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RE: Hydrogeological Review of the Proposed Upland Landfill

1.0 INTRODUCTION

Upland Excavating LTD (Upland) has submitted a Waste Discharge Application (Application) to the
Ministry of Environment & Climate Change Strategy (ENV) in order to obtain an Operational
Certificate for a proposed landfill upgrade (the Project) at their property located at 7295 Gold River
Highway (the Site) within the City of Campbell River (the City). The Site location is shown in
Figure 1. Upland retained GHD Limited (GHD) as a Qualified Professional (QP) to assist with the
Application submission to ENV. GHD submitted a series of technical documents relating to
proposed landfill engineering design including an assessment of the local and regional
hydrogeology.

The Site is located adjacent to Rico and Mclvor Lake and within the boundary of provincially
mapped surficial sand and gravel Aquifer #975 (ENV 2017) which is underlain by an unmapped
fractured bedrock aquifer. The City’s municipal water supply is sourced from the Campbell River
watershed downstream of Mclvor Lake. The City is concerned that the proposed landfill could
impact their water supply. The concern relates to the possibility of contaminant migration via
groundwater through the underlying sand and gravel and/or bedrock to Mclvor Lake, either directly
or through Rico Lake.

1.1 Scope of Work

Waterline Resources Inc. (Waterline) was retained by the City to review the reports submitted by
GHD to provide comments on the site hydrogeology and hydrology characterization, groundwater
divide, and risk to the drinking water supply. The City recognizes that additional testing and/or data
may be necessary, and beyond the scope of this initial review.

In addition, the City provided Waterline with a series of question to guide the review. Waterline
has provided answers to these questions in Appendix A.
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Waterline, as a hydrogeology QP, has only address the potential for contaminant from the
proposed landfill to reach Mclvor and/or Rico lakes through a groundwater pathway. Issues
relating to surface water contaminant mixing and transport if contaminants from the landfill were
determined to reach the lakes was not considered by Waterline as it would require a detailed
understanding of lake hydrology which is outside of Waterline’s field of practice.

1.1.1 Documents Reviewed and Site Visit

Waterline reviewed the following documents prepared by GHD and provided by the City:

• Technical Assessment Report (TAR) (GHD 201 7c),
• Hydrogeology and Hydrology Characterization Report (HHCR) (GHD 201 7b), and
• 2017 Design, Operations and Closure Plan (DOCP)(GHD 2017a).

The 2016 Geotechnical Investigation (GHD 2016) was also reviewed to confirm that any relevant
hydrogeological data collected was included and agreed with the HHCR.

Waterline understands that the Ministry of Environment & Climate Change Strategy (ENV) also
reviewed the GHD documents and prepared a formal memorandum with a list of
recommendations and requesting additional information. Waterline has not reviewed the ENV
memorandum but did review the following letter reports prepared by GHD to address ENV’s
recommendations:

• Technical Response Letter, Task I Technical Work Plan and Schedule, dated March 7,
2018 (March 7, 2018 TRL) (GHD 2018b)

• TechnicalResponse Letter, dated March 23, 2018 (March 23, 2018 TRL) (GHD 2018a)
which provides additional information on contingency planning and an updated landfill
liner design including leak detection system

• Technical Response Letter, Task 8 — Sand and Gravel Aquifer Pumping Tests, (Task 8
TRL) (GHD 2018c) dated October 1

• Technical Response Letter, Task 7— Additional Bedrock Characterization (Task 7 TRL)
(GHD 2018d) dated December 11,2018

In addition, Waterline reviewed:
• A peer review letter prepared by Mr. Guy Patrick, P.Eng undertaken on behalf of Upland

(Patrick Consulting 2017) and GHD’s response to the peer review (GHD 2017e). Mr.
Patrick provided a peer review of the original 2017 technical reports submitted for the
Application, his review did not include the supplemental information provided in the
technical response letters to ENV’s memorandum.

• A letter report prepared by GW Solutions (GWS 2018) on behalf of the Campbell River
Environmental Group (CREC). The GW Solutions’ report provided review comments on
GHD’s technical responses for Task 7 and 8.

WaterLine
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Waterline completed a tour of the Site with Upland and City staff on January 22, 2019.

2.0 HYDROGEOLOGICAL REVIEW COMMENTS

2.1 Potential Contaminant Pathway to Mclvor and Rico Lakes

As part of our review, Waterline was requested to consider the potential for contaminant migration
from the proposed landfill to Mclvor and/or Rico Lake. The potential for contamination that reaches
either lake to adversely affect the City’s water supply is a surface water contaminant mixing and
transport study and is out of Waterline’s area of expertise.

Based on the information reviewed, a hydraulic connection likely exists between the lakes and the
aquifers beneath the proposed landfill, however insufficient data has been collected to fully
understand this connection. The groundwater flow regime is a gravity driven system and will be
influenced by natural landforms, surficial sediment and bedrock structure, watershed geometry
(lake and river levels), recharge and surface activities. Bedrock surface mapping in the vicinity of
the landfill slopes to the southeast and away from the lakes suggesting that the natural groundwater
flow follows a similar pattern.

The limited groundwater level data set collected for the Site indicate that groundwater is flowing
from the lakes across the Upland gravel pit property to the southeast, shown on Figure 2. For the
gradients to reverse, causing groundwater to flow from the landfill area to the lakes, the hydraulic
head in the landfill, infiltration ponds and/or pit area would have to be higher than the water levels
in the lakes. Furthermore, for contamination from the landfill to reach the lakes the gradient
reversal would have to be maintained for long enough for contaminates to migrate to the lakes. It
should also be noted that even if water levels in the pit area build up to a level higher than the lake
levels there will likely still be a significant hydraulic gradient moving groundwater primarily to the
southeast.

The DOCP notes that water levels in the waste will be maintained at less than 0.3 m above the
liner, therefore the maximum head in the landfill should be below 168.3 m AMSL. The design
elevation of the top of the infiltration ponds is 170 m AMSL (Figure 3). Section 8.4.3 of the DOCP
notes that in the case of a multi-day precipitation event temporarily overwhelming the infiltration
areas, excess water will be directed to the pit floor. The pit floor elevation is 172 m AMSL, the pit
floor covers an extensive area (Figure 2), and therefore it is assumed that water elevations in the
pit would likely not exceed 173 m AMSL. The closure plan presented in Section 8 and 11 of the
DOCP, indicates that the long-term infiltration of runoff from the landfill will be to the base of the
pit.

Page 21 of the HHCR gives the following description of Mclvor Lake levels:
“The elevation of McIvor Lake is partially controlled by BC Hydro’s Ladore Dam located on the
northern shore of Mclvor Lake approximately 1.7 km northwest of Site. BC Hydro attempts to
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maintain a preferred water elevation at Ladore Dam between 176 and 178 m AMSL and has
established and a minimum operational water elevation of 174 m AMSL (BC Hydro, 2016). Based
on BC Hydro records, water elevations at Ladore Dam have fluctuated between 174.5 and
177.9 mAMSL since 2008.”

Assuming:
• The proponent is able to address the infiltration and high groundwater table concerns noted

in the following sections of this report and any associated design changes do not raise the
water level in the landfill area above the minimum operational level of Mclvor Lake

• The landfill design and closure plan remains as described in the DOCP,
• BC Hydro does not change the management plan for the Ladore Dam,
• There is no catastrophic event that damages the dam and significantly lowers the water

level in Mclvor Lake, and
• The closure plan for the whole site which has not been reviewed does not significantly

change the hydraulics of the site.
It is unlikely that contamination from the proposed landfill, as currently designed, would reach
Mclvor Lake.

It should be noted that the geological continuity of the sand and gravel deposit between the landfill
and Mclvor Lake is based on regional information and has not been verified since groundwater is
not expected to flow towards the lake.

Rico Lake was formed after the Gold River Highway was built, water from the Rico Lake is thought
to seep under the highway toward Mclvor Lake though a French drain, the Upland operation uses
Rico Lake as a water source (Terry Stuart and Mark Stuart pers. comm). Six Rico Lake level
measurements were presented in the reports reviewed, the lake level ranged from 181.2 m AMSL
on January 29, 2016 and March 6, 2016 to178 m AMSL on September 17, 2018. Over the range
of measured lake levels, water from Rico Lake in addition to flowing under the highway toward
Mclvor Lake would likely flow to the gravel pit either though the bedrock aquifer or though the sand
and gravel in the recently delineated bedrock trough, shown on Figure 4. The base of the bedrock
trough has not been established but based on the geophysical interpretation presented in the Task
7 TRL it is below 172 m AMSL. The HHCR notes that the bottom of Rico Lake is at 168 m AMSL.

There is a possibility that groundwater from the landfill area could migrate toward Rico Lake if the
water level in Rico Lake fell below the ponded water level in the infiltration ponds or gravel pit, i.e.
below 170 m AMSL under normal operating conditions or below 173 m AMSL if the gravel pit was
flooded. In this case the water would only flow west toward Mclvor Lake if the Mclvor Lake level
was lower than Rico Lake level. As noted above BC Hydro’s current minimum operational water
elevation for Mclvor Lake is 174 M AMSL, therefore in a situation where Rico lake levels are low
enough to induce groundwater flow from the landfill to Rico Lake the surface water gradient would
most likely be from Mclvor Lake to Rico Lake. The potential for groundwater to be a pathway for
contamination of Rico Lake could be mitigated by ensuring that the lake level is maintained above
the water level in the infiltration ponds and gravel pit. Ongoing monitoring of water levels in Rico
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Lake and the bedrock and sand and gravel aquifer would help clarify the nature of the hydraulic
connection between the lake and the proposed landfill.

2.2 Long-Term Water Level Monitoring

In Waterline’s opinion, insufficient baseline groundwater and surface water data has been collected
by GHD to fully characterize the local and regional hydrogeological system in relation to the
proposed landfill project. The landfill design and aquifer characterization presented in the HHCR
and DOCP rely largely on groundwater level monitoring data collected on April 6, 2017. It is not
possible to assess the effect of seasonal and long-term variability on groundwater flow using a
single groundwater monitoring event. At the request ENV, GHD collected supplemental data in an
attempt to help understand the seasonal variability in groundwater levels (GHD 2018d). However;
this only included two additional rounds of groundwater measurements and sampling conducted
on June 7, 2018 and September 17, 2018. The most complete groundwater level data for the Site
are shown on Table 5.1 in the March 23, 2018 TRL, reproduced here as Figure 5.

The standard hydrogeological practice for collecting long-term groundwater and surface water data
is to install data loggers in monitoring wells and surface water bodies (lakes, creeks, ponds). This
would allow for an ongoing analysis of the hydraulic inter-connections and relationship between
the groundwater levels in the sand and gravel and bedrock aquifers to the changes in water levels
in Rico and Mclvor lakes. This data should also be compared to the local climate data (i.e.:
precipitation) to improve the understanding of infiltration and recharge at the Site which is a critical
factor in landfill design and operation.

The landfill design presented by GHD (2018a) is reproduced as Figure 3 for reference purposes.
It shows the base of the landfill sloping from an elevation of 168 m AMSL on the south side to a
sump elevation of 164 m AMSL at the center of the northern edge of the landfill. As referenced in
GHD’s DOCP report, the Landfill Criteria for Municipal Solid Waste (ENV 2016) requires that the
landfill base be maintained at a minimum height of 1.5 m above the groundwater table at all times.
Insufficient water level data has been collected to demonstrate that groundwater levels will remain
1.5 m below the base of landfill. In fact, groundwater levels at MW4A-15 was measured at 165.9
m AMSL on the 6 April 2017, and at 165.2 m AMSL in MW4B-1 5 on the 11 September 2015 which
are above the design elevation of the sump and likely do not meet the ENV landfill criteria. It should
be specifically noted that no groundwater level measurements have been collected in the months
of November or December which are generally the two wettest months of the year in the Campbell
River area based on the historical precipitation record (Government of Canada 2018).

Given the lack of long-term groundwater monitoring data, it is not possible to assess the following:
• The highest historical groundwater level that occurred on site over the monitoring period,
• How the groundwater elevations change (or don’t change) in response to changes in the

water level in Mclvor Lake which is controlled by BC Hydro at the Ladore Dam, and
• The hydraulic response in the sand and gravel and fractured bedrock beneath the Site to

significant precipitation events or unusually wet periods.

Waterline
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A better understanding of the hydrological conditions on site are necessary to estimate the highest
groundwater elevation expected over the life of the landfill, to ensure that groundwater remains
1.5 m below the base of the landfill during the operating and the estimated post closure
contaminating lifespan of the landfill.

2.3 Fractured Bedrock Characterization

The bedrock at the site is described by GHD (2107b) as a Karmutsen Formation basalt with a
varying degree of weathering and fracturing. The hydrogeological characterization of the bedrock
beneath the Site has been largely focused on assessing the potential hydraulic connection
between the proposed landfill and Rico Lake. An annotated copy of the GHD’s bedrock surface
contour map is included as Figure 4 (GHD 2018d). The update bedrock contours (Figure 4), show
that the southwest corner of the proposed landfill will be at or near the bedrock surface.
Groundwater level data collected by GHD from monitoring wells completed in bedrock show
groundwater level elevations consistently being measured above the top of the bedrock and above
groundwater levels measured in the sand and gravel aquifer (Figure 5). This information indicates
the presence of an upward gradient from the bedrock to the sand and gravel aquifer. Considering
the updated bedrock surface present by GHD (GHD 2018d) and the observed groundwater levels
in the bedrock, the piezometric surface of groundwater in the bedrock would likely be above the
base of the landfill in the southwest corner of the proposed landfill. The bedrock groundwater level
data do not appear to have been considered by GHD in relation to the ENV landfill criteria
requirement of that groundwater levels be maintained 1.5 m below the base of the landfill.

GHD appears to have repeatedly mischaracterised the hydraulic connection between the bedrock
aquifer and the sand and gravel aquifer in the pit area. The following paragraph is an excerpt taken
from page 7 of GHD’s March 17, 2018 TRP but was previously noted in the HHCR and DOCP:

“Significant fracturing has been noted in the boring advanced within the Pit (MW4A-15), including
evidence of weathering (i.e. iron staining) and secondary mineralization observed in some
fractures. Analysis of hydraulic conductivity testing of the weathered zone gives a K 2x102 cm/s,
which is very permeable and essentially an equivalent porous media. As a result, the upper
weathered bedrock zone and overlying sand and gravel aquifer can functionally be considered the
same hydrogeologic unit.”

If the upper portion of the bedrock aquifer and sand and gravel aquifer were essentially the same
hydrologic unit as GHD suggests, then groundwater levels in the nested wells MW4A-15
(completed in the top 3 m of fractured bedrock) and MW4B-15 (completed in the overlying sand
and gravel) should have the same elevation when measured at the same time. However as can be
seen in GHD’s water level summary table (Figure 5) groundwater levels in the bedrock well
MW4A-15 are consistently 0.2 to 0.3 m higher than in the nested well completed in the sand and
gravel aquifer, MW4B-1 5. This clearly shows that the bedrock and sand and gravel aquifer are not
acting as a single hydraulic unit at this location.

WaterLine
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Based on this incorrect assumption, GHD included the top 3 m of the bedrock aquifer as part of
the sand and gravel aquifer in the pump test analysis presented in the Task 8 TRL. This information
was also used to assess groundwater flow beneath the landfill and subsequent leachate dilution
calculations presented in Section 13 of the DOCP. Therefore, these analyses cannot be relied
upon as a basis for landfill design or environmental impact assessment and should be revised.

2.4 Infiltration Capacity and Groundwater Mounding

No infiltration capacity testing has been done to determine if the native soil has the capacity to
infiltrate the treated leachate at the design rate of 60 mm/hr (GHD 2017a) or if groundwater
mounding will occur. Section 8.4.5 of the DOCP states that the infiltration rate applied for the
design and sizing of the infiltration ponds was based on book values for gravel and sand materials
and compared to hydraulic conductivity estimates presented in the HHCR. GHD notes that
infiltration testing will be done during the detailed design phase of the project (GHD 2017a).

To date all hydraulic conductivity testing undertaken at site, including slug tests and one low rate
pumping test, have largely evaluated the horizontal hydraulic conductivity of the sand and gravel
aquifer. Infiltration capacity is limited by the vertical hydraulic conductivity of the aquifer which is
typically an order of magnitude less than the horizontal hydraulic conductivity due to the layered
deposition of sedimentary systems. Distinct near horizontal layering observed in the south pit wall
(Figure 6), indicates that vertical hydraulic conductivity maybe significantly less than horizontal
hydraulic conductivity at the Site.

During Waterline’s January 22, 2019 site visit, significant ponding was noted in the base of the pit
(Figure 7). The Upland staff indicated that the pond remains for most of the winter but the area is
consistently dry in the summer (Terry Stuart and Mark Stuart pers. comm.). The cause of ponding
in the pit needs to be further investigated as it appears to contradict GHD’s interpretation of high
infiltration capacity. The layered structure of the sand and gravel aquifer visible in the south pit
wall, should have prompted in-situ testing to determine the site-specific infiltration capacity even
for the preliminary landfill design.

2.5 Leachate Generation and Groundwater and Surface Water Impacts Assessment

Section 9 and 13 of GHD’s DOCP report provides an estimate of leachate volumes, groundwater
flow beneath the landfill and contaminant travel times over the life of the landfill. The estimates
were based on very limited data do not appear account for the variability or complexity in the aquifer as
discussed above.

GHD modelled leachate generation based on monthly precipitation taken from Canadian Climate
Normals (1981 — 2010) for Campbell River. It appears that no design storm analysis was
undertaken to assess possible climate extremes. Rather, GHD suggests that 0.3 m of storage is
available in the waste pile to manage a potentially large volume of leachate generated during a
storm event. Scientifically defensible data is needed to verify site conditions and to determine if
the adaptive management strategies presented are suitable. Specifically, leachate volumes

WaterLine
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generated by design storms needs to be estimated and compared to available storage in the waste
at various phases of operation and closure to confirm that adequate storage is available.

The groundwater flow beneath the landfill, dilution calculations, contaminant travel times and
leachate pond volumes will all need to be reconsidered if a portion of the landfill sits directly on
bedrock, and once the implications of the ponding are understood and the infiltration capacity is
investigated.

2.6 Baseline Water Quality Assessment

Only two rounds of baseline groundwater quality sampling were completed to date which is not
sufficient to provide statistically meaningful baseline water chemistry, especially since possible
seasonal differences in groundwater chemistry were noted in the HHCR. The standard tool used
to assess hydrochemistry from groundwater with various sources of recharge (bedrock aquifer,
sand and gravel aquifer, surface water/precipitation) is to plot major ion chemistry on trilinear
diagrams (e.g.: Piper Plots). The grouping of water samples on the Piper Plots allows for a visual
assessment of recharge source and seasonal changes in groundwater chemistry, helping to better
understand aquifer and groundwater-surface water interactions.

2.7 Proposed Environmental Monitoring Program

The recommended environmental monitoring program is presented in Section 14 of GHD’s DOCP.
Given the lack of continuous baseline groundwater monitoring, the mis-characterization of
groundwater in the fractured bedrock (i.e.: water levels in bedrock wells indicated to be higher than
in sand and gravel wells), and observed ponding in the pit area, the proposed groundwater
monitoring program will need to be re-considered.

The frequency of groundwater and Rico Lake level monitoring was not specified; long-term,
continuous monitoring using pressure transducers and data loggers calibrated to manual readings
is recommended. Installation of data loggers that measure water level, temperature and electrical
conductivity should be considered for establishing trends and seasonal fluctuations as an indicator
of groundwater infiltration and recharge. More frequent groundwater quality monitoring using field
test kits to assess indicator parameters (e.g.: electrical conductivity/total dissolved solids) should
also be considered and verified with lab analysis.

Waterti ne
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3.0 CERTIFICATION

This document was prepared under the direction of a professional engineer and reviewed by a
professional geoscientist registered in the Province of British Columbia.

Waterline Resources Inc. trusts that the information provided in this document is sufficient for your
requirements. Should you have any questions or concerns, please do not hesitate to contact the
undersigned.

Respectfully submitted,

Waterline Resources Inc. Reviewed By:

Original Signed and Stamped Original Signed

Bernadette Ly’ns, M.Sc.E., P.Eng. Darren David, M.Sc. P.Geo.
Senior Hydrogeological Engineer Principal Hydrogeologist
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5.0 LIMITATIONS AND USE

The information presented in this document was compiled exclusively for the City of Campbell
River (the Client) by Waterline Resources Inc. (Waterline). This work was completed in accordance
with the scope of work for this project that was agreed between Waterline and the Client. Waterline
exercised reasonable skill, care and diligence to assess the information acquired during the
preparation of this document but makes no guarantees or warranties as to the accuracy or
completeness of this information. The information contained in this document is based upon, and
limited by, the circumstances and conditions acknowledged herein, and upon information available
at the time of the preparation of this document. Any information provided by others is believed to
be accurate but cannot be guaranteed. No other warranty, expressed or implied, is made as to the
professional services provided to the Client.

Any use, reliance on, or decision made, by a third party based on this document is the sole
responsibility of said third party. Waterline makes no representation or warranty to any third party
with regard to this document and, or the work referred to in this document, and accepts no duty of
care to any third party or any liability or responsibility whatsoever for any losses, expenses,
damages, fines, penalties or other harm that may be suffered or incurred as a result of the use of,
reliance on, any decision made, or any action taken based on, this document or the work referred
to in this document.

When Waterline submits instruments of professional service; including, reports, drawings and
project-related deliverables, the Client agrees that only original signed and stamped paper versions
shall be considered as original documents. The hard copy versions submitted by Waterline to the
Client shall be considered as copies of the original documents, and in the event of a dispute or
discrepancy, the signed and stamped original documents retained by Waterline shall govern over
all copies, electronic or otherwise, provided to the Client.

This document is intended to be used in its entirety, and no individual part of the document may
be taken as representative of the findings of the document. No part of this document may be
reproduced, stored in a retrieval system, or transmitted in any form, by any third party, without the
expressed written permission of the Client or Waterline.

WaterLine

18



Hydrogeological Review 3110-18-001
Proposed Upland Landfill February 25, 2019
Campbell River BC
Submitted to The City of Campbell River

FIGURES

WaterLine
fl ;flrcrs

19



Zoning

C Industrial Zone 3 (1-3)

C Industrial Zoned (1-4)

O Lakeshore Resideuhal (LS-R)

Pubic Areas 2 (PA-2)

O RLKaI One (RU-i)

C Upland Resource (UR-400ha)

Lundase

Cuussucliun Sturnge Yard

Furested Rural

Gravel Pit

\- Gravel Pit S Ready Mrs Cuscrete Plant

Lumber Mill

Municipal Sanitary Lasdfil

Residential

Resources

Ulitty Tuwer

‘//- Vacant

• ;
Pi4p e’e

/
•:- I

- UpIaftd’roperty

0. - —

UPLANDS EXCAVATING LTD. 088877-03

z:t Figure 1: Site Location (GHD 2017b)
HYDROGEOLOGIC AND HYDROLOGY CHARACTERIZATION REPORT

uuursaouTezsreruu

ADJACENT LAND USES • ,,A,1.E
Cu ro:u:oreruujrurerrssuruotreuuusesur7suOcuru.Orsurnrd

(Waterline annotations In red)

20



NOTES:
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2. BASED ON BC KYDRO RECORD OF WATER ELEVATiONS AT LADORE DAM RECORDED EVERY 3 HOURS.

QJ.bchydro.conVenargbc!our_systena8snissJon_rsedataIprous_reseraoooIevationsf
vancouverJslandfladore_Idr.htnd)

SOUNCB: TOPOGRAPHICAL SURVEY CONDUCTED BY IkELJ4ANNEYASSATES LMD SURVETBG LTD.. NOVEMBER 21. DOVE
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PROPOSED UPLAND LANDFILL May 23, 2017

developed from April 6, 2017 groundwater elevation data (GHD 2017b) HYDROGEOLOGIC AND HYDROLOGY CHARACTERIZATION REPORT
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Figure 4: Updated Bedrock Contours (GHD 2018d) (Waterline annotations in red)

23



Table 5.1 Page 2 of 2

Notes:

1- Suraeys completed by Modihairrey cc April 6,2010 and
March16 aed 31. 2017
2- Surcey completed by Uploed Eccanahng Ltd. cc Jacuary
29th 2015 March 9,2016 and April 610,2016. blev000rre
measured ottO respect to AMSL
3-Based ceBO Hydra record hI muter elecaficns at Ladure
Dam recorded euety three hours.
(hh1mt!ercw.bdnydro.ccrrdenergy-in-
bc/ocr sysreesnrucnrrussor resemcirataqeeniossreser
ccfr_elevamos?uaccauver_itlaedleejdr.hbcI)

* burtace areer gauge refnmroe elocution refers to the
bottom of tie gauge. (Sm or gauge = 180.3310 amul(
m BGS - metes belcur ground surface
m AMSL - metres above meat sea lecel fWGSI9Bd(
TOP - fop et roar
SAG - Sand and gracel

Hydratiflo MacBane9Resalts
Technical Response to 80W Reniem (Auth. Na:Pr-1 8807)

TacIt 7—Additional Bedrock Cheracterizafien
Upland Landlti

Figure 5: Summary of Groundwater Elevation Data (GHD 2018d)

Borehole Reference
Monitoring ID Depth Elenation TOR

(m BGS) )m AMSL)

Water Eleeation
(m AMSL(

Date:
MW1-14
MW2-ld
MW2A-16
MW3-ld
MVd4A-15

MW4B-15
MWSA-lb
MWBB-1b
MW6-17
MW7-17
MWB-t7
MWB-17
MW1G-17
MWI5A-19
MW15B-18
PW-98020
Mclcor Lake
AWlS-OS
Rice Lake

10.97 172.8
21.64 173.9
45.42 173.9
19.89 169.6
21.33 169.3
1928 t69.3
10.66 191.9
8.22 192.0
1128 185.4
429 197.5
18.80 192.5
33.54 191.7
46.25 189.1
1024 182.1
8.98 183.2

60.96 196.9

- 180.33’

Hydraulic Condactielty
(coils)

Screened Unit (Aquifer)

11-Sep-15 17-Sep-15 5-Oct-is 25-Jan-16 29-Jan-16 15-Peh-16 8-Mar-16 6-Apr-16 15-Mar-I? 6-Apr-I? 7-Jun-18 17-Sep-18
167.3 166.8 166.9 166.9 - - - - 164.8 1652 162.5 163.0
189.4 159.1 156.6 159.1 - 189.3 - - 158.0 158.0 156.4 156.4

- -
- 159.3 - 159.3 - - 158.0 158.1 195.5 155.3

155.6 155.9 155.9 157.2 - - - - 156.5 156.4 153.8 152.5
165.4 165.0 16.4.4 1653 - - - - 153,5 165.8 161.1 160.9
1652 164.9 164.1 165.0 - - - - 163.3 163.6 160.9 160.7
182.9 182.9 163.6 194.6 - - - - 183.8 1842 183.2 182.9
184.9 184.9 185.0 186.6 - - - - 184.9 185.9 193.7 Dry

- - - - - - - -
- 177.9 176.6 175.1

- - - - - - - - 164.2 184.6 183.7 183.6
- - - - - - -

- 172.8 172.8 172.8 172.8
- - - - - - - - 166.8 1672 165.1 166.6
- - - - - - - -

- 150.1 148.1 147.0
- - - - - - - - - -

- 175.4
- - - - - - - - - - - 1743
- - - - - 179.9 - - - - - -

- - - - 177.501 - 177.90) iyyo 177 611) 177.6 - -

- - - - 1812 - 181.210 180.8 180.4 180.4 - 178.0

2.2o 10.0

2.Ox 10°
1.40 100

8.33 10’°
7.50 10

Primary Constituent
Sand/granel (SAG Aquifer)
Saod/granel (SAG Aquder)
Saod (SAG Aquifer)
Sand/gravel (SAG Aqaiter)
Bedmck (SAG Aquifer)
Sand (SAG Aquifer)

Bedrock Ridge (Shalow Aquifer)
Sand/Sd with clay (5159cm Aquifer)
Sand (SAG Aquttef)
Gravel (ShaDow Aquifer)
Gravel (SAG Aqutfet)
Sandlgracel (SAG Aqoifer)
Sand (SAG Aquifer)
Bedrock (SAG Aquifer)
S16y/Clayey Sand (SAG Aquifer)
Bedrock Ridge

(Waterline annotations in red)
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Hydrogeological Review
Proposed Upland Landfill
Campbell River BC
Submitted to The City of Campbell River

3110-18-001
February 25, 2019

Waterline
— ) C

Figure 6: South pit wall, distinct near horizontal layering observed, vertical hydraulic conductivity maybe significantly less
than horizontal hydraulic conductivity
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Hydrogeological Review
Proposed Upland Landfill
Campbell River BC
Submitted to The City of Campbell River

3110-18-001
February 25, 2019

trw

Figure 7: View of pit from the south, ponding in foreground at the location of proposed landfill
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