October 1, 2018 Reference No. 088877

Mr. Allan Leuschen

Senior Environmental Protection Officer
Authorizations — South

Environmental Protection Division
Ministry of Environment

2080 Labieux Road

Nanaimo, British Columbia V9T 6J9

Dear Mr. Leuschen:

Re: Technical Response to ENV Review (Auth. No.:Pr-10807)
Task 8 — Sand and Gravel Aquifer Pumping Tests
Upland Landfill
Upland Excavating, Campbell River, British Columbia

1. Introduction

GHD has prepared this letter on behalf of Upland Excavating Ltd. (Upland) to provide a technical
response to the Ministry of Environment & Climate Change Strategy (ENV) February 1, 2018 letter
regarding Upland’s Waste Discharge Application (Application). ENV’s February 1, 2018 letter identified
additional information required to address recommendations listed in Section 5.1 of the Ministry
Assessment Review Memorandum dated January 31, 2018 (Auth. No. Pr-10807).

Clarifications of the Section 5.1 recommendations were discussed with ENV during meetings held on
February 15 and February 26, 2018. A Technical Work Plan and Schedule (GHD’s Work Plan) provided a
description of the tasks (Tasks 1 to 8) to be carried out to address the Section 5.1 recommendations and
provide additional information required by the ENV. GHD’s Work Plan was submitted to ENV on March 7,
2018.

On March 23, 20184, the initial technical response letter was submitted to ENV to satisfy Tasks 1 to 6 of
GHD’s Work Plan. This technical response letter has been prepared to satisfy Task 8 — Sand and Gravel
Aquifer Pumping Tests. The technical response to satisfy Task 7 was prepared under a separate cover.

2. Background

Single Well Response Tests (SWRTSs) were previously completed in the sand and gravel aquifer at
monitoring wells MW1-14, MW3-14, MW4B-15, and MW9-17. A total of eight SWRTs were conducted at
the four locations. As shown on Table 4.1, analyses of the SWRT data demonstrated that the hydraulic

1 Letter to Mr. Allan Leuschen re: Technical Response to ENV review (Auth. No.:Pr-10807) dated March 23, 2018
(088877Leuchen-18).
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conductivity of the sand and gravel aquifer is approximately 2 x 10-2 centimetres per second (cm/sec) and
is relatively consistent across the Site.

To provide further confidence to the estimated hydraulic conductivity of the sand and gravel aquifer,
GHD’s Work Plan included completion of a pumping test within the sand and gravel aquifer (Task 8).
Pumping tests can provide advantages over SWRTS in that they allow for characterization of aquifer
properties over a wider radius of influence, which can provide an improved estimate of the bulk hydraulic
conductivity of an aquifer. The value for hydraulic conductivity of the sand and gravel aquifer is used in the
compliance assessment model presented in the Design, Operation and Closure Plan (DOCP) GHD, May
2017 and updated in the Technical Response to ENV Review, GHD March 23, 2018.

3. Summary of Field Activities

Between July 17 and 18, 2018, GHD completed two constant rate pumping tests at MW4B-15. A
100-minute pumping test was completed on July 17, 2018 and an 8-hour pumping test was completed on
July 18, 2018. The aquifer pumping tests were completed using a Grundfos RediFlo 2 pump, Solinst™
water level meters, and Solinst™ pressure transducers. During both tests, the pump was operated at the
maximum flow rate of 24 L/min for the test duration.

Water level monitoring was completed during each test at monitoring wells MW4A-15, MW4B-15,
MW2-14, and MW 1-14. Water level monitoring was also completed at MW2A-16 during the 8-hour
pumping test. Water levels were measured manually at various intervals at each monitoring well location.
In addition to the manual water level measurements, pressure transducers were installed and operated
within MW 1-14, MW2-14 (100-minute test only), and MW4A-15. The locations of the wells are shown on
Figure 3.1.

To compensate for barometric pressure in the transducer readings during the 8-hour test, a barometric
pressure transducer was used to record barometric pressure readings throughout this test. The barometric
pressure transducer was stationed on the outside of the protective casing of MW4A-15 under a protective
shroud. Note that there was insufficient space within the casing of monitoring well MW4B-15 to
accommodate both the pump and a transducer, and thus, a transducer was not installed within this well.

The 100-minute constant rate test was initially undertaken in part, as a pilot test to gauge the aquifer
response so that adjustments to the plan for the longer-term (8-hour) constant rate test could be identified.
Based on the results of the 100-minute test, it was determined that the most suitable wells to install
pressure transducers in were MW 1-14, and MW4A-15. MW1-14 is located cross gradient of MW4B-15
and groundwater levels at this location may be influenced by the change in groundwater flow patterns
induced by pumping at MW4B-15. MW4A-15 is nested with MW4B-15 and will aid in determining the
influence (if any) of pumping within the sand and gravel aquifer on groundwater levels in the shallow
fractured bedrock. Copies of the stratigraphic and instrumentation logs for monitoring wells MW1-14,
MW2-14, MW2A,-16, MW4A-15, and MW4B-15 are provided in Attachment A.
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4. Pumping Tests Analysis

Groundwater elevation data from both the 100-minute and 8-hour pumping tests showed that drawdown
associated with pumping occurred at MW4B-15 and MW4A-15, but not at monitoring wells MW 1-14 and
MW2-14. MW4A-15 is adjacent to MW4B-15, but is screened and isolated within the shallow bedrock. The
absence of a response at MW1-14 and MW2-14 is not unexpected given the relatively large distance
between MW4B-15 and MW1-14 (230 m upgradient) and MW2-14 (220 m cross-gradient), and
considering the relatively high transmissivity of the sand and gravel aquifer.

Typically, pumping test analysis is completed using drawdown data measured at monitoring wells
screened in the same aquifer and in close proximity to the pumping well. Since no changes in
groundwater levels were observed at monitoring wells MW1-14 and MW2-14, these wells were not used in
the pumping test analysis. Since MW4A-15 is screened within the shallow bedrock aquifer, drawdown
data from this monitoring well is not suitable for use in determining hydraulic properties of the sand and
gravel aquifer. Drawdown data from MW4A-15 was used to verify the presence of a hydraulic connection
between the sand and gravel and shallow bedrock aquifers only. Analysis of drawdown data observed at
MW4B-15 was used to estimate hydraulic conductivity of the sand and gravel aquifer.

4.1 Observations of Drawdown
100-min Pumping Test

A 100-minute pumping test was undertaken on July 17, 2018 to observe drawdown within MW4B-15 and
MWA4A-15. The purpose of this short-term test was to ensure that MW4B-15 would be capable of
sustaining the intended pumping rate for the longer-term (8 hour) pumping test. The pumping rate for the
100-minute test was set to the maximum pumping rate capable from the Grundfos RediFlo 2 pump

(24 L/min).

The groundwater elevations measured at MW4B-15 and MW4A-15 during the 100-minute test are
presented on Figure 4.1. As illustrated on this figure, drawdown at MW4B-15 reached 0.53 metres (m)
during the initial six minutes of the pumping test followed by a small amount additional drawdown during
the remainder of the test. The maximum observed groundwater displacement/drawdown at MW4B-15 was
0.555 m at the end of the 100-minute pumping test.

At MWA4A-15, the groundwater elevation decreased by 0.035 m during the first 2.5 minutes of the
100-minute pumping test, and then remained constant throughout the remainder of the test based on the
manual groundwater level measurements. Throughout the remainder of the test, the pressure transducer
within MW4A-15 recorded a gradual increase in drawdown. This gradual increase in drawdown recorded
by the pressure transducer at MW4A-15 throughout the test is interpreted to be the result of drift in the
transducer readings. The manual water level measurements recorded throughout the test verify this
interpretation. In addition, there was no significant change in weather conditions during the 100-minute
test that could have altered barometric pressures to the extent that barometric pressure changes would
explain the gradual drawdown increase recorded by the transducer.
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Groundwater elevations recovered to static conditions at MW4B-15 (the pumping well) within one minute
after turning the pump off.

The results of the 100-minute pumping test showed that MW4B-15 was capable of sustaining maximum
pumping rate capable from the Grundfos RediFlo 2 pump.

8-hr Pumping Test

Figure 4.2 provides a hydrograph for the wells monitored during the 8-hour pumping test. As is apparent
on Figure 4.2, no drawdown was observed at MW1-14 or MW2-14 throughout the 8-hour pumping test,
consistent with the findings of the 100-minute pumping test. From Figure 4.2, no drawdown was observed
in groundwater levels at MW2A-16. Figures 4.3 and 4.4 illustrate the groundwater elevations throughout
the 8-hour pumping test at MW4B-15 (based on manual measurements) and MW4A-15 (based on both
manual and transducer measurements), respectively. The groundwater elevations recorded by the
transducer at MW4A-15 shown on Figure 4.4 were compensated for the barometric pressure
measurements recorded throughout the 8-hour pumping test. Figure 4.5 shows the barometric pressure
measurements. Barometric pressure remained essentially constant throughout the 8-hour pumping test
(varying by approximately 0.01 m of water column during the test).

As shown on Figure 4.3, drawdown at MW4B-15 reached 0.544 m during the initial two minutes of the
pumping test followed by a small amount of additional drawdown. The maximum observed groundwater
displacement/drawdown at MW4B-15 was 0.562 m after 2-hours and 21 minutes of pumping (drawdown
stabilized after this time).

As shown on Figure 4.4, groundwater levels at MW4A-15 dropped by 0.03 m during the first 1.5 minutes
of the pumping test (as recorded by the pressure transducer). After this initial drawdown, the transducer
recorded groundwater levels (corrected for barometric pressure) show a progressive increase in
groundwater elevation until approximately 17,000 seconds after pumping by approximately 0.025 m. This
is then followed by a moderate decrease in groundwater levels for the remainder of the test by
approximately 0.005 m. The changes in the MW4A-15 pressure transducer readings are greater than the
barometric pressure variations (of approximately 0.01 m) recorded during 8-hour pumping test. As
observed during the 100-minute pumping test, the transducer installed at MW4A-15 exhibited drift in its
pressure readings, and thus, the pressure transducer readings at MW4A-15 are unreliable.

Manual groundwater levels, measured to validate the data collected by the pressure transducer,
demonstrate that the MW4A-15 groundwater elevation decreased continuously, as would be expected,
throughout the 8-hour pumping test with a maximum drawdown of 0.065 m observed at the completion of
the test. The manual water level measurements are considered representative of the groundwater
elevations observed throughout the 8-hour test.

It should be noted that the recovery data from MW4B-15 was not considered in this assessment.
Groundwater recovery occurring at MW4B-15 was not representative of aquifer conditions as the pump
discharge line drained back into the well following pump shutdown. This condition could not be avoided
since the pump did not contain a check-valve.
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4.2 Hydraulic Connection between the Sand and Gravel and Bedrock Aquifers

The drawdown observed in MW4A-15 in response to pumping at MW4B-15 during both the 100-min and
8-hour pumping tests confirms GHD'’s previous interpretation that the sand and gravel aquifer is
hydraulically connected to the bedrock aquifer within the vicinity of pumping tests. There is a short time
lag between drawdown observed within the pumping well (MW4B-15) and drawdown observed at
MWA4A-15 (as seen by comparing Figures 4.3 and 4.4). This time lag is a function of the vertical distance
between the well screens and the permeability contrast that likely exists between the sand and gravel and
bedrock aquifers.

4.3 Pumping Test Interpretation Using AQTESOLV

The pumping test data was interpreted for hydraulic conductivity using the aquifer test analysis program
AQTESOLV™ (v4.5) to estimate the hydraulic conductivity of the sand and gravel aquifer. The
time-displacement data for MW4B-15 for the drawdown portions of the 100-minute and 8-hour pumping
tests were analyzed. The unconfined Theis solution method (1935) was applied to the data to calculate
the transmissivity of the surrounding sand and gravel aquifer. The output files AQTESOLV™ from the
interpretation of the 100-minute and 8-hour pumping tests are provided in Attachment B.

Hydraulic conductivity was then calculated from the aquifer transmissivity using the following equation:
K=T/b

Where:

K = hydraulic conductivity (cm/sec)

T = transmissivity (cm?/sec)

b = aquifer saturated thickness (cm)

As described further below, a saturated thickness of 16 m was used to calculate hydraulic conductivity
from the transmissivity values obtained through the analysis of the pumping test data. This thickness
represents the total saturated thickness of the sand and gravel aquifer plus the upper 3 m of the bedrock
aquifer. Using this combined saturated thickness, as opposed to sand and gravel aquifer saturated
thickness only, results in a conservatively lower hydraulic conductivity from the pumping tests.

Table 4.1 summarizes the results of the pumping tests as compared to the previously presented SWRT
results.
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Table 4.1 Hydraulic Conductivity Estimate Summary

Monitoring

Well

Test

Solution Method

Hydraulic

Conductivity
(cm/sec)

Screen/Sample
Depth (MAMSL)

MW4B-15 i(jl(;-;i)ri;umping Test ;I’lhgesi‘z,)Unconfined 23 x 102 150.1 — 153.2
MW4B-15 ?urll; ;g:;ping Test ;l’lhgesi‘z,)Unconfined 25 x 1022 150.1 — 153.2
Pumping Test Geometric Mean: 2.4 x 102
MW4B-15 z;s;?_gz';fgd Slug Test f‘l‘;‘;"gr'mce’ 2.0 % 102 150.1 — 153.2
MW1-14 z;s;?.gz';fjd Slug Test ChperGeinar g9 102 160.8 — 166.9
MW1-14 z;s;?.gz';fjd Slug Test Chper-Geihar g 5 x 102 160.8 — 166.9
MW3-14 z;s;?.gz';fjd Slug Test Chpgereenar 1 g x 102 150.2 - 156.3
MW3-14 z;s;?.gz';fjd Slug Test Chpgercenar 1 3x 102 150.2 - 156.3
MW3-14 z;s;?_gz';fi‘d Slug Test (Sngi?g@;er'Ge'har 1.4 % 102 150.2 — 156.3
MW9-17 ELS;?_gz'gfsd Slug Test g%‘;"g?r'mce' 2.1 x 102 157.3 - 160.4
MW9-17 gf;?_gz'gfjd Slug Test g%‘;"g?r'mce' 1.8 x 1072 157.3 - 160.4

SWRT Geometric Mean: 1.7 x 102

Overall Geometric Mean (Pumping Test & SWRT): 1.8 x 102

As shown above, analysis of the 100-minute and 8-hour pumping test data results in calculated hydraulic
conductivity values that are very similar to the values obtained from the SWRTs. The similarity in test
results provides additional confidence in the previously estimated sand and gravel aquifer hydraulic
conductivity.

The following paragraphs describe important conservative elements that were undertaken in the analysis
of the pumping test data.

A saturated thickness of 16 m was used to calculate the hydraulic conductivity from the transmissivity
values interpreted from the pumping test analysis. This thickness represents the total saturated thickness
of the sand and gravel aquifer and the upper 3 m of the bedrock aquifer combined that contributes
recharge in response to the pumping at MW4B-15 (as demonstrated by the drawdown observed in
MW4A-15). Although only minor contributions to recharge to the pumping well are likely occurring from the
very top of the upper bedrock aquifer as well as the saturated sand and gravel aquifer, this value is
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conservative in that it accounts for the full 16 m thickness available for recharge. Accordingly using this full
thickness in the calculation results in a lower calculated hydraulic conductivity value than if using a smaller
saturated thickness of the sand and gravel aquifer only. Thus, this calculation further supports the
interpretation that the hydraulic conductivity of the sand and gravel aquifer is at least 2.0 x 102 cm/sec.

In addition, the time-displacement data from the pumping well was analyzed as if the pumping well was
100 percent efficient. This means that the drawdown for MW4B-15 was interpreted as though it was equal
to the drawdown within the sand and gravel aquifer. In reality, the observed drawdown within MW4B-15
likely results from the combination of aquifer drawdown and drawdown within MW4B-15 due to well
losses, or well inefficiencies (i.e., additional pressure loss due to a less than 100 percent efficient
hydraulic connection to the aquifer through the well screen). It is highly unlikely that the pumping well
(MW4B-15) is 100 percent efficient, and the hydraulic conductivity calculated from the pumping test data
may be slightly lower than the actual hydraulic conductivity of the sand and gravel aquifer (i.e., if well
inefficiencies were accounted for). On this basis, the analysis performed is considered conservative. This
aspect of the data analysis further supports the interpretation that the hydraulic conductivity of the sand
and gravel aquifer is approximately 2.0 x 10-2 cm/sec.

5. Updated Groundwater Flux within the Sand and Gravel Aquifer

This section provides a discussion of the implications of the hydraulic conductivity estimated from the
2018 pumping test data with respect to the predictive mass balance modelling undertaken as part of the
overall site evaluation.

A hydraulic conductivity of 2.0 x 102 cm/sec was used in previous modelling for the purposes of
calculating the groundwater flow velocity and associated flux within the sand and gravel aquifer (Technical
Response to ENV Review, March 2018). This value was selected based on the results of SWRTs
completed within the sand and gravel aquifer and was rounded up to conservatively account for potential
variability and the inherent limitations of SWRTSs to provide bulk aquifer hydraulic conductivity values. As
presented above, the geometric mean of the pumping test results corresponds to a hydraulic conductivity
of 2.4 x 102 cm/sec.

Substituting the pumping test geometric mean hydraulic conductivity into the mass balance model has a
beneficial effect on the predicted performance of the proposed landfill. To illustrate this, the mass balance
model was re-calculated for the highly unlikely worst-case scenario (liner failure) using the pumping test
hydraulic conductivity.

Table 5.1 provides a comparison of the predicted groundwater flux using a hydraulic conductivity of
2.0 x 102 cm/sec and the geometric mean hydraulic conductivity determined from the pumping tests
(2.4 x 102 cm/sec). All other inputs to the groundwater flux calculation are unchanged.
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Table 5.1 Groundwater Flux Estimate Summary

Report Hydraulic Conductivity Upgradient Upgradient
(cm/sec) Groundwater Flux | Groundwater Flux

(WELEW) (m3/year)

Technical Response to 2.0 x 102 cm/sec 500 180,000

ENV Review

March 2018 (Task 4)

Technical Response 2.4 x 102 cm/sec 600 220,000

Sept. 2018 (Task 8)

Note: Upgradient groundwater flux is calculated using Darcy’s flow equation. The March 2018 Technical
Response letter provides complete description of the equation and the inputs used to derive groundwater
flux.

An increase in upgradient groundwater flux under the landfill footprint results in increased dilution of
contaminant mass loading. This increase results in a lowering of modelled downgradient contaminant
concentrations in groundwater.

Table 5.2 provides a summary of the modelled contaminant concentrations under the worst-case scenario
(liner failure) using the varying upgradient groundwater flux values from the two different sand and gravel
aquifer hydraulic conductivity estimates (2.0 x 10-2cm/sec vs. 2.4 x 102 cm/sec).

Table 5.2 Summary of Groundwater Compliance Results for Key Parameters

Parameter Average CSR Standards Scenario 1
(mg/L) Pre-Landfilling | pw / aw Liner Failure
Concentrations
500 m3/day 600 m3/day
Alkalinity 54.7 - - 79.2 75.7
Chloride 4.15 250 1500 31.57 27.68
Hardness 60 - - 333 294
Iron 0.056 6.5 - 0.77 0.67
(dissolved)
Manganese 0.03 1.5 - 0.089 0.081
(dissolved)
Sulphate 5.72 500 2180 - 60.70 52.91
4290 *
TDS 31 - - 582 504

* Limit varies with Hardness. Ranges are calculated using average pre-landfilling and final
predicted concentrations.

As presented in the above table, the slightly higher hydraulic conductivity calculated from the pumping test

data results in lower modelled concentrations of landfill indicator parameters in downgradient
groundwater. Based on this result, the results of the pumping tests completed during July 2018 provide
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additional confidence in the conclusions presented? with respect to the long-term performance of the
proposed landfill.

6. Closing

The sand and gravel aquifer pumping tests have been completed to provide the additional information
required as outlined in ENV’s Memorandum dated January 31, 2018. The pumping tests were carried out
to further advance the hydrogeologic characterization of the sand and gravel aquifer. Pumping tests can
provide advantages over SWRTSs in that they allow for characterization of aquifer properties over a wider
radius of influence, which can provide an improved estimate of the bulk hydraulic conductivity of an
aquifer.

The results of the pumping tests undertaken as described herein confirm the hydraulic conductivity of the
sand and gravel aquifer to be a minimum of 2.0 x 102 cm/sec.

Using 2.0 x 102 cm/sec for the hydraulic conductivity of the sand and gravel aquifer is considered
reasonably conservative for conducting the predictive mass balance modelling for the Site. Based on the
results of the pumping tests, the aquifer compliance modeling previously completed for the Site is
confirmed to be conservative and relevant.

2 DOCP Section 10, May 2017 and March 2018 Letter, Task 4
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Sincerely,

GHD

Ben Kempel, B.E.S.

(000 Vol

Allan Molenhuis, B.Sc.

Steve M. Harris, M.A.Sc., P.Eng., P.E.

)

Gregory D. Ferraro, P.Eng.
RR/cs/19

Encl.
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STRATIGRAPHIC AND INSTRUMENTATION LOG

OVERBURDEN LOG 088877-WI.GPJ CRA_CORP.GDT 4/17/17

WATER FOUND Y

12/4114

(OVERBURDEN) Page 1 of 1
PROJECT NAME: Upland Landfill HOLE DESIGNATION: MW1-14
PROJECT NUMBER: 088877 DATE COMPLETED: December 4, 2014
CLIENT: Uplands DRILLING METHOD: Air Rotary
LOCATION: Campbell River, British Columbia FIELD PERSONNEL: Red Williams Drilling Ltd
INSTALLED BY: Red Williams Dirilling Ltd DRILLER: T Johnson
DEPTH ELEV. SAMPLE
STRATIGRAPHIC DESCRIPTION & REMARKS m MONITORING WELL
AMSL 5 <>( 15
- —
NORTHING: 5541791.65 GROUND SURFACE | 171.80 g % O <>(
EASTING: 100824.35 2 = % z
z Zz z
1.2m-Stickt Ip
SP/PG-SAND AND GRAVEL
- 5.08cm @
- PVC Well
- Casing
., Bentonite
15.24cm @
B Borehole
—4
o - wet at 5.49m BGS 5.08cm @
—6 PVC Well
L Screen
B Sand Pack
—8
—10
B END OF BOREHOLE @ 10.97m BGS 16083 =
- @ 10.97m WELL DETAILS
—12 Screened interval:
- Log recreated from notes taken by Red 166.92 to 160.83m AMSL
L Williams Drilling 4.88 to 10.97m BGS
- Length: 6.1m
—14 Diameter: 51mm
- Material: PVC
- Seal:
- 171.80 to 167.23m AMSL
— 16 0.00 to 4.57m BGS
- Material: Bentonite
B Sand Pack:
B 167.23 to 160.83m AMSL
—18 4.57 t0 10.97m BGS
- Material: Sand
— 20
—22
—24
— 26
—28
NOTES: MEASURING POINT ELEVATIONS MAY CHANGE; REFER TO CURRENT ELEVATION TABLE




OVERBURDEN LOG 088877-WI.GPJ CRA_CORP.GDT 4/17/17

STRATIGRAPHIC AND INSTRUMENTATION LOG

WATER FOUND ¥  12/4/14

(OVERBURDEN) Page 1 of 1
PROJECT NAME: Upland Landfill HOLE DESIGNATION:  MW2-14
PROJECT NUMBER: 088877 DATE COMPLETED: December 4, 2014
CLIENT: Uplands DRILLING METHOD: Air Rotary
LOCATION: Campbell River, British Columbia FIELD PERSONNEL: Red Williams Drilling Ltd
INSTALLED BY: Red Williams Dirilling Ltd DRILLER: T Johnson
DEPTH ELEV. SAMPLE
STRATIGRAPHIC DESCRIPTION & REMARKS m MONITORING WELL
AMSL 5 <>( 15
- —
NORTHING: 5541591.19 TOP OF RISER | 173.85 g % O <>(
EASTING: 100877.04 GROUND SURFACE | 173.09 =) = E z
z Zz z
I 0.8m Stickup
L SP/GP-SAND AND GRAVEL 7
5.08cm @
- PVC Well
- Casing
., Bentonite
15.24cm @
B Borehole
—4
—6
o BOULDERS 16638
L " 165.77
s SP/GP-SAND AND GRAVEL :
—10 6 O
—12 RN
- e v
—14 o
—16 o
- DR 5.08cm @
B Nole 156.02 | PVC Well
L GP-SANDY GRAVEL, wet Y ’ - — Screen
L 18 ° Bﬂ ] Sand Pack
N 0
. oo
L o 60
—20 N
N L QO
- o Og
- END OF BOREHOLE @ 21.64m BGS = 19145 —
—22 @21.64m WELL DETAILS
B Screened interval:
~ Log recreated from notes taken by Red 157.54 to 151.45m AMSL
r Williams Drilling 15.54 t0 21.64m BGS
—24 Length: 6.1m
B Diameter: 51mm
B Material: PVC
Seal:
—26 173.09 to 168.52m AMSL
B 0.00 to 4.57m BGS
B Material: Bentonite
B Sand Pack:
—28 168.52 to 151.45m AMSL
B 4.57 to 21.64m BGS
: Material: Sand
NOTES: MEASURING POINT ELEVATIONS MAY CHANGE; REFER TO CURRENT ELEVATION TABLE




[—] STRATIGRAPHIC AND INSTRUMENTATION LOG
[

(OVERBURDEN) Page 1 0of 3
PROJECT NAME: Upland Landfill HOLE DESIGNATION:  MW2A-16
PROJECT NUMBER: 088877 DATE COMPLETED: January 27, 2016
CLIENT: Uplands DRILLING METHOD: Rotosonic
LOCATION: Campbell River, British Columbia FIELD PERSONNEL: S. Foster
DRILLING CONTRACTOR: Dirillwell
DEPTH ELEV. SAMPLE
STRATIGRAPHIC DESCRIPTION & REMARKS m MONITORING WELL
m BGS 4 w
AMSL x < —_
b= E|3
NORTHING: 5541591.43 TOP OF RISER | 173.86 = % O <>’:
EASTING: 100878 GROUND SURFACE | 173.10 "'“I — STICKUP 2 E E':J >
1 0.80-M - -
i SW/GW-SAND AND GRAVEL, medium to w8 s ' st (B30 7,62 32
B coarse sand ti coarse gravel, well graded, grey, RS-1 [ [x]3048
B dry, subrounded to rounded, dense P12 762| 15
5 - Compact, brown, dry at 1.22m BGS BENTONITE | GB1 [F—Ei30 48
_ GRAVEL Rs2 515
170.36 4 4
- GW-GRAVEL with sand and cobbles, fine to 51 mm @ PVC| SPT-3 |[E><[4 7.62| 12
o coarse grain gravel, cobbles, coarse sand, well RISERPIPE | Rs3 [4] [4]30.48
—4 graded, grey, dry, sub-angular-subrounded, é\\; ’é\\\/ A
- compact L\“ ’4\‘\ SRFgI'j I><U15.24| 12
B - i 8 i NN T 1z] 0.00
B g(;t;tr)rl]e Brgg (7-9 cm diameter) from 5.18 to 167.61 ;\1\4 ;\\\/ gg_z 13048
6 \ : : . o Y Y s |O><[L 7.62| 69
- Sandy silt layer, increase in fines, very dense, 166.7 A EAN™ 152 SPTS |12 N5 /-
B grey, moist at 5.49m BGS 6670 YRy B%Rrgﬂgj RSS || [g30.48
- v /.
B SW/GW-SAND AND GRAVEL, medium sand Y RY ol
P to coarse gravel, with cobbles, grey moist, well ’é\\\/ ’é\\\/ RS7 LY 1330.48
rounded to subrounded, very dense AN L—L
N SW/GW-SAND AND GRAVEL, fine to medium AN EAY RS (3 {33048
- = 5 =\ =\ v v
o sand fine to coarse gravel, grey, dry, very ,L‘( ,L“\/ SPT-6 : :15'24 90
dense VY RN 4 |4
— 10
o SYNNS RS9 |4 [430.48
XYY GB3 L ( ST
B N7 FNA -3 S\ 1Y
L 0 f\\; :’7\\\/ o
L 160.91 ERY R P17 |O><[1 6.10 |>1
- SP-SAND with gravel, poorly graded, fine to 609 ,L‘( ,L“\Zi— SoIL . - > > 610 >100
o medium sand, fine gravel, grey, moist, ;v ;\/ CUTTINGS o I
- subangular to subrounded, very dense !ﬁ\‘\ VRN RS-10 |4 |430.48
— 14 - Becoming wet at 13.41m BGS UM Aimmn
o L] L i
- o [y agmn
P : o o] o [
- o \ N A
- ——1 156.64 RS EERY RS-11 |4 |430.48
B SP-SAND, trace gravel, poorly graded, fine to ) AYEAY AR
medium sand, grey, wet, very dense Y RY 5}
B Ly [ 4 |4
—18 Y 4 4
. \ N A
= Ly1 & 4 |4
\ | N A
o 2~ I RS-12 |4 |430.48
L - Cobbles at 19.81m BGS N R
20 N g
L - 152.68 N A GB-4
SW/GW-SAND AND GRAVEL, fine to coarse Ly] (L SPT-9 15.24| 7
: \ sand and gravel to cobble, sand heaving, grey, / 152.07 AL I AL Apma
292 wet 7 % 4 Y
L SP-SAND, fine grain, grey, sand heaving, wet % / re13 |4 [l30.48
B / / BENTONITE ARNAN
B % % GRAVEL sl
~ 24 - Silt rich layer (20 cm) at 24.08m BGS é é s i . 7
. ) M npan
P % % RS-14 7 :30.48
7/ AR
- % ’(,/\/ o =
- ) 8 AREA
— 28 ] v 4y
) W
B 72/ 7Yy RS15 |4 |4]30.48
i 5 Wi
5] P SOIL AN

NOTES: MEASURING POINT ELEVATIONS MAY CHANGE; REFER TO CURRENT ELEVATION TABLE

STATIC WATER LEVEL Y

OVERBURDEN LOG 088877-WI.GPJ CRA_CORP.GDT 4/17/17




OVERBURDEN LOG 088877-WI.GPJ CRA_CORP.GDT 4/17/17

STRATIGRAPHIC AND INSTRUMENTATION LOG

(OVERBURDEN) Page 2 of 3
PROJECT NAME: Upland Landfill HOLE DESIGNATION:  MW2A-16
PROJECT NUMBER: 088877 DATE COMPLETED: January 27, 2016
CLIENT: Uplands DRILLING METHOD: Rotosonic
LOCATION: Campbell River, British Columbia FIELD PERSONNEL: S. Foster
DRILLING CONTRACTOR: Dirillwell
DEPTH ELEV. SAMPLE
STRATIGRAPHIC DESCRIPTION & REMARKS m MONITORING WELL
m BGS 4 w
AMSL 14 < = 3
H-ﬂ > é |
S| B lolg
w | Q=
=) E B
z Z Zz
i ;—{Q CUTTINGS At
B R ARA
§ 7
] A RS16 |4 |430.48
— 32 ) W |1
- - Wood detritus (carbon) 2 cm at 32.92m BGS fv"«‘,ﬁ ?;a,é 4 |4
34 7 % [
B {{g % Rs17 |4 [4{30.48
% Al
36 % BENTONITE o |y
L PELLETS 7 A
/ d4 1d
B .|| 4&—— SILICA SAND 4 |4
— 38 ' re18 |4 [430.48
L 3 ses |4(54
- o T—— 51Tmm@ ARa
B 10-SLOT PVC St
. SCREEN = 5
— 40 - 4|4
L IR Rs-19 |4 [430.48
- I}“//?\“&/?\“ v [
— 42 7\“%}“47\“ o] [l
- 7\“//7\\\47\“ 4 |4
: 7\“//7\\\47\“ 4 |4
L 44 A R rs20 |4 [2{30.48
- 7\“//7\\\47\“ 4 |4
B 127.68 7\“&?“47\“ 4 |4
46 END OF BOREHOLE @ 45.42m BGS WELL DETAILS
B Screened interval:
| Borehole terminated at maximum drllllng 135.61 to 132.56m AMSL
B method depth 37.49 to 40.54m BGS
48 No topsoil evident/surface compact sand and Length: 3.05m
- gravel Diameter: 51mm
L Static Groundwater Elevation - 13.74 m BGS Slot Size: 10
- after completion of well Material: SCH. 40 PVC
— 50 RS - Rotosonic Core Sample Seal:
= SPT - Standard Penetration Test (splitspoon 136.22 to 138.05m AMSL
- sample) 36.88 to 35.05m BGS
- GB - Grab Sample Material: Bentonite Pellets
— 52 Sand Pack:
L 132.26 to 136.22m AMSL
L 40.84 to 36.88m BGS
- Material: #2 SILICA SAND
— 54 __________
= Seal:
L 169.44 to 151.76m AMSL
L 3.66 to 21.34m BGS
— 56 Material: SOIL CUTTINGS
= Seal:
L 151.76 to 148.72m AMSL
— 58 21.34 to 24.38m BGS
L Material: BENTONITE CHIPS
- Seal
NOTES: MEASURING POINT ELEVATIONS MAY CHANGE; REFER TO CURRENT ELEVATION TABLE

STATIC WATER LEVEL Y




OVERBURDEN LOG 088877-WI.GPJ CRA_CORP.GDT 4/17/17

STRATIGRAPHIC AND INSTRUMENTATION LOG
(OVERBURDEN) Page 3 of 3

PROJECT NAME: Upland Landfill

PROJECT NUMBER: 088877

CLIENT: Uplands

LOCATION: Campbell River, British Columbia
DRILLING CONTRACTOR: Drillwell

HOLE DESIGNATION:  MW2A-16
DATE COMPLETED: January 27, 2016
DRILLING METHOD: Rotosonic
FIELD PERSONNEL: S. Foster

DEPTH
m BGS

STRATIGRAPHIC DESCRIPTION & REMARKS

ELEV. SAMPLE

m MONITORING WELL
AMSL

NUMBER

INTERVAL
REC (m)
'N' VALUE

148.72 to 138.05m AMSL
24.38 to 35.05m BGS
Material: SOIL CUTTINGS

NOTES:

MEASURING POINT ELEVATIONS MAY CHANGE; REFER TO CURRENT ELEVATION TABLE
STATIC WATER LEVEL Y




OVERBURDEN LOG 088877-WI.GPJ CRA_CORP.GDT 4/17/17

STRATIGRAPHIC AND INSTRUMENTATION LOG

(OVERBURDEN) Page 1 of 1
PROJECT NAME: Upland Landfill HOLE DESIGNATION:  MW4A-15
PROJECT NUMBER: 088877 DATE COMPLETED: August 5, 2015
CLIENT: Uplands DRILLING METHOD: Sonic
LOCATION: Campbell River, British Columbia FIELD PERSONNEL: T. Fitzgerald
DRILLING CONTRACTOR: BMD DRILLER: A. McRea
DEPTH ELEV. SAMPLE
STRATIGRAPHIC DESCRIPTION & REMARKS m MONITORING WELL
m BGS 4 w
AMSL el 2|elY
> [ |
NORTHING: 5541583.05 TOP OF RISER | 169.30 g % O <>’:
EASTING: 100808.74 GROUND SURFACE | 168.54 =|_W_| 2 E % >
L GW GRAVEL, with sand, subrounded gravel g SE Concrete o]
L up to 5.1 cm diameter, medium to coarse * .' Bentonite o] o
B grained sand A Chips AR
—2 .. L\“¢ L\‘\ Vi Vi
g (A
i ;& A
= .. Ié\“/ L\‘\ L 4
__ 4 y é\“¢ L\‘\ /7 /7
0 M AN
B . AYEA 4 Y
B . @ 7\“¢ 7\; Soil Cut ARNA
- . Ly L oil Cuttings
° ". 162.14 R il
B SW SAND, well graded, medium to coarse Loueee 62. ’é\( L\\\ =
L . h N EN 4 Y
B grained, moist :::::: 'ﬁ‘; L\\\ 1
—8 °:°:°: Ié\‘; L\‘\ i vl
L f A
- °6%0% Ié\‘; NS Vigmmvi
ool 150,00 UMY AR
10 SW SAND, well graded, fine to medium feeee| A =
B grained, moist, 1.52 m of recovery ALYEA v [
B 150505 Y N ARNn
%% AN I (AN
- N BN ARnri
| Ly & SENE
12 =52 15635 AR [igmil
- SW SAND, some gravel, well graded sand, MR # A
- medium to coarse grained gravel S 155.74 L1 Ly =
5,0, 155.43 W AR
B 14 SP SAND, fine grained I SUMEY ARA
- 0%6% 7 4 4
L SW SAND, some gravel, medium to coarse hosore ’é\“ ’é\\\ AR
R grained well graded sand Pooa®s o] [y SEA
153.30 NY PN ooy
L GW GRAVEL, clean, up to 5.1 cm diameter #>=) 153.00 Ié\\\/ L\\\ 3
B 16 SW SAND, medium to coarse grained, 1.52 m :::::: v i\\\/ S0 7 ;
B of recovery Cetels AN b
i - wet at 16.15m BGS o20%0° o oy EIE
NA BN o |4
_— 18 - some gravel from 17.98 to 18.29m BGS 2os 150.25 AlA
B BEDROCK 149.95 Bentonite AREA
i IGNEOUS ROCK, porphyritic, aphanitic, 149.34 % Chips s
. : : <— 152cm @ 4 |4
L 20 brown; phenocrysts approximately 1-3 mm, = Borehole
| reddish brown; no evidence of fractures, rock =| %\ Sand Pack 4 |4
L core broken by vibration of the sonic rig = 5.1 cm & Well AR
= IGNEOUS ROCK, fine grained, coarser than 147.20 — Screen
—22 above, green; phenocrysts up to 1 cm WELL DETAILS
- - horizontal fracture, fine sediment filling at Screened interval:
- 19.51m BGS 148.73 to 147.20m AMSL
= - vertical and oblique fractures at 19.81m BGS 19-8_1 t0 21.34m BGS
— 24 - with secondary mineralization from 20.88 to Length: 1.52m
- 21.34m BGS Diameter: 51mm
- Slot Size: 10
B END OF BOREHOLE @ 21.34m BGS Material: PVC
— 26 Seal:
L 150.56 to 149.03m AMSL
L 17.98 to 19.51m BGS
L Material: Bentonite Chips
— 28 Sand Pack:
L 149.03 to 147.20m AMSL
B 19.51 to 21.34m BGS
N Material: Sand

NOTES: MEASURING POINT ELEVATIONS MAY CHANGE; REFER TO CURRENT ELEVATION TABLE

WATER FOUND ¥ 8/5/15




OVERBURDEN LOG 088877-WI.GPJ CRA_CORP.GDT 4/17/17

STRATIGRAPHIC AND INSTRUMENTATION LOG

(OVERBURDEN) Page 1 of 1
PROJECT NAME: Upland Landfill HOLE DESIGNATION:  MW4B-15
PROJECT NUMBER: 088877 DATE COMPLETED: August 5, 2015
CLIENT: Uplands DRILLING METHOD: Sonic
LOCATION: Campbell River, British Columbia FIELD PERSONNEL: T. Fitzgerald
DRILLING CONTRACTOR: BMD DRILLER: A. McRea
DEPTH ELEV. SAMPLE
STRATIGRAPHIC DESCRIPTION & REMARKS m MONITORING WELL
m BGS 4 w
AMSL x < —
b= E|3
NORTHING: 5541575.03 TOP OF RISER | 169.29 = % O <>’:
EASTING: 100810.75 GROUND SURFACE | 168.42 =|_W_| 2 E % >
L GW GRAVEL, with sand, subrounded gravel g SE Concrete o]
L up to 5.1 cm diameter, medium to coarse ".' Bentonite o] o
B grained sand .. Z 2 Chips o [l
—2 g §\“¢ §\‘\ 1A 4]
i ;& R
_ .. Ié\“/ L\‘\ v v
~ . i Vi = -
Y S\
L4 . ‘ ’:‘\é L\\\ i
_ P AN 4 |
i . ® R v [d
L . . . L\‘; L\f Soil Cuttings ; ;
— J AN > B
L - 162.02 X n
SW SAND, well graded, medium to coarse 0%6%0° 620 /Q( /Q‘\ 4 4
B grained, moist S50 ALEA ARNA
i :°:°:° 7\“& 7\‘\ AR
8 R SO
- Peoese RN i v
eoel 158,97 R SA
10 SW SAND, well graded, fine to medium R A 4 4
i grained, moist, 1.52 m of recovery osooen ALEA Apmn
| :::::: 7\“¢ 7\‘\ Vi
O Ly Ly
- 0%0%0° N7 N ARnri
o o o Vi /1 | "
— 12 il 156.23 AEA 4 [
- SW SAND, some gravel, well graded sand, IO ’ %\/ ’é\\\ 3
- medium to coarse grained gravel - 'o lgggf L1 Ly 7 :
B 14 SP SAND, fine grained RO 2 ;
L SW SAND, some gravel, medium to coarse I (B:ﬁ.”t‘s’”“e 7 ;
L grained well graded sand osorer 'P b
- 153.18 1=l 4 |4
-_ 16 GW GRAVEL, clean, up to 5.1 cm diameter fs) 152.88 7 = 15.2 cm @ Al
SW SAND, medium to coarse grained, 1.52 m SO 1= Borehole AR
B of recovery SEICN |=| -~ Sand Pack 4 |4
B - wet at 16.15m BGS 0% Zle 5.1 om @ Well S A
0% = y o |y
—18 - some gravel from 17.98 to 18.29m BGS fotetel 15013 1= Screen 9 15
: - bedrock at 18.29m BGS WELL DETAILS
| END OF BOREHOLE @ 18.29m BGS Screened interval:
—20 153.18 to 150.13m AMSL
- 15.24 to 18.29m BGS
L Length: 3.05m
L Diameter: 51mm
L 29 Slot Size: 10
L Material: PVC
L Seal:
- 155.01 to 153.48m AMSL
24 13.41 to 14.94m BGS
L Material: Bentonite Chips
L Sand Pack:
- 153.48 to 150.13m AMSL
26 14.94 to 18.29m BGS
L Material: Sand
—28
NOTES: MEASURING POINT ELEVATIONS MAY CHANGE; REFER TO CURRENT ELEVATION TABLE

WATER FOUND ¥ 8/5/15
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MW4B-15 - PUMPING TEST

Data Set: C:\Users\ramolenhuis\Desktop\MW4B-15 July 17, 2018 - 100min test.aqt
Date: 09/17/18 Time: 11:52:01

PROJECT INFORMATION

Company: GHD

Client: Upland

Project: 88877

Location: Campbell River BC
Test Well: MW4B-15

Test Date: Jul 17, 2018

WELL DATA
Pumping Wells Observation Wells
Well Name X (m) Y (m) Well Name X (m) Y (m)
MW4B-15 0 0 o MW4B-15 0 0
SOLUTION
Aquifer Model: Unconfined Solution Method: Theis
T  =37.46 cm?/sec S  =7.361E5

Kz/Kr = 0.01 b =16.m




1- T T TTTT T T TTTT T T TTTT T T TTTT

i T Tﬁ/ﬂ.ffi
. o oo 0 oDoog e 880
E N i
c
)
e L _
0]
(&S]
o
o
0 - .
o
o
9
(&]
o
B u
O L _
Ol \\\\\H‘ \\\\\H‘ \\\\\H‘ I I O
0.1 1. 10. 100. 1000.

Time (min)

MW4B-15 - PUMPING TEST

Data Set: C:\Users\ramolenhuis\Desktop\MW4B-15 July 18, 2018 - 8 hr test.aqt
Date: 09/17/18 Time: 11:56:10

PROJECT INFORMATION

Company: GHD

Client: Upland

Project: 88877

Location: Campbell River BC
Test Well: MW4B-15

Test Date: Jul 18, 2018

WELL DATA
Pumping Wells Observation Wells
Well Name X (m) Y (m) Well Name X (m) Y (m)
MW4B-15 0 0 o MW4B-15 0 0
SOLUTION
Aquifer Model: Unconfined Solution Method: Theis
T  =40.45 cm?/sec S =2.685E-7

Kz/Kr = 0.01 b =16.m
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