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Object of the Trust

To preserve and protect the Trust Area and its unique
amenities and environment for the benefit of the
residents of the Trust Area and of British Columbia in
cooperation with municipalities, regional districts,
improvement districts, First Nations, other persons and
organizations and the government of British Columbia.
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Islands Trust

Groundwater: Our Shared Responsibility
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Freshwater Sustainability Strategy Purpose

Freshwater
sustainability is a key
lens through which
Islands Trust land use
decisions are made

Groundwater: Our Shared Responsibility



ater Sustainability Strategy Purpose

Freshw

Islands Trust continues to support
research, advocate for water
literacy, and provide open public
access to knowledge about
freshwater

Groundwater: Our Shared Responsibility



Groundwater and the Islands

Groundwaterisa unique
amenity in the Islands Trust Area

All groundwater comes from meteoric water.
Rain, snow, and fog provide all essential freshwater for island life.

Groundwater: Our Shared Responsibility



Groundwater Sustainability Science Program

Groundwater Sustainability

Planning Program (GWSS)

GWSS 1 Improve data management to inform decision making

GWSS 2 Develop a coordinated long-term water monitoring program

GWSS 3 Continue groundwater data and information inventory

GWSS 4 Continue groundwater recharge potential mapping

GWSS 5 Continue groundwater availability assessments

GWSS 6 Establish groundwater regions as a focus for land use planning for all Islands

GWSS 7 Integrate water availability and vulnerability information into land use policies and regulations

GWSS 8 Implement appropriate planning and regulatory tools to protect vulnerable aquifers and sensitive
aquatic ecosystems

GWSS 9 Improve the availability of water-related information to support development application reviews

GWSS 10 Customize water supply requirements for new development to local circumstances

Groundwater: Our Shared Responsibility



GROUNDWATER SUSTAINABILITY SCIENCE PROGRAM

Islands Trust Area Aquifer Conceptualization Project

Islands Trust




Aquifer Conceptualization

What is an
Aquifer?

A subterranean geological unit
that can store and transmit
water in useful quantities for
domestic, industrial, and
ecological use.

Groundwater: Our Shared Responsibility



Aquifer Conceptualization

Unique Geology?

Island aquifers are unique since
they are considered as a
catchment basin rather than an
extensive layered geological
stack

Groundwater: Our Shared Responsibility



Aquifer Conceptualization

An Island
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Aquifer Conceptualization

A Geology (ITC, 2020, and others) [__] N (Northumberland Fm.) [ Ex (Extension Fm.)

[ ] Quaternary (Overburden) [ Dc (DeCourcy Fm.) [] Ha (Haslam Fm.)

[ ] Ga (Gabriola Fm.) [ ] Cd (Cedar District Fm.) [_] Co (Comox Fm.)

[1Sp (Spray Fm.) [ Pr (Protection Fm.) [ Dg (Saltspring Intrusives)
I Ge (Geoffrey Fm.) 1 Pe (Pender Fm.)

Galiano Island

One Aquifer,
One Island.

Example:

Galiano Island is mapped as one
aquifer (AQ 320) although it contains
several geological formations

Groundwater: Our Shared Responsibility
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Aquifer Conceptualization

Map 1 A

e Aquifer 739 Wells
Aquifer 739 - Saturated Quadra
Net Thickness (m)
B <=5
[15-10
10-15
B 15-20
B > 20

Map 2

® Aquifer 739 Wells
=== Aquifer 739 Groundwater Elevation
[ Aquifer 739 extent

A (southwest)

Little George Creek

Quadra Sediments (unsétu-ratéd'). -

Groundwater
Level
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Groundwater: Our Shared Responsibility

Example:
Denman Is.

Unconsolidated
Aquifer AQ 739

Bedrock Aquifer
AQ 740




Aquifer Conceptualization

+ 100

Summer

Little George Creek ST
Quadra Sediments (unsaturated)

Groundwater
Level

Sea Level

Little George Creek
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Aquifer Conceptualization

Q. BriTISH

COLUMBIA

Denman and Hornby Islands

Mapped Aquifers & Hydraulic Connectivity to S u rfa c e Wa t e r

Surface Water

i1 Aquifer 739 (sand & gravel) Extent a n d

{1 Mapped Aquifers
Bedrock Potential Hydraulic Connection

o groundwater

+  Stream Gaining
Bedrock Potential Hydraulic Connection
Il Stream Losing
Il Not connected
[ Stream Gaining

Potential hydraulic
connectivity of
aquifers to streams

lllllllllllllllllllllllllllllllll

Used for Water
Authorizations

Groundwater: Our Shared Responsibility



Aquifer Conceptualization
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Aquifer Conceptualization
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Aquifer Conceptualization

What is a Well?

Provides homeowners,
municipalities, industry, and
agricultural access to water

stored underground

Groundwater: Our Shared Responsibility



Aquifer Conceptualization

ground surface
A\ ) " -y
Backfill materials )

(max. length 0.3m)

g Drilled Wells

Weathered
bedrock

Surface seal I

Production
casing
(min 1 minto .

competent
bedrock)

Competent
bedrock

.
¥ohr

https://hydrogeo-logic.com/blog/domestic-groundwater-use-in-bc/

This is an example of -
one type of well.

Groundwater: Our Shared Responsibility



Aquifer Conceptualization

https://www.groundwatergovernance.org/the-age-of-a-water-well

2

s Best Practices for D

ADUGWELL IS NOTTYPICALLY RECOMMENDED;
however, in some instances a dug well can provide

water where it is limited and a shallow aquifer is the only
source. The purpose of this brochure is to provide home
owners and contractors with best practices for dug water
supply wells.

WHAT IS A DUG WELL?

Dug (or excavated) wells are
shallow, typically less than 15 m
(50 ft) deep and 1 m (3 1) wide
(see Figure 1). They are relatively
inexpensive to construct as
they are commonly dug using
excavators, backhoes or power
shovels. Unfortunately, the
shallow depth of a dug well
makes them vulnerable to
contamination and susceptible
to lowered water levels from drought, neighbouring
well interference, and local changes in drainage.

FIGURE 1 A typical Dug Well

HOW DO I CHOOSE ICATION FOR MY

DUG WELL?

To minimize water quality and quantity impacts, dug

wells should be at least 3 m {10 ft) deep and sited away
from surface water scurces. Surface water can carry
contaminants from the land surface into your weil and the
aquifer. Check with your lacal government about setbacks
for construction of wells near streams, lakes and wetlands.

A new water supply well needs to be at least 15 m (50 ft)
from an existing water supply well, unless the same
person owns toth wells and only one new well will be
constructed, or if the existing well is not in use/intended
for use in the future. The Health Hazards Regulation
requires wells to be sited away from possible sources

of contamination; at least & m (20 ft) from the nearest
building, 30 m (100 ft) from any probable source of

contamination {e.q., septic tank or drain field, storage of
chemicals including paints and pesticides, animal manure,
parked cars, etc), and 120 m (400 ft) from a cemetery or
dumping ground (e.g, landfill) (see Figure 2).

FIGURE 2 Regulated setbacks from potential contamination sources

HOW DO | PROPERLY CONST TADUGWELL

Anyone can construct a dug well less than 15 m {50 ft)
deep; any deeper requires a registered well drifler.
However, the person constructing the well must be
familiar with and follow the construction standards in
the Groundwater Protection Regulation (see Figure 3):

Well ID plate Secure well cover

Backfill material

FIGURE 3 Properly constructed dug well

Groundwater: Our Shared Responsibility

Dug Wells



Aquifer Conceptualization

WELL LOCATION

Shoreline
Saltwater

Groundwater Protection Regulation

R

THE BC GROUND WATER ASSOCIATION

Groundwater: Our Shared Responsibility




Aquifer Conceptualization

BRITIS c
A B Groundwater Wells and Aquifers

arch | Registry Search | Groundwater Information

Please note, well registration and groundwater use licensing are different. Your well has been registered if you can locate it using this tool. Non-domestic groundwater use requires a water licence. Contact FrontCounter BC at 1-
877-855-3222.

Dear GWELLS Users, due to some upgrades in our login and authentication, approximately 1% of BCelD users may find they cannot access their account. If you are having trouble accessing your GWELLS Account, please contact
GWELI Saqgov.be.ca for support.

Well Search

Not all groundwater wells are registered with the province, as registration was voluntary until February 29, 2016. Data quality issues may impact search results.

Search by one of the fields below, or zoom to a location on the map.

Basic Search Advanced Search +

Search by well tag or ID plate number, street address, city or owner name 9

Well Search

Download all wells

* Well extract (XLSX) (48 MB) - February 12, 2024
» Well extract (ZIF, C5V) (18 MB) - February 12, 2024

For additional search options, try:

» B.C.Water Resource Atlas
* iMapBC

Legend
» Wells — all

» Wells - artesian

® Wells - aquifer
parameters

MapBox | Government of British Columbia, DataBC, GeoBG

Groundwater: Our Shared Responsibility




Aquifer Conceptualization

Well Summary

Well Tag Number: 94041
Well Identification Plate Number: 14324

Owner Name: HORNBY ISLAND RESIDENTS’ AND RATEPAYERS'

ASSOCIATION

Intended Water Use: Water Supply System
Artesian Condition: No

Sections

Location Information

Well Activity

Well Work Dates

Well Completion Data and Artesian Flow
Lithology

Licensing Information

Licensed Status: Licensed

Location Information

Street Address: SOLLANS ROAD
Town/City: HORNBY ISLAND

Legal Description:
Lot
Plan
District Lot
Block
Section n
Township
Range
Land District 32

Property Identification Description (PID)

Description of Well Location: THAT PART OF SECTION 17, HORNBY ISLAND, FORMERLY
SURVEYED AS BLOCK F, NORTHWEST 1/4 OF SECTION 11, NANAIMO DISTRICT, CROWN LAND,

LEASED UNDER THE LAND ACT

Well Status: New
Well Class: Water Supply
Well Subclass: Not Applicable

Aquifer Number: 438
Technical Report: N/A

Casing Details

Aquifer Parameters

Surface Seal and Backfill Details
Liner Details

Screen Details

Licence Number: 501661

For best print resuits, use the Chrome browser Q.

Observation Well Number:
Observation Well Status:
Environmental Monitoring System (EMS) ID:

Alternative specs submitted: No
Drinking Water Area Indicator: No

Well Development
Well Yield

Well Decommissioning
Comments

Disclaimer

200m

500

MapEox | Government of British Columbia, DataBC, GeoBC

Geographic Coordinates - North American Datum of 1983 (NAD 83)

Latitude: 49.53804
UTM Easting: 379526

Zone: 10

Longitude: -124.66516
UTM Northing: 5488602
Coordinate Acquisition Code: (10 m accuracy)

Groundwater: Our Shared Responsibility
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Wt supply wells: ndicata insended wates use: (] perate domestc () wator supgply system [ imgason [ commencialor industril (7] other (specty)
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e
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o % Suace
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o 1 & Srecc a8 —
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Aquifer Conceptualization

Well Records

The Islands Trust Area has high domestic
well density compared to other regions in
the province.

Using machine learning from over 20,000
o groundwater well records valuable data

Well Density

(vl was collated into this project.

0-5
5-15
15-30
30 - 50
> 50

Groundwater: Our Shared Responsibility



Aquifer Conceptualization

"
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Well Records

Well record data includes
Important information.

Can be used to predict
groundwater resources or

identify water quality issues

Groundwater: Our Shared Responsibility



Well
Monitoring




Aquifer Conceptualization

18

g 20

: Provincial
g " Groundwater
3 Observation Wells
g Network
§ 26

no:: Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct
—— Approved Data —— Raw Data —— Historical Daily Median Range of Min & Max (Feb 20, 2014 - Sep 30, 2018)
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Fulford Harbour Tidal Predictions
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Aquifer Conceptualization

Three-dimensional Hydrogeological Model Viewer Demonstration
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GROUNDWATER SUSTAINABILITY SCIENCE PROGRAM

Islands Trust Area Groundwater Recharge Mapping Project

Islands Trust




Groundwater Recharge Mapping

What is
Recharge?

Groundwater: Our Shared Responsibility



Groundwater Recharge Mapping

Groundwater Vegetation Precipitation ‘[
Recharge Reception
Potential Canopy Closure

LiDAR_DEM

Flow Direction

Forest Cover Type

Herb Storage Capacity ‘

Land cover for non vegetated

Flow Accumulation

areas

- At
I I ‘.'}‘
o b

(o i

Bedrock Geology

Developed Areas (Road, House) Structural Geology

Exposed Land/ Exposed Rock B L'DAR- Hillshade

Previous Study
Lineament/Faults (NRCan)

Slope Water Retention Precipitation/Net
Coefficient Potential Coefficient precipitation Coefficient
(Slope-Coeff) (WRP-Coeff) (Precip-Coeff)

Wetness Coefficient
(LW-Coeff)

Preferential Recharge and M a p pi n g
Discharge Area Coefficient
Groundwater MchOdOlogy

(PRA-Coeff)
Recharge Potential
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Groundwater Recharge Mapping

Groundwater
Ecology?

Ecosystem role in
groundwater recharge is
paramount

P, Testemale 2022

Groundwater: Our Shared Responsibility



Groundwater Recharge Mapping

Groundwater
Ecology?

Healthy forests absorb
water

P. Testemale 2022

Groundwater: Our Shared Responsibility



Groundwater Recharge Mapping

L3

» Mayne Island
B

A

Water Retention Potential Coefficient (WRP_Coeff)
Il 0.10
.1 020
0.25 0 1 2 km
Bl 0.28 I 2000

Water retention
areas

To runoff
or to not runoff
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Groundwater Recharge Mapping

Slope Coefficient (Slope_Coeff)
Il 0.03
7 0.06
0.10
Bl 0.15
Il 0.18
Il 0.20

2 km

Slope and
Recharge

Steep areas do not
promote recharge

Groundwater: Our Shared Responsibility



Groundwater Recharge Mapping

A

Discharge
areas

Not all areas
recharge
groundwater

Mayne Island

Classification for Probability of Discharge
(1 Very low

[CJLow

[ Low to medium

] M'edlum o : i
B High
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Groundwater Recharge Mapping

A

Discharge &
Recharge
Relationship

Mayne Island
Preferential Recharge and Discharge Area Coefficient
o1
[Jos
[ Joz
0.9
| 0 1 2 km
i
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Groundwater Recharge Mapping

A

Raw recharge
potential data

GW Recharge Potential
Values

[Jo-0.10
B 0.10-0.30
B 0.30-0.55
B 0.55-0.65
B 0650385
Il 0.85-1

Groundwater: Our Shared Responsibility



Groundwater Recharge Mapping

Examples of using raw recharge
potential mapping data

Raw GW Recharge Potential Data
Decimal Potential

l 0.86

1 0.039

0 1 2 3 4 5 6km
N I .

Groundwater: Our Shared Responsibility



Groundwater Recharge Mapping

&,
— \

o ©SERHIN E{UAKE]

-

« GW Wells

Recharge Potential Mapning
Moderate Recharge
High Recharge
Very High Recharge

Groundwater: Our Shared Responsibility

« GW Wells

Moderate Recharge
High Recharge
Very High Recharge

Classified
Recharge
Potential

Data

43



Groundwater Recharge Mapping

Classification : Classification Statistics f
Method: Standard Deviation bt Count: 144709
Casses: & Interval Size: 1 StdDev v Minimum: 0.034
i J Maximum: 0.92
Data Exclusion _ Sum: 56878.759102
Exdusion ... Sampling ... Mean: 0.393056
- Standard Deviation: 0.125599
= =2 o o .| Critical Aquifer Recharge A
w8 8 & 8 3 T e % ritica quirer recnarge Areas
@ - ! 9 - @ 0.079059
a 8 g I s & ° 0.204658
3000+ I 0.330257 - RECLASSIFY RECHARGE POTENTIAL RASTER TO CRITICAL AQUIFER RECHARGE AREAS POLYGONS
0.455856
I 0.581454
6000+ | 0.92
! GW RECHARGE RASTER STATISTICAL ANALYSIS
| DISTRIBUTION HISTOGRAM
4000+ i
20004 I
! < > o
!

T III VERY LOW LOW MODERATE HIGH VERY HIGH
E’Z (-2 Sind Dew) {-1 Stnd Dev) (Average Mean)|  |+1Stnd Dev)| (=2 Stnd Dew)
Very High \ /

CLASSIFIED
OMITTED CRITICAL ADUIFER
RECHARGE AREAS
F
CONVERT TO POLYGON

F
MULTIPLE RING BUFFER
DISSOLVE BOUNDARIES
(SMOOTHING FACTOR)
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Groundwater Recharge Mapping

DEVELOPMENT PERMIT AREA

5 HECTARES CRITICAL AQUIFER RECHARGE AREA
PER PARCEL

9
GALIANO GROUNDWATER RECHARGE PROTECTION ‘

How much Critical Aquifer Recharge Area
Per Lot Parcel?

Percentage of Total Critical
Aquifer Recharge Area

Area per Parcel Option Protected
(Hectares) (%)

o . Total Critical Aquifer
Critical Aquifer Recharge Parcels affected Recharge Area Protected

2-hectare . 18 | 209 87%
5-hectare 95 1832 76%
10-hectare 62 1591 66%
20-hectare 36 1240 51%

[l 5 HECTARE OPTION
Galiano Parcels

[ Park/Crown Omitted Parcels
Critical Aquifer Recharge Areas

Groundwater: Our Shared Responsibility



Groundwater Recharge Mapping

10-Hectare Option

DEVELOPMENT PERMIT AREA

2 HECTARES CRITICAL AQUIFER RECHARGE AREA
PER PARCEL

GALIANO GROUNDWATER RECHARGE PROTECTION ‘

DEVELOPMENT PERMIT AREA

10 HECTARES CRITICAL AQUIFER RECHARGE AREA
PER PARCEL

GALIANO GROUNDWATER RECHARGE PROTECTION i

[ 2 HECTARE OPTION
Galiano Parcels

[C] Park/Crown Omitted Parcels
Critical Aquifer Recharge Areas

[ 10 HECTARE OPTION
Galiano Parcels

[C] Park/Crown Omitted Parcels
Critical Aquifer Recharge Areas

0 1 2 3 4 5 km 0 1 2 3 4 5 km




Groundwater Recharge Mapping

Ladysmi

>

obensm&b‘

© 2020 Mapbox ©

Regional Groundwater

Annual flow volume report for North Galiano_Spanish Hills

e T R Availability Studies
Precipitation Evapotranspiration Recharge Groundwater Usage Surface Water Usage f d t o N
or determining

20001 Island Water Balance

1500-

1000~

Flow Volumes (dm3)

500- Surplus
965

Water Usage

58 Water Usage

0
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Islands Trust Area Risk of Seawater Intrusion

Islands Trust




Risk of Seawater Intrusion in Wells

What is seawater intrusion?

— - Land surface
< Wateraable I T

Sea level

Groundwater: Our Shared Responsibility



Risk of Seawater Intrusion in Wells

Land surface

Water table _

Subsurface
Freshwater- Seawater
Interface

Freshwater

H AL P e ‘/f ! = : f r oy
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‘\ {’:&L'g 34 {51 -1 . ad o
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A LAy I L
Ry AT ST AL T
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Barlow, P.M. (2003) Occurrence and Flow of Freshwater and Saltwater in Coastal Aquifers. In: Barlow, P.M., Ed., Ground Water in
Freshwater-Saltwater Environments of the Atlantic Coast, U.S. Geological Survey, Reston, Chapter 1. https://doi.org/10.3133/cir1262
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Risk of Seawater Intrusion in Wells

Fractured Seawater intrusion?

dEy g

P T “-‘[A
& Testema|e 2022
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Risk of Seawater Intrusion in Wells

a Q

I~ (o] l
o
Se
S
Sa
[

o '
+—>
Saltwater intrusion

b Saltwater inundation
B U PR R Ah,-SLR
I ¥ Sea-level rise (SLR) e
'///////////Ila. s“‘u,‘

“«—>
Saltwater intrusion

Can seawater
intrusion risk be
influenced by sea
level rise?

Ferguson, G., Gleeson, T. Vulnerability of coastal aquifers
to groundwater use and climate change.
Nature Climate Change 2, 342-345 (2012).

Groundwater: Our Shared Responsibility



Risk of Seawater Intrusion in Wells

No. 2021-06

GIS Modelling of Sea
Columbia’s Coast

Tim Sivak and Mike Wei

May 2021

Water Intrusion Risk along British

BRITISH Consuitants in Mydroged
COLUMBIA

western water M
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Best Practices
for Prevention
of Saltwater

Intrusion

What is saltwater intrusion and

why is it a concern?

Saltwater intrusion occurs when saline (salty) water is drawn
Into a freshwater aquifer. Saltwater intrusion can affect

one well, or multiple wells in an aquifer, making the water
unpotable (unpleasant te drink). Pecple with hypertension
should not drink greundwater with a high salt content

The health of plants and fertility of soil can be negatively
impacted if irrigated with saline groundwater. Once
saltwater intrusion occurs, the changes in the aquifer may be
permanent or may take many years to recover.

hat causes saltwater intrusi

Saltwater Intrusion can occur due to either natural processes
or human activities. In aquifers adjacent to the coast and on
islands like the Gulf Islands, freshwater floats as a lens above
the saltwater, forming a wedage that extends inland from the
shoreline (see Fig. i). Salinity typically increases gradually at
the base of the freshwater lens, but in fractured rock aquifers
a single fracture can deliver saltwater to a well Fig. 3). The

thickness and depth of the freshwater lens can vary seasonally,
or over a longer term due to changes in the amount of
precipitation and recharge occurring. Well pumping can also
alter the location {depth or distance inland) of the saltwater
freshwater transition zone (Fig. 2)

While intermixing of freshwater and seawater is one of

the main causes of saltwater intrusion in coastal B.C.,
groundwater within deeper aquifers may also be salty due
to geologic processes and interactions between racks and
water over a long time period {e.q. millennia). If a well draws
water from one of these deeper aquifers, it can cause saline
water to migrate or mix with fresher groundwater in shallow
aquifers, Isolated areas of saltwater have also been found at
relatively shallow depths e.g.< 50 m in some areas such as
Saanich, Mayne Island, Saltspring Island and near Parksville

at areas are at highest risk?

Areas at highest risk of saltwater intrusion Include locations:

»  (Close to the coast;
»  Where there is a low to moderate slope;

»  On peninsulas or in areas with a limited scurce area for
groundwater recharge;

»  Where there is a high density of wells;

»  Where there are high rates of pumping from a single well
or from multiple wells In a coastal area;

»  Where the static (non-pumping) groundwater level is at
or below sea level.

Well Sitting

Well Depth

Well Alteration

Well Monitoring
Decommissioning wells
Reduce Use

Reduce Pump Depth
Low Rate Pumping
Increase Storage
Prevent Leaks
Discontinue Use
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THANKYOU

Question and Answer Session

Contact:
William Shulba, P.Geo.
Senior Freshwater Specialist

|S,a n ds Tru St freshwater@islandstrust.bc.ca
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Questions and Answers

Does groundwater
come from

Mount Baker?
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Questions and Answers

I salt-contaminated well

before boundary after
pumping pumping

Strait of
Georgia

boundary before
pumping
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