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1.0 INTRODUCTION 

1.1 Background 

Deep Bay Improvement District (DBID) is looking to obtain source water approval from Island 

Health for resuming operation of their Water Supply Well #1 (Well 1) located at 5031 Mountainview 

Road in Bowser, BC (the Site; Figure1). Well 1 is currently inactive, unlicensed, and not connected 

to a treatment system. The DBID would like to connect Well 1 to their community water supply 

system, which provides domestic potable water to the residents of Deep Bay. 

 

In 2016, Well 1 was included in the Aquifer and Well Protection Plan for the Deep Bay Improvement 

District (the Well Protection Plan; PEG, 2016), which included a Stage 1 Hazard and Screening 

Assessment for each of the DBID wells in accordance with the Guidance Document for Determining 

Groundwater at Risk of Containing Pathogens (GARP) Version 2 (BC Ministry of Health [MoH], 

2015). The Well Protection Plan and associated screening assessment identified an onsite septic 

system within 20 metres (m) of Well 1, which was not in compliance with the BC MoH Health 

Hazard Regulation (BC MoH, 2020) that requires a 30 m minimum offset distance from a water 

supply well. Well 1 was considered at low risk of GARP as the septic system was downgradient of 

the well, outside the calculated capture zone, and the water quality complied with drinking water 

health protection guidelines (Payne Engineering Geology [PEG], 2016). However, it was 

recommended that Well 1 not be used as a water supply well until the existing septic system was 

replaced with a new system that conformed to the applicable setback criteria. 

 

To approve the resumed operation of Well 1, Island Health’s Environmental Health Officer (EHO; 

previously Elizabeth Thompson, now Shuja Awan) requested that a qualified professional 

hydrogeologist registered in the Province of BC complete an updated Stage 1 Hazard Screening 

and Assessment in accordance with the latest Guidance Document for Determining GARP Version 

3 (GARP Guidance Document; BC MoH, 2017). The EHO documented this requirement as a 

condition for approval in a letter of conditions sent to DBID in December 2020 (included in 

Appendix A). Other action items included on the letter included weekly testing of raw water for 

bacteriological parameters, a full potability analysis as per Island Health’s guidelines, and proof of 

proper offset distances to a new onsite septic system. 

 

DBID retained a Waterline Resources Inc. (Waterline) to complete the updated GARP Stage 1 

screening level assessment. 

 

1.2 Objective and Scope of Work 

DBID has requested that Waterline conduct a GARP Stage 1 screening level assessment to satisfy 

the requirement of the EHO for source water approval. To help meet this objective, Waterline 

completed the following tasks: 
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• Reviewed all publicly available data for the Site to conceptualize the hydrogeological regime 

and risk to groundwater for comparison with the wellhead protection plan developed by PEG 

(2016); 

• Reviewed and compiled relevant Client specific data, including groundwater quality data, 

sewerage system records, driller logs, well inspection report, and site photographs; and, 

• Completed a hydrogeological assessment to determine if groundwater at Well 1 is at “risk”, 

providing all methods, observations, findings, conclusions, and recommendations, as required. 

 

1.3 Groundwater at Risk of Containing Pathogens - Regulatory Considerations 

Surface water contaminants such as pathogenic bacteria can be of concern to a community water 

supply, particularly when aquifers are found to be in direct hydraulic communication with the ground 

surface. The GARP Guidance Document identifies four main hazard categories to be considered 

in the assessment that, if present, could increase the risk to groundwater. Within the categories, 

there are 13 equally weighted hazards that require consideration when determining whether the 

water supply is at risk of containing pathogens. 

 

The GARP Guidance Document states that if none of the indicated hazards are identified during 

the Stage 1 screening level assessment, the water source is “at low risk” of containing pathogens. 

If one or more of the hazards are present, further assessment is needed. 

 

In addition to the GARP Guidance Document, the Engineers, and Geoscientists British Columbia 

(EGBC) Professional Practice Guidelines for the Assessment of Groundwater at Risk of Containing 

Pathogens (GARP), Version 1 (EGBC, 2019) outlines the appropriate standard of practice to be 

followed during the assessment, including the responsibilities of the DBID, professional of record, 

and the approving authority. 

 

The Drinking Water Protection Regulation (DWPR) Section 5(2) (BC Government, 2003) indicates 

water from a drinking water supply system must be disinfected by a water supplier if the water 

originates from groundwater, that in the opinion of the drinking water officer, is at a risk of containing 

pathogens. 

 

2.0 METHODOLOGY 

Waterline used its proprietary Environmental Web Services (EWS) geodatabase system to obtain 

local data to support the preliminary hydrogeological assessment. EWS integrates publicly 

available data including geological, hydrogeological, and hydrological information, among 

additional datasets, using a Geographic Information Systems (GIS) platform. EWS provides a 

visual presentation of the searched data relative to the Site and surrounding areas. This allows for 

the rapid characterization of the local hydrogeological setting and determination of the potential 

risk to Well 1. 
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The EWS Hydrachem database was also utilized to compile historical groundwater chemistry data 

sampled from Well 1, which was provided by DBID. Waterline generated relevant groundwater 

chemistry trends charts, plots, and data tables to assess changes to groundwater quality with time. 

 

3.0 SETTING 

3.1 Physiography 

The Site is situated on the east coast of Vancouver Island, approximately 2.5 km northwest of 

Bowser, BC (Figure 1). The regional topography generally slopes northeast, towards the ocean. 

Topography at the Site also slopes to the northeast, with topography ranging from 66 to 51 metres 

above sea level (masl). Surface water drainage follows topography, with surface water flow to the 

northeast. There is a wetland found 280 m south (upgradient) of Well 1. There are no other mapped 

surface water bodies within 500 m of the well. 

 

3.2 Site Description 

Well 1 is located near the intersection of Mountain View Road and Gainsberg Road, on the north 

side of Highway 19A (Figure 2). Well 1 is approximately 15 m southeast (upslope) of the DBID 

office building and Fire Halll as seen in Photograph B1 (see Appendix B). Well 1 is housed in a 

well pit constructed below ground level (Photograph B1 to B4). The ground elevation at Well 1 is 

60.1 masl. The well is currently isolated from the water distribution system but is still 

capped/covered and connected to the DBID monitoring system (Photograph B4). 

 

The former onsite septic system, which serviced the DBID office building and the adjacent Fire 

Hall, was removed in 2019 (Don Buchner, pers. comm., August 4, 2023). The septic tank was 

pumped out and removed. The piping was dug out and recycled. The soil within the septic field 

was excavated and blended into the foundation of the new Fire Hall. 

 

A new septic system was installed to service the office building and the Fire Hall (see site plan in 

Appendix C). The new septic tanks are located approximately 45 m north (downslope) of Well 1 

and connected to the building with new piping. The septic field is located approximately 90 m north 

of Well 1. All infrastructure for the new septic system is downslope of Well 1 and meets the 30 m 

setback criteria (BC MoH, 2020). The record of sewerage system filed with Island Health by the 

Registered Onsite Wastewater Practitioner (ROWP), including the system design, layout, and 

onsite investigations (test pitting) is included in Appendix C. 

 

3.3 Surficial and Bedrock Geology 

The unconsolidated and bedrock geology on the east coast of Vancouver Island has been 

extensively mapped. Regionally, the unconsolidated deposits consist of post-glacial marine and 

fluvial sediments overlying successive intervals of unconsolidated, glacial material (Russell et 

al, 2016). The unconsolidated sediments are underlain by Upper Cretaceous sedimentary bedrock 

of the Nanaimo Group (Russell et al, 2016). The regional stratigraphic sequence from youngest to 

oldest (i.e., in descending order) includes: 
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• Capilano sediments consisting of two complexes: 

o Stratified glaciofluvial outwash and deltaic sands and gravels; and 

o Lower complex of late marine and glacio-marine sediments of stoney, till-like 

clay. The basal complex is likely an extension of the underlying Vashon Till. 

• Vashon Till consisting of massive to stratified sandy diamictons with poorly sorted 

pebbles to boulders, cemented in a fine clay to sand size matrix, originating as 

ice-proximal morainal to surface tills; 

• Quadra Sand consisting of pro-glacial, homogenous, stratified, and cross-stratified 

sand with minor gravel and silt (lower sections contain organic-rich lenses); 

• Dashwood Drift consisting of cobbles and gravel underlain by glaciomarine silts and 

stoney clay; and 

• Nanaimo Group consisting of boulder, cobble and pebble conglomerate, coarse to fine 

sandstone, siltstone, shale and coal. 

 

A conceptual geological cross-section of the region is included in the Well Protection Plan (PEG, 

2016).Well 1 is screened across fine-grained sand from 11.0-15.8 metres below ground level. Well 

construction details are summarized in Table 1. 

 

Table 1: Well 1 Construction Details 

Well Name Water Supply Well #1 

Well Tag Number 28807 

Well Identification Number (WID) 13731 

Well Completion Date 1973-09-05 

Latitude 49.4507 

Longitude -124.7118 

Groundwater Elevation (masl) 57.6 

Well Casing Diameter (mm) 203 

Casing Stick-Up (m) 0.59 

Total Depth Drilled (mbgl) 25.0 

Well Depth (mbgl) 15.8 

Top of Screen Depth (mbgl) 11.0 

Top of Screen Elevation (masl) 49.1 

Bottom of Screen Depth (mbgl) 15.8 

Bottom of Screen Elevation (masl)  44.3 

Screen Length (m) 4.8 

Notes: mbgl is metres below ground level; mbtoc indicates metres below top of casing; masl indicates metres below sea level. 
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3.4 Hydrogeology 

3.4.1 Unconsolidated Aquifer 

Based on regional mapping, the Site is underlain by provincially mapped Aquifer 416 (BC Ministry 

of Environment Protection and Sustainability [BC ENV], 2023; Figure 3), also referred to as the 

Quadra Sand Aquifer. A summary of the aquifer description is provided in Table 2. 

Table 2: Aquifer 416 Description 

Aquifer Name Aquifer 416 (Thames River to Mapleguard Point) 

Aquifer Type/Material Confined Quadra Sediments (Sand and Gravel) 

Aquifer Area (km2) 13.7 

Aquifer Vulnerability Moderate 

Aquifer Productivity High 

Median Depth to Groundwater (mbgl) 5.5 

Median Well Completion Depth (mbgl) 21.3 

Median Well Yield Estimate (m3/day) 109 

Aquifer Use Domestic, water works, commercial, industrial and irrigation 

Comments 
There are 60 wells associated with the aquifer, including the 

DBID water supply wells 

Notes: mbgl is metres below ground level; m3/day is cubic metres per day 

 

The Well Protection Plan (PEG, 2016) indicates the Vashon Till is discontinuous in the Deep Bay 

area, and there are parts of Aquifer 416 that are unconfined and more vulnerable to surface 

contamination. The driller’s log for Well 1 (Appendix D) indicates that the screened interval for 

Well 1 is overlain by a 2 m thick silty sand unit, which is then overlain by 0.9 m of silty sand and 

gravel. The silty unit overlying the aquifer is expected to provide some level of protection for the 

aquifer near Well 1 but the permeability and lateral extent of the unit is unknown. The record of 

sewerage system (Appendix C) indicates that clay was encountered in two of the three test pits at 

depths of 2.0 mbgl and 2.1 mbgl, respectively. However, the total thickness and extent of the clay 

units are unknown as the test pits terminated at 2.2 mbgl and clay was not observed in all three 

test pits. As a result, the thickness and extent of a confining unit in the area surrounding Well 1 

cannot be confirmed.  

 

The recharge area for Aquifer 416 is shown on Figure 3, and the capture zone for Well 1 is provided 

in the Well Protection Plan (PEG, 2016). The capture zone extends below Highway 19A, 

approximately 860 m south of Well 1 into forested lands. The land use overlying the capture zone 

was identified in the Well Protection Plan as being a low to negligible risk to the aquifer (PEG, 

2016). 

 

Groundwater flow is gravity induced and typically flows from higher elevation to lower elevation 

northeast towards the ocean (PEG, 2016). Groundwater recharge to Aquifer 416 is predominately 

from precipitation and infiltration, with a smaller subcomponent potentially flowing up from 

underlying aquifers. Water levels in Aquifer 416 have been monitored since 1990 at Provincial 
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Observation Well (OW) 310, located 310 m southwest of the Site (Figure 3). Groundwater level 

trends for the aquifer are stable over time (BC ENV, 2023), with an average seasonal fluctuation 

of about 2 m (BC ENV, 2023). The highest groundwater levels occur in late winter (February to 

March) during the wet season, while the lowest groundwater levels are in late fall (October to 

November) after the dry season. The static groundwater level at Well 1 was measured to be 2.5 

mbgl (57.6 masl) on July 21, 2023. 

 

3.4.2 Groundwater Quality – Well 1 

DBID has collected groundwater samples from Well 1 between 1977 and 2021, and again for 

microbiological parameters from October 2021 to April 2022 as per the Island Health letter of 

conditions. A summary of the analytical programs is included in Appendix E Table E1. 

 

The groundwater quality results are summarized in Tables E2 to E5 and compared to the 

Guidelines for Canadian Drinking Water Quality (GCDWQ; Health Canada, 2022), to provide a 

reference of relative groundwater quality. The GCDWQ sets guidelines based on aesthetic 

objectives (AO) and maximum acceptable concentrations (MACs). Notable observations include: 

 

• No coliform bacteria or E. Coli have been detected in any of the samples collected over the 

entire monitoring period (Table E2). 

• There have been no exceedances of major ions or nutrients (Table E3), specifically 

chloride, sulphate, nitrate and nitrite, and their concentrations have remained stable over 

time, indicating there are no impacts from fertilizers or septic fields (inorganic and organic 

nitrogen, respectively). 

• Turbidity readings were elevated above the aesthetic objective (AO) of 1 Nephelometric 

Turbidity Unit (NTU) for unfiltered groundwater on multiple occasions, with values as high 

as 4.5 NTU (Table E4). One of the samples from 2013 also corresponded to a colour of 21 

True Colour Units (TCU); the AO is 15 TCU. 

• The total dissolved solids (TDS) concentration was less than 75 mg/L, indicating the water 

is fresh with low mineralization. 

• The pH of the groundwater for one sample, collected in 1977, was slightly lower (6.8) than 

the AO of 7.0 (Table E4). However, pH has been above the lower AO limit in all subsequent 

samples (Table E4). 

• Total iron was elevated above the AO of 0.3 mg/L on November 18, 2013, and December 8, 

2015 (Table E5). However, recent sampling for total iron concentrations (2016 to 2019) 

suggests concentrations are below the AO (Table E5). 

• Total manganese was elevated above the AO of 0.02 mg/L June 27, 1977, however all 

samples since that time have been below guideline levels (Table E5). 

• Total lead was elevated above the MAC of 0.005 mg/L December 8, 2015 (Table E5). 

However, more recent sampling results (2016 to 2019) show total lead concentrations 

below the AO (Table E5). 
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4.0 RESULTS OF THE GARP STAGE 1 SCREENING LEVEL ASSESSMENT 

A GARP Stage 1 screening level assessment was completed for Well 1, the results are 

summarized in Table 3 

 

Table 3: GARP Hazard Screening Assessment for Well 1 

Notes: GWPR means Ground Water Protection Regulation (BC Government, 2016). 1Section 8 Health Hazard Regulation setbacks 

include: a) 30 m from any probable source of contamination, b) 6 m from any private dwelling; and c) unless contamination of the well 

would be impossible because of the physical conformation, 120 m from a cemetery or dumping ground (BC MoH, 2020). 

 

The GARP hazard screening assessment indicated the groundwater source at Well 1 is at low risk 

for two hazard categories, and at risk for two hazard categories. Further explanation of these risks 

is provided below for consideration by the EHO: 

Hazard Factors and Criteria 

Screening Assessment 

Not 

Present 
Present At Risk 

At Low 

Risk 

Water Quality Results 

A-1: Exhibits recurring presence of Total coliform bacteria, 

fecal coliform bacteria, or Escherichia coli (E. coli). 
X    

A-2: Has reported intermittent turbidity or has a history of 

consistent turbidity greater than 1 Nephelometric Turbidity 

Units 

 X  X 

Source Type and Location 

B-1: Situated inside setback distances from sources of 

contamination as per section 8 of the Health Hazards 

Regulation1 

X    

B-2: Has an intake depth <15 m below ground surface that is 

located within a natural boundary of surface water or a flood 

prone area. 

X    

B-3: Has an intake depth between the high-water mark and 

surface water bottom (or <15 m below the normal water 

level), and located within, or <150 m from the natural 

boundary of any surface water. 

X    

B-4: Located within 300 m of a source of probable enteric viral 

contamination without a barrier to viral transport. 
X    

Well Construction 

C-1 Does not meet GWPR (Part 3 Div.3) for surface sealing.  X  X 

C-2: Well does not meet GWPR (Part 4) for well caps and 

covers. 
X    

C-3: Well does not meet GWPR (Section 63) and Drinking 

Water Protection Act (Section 16) for floodproofing. 
X    

C-4: Well does not meet GWPR (Part 3, Division 5, and Part 

7) for wellhead protection. 
X    

Aquifer Type and Setting 

D-1: Well with intake depth <15 m below ground surface.  X X  

D-2: Is situated in a highly vulnerable, unconfined, 

unconsolidated, or fractured bedrock aquifer. 
 X X  

D-3: Well, completed in a karst bedrock aquifer, regardless of 

depth. 
X    
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1. Hazard category A-2: Has reported intermittent turbidity or has a history of 

consistent turbidity greater than 1 Nephelometric Turbidity Units. Of the 14 samples 

collected between 1977 and 2021, five samples exceeded the 1 NTU threshold, with a 

maximum value of 4.5 NTU. PEG (2016) indicates that the elevated turbidity observed at 

Well 1 occurs when the well is stagnant, causing the inconsistent turbidity readings. The 

color of the groundwater samples has been below the AO guideline level for all except one 

sample, indicating the water is typically clear and transparent. 

 

2. Hazard category C-1: Does not meet GWPR (Part 3 Div.3) for surface sealing. A well 

inspection report was completed by the BC Ministry of Forests, Lands and Natural 

Resource Operations (FLNRO) on July 21, 2022, indicating there was “No” presence of a 

surface seal during their inspection (see the FLNRO well report in Appendix D). Waterline 

also confirmed from the driller’s log, that a surface seal for a water supply well, as defined 

by Section 23 of the Groundwater Protection Regulation (GPR; BC Government, 2016) is 

not present at Well 1. The well was drilled before bentonite surface seals were standard 

practice in BC’s water well drilling industry. However, an intact concrete floor is present 

around Well 1, providing protection against water at surface migrating down along the well 

casing. Any surface water that enters the well pit is redirected to a drainage system at the 

base of the well pit. Additionally, the well casing stick-up is greater than 0.3 m and the well 

is capped with a secure well lid. 

 

3. Hazard Category D-1: Well with intake depth <15 m below ground surface. Well 1 is 

completed from 11.0 to 15.8 mbgl. As a result of the relatively shallow intake depth, Well 1 

is more vulnerable to surface contamination.  

 

4. Hazard Category D-2: Is situated in a highly vulnerable, unconfined, unconsolidated, 

or fractured bedrock aquifer. A water supply well installed in an aquifer without a 

confining unit is at risk of surface contamination as there is no barrier to viral transport. 

Aquifer 416 is mapped regionally as having moderate vulnerability to surface contamination 

based on the discontinuous nature of the Vashon Till confining unit. The silty unit identified 

in the drillers log may provide some level of protection for the aquifer but the permeability 

and extent of a confining unit is unknown based on the limited available data. 

 

5.0 CONCLUSIONS 

Waterline completed a GARP Stage 1 Screening Level Assessment for Source Water Approval 

from Well 1 as requested by Island Health’s Environmental Health Officer. The assessment 

followed Guidance Document for Determining GARP Version 3 guidelines. 

 

Well 1 is considered to be at risk of containing pathogens due to the presence of several GARP 

hazards, including the following: 
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• The screen interval for Well 1 is from 11.0 to 15.8 mbgl and does not meet the well 

intake depth criteria of intake depths greater than 15 m. Due to the relatively shallow 

intake depth the well is more vulnerable to surface contamination. 

• Aquifer 416 is considered to have moderate vulnerability and is therefore “at risk” to 

surface contamination in the vicinity of Well 1 based on the unknown extent and 

permeability of a confining unit overlying the aquifer.  

 

The following additional GARP hazards related to Well 1 were identified but deemed to be low risk: 

 

• Elevated and inconsistent turbidity is likely related to the lack of well use rather than an 

indication of poor subsurface filtration. PEG (2016) noted that during periods of 

sustained pumping the turbidity decreased below the drinking water guidelines; 

• Well 1 does not meet the surface sealing requirements described in the GPR (BC 

Government, 2016) but it does have an in intact concrete floor and drainage system 

around the well to protect from surface water contamination.  

 

Additional conclusions related to specific requests from the Island Health’s EHO, as outlined in the 

letter of conditions for Well 1, are provided below. 

 

• Coliform bacteria and E. Coli have not been detected in any of the samples collected over 

the monitoring period, including from the eleven samples collected between October 2021 

to July 2022. 

• In general, the water quality has remained consistent since regular sampling began in 

2011. Minimal AO exceedances have occurred and only one MAC exceedance has 

occurred, indicating a potable water supply. 

• The old septic system, which was inside setback distances for sources of contamination, 

was removed, and the new septic system was installed 45 m downgradient of Well 1, 

meeting the setback distances for sources of contamination.  

 

6.0 RECOMMENDATIONS 

Waterline recommends the following actions be taken to ensure Well 1 is safe for community use: 

 

• Well 1 should be flushed and shock chlorinated with the support of a qualified contractor 

and resampled for microbiological and chemical water quality, including metals, prior to well 

use. A guidance document for water well disinfection is provided in Appendix F. 

• Biannual potability samples of the raw groundwater should be collected to ensure the water 

continues to meet the GCDWQ MAC and AO guidelines, and seasonal changes in the 

groundwater chemistry are monitored. 

• Testing for bacteriological parameters in the water distribution system (tap water) should 

continue at a regular frequency as per the DWO requirements. 

• The operator for Well 1 should conduct routine inspections of the well pit to ensure the 

concrete floor around the well is intact and no pooling of surface water occurs. 
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• The DBID should discuss proper procedures and operational guidelines for untreated water 

with the Vancouver Island Health Authority.  

• Well 1 should be licensed under the Water Sustainability Act (BC Government, 2014). 

• Implementing a well performance monitoring program would help DBID assess the 

condition and vulnerability of their well and aquifer over time. Routine well performance 

monitoring includes continuous groundwater level measurements, recording pumping 

rates/volumes, and collection of biannual groundwater/surface water quality samples. The 

data should be reviewed annually by a qualified professional in hydrogeology and the 

results should be used to evaluate and update the Wellhead Protection Plan (Payne, 2016) 

as needed. 
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7.0 CERTIFICATIONS 

This document was prepared under the direction of a professional geoscientist registered in the 

Province of British Columbia. 

 

Waterline Resources Inc. trusts that the information provided in this document is sufficient for your 

requirements. Should you have any questions or concerns, please do not hesitate to contact the 

undersigned.  

 

Respectfully submitted, 
 

Waterline Resources Inc. Reviewed By: 

EGBC Permit No. 1000669 

 

 

 

 

 

 

 

 

 

 

Colin McKenzie, G.I.T. Dalton Pajak, B.Sc., P.Geo. 

Project Scientist Senior Hydrogeologist 

 

 

 

 

 

 

 

 

Simon Wing, P. Geo. Jolene Hermanson, P.Geo. 

Hydrogeologist  Hydrogeologist 
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9.0 LIMITATIONS AND USE 

The information presented in this document was compiled exclusively for Deep Bay Improvement 

District (the Client) by Waterline Resources Inc. (Waterline). This work was completed in 

accordance with the scope of work for this project that was agreed between Waterline and the 

Client. Waterline exercised reasonable skill, care and diligence to assess the information acquired 

during the preparation of this document but makes no guarantees or warranties as to the accuracy 

or completeness of this information. The information contained in this document is based upon, 

and limited by, the circumstances and conditions acknowledged herein, and upon information 

available at the time of the preparation of this document. Any information provided by others is 

believed to be accurate but cannot be guaranteed. No other warranty, expressed or implied, is 

made as to the professional services provided to the Client. 

 

Any use, reliance on, or decision made, by a third party based on this document is the sole 

responsibility of said third party. Waterline makes no representation or warranty to any third party 

with regard to this document and, or the work referred to in this document, and accepts no duty of 

care to any third party or any liability or responsibility whatsoever for any losses, expenses, 

damages, fines, penalties or other harm that may be suffered or incurred as a result of the use of, 

reliance on, any decision made, or any action taken based on, this document or the work referred 

to in this document. 

 

When Waterline submits instruments of professional service; including, reports, drawings and 

project-related deliverables, the Client agrees that only original signed and stamped paper versions 

shall be considered as original documents. The hard copy versions submitted by Waterline to the 

Client shall be considered as copies of the original documents, and in the event of a dispute or 

discrepancy, the signed and stamped original documents retained by Waterline shall govern over 

all copies, electronic or otherwise, provided to the Client.  

 

This document is intended to be used in its entirety, and no individual part of the document may 

be taken as representative of the findings of the document. No part of this document may be 

reproduced, stored in a retrieval system, or transmitted in any form, by any third party, without the 

expressed written permission of the Client or Waterline. DRAFT
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FIGURES 

Figure 1: Location Map 

Figure 2: Site Map 

Figure 3: Aquifer 416 and Recharge Area 
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Conditions for Approval Letter from Island Health 
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Photograph B1 (LEFT): Exterior view of the well pit, looking northwest, at the office building and firehall. Photograph B2 (RIGHT): Exterior view of the well pit, 

looking southeast, away from the office building and firehall.   
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Photograph B3 (LEFT): Looking down into the well pit floor, floor drain and the top of the wellhead for Well 1. Photograph B4 (RIGHT): Close up view of the well 

head for Well 1. Visible is the intact concrete floor around the well casing, the well connected to the water distribution system, the electrical line for the well pump 

and the connection for the pressure transducer. 
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Field Well Driller’s Log and Well Inspection for Well 1 
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Table E1: Summary of Analytical Programs
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Well #1 1977-06-27 X X

Well #1 2003-01-21 X X X X

Well #1 2006-02-15 X X X X

Well #1 2011-05-10 X X X X

Well #1 2012-10-24 X X X X

Well #1 2013-11-18 X X X X

Well #1 2014-11-17 X X X X

Well #1 2015-12-08 X X X X

Well #1 2016-12-06 X X X

Well #1 2017-11-08 X X X

Well #1 2018-11-15 X X X X

Well #1 2019-11-21 X X X

Well #1 2020-11-19 X X

Well #1 2021-10-18 X

Well #1 2021-11-15 X

Well #1 2021-11-22 X

Well #1 2021-11-29 X

Well #1 2021-12-14 X X X

Well #1 2022-01-24 X

Well #1 2022-02-22 X

Well #1 2022-03-21 X

Well #1 2022-04-04 X

Well #1 2022-04-19 X

Well #1 2022-07-02 X

Well Name Date

Water Quality Results - AnalytPrgrm Page 1 of 5
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Table E2: Summary of Microbiology Results

Sample Location Sample Date

E
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Units MPN/100mL MPN/100mL

GCDWQ AO - -

GCDWQ MAC 0 0

Well #1 2003-01-21 - <1

Well #1 2006-02-15 - 0

Well #1 2011-05-10 <1 <1

Well #1 2012-10-24 <1 <1

Well #1 2013-11-18 <1 <1

Well #1 2014-11-17 <1 <1

Well #1 2015-12-08 0 0

Well #1 2018-11-15 <1 <1

Well #1 2021-10-18 <NC <NC

Well #1 2021-11-15 <NC <NC

Well #1 2021-11-22 <NC <NC

Well #1 2021-11-29 <NC <NC

Well #1 2021-12-14 <1.8 <1.8

Well #1 2022-01-24 <NC <NC

Well #1 2022-02-22 <NC <NC

Well #1 2022-03-21 <NC <NC

Well #1 2022-04-04 <NC <NC

Well #1 2022-04-19 <NC <NC

Well #1 2022-07-02 <NC <NC

Notes:

Laboratory results that were less than detection limits and greater than the applied guidelines are not shown as exceedances.
Violet highlight - Value exceeds the Aesthetic Objectives (AO).

Yellow highlight - Value exceeds the Maximum Allowable Concentration (MAC).

MPN means Most Probable Number, NC means No Count

GCDWQ represents the Guidelines for Canadian Drinking Water Quality, Summary Table (Health 

Canada, September 2022). Guidelines are health based and listed as maximum acceptable 

Guidelines

Water Quality Results - Microbiology Page 2 of 5
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Sample 

Location
Sample Date
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Units mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

GCDWQ AO - 250 - 0.3 - 0.02 - 200 500 0.05 - - - - -

GCDWQ MAC - - 1.5 - - 0.12 - - - - - 10 1 - -

Well #1 1977-06-27 6.7 2 0.05 - 1.2 - 0.2 2.7 1.6 - - <0.10 - - -

Well #1 2003-01-21 - 1.6 0.08 - - - - - 0.26 - - 0.07 0.01 - -

Well #1 2006-02-15 - 2.2 <1.0 - 1.8 - - - <2.0 - - <0.1 <0.1 - -

Well #1 2011-05-10 8.3 2.3 <1.0 - 1.97 - 0.2 2.5 <2.0 <0.005 <0.05 <0.1 <0.1 <0.08 <0.01

Well #1 2012-10-24 9.03 1.6 <0.05 - 2 - 0.2 2.8 0.6 - 0.06 <0.05 <0.05 - -

Well #1 2013-11-18 4.63 1.6 <0.05 - 0.86 - 0.2 2.1 <0.5 - <0.02 <0.05 <0.05 - -

Well #1 2014-11-17 4.63 1.9 <0.05 - 0.86 - 0.2 2.1 0.6 - <0.02 <0.05 0.09 - -

Well #1 2015-12-08 9.6 1.8 0.026 - 2.5 - 0.31 3.07 0.69 - 0.018 0.034 <0.0050 - 0.013

Well #1 2016-12-06 - 1.64 <0.02 - - - - - 0.6 - <0.01 0.023 <0.005 - -

Well #1 2017-11-08 - 1.57 <0.02 - - - - - 0.6 - <0.01 0.022 <0.005 - -

Well #1 2018-11-15 8.54 1.5 <0.02 0.01 2.09 <0.001 0.19 2.48 0.7 <0.01 <0.01 0.013 <0.005 <0.05 0.009

Well #1 2019-11-21 8.49 1.32 <0.02 - 1.99 - - - 0.7 - 0.02 0.028 <0.005 - -

Well #1 2020-11-19 - 1.25 <0.02 <0.01 - - 0.23 - 0.7 - <0.01 0.025 <0.005 - -

Well #1 2021-12-14 8.66 1.3 <0.02 0.05 2.03 <0.001 0.3 2.47 0.5 <0.02 <0.05 0.032 <0.005 <0.05 <0.08

Notes:

Violet highlight - Value exceeds the Aesthetic Objectives (AO).

Yellow highlight - Value exceeds the Maximum Allowable Concentration (MAC).

mg/L means milligrams per litre

Table E3: Summary of Major Ion and Nutrient Parameter Concentrations

NutrientsMajor Ions

GCDWQ represents the Guidelines for Canadian Drinking Water Quality, Summary Table (Health Canada, September 2022). Guidelines are health based and listed as maximum acceptable concentrations (MAC), or based on aesthetic 

considerations and listed as aesthetic objectives (AO).

Guidelines

Water Quality Results - Major Ions Page 3 of 5
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Table E4: Summary of General Chemistry Parameter Concentrations

Sample 

Location
Sample Date
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Units TCU mg/L µS/cm mg/L mg/L mg/L mg/L NTU cm-1 -

GCDWQ AO 15 - - - - 500 - 0.1 - 7-10.5

GCDWQ MAC - - - - - - - - - -

Well #1 1977-06-27 <5 33.5 51.5 21.7 - 50 - 0.6 - 6.8

Well #1 2003-01-21 4 36 76.1 28.3 - 53 - 0.0 - 7.02

Well #1 2006-02-15 <5 34 67.2 27 - 73 - <0.5 - 7.10

Well #1 2011-05-10 <5 31 72.1 29 - 64 - <0.5 - 7.10

Well #1 2012-10-24 <1 32 - 31 - 49 - 0.7 100 7.00

Well #1 2013-11-18 21 20 - 15 - 28 - 4.5 98.4 7.00

Well #1 2014-11-17 5 20 - 15 - 48 - 4.5 99 7.00

Well #1 2015-12-08 10 36.3 - 34.4 - 40 - 3.5 >97.7 7.70

Well #1 2016-12-06 <5 - - 29.6 - - <0.05 <0.1 - 7.14

Well #1 2017-11-08 <5 - - - - - <0.05 0.2 - 7.11

Well #1 2018-11-15 <5 37 74 29.9 0.6 72 <0.05 2.4 - 7.23

Well #1 2019-11-21 <5 - - 29.4 - - <0.05 0.7 - 7.34

Well #1 2020-11-19 <5 - - 29.8 - - <0.05 1.5 - 7.56

Well #1 2021-12-14 - 33 72 30 658.0 75 <0.05 1 - 7.39

Notes:

Violet highlight - Value exceeds the Aesthetic Objectives (AO).

Yellow highlight - Value exceeds the Maximum Allowable Concentration (MAC).

mg/L means milligrams per litre, µS/cm means micro Siemens per centimeter, °C means degrees celcius, TCU means True Color Unit, NTU means 

Nephelometric Turbidity Unit,  cm-1 means molar absorptivity

GCDWQ represents the Guidelines for Canadian Drinking Water Quality, Summary Table (Health Canada, September 2022). Guidelines are health 

based and listed as maximum acceptable concentrations (MAC), or based on aesthetic considerations and listed as aesthetic objectives (AO)

Guidelines
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Units mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

GCDWQ AO 0.1 - - - - - - - 1 0.3 - - 0.02 - - - 200 - - 5

GCDWQ MAC 2.9 0.006 0.01 2 5 0.007 - 0.05 2 - 0.005 - 0.12 0.001 - 0.05 - 7 0.02 -

Well #1 1977-06-27 - - - - - - - - - 0.012 - - 0.022 - - - - - - -

Well #1 2003-01-21 0.007 <0.0002 <0.0002 0.001 0.003 <0.00001 8.2 0.0008 <0.001 <0.1 0.0002 1.9 <0.005 <0.0000002 <0.4 <0.0002 2.5 - <0.0005 0.010

Well #1 2006-02-15 <0.005 <0.0002 <0.0002 <0.001 0.004 <0.00001 8.0 0.0006 <0.001 <0.1 0.0004 1.8 <0.005 <0.0000001 <0.4 <0.0002 2.40 - <0.0005 0.044

Well #1 2011-05-10 <0.005 <0.0002 0.0002 <0.001 <0.005 <0.00001 8.3 0.0005 <0.001 0.015 0.0003 1.97 <0.005 <0.00000001 0.2 <0.0006 2.5 0.022 <0.0004 0.095

Well #1 2012-10-24 0.006 <0.0001 <0.00005 0.001 0.003 0.00001 9.0 0.0005 0.0008 0.042 0.0003 2 0.0009 - 0.2 <0.0001 2.8 0.0216 <0.00001 0.043

Well #1 2013-11-18 <0.005 <0.0001 <0.00005 0.000 0.002 <0.00001 4.6 0.0005 0.0054 0.358 0.0034 0.86 0.0056 - 0.2 <0.0001 2.1 0.0238 <0.00001 0.016

Well #1 2014-11-17 <0.005 <0.0001 <0.00005 0.006 0.003 <0.00001 9.3 0.0007 0.0018 0.05 0.0018 2 0.0019 - 0.2 <0.0001 2.6 0.0217 <0.00001 0.040

Well #1 2015-12-08 0.038 <0.0005 <0.0001 <0.001 <0.050 0.00003 9.6 <0.001 0.1140 0.442 0.0143 2.5 0.0066 - 0.31 <0.0001 3.07 0.027 <0.0001 0.224

Well #1 2016-12-06 - - - - - - - - - <0.010 0.00015 - - - 0.206 - - - - 0.016

Well #1 2017-11-08 - - - - - - - - - 0.03 0.00039 - - - 0.3 - - - - 0.020

Well #1 2018-11-15 - - - - - - - - - 0.03 0.00039 - - - 0.3 - - - - 0.020

Well #1 2019-11-21 - - - - - - - - - 0.02 0.00007 - - - 0.25 - - - - 0.0160

Well #1 2021-12-14 - - - - - - - - - - - - - - - - - - - -

Notes:

Violet highlight - Value exceeds the Aesthetic Objectives (AO).

Yellow highlight - Value exceeds the Maximum Allowable Concentration (MAC).

mg/L means milligrams per litre

GCDWQ represents the Guidelines for Canadian Drinking Water Quality, Summary Table (Health Canada, September 2022). Guidelines are health based and listed as maximum acceptable concentrations (MAC), or based on 

aesthetic considerations and listed as aesthetic objectives (AO).

Guidelines

Table E5: Summary of Total Metal Concentrations
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 USING THE SIMPLE CHLORINATION METHOD

The Groundwater Protection Regulation (Regulation) 
requires a well driller to disinfect a water supply well 
promptly after it has been drilled, altered, developed, 
or rehabilitated. The Regulation also requires a well 
pump installer to disinfect a water supply well and well 
pump promptly after installing the pump in the well. 
Well disinfection is used to inactivate or control micro-
organism populations in a well and the distribution 
system. A well owner may disinfect their own well; 
however, care should be exercised to ensure disinfection 
is effective and safe. There are several methods used to 
disinfect water wells including simple chlorination, shock 
chlorination or bulk displacement. This brochure describes 
the simple chlorination method. For wells that are hard 
to disinfect, consult a well driller or a well pump installer.

  ARE THERE THINGS I NEED TO DO BEFORE 
DISINFECTING MY WELL?

A well should be tested regularly for water quality. 
If coliforms or Escherichia coli (E. coli) are repeatedly 
detected in your well water, the first step to take to 
eliminate them is to look for the following:

 Μ  Are there any potential sewage contamination sources 
near the well, such as manure or compost piles or 
septic disposal fields?

 Μ  Does the ground slope promote drainage of surface 
water toward the well or ponding of water around 
the wellhead?

 Μ  Is the well cap missing, cracked or damaged? Does the 
well cap allow water or vermin to enter into the well?

 Μ  Is the well casing stickup less than 30 cm (1 ft) above 
the ground surface (see Figure 1) or the floor of the 
pump house? Can surface or standing water easily 
flood over the top of the well casing?

 Μ  Is there a space or gap between the well casing 
and the ground around the well (see Figure 2) , 
thus indicating that the surface seal is missing or 
incomplete? Are there noticeable cracks in the surface 
seal around the well casing?

 Μ Is the well finished below grade?

If you answered “YES” to any of the above questions, 
fix the problem before proceeding with disinfection. 
Otherwise the well will continue to be vulnerable to 
contamination.

FIGURE 1 Well casing stickup 
less than 30 cm (1ft) from the 
ground surface

FIGURE 2 Well with gap 
between casing and ground 
– no surface seal

NOTE: A registered well driller or pump installer must be 
hired to repair or install a surface seal for a well, or to add 
casing to increase the well stickup.

 ARE THERE ANY SAFETY PRECAUTIONS TO TAKE?

Chlorine is volatile so it is dangerous to work with in 
confined areas where vapours can accumulate such as in 
pump houses, well pits and crawl spaces. Caution should 
be used when working in these situations – WorkSafeBC 
rules for confined spaced entry must be followed.

Prepare the chlorine solution outside in a well-ventilated 
area and wear appropriate safety clothing and equipment 
to protect your eyes and skin from splashes and spills.

If you have any concerns or need help with disinfecting 
your well contact a well driller or a well pump installer.

Water Well Disinfection
Using the Simple Chlorination Method
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WHAT ARE THE LIMITATIONS OF THE SIMPLE 
CHLORINATION METHOD?

Simple chlorination only inactivates or eliminates the 
micro-organisms present in the well, on the pumping 
equipment or in the distribution system. It will not kill 
bacteria in the aquifer beyond the immediate location of 
the well. If there is some external source of contamination, 
the problem will only be solved temporarily by 
disinfecting the well itself. A well must be protected from 
contamination through proper siting, construction and 
maintenance and by keeping drainage and foreign matter 
away from the area around the wellhead.

Nuisance bacteria such as iron-related or sulphate-
reducing bacteria are often found in groundwater and 
water wells. If uncontrolled, these bacteria can colonize 
the intake area of a well. The colonies form a sticky, slimy 
substance called biofilm (see Figure 3 below), which can 
reduce well production and degrade water quality. Also, 
minerals in groundwater can settle out and accumulate 
on well screens over time. The simple chlorination 
method is not effective in penetrating or removing biofilm 
and mineral build-up. To prevent the accumulation of 
biofilm and minerals regular disinfection of the well 
is recommended in cases where bacteria have been 
detected.

FIGURE 3 Biofilm on well wiring

If the well has never or infrequently been disinfected 
or coliforms or E. coli continue to be detected in the 
water, hire a registered well driller or well pump installer 
to remove the pump and clean the casing and screen 
before repeating disinfection using the shock chlorination 
method.

  WHAT ARE THE STEPS FOR DISINFECTING  
A WATER WELL?

STEP 1 – BEFORE DISINFECTING THE WELL 

Notify all users of the well not to drink the water or bathe 
in it while the strong solution of chlorine is present in the 
system and to store sufficient water for use during a 12-
hour period.

Bypass or disconnect any carbon filters or water treatment 
devices before disinfecting. Carbon filters will remove the 
chlorine from the water – distribution pipes located past 
these filters will not be disinfected if the filters are not 
removed.

Secure well cap

Well casing stick-up 
at least 0.3 m 

above grade

Depth
to

water

Well ID plate

Graded ground
around the wellhead

depth
Well

Well casing

Surface seal –
at least 2.5cm thick

Well screen

Sand or gravel

Depth

water
of

in the well
Static water level

#24567-99
Well ID 

FIGURE 4 Cross-section of well showing main features and 
measurements

STEP 2 – DETERMINE THE VOLUME OF WATER  
IN THE WELL AND THE PH OF THE WELL WATER

The diameter and depth of the well and the static water 
level can be found on the driller’s well construction 
report. If this information is not available, contact a 
registered well driller or well pump installer for help to 
take measurements. The depth of water = well depth 
– static water level (see Figure 4).

Test the pH of the well water. Ideally, the pH should be 
7 or less. If it is above 7, add one litre of vinegar or citric 
acid to the well and re-test the pH in the well water before 
proceeding.

DRAFT



[ 3 ]

STEP 3 – ADD CHLORINE SOLUTION TO THE WELL

Estimate the amount of domestic bleach (see Table 
1) or chlorine tablets or powder (see Table 2) needed. 
Follow the recommended chlorination guidelines; over 
chlorination can have a negative effect on the disinfection 
process.

A. For wells without a pump (e.g., new well) 
using domestic bleach

Mix the volume of bleach needed with at least 45 litres 
(10 gallons) of water. Pour the solution into the well and 
leave it for approximately 12 hours. When the pump 
is installed, pump for at least one hour to remove the 
chlorine solution.

B. For wells with a pump using domestic bleach

Turn off power to the pump. Mix the volume of bleach 
needed with at least 45 litres (10 gallons) of water. Remove 
the well cap1 and lift the wires out and pull to one side. 
Clean the cap to remove debris, dirt and oil and place in a 
clean container. Pour or siphon the chlorine solution into 
the well between the drop pipes (pipes that carry water 
from a pump in a well to the surface) or pour the solution 
directly into the well. Some wells have a sanitary seal 
(see Figure 5) with either an air vent or plug that can be 
removed to add the chlorine mixture – contact a registered 
well driller or well pump installer for assistance, if required.

FIGURE 5 Well with sanitary 
seal type cap

FIGURE 6 Well fitted with 
pitless adapter, cap has space 
for wiring

If possible, mix the water in the well by attaching a clean 
hose to a nearby water tap or hydrant, place the hose into 
the top of the well casing, and run the water from the 
hose, which is sourced from the well, back into the well. 

NOTE: The power to the well pump will need to be turned 
back on. After mixing, let the water stand in the well for 
two hours before proceeding to the next step. 

1 CAUTION: Do not loosen or remove any of the bolts in the top  
of the sanitary well seal.

C. For wells with a pump using chlorine tablets 
or powder

Dissolve the required weight of tablets or powder in 
warm water, remove the well cap, pour the solution into 
the well, mix if possible and let stand for two hours (see 
instructions above).

STEP 4 – MOVE THE CHLORINATED WATER INTO THE 
DISTRIBUTION SYSTEM

Turn the well pump on. Open all taps, one at a time, 
including outside hose bibs and cold and hot water taps. 
Flush toilets and fill washing machines and dishwashers. 
Allow the water to run until a chlorine smell is detected 
from each faucet or there is a slippery feeling to the water, 
then turn off each tap. Open the valve or plug at the top 
of the pressure tank just before stopping the pump to 
allow the solution to contact the entire inside surface of 
the tank. Then close the valve or plug. Back flush any water 
softener devices and all water filters (except carbon filters). 
Replace carbon filters to avoid reintroducing bacteria into 
the system. Plumbing grit and solid mineral particles may 
form during disinfection and may clog faucet aerators, 
flush valves and equipment using filters. Faucet aerators 
may need to be removed if clogging occurs. If a strong 
chlorine odour is not present, return to step 3, add half 
the amount of chlorine used for the initial treatment to the 
well and repeat step 4.

Replace the well cap and leave the chlorine solution in 
the distribution system for at least 12 hours.

STEP 5 – FLUSH THE CHLORINE OUT OF THE WELL  
AND DISTRIBUTION SYSTEM

Open an outside tap and run the chlorinated water from 
the well to an area where plants or aquatic areas won’t be 
harmed. Do not run the water into your septic system as 
the chemicals and the amount of water required to flush 
the system may overload or damage the septic system. 
Do not drain the water into a stream, ditch or storm drain 
that connects with any fish-bearing streams.

When a chlorine smell is no longer present, run the indoor 
hot and cold water taps to flush out the hot water tank 
and plumbing (this small amount of chlorine will not harm 
the septic system). It may take as little as half an hour or 
as long as four days to completely remove the chlorine 
odour from the water system.

DO NOT OVERPUMP THE WELL! If the well is low-yielding 
or pumps silt or sand, slowly flush the well – watch the 
water coming from the hose to make sure there is no 
sediment in it. Over-pumping may worsen the sediment 
problem. It may be necessary to stop and start the pump 
if it is losing its prime.
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STEP 6 – SAMPLE THE WELL WATER

A water sample should be collected for analysis one week 
after chlorination to verify the water is safe to use. Do not 
drink the water without boiling it until test results show it 
is safe to drink. Retest again one month after disinfection 
to ensure the water is potable.

TABLE 1 Volumes of domestic bleach* needed for a 200 ppm 

chlorine solution.

WELL DIAMETER
DOMESTIC BLEACH* (5-6%) 

NEEDED PER 3 M (10 FT)  
OF WATER

inches mm metric US gallons other

4 100 100 mL 0.02 5 tbsp

5 130 150 mL 0.04 10 tbsp

6 150 200 mL 0.05 13 tbsp

8 200 360 mL 0.09 1.5 cups

10 250 560 mL 0.15 2.5 cups

12 300 808 mL 0.21 3.5 cups

24 610 3.3 L 0.9 14.6 cups

36 914 7.5 L 2.0

48 1219 13.3 L 3.5

* NOTE: Domestic bleach has an expiry date and should be 
used before this date for effective disinfection. Purchase only 
the amount needed and use it all. Use only unscented plain 
domestic bleach without fabric softeners or other additives.

TABLE 2 Dry weight of chlorine tablets* needed for a 200 ppm 

chlorine solution

WELL DIAMETER

DRY WEIGHT OF 
CHLORINE TABLETS  

(65-75%) PER 3 M  
(10 FT) OF WATER

inches mm oz grams

4 100 0.3 9

5 130 0.5 15

6 150 0.7 20

8 200 1.3 36

10 250 2.0 57

12 300 2.9 82

24 610 11.9 337

36 914 26.7 758

48 1219 47.4 1347

* NOTE: Make sure the chlorine tablets are for potable water, 
e.g. not for swimming pools or hot tubs.

 WHEN SHOULD A WELL BE DISINFECTED?

The simple chlorination method is used:

 Μ following construction of a new well,

 Μ following alteration of an existing well,

 Μ  following well pump installation, maintenance 
or repair, or

 Μ  when the well has tested positive for coliforms  
or E. coli.

The micro-organisms found in the soil at or near the 
well site can be picked up on drilling tools, pipes and 
well pumps during construction or servicing of a well. 
If disease-causing organisms are present they may 
be introduced into the well. Therefore, the Regulation 
requires that every well, after construction or repair, must 
be disinfected.

 FOR FURTHER INFORMATION

For further information on whether the well water 
is safe to drink contact your local Health Authority:  
look for listings online or in your local phone directory.

The registers of well drillers and well pump installers 
in British Columbia can be found at: http://www2.gov.
bc.ca/gov/content/environment/air-land-water/water/
groundwater-wells/information-for-well-drillers-well-
pump-installers

Photos by Sylvia Kenny, Peter Epp and Greg Farley
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