GR SA S CL |, |izesl GROUND SuRFACE Y 120 1 1 2 GR SA S| CL
CLAYEY SILT 1 CLAYEY SILT, reddish brown, trace ]
sand, stiff to very stiff, DTPL to APL
For stratigraphic descriptions, refer to 16- 1| ss 8 1
50B. 1794
1794
- 1
B 2| ss 29 ]
178
2 ] ..t 1.5 m, 0.60 m layer of yellow silt 178
3 8s 29 S | S
1774 -2 1 =
-3 1 1 S
4| ss 16 77 =
176 1 N = A
" L, 1 a=n
eZ 5| ss 27 1 i E
1754 g3 ' ) 176 =
£F .2t 3.6 m, Becoming grey, stif, APL to =1y
= WTPL, dilatent 1 f= K
% |17a.] at5.2m beiow grace 1 . ]
52 ;zr stratigraphic descriptions, refer to 16- ol ss - |
- 174 ] ‘::}:
1754 =
-6 ] o= it
7| ss 16 | =
L5 =
e . i 1743 1
e 52
7 | END OF BOREHOLE
MY WATER LEVEL MONITORING
AR Date Depth (m) Elevation (m)
172 B Borehole was dry and open upon Dec 5, 2016 45 175.0
A = R completion.
1 1!
s | = 50 mm monitoring well installed.
T = No. 10 screen installed.
WE
1711 =
i = i
o ] ‘llj\ ‘1;1‘
e =
N =
o 170 ]
- N =N =
<| i = <|
2l 1o = 3
H 1 = H
H o= H
g 169 Y= i g
s 168.8) A I s
< 10.8 <
END OF BOREHOLE WATER LEVEL MONITORING H
Date Depth (m) Elevation (m) b
Borehole was dry and open upon Nov 17,2016 5.0 1746 gl
completion. A
50 mm monitoring well installed. §
No. 10 screen installed. )
g

Sheet No. 1 of 1 Sheet No. 1 of 1



W \I )
LOG OF BOREHOLE 16-6A

project | Proposed Uppers Quarry projectno. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/10/19
location | Thorold / Niagara Falls, ON method | Rock coring supervisor | SK
position | E: 649415 N: 4773168 (17T, Geodetic) coring | HQ core, OD=96mm, ID=64mm reviewer | KJF
z SUBSURFACE PROFILE SAMPLE . Peneiralon TestValues = o b Data
s 3 SPT 8 X Dynamic Cone Water Content (%) S| =2 C and "
§ |ee olg| o | NValue | 3 I & Plasticity 3| 2% omments
< [perm] STRATIGRAPHY 21E] & 2§ [Undrained snear strength (Pa) .4 ] NSz
3 a3 F B © Unconfined “+ Field Vane Lowe a %)
i 2 7 [ | | s s | sy |2 e
o 8L GROUND SURFACE covery 120 1 1 2 GR SA S CL
CLAYEY SILT
1814
- For stratigraphic descriptions, refer to 16- ]
60B.
180
- 1
179+
23
= 1 2g
23
1781 g8
£
= 1
177.1] _at 4.4m below grade P
44| ERAMOSA FORMATION, brownish-grey
s to grey dolostone, hard, fresh, medium to rome % .
thin grained with saccharoidal texture, 1| ore | RERE TR 176
petroliferous odour when broken, thin to 76
| [175.4] medium horizontal beds with occasional 1
5.1] 2 mm thick shale layers. Rare styolites
and gypsum nodules. Approximately 3% TR 100 175
- vug content. 2| R | TR o0 |
174.0 174
73]
N TCR= 94% 1
3| R | rap= e 173
o 1724 1
o1 172+
TCR= 100%
10 4] R | Rap= 63t 1
171
GOAT ISLAND FORMATION,, dolostone,
11 hard, grey, fine grained, fresh, occasional .
gypsum and chert nodules, weak 5| ws |ToR= 100% e
petroliferous odour when broken. Rare RQD = 89%
Lo fossil fragments, minor calcite and ]
gypsum nodules. Occasional to common
stylites and shale partings 2 mm thick. 1691
| Fracture surfaces clean. Medium 6| re [TORZ to0% i
. bedded. RGD= 100%
167.9 168
136
|14 1
TCR= 98%
7| ® | rap= e2% 167
|15 [1664 1
15.1
166
TCR= 100%
16 8| R& [Rrap= 100% 1
164.7 165
|7 [T68 1
IR A
18 |1632] T
n 183 163
& of ol w|
H 161.8 162+
é 20 [ 197 1
3 11| mn | IGRZ w00% ] 1614
=2t |1e02 1
213] 160
= ol ||
159
23 1
(continued on next page) 13| ri3 ;821 gi-:: 158
24 1
1571
14| R14

(continued next page) Sheet No. 1 0f 2

LOG OF BOREHOLE 16-6A

\\\I)

project | Proposed Uppers Quarry projectno. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/10/19
location | Thorold / Niagara Falls, ON method | Rock coring supervisor | SK
position | E: 649415 N: 4773168 (17T, Geodetic) coring | HQ core, OD=96mm, ID=64mm reviewer | KJF
z SUBSURFACE PROFILE SAMPLE . Penetralon TestValues o Lab [;ma
e s SPT 8_ X Dynaic Cone Water Content (%) £ an
i = al8| o | Nvae | 23 P 4p & Plasticity H Comments
< [perm| STRATIGRAPHY L1E ’% 2§ [Undrained snear strengtn (Pa) 4 NSz
S A E] s © Unconfined “+ Field Vane Lowe a %)
HE B2 7 s | A | S sl | s |2 il
| s (continued) © ecovery 120 1 1 2 GR SA S CL
GASPORT FORMATION, dolostone, -
14| ria | TCR= 100% 156
155.6 hard, fresh, grey to dark grey, fine to RQD= 95%
|26 [525] medium grained fossiliferous dolostone ]
“°| with saccharoidal texture. Medium
bedded with fossil fragments up to 6%. 155
Stylolites shaley partings up to 3 mm, 2 15| RS 1
27 1540| Per 1.5 m. Rare gypsum nodules, less
575 than 1% by volume. (continued) 154
28 TCR= 100% 1
] " |rao= roon|
152.6
|20 [289 1
TCR= 100% 152
7] R17 | Rap= 100%
720 J1s14
304] 151
31 TCR= 100% 1
18] R18 | pap= 100%
150
1496
319

1 file: uppers lane 2016.gpj

nivar - library glb_roport: gon

jibrary:

END OF BOREHOLE
Borehole was dry and open upon
completion.

50 mm monitoring well installed.
No. 10 screen installed.

WATER LEVEL MONITORING

Depth (m)

Date
Nov 10, 2016 41

Elevation (m)
1774

Sheet No. 2 of 2
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LOG OF BOREHOLE 16-6B LOG OF BOREHOLE 16-60B

project | Proposed Uppers Quarry project no. | 161-11633-00 project | Proposed Uppers Quarry project no. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/10/24 client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/10/24
location | Thorold / Niagara Falls, ON method | Rock coring supervisor | SK location | Thorold / Niagara Falls, ON method | Hollow stem augers, 215 mm dia. supervisor | SK
position | E: 649413 N: 4773167 (17T, Geodetic) coring | HQ core, OD=96mm, ID=64mm reviewer | KJF position | E: 649412 N: 4773167 (17T, Geodetic) coring | n/a reviewer | KJF
R SUBSURFACE PROFILE SAMPLE . Fonetation Test Values = " Lab Data R SUBSURFACE PROFILE SAMPLE . Fonelation Test Values = " Lab Data
e 3 SPT 3 X Dynamic Cone Water Content (%) gl e and e 3 SPT 3 X Dynamic Cone Water Content (%) £ and
8 lee 3| o | Nvaue | €3 w4 & Plasticity 3 2% Comments 2 |ee 5| o | nvawe | 23 w4 & Prostiiy 3 Comments
b3 g2 ore H o moter ield vane : a DISTRIBUTION (%) & g2 ore H O ometer eld vane ! a DISTRIBUTION (%)
© GROUND SURFACE o Recovery | ¥ T e iy 03 > " © GROUND SURFACE o Recovery | ¥ T e iy 03 > "
|, sy SR_SA S CL |, |asLsl SR_SA S CL
CLAYEY SILT CLAYEY SILT, reddish brown, trace |
sand, trace gravel, stiff to very stiff, DTPL
For stratigraphic descriptions, refer to 16- 1814 to APL. 1| ss " R
60B.
1814
L ] L g g
w0 B 2| ss 27
-2 1 180 =4
3| ss 19 T ;j}: 1555 39
179 = 1 N =
B 1 1
af ss 27 179 L H
178 o3 ] = 1§
£5 i =
° 4 i 'y
|, 1 EE = ‘:}‘; ‘:}‘
177.1] _at 4.4m below grade 5| ss 27 ] 1374 2
441" For stratigraphic descriptions, refer to 16- 1774 4 ) =
6A. 78] =
L5 4 1
-4 1 I =
6| ss 2 ] =
176 A
77 ‘ 1 ‘
Lo | i
70/
1767 78S | 475mm 1
175 4.9
) ) END OF BOREHOLE
RER WATER LEVEL MONITORING
- 1 Date Depth (m) Elevation (m)
Borehole was dry and open upon Dec 5, 2016 45 177.1
completion.
1744
50 mm monitoring well installed.
No. 10 screen installed.
L s ]
1734
Lo ]
1724
b3 3
| =1 1 3
ol ol
g 170.9) 171 g
% 106 %
< END OF BOREHOLE <
E OF BOREHO WATER LEVEL MONITORING E
Date Depth (m) Elevation (m) E
Borehole was dry and open upon Nov 10, 2016 176.8 b
completion. &l
50 mm monitoring well installed. E
No. 10 screen installed. §
g

Sheet No. 1 of 1 Sheet No. 1 of 1



LOG OF BOREHOLE 16-7A

\\\I)

project | Proposed Uppers Quarry projectno. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/10/18
location | Thorold / Niagara Falls, ON method | Rock coring supervisor | SK
position | E: 649147 N: 4772486 (17T, Geodetic) coring | HQ core, OD=96mm, ID=64mm reviewer | KJF
R SUBSURFACE PROFILE SAMPLE . Peneiralon TestValues o Lab dea
rY 3 SPT 8 _ X Dynamic Cone Water Content (%) S| =2 an
8 |y alg| o | Nvaue | 23 0 4 & Plasticity 8| =% Comments
< [perm] STRATIGRAPHY 21E ’% 2§ [Undrained snear strength (Pa) .4 ] NSz
3 =8 = B © Unconfined “+ Field Vane Lowe a %)
& [m I Re‘ig";w & @ Pocket Penetromster Ml Lab Vane —e— o R i
| . |s0al GROUND SuRFACE 120 1 0 2 e s s oL
SILTY CLAY TO CLAYEY SILT 180
- For stratigraphic details, refer to 16-70B. 1
1794
-2 1
178
= 1
1774
- 1
176 o3
1 28
- i
175+ =
L6 174.3| _at 6.0m below grade 4
60 ERAMOSA FORMATION, brownish-grey 174
to grey dolostone, hard, fresh, medium [
- grained with saccharoidal texture, | R | rap= 314 T
petroliferous odour when broken, thin to 173
172.7) medium horizontal beds with i
76| 2 mm thick shale layers. Rare styolites L
-8 and gypsum nodules. Approximately 3% _
vug content. 2| Rr2 ;g’;; gsﬁ':f- 172
...Noticably porous and vuggy between ]
o [1711] 6.40mand9.45m.
92| 171
TCR= 102% g
10 3| ™ [ rap= ss%
169.6 707
10.7] 4
-1
TeR= 8% 169
4| R | rap= %
[-12  |168.1
12.2| ...Noticably porous and vuggy between 1681
10.67 m and 14.02 m. TeR= 100% i
13 5 RS RQD = 56"/: 167
166.6)
L. [ 1
TCR= 98% 1661
6 R6 RQD = 32%
|15 1651 1
15.2| 165
TCR= 98% 1
16 7| R | rap= &%
...2 cm calcite vein at 16.1 m. 164
163.6)
L., [767 1
R 1631
TCR= 100%
8| R | rap= e2% |
|18
162
ol 19 TCR= 100% 1
& .5 cm of dark shale at 19.7 m. 9| R9 | Rap= 95% 161
H ..7.5 cm wide calcite filled vugs (corals) 1
gr from 19.96 m to 22.76 m. 160
& GOAT ISLAND FORMATION, dolostone, 10| Rio | TOR= 00
o hard, grey, fine grained, fresh, occasional 1
159.0] gypsum and chert nodules, weak 150
213 petroliferous odour when broken. Rare
fossil fragments, minor calcite and e 1 .
2 gypsum veins. Occasional to common 11| Rir | R o0
stylites and shale partings 2 mm thick. 1581
157.4| Fracture surfaces clean. Medium ]
23 22.9| bedded.
...Chert present from 21.31 m to 22.76 m. 157
12| R12 ]
24
156~
13| RI13 B

(continued next page)
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LOG OF BOREHOLE 16-7A

\\\I)

project | Proposed Uppers Quarry projectno. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/10/18
location | Thorold / Niagara Falls, ON method | Rock coring supervisor | SK
position | E: 649147 N: 4772486 (17T, Geodetic) coring | HQ core, OD=96mm, ID=64mm reviewer | KJF
z SUBSURFACE PROFILE SAMPLE . Penetalon Test Values o b Data
£ = 3 d
> s SPT 8 _ X Dynamic Cone Water Content (%) £ an
i = al8| o | Nvae | 23 P 4p & Plasticity H Comments
< [perm] STRATIGRAPHY 21E ’% 2§ [Undrained snear strengtn (Pa) 4 NSz
2 |'m A E] s © Unconfined “+ Field Vane Lowe a DISTRIBUTION (%)
K v g2 o | & @ Focko Ponevomoter M Lab Vane ——i F Y
| s (continued) 20 1 02 SRS Sl oL
GOAT ISLAND FORMATION, dolostone, 13| wis | TOR= 100% 155
1544 hard, grey, fine grained, fresh, occasional RQD= 100%
|26 25‘9 gypsum and chert nodules, weak 1
9| petroliferous odour when broken. Rare 150
fossil fragments, minor calcite and TCR= 100%
i " 14| ria g
gypsum veins. Occasional to common RQD= 100% L
27 152.8| SWites and shale partings 2 mm thick.
528 Fracture surfaces clean. Medium 153
275 pedded. (continued) ]
|28 TCR= 100%
15| RS |rap= 100%| 152
20 |
...Gradational contact. 151
GASPORT FORMATION dolostone, 16( ris i 1
|30 hard, fresh, grey to dark grey, fine to
149.8| medium grained fossiliferous dolostone 1501
305| with saccharoidal texture. Medium |
L 31 bedded with fossil fragments up to 6%. TCR= 102%
Occasional stylolites. Rare gypsum 17| R17 | cap= 102% 1494
14g.4| nodules, less than 1% by volume.
| 52 [Faro| 1 cm graphite” layer at 30.02 m, 1
| marker bed. .
..Chalky chert nodule at 31.47 m. 1| s [ ToR= 100
s RAD= 100% L
146.8 147
335] 1
=3
TCR= 100%
19| rio | RR= 100 146
|55 1452 1
3B 145
TCR= 100% 4
- 36 20f R20 | gap- 100%
143.7 1444
36.6] 1
a7
CR= 100% -
21| R21 | Rap= eo% 3
|28 [142.2] 1
381 142
...Lower contact on conglomerate fossil TCR= 100%
o 22| R22 | pap= a2
141
140.3] DECEW FORMATION, dolostone,
39.6| medium hard, dark grey, fine grained, 1
[0 fresh, argillaceous with occasional shale
N TCR= 100% -~
partings, 3 mm thick. 23| R23 | gop- 934, 140
L. [1302 1
GX] 139
TCR= 100% g
.. 132.3 24| R24 | gap= 973
0| ROCHESTER FORMATION, shale, very 138
137.6] dark grey to black, dolomitic to

1 file: uppers lane 2016.gpj

nivar - library glb_roport: gon

jibrary:

42.7 \calcareous shale.

END OF BOREHOLE
Borehole was dry and open upon
completion.

50 mm monitoring well installed.
No. 10 screen installed.

Date
Nov 8, 2016

WATER LEVEL MONITORING
Depth (m) Elevation (m)
145 165.8

Sheet No. 2 of 2



LOG OF BOREHOLE 16-7B

\\\I)

1 file: uppers lane 2016.gpj

project | Proposed Uppers Quarry projectno. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/10/18
location | Thorold / Niagara Falls, ON method | Rock coring supervisor | SK
position | E: 649148 N: 4772487 (17T, Geodetic) coring | HQ core, OD=96mm, ID=64mm reviewer | KJF
R SUBSURFACE PROFILE SAMPLE . Peneiralon TestValues o Lab [;ma
e 3 SPT 8_ X Dynamic Cone Water Content (%) £l =2 an
3 |Eey al8| o | Nvae | 23 I & Plasticity 3 2% Comments
< [perm] STRATIGRAPHY 21E ’% 2§ [Undrained snear strength (Pa) 4 a NSz
a a3 Fa ‘© Unconfine + Field Vane Pl a %)
5| g2 plore |3 © Peckot pensvomstor M Lo vane &4 | g oS
|, [1s04l GROUND SuRFACE o ecovery 120 1 10 3 o8 SA S oL
SILTY CLAY TO CLAYEY SILT 180
- For stratigraphic descriptions, refer to 16- .
70B.
1794
-2 b
178
= b
1774
- 1
176 e?
EH
175 *
| o |iraal ato.ombeiowgrade f ]
80 For stratigraphic descriptions, refer to 16- 176
7A.
-7 1
1734
-5 b
1724
-9 1
1714
10 T
170
11 T
169
12 T
168
13 T
167+
L1 ]
166 V V!
15 1
165 ]
L6 1
164 X ‘;:‘
] L
163 =8
|15 1 1:}1: 1:}1
1621 B = i
19 1
1511 i
20 T
160+
21 T
159.1
213
END OF BOREHOLE WATER LEVEL MONITORING
Date Depth (m) Elevation (m)
Nov 8, 2016 43 176.1

Borehole was dry and open upon
completion.

50 mm monitoring well installed.
No. 10 screen installed.

Sheet No. 1 of 1

LOG OF BOREHOLE 16-70B

\\\I)

project | Proposed Uppers Quarry projectno. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/10/18
location | Thorold / Niagara Falls, ON method | Hollow stem augers, 215 mm dia. supervisor | SK
position | E: 649150 N: 4772488 (17T, Geodetic) coring | n/a reviewer | KJF
R SUBSURFACE PROFILE SAMPLE . Penetralon TestValues o Lab [gﬂ“a
e s SPT 8_ X Dynaic Cone Water Content (%) £ an
i = al8| o | Nvae | 23 P 4p & Plasticity H Comments
< [perm| STRATIGRAPHY L1E ’% 2§ [Undrained snear strengtn (Pa) 4 NSz
S A E] s © Unconfine “+ Field Vane P a %)
5| g2 plore |3 © Peckot pensvomstor M Lo vane —&s— |2 oS
|, [1s04l GROUND SuRFACE o ecovery 120 1 10 3 o8 SA S oL
SILTY CLAY TO CLAYEY SILT, yellowish |
brown, trace sand, trace gravel, hard to il ss "
firm, APL 1801 \
B 2| ss 40
1794
...at 1.5 m, Becoming reddish brown 1
3| ss 18 1
- 1
178 ]
4| ss 9 1 ]
] B=
L5 1 I = Ot
Nl =K
5| ss 7 177 =m0
Ik = Itk
] a=
..at3.8 m, Becoming dilatent B=n
L, L o =
6| ss 6 ] ‘ ] ‘
176 = i
] Kl =
] =
7| ss 5 =
1 I = I
s i = Nt
] =
s o=
8 Sss 36 u i o
1 ik == I
174.4 4 T O
¢ 5]
56/ 1
91 S8 [ 200mm 174
6.5

1 file: uppers lane 2016.gpj

nivar - library glb_roport: gon

jibrary:

END OF BOREHOLE
Borehole was dry and open upon
completion.

50 mm monitoring well installed.
No. 10 screen installed.

WATER LEVEL MONITORING
Date Depth (m)
Nov 8, 2016 4.1

Elevation (m)
176.3

Sheet No. 1 of 1




LOG OF BOREHOLE 16-8A
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1 file: uppers lane 2016.gpj

nivar - library glb_roport: gon

jibrary:

project | Proposed Uppers Quarry projectno. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/10/04
location | Thorold / Niagara Falls, ON method | Rock coring supervisor | SK
position | E: 648272 N: 4772003 (17T, Geodetic) coring | HQ core, OD=96mm, ID=64mm reviewer | KJF
z SUBSURFACE PROFILE SAMPLE . Peneiralon TestValues o b Data
£ = 3 d
> 3 SPT 8 _ X Dynamic Cone Water Content (%) £l =2 an
$ ey alg N-value | 23 10 o 4 & Plasticity 3| == Comments
@ ol|lg] & §2 - ol =2
< [perm| STRATIGRAPHY 28l & S E | Undrained Shear Strength (kPa) 4 a NSz
s | m HEIR e © Unconfined “+ Field Vane PLowC a %
i 2 7 [ | | s s | sy |2 e
o |ec0l GROUND SURFACE covery 120 1 | 2 SR sA s cL
CLAYEY SILT
- For stratigraphic descriptions, refer to 16- 185
80B.
-2 184+
3 183
- 1821
-5 181
-6 180
7 179
B 178
Lo 1774 33
1 2s
£g
10 176 e
175.3| _at 10.7m below grade 1
|11 [ 17| ERAMOSA FORMATION, brownish-grey 175
to grey dolostone, hard, fresh, medium to 15| r1 | TOR= 60% 4
thin grained with saccharoidal texture, ROD = 6%
[-12  |473.7| petroliferous odour when broken, thin to 174
23] medium horizontal beds with i |
| 2 mm thick shale layers. Rare styolites TR %
|13 and gypsum nodules. Approximately 3% 16] R2 | 200- ean 173
472.3| Vug content. |
.. [ 172
TCR= 100%
17 R3 RQD = 96% 1
|5 [1709 171
5.1
TCR= 100%
16 18 R4 | Rap= 0% 170
169.3 1
L., [ 169
ToR= 92%
191 RS | Rap= sev 1
18 1677 168
183 1
TCR= 113%
19 20| Re | Wb o 167
166.3 1
20 |07 1661
ToR= 89%
21 R7 RQD = 39% 71
21 1647 165
TCR= 109% -
2 22 R8 RQD = 87% 64
163.3 1
2 | 227 1631
TCR= 100% E
23| R9 | Rap= 70%
24 162
161.6
2474 1
25 TCR= 88% 161
24| Ri0 - o
...Pinkish white calcite filled vugs from RaD= 39% ]
160.1| 25,25 m for 5 cm and from 27.5 m to
26 [7259] 27.81m. 1601
TCR= 90%
1585 25[ R | rap= s0% 1

(continued next page)
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project | Proposed Uppers Quarry

LOG OF BOREHOLE 16-8A

project no

\\\I)

161-11633-00

1 file: uppers lane 2016.gpj

nivar - library glb_roport: gon

jibrary:

client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/10/04
location | Thorold / Niagara Falls, ON method | Rock coring supervisor | SK
position | E: 648272 N: 4772003 (17T, Geodetic) coring | HQ core, OD=96mm, ID=64mm reviewer | KJF
z SUBSURFACE PROFILE SAMPLE . Penetralon TestValues o Lab [;ma
e s SPT 8_ X Dynamic Cone Water Content (%) £l =2 an
i = al8| o | Nvae | 23 10 P 4p & Plasticity H 3% Comments
< [perm| STRATIGRAPHY L1El & 2§ [Undrained snear strengtn (Pa) 4 a NSz

3 a3 F B © Unconfined “+ Field Vane Lowe a %)
& [m I Re‘zg";w & @ Pockot Penetromster Ml Lab Vane —e— T Rt
. (continued) 20 1 02 SRS Sl oL
158.5| ...2 to 4 mm shaley partings from 28.01 25| Ri1
'g.g mto30.78 m. T
|28 X TCR= 111% 158
280] GOAT ISLAND FORMATION, dolostone, 26 R12 | gap= q11% ]
157.1| hard, grey, fine grained, fresh, occasional
|20 [285] gypsum and chert nodules, weak 157
petroliferous odour when broken. Rare ]
fossil fragments, minor calcite and 27| mis | IOR- o5
- gypsum nodules. Occasional to common - e 156
155.5| stylites and shale partings 2 mm thick.
305| Fracture surfaces clean. Medium 1
|31 bedded. 1554
TCR= 100%
28( R4 RQD = 100% B
| 5, |1539] ..Calcite fossils from 30.18 m to 31.95 m. 154
32.1| ...Minor chert as 1 to 2 cm blebs from 32
mto 32.92 m. ToR= 100% 1
- 29| R5 | pap= 100% 1531
1524 1
338]
- 1521
TCR= 102%
30| R16 | rap= 102% 1
|35 1509 151
3.1
TCR= 100%
36 31| RY7 | rdp= 100% 1501
149.3 L
Lor | %7 1491
TCR= 100%
32 R18 | gap= 100% 1
|3s [1478 148
382] |
TCR= 97%
| 33| =19 e 147
39 .2 cm chalky calcite bleb at 40.03 m. RAD= 92% 47
- 20 146
GASPORT FORMATION, dolostone, ToR= 100%
hard, fresh, grey to dark grey, fine to 34| R20 | rgp= 100% 1
|21 [144.7| medium grained fossiliferous dolostone 145
73] with saccharoidal texture. Medium
| bedded with fossil fragments up to 6%. 1
L. Stylolites shaley partings up to 3 mm, 2 35| Ror | TCR= 100% 148
per 1.5 m. Rare gypsum nodules, less RQD = 95%
1433| than 1% by volume. 71
| ;s [727] -1 cm "Graphite like” marker bed at 143
4054 m. ToR= 100%
36| R22 - 1
6 cm chalky calcite bleb at 43.66 m Rap= 00%
oo [1a18] Y -0 m- 1421
[a2] 4
- TCR= 98% -
5 37| mes | FOR< SE% 141
140.2 1
|6 [52 140
TCR= 100%
38| R24 | rap= 100% 1
7 1389 139
ara
...Lower gasport contact at 48.29 m on 39| res
48 |4377| conglomerate bed. 138
<83 DECEW FORMATION, dolostone, 1
286 \medium hard, dark grey, fine grained,

fresh, arenaceous. 1 cm calcite bleb at

END OF BOREHOLE
Borehole was dry and open upon
completion.

50 mm monitoring well installed.
No. 10 screen installed.

Date

Nov 8, 2016 79

WATER LEVEL MONITORING
Depth (m)

Elevation (m)
178.1

Sheet No. 2 of 2
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LOG OF BOREHOLE 16-8B LOG OF BOREHOLE 16-80B

project | Proposed Uppers Quarry project no. | 161-11633-00 project | Proposed Uppers Quarry project no. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/10/11 client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/10/04
location | Thorold / Niagara Falls, ON method | Rock coring supervisor | SK location | Thorold / Niagara Falls, ON method | Hollow stem augers, 215 mm dia. supervisor | SK
position | E: 648270 N: 4772003 (17T, Geodetic) coring | HQ core, OD=96mm, ID=64mm reviewer | KJF position | E: 648269 N: 4772003 (17T, Geodetic) coring | n/a reviewer | KJF
R SUBSURFACE PROFILE SAMPLE . Fonetation Test Values = 9 Lab Data R SUBSURFACE PROFILE SAMPLE . Fonelation Test Values = 9 Lab Data
s 3 SPT 8 X Dynamic Cone Water Content (%) S| =2 C and " s 3 SPT 8 X Dynamic Cone Water Content (%) < C and "
8 |eev T1g3| o [ N-value cq 0 4p & Plasticity 3| 28 omments 8 |eev a5 o | N-value cq 0 4p & Plasticity 3 omments
< [Depm] STRATIGRAPHY L1E ’% 2§ [Undrained snear strength (Pa) 4 a NSz < [Depm| STRATIGRAPHY L1E ’% 2§ [Undrained snear strengtn (Pa) 4 NSz
2 |'m A E] s © Unconfined “+ Field Vane Lowe a DISTRIBUTION (%) 2 |m a3 B © Unconfined “+ Field Vane Lowe a DISTRIBUTION (%)
g ROUND SURFACE g1z Ry | ® o o Torarneer S —e—i = i g ROUND SURFACE gz Ry | ® o o Torarnees | m v = |2 BTN ¢4
|, |ased SR_SA S CL |, |sed SR_SA S CL
CLAYEY SILT | CLAYEY SILT, brown, trace sand, trace
gravel, hard, DTPL.
1 For stratigraphic descriptions, refer to 16- 185 ]
80B. ]
-2 184
- 185—1
L ! 1| ss 31 &
|5 183
- 182
2 8s 37 4 15 64 17
1 - 184
-5 181
b 50 /
= 180 1 % | iz 1
- 179 |5 1839 183
] 31 SANDY SILT, dark brown to brown grey, 2% 4 [ ss , 0500/
> ] mm
saccharoidal, trace gravel, hard/very g
-8 178 dense, moist to wet, dilatent. Mosy 94 1
4 N recovery is in 2.5 cm to 10 cm pieces. g
o 1774 ge %) 507
i g.::; . 4 5| ss 100mm 182 4 25 56 15
£ = ve
L 1o 176 T .
175.3 _at 10.7m below grade 1 ) =57 T
11 [ 197] For stratigraphic descriptions, refer to 16- 175 1 518 | 125mm
8A. 1 - e 181
12 174 Ol
1 . 507
A7 8s B
|13 173 ’ 100mm
|14 172 -6 v = 180
] 8] SS | 125mm
|15 1714 % 4
16 170 - SS 50/ 179
i Omm
|17 169 A ]
%) 507 B = 8
L5 168 A 10] ss Zomm b = 130 56 13
] o A d=t
|19 167 RE = i
] o 1 =
=y 166 - A 75mm ;‘; | ;‘;
4 ' A RN = (e
L ] A 1774
|21 165 ° /|
. 507 i = &R
| ¢ “‘ 12| ss 100mm ] !
|22 164 e 4 A=
E i E ) A= ke
gF23 163 N = £ 2F 10 SS 507 176 R =T
H E g 25mm (0 = (o
e 1624 = v /A =
g 1 = H % 1
B B P 507 Sl
fF= 161 = 11 14| ss
B 1 211 Zorom 1751
159.9) 1601 L H 174.7] X
= WATER LEVEL MONITORING H "
END OF BOREHOLE Date Depth (m) Elevation (m) E END OF BOREHOLE WATER LEVEL MONITORING
Nov 8, 2016 95 176.5 3 Date Depth (m) Elevation (m)
Borehole was dry and open upon g Borehole was dry and open upon Nov 8, 2016 6.8 179.1
completion. i completion.
50 mm monitoring wel installed. H 50 mm monitoring well installed.
No. 10 screen installed. gl No. 10 screen installed.
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LOG OF BOREHOLE 16-9A LOG OF BOREHOLE 16-9A

1 file: uppers lane 2016.gpj

nivar - library glb_roport: gon

project | Proposed Uppers Quarry project no. | 161-11633-00 project | Proposed Uppers Quarry project no. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/11/18 client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/11/18
location | Thorold / Niagara Falls, ON method | Rock coring supervisor | SK location | Thorold / Niagara Falls, ON method | Rock coring supervisor | SK
position | E: 648258 N: 4773007 (17T, Geodetic) coring | HQ core, OD=96mm, ID=64mm reviewer | KJF position | E: 648258 N: 4773007 (17T, Geodetic) coring | HQ core, OD=96mm, ID=64mm reviewer | KJF
Penetration Test Vall Penetration Test Vall
- SUBSURFACE PROFILE SAMPLE . BT — 9 Lab Data = SUBSURFACE PROFILE SAMPLE P o Lab Data
s 5| SPT 34 X Dynamic Cone Water Content (%) S| =2 C mﬁ;‘ ents s 5| SPT 34 X Dynamic Cone Water Content (%) S| =2 C mﬁ;‘ ents
& eey 18| o | Nvae | c2 1 D__4p &Plasticity S| 22 & |ee a8 o | Nvave | 23 10 P40 & Plasticity s 23
< [perm| STRATIGRAPHY 28l & S E | Undrained Shear Strength (kPa) 4 a NSz < [perm| STRATIGRAPHY 28l & S E | Undrained Shear Strength (kPa) 4 a NSz
2 | (m) al3] F e © Unconfined + Field Vane PLowC a % 2 | (m) al|l3| F 2= © Unconfined + Field Vane. PLowC a %)
o 2| 7 ol | & | Sramen sl | 5 |8 osTRRN ) g 2| 7 ol | & | Sramn sl | 5 |8 oSTRRIGN 09
1820 GROUND SURFACE Y 120 1 1 2 GR SA S CL (continued) Y 120 1 1 2 GR SA S| CL
Lo |25 fffconfinue
CLAYEY SILT GOAT ISLAND FORMATION, dolostone, ToR= 100%
E hard, grey, fine grained, fresh, occasional 13 R13 [ Rap= 100% 1
- For stratigraphic descriptions, refer to 16- 1814 | s [169] gypsum and chert nodules, weak 156
90B. 26.0| petroliferous odour when broken. Rare
4 fossil fragments, minor calcite as 1.25 _ " 1
180 om to 3.8 cm nodules. Occasional to LY I o) I
-2 27 common stylites and shale partings 2 55
R 154.4) mm thick. Fracture surfaces clean. R
276| Medium bedded. (continued)
-3 1794 |- 28 TOR= 102% 154
] 151 RIS | Rap= 102% ]
153.0]
-4 1784 29 1534
[287]
1 293]" GASPORT FORMATION, dolostone, TR 100 1
4 hard, fresh, grey to dark grey, fine to 16| R16 - “ _
= 177 = o = o RQD= 100% 152
medium grained fossiliferous dolostone
] .3 1514 with saccharoidal texture. Medium .
55 306| bedded with fossil fragments up to 6%.
-6 176 [ 31 Stylolites shaley partings up to 3 mm, 2 1511
] w g per 1.5 m. Rare gypsum nodules, less 17| Ri7 | SR 00 ]
than 1% by volume.
L7 [1748] at 7.2m below grade 1751 |32 |149.8| ..at29.4 m, 1.cm "graphite” marker bed 150
72| ERAMOSA FORMATION, brownish-grey i we 100% ] 322 is at29.97 m. i
7] to grey dolostone, hard, fresh, medium to 0% 18| res | TOR= 100%
-8 thin grained with saccharoidal texture, 174 |33 RQD= 100% 149
petroliferous odour when broken, thin to 2| ro | TOR= 8% i 1483 i
medium horizontal beds with occasional RQD= 74% a1
|-o 172.8| 2 mm thick shale layers. Rare styolites 173 |34 : 148
[~53] and gypsum nodules. Approximately 3% 10| mio | TOR= 100%
vug content. 1 RQD= 100% 1
TCR= 100% - -
10 3| re | TSR oo 172 |35 [1468 147
] 35.2] ]
171.2)
of o (152 | e
4| re S 1 1453 1
o 36.7
2 169.7| o i TCR= 100% 145
123 1 21( R21 | pap= 100% 1
13 TCR= 100% 169 - 38 144
5| R [ rap= 22% %
168.2 1 ' 1
_ TCR= 100% _
|14 [38] 168 -39 22 R22 | gap - 100% 143
6 R6 TCR = 100:/a 1 1
| s Rap= s o] L0 DECEW FORMATION, dolostone, 142
166.6) medium hard, dark grey, fine grained, ’
154] 4 fresh, argillaceous with occasional shale 23| mos | [OR= 100% 1
partings, 3 mm thick.
16 7| wr | TOR= 8% 1661 41 1407 1414
RQD = 89% ] 41'3
165.1 END OF BOREHOLE WATER LEVEL MONITORING
17 69 1651 Date Depth (m) Elevation (m)
S | Nov 25, 2016 53 176.7
164.2| 8| Re | pop= g% Borehole was dry and open upon
-8 [,12%] GOAT ISLAND FORMATION, dolostone, 1641 completion.
—— hard, grey, fine grained, fresh, i 4 n
18.4] " gypsum and chert nodules, weak g 50 mm monitoring well installed.
19 petroliferous odour when broken. Rare tor= 10| 193] g No. 10 screen installed.
fossil fragments, minor calcite as 1.25 91 R9 [Rap- 100% | &
162.0| €M t0 3.8 cm nodules. Occasional to 5
20 2% common styiites and shale partings 2 162 H
200| mm thick. Fracture surfaces clean. g
Medium bedded. 1 5
TCR= 97% =
2 10[ R10 | Rap= o7% 161 <
160.5] i £
215 :&
22 TCR= 100% 160 H
159.1| ...Three 1-3 cm nodules at 23.48 m to 2
23 [229] 2253m. 159 g
TeR = 100% ] 4
e [ I T
1 £l
13| R13 K

jibrary:
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LOG OF BOREHOLE 16-9B LOG OF BOREHOLE 16-90B

project | Proposed Uppers Quarry project no. | 161-11633-00 project | Proposed Uppers Quarry project no. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/11/22 client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/11/23
location | Thorold / Niagara Falls, ON method | Rock coring supervisor | SK location | Thorold / Niagara Falls, ON method | Hollow stem augers, 215 mm dia. supervisor | SK
position | E: 648259 N: 4773006 (17T, Geodetic) coring | HQ core, OD=96mm, ID=64mm reviewer | KJF position | E: 648261 N: 4773005 (17T, Geodetic) coring | n/a reviewer | KJF
R SUBSURFACE PROFILE SAMPLE . Fonetation Test Values = " Lab Data R SUBSURFACE PROFILE SAMPLE . Fonelation Test Values = " Lab Data
s 3 SPT 8 X Dynamic Cone Water Content (%) § -2 C and " s 3 SPT 8 X Dynamic Cone Water Content (%) § C and "
3 |Eey L8| o | Nvale | <3 P4 & Plasticity 3| 28 omments 8 |eey alg| 5 | Nvaue | 23 O & Plasicity 3 omments
< [perm] STRATIGRAPHY % E ’% 2% Undorained ‘Shear Strength (kPa) g o sz < [perm] STRATIGRAPHY % E ’% 2% Undorained ‘Shear Strength (kPa) g sz
2 | 'm) Fad Unconfined + Field Vane Lowe % 2 | (m) 2= Unconfined + Field Vane. Lowe a %)
o B3| 7 [, | & | o i 5 |e osTRAIO o EIZ| 7 e, | & | S sl [ 54 (2 e
| o [1s21] GROUND surFacE 120 1 03 or sh s L | o [1s21] GROUND SuRFAcE 120 1 10 2 GR sA S L
CLAYEY SILT e CLAYEY SILT, brown, trace silt, trace 182
. sand, trace gravel, very stiff, DTPL to |
| For stratigraphic descriptions, refer to 16- APL 1| ss "
1 181+
90B. ]
-2 180 i
1 B 2| ss 2 1811
3 179 ]
-4 178 i
1 3 8s 31 J 2 12 33 53
s ] -2
kG 180
4 ¥
EH 1
6 1761 g 5 E
] i af ss 29
-7 174.9| at 7.2m below grade 1754
72| For stratigraphic descriptions, refer to 16- ] =
9A. 179+
-8 1744 4
i 5 ss 24
-9 1734 4
10 172 - N N
6| ss 16 178 L 13 40 56
11 1714 i =N
12 170 alls 7| ss 16 1
i IR L5 =
1774 =
[ 169 o 1768 1
1 o 53] SILT AND CLAY, grey to reddish grey, ] =
| Y trace sand, irace gravel, very stiff, APL to (N = 1
14 - v’ b . i i
18 N WTPL, dilatent 8| ss 2t ] sH
] = =
|15 . A = i Lo i, il
167 i = I 176 i = ¥
16 166 33111 33:; 9| ss 22 32 20 35 13
|17 165 m=H =y
1644 1 i -7 =
177 10| ss 28 e i = R
END OF BOREHOLE WATER LEVEL MONITORING g =N
. Date th (m) Elevation (m) . L H
g Nov 25, 2016 63 175.7 g 1705 1 o
- Borehole was dry and open upon H 76
H completion. H END OF BOREHOLE
14 14
H 50 mm monitoring well installed. H WATER LEVEL MONITORING
g No. 10 screen installed. 5 Date Depth (m) Elevation (m)
& g - 8 Borehole was dry and open upon Dec 7, 2016 176.1
; ; completion.
H 50 mm monitoring well installed.
b No. 10 screen installed.
gl
g
g
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LOG OF BOREHOLE 16-9SP LOG OF BOREHOLE 16-10A

project | Proposed Uppers Quarry project no. | 161-11633-00 project | Proposed Uppers Quarry project no. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75, track-mounted date started | 2017/07/26 client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/11/24
location | Thorold / Niagara Falls, ON method | Hollow stem augers, 215 mm dia. supervisor | SCL location | Thorold / Niagara Falls, ON method | Rock coring supervisor | SK
position | E: 648263 N: 4773003 (17T, Geodetic) coring | n/a reviewer | KJF position | E: 648212 N: 4773549 (17T, Geodetic) coring | HQ core, OD=96mm, ID=64mm reviewer | KJF
R SUBSURFACE PROFILE SAMPLE . Fonetation Test Values 9 Lab Data R SUBSURFACE PROFILE SAMPLE . Fonelation Test Values = 9 Lab Data
e s SPT 3N X Dynamic Cone Water Content (%) £ and e s SPT 3N X Dynamic Cone Water Content (%) £ and
$ |eev L8| o | Nvale | €3 P4 & Plasticity 3 Comments 2 oo 25| o | nvaue | 23 © a4 & Plastioty 3 Comments
< [Depm] STRATIGRAPHY L1El & 2 “g Undrained Shear Strength (kPa) .4 NSz < [Depm| STRATIGRAPHY L1El & 2 “g Undrained Shear Strength (kPa) 4 NSz
Elm B2 7 [ oo | 27| o o [ s 4 |2 E|m gl2| 7| coe | 27| Qi .. alme | sy |8
| oo |22 GROUND suRFAcE o Recovery 20 0 2 o on ol oL |, |iews| GROUND surFace o Recovery 20 0 2 o on ol oL
CLAYEY SILT 1 CLAYEY SILT ]
For stratigraphic descriptions, refer to 16- 182.0 - For stratigraphic descriptions, refer to 16- 1811
90B. | 100B. |
. . 1801
os 1 1
1 = 1794
181.5+ B
g 178 o3
£g
1.0 1 s E o
1 1763| at 5.5m below grade ]
181.0- 55" ERAMOSA FORMATION, brownish-grey 1| we [ror= voon 176
-6 | —— togrey dolostone, hard, fresh, medium RQD= 38%
1 61 grained with saccharoidal texture, slightly 1
| vuggy, fossiliferous, petroliferous odour ToR= 100% 175
-7 when broken, thin to medium horizontal 2| R | Rap= 6%
g beds with occasional 2 mm thick shale ]
1.5 174.2] .
|-==1 layers. Rare styolites and gypsum
1 s 78] nodules. 174
180.5 TCR= 100% B
3| [ rap= 71%
4 1734
-9 172.6)
1 92 1
1 TCR= 98% 1724
|20 |10 4| R | rop= sew
1711
180.0] L. [T 171
1 ...Gradational core recovered as 5 cm to
10 cm pieces from 10.05 m to 13.82 m. 5| rs |TOR= t00% 1
] ... Thin bedded from 10.36 m to 13.61 m. RaD= 27% 170
12 [169.5]
|25 T 123 1
4 - 169+
- TCR= 100%
179.5- s 8| R | rap= 72% 1
179.5) |18.0] 168
27 - 13.8] T
14
END OF BOREHOLE B I — ]
RQD= 87% 167
=15
Boreholk d 166.5)
c;’,’fp,g.;;“_“ ary and open upon WATER LEVEL MONITORING 53 1
Date Depth (m) Elevation (m) ...Calcite filled parting at 15.60 m. . 166
50 mm monitoring well installed. Jul 28,2017 11 181.1 18 165611 cm chert nodule at 16.18 m. 8| re | b oo |
o No. 10 screen installed. 165.0| GOAT ISLAND FORMATION,, dolostone,
E |17 [F6s| hard, grey, fine grained, fresh, occasional 165
g gypsum and chert nodules, weak 4
3 petroliferous odour when broken. Rare of ro [ TCR=97%
H s fossil fragments, minor calcite and RaD= 02% 1641
g 163.4| gypsum veins. Occasional to common
E o [F84| stylites and shale partings 2 mm thick. T
K g Fracture surfaces clean. Medium 163
el | e ol w1552 5
S S .1 cm shale layer at 18.00 m. = 0o 1
5| 5] 161.9|
2 2 Fog| --Chertnodules up to 7.62 cm wide, 4% 162
§ § 20 19.9]
g g of core from 19.76 m to 20.42 m. 4
g H TCR= 100%
2 2 " M| R roo= 100%| 161
7| 3 1604 R
H 214
b 1P 1601
TCR= 100%
§ 12| R12 | pap= 100% 1
E 156.9] 150
£ [ =0
=l TCR= 100%
= 13] R13 | rap= 100% 1581
= 157.3 B
4| 1243 14| R4 157 ]
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LOG OF BOREHOLE 16-10A LOG OF BOREHOLE 16-10B

project | Proposed Uppers Quarry project no. | 161-11633-00 project | Proposed Uppers Quarry project no. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/11/24 client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/11/28
location | Thorold / Niagara Falls, ON method | Rock coring supervisor | SK location | Thorold / Niagara Falls, ON method | Rock coring supervisor | SK
position | E: 648212 N: 4773549 (17T, Geodetic) coring | HQ core, OD=96mm, ID=64mm reviewer | KJF position | E: 648212 N: 4773547 (17T, Geodetic) coring | HQ core, OD=96mm, ID=64mm reviewer | KJF
z SUBSURFACE PROFILE SAMPLE . Fenetration Test Values = o Lab Data z SUBSURFACE PROFILE SAMPLE N (Eroaalen gyt Values = o Lab Data
e 3 SPT 8 | xomemccone Water Content (%) S| =2 C and " e 3 SPT 8 | xomamccone Water Content (%) < C and "
$ ey L8[ o | Nvalue | 23 P4 & Plasticity 3| 28 omments 3 | gev 25| o | Nvae | 23 O & Plasicity 3 omments
2 [Perm STRATIGRAPHY g8 ’% 2§ [Undrained snear strength (Pa) 4 o sz 2 [Perm STRATIGRAPHY g8 ’% 2§ [Undrained snear strengtn (Pa) 4 sz
2 A E] 3 O Unconfined + Field Vane oo a %) S a3 B © Unconfined + Field Vane oo a %
g™ g1z roe | & @ PoditPancirometor I Lo o —&—i T i g™ gz roe | & @ PoditPancirometor I Lo o ——i T Rt
- (continued) O ecovery 120 1 02 ™ | , |is1ol GROUND SURFACE O ecovery 120 1 02 ™
vol mue | Tor= 100% ] CLAYEY SILT
RQD= 100% ]
| s 1156.9 156 For stratigraphic descriptions, refer to 16-
88| GASPORT FORMATION, dolostone, | 100B.
hard, fresh, grey to dark grey, fine to TCR= 98% 1814
medium grained fossiliferous dolostone 15| RS | rap- o7y 1551 o
27 with saccharoidal texture. Medium
115431 bedded with fossil fragments up to 6%. 1 |
275| Occasional stylolites. Rare gypsum 154
|28 nodules, less than 1% by volume. ToR= 100%
...1 cm "graphite” layer at 26.92 m, 16| rie | o 00 1 180
marker bed. -2
| 2o [1527] ..Chalky chert nodules from 28.88 m to 153
29.1] 29.10m. ] ]
TCR= 100%
|20 7] R17 | Rap= o7% 1529
179
151.2] 1 -3 7
30.6] 151
[ TCR = 100% " T
18| R18 | Rap= 100% T
|ao |1407] 1504 178
321 1 =
ToR= 100% i
- 19 R19 | gap= 100% 149 1 -
148.2) b % %
w € 148 |5 77 i
- &
TCR= 100%
200 R20 | qap- g5t 1
6| 176.4| at 5.5m below grade 4
| s S| DECEW FORMATION, dolostone, 147 55] For stratigraphic desornt oo 16
35.1 | medium hard, dark grey, fine grained, or stratigraphic descriptions, refer to 16-
fresh, argillaceous with occasional shale WATER LEVEL MONITORING 10A. 176
partings, 3 mm thick. Slightly Date Depth (m) Elevation (m) -6
renaceous, rhythmites present. Nov 30, 2016 48 177.0
END OF BOREHOLE
- 1754
Borehole was dry and open upon aas
completion. ]
50 mm monitoring well installed. =
No. 10 screen installed. 174 A =
L& B = X
=y
s i L E
=
., 172 ‘:::u ‘::]‘
] ] | =y
g g 1714 A e
2| 2| 10.8
2 g END OF BOREHOLE WATER LEVEL MONITORING
§ § Date Depth (m) Elevation (m)
2 2 Borehole was dry and open upon Nov 30, 2016 64 1755
H H completion.
B 50 mm monitoring well installed.
’§ No. 10 screen installed.
g
g
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LOG OF BOREHOLE 16-100B LOG OF BOREHOLE 16-11

project | Proposed Uppers Quarry project no. | 161-11633-00 project | Proposed Uppers Quarry project no. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/11/23 client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/11/08
location | Thorold / Niagara Falls, ON method | Hollow stem augers, 215 mm dia. supervisor | SK location | Thorold / Niagara Falls, ON method | Hollow stem augers, 215 mm dia. supervisor | SK
position | E: 648212 N: 4773550 (17T, Geodetic) coring | n/a reviewer | KJF position | E: 648503 N: 4773178 (17T, Geodetic) coring | n/a reviewer | KJF
R SUBSURFACE PROFILE SAMPLE . Fonetation Test Values = 9 Lab Data R SUBSURFACE PROFILE SAMPLE . Fonelation Test Values = 9 Lab Data
Y 3 SPT 3 X Dynamic Cone Water Content (%) S| =2 and Y 3 SPT 3 X Dynamic Cone Water Content (%) £ and
8 lee a5 o | NVae | 93 0w & Plasticity | 25| Comments 2 | e g lgl o | nvawe | 23 0 @ S Pramtchy 3 Comments
2 [Perm STRATIGRAPHY g8 ’% 2§ [Undrained snear strength (Pa) 4 o S— 2 [Perm STRATIGRAPHY g8 ’% 2§ [Undrained snear strengtn (Pa) 4 S—
2 |m E] Core 35 | o uncomine + Fild Vane o e o OISTRBUTION (%) 2 |m E] Core 55 | o uncomine + Fiod Vane e a e
a = w @ Pocket Penetrometer M Lab Vane —— o wimy a = ] @ Pocket Penetrometer Ml Lab Vane —— o Ty
|, |iewsl GRounD surrace o Recovery 20 1 02 ™ |, [iszo GROUND SURFACE © Recovery 201 02 R s ol
CLAYEY SILT, brown, trace silt, trace CLAYEY SILT TO SILTY CLAY, yellowish 1
sand, stiff to hard, DTPL to APL 1 brown, trace sand, trace gravel, stiff to ]
1| ss 9 ] hard, DTPL to APL 1| ss 8
181 182
B 2| ss 31 1 B 2| ss 19 1
3| ss 31 180+ ') ! 3| ss 36 181
-2 E | 2 ]
] K = ¥ ]
4l ss 29 1 = 4l ss 27 1
179+ o= 180
5| ss 22 | E 5| ss 14 I il O
1 H=5 ] L
176 = e =1
I = I 179 oy = %
-4 g o = e -4 ] A =
6| ss 10 = 6| ss 9 N = i
71 N = (R E AR e S
I = A e =
R (= X ] R = K
=]
...at 4.6 m, Becoming reddish brown, 1 = N ..at 4.6 m, Becoming greyish, stiff, APL, 1 B = i
trace gravel, stiff, APL to WTPL , dilatent 1774 (G = dilatent 2 =
7| ss 10 (B = 7| ss 8 1781 =
3 ] \\ “ i |5 ] =
. ~ = | BE®
1763 8] ss 507 : ~ M ] A=
55 Omm =
‘ ss 18 1 i = i
END OF BOREHOLE 8 Ao = i)
WATER LEVEL MONITORING 1774 H
Date Depth (m) Elevation (m) L6 =
Borehole was dry and open upon Dec 7, 2016 35 178.3 1 I =
completion. ] i = i
50 mm monitoring well installed. 9f ss 16 | e
No. 10 screen installed. \ iy = g
] I =
176 \ ook
-7 10| ss 58/ \
150mm 1
175.7]
72
o o END OF BOREHOLE
b3 3 WATER LEVEL MONITORING
B 3| Date epth (m) Elevation (m)
: o Borehole was dry and open upon Nov 10, 2016 179.6
: : completion.
% § 50 mm monitoring well installed.
s s No. 10 screen installed.
M
gl
g
g
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LOG OF BOREHOLE 16-12 LOG OF BOREHOLE 16-13A

project | Proposed Uppers Quarry project no. | 161-11633-00 project | Proposed Uppers Quarry project no. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/11/08 client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/11/11
location | Thorold / Niagara Falls, ON method | Hollow stem augers, 215 mm dia. supervisor | SK location | Thorold / Niagara Falls, ON method | Rock coring supervisor | SK
position | E: 648507 N: 4772982 (17T, Geodetic) coring | n/a reviewer | KJF position | E: 648513 N: 4772784 (17T, Geodetic) coring | HQ core, OD=96mm, ID=64mm reviewer | KJF
z SUBSURFACE PROFILE SAMPLE . Fenetration Test Values = o Lab Data z SUBSURFACE PROFILE SAMPLE N (Eroaalen gyt Values = o Lab Data
e 3 SPT 8_ | xomemiccone Water Content %) | S | =2 and ry 3 SPT 8_ | xomemiccone Water Content (%) | S and
g |ee a18| o | Nvae | 23 0 4 & Plasticity gl 22 Comments 2 | g & || o | Nvawe | 23 0 4 & Plastciy H Comments
2 [Perm STRATIGRAPHY g8 ’% 2§ [Undrained snear strength (Pa) 4 o S— 2 [Perm STRATIGRAPHY g8 ’% 2§ [Undrained snear strengtn (Pa) 4 S—
a el 3 O Unconfined + Field Vane PL MC a o o o |3 F © Unconfined + Field Vane PL MC a o
3™ EIZ| 7 ase | & | Shmem. sl [ & |8 RN i EIZ| 7o | & | Shmme. sl [ & |8 eI
183.6| 10 1 ! 2 GR.SA S| CL 185; 10 1 ! 2 GR.SA S| CL
Lo GROUND SURFACE id Lo GROUND SURFACE id
CLAYEY SILT, brown, trace sand, blocky, CLAYEY SILT 185
very stiff to hard, DTPL g |
1] ss 7 - For stratigraphic descriptions, refer to 16-
4 130B. 184+
183 |
| I I -2
.. | " 1834
B 2| ss 17 1 N = O ]
] o - e?
= T 28
] o = N gs
I = X0 71 L3
= &
182 0 = B 181
3 8s 20 B ‘}1“‘ ‘}1“ 180.6| at4.6m below grade i
|, 8 = | . 48] ERAMOSA FORMATION, brownish-grey
1 N = to grey dolostone, hard, fresh, medium to TeR= 7% 1801
] = thin grained with saccharoidal texture, T R | rap= 2m%
: : b petroliferous odour when broken, thin to b
g o = b 6 1729 medium horizontal beds with i e
4| ss 29 181 R = 6.2 2 mm thick shale layers. Rare styolites
1 10 = A and gypsum nodules. Approximately 3% TeR= 100% g
| -7 vug content. 2| R2 | Rap- 9% 178
[° 1 I = I 1775 |
] R =R | o 7.7 )
A = T 1774
5| ss 53 NN e TOR= 98%
1 = 3| R [ rap= 0% ]
180 R =k X 4
1798 ] s bl 92 76
381 SILT, reddish brown, trace sand, trace R = i TCR= 100% 1
4 gravel, hard, DTPL 6| ss 53 1 N 10 4| R | Rap= 92% 1754
179.3 1 1744 i
43 END OF BOREHOLE 11 | ™°] .."Void" at 1026 m to 10.36 m. 174
TCR= 100%
WATER LEVEL MONITORING °| | map= 75 .
Date Depth (m) Elevation (m) 12 4729
Borehole was dry and open upon Nov 10, 2016 38 1798 |172:9) 173+
completion. 123 i
L s TCR= 98%
50 mm monitoring well installed. L B R0 ETPR
No. 10 screen installed. 1714
|14 [ 138] .
..Grey muddy infill at 14.78 m for 10 cm. 1714
7 R7 TCR= 100%
RQD = 87% 4
["® [1699] ..Eramosa as 10 cm to 15 cm pieces 170
153| from 15.04 mto 19.81 m.
|16 TCR= 90%
8| R& [ rap= ss% 169
168.3| 4
7 | "®°| ..vugay, up to 3 mm, 30 % of core from 1684
17.01 m to 17.08 m. ol ro 95%
69% .
|18
166.8| 167+
g g 18.4]  Vuggy, up to 3 mm, 30 % of core from 4
e ch1o 1849 m to 18.72m. - 100%
] ] 10| rio | To0L et 166
H H 1e53] alcite blebs up to 3 cm from 19.81 m
H el g to2014m. 1
g g ) 1651
K] 3| TCR= 95%
g 2 1| Rt | S5 e ]
3 21
8 !ggé 164+
by » | GOAT ISLAND FORMATION, dolostone, 1
g hard, grey, fine grained, fresh, occasional 12| w2 | TORT 0% | s
N gypsum and chert nodules, weak
3 162.3| petroliferous odour when broken. Rare 1
EF2 [229] fossi fragments, minor calcite and 162
2 gypsum nodules. Occasional to common
5 stylites and shale partings 2 mm thick. 13| miz | FOR= 0% 4
| 228 Fracture surfaces clean. Medium i
2] 160.7| bedded. 1614
g 1%:5 (continued on next page) M 4
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W \I ) W \I )
LOG OF BOREHOLE 16-13A LOG OF BOREHOLE 16-13B

project | Proposed Uppers Quarry project no. | 161-11633-00 project | Proposed Uppers Quarry project no. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/11/11 client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/11/16
location | Thorold / Niagara Falls, ON method | Rock coring supervisor | SK location | Thorold / Niagara Falls, ON method | Rock coring supervisor | SK
position | E: 648513 N: 4772784 (17T, Geodetic) coring | HQ core, OD=96mm, ID=64mm reviewer | KJF position | E: 648513 N: 4772783 (17T, Geodetic) coring | HQ core, OD=96mm, ID=64mm reviewer | KJF
R SUBSURFACE PROFILE SAMPLE . Fonetation Test Values = 9 Lab Data R SUBSURFACE PROFILE SAMPLE . Fonelation Test Values = 9 Lab Data
ry 3 SPT 8 | xomemccone Water Content %) | S | =2 and ry 3 SPT 8 | xomamccone Water Content (%) | S and
$ |eev L8| o | Nvale | €3 P4 & Plasticity gl 22 Comments % | ey g5l o | nvaue | 23 © a4 & Plastioty 3 Comments
2 [Perm STRATIGRAPHY 21E ’% 2§ [Undrained snear strength (Pa) 4 o sz 2 [Perm STRATIGRAPHY 21E ’% 2§ [Undrained snear strengtn (Pa) 4 sz
S A E] s © Unconfined “+ Field Vane Lowe a % 3 a3 B © Unconfined “+ Field Vane Lowe a %)
E|m EI2| 7 |poe | & | SR aliar | 8 |2 oeTRRIGN 09 Bm EI2| 7 |poe | & | SR alia | 8 |2 oSTRRIGN 09
- (continued) o ecovery 120 1 10 GR SA S CL | , |is2 GROUND SURFACE o ecovery 120 1 10 GR SA S CL
.25 cm thick black shale bed at 24.26 ror= 100%| 160 CLAYEY SILT 1851
m. 14| R14 | cap= o5y ] ]
| s P22 .Chertat2502 mto 2675 m. - For stratigraphic descriptions, refer to 16-
260 GOAT ISLAND FORMATION, dolostone, 159 1308B. 184
hard, grey, fine grained, fresh, occasional Tor a8
gypsum and chert nodules, weak 15[ ris | RORT S 1 1
27 petroliferous odour when broken. Rare P -2 183
fossil fragments, minor calcite and
6| gypsum nodules. Occasional to common g g
28 stylites and shale partings 2 mm thick. 3 |3 eF
Fracture surfaces clean. Medium 16| ris | RoRZ oo | 157 182 Zg
bedded. (continued) i i £g
| oo 1561 L. &
291 1561 181
180.6| at4.6m below grade
|20 17| Rz | SR 1o 1 | 5 48[ For stratigraphic descriptions, refer to 16- T
1551 13A. 1801
|31 150 ¢ 179
TCR= 100% 1 1
18[ R18 | pap= 100%
- . -7
¥ 1531 178
152.3] % 19| Rrig | TCR= 100% 1 71
732 | 29| GASPORT FORMATION, dolostone, RaD= se% 152 B 177
151.6| hard, fresh, grey to dark grey, fine to
336| medium grained fossiliferous dolostone 1 1
34 with saccharoidal texture. Medium 151 o 176
bedded with fossil fragments up to 6%. 20| Reo | FER= B
Stylolites shaley partings up to 3 mm, 2 1 ]
|35 [150.0] per 1.5 m. Rare gypsum nodules, less 10
35.2| than 1% by volume. 150 175
.1 om graphite 'marker' bed at 34 m. | |
= 21| re | 25T Toon =
- 1491 174
o 148 2 173
TCR= 100%
22| R22 | gap= 100% ] ]
- 38 13
1474 1724
|39 23| Ros | TCR= 100% i |14 i
RQD= 100% 146 1714
40 15
20| rea | TOR= 100% 145 70
RQD= 100% 4 4 % NN
= 16 N
43| 144 169 B
41.3] [, [,
|42 TCR= 100% 1 17 1 ]j:; | ]j:;
25( RS | gap= 90% 143 168
DECEW FORMATION, dolostone, A E 1 =
medium hard, dark grey, fine grained, 18 674 O = i
fresh, argillaceous with occasional shale WATER LEVEL MONITORING i =
E artings, 3 mm thick, Date Depth (m) Elevation (m) E | B = bR
e Nov 21, 2016 7.8 1774 I =N
H 2 166 O = i
e END OF BOREHOLE e R = i
H H 165.3] 1 (N I A
§ § 19.9
5 Borehole was dry and open upon 5 END OF BOREHOLE WATER LEVEL MONITORING
2 completion. 2 Date Depth (m) Elevation (m)
H s Nov 21, 2016 93 175.9
50 mm monitoring well installed. Kl Borehole was dry and open upon
No. 10 screen installed. g] completion.
£
g] 50 mm monitoring well installed.
2 No. 10 screen installed.
g
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LOG OF BOREHOLE 16-130B

project | Proposed Uppers Quarry projectno. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/11/17
location | Thorold / Niagara Falls, ON method | Hollow stem augers, 215 mm dia. supervisor | SK
position | E: 648513 N: 4772782 (17T, Geodetic) coring | n/a reviewer | KJF
= SUBSURFACE PROFILE SAMPLE . Peneiralon TestValues o Lab [;ma
rY 3 SPT 8_ X Dynamic Cone Water Content (%) S| =2 an
3 |Eey a18| o | Nvae | 23 I & Plasticity 3 2% Comments
< [perm] STRATIGRAPHY 21E ’% 2§ [Undrained snear strength (Pa) 4 a RAN SZE
a a3 3 O Unconfined + Field Vane PL MC a C
g™ T|2 R g @ Focko Poneromoter M Lab Vane —o—| T ST
|, [1ss2l GROUND suRFAcE o ecovery 120 1 10 3 o8 SA S oL
CLAYEY SILT, brown becoming reddish
brown, trace sand, trace gravel, very stiff 185
to hard, DTPL to APL T oss 1 1
B 2| ss 37 1
184+ m o
= e
3| ss 41 1 :1:“1 w
- | =
183 B =
=
af ss 30 ] =
s ] =
5| ss 31 ] ROy =
=
» ] o =N
6| ss 21 I o
181 o =
] =
58/ 1 R
1803 7| %S| 150mm ] L
49
END OF BOREHOLE
WATER LEVEL MONITORING
Date Depth (m) Elevation (m)
Borehole was dry and open upon Dec 5, 2016 dry nla
completion.
50 mm monitoring well installed.
No. 10 screen installed.

1 file: uppers lane 2016.gpj

Sheet No. 1 of 1

project | Proposed Uppers Quarry

location | Thorold / Niagara Falls, ON

client |

\\\I)
LOG OF BOREHOLE 16-14

161-11633-00
2016/11/10

project no. |

Walker Aggregates Inc. rig type | CME 75 date started |

method | Hollow stem augers, 215 mm dia. supervisor | SK

1 file: uppers lane 2016.gpj

nivar - library glb_roport: gon

library

position | E: 648520 N: 4772609 (17T, Geodetic) coring | n/a reviewer | KJF
= SUBSURFACE PROFILE SAMPLE . Penetralon TestValues o Lab [;ma
rY 3 SPT 8_ X Dynamic Cone Water Content (%) £ an
8 [Eev a5 5 | Nvale | €3 P 4p & Plasticity H Comments
2 [Perm STRATIGRAPHY g8 ’% £ [ undrained shear strength (kPa) 4 S—
a a|s F O Unconfined + Field Vane PL MC a o
o EI2| 7 |poe | & | SR alia | 8 |2 oSTRRIGN 09
|, [1s2 GROUND SuRFAcE o ecovery 15 120 1 10 3 GR SA S CL
CLAYEY SILT, brown, trace sand, trace
gravel, very stiff to hard, DTPL 1
1| ss 8
B 2| ss 36 183 S
3| ss 2 1 A=
-2 182 =iy
a| ss 2 1 =i
L 181 =
...at 3.0 m, Becoming reddish brown, E
very stiff, DTPL to APL 1 o = O
5| ss 2 ] =
B o0 i
6| ss 16 A= A
60/ 1 X0
1704 7| % | 150mm ]
49
END OF BOREHOLE
WATER LEVEL MONITORING
Date Depth (m) Elevation (m)
Borehole was dry and open upon Dec 6, 2016 45 1795
completion.
50 mm monitoring well installed.
No. 10 screen installed.
Sheet No. 1 of 1
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LOG OF BOREHOLE 16-15

project | Proposed Uppers Quarry projectno. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/10/13
location | Thorold / Niagara Falls, ON method | Hollow stem augers, 215 mm dia. supervisor | SK
position | E: 648524 N: 4772420 (17T, Geodetic) coring | n/a reviewer | KJF
R SUBSURFACE PROFILE SAMPLE . Peneiralon TestValues o Lab dea
rY 3 SPT 8_ X Dynamic Cane Water Content (%) S| =2 an
3 |Eey a18| o | Nvae | 23 I & Plasticity 3 2% Comments
< [perm| STRATIGRAPHY HE ,% £& [ undreinea shear strength (<Pa) © e RAN SIZE
a o |3 Fa © Unconfined + Field Vane PL MC a o
o §12| 7l | & | Sl | & |8 oeTRRIGN 09
| o [1522] GROUND surFAcE o ecovery 120 1 10 3 o8 SA S oL
CLAYEY SILT, yellowish brown, trace T
sand, hard to stiff, DTPL 182
1 8ss 14
B 2| ss 34 1
1814
3 8s 25 E g g
-2 ] M
180 }:\‘ ] ::“
4| ss 13 ] ‘:“‘j Ak
..at 2.7 m, Becoming reddish brown, firm i =
. to stiff, APL to WTPL, dilatent
P =
5| ss 10 | o = o8
L. ] b = Doy
6] ss 1 =
BE
7| ss 8 1 :‘:w j‘::
Ls {1 ™ bt =
™~ =1
77 I~ L H
1768 Eiss 507 S
54 75mm
END OF BOREHOLE
WATER LEVEL MONITORING
Date Depth (m) Elevation (m)
Borehole was dry and open upon Dec 6, 2016 dry nia
completion.
50 mm monitoring well installed.
No. 10 screen installed.

1 file: uppers lane 2016.gpj
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\\\I)
LOG OF BOREHOLE 16-16

1 file: uppers lane 2016.gpj

nivar - library glb_roport: gon

jibrary:

project | Proposed Uppers Quarry projectno. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/10/13
location | Thorold / Niagara Falls, ON method | Hollow stem augers, 215 mm dia. supervisor | SK
position | E: 648806 N: 4772274 (17T, Geodetic) coring | n/a reviewer | KJF
z SUBSURFACE PROFILE SAMPLE . Penetralon TestValues o Lab [;ma
rY k< SPT 8_ X Dynamic Cone Water Content (%) £ an
i = al8| o | Nvae | 23 P 4p & Plasticity H Comments
< [perm| STRATIGRAPHY HE ,% £& [ unareinea shear strengtn (<Pa) © RAN SIZE
a a|s F O Unconfined + Field Vane PL MC a o
m EIZ| 7 e, | 8 | Shem s | 8 |8 e 00
|, |izesl GROUND SuRFACE 120 1 0 2 e s s oL
CLAYEY SILT TO SILTY CLAY, brown,
trace sand, hard to firm, DTPL to APL. 1
1 8ss 20 i
178+
B 2| ss 36 |
3| ss 2 1779
- g
af ss 9 1
176+
= L
5 ss 1" B
1754 g g
|2 1
6| ss 8 ] N O
1744 =
7| st I =}
s 1 =
...at5.3 m, Becoming red, soft to firm, 1 =
TPL ] =
8| ss 4 I e A
173 =
-6 1 }:‘;} ‘}:‘;
9| ss 4 1 = i
171
- 1 = K
1716 ss N ] A = A
72| SILTY SAND AND GRAVEL , grey, I~ i = ¥
compact, wet 4 \ ]
50/ ™~
170.9 ss 125mm 719
7.9
END OF BOREHOLE
WATER LEVEL MONITORING
Date Depth (m) Elevation (m|
Borehn[e was dry and open upon Nov 8, 2016 "1'5( ) 177.0 (m)
completion.
50 mm monitoring well installed.
No. 10 screen installed.
Sheet No. 1 of 1
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LOG OF BOREHOLE 16-17

project | Proposed Uppers Quarry projectno. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/11/10
location | Thorold / Niagara Falls, ON method | Hollow stem augers, 215 mm dia. supervisor | SK
position | E: 648996 N: 4772677 (17T, Geodetic) coring | n/a reviewer | KJF
z SUBSURFACE PROFILE SAMPLE . Peneiralon TestValues o Lab [La‘a
rY 3 SPT 8_ X Dynamic Cone Water Content (%) £ =2 an
8 | Elev olg| o | NValue °3 o 40 & Plasticity § 23 Comments
2 [Perm STRATIGRAPHY g8 ’% £ [ undrained shear trength (kPa) 4 o S—
o a3 3 O Unconfine + Field Vane Pl a o
o §12| 7l | & | Sl | & |8 oeTRRIGN 09
| o [izz4l GROUND suRFAcE o ecovery 120 1 10 3 o8 SA S oL
SILTY CLAY TO CLAYEY SILT, brown,
trace sand, stiff, DTPL to APL 1
1 8ss 10
1774
B 2| ss 13 1
176+ =
3 8s 13 1 " " 1429 66
-2 E ]
175.3| R N
21| CLAYEY SILT, reddish brown, trace 1 BEy
sand, trace gravel, firm to stiff, APL to 1754 o = i
WTPL, dilatent o=
4 ss 12 4 “ [ “ [
! | !
L
1 e
5| ss 10 o= 04722
1744 =
| RI=H
! !
] ' E
= R ss 4 “\‘ “\‘
5 ] =N
173 ‘1‘} ] ‘1‘}
B “ \‘ “ I
1 =N
7 8s 8 [ [ 313 70 14
- 4 \ \““ 1 “
4 \\ “w | “\
i = N
0 = i
1724 o g
171.7 4
57
END OF BOREHOLE
WATER LEVEL MONITORING
Date Depth (m) Elevation (m)
Borehole was dry and open upon Nov 21, 2016 15 176.0
completion.
50 mm monitoring well installed.
No. 10 screen installed.

1 file: uppers lane 2016.gpj

Sheet No. 1 of 1

W \I )
LOG OF BOREHOLE 16-18B

1 file: uppers lane 2016.gpj

nivar - library glb_roport: gon

jibrary:

project | Proposed Uppers Quarry projectno. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/11/07
location | Thorold / Niagara Falls, ON method | Rock coring supervisor | SK
position | E: 648816 N: 4773300 (17T, Geodetic) coring | HQ core, OD=96mm, ID=64mm reviewer | KJF
z SUBSURFACE PROFILE SAMPLE . Penetralon TestValues o Lab [;a‘a
rY 3 SPT 8_ X Dynamic Cone Water Content (%) £ an
i = al8| o | Nvae | 23 P 4p & Plasticity H Comments
< [perm| STRATIGRAPHY HE ,% £& [ unareinea shear strengtn (<Pa) © RAN SIZE
a a|s F O Unconfined + Field Vane PL MC a o
g™ T|2 R g @ Pociot Panotometer M Lab Vano —— T ST
| o [ize2l GROUND surFacE o ecovery 120 1 10 3 o8 SA S oL
CLAYEY SILT T
For stratigraphic descriptions, refer to 16- 176
180B.
1 ef
35
= | gz
£E
174.9| @t 1.3m below grade 175+
13| ERAMOSA FORMATION , brownish-grey |
to grey dolostone, hard, fresh, medium to 1 R1 | TOR= 40%
thin grained with saccharoidal texture, RQD = 0%
petroliferous odour when broken, thin to 1
1.7| medium horizontal beds with occasional
2 mm thick shale layers. Rare styolites 1
and gypsum nodules. Approximately 3%
-2 vug content. ]
..Broken recovery to 2.08 m.
174 N
TCR= 8% 1 B
2| R | Rap- 62% T
..Vuggy, 1 to 3 mm, from 2.69 m to 2.77 “ “
m. 1 i =
|3 ] 1:;‘1 1:;‘
2 173 ‘ ‘
33| (N e
.Vuggy, 1o 3 mm, from 3.81 m to 4.06
m. TCR= 100% ]
3] R | Rap= 67% 1 I =
= .30 % of core as 2.5 cm to 5 cm pieces. ] by =
1724 :“‘ | :“‘
1718 [
4.4
END OF BOREHOLE
WATER LEVEL MONITORING
Borehole was dry and open upon Date Depth (m) Elevation (m)
completion. Nov 17,2016 07 175.
50 mm monitoring well installed.
No. 10 screen installed.
Sheet No. 1 of 1



project | Proposed Uppers Quarry

LOG OF BOREHOLE 16-180B

\\\I)

project no. |

161-11633-00

1 file: uppers lane 2016.gpj

END OF BOREHOLE
Borehole was dry and open upon
completion.

50 mm monitoring well installed.
No. 10 screen installed.

WATER LEVEL MONITORING
Date Depth (m)
Dec 5, 2016 0.7

Elevation (m)
175.7

client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/11/07

location | Thorold / Niagara Falls, ON method | Hollow stem augers, 215 mm dia. supervisor | SK
position | E: 648815 N: 4773302 (17T, Geodetic) coring | n/a reviewer | KJF
R SUBSURFACE PROFILE SAMPLE . Peneiralon TestValues o Lab [;ma
e s SPT 8_ X Dynaic Cone Water Content (%) £ an
8 |y a18| o | Nvae | 23 P 4 & Plasticity H Comments
< [perm| STRATIGRAPHY HE ,% £& [ undreinea shear strength (<Pa) © RAN SIZE
g 5|35 g © Uncortined + Field Vane o e a g
gm §12| 7l | & | Sl | & |8 oeTRRIGN 09
0o |HZ84GROUND SURFACE o ecovery 120 1 10 3 o8 SA S oL

CLAYEY SILT, reddish brown, trace

sand, firm to stiff, DTPL.

1 8ss 6
176.0]
|-0.5
...Red brown infilling in top 0.91 m.
175.5
1.0
2| ss 14
175.1
13

Sheet No. 1 of 1

LOG OF BOREHOLE 16-19B

\\\I)

project | Proposed Uppers Quarry projectno. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/11/04
location | Thorold / Niagara Falls, ON method | Rock coring supervisor | SK
position | E: 648826 N: 4773443 (17T, Geodetic) coring | HQ core, OD=96mm, ID=64mm reviewer | KJF
R SUBSURFACE PROFILE SAMPLE . Penetralon TestValues o Lab [;a'a
e s SPT 8_ X Dynaic Cone Water Content (%) £ an
i = al8| o | Nvae | 23 P 4p & Plasticity H Comments
< [perm| STRATIGRAPHY HE ,% £& [ unareinea shear strengtn (<Pa) © RAN SIZE
a o |3 F © Unconfined + Field Vane PL MC a o
g™ gz R Core ] @ Pocket anstromoter M Lao Vans —— T OISTREIMN )
| o [izesl GROUND surFacE o ecovery 120 1 10 3 o8 SA S oL
CLAYEY SILT
For stratigraphic descriptions, refer to 16- 1
190B.
176
4 23
EH
53
L 1 £
175.2| at 1.2m below grade 4
12| ERAMOSA FORMATION, brownish-grey
to grey dolostone, hard, fresh, medium to ToR= 88% 175
thin grained with saccharoidal texture, R1 | RraD= 0%
petroliferous odour when broken, thin to i
medium horizontal beds with i
17| 2 mm thick shale layers. Rare styolites
and gypsum nodules. Approximately 3% 1
vug content.
- 1
..Vugs up to 5 mm at 1.82 m for 5 cm.
ro | TOR= 9% 174
RQD= 21% i \
H=E
[ ..Vugs up to 3 mm at 3 m for 2.5 cm. 1 =k
1732 ] M=K
32 =
.Most pieces of core are 2.5 to 7.5 cm. 173 oy = i
w ]
, ] A=
1723 ]
4.2

1 file: uppers lane 2016.gpj

nivar - library glb_roport: gon

jibrary:

END OF BOREHOLE
Borehole was dry and open upon
completion.

50 mm monitoring well installed.
No. 10 screen installed.

Date
Nov 17, 2016

WATER LEVEL MONITORING
Depth (m) Elevation (m)
13 175.1

Sheet No. 1 of 1



LOG OF BOREHOLE 16-190B

\\\I)

project | Proposed Uppers Quarry projectno. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75 date started | 2016/11/03
location | Thorold / Niagara Falls, ON method | Hollow stem augers, 215 mm dia. supervisor | SK
position | E: 648826 N: 4773444 (17T, Geodetic) coring | n/a reviewer | KJF
R SUBSURFACE PROFILE SAMPLE . Peneiralon TestValues o Lab [;ma
e s SPT 8_ X Dynaic Cone Water Content (%) £ an
& | e o gl o | Nvaue | 23 0 4 & Plasticity 3 Comments
< [perm| STRATIGRAPHY L1E ’% 2§ [Undrained snear strength (Pa) 4 NSz
a a3 Fa ‘© Unconfine + Field Vane Pl a %)
5| g2 plore |3 © Peckot pensvomstor M Lo vane —&— |2 oS
| 0o [ze4l GROUND SURFACE o ecovery 120 1 10 3 o8 SA S oL
CLAYEY SILT, brown becoming reddish 1
brown, trace sand, stiff to very stiff, DTPL
1 8ss 11 1
176.0]
|-0.5 b
175.5
1.0 b
2| ss 30
175.2] 1
1.2

1 file: uppers lane 2016.gpj

END OF BOREHOLE
Borehole was dry and open upon
completion.

50 mm monitoring well installed.
No. 10 screen installed.

Date
Dec 5, 2016

WATER LEVEL MONITORING
Depth (m) Elevation (m)
dry na

Sheet No. 1 of 1

LOG OF BOREHOLE 17-20A

\\\I)

V1 filo: uppers lane 2017 supplomental drilling. gpj

nivar - library glb_roport: gon

jibrary:

project | Proposed Uppers Quarry projectno. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75, track-mounted date started | 2017/06/29
location | Thorold / Niagara Falls, ON method | Solid stem augers, 150 mm dia. supervisor | SM
position | E: 649805 N: 4772733 (17T, Geodetic) coring | HQ core, OD=96mm, ID=64mm reviewer | KJF
z SUBSURFACE PROFILE SAMPLE . Penetralon TestValues o Lab [;ma
e s SPT 8 _ X Dynamic Cone Water Content (%) £ an
i = al8| o | Nvae | 23 P 4p & Plasticity H Comments
< [perm] STRATIGRAPHY 21E] & 2§ [Undrained snear strengtn (Pa) 4 NSz
3 a3 F B © Unconfined “+ Field Vane Lowe a %)
& [m I Re‘ig"; & @ Pockot Penetromster Ml Lab Vane —e— o Rt
| o |iccol GROUND SURFACE v 20 1 03 or sh s L
CLAYEY SILT Augered siraight to
4 bedrock
- For stratigraphic descriptions, refer to 17- 185
200B. 8s
-2 184
= 1831
] 0¥
£
3
4 1821 FH
EE
|5 [1s00| at5.im beiowgrade .
51| ERAMOSA FORMATION, brownish-grey
to grey dolostone, hard, fresh, medium Ri | TOR= oo 1
b6 |1707| grained with saccharoidal texture, - 180
-1 petroliferous odour when broken, thin to
63| medium horizontal beds with occasional g
2 mm thick shale layers. Rare styolites 5%
-7 ! R2 9% 1794
and gypsum nodules. Approximately 3% 29%
178.2| vug content. 1
- 73| 178
97% B
R3 43%
[ |17 177
93] 1
- TCR= 0% -
o R4 | Rap= 20% 76
175.2 1
R 175
TCR= 94% 1
RS | raD= 55%
12 173 7
124 1
13 TCR= 106% 173+
R6 | RaD= 40%
172.0]
14 [Sag] -t 137 m, grey clay seamto 13.9m 172
TCR= 107% b
RT | Rap= 20%
15 171
1705
155 1
|16 170
TCR= 100%
R | Rap= 43% |
169.0
7 ] 169
TCR= 100% 71
R9 o
18 RQD = 76% 168
167.5
185 1
19 - 100 167
TCR= 100%
R10 | Rap= 70%
20 123’3 166
| GOAT ISLAND FORMATION, dolostone,
hard, grey, fine grained, fresh, occasional TCR= 100% 1
gypsum and chert nodules, weak R11 | RaD= 56%
21 1651
petroliferous odour when broken. Rare
11644 fossil fragments, minor calcite and ]
216| gypsum veins. Occasional to common
22 stylites and shale partings 2 mm thick. ToR= 8% 164
Fracture surfaces clean. Medium R12 | pap= 9% |
bedded.
23 [1629 1631
231
TCR= 100% 1
2 R13 | Rap= 100% 162
1614 |
184.6] R14

(continued next page)
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LOG OF BOREHOLE 17-20A LOG OF BOREHOLE 17-20B

project | Proposed Uppers Quarry project no. | 161-11633-00 project | Proposed Uppers Quarry project no. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75, track-mounted date started | 2017/06/29 client | Walker Aggregates Inc. rig type | CME 75, track-mounted date started | 2017/07/06
location | Thorold / Niagara Falls, ON method | Solid stem augers, 150 mm dia. supervisor | SM location | Thorold / Niagara Falls, ON method | Solid stem augers, 150 mm dia. supervisor | SM
position | E: 649805 N: 4772733 (17T, Geodetic) coring | HQ core, OD=96mm, ID=64mm reviewer | KJF position | E: 649805 N: 4772731 (17T, Geodetic) coring | HQ core, OD=96mm, ID=64mm reviewer | KJF
R SUBSURFACE PROFILE SAMPLE . Fonetation Test Values = 9 Lab Data R SUBSURFACE PROFILE SAMPLE . Fonelation Test Values 9 Lab Data
s 3 SPT 8 X Dynamic Cone Water Content (%) S| =2 C and " s 3 SPT 8 X Dynamic Cone Water Content (%) < C and "
3 |Eey o8| o | Nvale | <3 P4 & Plasticity 3| 28 omments 8 |eey alg| 5 | Nvaue | 23 O & Plasicity 3 omments
< [Depm] STRATIGRAPHY L1E ’% 2§ [Undrained snear strength (Pa) 4 a NSz < [Depm| STRATIGRAPHY L1E ’% 2§ [Undrained snear strengtn (Pa) 4 NSz
S A E] s © Unconfined “+ Field Vane Lowe a % - a3 B © Unconfined “+ Field Vane Lowe a %)
E|m §12| 7l | & | Sl | & |8 oeTRRIGN 09 o §12| 7l | & | Sl | 8 |8 oSTRRIGN 09
| s (continued) o ecovery . 20 1 03 GRosA s |, [1seol GROUND SURFACE o ecovery 20 1 03 ok sn s oL
GOAT ISLAND FORMATION, dolostone, CLAYEY SILT
hard, grey, fine grained, fresh, occasional Rig | JOR= St 1 1
| s [150.0| 9ypsum and chert nodules, weak 160 - For stratigraphic descriptions, refer to 17- 1e5
[ 557 petroliferous odour when broken. Rare 0 200B.
"' fossil fragments, minor calcite and 1 ]
gypsum veins. Occasional to common ris | TOR= 100%
27 stylites and shale partings 2 mm thick. RQD= 99% 159 -2 1841
158.3| Fracture surfaces clean. Medium ] i
| 577] bedded. (continued)
28 ) 158 -3 183
TCR= 102%
R16 | rap= 100% 1 4 3 ?
[-29 | 156.8] 1574 -4 1824 g :‘3
252 1 1 s
30 Ri7 | TERS T 156 | 5 [1800] ar5.1m below grade L8t
’ 5[ For stratigraphic descriptions, refer to 17-
155.3| 1 20A. 1
Fa1 | %07 1551 -6 180
TCR= 100%
R18 | Rap= 93% 1 1
32 |1537] 154 -7 179
32.3] ] i
33 rig | TOR= %] 153 -8 178
152.2 1 1
|34 333 152 o 177
TCR= 100% 4 B
R20 RQD = 99%
|- 35 150.6 1514 - 10 176+
354 B B
- TCR= 100% . - -~
3% Rt | TOR= 100% 150 " 175
GASPORT FORMATION, dolostone, 1 1
| hard, fresh, grey to dark grey, fine to |
37 medium grained fossiliferous dolostone 1494 12 174
with saccharoidal texture. Medium w2 | TOR= 100% ] 1
bedded with fossil fragments up to 6%. RQD= 98%
38 |47 6| Occasional stylolites. Rare gypsum 148 13 173
[ =21 nodules, less than 1% by volume.
384 b 4
-39 TCR= 101% 147 14 172+
R23 RQD= 100%
146.1 1 1
[-40 [39.9] 1461 |- 15 171
TCR= 100% 1 1
R24.
RQD = 87%
41 o 1454 |16 1704
144.5)
= 41.5 1 = b
gl 42 TCR= 100% 144 = 169
H R25 | Rap= 100% g
2 143.0 2
2F43 730 143 218 168~
5 TCR= 100% 1 _5 b
H R26 ]
~| RQD = 85% ~|
Efae 142 EF19 |67 167
3 1415 g 193
H 445 H END OF BOREHOLE WATER LEVEL MONITORING
45 TCR= 100% 141 ate Depth (m) Elevation (m)
R27
3 1408 RAD= 99% | : Jul 6, 2017 4.8 1813
= 140,0] DECEW FORMATION, dolostone, = Borehole was dry and open upon
5|46 | gg| medium hard, dark grey, fine grained, 140 T completion.
fresh, argillaceous with occasional shale g
partings, 3 mm thick. Ras 1 & 50 mm monitoring well installed.
47 139 § No. 10 screen installed.
138.5) 2
475 El
END OF BOREHOLE WATER LEVEL MONITORING B
ate Depth (m) Elevation (m) 5
Borehole was dry and open upon Jul 7, 2017 79 178.1 i
completion. 2
50 mm monitoring well installed. o
No. 10 screen installed. -]
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LOG OF BOREHOLE 17-200B

\\\I)

project | Proposed Uppers Quarry projectno. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75, track-mounted date started | 2017/07/07
location | Thorold / Niagara Falls, ON method | Hollow stem augers, 215 mm dia. supervisor | SCL
position | E: 649804 N: 4772730 (17T, Geodetic) coring | n/a reviewer | KJF
R SUBSURFACE PROFILE SAMPLE . Peneiralon TestValues o Lab [;ma
e 3 SPT 8_ X Dynaic Cone Water Content (%) £ an
3 |Eey a18| o | Nvae | 23 I & Plasticity 3 Comments
< [perm| STRATIGRAPHY HE ,% £& [ undreinea shear strength (<Pa) © RAN SIZE
g 5|35 g © Uncortined + Field Vane o e a g
o §12| 7l | & | Sl | & |8 oeTRRIGN 09
|, [1seol GROUND SURFACE o ecovery 20 1 03 ™
CLAYEY SILT, grey-brown, trace grass, e
trace rootlets, trace fine gravel, slightly 1
mottled, APL, firm T oss 8 1
185.2| 1
08[ CLAYEY SILT, grey-brown with light grey 1
= and dark grey partings, trace rootlets to 185+
1.4 m, becoming blocky at 1.5 m, DTPL, 2| ss 21
very stiff ]
...at 1.5 m, trace black speckling 4
3 8s 29 1
= 184
183.7] 1
23| CLAYEY SILT, grey with pinkish and ]
rusty colourations, trace sand, trace
rounded gravel, frequent fine sand to silt 4] ss 23 1
partings (<1 mm), laminated, WTPL, very i
stiff
- 183
5| ss 21 ]
182.2] |
38| SANDY SILT, reddish, trace to some 1
4 clay, trace rounded gravel, laminated, 14 182
dilatant, wet, compact 1] 6| S8 % |
181.3) 1], 1
47| CLAYEY SILT, reddish, some sand, 7| ss 21 1
| s lis1.o] some gravel, trace bedrock fragments, 11
5.0 \WTPL, very stiff
END OF BOREHOLE WATER LEVEL MONITORING
Date Depth (m) Elevation (m)
Jul 7, 2017 47 1814
Borehole was dry and open upon
completion.
50 mm monitoring well installed.
No. 10 screen installed.

V1 filo: uppers lane 2017 supplomental drilling. gpj

Sheet No. 1 of 1

LOG OF BOREHOLE 17-20SP

\\\I)

project | Proposed Uppers Quarry projectno. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75, track-mounted date started | 2017/07/07
location | Thorold / Niagara Falls, ON method | Hollow stem augers, 215 mm dia. supervisor | SCL
position | E: 649803 N: 4772728 (17T, Geodetic) coring | n/a reviewer | KJF
R SUBSURFACE PROFILE SAMPLE . Penetralon TestValues o Lab [gﬂ“a
e 3 SPT 8_ X Dynaic Cone Water Content (%) £ an
& | e o gl o | Nvaue | 23 0 4 & Plasticity 3 Comments
< [perm| STRATIGRAPHY HE ,% £& [ unareinea shear strengtn (<Pa) © RAN SIZE
g 5|5 g © Uncontin + Field Vane o a g
o §12| 7l | & | Sl | 8 |8 oSTRRIGN 09

| 0o [se0l GROUND SURFACE o ecovery 20 1 03 ok sn s oL
CLAYEY SILT |
For stratigraphic descriptions, refer to 17- ]
200B.

|-0.5 185.5-1

1.0 185.0

L 15 184.5-]

20 184.0

183.5)
25

V1 filo: uppers lane 2017 supplomental drilling. gpj

nivar - library glb_roport: gon

jibrary:

END OF BOREHOLE
Borehole was dry and open upon
completion.

50 mm monitoring well installed.
No. 10 screen installed.

Date
Jul7,2017 1.0

WATER LEVEL MONITORING
Depth (m) Elevation (m)
184

Sheet No. 1 of 1
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LOG OF BOREHOLE 17-21B

V1 filo: uppers lane 2017 supplomental drilling. gpj

project | Proposed Uppers Quarry projectno. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75, track-mounted date started | 2017/07/18
location | Thorold / Niagara Falls, ON method | Hollow stem augers, 215 mm dia. supervisor | SM
position | E: 648250 N: 4772587 (17T, Geodetic) coring | HQ core, OD=96mm, ID=64mm reviewer | KJF
R SUBSURFACE PROFILE SAMPLE . Peneiralon TestValues = o b Data
e s SPT 3N X Dynamic Cone Water Content (%) S| =2 C and "
§ |ee o8| o | NValue | 3 I & Plasticity 3| 2% omments
< [perm| STRATIGRAPHY HE ,% £& [ undreinea shear strength (<Pa) © e RAN SIZE
a a|s Fa © Unconfined + Field Vane PL MC a o
I EIZ| 7 ase | & | Shmem. sl [ & |8 TN
| o |ies2l GROUND SURFACE id 20 1 03 or sh s L
SILT 1
. o 185
- For stratigraphic descriptions, refer to 17-
210B. 1
184+
- ]
1834 2
o3
L, ] g g
8
182+ w f:'
L, ]
181.1| at 4.6m below grade
| . [55] ErAMOSA FORMATION, brownish-grey 181
| to grey dolostone, hard, fresh, medium to .
thin grained with saccharoidal texture, R1 ;ani 3‘;‘;" 180
Lo petroliferous odour when broken, thin to = S0
179.4| medium horizontal beds with i g
63| 2 mm thick shale layers. Rare styolites 1704
L, and gypsum nodules. Approximately 3% TCR= 109%
vug content. R2 | Rap= so% 4
1779 178
s 78]
CR= 107%
R | Rap= 33% 1774
9 1764 ]
9.3]
1764
- TCR= 98%
o Re RQD = 10% 1
174.9] 1754
11 10.8| ]
R | Rans e | 17|
12 i
1734
13 TCR= 102%
R6 | RaD= 78% 1
171.8] 1724
14 [139) i
o ||
=15
170.3| 1
4 170+
16 TCR= 100% i
Re | RaD= 51%
168.7) 1691
17 [770 ]
TCR= 100% -
R - 1009 168
18 RQD = 32%
167.2] b
18.5 167+
19
TCR= 105% B
R10 | Rap= 28%
165.7 166
2 759 :
TCR= 100% 165
21 RIT | Rap= as%
164.4) g
224 GOAT ISLAND FORMATION, dolostone,
21:6 hard, :_;rey,(;inslz1 grainczd,I fresh, oﬁcasional WATER LEVEL MONITORING
QV"S‘I’,'m and cl de"‘ ""h” ez' "Lea R Date Depth (m) Elevation (m)
petroliferous odour when broken. Rare Jul 19, 2017 6.8 178.9

fossil fragments, minor calcite as 1.25

cm to 3.8 cm nodules. Occasional to

[common stylites and shale partings 2
im thick. Fracture surfaces clean.
ledium bedded.

END OF BOREHOLE
Borehole was dry and open upon
completion.

50 mm monitoring well installed.
No. 10 screen installed.

Sheet No. 1 of 1

\\\I)
LOG OF BOREHOLE 17-210B

project | Proposed Uppers Quarry projectno. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75, track-mounted date started | 2017/07/14
location | Thorold / Niagara Falls, ON method | Hollow stem augers, 215 mm dia. supervisor | SM
position | E: 648247 N: 4772587 (17T, Geodetic) coring | n/a reviewer | KJF
z SUBSURFACE PROFILE SAMPLE . Penetralon TestValues = o b Data
rY 3 SPT 8 _ X Dynamic Cone Water Content (%) £ and
i = al8| o | Nvae | 23 P 4p & Plasticity 3 Comments
< [perm| STRATIGRAPHY HE ,% £& [ unareinea shear strengtn (<Pa) © RAN SIZE
g 5|5 g © Uncontin + Field Vane o a g
gm §12| 7l | & | Sl | 8 |8 oSTRRIGN 09
| o [asszl GROUND suRFACE o ecovery 20 1 03 ok sn s oL
s ToPsOIL P ]
| SILT, brownish-grey, some clay, APL, 1| ss 7 4
firm
185+
...at 0.8 m, grey mottling, becoming stiff
B 2| ss 13 |
184.2 ]
18] SILT, brown, trace clay, occasional red
4 © | 184
and grey silty partings, APL, very stiff 3| ss 2
- 71
...at 2.3 m, becoming hard 1
4] ss 34 1
183
= 71
5 ss 38 1
1824
...at3.8'm, becoming reddish-brown, |
-2 trace gravel from 4.1 m to 4.4 m
6| ss 38 1
181.0 7] ss 20/
47 Omm
END OF BOREHOLE
WATER LEVEL MONITORING
Date Depth (m) Elevation (m)
Borehole was dry and open upon Jul 14, 2017 0.3 185.4
completion.

V1 filo: uppers lane 2017 supplomental drilling. gpj

nivar - library glb_roport: gon

jibrary:

50 mm monitoring well installed.
No. 10 screen installed.

Sheet No. 1 of 1



LOG OF BOREHOLE 17-21SP

\\\I)

project | Proposed Uppers Quarry projectno. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75, track-mounted date started | 2017/07/14
location | Thorold / Niagara Falls, ON method | Hollow stem augers, 215 mm dia. supervisor | SM
position | E: 648249 N: 4772587 (17T, Geodetic) coring | n/a reviewer | KJF
R SUBSURFACE PROFILE SAMPLE R Peneiralon TestValues o Lab [;ma
rY 3 SPT 8 _ X Dynamic Cone Water Content (%) £ an
2 | Elev a18| o | Nvae | 23 0 4 & Plasticity 3 Comments
2 [Perm STRATIGRAPHY g8 ’% £ [Undrained snear strength (Pa) 13 oz
S A E] s © Unconfined “+ Field Vane Lowe a %)
HC EI2] 7|l | & | S, sl | 8 |2 TR
| oo |22zl GROUND SURFACE covery 20 1 03 or sh s L
SILT
For stratigraphic descriptions, refer to 17- 1855
210B. -
|-0.5 b
185.0
1.0 1
184.5-]
1.5 b
184.0
|20 .
183.5+
183.3) ]
24
END OF BOREHOLE
Borehol d
cgrrneplglii:as o anopen upon WATER LEVEL MONITORING
) Date Depth (m) Elevation (m)
50 mm monitoring well installed. Jul 14,2017 23 183.4
No. 10 screen installed.

V1 filo: uppers lane 2017 supplomental drilling. gpj

Sheet No. 1 of 1

LOG OF BOREHOLE 17-22B

\\\I)

V1 filo: uppers lane 2017 supplomental drilling. gpj

nivar - library glb_roport: gon

jibrary:

project | Proposed Uppers Quarry projectno. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75, track-mounted date started | 2017/07/20
location | Thorold / Niagara Falls, ON method | Hollow stem augers, 215 mm dia. supervisor | SCL
position | E: 648409 N: 4772965 (17T, Geodetic) coring | HQ core, OD=96mm, ID=64mm reviewer | KJF
R SUBSURFACE PROFILE SAMPLE . Penetralon TestValues o Lab [ﬂf‘a
e s SPT 8_ X Dynaic Cone Water Content (%) £ an
3 |Eey al8| o | Nvae | 23 T & Plasticity 3 Comments
< [perm| STRATIGRAPHY L1E ’% 2§ [Undrained snear strengtn (Pa) 4 NSz
3 =8 = B © Unconfined “+ Field Vane Lowe a %)
i 2| 7 [, | | s s | sy |2 e
| o |usss| GROUND SURFACE covery 120 1 102 GR sA sl oL
SILT AND CLAY
1831
- For stratigraphic descriptions, refer to 17- |
220B.
182+
- ]
3
181 ee
£
L5 ] £
180
. 179.5| at 4.0m below grade
40 ERAMOSA FORMATION, brownish-grey TOR= 100%
178.8| to grey dolostone, hard, fresh, medium to RQD= 32% 179+
|5 4.7 thin grained with saccharoidal texture, i
petroliferous odour when broken, thin to o
medium horizontal beds with occasional w178
2 mm thick shale layers. Rare styolites
-6 |177.3| and gypsum nodules. Approximately 3% 1
6.2 vug content. 1774
TCR= 100%
-7 RQD= 62% 1
|1754] 1769
| o 77| ]
TCR= 100%
RAD= 75% 1754
o |72 1
93] 1744
TCR= 100%
10 RAD= 67% 1
1728 1739
= 10.7] 4
TCR= 100%
RQD = 97% 1724
12 [171.2] 1
123 1714
- TCR= 100% 4
3 RQD = 78%
169.7 170
|14 [ 138] ]
TCR= 102% -
RQD = 46% 169
15 |1682] 1
153 168
|16 TCR= 95% 4
RQD = 70%
167+
166.6)
17 16.9| 1
1??2 TCR= 100% 166
| GOAT ISLAND FORMATION, dolostone, RaD= 73%
8 hard, grey, fine grained, fresh, occasional 1
% gypsum and chert nodules, weak

petroliferous odour when broken. Rare

fossil fragments, minor calcite as 1.25

cm to 3.8 cm nodules. Occasional to

common stylites and shale partings 2

Imm thick. Fracture surfaces clean.
ledium bedded.

END OF BOREHOLE
Borehole was dry and open upon
completion.

50 mm monitoring well installed.
No. 10 screen installed.

WATER LEVEL MONITORING
Depth (m)

Date
Jul 21,2017 6.5 177.0

Elevation (m)

Sheet No. 1 of 1



LOG OF BOREHOLE 17-220B

\\\I)

project | Proposed Uppers Quarry projectno. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75, track-mounted date started | 2017/07/24
location | Thorold / Niagara Falls, ON method | Hollow stem augers, 215 mm dia. supervisor | BC
position | E: 648411 N: 4772964 (17T, Geodetic) coring | n/a reviewer | KJF
z SUBSURFACE PROFILE SAMPLE . Peneiralon TestValues o Lab [;ma
e s SPT 8_ X Dynaic Cone Water Content (%) £ an
8 |y a18| o | Nvae | 23 P 4 & Plasticity H Comments
< [perm| STRATIGRAPHY HE ,% £& [ undreinea shear strength (<Pa) © RAN SIZE
a o |3 Fa © Unconfined + Field Vane PL MC a C
g™ g1z roe | & @ PoditPancirometor I Lo o ——i T R i
| 0o [1525] GROUND SURFACE o ecovery 20 1 03 ™
TOPSOIL |
SILT AND CLAY , brown-grey, trace 4
organics, occasional black, red-brown
and light grey partings, DTPL, stiff to very 1| ss 8 1
stiff 1
[-0.5 183.0
1.0 182.5
2| ss 2 ]
- 182.0
3| ss 2 1
20 181.51
181.2 |
23| SILT, brown, occasional black, grey and
red partings, trace clay, DTPL, hard 1
|25 181.0
4] ss 32 1
...at 2.7 m, becoming brownish-red in 1
colour ]
...at2.9'm, some angular to subrounded 5| ss 27/
[-3.0 |180.5] bedrock fragments to 3.0 m Oomm 180.5-]
34
END OF BOREHOLE
Borehole was dry and open upon WATER LEVEL MONITORING
completion. Date Depth (m) Elevation (m)
Jul 24, 2017 15 182.0
50 mm monitoring well installed.
No. 10 screen installed.

V1 filo: uppers lane 2017 supplomental drilling. gpj

Sheet No. 1 of 1

LOG OF BOREHOLE 17-22SP

\\\I)

project | Proposed Uppers Quarry projectno. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75, track-mounted date started | 2017/07/24
location | Thorold / Niagara Falls, ON method | Hollow stem augers, 215 mm dia. supervisor | BC
position | E: 648412 N: 4772963 (17T, Geodetic) coring | n/a reviewer | KJF
R SUBSURFACE PROFILE SAMPLE . Fonelation Test Values 9 Lab Dda.a
rY 3 SPT 8 _ X Dynamic Cone Water Content (%) £ an
& | e o gl o | Nvaue | 23 0 4 & Plasticity 3 Comments
< [perm| STRATIGRAPHY HE ,% £& [ unareinea shear strengtn (<Pa) © RAN SIZE
g 5|5 g © Uncontin + Field Vane o a g
Elm g2 7 o | 57| St sl | 68— |2
| 0o [1525] GROUND SURFACE o ecovery - 20 1 03 ok sn s oL
SILT AND CLAY °
For stratigraphic descriptions, refer to 17-
220B. 1
o5 183.0
1.0 1825
15 182.0
181.7] B
18

V1 filo: uppers lane 2017 supplomental drilling. gpj

nivar - library glb_roport: gon

jibrary:

END OF BOREHOLE
Borehole was dry and open upon
completion.

50 mm monitoring well installed.
No. 10 screen installed.

Date
Jul 24, 2017

WATER LEVEL MONITORING
Depth (m) Elevation (m)
13 182.2

Sheet No. 1 of 1
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LOG OF BOREHOLE 17-23B LOG OF BOREHOLE 17-230B

project | Proposed Uppers Quarry project no. | 161-11633-00 project | Proposed Uppers Quarry project no. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75, track-mounted date started | 2017/07/25 client | Walker Aggregates Inc. rig type | CME 75, track-mounted date started | 2017/07/26
location | Thorold / Niagara Falls, ON method | Hollow stem augers, 215 mm dia. supervisor | SCL location | Thorold / Niagara Falls, ON method | Hollow stem augers, 215 mm dia. supervisor | SCL
position | E: 648239 N: 4773134 (17T, Geodetic) coring | HQ core, OD=96mm, ID=64mm reviewer | KJF position | E: 648239 N: 4773132 (17T, Geodetic) coring | n/a reviewer | KJF
z SUBSURFACE PROFILE SAMPLE . Fenetration Test Values = o Lab Data z SUBSURFACE PROFILE SAMPLE . Fonetration Test Values o Lab Data
e 3 SPT 8 _ X Dynamic Cone Water Content (%) S| =2 and s 3 SPT 8 _ X Dynaic Cone Water Content (%) < and
g |ee a18| o | Nvae | 23 0 4 & Plasticity gl 22 Comments 2 | g & || o | Nvauwe | 23 0 4 & Plastciy H Comments
2 [Perm STRATIGRAPHY g8 ’% 2§ [Undrained snear strength (Pa) 4 o S— 2 [Perm STRATIGRAPHY g8 ’% 2§ [Undrained snear strengtn (Pa) 4 S—
2 |'m A E] s © Unconfined “+ Field Vane Lowe a DISTRIBUTION (% 2 |'m a3 B © Unconfined “+ Field Vane Lowe a DISTRIBUTION (%
g ROUND SURFACE g1z Ry | ® o o Torarneer S —o— z i & ROUND SURFACE gz Ry | ® o o Torarnees | m v = g BTN 04)
|, s SR_SA S CL |, s SR_SA S CL
CLAYEY SILT | TOPSOIL me) 1
y N . CLAYEY SILT, brown-grey, some rusty 1| ss 6 4
- ;gz;llrahgraphlc descriptions, refer to 17- 1814 colouring, occasional grey partings, trace
- 4 sand, trace rootlets, DTPL, firm 1
-2 1801 ..t 0.8 m, becoming very stiff o1
B 2| ss 18 g
|5 179
180.4) 4
e 178 5[ CLAYEY SILT, brown-grey, trace grey 1
4 and reddish partings, trace gravel, DTPL,
.3 very stiff 3] ss 28 180
| 5 1774 ge -
i gz 1
£f ]
-6 176
175.5| _at 6.4m below grade 4
64 ERAMOSA FORMATION, brownish-grey af ss 29 1
-7 to grey dolostone, hard, fresh, medium to i | TOR= 02% 1751
thin grained with saccharoidal texture, RaD= 30% ] 1794
petroliferous odour when broken, thin to -3 4
s medium horizontal beds with occasional 174 ---at 3.0 m, becoming APL
2 mm thick shale layers. Rare styolites [ |
and gypsum nodules. Approximately 3% R2 | pdp= 79% 1 5| ss 19 1
Lo [470| Vugcontent 173 ..at3.5m, presence of grey clay seams
51 ] with rootlets to 4.9 m 1
178
10 Ry | TGR= 9% 172 . 7
ROD= 63% | o ss 16 1
1711 4
11 10.8 1714
TCR= 104% 1
R4 | Rap= 79% 1
|12 170+
1696 7| ss 15 1774
12.3] 1 | s
o TCR= 95% 169
. RS RQD = 62% 1
1680 1 ...at5.3 m, becoming WTPL
14 39 1661 172
. "°| CLAYEY SILT, red-grey, WTPL, stiff 8| ss 13 4
re | TCR= 103% 1
RQD= 71% 176+
L s 1671 -
166.5) B
Feo 1 ..at6.1 m, some fine rounded to
} subangular gravel, trace fine sand ol ss 60/ 4
16 TCR= 97% 1661 laminations to 6.5 m 275mm
R | Rap= 100% 1754 ]
; 1 ; 6.5
[ I 3 1651 9] END OF BOREHOLE
E["" [ ™3] GoAT ISLAND FORMATION. dolostone. ] E WATER LEVEL MONITORING
2 hard, grey, fine grained, fresh, occasional TCR= 98% 2 Date Depth (m) Elevation (m)
s gypsum and chert nodules, weak R8 | raD= 77% 164 3 Borehole was dry and open upon Jul 26, 2017 36 1783
£ petroliferous odour when broken. Rare £ completion.
g 112841, fossil fragments, minor calcite as 1.25 1 g s toring wel insalled
g -5 | em to 3.8 cm nodules. Occasional to 2 mm monitoring well installed.
3 common stylites and shale partings 2 WATER LEVEL MONITORING 3l No. 10 screen installed.
g mm thick. Fracture surfaces clean. Date Depth (m) Elevation (m) g
B Jodium bedded Jul 25,2017 5.0 176.9 B
14 - 14
g g
3 END OF BOREHOLE E
Borehole was dry and open upon =
completion. 8]
g
50 mm monitoring well installed. g
No. 10 screen installed. A
g
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LOG OF BOREHOLE 17-23SP

\\\I)

project | Proposed Uppers Quarry projectno. | 161-11633-00
client | Walker Aggregates Inc. rig type | CME 75, track-mounted date started | 2017/07/26
location | Thorold / Niagara Falls, ON method | Hollow stem augers, 215 mm dia. supervisor | SCL
position | E: 648239 N: 4773130 (17T, Geodetic) coring | n/a reviewer | KJF
R SUBSURFACE PROFILE SAMPLE . Peneiralon TestValues o Lab [;ma
e s SPT 8_ X Dynaic Cone Water Content (%) £ an
8 |y a18| o | Nvae | 23 P 4 & Plasticity H Comments
2 Ioepm| STRATIGRAPHY £1E| & £ [undrained snear strength (kPa) -4 -
a a3 Fa ‘© Unconfine + Field Vane Pl a %)
g |m g2 plore |3 © Peckot pensvomstor M Lo vane &4 | g oS
| 0o |81l GROUND SURFACE o ecovery 20 1 03 ™
CLAYEY SILT 1
For stratigraphic descriptions, refer to 17-
230B. 1
181.5+
|-0.5 4
181.0
1.0 B
180.5+
1.5 4
180.0
|20 ]
179.5
|-2.5 4
179.2) g
27
END OF BOREHOLE
Boreholk d
cgr:veplglieo:as oy anopen upon WATER LEVEL MONITORING
) Date Depth (m) Elevation (m)
50 mm monitoring well installed. Jul 26, 2017 12 180.7
No. 10 screen installed.

V1 filo: uppers lane 2017 supplomental drilling. gpj
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Table C-2 Off-Site Well Details

Page 1 of 2

UTM Coordinates Monitor Ground | Bedrock Stratigraphic Contact Summary (masl) Ve vl e
Well ID Site Name Easting | Northing | Installation | Elevation | Elevation Bedrock Subcrop Guelph E?;‘;’ig Loc‘iglf;:deoat '—(3(;0:;3:: DeCew I I —

m m Date masl Formation Member Member Member Formation Formation Formation Date masl Formation
BH6 Abitibi Co-Gen Plant 646640 4774257 2006 176.52 163.12  |(unspecified) - - - - - - - 11-May-06 167.42 Overburden
BH14 Abitibi Co-Gen Plant 646579 4774238 2006 179.60 162.40  |(unspecified) - - - - - - - 09-May-06 164.46 Overburden
BH19 Abitibi Co-Gen Plant 646580 4774177 2006 178.13 163.93  |(unspecified) - - - - - - - 04-May-06 171.43 Overburden
MW1-| Cytec Canada Inc. Welland Plant Site 648684 4768944 1984 181.07 165.83  |Guelph Formation - - - - - - - 18-Sep-84 176.31 Guelph Fm
MW2-| Cytec Canada Inc. Welland Plant Site 650424 4768922 1984 180.16 162.35 |Guelph Formation - - - - - - - 18-Sep-84 175.88 Guelph Fm
MW3-I Cytec Canada Inc. Welland Plant Site 649594 4768316 1984 178.56 160.02  |Guelph Formation - - - - - - - 18-Sep-84 175.61 Guelph Fm
MW4-| Cytec Canada Inc. Welland Plant Site 649261 4767243 1984 176.62 156.38  |Guelph Formation - - - - - - - 18-Sep-84 174.42 Guelph Fm
MW5-I| Cytec Canada Inc. Welland Plant Site 650344 4767373 1984 175.95 155.93  |Guelph Formation - - - - - - - 18-Sep-84 174.11 Guelph Fm
ow12 Mountain Road Landfill Site 653331 4778385 1985 175.29 169.90 Lockport Gasport Member - - - - - - - 12-Apr-16 172.73 Gasport Mb
OW54(23) Mountain Road Landfill Site 652517 4777526 2012 195.42 195.42 Lockport Goat Island Member - - - 174.82 169.12 - - 14-Oct-16 178.42 Overburden
CMT3 Mountain Road Landfill Site 652741 4777578 2007 202.00 178.60 |Lockport Gasport Member - - - - 168.70 167.60 - 14-Oct-16 182.2 Gasport Mb
CMT5 Mountain Road Landfill Site 652386 4778554 2007 174.30 170.60 |Lockport Gasport Member - - - - 165.60 164.30 - 14-Oct-16 168.9 Gasport Mb
CRA-11D-09 Niagara Recycling Centre 652979 4773755 2009 193.60 183.24 Lockport Eramosa Member - - - - - - - 10-Oct-14 184.90 Eramosa Mb
IW6 Niagara Recycling Centre 652985 4773843 2006 193.16 182.36  |(unspecified) - - - - - - - 10-Oct-14 184.21 (bedrock)
OW13D Niagara Recycling Centre 652871 4773896 2003 193.20 182.20 |(unspecified) - - - - - - - 10-Oct-14 184.53 (bedrock)
MW10 (NF-30) Niagara Tunnel Project 656361 4777364 1991 181.06 164.59 |Lockport Gasport Member - - - - 157.61 155.21 136.96
MwW14 Niagara Tunnel Project 656540 4769926 2005 184.04 154.17 Lockport Eramosa Member - - - - 118.08 115.42 97.54 23-Oct-13 169.80 Eramosa Mb
NF-28 Niagara Tunnel Project 655800 4773685 1991 185.06 169.36  |Lockport Goat Island Member - - - 163.06 151.89 149.14 131.49
BadenPowell (BH31) NPCA Monitoring Well 652903 4767379 2014 176.63 150.13 |Salina Formation - - - - - - -
YoungMatthews (BH11) NPCA Monitoring Well 649479 4763858 2014 181.92 155.82  |Guelph Formation - - - - - - -
BHO03-1 Rolling Meadows 647685 4772408 2003 182.50 176.50 Lockport Eramosa Member - - 161.00 149.80 - - -
BHO03-3 Rolling Meadows 648112 4771708 2003 186.50 175.90 |Guelph Formation - 173.60 154.80 143.60 134.00 131.10 -
BHO03-4 Rolling Meadows 647569 4771341 2003 183.00 172.70 Guelph Formation - 170.70 152.90 141.60 132.00 - -
4-] Walker Brothers Quarry 647829 4776539 1976 180.09 168.96 |(unspecified) - - - - - - - 03-Aug-17 169.08 Lockport
19-1R2 Walker Brothers Quarry 649320 4777011 2015 183.90 177.10 Lockport (undifferentiated) - - - - 169.00 166.40 - 07-Sep-17 172.70 Rochester Fm
40-1r Walker Brothers Quarry 649322 4776674 2016 184.30 177.60 |Lockport Gasport Member - - - - 167.10 165.60 146.90 07-Sep-17 160.01 Irondequoit Fm
51-1 Walker Brothers Quarry 650399 4776396 1988 184.70 178.90 Lockport (undifferentiated) - - - - 165.30 163.90 - 07-Sep-17 180.58 Lockport
55| Walker Brothers Quarry 648943 4775340 1990 177.87 170.67  |Lockport Goat Island Member - - - 162.77 156.27 154.27 - 07-Sep-17 170.31 Lockport

PROPOSED UPPER'S QUARRY

Notes:

H:\Projects\2016\161-11633 Uppers Lane\00\03 Level 2 HydroG\Tech\App C_MCDs\Sept 2022 Revisions\Table C-2_OffsiteWellData.xIsx
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Table C-2 Off-Site Well Details

Page 2 of 2

UTM Coordinates Monitor Ground | Bedrock Stratigraphic Contact Summary (masl) Ve vl e
Well ID Site Name Easting | Northing | Installation | Elevation | Elevation Bedrock Subcrop Guelph E?;‘;’ig Loc‘iglf;:deoat '—(3(;0:;3:: DeCew I I —
m m Date masl Formation Member Member Member Formation Formation Formation Date masl Formation

C-2 (Bolton, 1957) 656099 4775820 1949 181.14 166.63 |Lockport Goat Island Member - - - 164.81 158.07 154.63 137.37
D-1 (Bolton, 1957) 655977 4775611 1949 180.53 169.01 |Lockport Goat Island Member - - - 164.74 158.04 155.27 137.56
D-3 (Bolton, 1957) 655740 4775042 1949 184.43 168.13  |Lockport Goat Island Member - - - 163.01 155.66 153.16 135.64
E-2 (Bolton, 1957) 655715 4773202 1949 185.93 166.48  |Lockport Eramosa Member - - 164.13 159.17 146.09 143.26 126.31
E-8 (Bolton, 1957) 656949 4770385 1949 167.18 165.08 |Guelph Formation - 146.73 138.84 128.90 123.50 120.94 102.17
E-18 (Bolton, 1957) 655761 4774468 1950 194.52 172.91 |Lockport Goat Island Member - - - 162.15 156.76 153.89 136.18
E-19 (Bolton, 1957) 656470 4770645 1950 163.80 152.83  |Guelph Formation - 143.74 141.61 131.22 124.60 122.35 104.55
E-29 (Bolton, 1957) 655737 4771671 1951 195.86 174.92  |Guelph Formation - 159.04 156.39 141.12 135.67 132.77 115.06
E-32 (Bolton, 1957) 655726 4772390 1951 193.94 172.61 |Guelph Formation - 167.06 162.52 146.70 141.43 137.40 120.18
F-1 (Bolton, 1957) 658038 4777687 1950 175.05 173.19 |Lockport Goat Island Member - - - 164.53 154.44 150.66 134.02
F-2 (Bolton, 1957) 657176 4777077 1950 178.92 168.46  |Lockport Goat Island Member - - - 159.65 152.92 150.82 132.65
K-1 (Bolton, 1957) 656169 4776923 1950 179.92 165.05 |Lockport Goat Island Member - - - 161.91 154.44 151.61 134.02
N-14 (Bolton, 1957) 657241 4770090 1951 182.76 162.34  |Guelph Formation - 151.46 141.06 127.16 119.27 116.62 97.96
0O-1 (Bolton, 1957) 658218 4770205 1949 174.35 166.70 |Guelph Formation - 138.38 134.29 124.27 117.47 114.91 96.26
F013366 Qil, Gas and Salt Resources Library 641918 4768816 1947 183.30 154.04  |(unspecified) - - - - - - -

F013943 Oil, Gas and Salt Resources Library 652452 4772579 1950 194.95 182.45 |Guelph Formation - - - - - 141.91 125.15
F014098 Qil, Gas and Salt Resources Library 647220 4764979 1953 179.11 147.41 |Guelph Formation - - - - - 78.83 59.01
F014123 Oil, Gas and Salt Resources Library 644275 4764547 1946 183.79 155.75 Salina Formation 131.37 - - - - 72.85 58.22
N002812 Qil, Gas and Salt Resources Library 652892 4770040 1908 179.83 166.13 (unspecified) - - - - - - 107.89
N002815 Oil, Gas and Salt Resources Library 646765 4776643 158.10 145.29  |(unspecified) - - - - - - -

TO07932 Qil, Gas and Salt Resources Library 655602 4776811 1992 182.22 165.34 Lockport Gasport Member - - - - - 152.51 135.11
T010011 Oil, Gas and Salt Resources Library 650379 4766538 1926 174.96 145.82  |Guelph Formation - - - - - - 145.86
T012327 Qil, Gas and Salt Resources Library 650359 4766843 174.98 149.10 |Guelph Formation - - - - - 96.36 78.07
T012542 Oil, Gas and Salt Resources Library 646587 4775276 2017 179.00 171.60 |Lockport Goat Island Member - - - 162.90 - 153.00 -

PROPOSED UPPER'S QUARRY

Notes:
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Figure E-6 - Groundwater Hydrograph for Well Nest MW16-5
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Table G-1 Surface Water Chemical Results Page 1 of 4

Field General Chemistry Major lons
Total
Station Date PH EC T DOy pH EC TDS TSS Hardness Turbidity Oil & [Chloride Sulphate Alkalinity Calcium Magnesium Sodium Potassium
Units| SU uS/cm  °C su uS/cm Grease
PWQO| 6.5-8.5 nc nc (@) 6.5-8.5 nc nc nc nc (b) (c) nc nc (d) nc nc nc nc

Swi 7-Dec-16 8.3 960 | 41 | 33 8.09 870 518 5 340 4.6 <0.5 93 120 200 76 26 57 3.3

1-May-17 7.5 327 | 99 | 135| 777 330 178 61 120 130 <0.5 26 31 91 31 11 23 3.1

19-Mar-18 7.9 796 11 | 139 | 8.00 780 235 16 270 43 0.5 100 67 160 57 21 56 3.3
SW2 7-Dec-16 8.6 480 43 | 27 8.06 460 270 7 160 18 <0.5 37 44 120 39 11 33 2.4

1-May-17 7.4 210 | 105 | 13 7.62 200 168 77 81 84 <0.5 8.5 <5.0 82 23 8 11 2

19-Mar-18 8.5 239 11 | 134 | 784 250 120 250 95 170 0.7 23 25 59 28 10 9.4 4.1
SW3 7-Dec-16 8.2 820 51 | 36 7.99 810 454 9 300 13 <0.5 81 120 160 73 18 50

1-May-17 7.7 341 | 123 | 123 | 7.76 360 262 67 130 130 <0.5 27 37 100 34 10 20

21-Mar-18 7.7 1,213 | 01 | 117 | 7.98 1100 | 450 18 290 14 1.8 160 97 160 72 21 100 5
Sw4 7-Dec-16 8.4 920 | 42 | 44 8.00 880 494 17 320 9.1 <0.5 97 140 160 72 21 59 3.6

1-May-17 7.8 292 | 98 | 111 | 7.68 280 232 76 96 180 <0.5 23 25 78 27 8 18 37

19-Mar-18 8.3 699 | 01 | 13 7.99 750 410 17 220 21 2.6 110 73 130 54 15 62 5.1
DP1 7-Dec-16 8.3 1,750 | 45 | 3.1 8.15 1400 758 98 240 26 <0.5 250 95 170 67 18 220 3.3

1-May-17 7.7 374 | 124 | 125 | 7.79 330 352 830 77 690 <0.5 33 24 87 33 17 32 5.3

21-Mar-18 7.6 1,024 | o |116| 810 850 440 29 260 31 <0.5 110 89 160 65 22 67 4.4
DP2 7-Dec-16 8.1 1,130 | 3.8 | 3.4 7.60 1100 676 13 410 14 <0.5 110 150 240 94 31 67 4.3

1-May-17 7.7 281 | 96 | 127 | 771 280 232 120 96 180 <0.5 25 24 78 27 8.5 19 42

19-Mar-18 8.0 676 | 06 | 13 7.98 690 185 79 210 32 1.6 95 69 120 55 18 56 6.3
DP3 7-Dec-16 8.2 870 | 49 | 38 8.07 850 486 3 290 6.5 <0.5 88 130 160 71 19 57

1-May-17 7.6 344 | 121 | 122 | 775 350 270 77 120 160 <0.5 32 32 91 33 9.9 25

19-Mar-18 7.8 797 | 24 | 132 | 8.05 830 275 17 230 15 0.8 120 82 140 62 16 71 5.1
DP4 5-Dec-16 (1)

19-Mar-18 7.9 222 13 | 139 | 783 230 45 24 92 74 2.4 14 31 60 21 7.3 8.3 3.1
DP5 22-Mar-18 (2)

PROPOSED UPPER'S QUARRY \\ s )
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Table G-1 Surface Water Chemical Results Page 2 of 4

Nutrients and Organic Indicators Total Metals
Station Date Nitrate  Nitriter TKN Ammonia Linn:;rgrz]?: Phozgtr?(l)rus TOC Phenols ('3::210'{:;;?) Antimony Arsenic Barium Beryllium Boron Cadmium
Units
PWQO nc nc nc nc 0.02 (e) 0.03 (f) nc 0.001 0.075 (0.02) 0.1 nc 0.011 (0.2) 0.0002
Swi 7-Dec-16 0.46 <0.01 0.37 <0.05 <0.001 0.061 5.7 <0.001 <0.005 <0.0005 <0.001 0.035 <0.0005 0.051 <0.0001
1-May-17 15 0.016 0.5 <0.05 <0.001 0.16 7.8 <0.001 0.016 <0.0005 0.0015 0.037 <0.0005 0.039 <0.0001
19-Mar-18 0.56 <0.01 0.3 0.081 <0.001 0.12 <0.001 0.008 <0.0005 <0.001 0.035 <0.0005 0.026 <0.0001
Sw2 7-Dec-16 0.27 0.023 0.85 <0.05 <0.0024 0.075 13 <0.001 0.017 <0.0005 <0.001 0.014 <0.0005 0.017 <0.0001
1-May-17 1.3 0.017 0.69 <0.05 <0.001 0.2 13 <0.001 0.029 <0.0005 0.0013 0.03 <0.0005 0.029 <0.0001
19-Mar-18 0.66 <0.01 0.37 <0.05 <0.001 0.37 <0.001 0.031 <0.0005 0.0029 0.08 0.00053 0.012 <0.0001
SW3 7-Dec-16 0.74 0.018 0.36 <0.05 <0.001 0.048 7 <0.001 <0.005 <0.0005 <0.001 0.032 <0.0005 0.035 <0.0001
1-May-17 0.3 <0.01 0.67 <0.05 <0.001 0.2 11 <0.001 0.017 <0.0005 0.0015 0.041 <0.0005 0.032 <0.0001
21-Mar-18 0.19 <0.01 1 0.15 <0.001 0.16 <0.001 0.007 <0.0005 <0.001 0.032 <0.0005 0.022 <0.0001
Sw4 7-Dec-16 0.34 <0.01 0.4 <0.05 <0.0015 0.032 7.6 <0.001 <0.005 <0.0005 <0.001 0.024 <0.0005 0.028 <0.0001
1-May-17 0.6 0.013 0.66 <0.05 <0.001 0.25 9.9 <0.001 0.019 <0.0005 0.0011 0.037 <0.0005 0.024 <0.0001
19-Mar-18 0.36 <0.01 0.52 0.067 0.0011 0.076 <0.001 0.008 <0.0005 <0.001 0.026 <0.0005 0.014 <0.0001
DP1 7-Dec-16 0.28 <0.01 0.31 <0.05 <0.001 0.075 5.2 <0.001 0.008 <0.0005 0.0012 0.051 <0.0005 0.029 <0.0001
1-May-17 1.44 <0.05 0.46 <0.05 <0.001 0.58 10 <0.001 0.02 <0.0005 0.0054 0.12 0.0009 0.037 0.00025
21-Mar-18 0.12 <0.01 0.37 0.088 <0.001 0.08 <0.001 0.009 <0.0005 <0.001 0.032 <0.0005 0.028 <0.0001
DP2 7-Dec-16 <0.1 <0.01 0.72 0.11 0.0015 0.12 13 <0.001 0.005 <0.0005 0.0013 0.034 <0.0005 0.024 <0.0001
1-May-17 0.26 <0.01 0.68 <0.05 <0.001 0.28 10 0.0014 0.021 <0.0005 0.0019 0.045 <0.0005 0.026 <0.0001
19-Mar-18 0.39 <0.01 0.51 0.05 <0.001 0.18 <0.001 0.009 <0.0005 0.0031 0.094 0.00055 0.016 0.00037
DP3 7-Dec-16 0.42 <0.01 0.43 <0.05 <0.001 0.034 7.3 <0.001 0.005 <0.0005 <0.001 0.024 <0.0005 0.029 <0.0001
1-May-17 0.33 0.011 0.6 <0.05 <0.001 0.2 11 <0.001 0.02 <0.0005 0.0017 0.044 <0.0005 0.029 <0.0001
19-Mar-18 0.35 <0.01 0.49 0.059 <0.001 0.073 0.007 <0.0005 <0.001 0.028 <0.0005 0.016 <0.0001
DP4 5-Dec-16 (1)
19-Mar-18 <0.1 <0.01 0.33 <0.05 <0.001 0.16 <0.001 0.024 <0.0005 <0.001 0.029 <0.0005 0.01 <0.0001
DP5 22-Mar-18 (2)

PROPOSED UPPER'S QUARRY \\ s )
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Table G-1 Surface Water Chemical Results

Total Metals
Date . .
Station Chromium Cobalt Copper Iron Lead Manganese Mercury Molybdenum Nickel
Units
PWQO 0.0089 0.0009 0.005 0.3 0.025 nc 0.0002 (0.04) 0.025
Swi 7-Dec-16 <0.005 <0.0005 | 0.0015 | 0.22 | <0.0005 0.032 <0.0001 0.0007 0.0015
1-May-17 0.0056 0.0017 | 0.0065 5 0.0031 0.065 <0.0001 0.00083 0.0055
19-Mar-18 <0.005 0.00074 | 0.0033 2.3 0.001 0.053 <0.0001 0.00071 0.0027
Sw2 7-Dec-16 <0.005 <0.0005 | 0.0045 | 0.66 | 0.00054 0.012 <0.0001 <0.0005 0.0016
1-May-17 <0.005 0.0014 | 0.0062 4.2 0.0028 0.059 <0.0001 <0.0005 0.0048
19-Mar-18 0.013 0.005 0.013 15 0.0075 0.22 <0.0001 0.00053 0.014
SW3 7-Dec-16 <0.005 <0.0005 | 0.003 0.53 | 0.0006 0.072 <0.0001 0.00097 0.0018
1-May-17 0.0054 0.0017 0.008 5 0.003 0.082 <0.0001 0.00083 0.0058
21-Mar-18 <0.005 <0.0005 | 0.0041 | 0.82 | 0.00069 0.082 0.0012 0.0021
Sw4 7-Dec-16 <0.005 <0.0005 | 0.0024 | 0.62 | <0.0005 0.05 <0.0001 0.00075 0.002
1-May-17 <0.005 0.0013 | 0.0063 3 0.0034 0.088 <0.0001 <0.0005 0.0041
19-Mar-18 <0.005 0.00053 | 0.0064 12 | 0.00069 0.054 <0.0001 0.0011 0.0027
DP1 7-Dec-16 <0.005 0.00084 | 0.0033 1.9 0.0016 0.065 <0.0001 0.001 0.0028
1-May-17 0.024 0.0097 0.022 25 0.012 0.35 <0.0001 0.0015 0.028
21-Mar-18 <0.005 0.00066 | 0.0038 2 0.00097 0.082 <0.0001 0.00087 0.003
DP2 7-Dec-16 <0.005 0.0011 | 0.0018 1.3 | <0.0005 2.3 <0.0001 0.00082 0.0051
1-May-17 0.0075 0.0025 | 0.0089 7.2 0.0044 0.12 <0.0001 0.00078 0.0078
19-Mar-18 0.015 0.0061 0.018 15 0.012 0.61 <0.0001 0.0014 0.017
DP3 7-Dec-16 <0.005 <0.0005 | 0.0015 | 0.34 | <0.0005 0.076 <0.0001 0.00068 0.0027
1-May-17 0.0066 0.0022 | 0.0078 6.4 0.0033 0.1 <0.0001 0.00078 0.007
19-Mar-18 <0.005 0.00057 | 0.0062 11 | 0.00071 0.061 <0.0001 0.0011 0.0028
DP4 5-Dec-16 (1)
19-Mar-18 <0.005 0.00096 | 0.0035 3.7 0.0018 0.03 <0.0001 <0.0005 0.004
DP5 22-Mar-18 (2)

PROPOSED UPPER'S QUARRY
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Table G-1 Surface Water Chemical Results

Total Metals
Date . . . . . . . .
Station Selenium  Silver Strontium Tungsten Uranium Vanadium Zinc Zirconium
Units
PWQO 0.1 0.0001 nc (0.03) (0.005) (0.006) 0.03 (0.004)
Swi 7-Dec-16 <0.002 <0.0001 0.49 <0.001 0.0021 0.00091 <0.005 <0.001
1-May-17 <0.002 <0.0001 0.18 <0.001 0.00058 0.0077 0.023 <0.001
19-Mar-18 <0.002 <0.0001 0.35 <0.001 0.0016 0.0036 0.0099 <0.001
SwW2 7-Dec-16 <0.002 <0.0001 0.12 <0.001 0.00025 0.0017 0.0055 <0.001
1-May-17 <0.002 <0.0001 0.09 <0.001 0.00016 0.0069 0.019 <0.001
19-Mar-18 <0.002 <0.0001 0.19 <0.001 0.00047 0.018 0.051 0.0012
SW3 7-Dec-16 <0.002 <0.0001 0.47 <0.001 0.0009 0.001 0.0085 <0.001
1-May-17 <0.002 <0.0001 0.21 <0.001 0.00054 0.0076 0.026 <0.001
21-Mar-18 <0.002 <0.0001 0.51 <0.001 0.0013 0.0016 0.0081 <0.001
SwW4 7-Dec-16 <0.002 <0.0001 0.42 <0.001 0.00075 0.0012 <0.005 <0.001
1-May-17 <0.002 <0.0001 0.15 <0.001 0.00037 0.0053 0.02 <0.001
19-Mar-18 <0.002 <0.0001 0.31 <0.001 0.00089 0.0019 0.0077 <0.001
DP1 7-Dec-16 <0.002 <0.0001 0.38 <0.001 0.0012 0.0029 0.01 <0.001
1-May-17 <0.002 0.00012 0.17 <0.001 0.00092 0.031 0.094 0.0017
21-Mar-18 <0.002 <0.0001 0.41 <0.001 0.0013 0.0029 0.0083 <0.001
DP2 7-Dec-16 <0.002 <0.0001 0.42 <0.001 0.00093 0.0013 0.0059 <0.001
1-May-17 <0.002 <0.0001 0.15 <0.001 0.0005 0.01 0.032 <0.001
19-Mar-18 <0.002 <0.0001 0.31 <0.001 0.0014 0.017 0.085 0.0012
DP3 7-Dec-16 <0.002 <0.0001 0.42 <0.001 0.0008 0.00089 <0.005 <0.001
1-May-17 <0.002 <0.0001 0.2 <0.001 0.00043 0.0092 0.028 0.001
19-Mar-18 <0.002 <0.0001 0.36 <0.001 0.00099 0.0018 0.006 <0.001
DP4 5-Dec-16 (1)
19-Mar-18 <0.002 <0.0001 0.096 <0.001 0.00032 0.0061 0.019 <0.001
DP5 22-Mar-18 (2)

PROPOSED UPPER'S QUARRY
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GLACIOLACUSTRINE SILT AND CLAY (8a)

1

GLACIOLACUSTRINE SAND AND GRAVEL (9)

2

ANTHROPOGENIC DEPOSITS (21)

3

MODERN ALLUVIAL DEPOSITS (19)

4

ACTIVE QUARRY EXCAVATION

5

UNLINED LANDFILL

6

LANDFILL WITH LCS

7
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