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Annex A

SUNSHINE COAST REGIONAL DISTRICT STAFF REPORT

TO: Infrastructure Committee Meeting - January 24, 2019
AUTHOR: Remko Rosenboom — General Manager, Infrastructure Services

SUBJECT: GROUNDWATER INVESTIGATION PHASE 2 RESULTS

RECOMMENDATION(S)
THAT the report titled Groundwater Investigation Phase 2 Results be received,;

AND THAT a 2019 Round 1 budget proposal with respect to the permitting phase for a
well field in the Church Road area be brought forward;

AND THAT the Dusty Road site not be pursued at this time;

AND FURTHER THAT a feasibility report with respect to a production well on the Gray
Creek site and Mahan Road site be brought to Committee in Q4 2019.

BACKGROUND
The following resolution was adopted at the regular Board meeting of April 26, 2018:
Infrastructure It was moved and seconded

138/18 Recommendation No. 1 Phase 2 Test Drilling of the Groundwater
Investigation

THAT the report titled Phase 2 Test Driling of the Groundwater
Investigation be received;

AND THAT the SCRD proceed with Phase 2 of the Groundwater
Investigation and that staff bring forward future reports with the results and
analysis;

AND THAT the SCRD exchange information with local governments, First
Nations and other potentially affected parties on Phase 2 Test Drilling of
the Groundwater Investigation;

AND THAT the SCRD collaborate on a framework with the Town of Gibsons
and the Skwxwu7mesh Nation to establish a Groundwater Management
Zone and plan related to the Gibsons Aquifer and that staff bring forward a
future report;
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AND FURTHER THAT the SCRD establish a working group with
infrastructure staff from local governments, shishalh Nation and
Skwxwu7mesh Nation to share information and opportunities for
cooperation on groundwater management.

CARRIED

The Comprehensive Regional Water Plan as approved in June 2013 identified several projects to
increase the water supply for the Chapman Creek water supply system. One of those projects is
the Groundwater Investigation project which explores the potential development of production
wells as an additional water supply source. The table below presents an overview of the phases
of this project.

N
 Desktop feasability study
J
R
* Field confirmation feasability
* Initial cost estimates
J
o . . . . N
» Communication with general public and First Nations
» Permitting (inclduding associated assessments)
» Conceptual design and cost estimates )
N
* Detailed design
 Construction and comissioning
J

Phase 1 of this project was concluded in the spring 2018 and included a desktop feasibility study
of sites to develop production wells. This report includes the results of Phase 2 of the Groundwater
Investigation project (Attachment A). During this project a small diameter test well was drilled on
each of the four sites selected during Phase 1. Subsequently, test pumps were temporarily
installed to test productivity of the well, potential for impacts to other well owners and the
environment, and to test water quality.

Phase 3 and 4 of the development of a future production well would include the following:
e Application for a Water Licence under the Water Sustainability Act (including
completion of any mandatory assessments);
¢ Communication with the public, local governments, shishalh Nation and/or
Skwxwu7mesh Nation;
Preparation of detailed design and cost estimate;
Tendering process for a construction contractor;
Drilling of large diameter production well;
Construction of auxiliary infrastructure (water mains, pumps, back-up generator,
treatment and utility building);
e Commissioning (including approval from Vancouver Coastal Heath Authority).

2019-JAN-24 ISC report Groundwater Investigation Phase 2 Results
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In May 2018 the Board approved the Water Sourcing Policy — Framework and updated the policy
objective for the water supply of the Chapman Creek System:

The SCRD intends to supply sufficient water at Stage 2 levels throughout the year to
communities dependent on water from the Chapman Creek System.

Emergency circumstances could result in increased Stage levels.

If, due to emergency circumstances, the water supply for Chapman Creek is completely
unavailable, the SCRD strives to have adequate alternative water supply sources
available to address all essential community water demands for at least one week.

At the December 13, 2018 Planning and Community Development Committee meeting, the report
titled 2018 Water Demand Analysis was received. This report presented an outlook of the annual
shortfall in the amount of water to satisfy the water supply objective as outlined in the Water
Sourcing Policy Framework. This shortfall is called the Water Supply Deficit.

The table presented below is taken from that report and presents the Water Supply Deficit (in
Million cubic metres) for three levels of effectiveness of water conservation initiatives and a 2%
average annual population growth within the area supplied by the Chapman Creek System.

Effectiveness of water Water supply deficit (Million m3)
conservation initiatives
(per capita, compared to 2010) 2025 2035 2050
Service Area Population 26,000 32,000 43,000
10% reduction 2.01 2.83 4.35
20% reduction 1.65 2.39 3.76
33% reduction 1.22 1.82 2.98

Groundwater resources are generally considered to be less susceptible to impacts of climate
change and in particular the impacts of drier summers. The development of additional
groundwater water supply sources would also increase the overall resilience of the Chapman
Creek water supply system.

The purpose of this report is to present the outcome of the Groundwater Investigation Phase 2,
as directed by the Board (138/18):

AND THAT the SCRD proceed with Phase 2 of the Groundwater Investigation and
that staff bring forward future reports with the results and analysis;

The other directives of recommendation 138/18 will be the subject of future reports.

2019-JAN-24 ISC report Groundwater Investigation Phase 2 Results
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DISCUSSION

The table below summarizes the key results of the Groundwater Investigation Phase 2 for each
test well site.

Gray Creek | Dusty Road | Mahan Road |Church Road

Potential productivity well

(litres per second) N/A 64 36 26

Water Quality

(poor, moderate, good) N/A Good Good Good

Risk of contamination or
reduced yield N/A High Low Low
(low, moderate, high)

Risk for impacts to other wells

(low, moderate, high) N/A Low Low Low
(IT(I)S\/\l/< frzrt)g?a\r/;rt(();mg?];al mpacts N/A Low Low Low
g DouopmentCosts | 3 2 )
Ranking Operational Costs N/A 3 5 L

(3=lowest, 1=highest)

Gray Creek

The drilling of a test well at the Gray Creek site was not successful in tapping into an aquifer. The
location of the test well selected was the closest location on public land to where the aquifer was
anticipated to be. The unsuccessful test drilling confirmed that the only option for a production
well is on private property.

Given the potential of a highly productive production well at this site, staff recommend that further
information (feasibility and costs) for the development of a production well report be brought back
to Committee by Q4 2019.

Dusty Road

The test well drilling, subsequent pump test and analysis confirmed that this site is very suitable
to develop a production well with a very high yield.

During Phase 1 of the Groundwater Investigation project, it was determined that the location of
the Sechelt Landfill would not pose a risk to the water quality of a production well at this location.
However, the anticipated use of the land upstream of this site for future large scale quarry
activities could, in the long-term, impact the water quality at this well site. The aquifer at this
location is non-confined, which means it is not protected by an impermeable clay layer on top of

2019-JAN-24 ISC report Groundwater Investigation Phase 2 Results
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the aquifer and is therefore vulnerable to contamination. Due to the lack of a confining clay layer
in this area, any such contamination would impact the water quality to the extent that it would no
longer be suitable as a drinking water supply.

Staff recommend that this site not be pursued at this time.
Mahan Road

The test well drilling, subsequent pump test and analysis confirmed that this site is very suitable
to develop a production well with a high yield.

In 2018, the Town of Gibsons expressed concerns that a production well at this site may impact
their water supply. The study confirmed that it is unlikely that a production well at this site would
impact the Town’s water supply. Staff discussed the test results for this well site with the Director
of Infrastructure Services for the Town of Gibsons during a meeting on January 15, 2019.

Currently, the province of British Columbia is updating the mapping of all the aquifers on the
Sunshine Coast. This information is expected to be published in Q3 2019.

Staff recommend the SCRD await the development of a Groundwater Protection Plan framework
(as per recommendation 138/18) and the publication of updated provincial aquifer maps, prior to
advancing the development of a production well at this location.

A report with an update on the feasibility of the development of a production well at the Mahan
site will be brought to Committee in Q4 2019.

Church Road

The test well drilling, subsequent pump test and analysis confirmed that this site is very suitable
to develop a production well with a high yield.

A single production well at this location is expected to produce a minimum of 26 litres per second.
This volume would be sufficient to meet the demand of the area currently served by the
Grantham’s well and contribute to the SCRD Zone 3 within the Chapman Creek System.

It is common for an aquifer to sustain several production wells in close proximity to each other
and operate as one combined water supply source. A combination of wells is called a well field.
Well fields require only one water licence for all wells included in the well field. Local governments
develop well fields to divert water from aquifers more economically than is possible with one
oversized well.

Based on the results of the test well, there is potential to develop a well field consisting of at least
two wells in the Church Road area: one well at the test well location (Church Road) and one at
the site of the current Granthams reservoir, at the corner of Fisher Road and Reed Road. Both
sites are SCRD-owned properties. This well field is expected to produce at least 51 litres per
second.

The productivity of a well or well field can only be confirmed after drilling the actual production
wells and is likely higher than what is currently being estimated.

2019-JAN-24 ISC report Groundwater Investigation Phase 2 Results
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The table below presents the costs for the development and operation of an individual well and
a well field consisting of two wells.

Single Well Well field
Development costs $2,400,00 $3,100,00
Operational costs (per year) $42,000 $79,000

It is estimated that the development of a single well or a well field and all associated infrastructure
could be completed by 2022.

With the development of a well field, staff recommend an analysis of tie-in options to the current
distribution network be completed. This would allow for the assessment of options to also have
the Elphinstone area and a large portion of Roberts Creek be served by the well field. This
analysis was outside the scope of this project.

The Water Sourcing Policy — Framework specifies objectives for water supply during drought and
emergency situations. A single well or a well field at Church Road would support both objectives.
The expected reduction in the Water Supply Deficit during drought situations with the
development of a single well and a well field are summarized in the table below (Attachment B).

2025 2035
Water Supply Deficit (m3) 1,650,000 2,390,000
Single well 25% 17%
Well field 50% 35%

The development of a well field in the Church Road area is more cost effective than the
development of a single well. A well field would result in a significant contribution towards the
SCRD meeting the objectives of the Water Sourcing Policy — Framework. Staff, therefore,
recommend to proceed with Phase 3 of the development of a well field at the Church Road site
in 2019 and 2020.

Staff recommend Phase 3 to include:

o Application for a Water Licence under the Water Sustainability Act (including
completion of any associate assessments);

¢ Communication with the public, local
Skwxwi7mesh Nation;

o Assessment of tie-in options to current infrastructure;
Preliminary design and costs estimates;

e Confirmation of funding options.

governments, shishalh Nation and/or

A subsequent Phase 4 (2021-2022) would include:
¢ Drilling of large diameter production wells and confirmation of actual yields
e Preparation of detailed design and cost estimate;
e Tendering process for a construction contractor;
e Construction of auxiliary infrastructure (water mains, pumps, back-up generator,
treatment and utility building);
¢ Commissioning (including approval from Vancouver Coastal Heath Authority).

Note: costs associated with these activities are included in the $3.1 million development costs
estimate.

2019-JAN-24 ISC report Groundwater Investigation Phase 2 Results
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The development of a well field could facilitate the decommissioning of the Grantham’s well, which
is currently not meeting all requirements of the 2016 Groundwater Protection Regulation and
would require upgrades for continued use.

Organizational and Intergovernmental Implications

Development of one or more production wells at the Church Road site would not impact the
interests of the Town of Gibsons or other community members.

The requirement for any additional staffing time or resources to operate and maintain a new well
or well field and associated infrastructure can only be quantified once the detailed design of the
infrastructure is complete. This information will be brought forward in 2020.

Communication Strategy

Information on this project will be shared broadly through paid advertising, corporate newsletters,
social media and the SCRD website. Additional information will be provided to properties within
the Church Road area.

Staff will reach out to the shishalh Nation and Skwxwi7mesh Nation to share the general findings
of Phase 1 and 2 of this project. The plans for the development of a well field in the Church Road
area, if approved, will be discussed separately with the Skwxwu7mesh Nation.

STRATEGIC PLAN AND RELATED POLICIES

The Groundwater Investigation Project is intended to supplement the existing water supply and
ensure the SCRD can continue to meet its mission of providing quality services to our community
through effective and responsive government.

CONCLUSION

The Groundwater Investigation Phase 2 project concluded that:

o Additional efforts are required to confirm the feasibility of the development of production
wells at the Gray Creek area and the Mahan Road area in 2019;

¢ The development of a production well at the Dusty Road site not be pursued at this time
due to an increased risk of contamination of the aquifer;

e The development of a production well at the Mahan site should be held in abeyance until
there is more shared understanding between the SCRD and the Town of Gibsons around
the mapping of aquifers and the protection of the aquifers in the area;

e The development of a production well or well field at the Church Road site is feasible. The
water supply situation for the Chapman Creek System would be significantly improved by
the development of a well field. A budget proposal for Phase 3 of the development of a
well field at this site is recommended to be brought forward to Round 1 budget
deliberations.

Attachment A: Groundwater Investigation Report (Consultant Report)
Attachment B: Reduction in Water Supply Deficit by well development Church Road

Reviewed by:

Manager Finance

GM Legislative

CAO X-J. Loveys GM X-1. Hall
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CONFIDENTIALITY AND © COPYRIGHT

This document is for the sole use of the addressee and Associated Environmental Consultants Inc. The document contains proprietary and
confidential information that shall not be reproduced in any manner or disclosed to or discussed with any other parties without the express
written permission of Associated Environmental Consultants Inc. Information in this document is to be considered the intellectual property of
Associated Environmental Consultants Inc. in accordance with Canadian copyright law.

This report was prepared by Associated Environmental Consultants Inc. for the account of Sunshine Coast Regional District. The material in it
reflects Associated Environmental Consultants Inc.’s best judgement, in the light of the information available to it, at the time of preparation.
Any use which a third party makes of this report, or any reliance on or decisions to be made based on it, are the responsibility of such third
parties. Associated Environmental Consultants Inc. accepts no responsibility for damages, if any, suffered by any third party as a result of
decisions made or actions based on this report.



REPORT

Table of Contents

SECTION

Table of Contents
List of Tables
List of Figures

1

Introduction

1.1 Background

1.2 Objectives

1.3 Scope of Work

Physical and Hydrologic Setting

21 Physical Setting

2.2 Climate

2.3 Hydrology

2.4 Significant Aquatic Values
Hydrogeological Setting

3.1 Geology

3.2 Aquifers

Drilling

4.1 Methods

4.2 Results

Pumping Tests

5.1 Methods

5.2 Pumping Test Results

5.3 Water Quality Sampling
Assessment of Impacts on Other Users
6.1 Hydraulic Connection

6.2 Assessment of Potential Impacts
Issues Related to Proposed Works, Land, Public Safety, and Environment
Water Quality Assessment

8.1 Water Quality Results

8.2 Preliminary Assessment of Potential Drinking Water Hazards
8.3 GARP Screening

Associated
Environmental

10

PAGE NO.

=

= O NN~ O DNDMNNNEREPR

AW W W W W N DNDNPREPLP P =
N N OO 66 A WO O~ W



Sunshine Coast Regional District

9 Production Well Design
10 Evaluation of Four Well Sites (Task 6)
1 Assessment of Infrastructure and Operations Requirements (Task 7)

11.1  Treatment Requirements
11.2  Comparison of Class D Capital Cost Estimates for Each Well Site
11.3  Comparison of Operational Cost Estimates for Each Well Site
11.4  Cost Estimates to Develop a Well or Wellfield at Church Road
12 Conclusions and Recommendations
12.1  Conclusions
12.2  Recommendations
Closure
References
Appendix A - Maps provided to drillers
Appendix B - Well Logs
Appendix C - Figures provided to pumping test contractor
Appendix D - Pumping test data and sustainable yield figures
Appendix E - Hydrological Desk Study
Appendix F - CARO water quality results
Appendix G - GARP screening and assessment checklists
Appendix H - Preliminary production well design

Appendix | - Well evaluation methodology and minutes of well evaluation meeting

43
43
47
47
49
50
50
52
52
54

Appendix J - Preliminary Class D capital cost estimates and proposed infrastructure for each well

site
Appendix K - Class D capital cost estimates for Church Road Options

ii
\\s-ver-fs-01\projects\20188152\00_gw_inves_phase_2\environmental_sciences\04.00_environmental_assessments\task 8 final
report\r_scrd_gwinvestphase2_final_01142019.docx 1 1



List of Tables

List of Tables

Table 1-1
Table 2-1
Table 2-2
Table 4-1
Table 5-1
Table 5-2
Table 5-3
Table 5-4
Table 5-5
Table 5-6
Table 5-7
Table 8-1
Table 8-2
Table 10-1
Table 11-1

Table 11-2
Table 11-3

Table 11-4
Table 12-1
Table 12-2

Associated
Environmental

Scope of work

Climate Normal Data (1981-2010) at Gibsons Climate Station
Creek fish species

Well construction details

Pumping Test Specifications

Dusty Road step test results

Dusty Road sustainable yield

Mahan Road step test results

Mahan Road sustainable yield

Church Road step test results

Church Road sustainable yield

List of parameters used to delineate the capture zones
Potential drinking water hazards for each well site
Well Evaluation Matrix

PAGE NO.

o oo h~DN

12
13
15
17
18
21
23
38
40
46

Comparison of Class D capital costs for development of a production well at

each site 50
Annual operating costs 50
Class D cost estimates for construction of Option A and Option B (Church

Road) 51
Annual operating cost estimates for Option A and Option B (Church Road) 51
Summary of Drilling 52
Maximum facility flow rate at each site 53

12



Sunshine Coast Regional District

List of Figures

Figure 2-1
Figure 5-1
Figure 5-2
Figure 5-3
Figure 6-1
Figure 6-2
Figure 6-3
Figure 8-1
Figure 8-2

iv

PAGE NO.
Site Location Plan 3
Dusty Road Well and Observation Wells 16
Mahan Road well and Observation Wells 20
Church Road Well and Observation Wells 25
Cross-section A-A’ Charman Creek 30
Cross-section B-B’ Charman Escarpment 31
Cross-section C-C’ Soames Creek 32
Preliminary Capture Zones 39

Schematic diagram of confined and unconfined aquifers (Geological Survey
Canada, 2017)

\\s-ver-fs-01\projects\20188152\00_gw_inves_phase_2\environmental_sciences\04.00_environmental_assessments\task 8 final
report\r_scrd_gwinvestphase2_final_01142019.docx 1 3

4



REPORT

1 Introduction
1.1 BACKGROUND

The Sunshine Coast Regional District (SCRD) operates seven water systems, the largest of which is the
Chapman Water System. Supplying approximately 23,000 persons, the Chapman Water System extends
from Secret Cove in Electoral Area B to the inland section of Electoral Area F. The Chapman Water System
is supplied mainly from the Chapman Creek watershed, with Gray Creek watershed and Chaster Well
providing secondary sources. Typically, the Gray Creek watershed and Chaster Well are used to
supplement supply from Chapman Creek only during dry summer months, in which water usage is at its
peak. Small water systems Langdale, Soames Point, and Granthams Landing, are also owned and
operated by the SCRD and provide water to the Langdale and Gibsons areas. These small water systems
are supplied by wells and are close to the Chapman Water System. Within the Chapman Creek watershed,
limited storage is provided by two small lakes (Chapman Lake and Edwards Lake), that are the primary
source of the drinking water supply for the SCRD water service area.

The Comprehensive Regional Water Plan completed in 2013 recommended that the SCRD undertake a
groundwater investigation to determine the feasibility of supplying groundwater to meet long-term water
source requirements. As a result of recommendations from the Comprehensive Regional Water Plan,
coupled with recent drought conditions across many areas of southern BC (i.e., summer 2015 and summer
2018), the SCRD is actively investigating the feasibility of supplementing the Chapman Water System with
a reliable source of groundwater. A Water Demand Analysis study has been completed by Integrated
Sustainability (Integrated Sustainability, 2018) to model projected future water demands to the year 2050.
Based on an annual population growth of 2%, a supply deficit of 5,114 ML is estimated for 2050 assuming
there is zero reduction in water demand compared to the 2010 demand. This is equal to 322 L/s (5,099
USgpm) over the 184 day drought period that the calculations are based on. If there was a high reduction in
water demand (a 33% reduction from the 2010 demand) there would be a supply deficit of 2,988 ML
(equivalent to 188 L/s or 2,979 USgpm for 184 days). If groundwater supply was to make up all of the
difference, three to five 400 mm (16 inch) diameter wells, each capable of providing flows of about 63 L/s
(1000 Usgpm) would be required, depending on the size of the supply deficit.

Building upon the Comprehensive Regional Water Plan, the SCRD commissioned the Phase 1
Groundwater Investigation, identifying well sites that could sustain a minimum of at least 545 m3/day (100
USgpm), among other criteria (Waterline 2017). The investigation report concluded that four sites were
suitable for further exploration: Mahan Road, Soames Point, Dusty Road, and Grey Creek.

SCRD issued a request for proposal for a consultant to complete the Groundwater Investigation Phase 2
project, and Associated was retained as the most qualified consultant to complete the project.

1.2 OBJECTIVES

The ultimate objective of the groundwater investigation project is to reduce the dependency on water from
Chapman and Edwards Lakes during the dry summer months by supplementing flow from groundwater

Associated
Environmental 1
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supply wells. Building upon the Phase 1 investigation, the objective of Phase 2 was to drill exploratory
wells at each selected site and assess their suitability for municipal supply, and determine the next steps to
incorporate the wells into the SCRD water system.

1.3 SCOPE OF WORK

As part of the RFP process, Associated developed a scope of work and services to satisfy the objectives of
the investigation. Table 1-1 summarises the approach, broken down into nine work tasks.

Table 1-1
Scope of work
Task Details
1 Project start-up meeting, review background information, confirm well site locations, and borehole

and drilling specifications.

2 Drill and install four test wells®.

3 Undertake aquifer testing on the wells to determine aquifer characteristics and calculate sustainable
yields.

4 Assess potential environmental concerns and impacts on other users.

5 Prepare an Interim report and complete preliminary design of production wells.

6 Evaluate the well sites. Facilitate a workshop to assess the well sites against multiple criteria to
select which well sites to move forward with

7 Assess infrastructure and operational requirements for selected sites.

8 Final report.

9 Presentation of Final report to the Board of Directors.

Notes:

1. During drilling of the Gray Creek site, it became apparent that the aquifer characteristics at this location were not
conducive for the development of a groundwater source due to thinner than anticipated sand and gravel deposits
and an unsuitable well yield (<50 USgpm). Consequently, this well site is not considered further in this report,
except where drilling and construction details are provided in Section 4.

This report provides a summary of the work completed to meet the objectives of the Phase 2 investigation
and provides recommendations for the next steps in developing a new groundwater source.

2 Physical and Hydrologic Setting
21 PHYSICAL SETTING

The location of the four well sites — Gray Creek, Dusty Road, Mahan Road and Church Road (formerly
known as Elphinstone Avenue) are shown on Figure 2-1. The well sites are located near the coast, close to
the urbanised areas of the District of Sechelt and the Town of Gibsons, and are situated relatively close to
existing SCRD water mains infrastructure.

2
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Sunshine Coast Regional District

The topography is dominated by the Coast Mountains with Mount Elphinstone located to the north of
Gibsons and Mount Crucial to the north-east of Sechelt. The topography falls steeply towards the coast
from mountain highs of 1260m, the gradient becoming shallower on the lower slopes of the mountains
where glacial material was deposited (see Section 3).

The mountain sides are typically forested with numerous creeks providing drainage to the coast. Closer to
the coast, where the ground topography shallows, residential, commercial and industrial development is
present.

2.2 CLIMATE

The region experiences a temperate coastal climate; climate normals data are available for 1981-2010 from
the Gibsons climate station (Climate ID 1043150), located at 49° 23’ N and 123° 30’ W, at an elevation of
62 masl (Environment Canada 2018). The majority of the precipitation falls in winter as rain. Table 2-1
summarizes the climate data.

Table 2-1
Climate Normal Data (1981-2010) at Gibsons Climate Station

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year

Daily

Average 4.4 5.2 7.2 9.8 13.0 15.7 18.0 18.2 15.1 10.6 6.4 4.0 10.6
(°C)

Rainfall

(mm)

Snowfall
(cm)

1744 103.6 1222 1042 913 66.8 41.1 48.8 605 152.0 211.0 166.6 13424

9.1 6.2 &2 0.1 0.0 0.0 0.0 0.0 0.0 0.3 1.9 7.7 28.4

Precipitation

(mm) 183.4 109.8 1254 1043 913 66.8 411 48.8 605 1523 2129 1743 1370.8

Note: Precipitation data includes rainfall and snowfall data.

23 HYDROLOGY

As detailed above, numerous creeks drain the mountain range flowing down to the coast. Additional details
for the creeks located closest to the three completed wells is provided below. The location of these are
shown on Figure 2-1.

231 Irgens Creek (Dusty Road Well)

The headwater of Irgens Creek is shown to rise approximately 2.5 km to the east of Porpoise Bay, in
forested land just to the north of Sechelt Landfill at an elevation of approximately 230 masl. From here the
creek flows in a westerly direction through a forested area towards Porpoise Bay where it eventually
discharges.

4
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No flow data could be found for this creek, however, personal correspondence with Dave Bates (Senior
Biologist with FSCI Biological Consultants) suggests that the creek tends to dry out during the drier months
but maintains a series of pools capable of supporting fish).

2.3.2 Charman Creek (Mahan Road Well)

Charman Creek, also known as Charmin Creek, is approximately 2 km in length which originates from a
pipe discharging runoff south of the intersection of Park Road and Gibsons Way (AECOM, 2010), at an
elevation of approximately 130 masl. The creek flows in a southerly direction through a series of man-made
retention ponds in White Tower Park designed to help manage flooding. The creek continues southwards
across relatively flat ground before becoming an incised valley. The main creek is joined by two small
tributaries along the first half of its reach. After approximately 1 km, the creek gradually changes direction,
eventually flowing in an easterly direction. It emerges from a woodland area into the urbanised Lower Town
of Gibsons where it flows through a variety of natural, channelized and culverted sections before ultimately
discharging at Gibsons Marina.

No long-term flow monitoring data could be found for this creek; however, the creek is known to experience
extremely low flows in the summer (UBC Urban Studio, 2000) and is also known to dry (DFO, 1991). Flow
in the creek is believed to be supported by storm water drainage and baseflow from shallow groundwater in
its upper and middle reaches where the creek flows through Capilano sediments (see Section 3). AECOM
(2000) used a short period of available flow data to model monthly base flows throughout the year. Their
model results suggested creek baseflows of 40 L/s through the winter months, reducing to 1 L/s through
August, September and October.

2.3.3 Soames Creek (Church Road Well — formerly known as Elphinstone Avenue Well)

Soames Creek is a short watercourse, its headwaters located at an elevation of approximately 140 masl,
one km to the northwest of Granthams Landing. It flows in a south-easterly direction towards the coast,
discharging into the sea at Granthams Landing. The creek flows through woodland and has cut a steeply
incised ravine through the underlying geology. No flow data could be found for this creek.

24 SIGNIFICANT AQUATIC VALUES

Information on fish and other aquatic life for the creeks is desk-based only and has been collected from a
variety of sources:

o Personal communication with Dave Bates, FSCI Biological Consultants (November 2018).
Official Community Plan, District of Sechelt Bylaw 492, 2010 (adopted July 2011).

Fish Habitat and Inventory & Information Program. Department of Fisheries and Oceans, 1991.
Fresh Eyes on Gibsons. Community Analysis. UBC Urban Studio, 2000.

Town of Gibsons Integrated Stormwater Management Plan. AECOM, 2010.

Based on information provided by the sources above, Table 2-2 provides details of the fish that are known
to be present or have been present in the past in the three creeks located closest to the well sites.
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Table 2-2
Creek fish species
Task Known fish species, present or observed and other comments
Irgens Creek ® Cutthroat trout throughout. Survive in pools during the summer periods when most
(Dusty Road Well) of the creek dries out.

® Coho and chum salmon in the lower reach below Sechelt Inlet Road, close to
Porpoise Bay ‘in a good year’ (Dave Bates, 2018).
Charman Creek ® Cutthroat trout reported in the upper reaches.
(Mahan Road Well) ® Coho and chum salmon and cutthroat trout in the lower reaches.
Conditions in the urbanised area of Gibsons vary greatly over very short distances
from natural to manmade channels and culverts. Fish habitat values in the upper
reaches are very low due to scarcity of pool, lack of cover and low water flows
during the summer.
Soames Creek ® Coho salmon that were introduced into Gibsons Harbour by local enhancement
(Church Road Well) groups.
® Only Cutthroat trout reported to be present in the upper reaches.

Detailed, up-to-date information on fish and the sensitivity of the creek habitats would require a habitat
biological assessment to be undertaken on each creek, with site visits completed at various times of the
year and at various creek flows. Such a study was not included as part of the scope of works for this
investigation. However, should any of the well sites be taken forward for development to a production well,
a habitat assessment may be required as part of the technical assessment (required for licensing purposes)
to ensure that the aquatic ecology will not be detrimentally impacted by groundwater abstraction. If it is
considered that there will be an impact, mitigation measures may need to be implemented, which will add
additional costs to the overall well development proposal. This scenario is particularly likely if the creek is
hydraulically connected to the aquifer that groundwater is being abstracted from. Section 6 provides an
assessment of the hydraulic connection between groundwater and the creeks near each well site.

3 Hydrogeological Setting
31 GEOLOGY

Geological information is provided in the Phase 1 Groundwater Investigation report (Waterline 2017),
therefore, only a summary of regional geology is provided below.

3.11 Unconsolidated superficial deposits

Quaternary deposits up to 300 m thick were deposited in the area during several glacial and intervening
interglacial period during the last 50,000 years. During this time the repeated advance and retreat of the
glaciers resulted in sea level changes of up to 200 m changing the depositional environment.

6
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The deposits found along the Sunshine Coast can be split into three main units, from oldest to youngest:
Pre-Vashon outwash deposits associated with advancing ice sheets, consisting of silts, sands and some
gravels. These are overlain by Vashon Till deposits when glaciers extended over the area and consist of a
very dense low permeability silty sandy till with occasional lenses of sand and gravel. Finally, Capilano
sediments which consist of a mixture of glacio-fluvial, glacio-marine and marine sediments deposited as the
glaciers retreated following climate warming, predominantly comprised of sands and gravels, however at
the base of the Capilano sediments, clay deposits are found. Modern day deposits formed by the reworking
of the older sediments are known as the Salish Sediments.

3.1.2 Bedrock geology

Underlying the unconsolidated superficial deposits, granodiorite - a coarse grained intrusive igneous rock -
is found across most of the study area (Cui et al, 2015). To the north of the Town of Gibsons and mapped
below the Church Road Well, metamorphic sedimentary and meta-volcanic rocks are found (Waterline,
2017).

3.2 AQUIFERS

During this phase of the groundwater investigation, the Capilano sand and gravel sediments and the Pre-
Vashon silts and sands were the target aquifers for the drilling phase.

The Capilano sediments are typically unconfined with no low permeability overlying strata present.
Recharge to this ‘upper’ aquifer is predominantly via direct infiltration into the ground from rainfall and snow
melt and from leakage through the bed of creeks (“losing” streams) that flow over these sediments. The
base of this aquifer sits upon the Vashon Till.

The Pre-Vashon sediments in the region are typically covered by the low permeability Vashon Till (an
aquitard). This low permeability layer provides an element of protection to the aquifer from contamination,
however it also restricts infiltration of water from above. The majority of recharge to this ‘lower’ aquifer is
therefore likely occurring at the base of the mountains where the confining till layer is not present
(Waterline, 2013). Recharge is also possible at other locations closer to the well sites, including
stratigraphic windows (i.e., where the confining layer is absent or thin), “losing” streams, and, to a lesser
extent (orders of magnitude less), from confining layers “leaking” water to the aquifer.

4 Drilling

41 METHODS
411 Well Construction
Drillwell Enterprises Ltd (Drillwell), operated by Qualified Well Drillers Scott Burrows [WD 04121407] and

Shawn Slade [WD 15052001] was contracted by Associated to drill and install groundwater wells at the four
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pre-determined sites: Gray Creek, Dusty Road, Mahan Road and Church Road. Drilling commenced at the
Gray Creek site on 18 September 2018. Drillwell used a truck mounted Foremost DR24 dual rotary rig to
advance steel casing through the unconsolidated overburden. A carbide studded casing shoe was welded
to the bottom of the casing string and a drill string with hammer bit ran through the centre of the casing to
aid drilling and removal of the materials encountered. The rig uses drill rods that are 20 ft in length together
with 6-inch casing, also 20 ft in length. As the well advances, new sections of casing are welded onto the
casing in the ground. Compressed air was used to remove the cuttings, with clean water added from the
surface as necessary to help cuttings removal whilst the well was still being drilled within unsaturated
material. Associated’s environmental scientist and hydrogeologist Steve Colebrook, B.Sc, and Tony
Friesen, GIT, were on site to supervise the drilling, collect samples, record lithology, and design well
construction. Marta Green, P.Geo., oversaw the field program.

Prior to advancing the 6-inch production casing, 10-inch casing was advanced to a depth of at least 5 m
(16.5 ft). The 6-inch casing was then lowered into the hole and bentonite chips poured into the annulus
between the 6 and 10-inch casing. The 10-inch casing was then removed to leave a 2-inch sanitary seal
between the 6-inch casing and the ground material to meet the requirements of the Ground Water
Protection Regulations® (GWPR) for water wells.

Drilling with production casing (6 inch) was advanced until the base of the aquifer was identified, or the
aquifer material became less productive. Samples were collected at 10 ft intervals in unsaturated material
and at 5 ft or less intervals within the aquifer. During drilling, and once the well was within water bearing
strata, airlifting was used to estimate potential flow rates at various depths. Associated’s field
hydrogeologist determined the depth at which drilling should cease and whether it should be backfilled to a
higher level prior to screen being installed.

Following the end of drilling, Associated’s field hydrogeologist conducted dry sieve analysis of the material
recovered to surface to determine the screen slot size to be installed in each well. Johnson Screens 6-inch
60-wire telescopic stainless-steel screens (4 ft lengths) with end cap at base and k-packer above, were
installed in each well, with screen slot size based on the results of sieve analysis. A screen length with a
theoretical screen transmitting capacity of at least 300 USgpm was designed for each well (except at
Church Road where the geology present and technical issues during screen installation restricted the
theoretical transmitting capacity to 220 USgpm). The 300 USgpm transmitting capacity was chosen to meet
the maximum pumping rate that could be expected from a 6-inch diameter well.

Following installation of the screens, the wells were developed by mechanical bailing of material from within
the screen section and airlifting and surging above the screen. Development continued in each well until
virtually no sediment was being removed from the well during airlifting and the water ran clear; well
development time varied from 7 hours to over 10 hours. The wells were completed with casing stick-ups to
meet the GWPR and included a vermin and tamper proof well cap, and a well identifier number.

1 Groundwater Protection Regulation. 2016. Water Sustainability Act.
http://www.bclaws.ca/civix/document/id/complete/statreq/39 2016
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A memo was sent to the drilling contractor. The memo sets out the drilling requirements, procedures for
sampling and well development, and lines of communication throughout. It also provided details of best
practice and procedures to protect the environment and other receptors during drilling. Maps provided to
the driller are provided in Appendix A. Well logs can be found in Appendix B.

Full details of the final construction of each well can be found in Table 4-1 in Section 4.2.

N

2 RESULTS

Final well construction details are provided in Table 4-1.

Table 4-1
Well construction details

_ 54942 54929 54943 54928
_ 19/Sep/20018 23/Sep/2018 01/0Oct/2018 05/0Oct/2018
- 85.3 (26 masl) 121.4 (37 masl) 351 (107 masl) 128 (39 masl)
_ 136 (41.5 m) 280 (85.3 m) 435 (132.6 m) 190 (57.9 m)
_ n/a 274 (83.5 m) 390 (118.9 m) 144 (43.9 m)
_ 13 (4.0 m) 101.5 (30.9 m) 274 (83.5 m) 47 (14.3 m)
 cesngsickwn@y o 26085m 20061m 20061m
_ n/a 273.8 (83.5m) 389.8 (118.8 m) 143.8 (43.8 m)
_ n/a 261 (79.6 m) 377 (114.9 m) 137.5 (41.9 m)
_ n/a 258.8 (78.9 m) 374.8 (114.2m) 133.25 (40.6 m)
n/a 1 x 80 slot; 1 x 100 slot; 1 x 50 slot; 2 x 40 slot 2 x 100 slot
1 x 80 slot
(8’ of screen but only 6’
(12’ of screen) 12’ of screen) exposed)
35-50 100+ 100+ 100+
(2.2-3.2 L/s) (6.3+ L/s) (6.3+ L/s) (6.3+ L/s)
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Well Name

Aquifer Type

Depth to top of a
confining unit (ft bgl)

Depth to base of
confining unit (ft bgl)

Additional comments

Notes:

Gray Creek

Unconfined sand and
gravel

n/a

n/a

No screen was installed
as the superficial
deposits are thinner
than originally
anticipated. Well
casing remains in
ground with wellhead
completed within a
manhole chamber.

Dusty Road

Unconfined sand and

Mahan Road

Unconfined sand and

gravel gravel (with low
permeability layer
above)
n/a 6 (1.8 m)?
n/a 67 (20.4 m) ?
During well

development, airlifted
flow of ¢.50 USgpm
recorded but drillers
think yield restricted by
well depth and static
W/L depth causing
back pressure when
airlifting. Drillers expect
considerably higher
yield with submersible

pump.

1 Approximate ground elevation based on topographic contour maps

Church Road

Confined sand and
gravel

54 (16.5 m)

69 (21.0 m)

Only 6’ of screen
exposed by casing due
to need to protect
screen from pulling in
overlying fine material.

2 This is a low permeability unit above a deep unconfined aquifer

A decision was made not to install well screen in the Gray Creek Well due to the limited aquifer depth and
lower aquifer yields encountered during drilling. This well is sited in a road layby so it was decided, for
safety reasons, to cut the casing off just below ground level, install a vermin and tamper proof well cap and
construct a manhole chamber around the casing stick-up with a vehicle weight-bearing manhole cover. The
manhole chamber was designed by a Qualified Professional from Associated (Marta Green, P.Geo.) and
includes casing stick up in the chamber, drainage to prevent flooding within the chamber, and the ground
surface around the manhole sloped away from the cover to prevent surface water run-off entering the
chamber.

Whilst this well location was deemed unsuccessful for the requirements of this exploratory phase of drilling
due to the limited aquifer depth and lower yields, a wellfield located in the fish farm property (Northern
Divine) immediately to the west of the Gray Creek Well provide flow rates in excess of 100’s of USgpm.
Personal communication with Bryan Marshall (General Manager of Northern Divine Aquafarms Ltd.)
indicated that the fish farm is willing to discuss with the SCRD the potential of developing a new water
supply well(s) located within their property where the aquifer is thicker.

10
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5 Pumping Tests
51 METHODS

Following completion of well drilling, aquifer pumping tests were undertaken at the three completed wells:
Dusty Road, Mahan Road and Church Road, to help determine aquifer characteristics and indicate a
sustainable long term pumping rate. Monashee Aquifer Testing was contracted by Associated to supply,
install, and operate the pump for the aquifer tests.

The tests commenced at Dusty Road on 26 October 2018 and were completed at Church Road on 02
November 2018. Associated’s field hydrogeologist was on site to oversee the testing, which included
variable rate (step) tests, constant rate tests, and recovery. At each well, groundwater was allowed to
recover to a minimum of 95% of it’s static water level prior to further pumping commencing from that well.

At each well location the well water discharge line was directed downgradient of the well. At Dusty Road
the discharge point was located approximately 150 m from the well to avoid recirculation of the pumped
water in this unconfined aquifer, as the ground surface is comprised of permeable sands and gravels. The
discharge points at Mahan Road and Elphinstone Avenue were located closer to the wells as these two
wells are screened within aquifers that are protected from infiltration by low permeability confining units. At
all three locations the discharge water was not allowed to discharge directly to surface water and measures
were put in place to reduce sedimentation and erosion at the point of discharge.

Flow rates were measured using an inline flow meter. Groundwater levels in the test wells were measured
with an electronic water level sounding tape at the frequency specified by the BC Ministry of Environment?
and HOBO™ pressure transducer dataloggers installed within sounding tubes. Nearby observation
monitoring wells had previously been identified and, following agreement from the owners, these wells were
monitored as part of the pumping tests using either an electronic water level sounding tape, acoustic
sounder and, where feasible, HOBO™ pressure transducer dataloggers.

During the pumping tests, water quality field parameters (pH, temperature, conductivity, total dissolved
solids) were monitored to observe for changes in chemistry. Given the relatively close location of all three
wells to the sea, monitoring of conductivity was particularly important to ensure that saline intrusion was not
occurring.

A memo was provided to the pumping test contractor. The memo set out the requirements of the pumping
test, procedures for monitoring during the tests and lines of communication throughout. It also provided
details of best practice and procedures to protect the environment and other receptors during the pumping
tests. The figures provided to the pumping test contractor are provided in Appendix C.

Table 5-1 provides a summary of the specifications of the aquifer tests for each well.

2 Ministry of Environment. 2008. Pumping Test Report Form January 2008.
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Table 51
Pumping Test Specifications

- Lehigh Quarry Well 5 - 498 Mahan Road - Soames Well

- 6109 Sechelt Inlet Rd - OW 460 - Granthams well
- 901 Sentinel Lane
- Soames Point MW

Observation Wells

Step Tests

Start Date 25/0ct/2018 29/0ct/2018 01/Nov/2018

Step 1 Rate (USgpm) 100 100 100
Duration (min) 60 60 60

Step 2 Rate (USgpm) 165 165 170
Duration (min) 60 60 100!

Step 3 Rate (USgpm) 240 240 240
Duration (min) 60 60 30?

Step 4 Rate (USgpm) 300 300 n/a
Duration (min) 60 60 n/a

Constant Rate Tests

Start Date 25/0ct/2018 29/ Oct/2018 01/Nov/2018°

Rate (USgpm) 300 300 170

Duration (Hours) 48 43 235
Notes:

1 Extended step duration to try to clean up discharge to obtain a water sample (pumping silt and sand)

2 Short duration ‘step’ due to large quantity of silt and sand being abstracted

3 Pumping sand during the step test resulted in a decision not to stop the step test and instead continue straight into the constant rate
test at a rate of 170 USgpm.

12
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Data from the constant rate pumping tests were analyzed following the Guidelines for Evaluating Long-term
Well Capacity for a Certification of Public Convenience and Necessity (CPCN) (MOE 2007). This method
extrapolates drawdown in pumping wells and observation wells during pumping to 100 days?2 and calculates
a sustainable long term pumping rate based on the extrapolation line. The sustainable pumping rate is then
reduced by a safety factor of 30%, to account for changes in water levels over the seasons and over longer
periods in cases where water level fluctuations are unknown. The following equation was used to calculate
the sustainable pumping rate:

Q = 0.7 x specific capacity at 100 days x available drawdown in the well

5.2 PUMPING TEST RESULTS
5.21 Dusty Road Well
Step Tests

Table 5-2 outlines the results of the step tests for Dusty Road Well.

Table 5-2
Dusty Road step test results

Step Duration (mins) Pumping Rate Drawdown (ft) Specific Capacity
(USgpm) (USgpm/ft)
1 60 100 7.37 13.57
2 60 165 12.84 12.85
3 61 240 19.23 12.48
4 60 300 25.34 11.84

Step testing commenced at 11:48 on 25 October 2018; each step was conducted for approximately 60
minutes with a total of four steps tested. During each step an initial rapid drawdown in water level was
recorded followed by relatively static water levels. A rate of 300 USgpm (18.93 L/s) was selected for the
constant rate test based on the drawdown observed during the step tests. This was the maximum rate
achievable from the pump within the 6-inch diameter well.

Water levels recovered rapidly following the end of the step test with 95% recovery achieved within 1
minute of turning the pump off.

3 This is based on 100 days with no recharge, however, climate change could extend the number of days
beyond this during extreme drought years.
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Constant Rate Test

The constant rate test commenced at 16:48 on 25 October 2018 at a rate of 300 USgpm. The test was
conducted for a period of 48 hours. The results of the constant rate test indicate that the calculated
sustainable long term pumping rate for Dusty Road is 1011 USgpm. Table 5-3 provides a summary of the
inputs and resulting 100-day sustainable well yield. Raw pumping test data and figures showing water
levels and 100-day extrapolations are included in Appendix D.

A step up in the water level of approximately two feet is apparent after 1,080 minutes (18 hours) of the
constant rate test. It is not clear what caused this rise in water level but possible causes could be: an
unknown large, local water abstraction being switched off, although this seems unlikely as a search of all
nearby users was conducted and there is no indication in the data of this unknown abstraction going back
on again. In addition, the intermittent groundwater pumping from the nearby Lehigh Quarry Well #5 is not
observed in the Dusty Rd Well data. It therefore seems more likely that it is a result of a change in the test
pumping rate, perhaps following an adjustment in flow rate as the well continued developing. In determining
the 100-day sustainable well yield the more conservative lower water level values were extrapolated
forward.

Water levels recovered rapidly following the end of the constant rate test with 95% recovery achieved within
2 minutes of turning the pump off and 98% recovery after 4 hours.

A water sample was collected at 09:30 on 26 October, approximately 17 hours after the constant rate test
commenced. The sample was collected at this stage of the test in order to get the sample to CARO
Analytical Services (CARO) laboratory in Richmond for processing within 24 hours, taking into account
courier availability, ferry crossings and laboratory hours of operation.

Impact on observation wells

Two observation wells were identified to be monitored during the pumping tests: Lehigh Quarry Well #5 and
a private well located at 6109 Sechelt Inlet Rd (see Figure 5-1). A data logger was installed at 6109
Sechelt Inlet Rd but could not be installed in Lehigh Quarry Well #5 so manual dip measurements were
taken at this location instead.

The data shows that there was no apparent impact from the pumping tests on water levels at 6109 Sechelt
Inlet Rd. A small semi-diurnal tidal influence can be observed in the hydrograph with a range in water level
of up to 0.3 m observed between high and low tides. Since the tidal influence to the aquifer is minimal, this
diurnal curve information is not contained within this report.

During the tests, access to Lehigh Quarry Well #5 proved problematic due to it being an active quarry and
with difficulties contacting the quarry manager or other quarry employees to arrange a quarry staff member
to escort Associated’s field hydrogeologist to the well. In addition, Lehigh Quarry Well #5 was intermittently
used for quarry operational purposes throughout the test, affecting the water levels observed within this

14
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monitoring well. The limited dip data obtained for Lehigh Quarry Well #5 did not provide any conclusive

evidence of an impact from the Dusty Road pumping test.

Table 5-3
Dusty Road sustainable yield

PUMPING SPECIFICATIONS

Pumping rate (USgpm)
Test duration (hours)
Depth of pump intake during test (ftbtoc)
Static water level (ftbtoc)
Depth to top of screen (ftbtoc)
Depth of well (ftbtoc)

RECOVERY
Length of recovery (min)
% recovered

CPCN INPUTS
Pumping rate (USgpm)
Available drawdown (ft)
Drawdown at 100 days (ft)
CPCN OUTPUTS

100-day specific capacity (USgpml/ft)
Calculated sustainable pumping rate (USgpm)

Calculated sustainable pumping rate with BC safety factor of 30% (USgpm)
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300
48
218.00
103.96
263.50
276.50

240
98

300
130
27

111
1445
1011
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5.2.2 Mahan Road Well

Step Tests

Table 5-4 outlines the results of the step tests for Mahan Road Well.

Table 5-4
Mahan Road step test results

Step Duration (mins) Pumping Rate Drawdown (ft) Specific Capacity
(USgpm) (USgpml/ft)
1 60 100 9.98 10.02
2 60 170 15.72 10.81
8 60 240 23.68 10.14
4 60 300 30.02 9.99

Step testing commenced at 08:46 on 29 October 2018; each step was conducted for 60 minutes with a total
of four steps tested. During each step an initial rapid drawdown was recorded followed by relatively static
water levels, although some water level recovery was also noted during the steps, probably reflecting
ongoing well development increasing the efficiency of the well. A rate of 300 USgpm (18.93 L/s) was
selected for the constant rate test. This was the maximum rate achievable from the pump within the 6-inch
diameter well.

Water levels recovered rapidly following the end of the step test with 95% recovery achieved within 20
minutes from turning the pump off.

Constant Rate Test

The constant rate test commenced at 13:30 on 29 October 2018 at a rate of 300 USgpm. The test was
conducted for a period of 43 hours. The results of the constant rate test indicate a calculated sustainable
pumping rate for Mahan Road of approximately 572 USgpm. Table 5-5 provides a summary of the inputs
and resulting 100-day sustainable long term well yield. Raw pumping test data and figures showing water
levels and 100-day extrapolations are included in Appendix D.

A semi-diurnal tidal influence is observed in the water level data at Mahan Road with an apparent 2-3 hour
delay in groundwater level response to the tidal cycle at Gibsons. The influence of the tidal cycle on
groundwater level makes analysis of the data more difficult, particularly over a short duration pumping test.
After the initial drawdown in water levels, the tidal influence is observed to have a greater impact on water
levels than the effects of pumping with a rising and falling water level in response to the tidal cycle. The
general trend shows a rise in groundwater level which reflects the increasing rise in tide height (e.g.: there
was a 60 cm rise in groundwater levels attributed to the high-high tide cycle on October 30, compared to a
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total drawdown of 8.5 m during the first 24 hours of pumping, and 71 m of available drawdown, as shown
on the Figures in Appendix D). It was decided to stop the test after 43 hours, following collection of data for
one full tidal cycle of low-low tides as no more data of beneficial value was expected after 48 hours of
testing due to the continued rising trend. The 100-day sustainable long term well yield is based on the most
conservative values obtained during the test (i.e. extrapolating forward from the lowest water levels
recorded that were experiencing drawdown).

Table 5-5
Mahan Road sustainable yield

PUMPING SPECIFICATIONS

Pumping rate (USgpm) 300
Test duration (hours) 43
Depth of pump intake during test (ftbtoc) 367.00
Static water level (ftbtoc) 277.36
Depth to top of screen (ftbtoc) 378.00
Depth of well (ftbtoc) 392.00
RECOVERY
Length of recovery (min) 120
% recovered 100!
CPCN INPUTS
Pumping rate (USgpm) 300
Available drawdown (ft) 83
Drawdown at 100 days (ft) 30.5
CPCN OUTPUTS
100-day specific capacity (USgpm/ft) 9.84
Calculated sustainable pumping rate (USgpm) 816
Calculated sustainable pumping rate with BC safety factor of 30% (USgpm) 572
Notes:

1 Percentage recovery is based on the water level at start of constant rate test but tidal effects on groundwater level will
have impacted what the actual 100% water level recovery would have been.

Water levels recovered rapidly following the end of the constant rate test with 95% recovery achieved within
12 minutes of turning the pump off and 100% recovery after 90 minutes. However, it should be recognised
that the tidal effect on groundwater levels will have resulted in the actual 100% recovery level being
different from the water level recorded at the start of the constant rate test; therefore, the actual recovery
may be less than 100% (but still over 95%).

A water sample was collected at 10:30 on 30 October, 21hours after the constant rate test commenced and
sent via courier to the CARO laboratory in Richmond.
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Impact on observation wells

Two wells were selected for monitoring during the pumping test: The Ministry of Environment’s (MOE)
monitoring well OW 460 (also known as WL10-02), and a private well at 498 Mahan Rd (see Figure 5-2).
Data loggers were installed in both wells, the MOE having installed their own logger in OW 460.

The water level in OW 460 responds to the pumping tests approximately 6 hours after the start of the step
test. A water level drawdown of approximately 0.5 m is observed during the test. The tidal influence on
groundwater levels is also observed in this well.

Unfortunately, the logger installed in 498 Mahan Rd did not record any water level readings as the logger
appears to have hung above the water level. It is thought that it may have become stuck on some cables or
other infrastructure within this private well which did not have a sounding tube installed. Water level data
collected using an acoustic sounder suggests there may have been an impact on the water level of
approximately 0.6-0.7 m, assuming a similar tidal influence to that observed at OW 460 is present. No
impact on water levels in the Mahan Road Well is observed as a result of this well being used to supply the
private residence.

At this location the aquifer is unconfined so the cone of depression was not expected to extend out as far as
the monitoring wells during the short duration constant rate pumping test. The observations recorded are
more typical of a confined aquifer response to pumping. This may be explained by the presence of the low
permeability layer that overlies the aquifer resulting in the aquifer becoming ‘air confined’4.

4 This scenario is discussed in more detail by: Jiao and Guo, 2009. Airflow induced by pumping tests in
unconfined aquifer with a low permeability cap. Water Resources Research, Vol. 45, W10445.
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5.2.3 Church Road well
Step Tests

Table 5-6 outlines the results of the step tests for Church Road Well.

Table 5-6
Church Road step test results

Step Duration (mins) Pumping Rate Drawdown (ft) Specific Capacity
(USgpm) (USgpm/ft)
1 60 100 11.84 1857
2 100 170 20.00 12.85
8 30 240 19.04 12.61

Step testing commenced at 09:30 on 01 November 2018. During the first step, brown sand was observed in
the discharge water; this reduced during the 60 minutes but some sand remained. Following an increase in
the pumping rate to 170 USgpm the amount of silt and sand being pumped also increased with a turbidity of
15-18 NTU recorded. After 60 minutes, silt and sand were still present so it was decided to keep pumping to
improve (lower) the sand content in order to collect a water sample that could be sent for laboratory
analysis to CARO in Richmond®. After 100 minutes, significantly less sand was present (the discharge
water had a turbidity of 4.6 NTU) and, following collection of the water sample, it was decided to up the rate
of pumping to 240 USgpm. At this rate a significant amount of sand was pulled into the well and discharged
at surface, the Rossum Sand Trap became plugged within seconds. After 30 minutes of pumping
significant quantities of sand was still being pulled into the well so the abstraction rate was throttled back to
170 USgpm to reduce the amount of sand being pumped to protect the pump.

The well continued to pump silt and sand at the reduced pumping rate of 170 USgpm (but to a lesser extent
than observed at 240 USgpm), so a collective decision was made by Associated and Monashee to not stop
the step test and allow recovery prior to the constant rate test but to continue pumping at the rate of 170
USgpm. The continued pumping at 170 USgpm allowed the water to continue ‘cleaning up’ without the risk
of pulling in significantly more sand following a switch off and pump start up which could have damaged the

pump.

The presence of sand and silt being pumped from the well indicates that material finer than the screen slot
size is being pulled into the well. The additional well development of the well during pumping pulling in
material that was not encountered during well development when the screen was installed. This likely
demonstrates the highly heterogenous nature of the deposit at this location with more fine layers than

5 The water sample had to be collected at this stage of testing in order to get it to the laboratory for
processing within the 24-hour hold time, taking into account weekend laboratory opening hours and courier
availability.

Associated
Environmental 21

34



Sunshine Coast Regional District

observed from the samples that were returned to the surface during drilling. Consequently, it is
recommended that any future drilling in this aquifer utilises a drilling technique that will provide a better
representative sample of the ground conditions, such as cable tool drilling, which will enable the appropriate
screen slot size to be determined. For example, if fine sand layers are only 0.3 m thick, a screen with a slot
size appropriate for that sand, would be selected, even if the screen overlaps coarser gravel layers.

Constant Rate Test

As detailed above, the constant rate test deviated from standard pumping test guidelines by becoming a
continuation of the step tests due to the silt and sanding problems encountered during pumping. The
constant rate test was conducted for a period of 23.5 hours and, for the purposes of assessment, the start
time was taken as the time at which the pumping rate first reached 170 USgpm. Whilst the pumping test
had to be modified from the standard testing procedure, the data obtained has been used to estimate a
sustainable pumping rate. A 1.3 ft jump in water level is apparent in the data which corresponds to a period
when the flow meter stopped, required repairing and once operational the flow rate subsequently adjusted.
This jump indicates a change (reduction) in the pumping rate following repair of the flow meter.
Extrapolation of the data to 100 days using the most conservative approach was undertaken to estimate the
sustainable pumping rate for Church Road and resulted in an estimated sustainable pumping rate of 407
USgpm. However, given the difficulties during this test, this pumping rate should be treated with some
caution. Table 5-7 provides a summary of the inputs and resulting 100-day sustainable well yield. Raw data
and figures showing water levels and 100-day extrapolations are included in Appendix D.

Water levels recovered rapidly following the end of the constant rate test with 95% recovery achieved within
4 minutes of turning the pump off and 100% recovery after 30 minutes.
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Table 5-7
Church Road sustainable yield

PUMPING SPECIFICATIONS

Pumping rate (USgpm) 170
Test duration (hours) 23.5
Depth of pump intake during test (ftbtoc) 134.00
Static water level (ftbtoc) 51.05
Depth to top of screen (ftbtoc) 135.50
Depth of well (ftbtoc) 146.30
RECOVERY
Length of recovery (min) 30
% recovered 100
CPCN INPUTS
Pumping rate (USgpm) 170
Available drawdown (ft) 72
Drawdown at 100 days (ft) 21
CPCN OUTPUTS
100-day specific capacity (USgpm/ft) 8.1
Calculated sustainable pumping rate (USgpm) 582
Calculated sustainable pumping rate with BC safety factor of 30% (USgpm) 407

Impact on observation wells

Four wells located near to the test well were monitored for a response in water level during the pumping
tests (see Figure 5-3). Data loggers were installed in the private well at 901 Sentinel Road and at Soames
Point MW to record water level changes, and also at the flowing artesian Grantham Landing Well to
measure a change in water pressure as a result of the tests. A data logger could not be installed in Soames
Well due to the small diameter opening in the well head. Some manual dip data was collected during the
test from Soames Well however access to the well is restricted due to its location in middle of a road.

The results show no response to pumping from the test well is observed at 901 Sentinel Road or at the
Soames Point monitoring well. A response is observed at Grantham Landing Well; however, it cannot be
guantified due to the monitoring set up. The dip data that was collected from Soames Well is insufficient to
determine whether pumping from Church Road Well had any impact. The Grantham Landing Well and
Soames Well are owned and operated by the SCRD so any impact on water levels in these wells as a
result of pumping from the Church Road Well is not considered a cause for concern. However, Grantham
Landing Well is a flowing artesian well which essentially acts as a spring augmenting flow in Soames Creek
when water from this well is not being diverted for potable supply. Therefore, any impact on these artesian
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flows as a result of abstracting water from the Church Road Well would reduce flow in the Creek. This is
discussed further in Section 6.

5.3 WATER QUALITY SAMPLING

During the pumping tests, water samples were collected following the procedures outlined in the British
Columbia Field Sampling Manual (MWLAP 2013). Field parameters (pH, temperature, conductivity,
oxidation-reduction potential [ORP], dissolved oxygen, and turbidity) were measured prior to sampling,
using calibrated equipment. The samples were collected when field parameters had stabilised and turbidity
was at an acceptable level (<1 NTU at Dusty Road and Mahan Road sites and 4 NTU at Church Road).
The samples were collected in laboratory-supplied containers. Samples for dissolved phase constituents
were passed through a 0.45 micron filter prior to collection.

All water samples were transported under chain-of-custody protocol in cool boxes with ice to CARO
Analytical Services in Richmond, BC for analysis of the following parameters:

J General water quality parameters (alkalinity, chloride, true colour, conductivity, cyanide, fluoride,
hardness, nitrilotriacetic acid, pH, sulphate, sulphide, TDS, TSS, total organic carbon [TOC],
turbidity, and UV transmittance at 254 nm);

Nutrients (ammonia, nitrate, nitrite, total phosphorus, total dissolved phosphorus);
Bacteriological (total coliforms, E. coli, iron bacteria and sulphate reducing bacteria);

Dissolved and total metals;

Radiological parameters (gross alpha and gross beta activity).

Water quality results were compared with the GCDWQ MAC and AO (Health Canada 2017). The results
are discussed in Section 8.
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6 Assessment of Impacts on Other Users

In this section, we assess the hydraulic connection, or the connection between an aquifer and a stream,
and the impacts to aquatic environments and other groundwater users. Before granting a new groundwater
licence, the Province must consider the rights of any existing groundwater licence holder and the rights of
surface water licence holders if the aquifer is considered hydraulically connected to the stream that the
surface water licence is on. In addition, environmental flow needs must be considered if the aquifer is
considered hydraulically connected to a stream that contains fish.

6.1 HYDRAULIC CONNECTION

The Water Sustainability Act (WSA) was introduced to British Columbia on 29 February 2016 to ensure a
sustainable supply of fresh water that can meet the current and future water needs of BC’s citizens. The
WSA is the principal law for managing the diversion and use of water resources, including groundwater.
The WSA and the Water Sustainability Regulation (WSR) provide a means to allocate the diversion and use
of groundwater for a water use purpose in British Columbia through the issuance of a licence (Todd et al,
2016), and a means to manage water use conflicts in times of water scarcity. A large component of the
WSA is the introduction of environmental flow needs in streams (EFNs). The Province must consider EFNs
when evaluating new licence applications.

A Technical Assessment may be required by the statutory decision maker as part of a new groundwater
use licence application and must be completed by a professional with competency in hydrogeology. Based
on the quantity of water that the SCRD wish to abstract and the proximity of the wells to other users, it is
highly likely that a Technical Assessment will be required for any licence application made for any of the
sites. The Technical Assessment involves compiling and interpreting existing information (desk-based) and,
where necessary, obtaining and interpreting data collected at and surrounding the site to further inform the
hydrogeological regime. This information will provide a better understanding of the impacts that a new
groundwater use may have on the environment and other users. Part of the Technical Assessment
requires an assessment of the likelihood of hydraulic connection between water in the aquifer and any
streams. If a hydraulic connection exists, abstraction from the aquifer could affect existing water rights or
harm aquatic ecosystems if streamflow falls below the critical environmental flow threshold for EFNs.

A desk-based assessment of the hydraulic connection between each well and their nearby surface water
features is discussed for the three well sites below. In the absence of available flow data for the creeks in
the areas of interest, a desk-based surface water study was completed to estimate flow draining from the
total catchment of Charman Creek near Mahan Road Well and Soames Creek near Church Road Well.
These two creeks are considered the most likely to be impacted by abstraction if there is a hydraulic
connection between the aquifer and the creeks. Average monthly flow hydrographs for Charman Creek
and Soames Creek were developed using data from surrogate catchments with similar characteristics. The
study also estimated the 10-year return period, 7-day low flows for each creek (see Appendix E for details
of the methodology and full results). Flows were not estimated for Irgens Creek near Dusty Road as, during
well evaluation discussions with the SCRD at a meeting on 28 November 2018, the Dusty Road site was
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considered the least favourable option to move forward with at this stage (see Section 10 for further
details).

6.1.1 Dusty Road Well

Irgens Creek is located approximately 170 m to the north east of the Dusty Road Well at its closest point.
When the creek bed elevation is compared to the measured groundwater level at the Dusty Road well, the
data shows that the creek is perched along much of its reach (note: the current Dusty Road groundwater
level is likely to be affected by dewatering at the nearby quarry). Leakage of water through the creek bed
where it is perched over the aquifer probably provides recharge to the aquifer.

Whilst the creek is perched above the aquifer over much of its reach, given the unconfined nature of the
aquifer and the permeable nature of the sand and gravel material present from ground surface to the base
of the aquifer, it is considered that there will be a hydraulic connection between groundwater and surface
water on the lowest reaches of the creek near Porpoise Bay, where groundwater levels and creek bed
elevation are expected to be at similar levels.

It is probable that much of the groundwater that flows through the aquifer from the east (following
topography) discharges directly into Porpoise Bay, so the extent of any abstraction impact on flow in Irgen
Creek may be limited. However, as part of a technical assessment that would accompany any future
groundwater abstraction licence application for a well or wellfield located in this area, it is very likely that
further investigation will be required to determine the impact on creek flows and on the associated aquatic
habitat. If an impact is identified, mitigation measures would need to be implemented.

6.1.2 Mahan Road Well

Charman Creek (also known as Charmin Creek) is located 190m to the northeast of Mahan Road Well at its
closest point. However, the creek elevation is significantly above the groundwater level in the upper and
middle reaches (at its closest point to Mahan Road Well the aquifer water table is found at a depth of
approximately 84 m below the creek). Furthermore, a low permeability clay and till layer (an aquitard)
separates the aquifer - which is unconfined at this location - from the creek. Therefore, the aquifer cannot
be hydraulically connected to the upper and middle reaches of the creek. As the creek elevation falls
towards the coast, the relative elevation between the creek and aquifer water table reduces and eventually
reverses with the aquifer becoming confined with and a piezometric pressure head above ground level.

There are few well logs located along the creek, but from well log information that is available, together with
the presence of artesian wells close to the lower reaches of the creek, the aquitard appears to be present
along the majority if not all of the creek’s length. A simplified cross-section, A-A’, has been constructed
(Figure 6-1) along a line of section which incorporates a number of well logs in the Lower Town of Gibsons
area, where the aquifer becomes confined and artesian flowing conditions are observed. This cross-section
shows that at this location, Charman Creek remains situated above or within the low permeability aquitard
which prevents/restricts upward movement of water from the aquifer below. There are no well logs close to
the creek downgradient of this location, however a long section (B-B’) drawn from the higher ground to the
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west, across and down the escarpment to the coast (Figure 6-2), utilising lithological logs from a line of
wells located to the north of the creek (and likely to be representative of the geological succession in this
area), suggests that the aquitard could extend out below the sea and prevent/restrict groundwater from
emerging at the surface.

Isolated groundwater springs believed to be from the confined aquifer are found in the Town of Gibsons and
indicate that some upward flow paths do exist, however these are not located next to Charman Creek.
Furthermore, there are references of Charman creek experiencing extremely low water levels and the creek
becoming dry during some summers (DFO, 1991 and UBC, 2000). The non-pumping groundwater
piezometric head in the confined aquifer is not thought to recess below the level of the creek along its lower
reach in the Lower Town of Gibsons, as data indicates that the Town of Gibsons wells retain their flowing
artesian conditions throughout the entire year when the wells are not in use (Waterline, 2013). All of this
information would indicate that there is no or very minor flow contribution to the creek from the confined
aquifer. However, given the small number of well logs available, located in close proximity to the creek,
there may be a requirement to investigate if there are any locations within the creek that groundwater could
be providing some baseflow. This could occur if the creek incises the aquitard reducing its thickness or
cutting through it entirely.

The surface water desk study estimated the 10-year return period, 7-day low flow for Charman Creek is
1.56 L/s, with an average August low flow of 3.6 L/s. These low flows compare well with the observations of
the creek experiencing extremely low flows and on some occasions drying during summer months and is
not indicative of the creek receiving groundwater baseflow.

Based on the data available, it is considered unlikely that the underlying confined aquifer that the Mahan
Road Well was completed in and Charman Creek are hydraulically connected. Therefore groundwater
abstraction is unlikely to have an impact on creek flow. However, if further investigation is required by the
regulators to confirm this disconnect, we recommend that shallow exploratory holes are drilled/dug into the
ground along the lower reach of the creek to the coast to confirm the continued presence of the low
permeability confining layer (given the artesian nature of the aquifer here we recommend only
drilling/digging to a depth sufficient to confirm the low permeability layer’s presence and do not recommend
drilling through the confining layer as this will likely result in flowing artesian conditions that may be difficult
to control). In addition, flow gauging at various points along the lower reach of the creek, starting where the
piezometric head of the aquifer is close to the creek elevation, be conducted a few times throughout a year
(and patrticularly at times of low flow) to identify where/if the creek gains in flow, potentially from
groundwater springs from the lower aquifer.

6.1.3 Church Road Well

Soames Creek is located just 50m to the north-east of Church Road Well, however a confining layer of low
permeability material separates the aquifer from the creek in a similar situation to that seen at Charman
Creek. Simplified cross-section C-C’ has been constructed across the creek, using lithological data from the
new Church Road Well and from other well logs in the vicinity (Figure 6-3). The section shows that the
aquifer is confined by the low permeability deposits (aquitard) which extends below the base of the creek
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and has resulted in the flowing artesian conditions observed at the Granthams Landing Well. Currently
there is no information available if this aquitard is present along the entire length of the creek and extends
out to the sea, or whether it thins out, or if Soames creek incises through it. If the aquitard is present along
the entire reach it will restrict upward groundwater flow from the confined aquifer, therefore there would be
no hydraulic connection between the aquifer and the creek. However, if the low permeability thins
significantly, is not present, or is fully incised by the creek further downstream towards the coast, this would
allow discharge from the aquifer into the creek, therefore any additional abstraction from the aquifer (over
and above the volume abstracted from the existing abstractions from the Granthams Landing and Soames
Wells) could impact flows in the creek and consequently have an impact on the aquatic habitat. Further
investigation, such as flow accretion profiles to determine the presence of gaining reaches, exploratory
boreholes to confirm the presence of the confining layer, and potentially a habitat assessment will likely be
required to confirm the extent of any impact on creek flow and habitat present.

No flow data is available for Soames Creek, but the hydrological desk study (Appendix E) indicated that the
10 year return period 7-day low flow for Soames Creek is 1.97 L/s, with an average August flow of 5.5 L/s.
However, flow in Soames Creek is ‘augmented’ by the flowing artesian discharge from the Granthams
Landing Well which is not taken into account in the estimated flows. Measurements of the artesian
discharge taken by the SCRD in 2017 indicated an artesian overflow rate into the creek of 2.9 L/s during
pumping conditions and 4.5 L/s under non-pumping conditions (cited in Waterline, 2017), which is almost
double the average August flow.

The flowing artesian well essentially acts like a groundwater spring discharge. This ‘man-made’ discharge
has been present since 1990 ,when the well was constructed and the aquatic habitat will have responded
and adapted to this increase in creek flow. Consequently, the aquifer may now be considered ‘hydraulically
connected’ to the creek. As part of the permitting process for new licence applications, there is a
requirement for there to be no detrimental impact on the existing environmental conditions; therefore, a
groundwater abstraction from the Church Road Well which reduces the artesian flow from the Grantham
Landing Well could be considered a detrimental impact, even though the discharge is not natural. In conflict
with this requirement, the Ground Water Protection Regulations (GWPR) state that flowing artesian wells
should be properly sealed and flows controlled. If a production well or wellfield is to be developed in this
aquifer in the future, we recommend discussing this unusual scenario with the relevant regulators early in
the technical assessment stage to fully understand what their requirements will be in this situation.

Reference is made in a 2004 Drinking Water Source Assessment Report (Alluvia Environmental Services,
2004) to ‘Grantham Springs’, a five foot deep, open bottom concrete structure, which has water bubbling up
through sediments and was part of a former pumphouse located on the opposite side of the creek to the
Granthams Landing Well (as per Figure 2 in the Alluvia report). It is not apparent from the information
available whether this is a natural spring discharge that has been utilised to provide a water supply, or if it is
the result of a previous well drilled/dug into the aquifer, or if it is an old surface water diversion with a slow
sand filtration system. Further research will be required to understand the background/history of this
structure.
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6.2 ASSESSMENT OF POTENTIAL IMPACTS
6.2.1 Impacts to Aquatic Environments

Fish are reported to be present in all creeks local to the wells so where it is determined that the aquifer is
hydraulically connected to the creeks the presence and impact on fish and other aquatic species will have
to be considered as part of a technical assessment submitted to support a groundwater licence application.

Dusty Road — Whilst much of the nearby Irgens Creek is perched above the water table, the unconfined
nature of the aquifer makes it probable that the aquifer is hydraulically connected to Irgens Creek at the
lowest reaches of the creek, close to Porpoise Bay. Fish are known to be present in the creek so should a
groundwater abstraction have an impact on flow in the creek in the lower reaches, it could detrimentally
impact the fish species present by reducing their habitat or impeding their path further up or downstream.

Mahan Road — The hydrogeological setting developed from well logs and the documented observations
and flow estimations of low or no flow in Charman Creek suggest that there is no hydraulic connection
between the confined ‘lower’ aquifer that Mahan Road Well draws water from and the local creeks.
Consequently, based on the information available, it is considered that there is unlikely to be an impact on
the aquatic environment from groundwater abstraction.

Church Road — A low permeability layer was identified at the Church Road Well, confining the aquifer
below the level of Soames Creek. Well logs from other wells in the vicinity confirm that this confining layer
extends below Soames Creek near the Church Road Well, restricting groundwater flow from the aquifer
entering the creek. Nevertheless, there is insufficient information available to confirm whether this low
permeability layer is present below the entire reach of the creek down to its discharge point into the sea.

However, Granthams Landing Well, located in the valley floor adjacent to Soames Creek, is an uncontrolled
flowing artesian well, which discharges groundwater into the creek from the same aquifer that Church Road
Well is completed in. This well behaves like a groundwater spring, augmenting flow in the creek. On the
opposite side of the creek is ‘Grantham Spring'. Little is known about this feature and whether it was
formerly a natural spring that was utilised for supply, a drilled well, a dug well, or a diversion from Soames
Creek with a slow sand filter; however, if it is a drilled well providing flow from the aquifer into the creek, this
would suggest a hydraulic connection. As such, it will need to be investigated further.

Abstraction from the Church Road Well during the pumping test was shown to have an impact at
Granthams Landing Well (although the impact was not able to be quantified during the pumping test due to
the complex arrangement of pipe infrastructure at Granthams Landing Well), reducing the flow of water that
discharges from this well. Therefore, a production well or wellfield located in this aquifer which lowers the
water level/pressure in the aquifer could potentially impact the aquatic habitat by reducing flow from this
man-made connection between the aquifer and the creek, as well as from ‘Grantham Spring’, if it is indeed
a spring sourced from the lower Aquifer.
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6.2.2 Impact on Nearby Groundwater Users

Dusty Road — Two wells were monitored during the pumping test at Dusty Road, the well at 6109 Sechelt
Inlet Rd showed no evidence of an impact. Insufficient data was obtained from the Lehigh Quarry Well #5
to determine an impact; however, given the proximity of the Dusty Road Well to Lehigh Quarry, water levels
in #5 Well are likely to drop during long-term pumping. The extent of any impact on this well is unknown at
this stage due to a lack of data collected during the pumping test.

Mahan Road — Two wells were monitored during the pumping test at Mahan Rd, the private well at 498
Mahan Rd and MOE monitoring well OW 460. Water level data from both wells show a response to the
pumping test with groundwater levels lowered by approximately 0.7 and 0.5 m respectively.

The Mahan Road Well is completed in the same aquifer as that of the Town of Gibsons public supply wells;
consequently, prior to development of a production well at this site, the likely impact on the Town of
Gibsons existing public water supply wells will need to be considered in detail. In addition, a number of
private residences in the vicinity of the Mahan Road Well are not connected to a main water supply, and
therefore, are likely to have unregistered wells. Any effect on these private water supplies would require
mitigation should there be a detrimental impact on supplies.

Church Road — Four wells were monitored during the pumping test at Elphinstone Ave. Of these, an
impact was only observed at the SCRD owned Granthams Landing Well, although impact can not be
quantified from the data obtained given the set-up of this flowing artesian well. No impact was observed
during the pumping test in the private well at 901 Sentinel Rd or from Soames Point MW. Insufficient water
level data was available to conclude if there was any impact at the SCRD owned Soames Well.

Prior to the development of production wells at any of the sites, we recommend that a detailed well and
water features survey is conducted to identify any users who may not have registered their wells with the
Province of BC and are currently unknown. This would be completed as part of the Technical Assessment.
Details such as well depth, pump depth, and water level drawdown in their well when it is in use will help to
determine whether a SCRD production well would have an impact upon these private abstractions. If it is
deemed likely that a detrimental impact will occur, mitigation measures will need to be implemented such as
lowering of pumps to maintain a sufficient head of water above the pump, drilling new wells, or connecting
the affected properties to the public water supply.

7 Issues Related to Proposed Works, Land,
Public Safety, and Environment

Marta Green, P.Geo, inspected the Granthams Landing well head on November 15, 2016, as part of site
visits for the SCRD Well Protection Plan project, completed in March 2017. Based on this site visit, a
review of available reports, and discussions with Dave Crosby, Capital Projects Manager of SCRD at that
time, the Grantham’s wellhead is a sealed above-ground steel casing located inside a locked concrete
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culvert above ground. The bottom of the concrete culvert box is coarse gravel. No surface seal is present
and ponded water was visible around the concrete culvert. In addition, a 30 mm diameter pipe carries flow
from the concrete culvert box and is discharged nearby to Soames Creek. It is unclear whether this flow is
coming from the outside of the steel casing, and inside the locked concrete culvert, or from within the steel
casing.

Section 53 of the Water Sustainability Act (WSA) states that the owner of a flowing artesian well must
engage a well driller who is qualified in respect of the activity or a professional and ensure that the well
driller or professional, as applicable, stops the flow of that well or brings the flow of that well under control.
A well is considered under control when:
(a) the artesian flow
(i) is clear of sediment,
(ii) is entirely conveyed through the well's production casing to the wellhead, if the well has a
production casing,
(iif) may be mechanically stopped for an indefinite period in a manner that prevents leakage onto
the surface of the ground or into another aquifer penetrated by the well, and
(iv) does not pose a threat to property, public safety or the environment, or

(b) if the artesian flow cannot be controlled in accordance with paragraph (a), the well is decommissioned
(i) in accordance with the regulations,
(ii) by a person authorized under section 49 [restrictions on constructing or decommissioning wells],
and,
(iii) in a manner that allows no artesian flow at the surface of the ground or leakage into another
aquifer penetrated by the well.

Based on Ms. Green'’s site visit and review of the Granthams Landing well, the artesian flow is not entirely
conveyed through the well’s production casing therefore, the Granthams Landing Well is an uncontrolled
flowing artesian well, and this does not meet section 53 of the WSA.

The Church Road Well, if developed into a production well, could be used as a replacement well to
Granthams Landing and Soames wells. Once the Granthams Landing and Soames wells are disconnected
from the system, a decommissioning plan can be developed, and the Granthams Landing well can be
closed, bringing the SCRD into compliance with the WSA. The Soames Well may be able to be used as a
dewatering well as part of the decommissioning. If Granthams Landing Well is to be decommissioned, a
new dedicated augmentation well and pipeline, or a new pipeline from an existing well such as Soames
Well, may be required to augment creek flows to replace the water that would no longer discharge from
Granthams Landing Well. This would need to be further assessed, and we have included it as part of the
Technical Assessment in support of a new Groundwater Use Licence Application (see recommendations in
Section 12.2)
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8  Water Quality Assessment
8.1 WATER QUALITY RESULTS

The results of the water samples analysed by CARO are presented in Appendix F.

The water for all three wells meets the Guidelines for Canadian Drinking Water Quality for both the health
based maximum acceptable concentrations (MAC) and aesthetic objectives (AO), with one exception: total
iron from the Church Road well with 0.441 mg/L total iron against a GCDWQ AO guideline of 0.3 mg/L.
However, as noted in Section 5.2.3 silt and sand was being pulled into the well during the pumping test and
this is likely to be the source of the elevated iron. The results for dissolved iron is 0.016 mg/L which is well
below the guideline, and is more likely a true indication of iron in this groundwater.

Langelier Index is an approximate measure of the degree of saturation of calcium carbonate. Under-
saturated water will tend to be corrosive, whilst over-saturated water will tend to deposit calcium carbonate.
The results indicate that the water at Dusty Road is undersaturated so may be corrosive to the pipework.
The water at Mahan Road and Church Road is over-saturated so may result in calcium carbonate
deposition. This affects various pipe materials differently and this can be further studied at the detailed
design stage.

It should be acknowledged that only one water sample has been collected from each well so the results
should be treated with some caution as they could change over time during pumping or seasonally.
However, the results from these first samples are encouraging and indicate very good quality water.

Additional considerations

High iron concentrations have previously been found in the Mahan Road area. Personal communication
with the owners of the well at 498 Mahan Rd suggests that they have high iron concentrations in the water
they abstract with iron staining present on their sinks and baths. Water samples previously collected at OW
460 (WL10-02) are reported to have exceeded the GCDWQ guidelines for iron and manganese and on
occasion aluminium (Waterline, 2013).

The Ministry of Environment recommends monitoring for specific conductance when drilling in coastal areas
(MOE, 2016). Field measurements were taken throughout the pumping tests to monitor changes in specific
conductivity. The readings remained consistent throughout with no increase indicating that pumping did not
induce saline water into the well. The wells are the following distances from the coast: Dusty: 450 m;
Mahan: 1200 m; Church Rd: 170 m. The Ministry of Environment suggests avoiding drilling locations within
50 m. Based on this, the water quality monitoring to date, and the capture zones we calculated (as
discussed in Section 8.2.1), it is unlikely that salt water intrusion will be an issue with any of the three well
sites. However, pumping tests during future phases should include conductivity measurements to confirm.
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8.2 PRELIMINARY ASSESSMENT OF POTENTIAL DRINKING WATER HAZARDS

We assessed potential drinking water hazards as follows:

1. We estimated the capture zone, or the area within which rain or snow melt would eventually be
captured by the well during pumping over a certain time frame, following standard equations.

2. Within each capture zone, we assessed hazards to the drinking water source. This was completed by
interviews during our site visits and through reviewing publicly available air photos.

3. Compared water quality results to Guidelines for Canadian Drinking Water Quality and assessed the
aquifer setting (confined vs unconfined) and its implications on water quality to be expected.

8.21 Delineation of Capture Zones

Table 1-4 in Module 1 of the Source-to-Tap Guideline summarizes the different capture zone delineation
methods, from simple to more complex, and recommends which one to follow depending on the size of the
water system and the hydrogeologic setting (MHLS 2010). For water systems with 100 to 10,000
connections, the Source-to-Tap Guideline recommends using analytical equations and hydrogeological
mapping to delineate the capture zones. For the purposes of this study it has been assumed that each well
will have connections in this range, therefore, we used a combination of desk-based hydrogeological
mapping and the analytical equation method outlined by Ceric and Haitjema (2005), which includes a
mathematical approach to justify the method selection between the circular, eccentric circular, and boat-
shaped capture zone analytical equations that are presented in the BC Well Protection Toolkit (MOE 2000).
The analytical equations require estimating the aquifer’s hydraulic conductivity (m/s), thickness (m),
hydraulic gradient (unitless), and porosity (unitless) as well as the pumping rate of the well (m?3/s) and the
timeframe of interest.

For this study, capture zones are based on the maximum calculated (sustainable) well pumping rate, not
the actual well pumping rate. Following this approach, we mapped the 200-day, 5-year and 20-year capture
zones for each well. A 200-day capture zone represents the survival time of pathogens (including viruses)
and is consistent with the new version of the BC Ministry of Health’s Guideline for Determining Groundwater
at Risk of Containing Pathogens (MoH 2015)8. Similar to Ontario’s approach, a 5-year capture zone
represents the time it would take to remediate a hydrocarbon spill or leak; and a 20-year capture zone
represents the time it may take chemical hazards such as nitrates to reach the well. An overview of the
delineated capture zones for all wells is shown on Figure 8-1, and Table 8-1 lists the parameters that were
used to delineate the capture zones. The capture zones shown should be treated as preliminary at this
stage as further hydrogeological information is required to better delineate the extent and shape of the
capture zone.

6 Pathogens are disease causing organisms. There are three types of water-born pathogens of concern to
humans: viruses, bacteria, and protozoa, each with different sizes, life cycles, and characteristics.

Associated
Environmental 37

50



Sunshine Coast Regional District

Table 8-1
List of parameters used to delineate the capture zones
Dusty Road Mahan Rd Church Rd

Aquifer description based  Unconfined, sand and Unconfined, sand and Confined, sand and gravel

on well logs gravel aquifer gravel aquifer aquifer

Analytical 200-day Eccentric circular Eccentric circular Boat-shaped

equation  5-year Boat-shaped Boat-shaped Boat-shaped

used 20-year Boat-shaped Boat-shaped Boat-shaped

Hydraulic conductivity

9x10°m/s 1.6x10* m/s 2x10° m/s

(m/s)*

Aquifer thickness (m)? 50 35 22

Porosity® 0.25 0.25 0.25

Hydraulic gradient* 0.02 0.006 0.02

Pumping rate® 1011 USgpm (63.7L/s) 572 USgpm (36.1 L/s) 407 USgpm (25.7 L/s)

Changes to analytical No changes made to the analytical equation results. The capture zones were

equation results based on large and extended

hydrogeological mapping beyond Mt. Elphinstone so
they were ended at what is
estimated to be the contact
of the bedrock and the
surficial sediments.

Source:

1 The hydraulic conductivity was calculated by dividing the aquifer transmissivity by aquifer thickness. Values calculated
are typical for medium sand to fine gravel unconsolidated deposits (Freeze and Cherry, 1979).

2 Based on geology encountered during drilling.

3 Typical porosity for sand and gravel (from BC Well Protection Toolkit).

4 Dusty Rd: calculated based on well water level and assuming groundwater is at 0 masl at coast; Mahan Rd: from
Waterline report using groundwater contours; Church Rd: from Associated Well Protection report using same gradient
as that used for Soames and Granthams Wells.

5 Calculated 100-day sustainable yield from the October/November 2018 pumping tests.
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8.2.2

Potential Hazards

Groundwater can enter a water supply well through:

1.
2.
3.

Hazards can be both human-related or natural. Examples of hazards are:

groundwater flow from an up-gradient aquifer,
overland flow and then infiltration near the well-head,
through geological factures, annular spaces along improperly closed boreholes and other larger
openings in an aquifer, and

via direct entry to the well if the well head completion is not sealed properly.

Naturally occurring: pathogens from wildlife including bacteria (E. coli), and protozoa such as

Giardia lamblia.

Agricultural: nitrates, phosphates, pesticides

Forestry-related: turbidity

Municipal: fertilizers and pesticides from fields/parks, stormwater run-off from roads
Commercial: contaminants from airports, auto repair shops, dry cleaners

Industrial: specific contaminants from specific industrial land uses

Residential: pathogens and nitrates from septic tanks, pesticides, and/or solvents

Table 8-2 presents potential hazards identified for each well site and distances to the hazard where known.

40

Table 8-2

Potential drinking water hazards for each well site

Dusty Road

Dusty Road Sewage Treatment
Plant (0.5 km to east)

Sechelt Landfill (1.9 km to east)
Sechelt Public Works (adjacent
to well)

Road drainage, including minor
oil spills and salt (5 m to south)
Industry — quarry, including
minor and major oil spills and
leaks (50 m to south)
Hydrocarbon and chemical
storage — above and below
ground storage private,
commercial and industrial
(closest is adjacent to site)

Mahan Road

Private septic tanks (closest
private dwelling is 10 m to east)
Hydrocarbon and chemical
storage — above and below
ground storage for private,
commercial and industrial use
(closest private dwelling is 10 m
to east)

Road drainage (adjacent to
site)

Elphinstone Avenue

Private septic tanks (closest
private dwelling is 20 m to
south)

Industrial area (1.5km to
northwest)

Hydrocarbon and chemical
storage — above and below
ground storage private,
commercial and industrial
(closest private dwelling is 20 m
to south)

Road drainage (5 m to south)
Disused landfill (2.1 km to north
west)
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8.2.3 Review of Water Quality and Aquifer Setting

A review of the water quality does not indicate any unusual parameters of concern; however, the pumping

tests were short term while long term pumping draws water in from a larger area; therefore, the water

quality is only representative of existing water quality concerns in the area under non-pumping conditions.

The aquifer setting in which water supply wells are installed will dictate the vulnerability of the wells to

contamination from surface, and the time it will take for contaminants to transport through the aquifer. In
confined aquifers, there is a layer of less permeable material, such as clay or silt, overlying the aquifer. This
layer helps to protect the aquifer from contamination directly above because contaminants will take a very

long time to percolate through. Unconfined aquifers do not have this overlying layer of less permeable
material and are therefore more susceptible to contamination from the surface (Figure 8-2).

Figure 8-2
Schematic diagram of confined and unconfined aquifers (Geological Survey Canada, 2017)

Aquifers and wells Q

Unconfined
aquifer

Water table well
(in unconfined aquifer)

:' S
Source: Environment Canada

Dusty Road is likely to be most at risk from surface or near-surface potential hazards because this well is
located within an unconfined aquifer with no overlying low permeability geological strata present, that would
otherwise provide a measure of protection from contaminants. The current proximity of Lehigh Quarry to
the well and the potential for expansion of the quarry around and upgradient of the well poses a significant
risk of contamination to the aquifer. Oil spills and leaks from heavy machinery and continued daily round trip
gravel truck deliveries, that operate in and to/from the quarry, as well as leaks from fuel or chemical storage
facilities, could pass through the sand and gravel deposits reaching the aquifer and the cone of depression
formed by pumping and consequently become drawn towards the well. Quarries typically excavate material
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to a level close to or below the water table, thereby increasing the risk of contamination by reducing the
amount of unsaturated material present above the water table that would otherwise help filter any
contamination prior to it reaching the aquifer. Consequently, the intense industrial nature of the land use in
this area is seen as a major risk to the development of a production well or wellfield at this location.

Low permeability clay and till formations exist over the aquifers in which Mahan Road and Church Road
wells were drilled and this layer will provide a measure of protection from contaminants migrating into the
aquifer and reduces the risk of contamination occurring. However, there may be zones where this low
permeability layer is thin or non-existent and therefore pathways could still exist for contaminants to migrate
downwards into the aquifers.

The potential drinking water hazards, water quality data, and aquifer setting were considered as part of
Task 6, Evaluation of well sites (see Section 10).

8.3 GARP SCREENING

The Drinking Water Protection Regulation (B.C. Reg. 200/2003) requires that the drinking water from a
water supply system be disinfected by a water supplier if the water originates from groundwater that, in the
opinion of a Drinking Water Officer (DWOQ), is at risk of containing pathogens’. The BC Ministry of Health
(MOH) Guidance Document for Determining Groundwater at Risk of Containing Pathogens (GARP) (herein
referred to as the GARP Guideline) was released in September 2017, and helps inform DWOs on the steps
involved to make a GARP determination.

The GARP Guideline includes 13 hazards that each well is screened against. The hazards are categorized
into three groups: water quality results, well location, and well construction. If a hazard is “present” at the
screening stage, then the hazard is moved to the “assessment” stage. After the assessment stage, the
assessor recommends a “determination” for the groundwater. Wells can be determined to be considered:

1. Low risk GARP: The well is at low risk to GARP and does not require disinfection. The assessor
then moves on to Stage 4 Long-Term Monitoring.

2. Atrisk GARP-viruses only: The well is at risk to viruses only and the assessor then moves on to
Stage 3 Risk Mitigation, which can include treatment to meet only the provincial drinking water
objectives for viruses.

3. Atrisk: The well is at risk to pathogens and the assessor then moves on to Stage 3 Risk Mitigation,
which can include treatment to meet the provincial drinking water objectives.

4. Atrisk (due to unavailable information): If there is information that is unavailable or inconclusive,
the well is determined to be “at risk” and the assessor then moves on to Level 2 or 3 Investigation
(Preliminary or Detailed Hydrogeological Investigations).

7 There are three main groups of pathogens, or disease-causing organisms: viruses, bacteria, and
protozoa. More information about the types of pathogens, and how they move differently in groundwater, is
available here: https://www.bcwwa.org/news-announcements/2018-10-29-new-technical-information-
brochure-available-for-m/.
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To determine if the groundwater from the three wells should be considered GARP (Groundwater at Risk of
containing Pathogens), Associated conducted a GARP screening following the GARP Guideline) (MOH
2017). The GARP Guideline outlines four stages:

1. Hazard Screening and Assessment

2. GARP Determination

3. Risk Mitigation

4. Long-term Monitoring

For this study, we performed the first (screening only) and second stage of the GARP Guideline
(determination). The hazard screening portion of Stage 1 involved a review of each well’s location,
construction, aquifer properties and water sample results. This information was used to inform the GARP
determination.

Results
The GARP screening and assessment checklists for each well are provided in Appendix G. Based on this
screening and assessment, all three wells are determined to be “at-risk to viruses only”. Consequently, one
method of treatment is needed, and treatment is to meet 4-log virus inactivation/removal for each well site.
For long-term monitoring, we recommend the following, for the first year of operation, at which time a
GARP-determination update can be completed and a review of long-term monitoring parameters and
frequency can be completed:

e Regular (at a minimum every four hours) monitoring of turbidity; and

¢ Weekly E.coli and total coliform testing of raw water.

The results of the GARP determination helped inform treatment requirements, Task 11, and
recommendations.

9 Production Well Design

Appendix H provides sketches of our proposed well design for each site. Careful consideration of the drill
methods will be needed to ensure that representative soil samples will be collected at Mahan Road and
Church Road where the formation is made up of thin sand/gravel layers. A combination of cable tool and
dual rotary rigs may need to be used. In addition, a review of the open storm water ditch capacity at each
site will be needed, including the capacity of any downstream culverts that may present a restriction to flow.
This is to confirm that the ditches/culverts can handle the calculated well yields.

10 Evaluation of Four Well Sites (Task 6)

A meeting was held on November 28, 2018 between Associated and SCRD to evaluate the three well sites
and rank them in order of preference based on multiple criteria from four general categories: well supply,
engineering, land access, and environmental. A matrix was developed with scores agreed upon for each
well against the evaluation criteria in each category. An importance weighting was built in to the matrix as
some criteria are considered more important than others. A memo outlining the evaluation criteria and the
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scoring method used is provided in Appendix | together with the minutes of the meeting. The completed
evaluation matrix is shown in Table 10-1.

Church Road Well - The results show that Church Road Well scores highest and is therefore evaluated as
the preferred well site to prioritise for development.

During the meeting on 28 November 2018, the potential of developing a wellfield at Shirley Macey Park,
located 500 m to the northwest of the well was discussed. This park is owned by the SCRD and is expected
to be located above the same aquifer as that of the Church Road Well and would provide a greater area of
land in which to develop production wells and treatment facilities. A cost estimate to investigate the
potential of this area with the drilling of two new exploratory wells (to assess water level drawdown
interference between two wells), pumping tests and consultancy support was developed. However, due to
the significant expected depth to the top of the aquifer of nearly 100m, the depth of the wells would likely be
around 150m and pumping would require the groundwater to be lifted a significant height at greater cost
than pumping from a shallower depth to groundwater. The cost to complete this exploratory drilling and
testing of two new wells is estimated to be in the region of $350K. An alternative is the development of a
wellfield along Elphinstone Avenue with a production well located close to the recently drilled Church Road
Well and potentially a second well drilled on land next to the Granthams Landing Reservoir at the corner of
Elphinstone Avenue and Fisher Road. Both wells would then also be located on property owned by the
SCRD (see Sections 11 and 12).

Mahan Road Well — The Mahan Road final evaluation score was relatively close to that of Church Road,
however difficulties may be encountered concerning the development of a production well close to the
Town of Gibsons public supply wells and the impact a SCRD abstraction might have on their existing and
future supply needs. This consideration makes development of a well at this location less favourable than at
Church Road at this time.

We recommend that an aquifer mapping study be conducted in this area to better define the extent of the
aquifer and the resource available. We recommend that a collaborative approach be taken for such a study
that involves the SCRD, the Town of Gibsons and the Provincial Government.

Dusty Road Well — Dusty Road has the lowest score of the three wells despite having the highest
calculated sustainable yield, the overall score is significantly impacted by its low source protection score,
which has the highest weighting of all the criteria. This reflects the unconfined nature of the aquifer and its
location next to Lehigh Quarry, putting the aquifer at high risk from contamination which could effectively
render the well(s) unusable in the future. The risk from contamination is deemed too high to justify well
development costs when there are other groundwater options to explore at this time.

Gray Creek — Gray Creek was also discussed during the meeting and a groundwater supply well in this
area has not been discounted at this stage, given the apparent productive aquifer that Northern Divine
Aquafarms have constructed a wellfield in. The SCRD could explore this if this company is willing to discuss
options for the potential development of a public water supply well(s) on their property. Furthermore, the
SCRD have an existing surface water licence to divert water from Gray Creek for public water supply (3
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million litres per day [550 USgpm]) and all or part of this licence could be transferred to a groundwater
abstraction licence in the future should a well be developed here.

Associated
Environmental 45

58



Well Supply

Engineering

Access
Issues

Environmental

Long term sustainable well yield

Well interference (drawdown)
with other wells

Interconnecting Pipe Size

Production Wells, Treatment,

Storage, Tie-In and Energy Costs

(Capital)

O&M and Long term Energy
Costs

Room for Production Well,
Treatment Plant, and Storage,
Land ownership/agreement

Land Use Fit

Source Protection

Hydraulic Connection and
Impacts to Environmental Flow
Needs (needed to support new
Groundwater Use Licence
Application)

Other regulations (e.g.:
Environmental Assessment Act
and Ground Water Protection
Regulation)

Total score with importance weighting

3.25

39

4.35

15%

5%

10%

15%

5%

10%

0%

20%

15%

5%

100%

Table 10-1
Well Evaluation Matrix

Dusty Road: unconfined aquifer. Sand and Gravel: 64 L/s. Mahan Road: deep well, 400 ft deep well. Also unconfined although there
is a local confining unit which provides protection. Yields: pumped 300 USgpm: rated at 570 USgpm. Church Road: Confined aquifer
(confining layer: till) and sand and gravel below that. Issues with drilling. Drilling didn't give clear picture of what's down there. Screen
got lost first time. Put another screen in and then pumping test started pulling in sands and silts at 240 USgpm. Dialed back to 170
USgpm. Rated at 407 USgpm.

Dusty: inconclusive due to lack of data. Mahan: monitored two wells: 300m to North (private well): 70 cm drawdown. MOE's
observation well: 400 m away 50 cm drawdown (difficult to interpret with tidal influence). Gibsons wells farther away so negligible
interference is expected but could use 50 cm as worst case scenario. Also will need a detailed (door to door) survey to confirm water
users (every house near the border but in the Town of Gibsons can be assumed to have a well). Everyone ok with ongoing
monitoring and discussion with other well owners. An independent aquifer mapping study across entire study may be useful. See if
can partner with BC FLNR Surrey office and Town of Gibsons. Church Road: monitored pressure changes in Granthams, and
Soames well minimal interference observed but data was limited. Also private well: no interference.

Limiting factor on pipe capacity in bold: Dusty Rd: well 64 L/s and pipe 47 L/s. Mahan Rd: well 37 L/s, pipe 94 L/s (pipe along Pratt
Road, and could flow in other direction). Church Rd: well 26 L/s, pipe 47 L/s. Lots of pipe room in Mahan.

All sites designed with 4-log treatment (chlorination). Expensive to connect Mahan to 3-phase power as will come from Gibsons Way,
approx. 600m to north. Church Road also requires a new 3-phase power connection. Dusty Rd already has 3-phase power.

Generally the same per well except for energy costs (Mahan has highest drilling costs due to depth). O&M for pumps may be
seasonal.

SCRD staff will look into this further. Board may wish to have ownership vs right of way only from MOTI, so Mahan scores lower.
Church Road is also on right of way but there is room owned by SCRD.

Everyone agreed there will be minimal disturbance and sufficient room at each site. Community is used to wells in parks and in
residential areas.

Dusty has a very high risk: one of largest gravel extraction mines in North America. Plans for expansion all around this well.
Unconfined aquifer so any spills or leaks from oil or gas for machines could make its way to aquifer and drawdown cone of well.

Aquifer at Dusty Road site is likely connected to Irgins Creek so could require mitigation to augment EFNs. Mahan and Church Rd
not likely naturally connected to Charman and Soames Creek, respectively. Will know more by final report because AE is doing more
hydrology work. Aquatic values are very important for community.

EAA: All wells below 75 L/s as long as each well considered a different "project”. If in separate watersheds should be ok. For GWPR,
Church Road would allow Granthams to be closed (uncontrolled flowing artesian well) to be be in compliance with GWPR.

59



Report
Groundwater Investigation Phase 2

11 Assessment of Infrastructure and Operations
Requirements (Task 7)

The following sections provide an assessment of the treatment, infrastructure and operational requirements
and costs to develop a production well at each of the three well sites. A preliminary assessment of
requirements and capital costs was completed prior to the well evaluation meeting on 28 November 2018
(Sections 11.1 to 11.3 below). This information was considered as part of the well evaluation process
(Section 10).

Following the well evaluation discussions, it was concluded that the Church Road site should be prioritised
for further investigation and development. Two development options have been identified:

e Option A: the construction of a single production well at the recently drilled Church Road site.

e Option B: the construction of a ‘wellfield’ consisting of two production wells, one well at the Church
Road site and a second well adjacent to the SCRD Granthams Landing Well on the corner of
Elphinstone Avenue and Fisher Road.

Both options would tie into the Chapman and Granthams Landing and Soames service areas.
Detailed development costs for these two options are provided in Section 11.4.

111 TREATMENT REQUIREMENTS

The treatment requirements vary depending on the well location and water quality obtained from the well
sampling.

1111 Dusty Road

This well is considered GARP (Viruses only). Water quality testing report indicated that all parameters
tested complied with the CDWQG. Physically, the well is located in an area with no existing reservoirs in
the vicinity that a dedicated watermain could reasonably connect the well to. In order to meet the CT
(concentration X time) requirements for 4-log inactivation of viruses the connection to the distribution will be
an oversized 300 mm main of about 300 m length. The sizing has been based on a chlorine residual of 1.5
mg/l.

Treatment required: Chlorine injection providing primary (for virus inactivation) and secondary disinfection
(for residual). It is proposed to use sodium hypochlorite solution (SHS) as the SCRD has experience in
using this delivered liquid chemical.

Infrastructure Required: 300mm main approximately 300m in length.
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Assumed Facility Flow Rate: 47 L/s. This is based on a full 200mm pipe (the existing main on Sechelt Inlet
Road) with water running in south direction only. If it is confirmed that flow could be sent north during the
maximum day water demand (MDD) condition, i.e. Grey Creek intake is not used, then this could be
increased to include the demand north of Grey Creek intake to a maximum of 94 L/s if an additional well(s)
was drilled.

11.1.2 Mahan Road

Background: This well is considered GARP (Viruses only). Water quality testing report indicated that all
parameters tested complied with the CDWQG. The nearest reservoir that could be tied into is the Reed
Road Reservoir which is located approximately 2.2 km from the Mahan Road well. Installing a dedicated
main of this length would be expensive ($814,000 for a 200 mm watermain and $528,000 for paving alone).
Instead a new dedicated main could run along Kearton Road to tie in along Pratt Road. This main will be
oversized at 250mm to provide adequate CT prior to reaching the first user. The sizing has been based on
a chlorine residual of 1.5 mg/I.

Treatment Required: Chlorine injection providing primary (for virus inactivation) and secondary disinfection
(for residual). It is proposed to use SHS.

Infrastructure Required: 250mm main approximately 410m in length. A new 3-phase electrical service
connection is also required to run the well pump.

Assumed Facility Flow Rate: 37 L/s. This is based on the well yield, but could be increased up to 94 L/s if
additional wells were drilled.

11.1.3 Church Road

The well is considered to be GARP (Viruses only). As listed in the Drinking Water Treatment Objectives for
Ground Water Supplies in BC, only one form of treatment is required to provide potable water for this type
of water source. The water quality testing report also indicated that the iron was above the aesthetic
objective of 0.3 mg/L with a reading of 0.44 mg/L. Turbidity was also noted to be well above the Objective
limits of 1.0 NTU with a reading of 10.2 NTU. We anticipate that the turbidity resulted from the formation
collapse around the well screen. The iron levels may also have been elevated because of this collapse. As
the well is further developed we anticipate that turbidity will drop below 1.0 NTU. Often the turbidity reading
can be skewed higher by iron precipitating out of the sample jar during transport to the laboratory. It is
recommended to determine what the turbidity of the water is on site before proceeding with additional
treatment. It's also recommended to re-test the iron levels prior to finalising treatment requirements. For
this report it has been assumed that iron levels will return to levels seen in other wells in the area which
show iron levels below the aesthetic limit and therefore filtration has not been shown in this conceptual
design. This should be noted as a risk to this well that iron level could stay elevated and filtration could be
required.

48

\\s-ver-fs-01\projects\20188152\00_gw_inves_phase_2\environmental_sciences\04.00_environmental_assessments\task 8 final
report\r_scrd_gwinvestphase2_final_01142019.docx 6 1



Report
Groundwater Investigation Phase 2

Treatment Required: Chlorine injection providing primary (for virus inactivation) and secondary disinfection
(for residual). It is proposed to use SHS.

Storage and Infrastructure Required: Tie into the nearby Grantham Reservoir (which currently only feeds
the Granthams Landing service area) with a dedicated raw water main from the well to a new chlorination
water treatment plant (WTP) located adjacent to the reservoir (250m). The Grantham reservoir would be
retrofitted with baffles inside to increase the baffling factor in the reservoir in order to achieve adequate
concentration x time (CT) for 4-log virus inactivation.

A pump station, complete with backup emergency generator, would be required to pump water into the
Chapman service area since the new well would produce more water than what is used by the Grantham’s
Landing and Soames services areas. The new pump station would be located within the new WTP and
would pump treated water from the hydraulic grade of 80m up to the 210m which is what the Chapman
system is run at (Henry Road Reservoir TWL) and what the existing main along Reed road is operated at
according to Figure 3-2B of the Comprehensive Regional Water Plan (Opus DaytonKnight, 2013). A new
dedicated watermain would be installed along Reed Road and tie in at Chamberlin Road to provide water to
the Chapman system. A new 3-phase electrical service connection is also required at the new WTP location
to run the pump station and the well pump. Power and control wiring would run from the new WTP to the
well pump so that no building would be required in the park adjacent to the well, only the wellhead would be
visible.

Assumed Facility Flow rate: 26 L/s. This is based on the well yield and also flow through a 150mm existing
pipe along Reed Road. This could be increased to approximately 47 L/s if this pipe was upsized to 200mm
and an additional well was drilled.

11.2 COMPARISON OF CLASS D CAPITAL COST ESTIMATES FOR EACH WELL SITE

Preliminary Class D capital cost estimates (with 40% contingency included) for the development of one
production well, treatment plant and associated infrastructure at each site are summarised in Table 11-1.
These costs are for comparative purpose only (for use during the well evaluation process — see Section 10)
and only include construction costs, with no detailed design and consultancy support costs included as it is
anticipated that these costs would be similar for each well site. A breakdown of these construction costs
together with preliminary plans showing proposed infrastructure are provided in Appendix J.
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Comparison of Class D capital costs fl-? lc)IIeev:a:c;:)ment of a production well at each site
Well Site Class D capital construction cost?
Dusty Road $1.38M
Mahan Road $1.75M
Church Road $2.01M

1 Construction cost estimates only
1.3 COMPARISON OF OPERATIONAL COST ESTIMATES FOR EACH WELL SITE

Annual electricity and SHS cost estimates for each well are provided in Appendix J and summarised in
Table 11-2 for comparative purposes.

Table 11-2
Annual operating costs

Well Site (and pumping rate) Estimated annual electricity Estimated annual SHS cost
cost
Dusty Road (64 L/s) $19,372 $13,271
Mahan Road (37 (L/s) $28,769 $7,672
Church Road (26 (L/s) $37,050 $5,391
Assumptions:

e These costs are for comparison purposes and based on approximate motor sizes for each well

¢ Replacement costs not included

¢ Miscellaneous costs like SCADA network, water sampling, insurance, operator wages, engineering support, tech
support not included since this is for comparison purposes

¢ Assume wells operate for 4 months a year at their calculated sustainable rates

e SHS costs are $0.02 per m® (1000 litres) for each well, based on current SCRD chlorine costs for existing wells.

1.4 COST ESTIMATES TO DEVELOP A WELL OR WELLFIELD AT CHURCH ROAD

Cost estimates have been prepared for the development of either one production well (Option A), or two
production wells (Option B). For the purposes of costing we have assumed each option would be comprised
of the following:

e Option A: a single production well (with well yield estimated at 25.7 L/s) adjacent to the Church
Road exploratory well (Church Road Production Well) with new chlorination water treatment plant
at Granthams Reservoir and tie in to Pressure Zone 3 distribution network at Chamberlin Road.

50

\\s-ver-fs-01\projects\20188152\00_gw_inves_phase_2\environmental_sciences\04.00_environmental_assessments\task 8 final
report\r_scrd_gwinvestphase2_final_01142019.docx 6 3



Report
Groundwater Investigation Phase 2

e Option B: construct two production wells (with a combined well yield estimated at 51.4 L/s), one
adjacent to the Church Road exploratory well (Church Road Production Well) and the second well
located at the corner of Elphinstone Avenue and Fisher Road (Fisher Road Production Well) with
treatment facility and tie in at Granthams Reservoir and tie in to Pressure Zone 3 distribution
network at Chamberlin Road (with upgraded pipe size to accommodate a flow up to 47 L/s).

11.4.1 Class D Capital Cost Estimate

Table 11-3 shows the estimated capital cost, including 40% contingency, to develop both options and
includes costs for: detailed design, construction, additional exploratory drilling and testing (where required
for Option B), permitting (including any environmental assessments), and engineering construction support.
A more detailed breakdown of these costs is provided in Appendix K.

Class D cost estimates for construcI?obr:eolgz:)tion A and Option B (Church Road)
Option (and pumping rate) Class D Cost Estimate?
Option A — 1 Production Well (26L/s)? $2.4M
Option B — 2 Production Wells (47 L/s)® $3.1M

L A contingency of 40% has been added to all cost estimates
2 Pumping rate based on calculated sustainable yield
3 Pumping rate based on maximum calculated flow rate from two wells through existing infrastructure

11.4.2 Operating Cost Estimates

Operating cost estimates are provided in Table 11-4 for both options.

Table 11-4
Annual operating cost estimates for Option A and Option B (Church Road)

Option (and pumping rate) Estimated annual electricity Estimated annual hypochlorite
cost cost
Option A — 1 Production Well (26 $37,050 $5,391
(L/s) (per Table 11-2)
Option B — 2 Production Wells $69,306 $9,746
(47 L/s)
Assumptions:

e These costs are based on approximate motor sizes for each well

¢ Replacement costs not included

¢ Miscellaneous costs like SCADA network, water sampling, insurance, operator wages, engineering support, tech
support not included

e Wells operate for 4 months a year at the pumping rates shown

e SHS costs are $0.02 per m? (1000 litres) for each well, based on current SCRD chlorine costs for existing wells.
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12 Conclusions and Recommendations

121 CONCLUSIONS

All tasks of the Phase 2 Groundwater Investigation Project have been completed. Based on the findings of
the study, we conclude the following:

1. Three of the four well sites were completed and tested, and have been considered for development into
production wells. The pumped rate, and the calculated sustainable well yield of each well is shown in
Table 12-1. Looking at the modelled gap in water supply for 2050 of 188 L/s (2,979 USgpm) to 322 L/s
(5,099 USgpm) for 184 days, Associated concludes that the aquifers in the vicinity of the wells sites at
Dusty Rd, Mahan Rd, and Church Rd could make up this supply gap, considering water quantity alone.
Interestingly, the results of the drilling and pumping test program suggest that the groundwater
resources on this part of the Sunshine Coast are larger than previously thought.

Table 12-1
Summary of Drilling
Units Dusty Road Mahan Road Church Road

Well Depth m 83.5 118.9 43.9
Tested Rate USgpm 300 300 170

L/s 18.9 18.9 10.7
Calculated USgpm 1011 572 407
sustainable well
yield per well L/s 63.8 36.1 25.7

2. Desktop hydraulic connection studies have been undertaken for the three well sites. Based on the
information available, the aquifer at Dusty Road is considered to be connected to the lower reach of
nearby Irgens Creek; the aquifer at Mahan Road is considered unlikely to be hydraulically connected to
the nearby Charman Creek; and the aquifer at Church Road is connected to Soames Creek via a man-
made pathway: the flowing artesian Granthams Landing Well. This information will become important
when completing the technical assessment in support of a new groundwater use licence application.

3. Water quality from all three well sites is excellent, and no health-based exceedances were observed,
other than high NTU at Church Road due to the well formation collapse and which is expected to
reduce to less than 1 NTU for a completed well.

4. The wells are considered GARP-viruses only. One method of treatment is needed, and treatment must
provide 4-log inactivation of viruses. Recommendations for long-term monitoring once the production
wells are brought on-line are presented in Section 8.
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5. The Mahan Road and Church Road wells are located in areas with few hazards and are protected by a
low permeability clayey till layer above the aquifer of interest. The Dusty Road well is deemed to be at
greater health risk from contamination, with drilling showing that no protective low permeability layer is
present (the aquifer is unconfined). This is unfortunate given the location of Dusty Road within an
industrial area.

6. A review of the piping infrastructure concluded that the following flow rates (Table 12-2) could be
possible at each site with new mains and upgrades to the existing infrastructure.

Table 12-2
Maximum facility flow rate at each site
Units Dusty Road Mahan Road Church Road
Calculated USgpm 1011 572 407
sustainable well
yield L/s 63.8 36.1 RENT
Maximum facility L/s 94 94 47

flow rate!

1 Based on using multiple wells and existing infrastructure

7. The three wells were evaluated and ranked based on a number of weighted criteria.

a. Church Road had the highest score and development of this site should be prioritised.

b. Mahan Road scored lower in the well interference and land availability criteria. The Mahan
Road well would be developed in the same aquifer of the Town of Gibsons public water supply
wells, and other private supplies, so more work would be needed to map the aquifer and better
understand well interference. We understand the Ministry of Environment is updating their
aquifer mapping information on the Sunshine Coast in 2019, which will help with the well
interference criteria, and may allow Mahan Road to become an area to develop at a later date.

c. The Dusty Road Well is calculated to have the highest sustainable yield of the three wells,
more than double the calculated sustainable yield calculated for Church Road Well, so it scored
highly on the costing and yield criteria. However, the aquifer at this location is susceptible to
contamination given its location adjacent to Lehigh Quarry (which is also expected to expand
around the well site) and the unconfined nature of the aquifer with no protective low
permeability layer. The risk from contamination was deemed too high to human health to justify
production well development costs when there are other groundwater options available at this
time, therefore the Dusty Road well scored low in the Source Protection criterion.

8. A well located in the Gray Creek area, downstream of where the Gray Creek exploratory well was
drilled, should not be discounted at this stage. The relatively thin aquifer and lower yields encountered
during drilling are believed to reflect the well location at the apex of the alluvial fan. A well further
downstream should intercept a thicker aquifer with higher yields, as observed from wells operated by
Northern Divine Aquafarms.
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12.2 RECOMMENDATIONS

Based on these conclusions, Associated recommends the following next steps:

1. Prioritise the Church Road site for further development — the ‘Church Road Wellfield Project’ — to
develop a wellfield capable of providing up to 47L/s (the maximum flow the existing supply
infrastructure will allow). This will require:

e Completing a Technical Assessment that would be submitted to support an application for a new
groundwater use licence of up to 74 L/s. Although the infrastructure in the area currently only allows
for 47 L/s, there could be an option to develop a transmission line on Reed Road to the Reed Road
Pump Station, which feeds the Henry Road reservoir. Henry Road reservoir feeds Pressure Zone 3,
which is where the demand is. This scenario would allow for 74 L/s more supply. Applying for this
amount will provide the SCRD with some flexibility in the future should the production well(s) - once
developed - produce a yield in excess of 47 L/s. Applying for a project volume above this rate is not
recommended because an Environmental Impact Assessment reviewable by the Environmental
Assessment Office will be triggered. Note that the Ministry of Forests, Lands and Natural
Resources has a minimum target review time of 140 days and that their current timelines for the
processing of applications could be a year or more. This assessment should be undertaken prior to
the construction of a production well. The Technical Assessment will make use of the information
collected during Phase 1 and Phase 2 of the Groundwater Investigation but will also likely require
the following:

o Consulting with the relevant regulators (FLNRO, DFO) at an early stage with regard to the
unique situation in Soames Creek where the Granthams Landing Well augments flow. This will
enable the SCRD to understand what any future licence conditions are likely to be, i.e., will an
augmentation flow continue to be required if the Granthams Landing Well is sealed and the
uncontrolled artesian flow stops, or if abstraction from the aquifer significantly reduces the
artesian pressure and therefore reduces flow to the creek.

o Confirm whether there is any hydraulic connection between the aquifer and Soames Creek
(other than through the man-made connection at Granthams Landing Well). This would be
achieved by:
= Collecting flow data at various points along Soames Creek to develop flow accretion

profiles to help identify whether there are any groundwater discharges into the creek.
These accretion profiles should be conducted at various times during the year but
particularly during a period of low flow.

» Undertaking shallow intrusive ground investigation to confirm or exclude the presence of
the low permeability layer beneath Soames Creek downstream of the Granthams Landing
Well to the coast.

= It may be necessary to construct a hydrometric monitoring station to allow collection of
continuous creek flow throughout the year to better understand seasonal flows and how
this might have an effect on the aquatic habitat, particularly if the current artesian flow from
Granthams Landing Well is removed from the creek.
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o Undertake a habitat assessment of the creek. This will initially include reconnaissance work to
establish the reaches of the creek, collection of fish habitat data (e.g., channel size, gradient,
substrate, cover, riparian area properties, etc.) at representative sites within each potentially
affected reach, recording of any fish passage barriers, and fish sampling to determine
presence/absence.

The cost to complete the above tasks, including the Technical Assessment and submission of a
groundwater licence application is estimated to be $112,000 (with a 40% contingency included). The
schedule of the Technical Assessment must include high and low flow periods, so May through to
December, with reporting completed by end of February in the following year. With a review target
turnaround time of 140 days, the earliest a licence could be received would be June 2020, however
given their current backlog in processing similar applications it is more realistic to expect that that would
occur in 2021. We recommend allowing 1 year for scheduling purposes, i.e., the licence received
around March 2021.

Concurrent to completing the Technical Assessment, design and drill a pilot well along Elphinstone
Avenue at a location — potentially on the corner of Elphinstone Avenue and Fisher Road — where a
second production well could be constructed to help meet SCRD’s water demand shortfall. The
estimated cost to drill and test the pilot well is at a minimum $140,000, including drilling, testing,
hydrogeology consulting, and a 40% contingency. The testing should be completed in late summer,
with reporting following in fall 2019.

Once the groundwater abstraction licence has been received, complete detailed design and drill and
test a production well at the Church Road site. Use the information gained to develop plans to increase
the water supply through construction of a second production well, potentially sited at the corner of
Elphinstone Avenue and Fisher Road, next to the existing Granthams Landing Reservoir and the
proposed new water treatment plant.

Option A: The cost to construct a single production well (with well yield estimated at 25.7 L/s) at the
Church Road site with new chlorination water treatment plant at Granthams Reservoir and tie in to

Pressure Zone 3 distribution network at Chamberlin Road, is estimated to be $2.4M (includes 40%
contingency for construction works plus engineering and environmental consultancy fees).

Option B: The cost to construct two production wells (with a combined well yield estimated at 51.4 L/s)
with treatment facility and tie in at Granthams Reservoir and tie in to Pressure Zone 3 distribution
network at Chamberlin Road (with upgraded pipe size to accommodate a flow up to 47 L/s) is estimated
to be $3.1M (includes 40% contingency for construction works plus engineering and environmental
consultancy fees).

Consider further exploratory groundwater investigations in Shirley Macey Park, which is in Pressure
Zone 3, where the water demand is needed, to further help meet the supply gap of 175 L/s, and
because this is in any area owned by the SCRD, and a park area, excellent for source protection.
Initially, this would include drilling two new exploratory wells to confirm the presence and thickness of
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the aquifer and undertake pumping tests at both wells to determine aquifer characteristics, well yields
and well interference. Due to the depth of the water table (94 m), the cost to design, drill and test two
wells is estimated at $350,000.

5. Complete further investigation of the potential for a well at Mahan Road by conducting an aquifer
mapping study; ideally this would be in collaboration with the Town of Gibsons and the Provincial
Government. This study would help to delineate the extent of the aquifer and available water resources
that could be utilised by all parties. We understand the Provincial Government is working on aquifer
mapping; however, we recommend the SCRD to be an active partner in this mapping because of the
knowledge the SCRD has gained about the aquifers on the Coast from their various recent projects.

6. Approach Northern Divine Aquafarms Ltd. to discuss the feasibility of drilling an exploratory test well
within Northern Divine’s property near Gray Creek, where the aquifer is expected to be thicker and
provide a greater yield than that observed at the Gray Creek exploratory test well drilled during this
investigation. A production well or wellfield located at this location would help the SCRD meet their
water supply demand in this zone of their supply network.

7. Abandon consideration of the Dusty Road site as a new groundwater source as drilling demonstrated
that the aquifer here is unconfined sand and gravel with no low permeability (clay) layer protecting it
from contamination from the surface. This lack of a confining layer is important given the location, scale
and the potential risk of contamination posed by the adjacent quarry (oil spills and leaks from trucks and
machinery). The SCRD has other options to site a well that do not have this risk (e.g: Gray Creek is
also an unconfined aquifer setting, but is not surrounded by industrial use. Other areas within the SCRD
(e.g.: Mahan Road, Langdale, and Church Road wells are in a confined aquifer setting, allowing for the
protective cap).

56

\\s-ver-fs-01\projects\20188152\00_gw_inves_phase_2\environmental_sciences\04.00_environmental_assessments\task 8 final
report\r_scrd_gwinvestphase2_final_01142019.docx 6 9



REPORT

Closure

This report was prepared for the Sunshine Coast Regional District to summarise the drilling and testing of
four exploratory water supply wells to augment supply to the Chapman Creek water system.

The services provided by Associated Environmental Consultants inc. in the preparation of this report were
conducted in @ manner consistent with the level of skill ordinarily exercised by members of the profession
currently practicing under similar conditions. No other warranty expressed or implied is made.

Respectfully submitted,
Associated Environmental Consultants Inc.
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Project Details Location

Project Number: 2018-8152 Northing (m): 5487511
Client: SCRD Easting (m): 445385
Location: Gray Creek Elevation (m): ¢.26
Subsurface Profile Well Completion
Depth | Graphic Description Well Construction Details Depth
(m) Log (m)
0 oo g% Well Cap (Stickup | = ©
. |Gravel and boulders (GW), poorly sorted. Loose, 0.0 -
o brown, dry. (0 - 4m) 0 m) —
+= o — 4
= :“ " Fine to medium sand with trace gravel (SW), poorly :
3. _'_-"1_j»';"- sorted. Loose, brown, dry. (4.0 - 11.6 m) — 8
10— —
g — 12
BL -
15 7: + D'. « " :
2ot - Q. — 16
= Q,' .0~ 150 mm steel -
4 & | Sand and gravel with silt (SM), poorly sorted. casing —
20 ~3. . “L| Interbedded layers of finer and coarse material — 20
= O . - | throughout. Yellowish brown, loose, dry. (11.6 - —
R oL 30.5m) —
R .o - — 24
25 770.: T —
+ .0 —
B s - 8
S SLEN @ —
30 4" - -
4.: "%~ : { Fine sand with silt (SM), poorly sorted. Brown, loose I 32
e dry. (30.5 - 34.1m) —
35 1 """ Medium to coarse sand with gravel (SP), moderately —
= sorted. Brown, loose, Wet. (34.1 - 36.0 m) — 36
= Granite. Pink feldspar peices of mica. E
40 — 40
. — 44
45 —] [
: =
50 — I
] — 52
55 — -
- — 56
60 — 60
Lithology Legend Contractor: Drillwell
E Bedrock Sand @ Sand and Gravel Operator: Scott Burrows
- ravel Date of Construction: 18/ Sep /2018
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Project Details

Project Number: 2018-8152
Client: SCRD
Location: Dusty Road

WIN 54929

Location

Northing (m): 5482370
Easting (m):
Elevation (m): c.37

446211

Subsurface Profile

Well Completion

Depth | Graphic Description Well Construction Details Depth
(m) Log (m)
: = -2
0 = """ "IFine to medium sand (SW), well sorted. Pale yellow, Well Cap = 9
5 = OO loose, dry. (0.0 -2.44 m) = 5
E D - | Sand and gravel (GW), poorly sorted. Brown, loose, =
10 E CJ dry (2.44 - 15.24 m). ? 10
15 2l = 14
=-:.- .- |Fine to medium sand (SW), moderately sorted. Pale SHIPP
20 —= yellow, loose, dry. (15.2 - 18.28 m) =
SE  Fine gravel with coarse sand (GP), moderately = 22
25 —Fic e sorted. Brown, loose, dry. (18.3 - 22.9 m) = 26
=f::. 71| Medium to coarse sand (SP), well sorted. Brown, =
30 — .5.'.' e loose. wet (22.9 - 30.5 m) v = 30
35 o 7.+ 05 32.73'm btoc — 34
G 150 mm steel ~ —— 38
% ",3: i o casing ? 42
45 —= —— 46
50 o = 50
=Pl S
55 —| & | sand and gravel (GW), poorly sorted. Brown, loose, =
60 —HON wet (30.5 - 83.8 m). —— 58
S — 62
Y e —
% —=.ila —— 66
70 SO — 70
B e =
75— - 9 =
ERSo L - — 78
O adnds == K-Packer /= g
= — - 600 mm riser —
86 — Clay with trace sand (CL), well sorted. Blue, dense, . — 86
= moist (83.8 - 86.0m) Stainless steel =
90 —= : ' screen (143 mm  [[=_ gp
= ID 80-slot) =
95 —= (79.79-80.9m) ||=— 94
= Stainless steel —— 98
100 — screen (143mm =
= ID 100-slot) || =
105 = (80.9-82.22 m) ||[= 106
= Stainless steel =
110 BE screen (143mm = 110
115 —= ID 80-slot) — 114
120 % (82.22-83.5 m) =~ 118
Lithology Legend Contractor: Drillwell
Clay and Sand Sand E Sandand Gravel | Operator: Scott Burrows
n Gravel Date of Construction: 23/ Sep /2018
Associated
Environmental
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81




Project Details Location
Project Number: 2018-8152 W| N 54943 Northing (m): 5471991
Client: SCRD Easting (m): 461984
Location: Mahan Road Elevation (m): ¢.107
Subsurface Profile Well Completion
Depth | Graphic Description Well Construction Details Depth
(m) Log (m)
i — -2
0 S . i ‘ ‘ Well Cap (Stickup /—
2 & - - |Medium to coarse sand, silt and gravel (GM), poorly 0.5m) —
- ] sorted. Brown, loose, dry. (0.0 - 1.8 m) — 2
= Clay with gravel (GC), well sorted. Blueish grey, —
5 — dense, dry (1.8 - 6.0 m) —
= — 6

10 — — 10
- Medium to coarse sand and gravel (GW), poorly L
- sorted. Interbedded layers of sand and gravel within 14

15 — clay matrix. Brown, loose,dry. (6.0 - 21.0 m) —

- — 18

20 — —

E R — 22

25 % .'-D' O': i 26
e =
I e o —

30— — 30
E Q: . O:' :

. T —
9 lor -
e -
vt s Qe — 38

40 — Q::O" [
e Wi e 492
—RTEpnE :

45 — O o -
Tt el —— 46
-t _O’.‘ —

] = LR —

50 —p .09 — 50
—| e e [
e s O -
TEN —
IO — 54

55 I ,.D' . .'. [
il O 150 mm steel —

g (_3-. : O: casing } 58

60 —-OL- - :
= ;::. . .q.‘ [ 62

Lithology Legend gontratctor: gri"‘t’;"gl
perator: cott Burrows
Clay and Sand Sand E Sand and Gravel Date Of Construction: 26 / Sep / 2018
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Environmental
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Project Details

Project Number: 2018-8152

WIN 54943

Location
Northing (m): 5471991

Client: SCRD Easting (m): 461984
Location: Mahan Road Elevation (m): ¢.107
Subsurface Profile Well Completion
Depth | Graphic Description Well Construction Details Depth

(m) Log (m)
R — 62

65 —f = S
0 2lon -
= '.‘?'- ‘o Medium to coarse sand and gravel (SP), poorly L

70 — -é-:- » sorted. Interbedded layers of increasing and — 70
-f ~ O decreasing fines thorughout. Brown with olive grey —

Y= AN layers, loose, wet at 82 m (21.0 - 121.0 m). 7

75 —— 74
o -
B — 78

80 = Q::D:' [

R AR — 82
et e S v —

85 — T .0 84 m btoc -
BT oA —
E =N -
RSy —

90 —JEIEE — 90
ey . -
e =
- Slon — o4

95 - B o) L
TR —
1+ %lon — 98

100 —[SERES -
T Q. L
BNl ) = 102
105 — ST —
=i, — 106
=70 —
E - D'. : '.- —
110 —fes S —— 110
29 lon -
4- 0. . 2 O 0 —
115 {OC’ 1 K-Packer — 114
=70 600 mm riser =
B e Stainless steel ~ 118
TRyEses screen (1143 mm  ||—
120 —OSES ID 40-slot) (114.9 - [|—
= Stainless steel -
125 — Fine to medium sand with trace gravel (SP), well screen (143 mm — 126
Lithology Legend gontratctor: gri"‘t’;"gl
perator: cott Burrows
Clay and Sand Sand E Sand and Gravel Date of Construction: 26/ Sep /2018
Associated
Environmental
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Project Details

Project Number: 2018-8152 W| N 54943
Client: SCRD
Location: Mahan Road

Easting (m):

Location

Northing (m): 5471991

461984

Elevation (m): ¢.107

Subsurface Profile

Well Completion

Depth | Graphic Description Well Construction Details Depth
(m) Log (m)
= sorted. Brown, loose, wet (121.0 - 131.0m) ID 50-slot) (117.3 - 126
g ----- 118.8 m)
130 — L__EndCap | 130
135 —
Lithology Legend gontratctor: gri"‘t’;"gl
perator: cott Burrows
Clay and Sand Sand E Sand and Gravel Date Of Construction: 26 / Sep / 2018
Associated
Environmental
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Project Details

Location

Project Number: 2018-8152 Northing (m): 5473607
Client: SCRD Easting (m): 464129
Location: Church Road Elevation (m): ¢.39
Subsurface Profile Well Completion
Depth | Graphic Description Well Construction Details Depth
(m) Log (m)
| — Well Cap (Stickup =
. Q Lo 0.6 m) —
By 4
5 el . -
q .- 0 Medium to coarse sand and gravel (GW), poorly —
J. .. < sorted. Interbedded layers of well sorted sand. B
Foe, - 9 Brown, loose, moist. (0-14.9 m) — 9
10 — Q _' O —
B Py —
T s 9 —
15 FOlar v 4
4.1+ "IMedium to fine sand (SM), well sorted. Brown, loose, 15.06 m btoc -
- | moist. (14.9 -16.46 m) —
3 Fine to coarse sand and gravel with silt and clay 19
20 — (GC) (Till), poorly sorted. Brown, moderately dense, 150 mm steel L
G dry. (16.46 - 18.29 m) casing -
3.-".-7. 21 Clay with silt and trace gravel (GC), poorly sorted. / N
= PR Dark grey, dense, wet (18.29-21.30 m). 24
25 —J &5 - .| Medium to coarse sand (SP), well sorted. Brown, / —
Bl loose, wet (21.30 - 24.38 m). —
Jaaia s N
] O st 29
0 3% o Interbedded fine to coarse sand and gravel B
3.0 | (GW-SW), poorly sorted. Brownish grey, loose, wet |
- Q- (35USgpm+) (24.38 - 39.0 m). —
Joi — 34
J- 0% =
= R -
e : . 39
40 —: -~ |Medium to fine sand, well sorted (SP). Brown, loose, -
E wet. (39.0 - 41.15 m) -
1 O | Coarse sand and gravel with large boulders (GP), 7 £ K-Packer B
4.6 |poorly sorted, brown, loose, wet (50 USgpm+) (41.15 600mm riser — 44
45 —LEEas - 47.24 m). Stainless steel |
Ay screen (143 mm  [—
m ID 100-slot) 49
50 —{riieseity (42.9-46.17m) ||
i Pttty . . End Cap —
. Fine to medium sand, well sorted (SM). Brown, —
Fhine e loose, wet (47.24 - 57.9 m) o 54
55 —f i =
= Sand, 