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EXECUTIVE SUMMARY 

Golder Associates Ltd. (Golder) is pleased to present this report, which outlines the initial 
stages in the development of a Groundwater Protection Plan (GWPP) for the water supply 
well of the Whitevale Subdivision, near Lumby, B.C.  It is our understanding that the 
Whitevale GWPP is being developed with the assistance of a gas tax grant distributed to the 
Regional District of North Okanagan (RDNO).   

The Regional District of North Okanagan (RDNO) is the purveyor of the Whitevale water 
system and operates and maintains one community well (referred to as the Whitevale Well) 
located in the northwest area of the service lot at 715 Franklin Road.  The Whitevale well 
was constructed in April 2006 to replace the existing supply well (Old Well), as the capacity 
of the Old Well had declined in recent years.   

The Whitevale Well supplies potable water to approximately 100 residential lots within the 
Whitevale Subdivision.  Given the dependence of the Whitevale water users to groundwater, 
the implementation of a GWPP is considered critical for the protection of the water source 
and water quality.  The Whitevale GWPP was developed using the Well Head Protection 
Toolkit used as a guideline, focusing on the initiation of Steps One (Planning), Two (Capture 
Zone Analysis) and Three (Contaminant Inventory).   

Based on the results of this initial phase of development of a GWPP for Whitevale, the 
following conclusions are made:     

• The Whitevale Well supplies all residential water requirements for approximately 100 
residential lots that are connected to the Whitevale water distribution system.   

• The Whitevale Well draws water from a confined aquifer, identified in the MOE 
Aquifer Classification System as Aquifer No. 317 and classified as moderately 
utilized with a low vulnerability to contamination. 

• The Whitevale Well was constructed in 2006 in accordance to GWPR standards and 
has a surface annular seal that extends at least 2 m into the confining layer of the 
aquifer. 

• The lateral extents of Aquifer No. 317 are the mountain slopes to the north and south 
of Whitevale, Aquifer No. 352 to the west and Aquifers No. 318 and 319 to the east.  
Although the top of the aquifer is identified a the till/clay confining layer at a depth 
between 12 m below ground surface (bgs) and 21 m bgs, there are no well logs in the 
MOE database that are deep enough to identify the bottom of the confined aquifer. 
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• An examination of MOE well logs identified three wells between Bessette Creek and 
the Whitevale Well where a confining layer was not encountered above Aquifer No. 
317, indicating the possible presence of an abandoned channel containing sand and 
gravel in this area.  The inferred abandoned channel is likely hydraulically connected 
to Bessette Creek and likely acts as the recharge area for the Whitevale Well.   

• An elevation and location survey was completed on four wells and the static water 
levels measured, which provided a groundwater flow direction in the confined aquifer 
to the northwest, towards Duteau Creek.  The localized hydraulic gradient was 
calculated to be approximately 0.016 m/m.  The groundwater flow direction in the 
shallow, unconfined aquifer is unknown. 

• A water balance calculation for the Bessette Creek catchment area to the Whitevale 
Well provided an annual aquifer recharge estimate of 1.3×107 m3/year, annual 
extraction range of 6.9×105 m3/yr to 8.7×105 m3/yr and an annual net surplus of 
1.2×107 m3/yr.  The utilization rate calculated was approximately 6%.  (Note this 
calculation is for all aquifers in the unconsolidated valley bottom materials.  There is 
insufficient information to complete a water balance solely for the confined aquifer).  

• The preliminary 60-day time-of-travel zone of the Whitevale Well was estimated 
using an analytical equation method based on known aquifer parameters and the 
maximum recommended pumping rate for the Whitevale Well.  Longer time-of-travel 
zones (for example, 1-year time of travel) were not calculated because the 60-day 
time-of-travel zone intersected a positive recharge boundary.  As the 60-day time-of-
travel zone is strongly influenced by the groundwater flow direction and hydraulic 
gradient, a buffer area around the 60-day time-of-travel zone was also estimated to 
compensate for potential seasonal fluctuations in groundwater conditions. 

• The southern boundary of the 60-day time-of-travel zone intersected an inferred 
abandoned channel of Bessette Creek, located at approximately 175 m south of the 
Whitevale Well.  This corresponds to the positive recharge boundary identified 
approximately 200 m from the Whitevale Well based on the results of the pumping 
test completed at the time of construction. 

• A preliminary Groundwater Under the Direct Influence of surface water (GUDI) 
assessment indicated that the Whitevale Well does not meet criteria that would flag 
the well as potentially GUDI. 

• The contaminant inventory indicated residential and agricultural land uses within the 
60-day time-of-travel zones of the Whitevale Well.   
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• Inactive or old wells, including the Old Well, domestic septic systems and a 
neighbouring high density feed lot (or over-wintering pasture) are considered very 
high priority in regards to the risk of contamination to the Whitevale Well. 

• The inferred abandoned channel of Bessette Creek and suspected inactive wells 
within the 60-day time-of-travel zone and buffer area are considered to represent a 
high priority contaminant risk to the Whitevale Well.   

• Moderate priority contaminant risks to the Whitevale Well were identified as 
agricultural land used to grow crops, potential spills from accidents on the roads, use 
of road salt and residential land use. 

   
The following nine recommendations are made in regards to further assessing the water 
quality risks to the Whitevale Well from the surrounding land use and to refine the areas that 
could potentially impact the water quality: 

1. Determine the Groundwater Flow Direction of the Shallow Aquifer 

Due to the uncertainty of the influence of the shallow aquifer on the 60-day time-of-travel 
zone of the Whitevale Well, the groundwater flow direction of the shallow aquifer should be 
assessed.  Although it may not change the 60-day time-of-travel zone identified for the 
Whitevale Well, since this is calculated for the source aquifer, this information will assist in 
refining the buffer area around the 60-day time-of-travel zone to the Whitevale Well and in 
guiding the recommendations that follow. 

2. Conducting a Neighbourhood Survey and Education Program 

Since inactive and old wells present a high risk to the water quality in the confined aquifer, a 
door-to-door survey should be undertaken of all properties in the 60-day time-of-travel zone 
and buffer area to identify all water wells.  Each well should be visually inspected and the 
following should be documented: 

⇒ the well location (with GSP coordinates if possible) and surrounding land-use, 

⇒ exterior condition of well should be photo-documented with comments on the 
well cap, pump house, condition of well casing above ground, and potential 
for ponding at the ground surface, 

⇒ well depth and static water level, 

⇒ age of well and current use, and 
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⇒ collecting well logs from residents if not provided in MOE Well Database (if 
available). 

Once this information is collected, the risk that each well presents to water quality in the 
confined aquifer can be assessed.  A management strategy for each well can then be 
developed that details any work required and a timeline.  Further work that may be required 
may include increased monitoring, improvements to the well cap, surface seal, videotaping 
the well to check the well condition or well decommissioning.  Timelines should be dictated 
by the risk the well presents to the water quality of Aquifer 317. 

If a door-to-door survey is conducted, this opportunity should also be utilized to provide 
public education and to gather more comprehensive information about potential water quality 
risks, by: 

⇒ collecting information about the types and quantities of chemicals used, 

⇒ identifying septic tank and field locations, 

⇒ identifying dry wells and the existence of road-side ditches and their drainage 
patterns,  

⇒ providing information to property owners about the risk of their on-site 
activities to the local groundwater quality and to their own drinking water, and 

⇒  providing best management practices in relation to reducing their impacts to 
the local groundwater. 

3. Aquifer Monitoring 

The residential septic systems and cattle feed lot present a high risk to local groundwater 
quality.  Potential migration routes of associated contaminants to the confined aquifer are 
through old or inactive wells and infiltration in the unconfined area of the aquifer (i.e. the 
recharge area represented by the inferred abandoned channel).  A limited groundwater 
monitoring program is recommended to provide early warning of impending water quality 
problems at the Whitevale Well.  This program would focus on monitoring of water quality 
in the shallow aquifer and in the potential recharge area of the deeper aquifer.   

Some suggestions for the development of a monitoring program are as follows: 

⇒ Utilizing one or two existing wells completed in the shallow aquifer to sample 
and analyze for parameters related to septic fields, road salt and cattle 
operations (i.e. sodium, chloride, phosphorus, ammonia, nitrate/nitrite, metals, 
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Total Coliform and E. Coli).  Wells completed in the shallow aquifer that 
might be candidates for sampling are WTN # 8475, 3270 and the private well 
located at 495 Whitevale Road (not identified within the MOE Well 
Database).    

⇒ Utilizing one or two of the existing wells completed in the potential recharge 
zone of the Whitevale Well to test for parameters related to septic fields and 
cattle operations (i.e. phosphorus, ammonia, nitrate/nitrite, metals, Total 
Coliform and E. Coli).  Wells completed in the potential recharge zone of the 
Whitevale Well that might be candidates for sampling are WTN # 57246, 
41504 and 58436.   

⇒ The parameters outlined above should be re-examined to include relevant 
information obtained from the door-to-door surveys.  For example, if it is 
discovered during the door-to-door surveys that a particular property has an oil 
storage tank of questionable condition, then parameters relating to heavy 
petroleum hydrocarbons may be recommended in the sampling plan. 

⇒ the suggested monitoring frequency of sampling is quarterly for two years.  
The results can then be reviewed to assess if more or less monitoring is 
required. 

⇒ Samples collected should be submitted to a Canadian Association for 
Environmental Analytical Laboratories (CAEAL) certified laboratory for 
analysis. 

4. Developing an Action Plan for the Old Well 

The Old Well at the Whitevale service lot is within the 60-day time-of-travel zone and likely 
does not have an annular seal to prevent the migration of contaminants from the shallow 
aquifer to the confined aquifer.  This presents a risk to the water quality in the Whitevale 
Well.  However, the Old Well may be useful as a monitoring well, an emergency back up 
well or for a short-term supply well in the future when rehabilitation of the Whitevale Well is 
required.   

Since there are both advantages and disadvantages to keeping the Old Well operable but 
inactive, the value of the Old Well to RDNO should be assessed and an action plan 
formulized.  This assessment should be carried out once additional information related to 
groundwater flow (Recommendation #1) and groundwater quality monitoring 
(Recommendation #3) becomes available.  At this time, there are potentially three options 
that could be examined: 
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Option 1 – the Old Well is decommissioned according to the GWPR code of practice to 
ensure contaminants can not migrate from the shallow aquifer to the confined aquifer via the 
well casing or annular seal.  This scenario would be recommended if the monitoring program 
indicates that the shallow aquifer has a high level of contaminant loading from surrounding 
land-use activities. 

Option 2 - the Old Well is left inactive but in an operable state and included in the emergency 
response and contingency planning as a backup well.  This option would only be considered 
if the contaminant loading in the shallow aquifer does not represent a risk to the confined 
aquifer. 

Option 3 - the Old Well is upgraded by installing a surface annular seal and left inactive but 
in an operable state and included in the emergency response plan as a backup well.  This 
option would be considered if it was determined that the Old Well has considerable value as a 
back-up well but the contaminant loading in the shallow aquifer and risks from surrounding 
land-use is too great to leave in it’s original state.  According to the construction details of the 
Whitevale Well, the aquitard layer starts at about 1.8 mbgs and therefore an annular surface 
seal would need to penetrate into this layer. 

5. Monitor Performance of Whitevale Well 

In addition to the static and pumping water levels that the RDNO currently monitors at the 
Whitevale Well, it is recommended that pumping rates and the duration of pumping be 
recorded on a monthly basis to assess well performance.  It is also recommended that water 
levels in the Old Well continue to be monitored (unless it is decommissioned).  This 
information should then be reviewed annually by a qualified professional to assess well 
efficiency, and potentially identify early indications of well deterioration.   

6. Designate Groundwater Protection Areas 

Following refinement of the buffer area based on the groundwater flow direction of the 
shallow aquifer, the RDNO should designate formal groundwater protection areas.  Two 
different strategies can be employed when designating groundwater protection areas:  i) a 
wellhead protection approach, whereby groundwater protection area is defined relative to a 
designated time-of-travel zone or, ii) an aquifer protection approach, whereby part or all of an 
aquifer is designated for protection. For example, the RDNO may wish to consider 
designating the potentially unconfined (recharge) area of the Aquifer No. 317 as a 
groundwater protection area.   

The RDNO may also wish to identify one or more contingency areas for protection in the 
event that the Whitevale Well becomes contaminated.  The advantage of defining protection 
areas in this manner is that it allows for the protection of groundwater recharge areas, surface 
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water quality, areas serviced by private water wells and areas where future water supplies 
may be developed.   

7. Develop Groundwater Protection Measures   

Once designated groundwater protection areas have been established and additional potential 
contaminant sources have been identified, RDNO should embark on the development of 
groundwater protection measures.  Groundwater protection measures can be implemented at 
the municipal level through both regulatory and non-regulatory measures.  In our opinion, 
while non-regulatory measures, such as public education and best management practices, can 
be highly effective, some degree of regulatory control may be required to ensure the 
protection of the groundwater resources.   

These regulatory strategies often involve the use of municipal land use planning and zoning 
bylaws to restrict certain high-risk land use activities within protection areas.  As an 
alternative to land use restrictions, some communities, such as Fredericton, New Brunswick, 
have chosen to restrict the types and quantities of chemicals used within groundwater 
protection areas.   

RDNO may want to initiate discussions with the owner of the cattle feed lot and other 
agricultural land owners within the 60-day time of travel capture zone of the Whitevale Well 
regarding protection measures.  Discussions should focus on possible alternative locations to 
over winter cattle, or at a minimum, restricting cattle from the recharge area of the Whitevale 
Well and about types of chemical uses within this area that pose a risk to groundwater quality 
and whether legal restrictions are required. 

Public participation and education represents one of the most important forms of non-
regulatory groundwater protection.  It is essential to the success of a groundwater protection 
plan and provides a means of securing political and financial support.  A public education 
campaign would identify groundwater protection areas, threats to groundwater supplies in 
those areas, and measures residents can take to protect the resource.  Examples of public 
education tools include the use of the public information meetings, signs erected at strategic 
locations around groundwater protection areas, the use of media, distribution of information 
brochures on best management practices and school education programs. 

In addition, the following recommendations are made regarding groundwater protection 
measures: 

• Prepare an educational brochure or pamphlet aimed at all of Whitevale and the 
surrounding area residents for: 

o The proper application of fertilizers and pesticides (with an emphasis away 
from utilization of pesticides and chemical fertilizers). 
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o The importance of good handling and disposal practices of household 
chemicals and the potential impact of these chemicals on the groundwater 
quality in Whitevale.   

o Best management practices for the operation and maintenance of septic 
thanks and effluent disposal fields. 

o The potential impacts of stormwater runoff.   

• RDNO may also want to consider restrictions for pesticide and fertilizer use in 
sensitive areas, with no-spray zones around water supply wells.  In addition, 
contingency plans should be prepared in the event of a pesticide or fertilizer spill or 
accident.  Mixing of chemicals and refilling of containers, spray and applicators 
should be completed in contained areas away from wells, water sources, and areas 
characterized by permeable soil conditions. 

8. Update Emergency Response Plans 

The main goal of GWPPs is to prevent the contamination of underground drinking water 
supplies.  Even under the best prevention plans, a scenario that threatens to contaminate the 
aquifer may occur.  When this happens, emergency response plans direct a coordinated and 
timely response to assure a continued supply of potable water.  Many communities have an 
emergency response plan, however they often do not include specific provisions for the 
protection of groundwater resources in the event many emergency situations.  For example, it 
may be prudent for emergency response personnel to restrict the use of fire retardant 
chemicals in sensitive groundwater areas.   

RDNO currently has an Emergency Response Plan for the Whitevale water supply; however 
it requires revision and may not include all possible hazards as identified in this Study.  We 
recommend that RDNO update and revise the emergency response plan for the Whitevale 
Well.   

9. Develop Contingency Plans  

Contingency planning consists of developing a plan for the location and provision of an 
alternative drinking water supply in the event that the existing supply cannot be used.  This is 
important for the Whitevale Subdivision as they only have one well supplying all their water.    
It is recommended a contingency plan be developed for the Whitevale Subdivision. The 
contingency plan should identify short-term alternatives in the event of a minor disruption, 
and long-term alternatives in the event of a complete loss of water supply.  
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1.0 INTRODUCTION 

Golder Associates Ltd. (Golder) is pleased to present this report, which outlines the initial 
stages in the development of a Groundwater Protection Plan (GWPP) for the water supply 
well (herein referred to as the “Whitevale Well”) of the Whitevale Subdivision in the rural 
community of Whitevale, near Lumby, B.C. (Figure 1).  This work was completed at the 
request of the Regional District of North Okanagan (RDNO), which is the purveyor of the 
water distribution system for the Whitevale Subdivision.  It is our understanding that the 
Whitevale GWPP is being developed with the assistance of a gas tax grant distributed to the 
Regional District of North Okanagan (RDNO).   

The Whitevale Well supplies potable water to approximately 100 residential lots within the 
Whitevale Subdivision and is located in the northwest area of the service lot at 715 Franklin 
Road, as shown on Figure 2.  Given the dependence of the Whitevale Well water users on 
groundwater, the implementation of a GWPP is considered critical to the protection of source 
water quality.  Implementation of groundwater protection measures will not only help to 
protect public health, but will also protect ecosystems associated with the creeks and rivers 
that rely on groundwater as a source of recharge.  

This work was authorized by Mr. Bob Campbell of RDNO on April 18, 2007 and follows the 
methodology contained in a proposal submitted by Golder on March 6, 2007.   

2.0 BACKGROUND 

RDNO operates and maintains one community water supply well within the Whitevale 
subdivision referred to as the “New Whitevale Well”.  This well was constructed in April 
2006 to replace the existing well on the site (Old Well), as the capacity of the Old Well had 
declined in recent years.   

Golder previously completed the following two reports pertaining to the community wells 
(Old Well and Whitevale Well) in Whitevale: 

• Preliminary Hydrogeological Assessment, Whitevale Subdivision, 715 Franklin Road, 
Whitevale, B.C.  dated May 17, 2005 (project # 05-1440-067), and  

• Hydrogeological Services for Design, Construction and Yield Testing of the New 
Community Well for Whitevale, B.C. dated August 9, 2006 (project # 06-1440-022).   

The first report was completed at the request of the Interior Health Authority (IHA) following 
an application submitted by RDNO to drill the new well in 2004.  The report identified 
potential sources of contaminants in the immediate area that could pose a risk to the new well 



May 2008 - 2 - 07-1440-0089 

 

Golder Associates 

(i.e., septic tanks, septic fields, roads, etc.) and outlined provisions for well construction to 
minimize those risks. 

The construction report outlines the construction details of the Whitevale Well, provides an 
analysis of pumping tests and presents conclusions and recommendations.  One of the 
recommendations of this report was that RDNO consider developing a Groundwater 
Protection Plan for the Whitevale Well.  The development of a GWPP assists communities in 
identifying important characteristics pertaining to their groundwater source and guides them 
in the development of management strategies to protect their resource.  This is conducted on 
the premise that it is much more cost effective to protect a water supply source from potential 
contamination than to remediate contamination and/or develop a new water supply source(s). 

3.0 METHODOLOGY 

The Well Protection Toolkit (WPT) was used as a guide in the development of the GWPP.  
The WPT was developed jointly by Ministry of Environment (known previously as the 
Ministry of Water, Land and Air Protection) and the Ministry of Health in 2000, and consists 
of a six-step process created to assist communities that utilize groundwater to better manage 
and protect their drinking water sources.   

The six steps outlined in the WPT are as follows: 

Step 1. Form a Community Planning Team; 
Step 2. Define the Well Protection Areas; 
Step 3. Identify Potential Contaminants; 
Step 4. Develop Management Strategies; 
Step 5. Develop Contingency Plans; and 
Step 6. Monitor Results and On-going Evaluation of the Plan. 

For this study, the basic components of the first three steps (Steps 1 to 3) of the WPT were 
followed.  However, based on Golder’s experience with developing GWPPs, it was 
determined that the best approach in completing the Whitevale Well GWPP was to complete 
the technical aspects of the study before forming a Community Planning Team and public 
initiating involvement in the GWPP.  With this in mind, the initial emphasis of the study was 
on defining the 60-day time-of-travel capture zone for the Whitevale Well and identifying 
potential threats to the water source from surrounding land use.  Once the technical 
information presented in this report is reviewed and finalized, it can be presented to the 
public for review and input.    

The following provides the specific scope of work for this initial phase of the GWPP: 

• Gather and review available information on the community well and local aquifer(s); 
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• Complete a location and elevation survey of the Whitevale Well, the Old Well and 
one or two private wells and collect static water levels of the surveyed wells to 
estimate a groundwater flow direction and hydraulic gradient, 

• Identify aquifer characteristics in the area and estimate the extent of the 60-day time-
of-travel capture zone for the Whitevale Well by incorporating the groundwater flow 
direction and hydraulic gradient information,   

• Complete a preliminary contaminant inventory for the Whitevale Well, which will 
include reviewing available information (land use maps, zoning bylaws, air 
photographs, etc.), completing a search of the Ministry of Environment (MOE) 
Contaminated Sites Registry Database (CSRD), conducting interviews with 
representatives of relevant government agencies and conducting a windshield survey 
of the area, 

• Prepare a report summarizing the study, and 

• Present the findings of the report to Whitevale community members via a public open 
house meeting. 

It is understood that further progress in the development of Whitevale’s GWPP (the 
completion of Steps 4, 5 and 6) will be based on the findings of this report and will be a 
function of funding availability.  Issues related to existing water quality monitoring were 
beyond the work scope for this initial stage of GWPP and should be addressed in future 
stages of this initiative (i.e. Step 6).   

4.0 STUDY AREA 

4.1 Location and Climate 

The Whitevale Well is located in the Whitevale Subdivision, approximately 2.5 km 
southwest of Lumby, BC.  The Subdivision is located in the Bessette Creek Valley, 
approximately 400 m northwest of Bessette Creek (at its closest point) and is at an elevation 
of approximately 525 meters above sea level (masl).  The geographic coordinates of the 
Whitevale Well are: Latitude 50º13’14.2”N, Longitude 118º59’44”W.  Figure 1 shows the 
location of the Whitevale Subdivision and the approximate area considered for this GWPP.  
The land use within the subdivision is residential with agricultural and residential land 
surrounding the subdivision. 

The climate of Whitevale consists of warm summers and cool, moist winters.  The closest 
weather station to Whitevale is located in Lumby.  The “Lumby Sigalet Rd” weather station 
is located at an elevation of 560 masl.  Data from this weather station indicates the annual 
average daily temperature of Lumby is 6.7° C, with daily average temperatures ranging    
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from -4.9° C in January to 17.9° C in July, as reported in “Canadian Climate Normals, 1971 – 
2000 for BC” (Environment Canada).  The total annual precipitation reported for Lumby is 
628.3 mm per year. 

4.2 Topography 

The local topography in the Whitevale area is characterized by a flat valley bottom 
surrounded by steep slopes to the north and south.  The valley bottom represents the 
floodplain area of the Bassette Creek, which is a tributary of Duteau Creek.  The valley 
generally runs in an east to west direction and is bounded to the north by Silver Star 
Mountain (peak elevation of approximately 1890 masl) and to the south by Buck Mountain 
(peak elevation of approximately 2000 masl).   

The catchment area of Bassette Creek upgradient of Whitevale generates runoff from rainfall 
and snowmelt, which also contributes recharge water to the local aquifers in Whitevale.  The 
catchment area of Bassette Creek upgradient of Whitevale is shown in Figure 3 and is 
approximately 250 km2. 

4.3 Overview of Surficial and Bedrock Geology 

Apart from providing a physical boundary that the unconsolidated sediments of the valley are 
situated within, the bedrock in the Study Area is expected to provide minimal recharge to the 
local groundwater flow regime.  According to the BC Geological Survey website1, Whitevale 
is underlain primarily by granodioritic intrusive rock from the Middle Jurassic Period.   

5.0 HYDROGEOLOGICAL ASSESSMENT  

5.1 Review of the Preliminary Hydrogeological Assessment 

A hydrogeological assessment of the area was completed in the previous Golder report 
entitled Preliminary Hydrogeological Assessment, Whitevale Subdivision, 715 Franklin 
Road, Whitevale, B.C., dated May 17, 2005.  

 A summary of the findings within the Preliminary Hydrogeological Assessment are as 
follows: 

• Three aquifers were identified in the area of the Whitevale Subdivision according to the 
Aquifer Classification System compiled by MOE; Aquifer Nos. 315, 316 and 317.  The 
aquifer extents and classifications, as identified in the MOE Water Resources Atlas 
(WRA) are provided in Appendix I. 

                                                   
1 http://www.em.gov.bc.ca/Mining/Geolsurv/MapPlace/themeMaps.htm 
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• Based upon a review of the available well logs in the area, there appears to be an upper 
unconfined, sand and gravel aquifer and a lower, confined, sand and gravel aquifer.  The 
upper aquifer is separated from the lower aquifer by a 4 m to 12 m thick till and/or clay 
unit(s).  Well logs in the area from the MOE Well Database are provided in Appendix 
II) 

• The upper unconfined aquifer is assumed to be represented by Aquifer No. 315 & 316 in 
the MOE Aquifer Classification System (Appendix I).  The well logs in the area indicate 
that the shallow aquifer ranges in depths from 3 m and 18 m (10 feet and 58 feet) with 
reported static levels of between 0.6 meters below ground surface (mbgs) and 10 mbgs 
(2 feet and 34 feet).  Aquifer Nos. 315 and 316 are classified as moderate and low 
yielding sand and gravel aquifers, respectively, with a high vulnerability to 
contamination from surface sources.   

• Aquifer No. 317 is assumed to represent the confined aquifer.  The top of the confined 
aquifer has a reported depth of between 12 mbgs and 21 mbgs (39 feet and 68 feet).  
Static water levels reported in these wells at the time of drilling were between 3 mbgs 
and 9 mbgs (9 feet and 30 feet).  Aquifer No. 317 is classified as a moderate yielding 
sand and gravel aquifer, with a low vulnerability to contamination from surface sources. 

5.2 Municipal Groundwater Use  

The Whitevale Well is the only well in the study area that is known to service more than one 
property owner.  The well log for the Whitevale Well indicates sand and gravel exists from 
the ground surface to 1.8 mbgs, underlain by a layer of sand, gravel and clay (classified as 
“likely till”) from 1.8 mbgs to 8.7 mbgs, with sand and gravel from 8.7 mbgs to 26.8 mbgs 
(Golder, 2006).  The surficial stratigraphy and construction details for the Whitevale Well are 
provided in Figure 4.   

5.3 Other Groundwater Users 

All other wells in the area are private wells used for household domestic water, irrigation or 
other agricultural purposes.  A comprehensive inventory of these private water wells was 
beyond the scope of this study.  However, Golder assembled the following information 
concerning local groundwater use. 

The location of 33 known water wells identified in the MOE database for the study area, 
including the Old Whitevale Well, are shown in Figure 5 and the well logs are provided in 
Appendix II.  Although little is known about these wells, most are located outside the service 
area of the Whitevale distribution system, and therefore, most are assumed to still be in use.   
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5.4 Aquifer Characteristics 

Based on existing well logs in the area, Aquifer No. 317, the source aquifer of the Whitevale 
Well, is confined by a till/clay layer that represents the top of this aquifer, but there is no 
information concerning the total thickness of the aquifer.  Anecdotal reports from local 
residents indicate that deeper wells in the area have produced flowing artesian conditions, 
which indicates that there may be another deeper aquitard(s) and aquifer(s) above the 
bedrock.   

The MOE Aquifer Classification System indicates that the lateral extents of Aquifer No. 317 
consist of a bedrock boundaries to the north and south and a change in stratigraphy to the east 
and west.  To the north and south, Aquifer 317 ends at the slopes of the surrounding 
mountains, where the aquifer likely encounters bedrock.  To the west, Aquifer 317 ends at 
Coldstream Creek, where it encounters Aquifer 352.  To the east, Aquifer 317 encounters 
Aquifers 318 and 319, which is apparently the end of this stratigraphy layer.  The extents of 
Aquifer 317 are provided in Appendix I.  

Based on a 52-hour pumping test conducted on the Whitevale Well at the time of 
construction, the transmissivity of the confined aquifer was estimated to be 740 m2/day with 
a storage coefficient of 0.008 (Golder, 2006).  The hydraulic conductivity is 5×10-4 m/s based 
on a saturated aquifer thickness of 18.1 m.  This is consistent with data found in the literature 
which provides a hydraulic conductivity range of 10-4 m/s to 10-2 m/s for sand and gravel 
(Freeze & Cherry, 1979).   

The 52-hour pumping test analysis indicated the presence of a positive recharge boundary 
approximately 200 m from the Whitevale Well.  Further examination of the MOE well logs 
determined that for three wells (WTN 57246, 41504 and 58436) located between Bessette 
Creek and the Whitevale Well the confining layer above Aquifer No. 317 appears to be 
absent.  This indicates that these three wells may be constructed within an abandoned channel 
that is likely hydraulically connected to Bessette Creek.  The inferred location of this 
abandoned channel is provided in Figure 5.  WTN 41504 is approximately 170 m from the 
Whitevale Well, and hence, the inferred abandoned channel may represent the positive 
recharge boundary identified by the pumping test.    

5.5 Groundwater Flow Direction and Hydraulic Gradient 

To determine the hydraulic gradient of Aquifer No. 317, the location and relative elevation of 
four wells were surveyed2 on May 24, 2007 and the static water levels recorded.  The 
Whitevale Well and the Old Whitevale Well were included in the study, together with two 
private wells located at 735 Arbutus Road (not identified within the MOE database) and 487 
Whitevale Road (WTN 43930).  The resultant groundwater flow direction was determined to 
                                                   
2 The survey conducted used a local coordinate system and was not referenced to mean sea level.  
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be to the northwest (Figure 6), towards Duteau Creek (Figure 1).  The localized hydraulic 
gradient was calculated to be approximately 0.016 m/m.   

A second round of water-level measurements was collected on Nov. 6, 2007.  The water 
levels were measured after the wells were allowed to stabilize (during a period of non-
pumping) for at least 8 hours (overnight).  The groundwater flow direction and gradient 
measured during the second round were consistent with the first round. 

It should be noted that the groundwater flow direction and hydraulic gradient measured in the 
confined aquifer do not necessarily apply to the shallow aquifer.  Also, the groundwater flow 
direction and hydraulic gradient may experience seasonal variations. 

5.6 Aquifer Water Balance 

5.6.1 Recharge  

The estimated annual recharge to the aquifers was calculated based on climatic data, 
assuming that recharge to the aquifer occurs primarily via precipitation infiltration within the 
catchment areas of  the Bessette Creek watershed.   

As seen in the table below, a wide range of recharge rates can occur, from fractions of a 
percent of total precipitation in arid and semi-arid areas (where evaporation is high) to 
approximately 25 percent in some higher alpine areas and on flat lying alluvial fans.  Studies 
in Keremeos (Golder, 2003) indicated that using climate data with a 10% infiltration rate 
provided a good agreement between with the Darcy Flux estimate that was conducted for the 
Keremeos Aquifer.  The topography and climate patterns in Keremeos are similar to those 
found in most areas of the Okanagan Valley.   

Location Aquifer Recharge Rate Used Reference 
Semi-arid Lillooet, B.C., alluvial 
fan (low angle) 

24% (397 mm/yr) Golder, confidential 
report 

Prince George, B.C., valley 
bottom 

17% (614.6 mm/yr) Golder, confidential 
report 

Semi-arid, West Texas, USA 2% (330 mm/yr – 560 mm/yr) Wood and Sanford, 
1995 

Florida sub tropical, USA 0.2% to 0.3% (1400 mm/yr) Fetter, 2001 
High Plains (Colorado, Kansas, 
Nebraska, New-Mexico, 
Oklahoma, South Dakota, 
Texas, Wyoming; USA) 

3.5%-6% (410 mm/yr -710 
mm/yr) (average for entire 
area) 

Fetter, 2001 

Keremeos, B.C., valley bottom 
with surrounding mountain 
slopes 

10% (300.9 mm/yr ) Golder, 2003 
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Based on the similarities between Keremeos and the Whitevale Subdivision, a 10% recharge 
from precipitation was used to estimate the recharge to all the local aquifers in Whitevale.  It 
was also assumed that the majority of the infiltration (estimate of 80%) is concentrated in the 
alluvium sediments within the base of the valley with the remainder of the infiltration (20%) 
recharging localized bedrock aquifer systems.      

The annual recharge calculation uses the mean annual precipitation reported for the Lumby 
Sigalet Rd weather station of 628.3 mm/yr and assumes that approximately 10% of this 
precipitation, or 62.8 mm/yr, is available as recharge to the local aquifers.  Of this, 80% or 
50.3 mm/yr is directed to the alluvium sediments in the valley with 12.5 mm/yr to the local 
bedrock aquifers.  This recharge availability is then multiplied by an area of 250 km2, the 
approximate catchment area of Bassette Creek above Whitevale (Figure 3), to get an 
annual aquifer recharge of 1.3×107 m3/year in the Whitevale area.  This recharge estimate is 
for the recharge in all the local aquifers in the unconsolidated materials.  There is currently 
not enough information to estimate the portion of this recharge that is directed to the confined 
aquifer that is the source for the Whitevale Well.   

Note that this recharge estimate is based on precipitation only and does not account for other 
sources of recharge to the aquifer such as return flow from Bessette Creek, septic fields, 
irrigation, water system leaks and run-off from surrounding uplands.  

5.6.2 Extraction  

The Whitevale Well is metered and according to RDNO records, the approximate extraction 
total for 2006 was 36,713 m3. 

There is no information available on the extraction rates of the private wells in the area.  
Without metering data it is difficult to quantify the aquifer discharge or total annual 
groundwater extraction for all wells in the area.  However, an annual discharge rate was 
estimated for the catchment area of Bessette Creek to Whitevale by estimating the water 
usage based on the number of houses and irrigated agricultural land in the catchment area.   
The estimated annual discharge for all the aquifers in the area was calculated to be within a 
range of 6.9×105 m3/yr to 8.7×105 m3/yr.  The following outlines the assumptions used in 
developing the estimate: 

• An estimate of 150 houses are located within the Bessette catchment (not including 
the Whitevale Subdivision) based on the MOE groundwater atlas.  It is assumed that 
all houses in the area utilize local groundwater.  Assuming a residency population of 
2.5 people per household3, the local population was estimated to be approximately 
375 people.  Based on the BC Sewage System Standard Practice Manual (MHS, 
2005), the average domestic water use is in the range of 0.40 to 0.60 m3/day/person.  

                                                   
3 Based on BC stats for Lumby from 2001 Census Population Statistics. 
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This provides a local domestic water use of 190 m3/day to 225 m3/day (6.8×104 
m3/year to 8.2×104 m3/year);   

• The water used for agricultural purposes is estimated to range from 5.9×105 m3/yr to 
7.5×105 m3/yr.  This was based on an irrigated crop water demand ranging from     
33 cm to 41 cm per year applied over an estimated 180 hectares of potentially 
irrigated land.  The irrigated crop water demand was calculated using the “Guide to 
Irrigation System Design with Reclaimed Water”, an Irrigation Fact sheet issued by 
the BC Ministry of Agriculture, Food and Fisheries, February 2001.  The amount of 
irrigated land used in this calculation is the approximate amount of agricultural land 
within the catchment area of Bessette Creek to the Whitevale Well.  

This estimate does not account for leaks or losses from the Whitevale distribution system or 
from private systems.  It was assumed that there is no industrial or commercial land use in the 
Bessette Creek catchment area to Whitevale. 

5.6.3 Surplus 

The overall water balance in the area can be estimated using the following equation: 
 

 

The following water balance includes the total extraction and total annual recharge estimates 
for the Bessette Creek catchment area to the Whitevale Well. 
 
The total aquifer recharge was calculated to be approximately 1.3×107 m3/yr.  The estimated 
annual groundwater extraction calculated ranges from 6.9×105 m3/yr to 8.7×105 m3/yr.  Based 
on these estimates, the total net surplus of the local aquifers available is 1.2×107 m3/yr (no 
range is provided based on significant figures).  From these estimates, the current utilization 
rate of water from the aquifer at Whitevale is approximately 6%.   
 
The above utilization rate does not account for reductions in well yields created by the 
lowering of available drawdown in wells during drought or the effects of climate change. 
 
6.0 WELL PROTECTION TOOLKIT 

6.1 Step 1 - Community Planning 

During the development and implementation of a GWPP, it is important to include the 
interests of community members and land-users.  Step 1 of the WPT consists of the formation 
of a Community Planning Committee to assist in the GWPP development.  However, based 
on Golder’s past experience and on the size of the Whitevale Community, it was determined 
that the most beneficial approach would be to focus on gathering the technical information 

Qrecharge – Qextraction = Qnet surplus 
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required for a GWPP before soliciting input from the public.  The results of this study can 
then be presented to the Whitevale water uses and land users for input. 

6.2 Step 2 - Define Well Protection Areas  

6.2.1 General 

During the pumping of a well, groundwater is removed from a finite volume of the aquifer.  
In the initial phases of pumping, the drawdown cone created by the well expands and 
groundwater is removed from storage within the aquifer (due to pore drainage, aquifer matrix 
compression, and water compressibility).  In later stages, once the drawdown cone attains 
sufficient dimensions and/or intersects a positive recharge boundary, groundwater flows 
radially towards the well and the aquifer is replenished by recharge due to precipitation 
and/or leakage from streams, rivers, and geologic units bounding the aquifer. 

To efficiently manage and protect a groundwater supply, an understanding of the well 
“capture zone” and the “time-of-travel” zones are required.  A “capture zone” is the area of 
an aquifer from which all groundwater will eventually arrive at the well, even after a 
considerable amount of time.  A “time-of-travel” zone is the area of an aquifer from which 
groundwater will be derived in a predefined amount of time.  For example, if a contaminant 
is released within the 1-year time-of-travel zone, it can be expected to arrive at the well 
within approximately 1 year.  Once the capture zone and time-of-travel zones are estimated, 
the appropriate monitoring and protective measures can be implemented.  

The following sections outline the methodology used in the time-of-travel zone analyses, 
limitations of the analysis and the results of the analysis. 

6.2.2 Modeling Methodology and Limitations 

Several methods of time-of-travel zone analysis exist including: 1) calculated fixed radius 
method (CFR), 2) type curves and analytical equations, and 3) numerical flow and transport 
models.  The methods vary in their accuracy and applicability, with Methods 1 and 2 being 
restricted to relatively simple groundwater regimes, and Method 3 being capable of 
addressing scenarios with more complicated hydrostratigraphy, hydrogeologic boundaries, 
and variable pumping scenarios.  Although more technically rigorous, Method 3 requires 
considerably more effort and data regarding hydrogeologic conditions, which are beyond the 
scope of this project.   

Since the hydraulic gradient and groundwater flow direction were measured as part of this 
study and a number of the aquifer parameters have been estimated from previous studies, 
Golder utilized an analytical equations method that incorporates these parameters to estimate 
the 60-day time-of-travel zone for the Whitevale Well.  Time-of-travel zones longer than 60-
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days (for example, 1-year and 5-year time of travel zones) were not analyzed as the 60-day 
time-of-travel zone intersects a positive recharge boundary, as detailed in the proceeding 
sections. 

The 60-day time-of-travel zone is generally accepted as the approximate time required for the 
renovation of biological pathogens in groundwater (Matthess, 1985).   

The following presents a brief outline of the analytical equations method utilized and the 
limitations of this method. 

Analytical Equations 

The analytical equations method utilized was developed by Ceric and Haitjema (2005) as 
presented in their paper in the technical journal, Groundwater.  It incorporates the local 
hydraulic gradient, groundwater flow direction, aquifer parameters (hydraulic conductivity, 
porosity and thickness) and the pumping rate of the subject well.   

This method presents various options for determining the time-of-travel capture zone, which 
are defined based on the average groundwater velocity in the aquifer, the aquifer porosity and 
hydraulic conductivity.  In general, aquifers with relatively flat hydraulic gradients result in 
more circular capture zones, while steeper hydraulic gradients results in oval or elongated 
capture zones extending upgradient of groundwater flow direction.   

Although this method provides a more realistic estimate of the time-of-travel zones than the 
circular CFR method, it has the following limitations: 

• It does not account for seasonal groundwater fluctuations, interactions with other 
wells, or boundary conditions.   

• Dispersion, degradation or retardation of contaminants in groundwater are not taken 
into consideration. 

• Only one constant pumping rate is utilized in the equations, when in reality, 
pumping rates vary on a daily and seasonal basis. 

• The time-of-travel zone calculated is highly dependant on the groundwater flow 
direction and hydraulic gradient, which may fluctuate on a seasonal basis, changing 
the area and orientation of the time-of-travel zone.   
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6.2.3 Time-of-travel Zone Results 

For the purpose of this study, Golder Associates carried out a preliminary analysis of the    
60-day time-of-travel zone for Whitevale Well.  The pumping rate used in the analysis was 
7.6 L/s (120 USgpm), the recommended maximum yield provided in the construction report 
of the Whitevale Well (Golder, 2006).  Hence, the time-of-travel zone calculated is 
considered conservative (likely larger than actual conditions) as the Whitevale Well is not 
normally pumped continuously. 

The results of the preliminary 60-day time-of-travel zone estimates using the analytical 
equations method are provided in the table below and shown in Figure 6.  

Analytical Equations (Ceric and Haitjema, 2005) Whitevale Well 
Time-of-Travel 

Zone 
Maximum       
Width (m) 

Distance Upgradient 
(m) 

Distance Downgradient 
(m) 

60-day 28 184 9 

The results of the analytical equations method used indicate that the extent of the 60-day 
time-of-travel zone intersects the inferred abandoned channel of Bessette Creek, approximate 
175 m to the south of the Whitevale Well.  The abandoned channel (Figure 5) is likely 
hydraulically connected to Bessette Creek and, as indicated in the pumping test results 
(Golder, 2006), acts as a positive recharge boundary.  It is anticipated that time-of-travel 
zones greater than 60-days will not extend beyond this positive recharge boundary in the 
pattern predicted by the analytical equations method and therefore, estimates for times 
greater than 60-days were not calculated. 

It is important to note that the area estimated for the 60-day time-of-travel zone using the 
analytical equations method is highly dependant on groundwater flow direction and gradient.  
It is possible that the direction of groundwater flow varies seasonally and the 60-day time-of-
travel zone may also change accordingly.  To account for this uncertainty, Figure 7 also 
provides a buffer area around the 60-day time-of-travel zone.  The buffer area is based on an 
estimate of potential variations in groundwater flow direction and gradients as there is 
insufficient information available to determine the actual extents of the buffer area.   

It should also be noted that should the water level elevation within the Whitevale Wells fall 
below the base elevation of the positive recharge boundary (i.e. inferred abandoned channel), 
it is possible that the time-of-travel zones may extend beyond this boundary.  Also, the 60-
day time-of-travel zone provided in Figure 7 is within the confined aquifer and does not 
necessarily apply to the shallow aquifer.  If the groundwater flow direction is in another 
direction in the shallow aquifer, it is possible that land use activities outside of the current 60-
day time-or-travel and associated buffer zone may represent a risk to the shallow 
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groundwater quality.  This may, in turn, impact the deeper aquifer if a pathway exists 
between the two.    

The estimates completed must be considered preliminary only.  However, they represent a 
reasonable first approximation for Whitevale GWPP by providing an indication of the 
reaction time available in the case of threats to the groundwater supply.  This information can 
be used to develop contingency plans later in the GWPP process.   

6.3 Step 3 - Contaminant Inventory 

6.3.1 Methodology 

A contaminant inventory was carried out to identify existing and potential sources of 
groundwater contamination within the Whitevale Subdivision and surrounding areas and 
determine their relevant risk to the Whitevale Well.  The inventory was comprised of two 
components: 

1. A regional inventory to identify general environmental concerns in the area; and 

2. A preliminary contaminant inventory within the 60 day time-of-travel zone of the 
Whitevale Well. 

The following is a summary of the information sources used to complete the regional and 
time-of-travel zone contaminant inventories: 

1. Discussions with Mr. Bob Campbell, Infrastructure Services Manager, RDNO, 
regarding potential environmental concerns. 

2. Discussions with Mr. Dale Thomas, Public Health Engineer, of IHA regarding health 
concerns in relation to water quality and groundwater use in Whitevale. 

3. Search of the MOE Contaminated Sites Registry Database. 

4. Review of 1:20,000 scale TRIM maps, 1:50,000 scale topographic maps, a 1:20,000 
scale community map and 1:50,000 Agricultural Land Reserve Maps. 

5. Review of available well logs for the Whitevale Area identified in the MOE Well 
Database. 

6. Review of the Regional District of North Okanagan Official Community Plan for 
Electoral Areas D& E, Lumby Rural (May 2007), 
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7. Mapping available form BC Water Resource Atlas, iMap and Mineral Inventory 
mapping. 

8. A site reconnaissance of the Whitevale Subdivision and surrounding area was 
conducted by Ms. Zee Marcolin of Golder on May 24, 2007. 

6.3.2 Results of Regional Contaminant Inventory 

The results of the regional contaminant inventory are presented below. 

6.3.2.1 Search of MOE Contaminated Sites Registry 

A search of the BC MOE Contaminated Site Registry Database (CSRD) was conducted on 
October 23, 2007 to identify properties registered with the CSRD located within 0.5 km of 
the Whitevale Well.  The search found that there were no properties registered.  The results 
of the CSRD search is included in Appendix III. 

It should be noted that the CSRD contains information on contaminated sites-related 
documents and studies that MOE has acquired for specific properties since approximately 
1989.  The existence of a property within the CSRD does not necessarily indicate that the 
property is contaminated as specified by the Contaminated Sites Regulation.  The property 
registration process can also be triggered by other mechanisms such as property transactions 
and facility upgrades.  Similarly, there may be contaminated sites within the Whitevale 
subdivision area and the surrounding area that have not been identified within the CSRD.   

6.3.2.2 Regional Mining Activity  

The Mineral Activity Map available from the Ministry of Energy, Mines, and Petroleum 
Resources (http://webmap.em.gov.bc.ca/mapplace/minpot/minEconomy.cfm#) for the 
Whitevale area was reviewed and is provided in Appendix IV.  No historic or current mining 
activities were identified in the Whitevale area.  Mineral and placer claims were identified 
approximately 2 km to the south, along Harris Creek.  No gravel extraction locations or 
tailing dumps were identified upgradient of the Whitevale Well. 

6.3.2.3 Agricultural Issues 

The Agricultural Land Reserve (ALR) map for the area (provided in Appendix V) indicates 
that the Whitevale subdivision is surrounded by land within the ALR.  Agricultural land uses 
identified during the site reconnaissance included mainly crop cultivation or pasture in fields 
to the north, west, and east.  Cattle were observed in the agricultural land immediately south 
of the Whitevale Subdivision, across Whitevale Road.   It is uncertain whether the cattle 
preside in this area on a year round basis or if this area is used as an over-winter staging area.   
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Agriculture activity can be a potential source of groundwater contamination from bacteria, 
viruses, nitrites/nitrates, pesticides and fertilizers.   

6.3.2.4 Septic and Sanitary Sewer Systems 

According to Mr. Campbell, all homes in the Whitevale subdivision and in the surrounding 
areas are serviced by private septic systems.   

Septic systems and dry pits on neighbouring properties were identified in previous work 
completed by Golder (Golder, 2005 & 2006) and are presented in Figure 2.  The location of 
the neighbouring septic systems and dry pits dictated the chosen location of the Whitevale 
Well constructed in 2006, which was the only location at the 715 Franklin Road service lot 
that was situated at a distance greater than 30 m from potential contaminant sources as 
required in the BC Sanitary Regulations.  

Septic systems can be a potential source of groundwater contamination, contributing bacteria, 
viruses, nitrates, detergents, oils, heavy metals, chemicals and other household contaminants 
disposed of by flushing or washing down a sink.  Groundwater contamination in areas where 
septic systems are utilized may result if systems are poorly sited, designed, constructed, or 
maintained.  In cases where the number or age of homes with septic systems increases, the 
capacity of the natural terrain to support the cumulative loading of septic effluent can create a 
concern.  In such cases, the renovation of effluent prior to reaching groundwater can be 
insufficient resulting in groundwater contamination.  Septic systems within the 60-day time-
of-travel zones represent the greatest risk to water quality as there may be insufficient time 
for renovation of microbial contaminants.   

6.3.2.5 Existing and Inactive Water Supply Wells 

Thirty-three water wells were identified from the MOE Well Database in the study area.  
Four additional wells not registered in the MOE Well Database were identified over the 
course of the study through discussions with neighbours.  There are likely more wells in the 
study area that are not registered in the MOE Well Database; however, identifying other 
private wells in the area was beyond the scope of this study.  All known wells in the study 
area are provided in Figure 5. 

The majority of these private wells are outside of the Whitevale Subdivision distribution 
system boundaries and therefore, most are assumed to still be in use.  However, three inactive 
wells in close proximity to the Whitevale Well were identified during the survey; the Old 
Whitevale Well, one inactive well at 487 Whitevale Road and one inactive well three houses 
north of the Whitevale Well on Franklin Road.  Of these, only the Old Whitevale Well is 
registered with the MOE database.   



May 2008 - 16 - 07-1440-0089 

 

Golder Associates 

All of the wells identified in Figure 5, with the exception of the Whitevale Well, were 
constructed previous to the BC Groundwater Protection Regulation (GWPR) enacted in 2004.  
The GWPR requires that wells be constructed with an annular seal to ensure that surface 
contaminants do not have a migration pathway to the underlying aquifers through the annular 
space.  Since all these wells were constructed previous to the GWPR, it is unknown if these 
wells have annular seals, as annular seals were construction only at the discretion of the 
driller and well designer before the GWPR was enacted.   

Wells which are not properly sealed, poorly sited or have corroded casings can act as direct 
conduits for the migration of surface contaminants to the underlying aquifer(s).  This is 
especially important for confined aquifers, which normally have a degree of protection from 
confining layers (or aquitards).  In some extreme cases, inactive wells have been used for the 
disposal of wastes such as motor oil.   

6.3.2.6 Stormwater Disposal 

Stormwater is controlled within the Whitevale subdivision by ditches and drywells.  Drainage 
from Whitevale Road is controlled by road side ditches, many of which have been filled in by 
the home owners.  A number of dry wells on neighbouring sites were identified in an earlier 
study (Golder, 2005), although the total number in use in the study area is unknown.  There 
are no reports of flooding from the Whitevale homeowners, nor is there evidence of ponding 
within the subdivision or along Whitevale Road.  Therefore, most stormwater likely 
infiltrates relatively quickly to the shallow aquifer. 

Stormwater runoff can contain contaminants such as oils, antifreeze and biological 
constituents which could potentially be transmitted directly to local aquifers by dry wells and 
infiltration basins.  Stormwater can also reduce water quality of creeks and rivers.   

Since the Whitevale Well is drawing water from a confined aquifer, water quality within the 
confined aquifer would likely not be impacted by local stormwater infiltration.  However, 
this protection could be compromised should old or abandoned wells provide a migration 
route through the confining layer via an improperly constructed annular space or corroded 
well casing.     

6.3.2.7 Surface Water Influences 

Surface water degradation or contamination poses a risk to groundwater quality in the areas 
where the groundwater flow system is recharged by the rivers.  In the pumping test 
completed at the construction of the Whitevale Well, a positive recharge boundary was 
identified approximately 200 m from the well.  Based on the analysis of local well logs, the 
groundwater flow direction determined for the confined aquifer and time-of-travel analysis 
for the Whitevale Well, it is likely the positive recharge boundary is an inferred abandoned 
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channel of Bessette Creek and is likely hydraulically connected to Bessette Creek.  The 
likelihood that groundwater at the Whitevale Well being impacted by surface water, 
specifically Bessette Creek is discussed in Section 6.3.3.1.   

6.3.2.8 Landfilling 

Leachate from landfills can contain a large range of contaminants, depending on the landfill 
contents.  Typically, landfill leachate can impact pH, redox characteristics and dissolved 
oxygen demand and contains elevated concentrations of metals, dissolved solids, nutrients, 
and organic contaminants.  Old landfills and illegal dump sites, where material restrictions 
are not enforced or those that are not constructed with liners, represent a particular concern. 

No landfills were identified within the subject area, although there are local reports that a 
field approximately 400 m to the northeast of the Whitevale Well was historically used as an 
unofficial “dump”.  There is also a transfer station located approximately 1.4 km northwest of 
the Whitevale subdivision along Dure Meadow Road.  However, neither site is considered a 
risk to the Whitevale Well as they are both downgradient of the well and are relatively far 
from the 60-day time-of-travel zone.   

6.3.2.9 Existing Land Use 

The main land uses in the Whitevale Subdivision and surrounding area are residential and 
agricultural.  Risks from residential land use are related to private chemical use and septic 
systems.  Potential contaminants from common household sources included lawn care and 
garden chemicals (pesticides and fertilizers), common household products, and wastes related 
to property maintenance and automotive repair.  Septic systems can contribute bacteria, 
viruses, nitrates, detergents, oils and other chemical contaminants to groundwater.   

There is some local industrial land and gravel pits in the area as identified in the BC Water 
Well Atlas and iMapBC, which are located as follows: 

• lumber yards, a sawmill and a burner located in an industrial area located approximately 
1.5 km to the northwest, 

• a gravel pit and abandoned pit located approximately 1.7 km to the southwest and two 
other pits located approximately 1.5 km to the south, and 

• a burner and sawmill located close to Lumby, approximately 3 km to the northeast. 

Appendix VI provides a map identifying these sites, however, they are considered too far in a 
downgradient or side-gradient direction to present a risk to the groundwater quality of the 
Whitevale Well.  
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6.3.3 Contaminant Inventory for the 60-Day Time of Travel Zone of the Whitevale Well 

6.3.3.1 Preliminary GUDI Analysis 

The Province of British Columbia does not have a formal regulation to evaluate whether 
groundwater is considered to be under the influence of surface water or “GUDI”.  As such, 
the Ontario Ministry of Environment (OMOE) protocols were followed (OMOE, 2001).  The 
Terms of Reference – Hydrogeological Study to Examine Groundwater Sources Potentially 
Under Direct Influence of Surface Water document states that community wells are “flagged” 
as potentially GUDI if they satisfy the following criteria: 

• The wells regularly contain Total Coliforms and/or periodically contain E. coli; or 

• The wells are located within approximately 50 days horizontal saturated travel time 
from surface water, or are within 100 m (overburden wells) or 500 m (bedrock wells) 
of surface water (whichever is greater) and meet one or more of the following 
criteria: 

o Wells may be drawing water from an unconfined aquifer; 

o Wells may be drawing water from formations within approximately 15 m of 
surface; 

o Wells are part of an enhanced recharge/infiltration project; 

• When the well is pumped, water levels in surface water rapidly change or hydraulic 
gradients beside the surface water significantly increase in a downward direction; 

• Chemical water quality parameters are more consistent with nearby surface water 
than local groundwater and/or if they fluctuate significantly and rapidly in response to 
climatological or surface water conditions. 

No information is available concerning the response (if any) of surface water levels as a 
result of pumping groundwater from the Whitevale Well or about the chemical parameters of 
the adjacent surface water.    

Based on the preliminary criteria above, the known hydrogeological properties of the aquifer, 
and the predicted 60-day time-of-travel zone, the Whitevale Well does not meet criteria that 
would flag it as potentially GUDI as the Whitevale Well: 
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• does not regularly contain Total Coliforms and/or periodically contain E. coli 
(Appendix VII provides the Bacterial Statistics for the Whitevale Well, supplied by 
Greater Vernon Services - Water), and 

• is located at a distance greater than 100 m and at a travel time greater than 50 days from 
Bessette Creek, the closest surface water source to the Whitevale Well,   

• is drawing water from a confined aquifer, and  

• is drawing water from a formation that is greater than 15 m from the ground surface. 

6.3.3.2 Surface Water Influences and Flooding 

Surface water degradation or contamination of local creeks and streams could pose a risk to 
groundwater quality if the Whitevale Well was identified to be GUDI.  As discussed in 
Section 6.3.3.1, the Whitevale Well does not meet the criteria to be flagged as potentially 
GUDI. 

Wells could also be vulnerable to surface water contamination from flooding if they are not 
properly cased and/or sealed.  The 200-year floodplain levels of major river systems in B.C. 
have been mapped and the available floodplain map for Bessette Creek close to Whitevale is 
provided in Appendix VIII.  According to this floodplain map, the Whitevale Well is located 
above the 200-year floodplain level and therefore not at risk of flooding from Bessette Creek.   

Also, the Whitevale Well was constructed in 2006 and meets GWPR (MOE, 2004) standards. 
The well was completed with an annular seal that was grouted from ground surface to a depth 
of 7.1 mbgs.  The annular seal extends a minimum of 2 m into the confining layer above the 
aquifer, which will inhibit contaminants from migrating from the upper aquifer or ground 
surface to the confined aquifer via the annular space.  However, the Old Well is within the 
60-day time-of-travel zone (Figure 6) and does not have a proper annular seal.  This well 
could provide a migration route for contaminants from the surface through the confining 
layer and could negatively impact water quality of the Whitevale Well. 

6.3.4 Land Use within Capture Zones 

A preliminary contaminant inventory within the 60-day time-of-travel zone and associated 
buffer area for Whitevale Well was conducted by means of field reconnaissance, an office 
review of available information and interviews with a limited number of residents and 
representatives of RDOS and IHA.  The inventory did not include interviews with private 
property owners, site-specific inspections, or a review of historical site activities other than 
that provided in the CSRD.   
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It should be noted that the 60-day time-of-travel zone represents a preliminary calculation 
and could be subject to change as additional information becomes available or conditions 
change.  Although it provides a reasonable estimation for the purposes of this study, potential 
contaminants located close to the Whitevale Well but outside the 60-day time-of-travel zone 
and associated buffer area should also be considered as seasonal changes in hydrogeologic 
conditions could impact the time-of-travel zone boundaries.   

The following provides an inventory of land-use within or close to the preliminary 60-day 
time-of-travel zone and associated buffer zone that represent a risk to groundwater quality, 
which are also provided in Figure 7:  

• There are at least five residential properties located within the 60-day time-of-travel zone, 
with another eight properties within the buffer zone that likely utilize septic systems.   
The 60-day travel-of-time zone for groundwater is generally accepted as the time 
required for the renovation of biological pathogens in groundwater and septic systems 
within the 60-day travel-of-time zone may not provide sufficient renovation of pathogens.  
Potential contaminants from septic systems include bacteria, viruses, nitrates, detergents, 
oils, heavy metals, chemicals and other household contaminants disposed of by flushing 
or washing down a sink.   

• Residential housing within the 60-day travel-of-time zone can also potentially introduce 
pesticides, fertilizers, oils, fuels, automotive fluids and other chemical contaminants to 
the groundwater.   

• The agricultural pasture to the south of the Whitevale Well and within the 60-day travel-
of-time zone was occupied by a high-density of cattle in November 2007.  Contaminants 
of concern from high-density feedlots or from other domestic animals include nitrates, 
nitrites, ammonia, bacteria, viruses and other pathogens.  Agricultural land used for crop 
cultivation can introduce pesticides and fertilizers into the groundwater.  

• The Old Well that was used to supply the community water for Whitevale is within the 
60-day time-of-travel zone and very close to the current Whitevale Well.  This well is 
constructed in the confined aquifer and it is suspected that it was not constructed with a 
surface annular seal or a seal between the shallow aquifer and confined aquifer.  
Evidence to support this is related to an incident where the sampling tap in the pump 
house was accidentally left on and the concrete slab around the pump house was flooded 
(Mr. Campbell, pers. comm., 2006).  This resulted in bacterial counts within the well 
water when historically the well produced consistent bacterial results of                             
0 colonies/100 ml.   

• There were four wells located in the Whitevale Subdivision that were not identified in the 
MOE Well Database during the course of this study.  It is suspected that there are likely 
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other wells in the area not currently identified in the MOE Well Database.  Inactive and 
old wells present a high risk as they can provide a direct conduit for contaminants to 
underlying aquifers.  This is especially important for the Whitevale Well as the natural 
protective properties of the confining layer could be compromised. 

• Whitevale Road crosses through the 60-day travel-of-time zone of the Whitevale Well.  
Although Whitevale Road is not considered a major transportation route, road salt is 
likely applied in the winter months and road drainage is directed to swales adjacent to the 
road, which may act as infiltration areas.  Road salt can negatively affect water quality by 
increasing the sodium and chloride content in groundwater.  Roads also increase the risk 
of contamination to local aquifers from spills and accidents releasing automotive fluids 
and other contaminants, however the risk is typically less on minor roads.   

• The proposed abandoned channel of Bessette Creek is at the outer boundary of the 60-day 
time-of-travel zone and may be the recharge area for the Whitevale Well.  Since the 
channel is at the outer boundary of the 60-day time-of-travel zone, there may be 
sufficient renovation time for microbial contaminants, which is supported by the 
historical well monitoring results.  However, the inferred abandoned channel may 
traverse through residential properties and agricultural fields.  As this area is unconfined, 
it is more vulnerable to surface contamination and chemical inputs in this area of could 
impact the water quality in the confined aquifer.   

Most of the contaminant risks within the 60-day time-of-travel zone and buffer area 
described above have a greater risk of impacting the water quality of the shallow aquifer.  
The water quality of the confined aquifer has a measure of protection due to the low 
permeability of the confining layer and the vertical upward pressure displayed in the aquifer 
as demonstrated by the static water levels measured in the aquifer.  However, old or 
abandoned wells could provide a migration route from the shallow aquifer to the confined 
aquifer through inadequate annular seals or corroded casing.   

There is also a possibility that the groundwater flow direction in the shallow well is not the 
same as that found in the confined aquifer, which may alter the time-of-travel zone of the 
Whitevale Well.  For example, if the shallow aquifer groundwater flow direction is opposite 
that of the confined aquifer (i.e. to the south towards Bessette Creek), then land use activities 
on properties to the north of the Whitevale Well may become a risk to the water quality in the 
confined aquifer, especially as there is a potential migration route through the annular space 
in the Old Well and other old or inactive wells in the area. 
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7.0 PRELIMINARY RISK ASSESSMENT OF WATER QUALITY THREATS 

Based on the contaminant inventory results outlined in Section 6.3.4, a preliminary risk 
assessment was completed to assist in the relative ranking of each potential threat identified.  
The risk assessment can be useful for prioritization of action items.   

The results of the risk assessment are provided in Table 1 and were based on the following 
criteria: 

CONSEQUENCE × PROBABILITY = RISK 

Where: 

Probability (of Occurrence1 and Exposure2)  
1 Rare or unlikely occurrence with minimal risk that contaminant will migrate to 

confined aquifer. 
2 Possible occurrence with no known migration risk to the confined aquifer 
3 Possible occurrence with high risk of migration to the confined aquifer 
4 Certain occurrence with no known migration risk to the confined aquifer 
5 Certain occurrence with high risk of migration to the confined aquifer 

1. Occurrence is based on the assumption that the hazard occurs in the 60-day time-of-travel zone or 
buffer area.  Hazards that occur outside the buffer area are assume to have a zero consequence upon the 
Whitevale Well and are therefore not considered. 

2. Exposure is related to the potential risk that contaminants can migrate through the confining layer or 
within an unconfined portion of the aquifer.  

 
 
 

Consequence of Exposure 
1 Slight Effect.  Small change in water quality. 
2 Moderate Effect.  Moderate change in water quality requiring mitigation 

(treatment of water supply). 
3 Major Effect.  Significant change in water quality that cannot be mitigated by 

treatment or potentially causing acute health concerns.  
 Notes:  1. Adapted from Golder, 2004b and Schillereff et. al, 2005. 

           2. The ranking of potential consequences is based on an estimate of potential responses to 
assist in prioritizing future action.   Potential consequences are based on generalized, 
hypothetical scenarios.  Actual consequences will depend on site-specific conditions. 

 

The following risk matrix was used to rank and prioritize risks for the risk assessment: 
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Where: Consequence × Probability = Risk  
 
And the risk levels are:  
 

Low: 1 - 2 
Moderate: 3 - 6 
High:  7 - 9 
Very High: 10 - 15 

 

Risk matrices can have more variability and a larger range of risk levels can be assigned if 
more time-of-travel periods are delineated.  The risk matrix for this Study is relatively simple 
as only the 60-day time-of-travel zone (and buffer area) was calculated.  Although the risk 
assessment is simplified, it is considered an appropriate way of ranking and prioritizing the 
hazards for the current objectives of this Study.   

The results of the preliminary risk assessment for the threats identified in the contaminant 
inventory are summarized in Table 1.  The results indicate that the known inactive wells, 
including the Old Well, present the highest risk to the water quality of the confined aquifer 
and are ranked a very high priority.  This is because old and abandoned wells can provide 
migration routes from the ground surface or from the shallow unconfined aquifer to the lower 
confined aquifer.  The septic systems within the 60-day capture zones and the high density 
feedlot (or over-wintering pasture) are also ranked as having a high priority due to their 
potential for contributing microbial contaminants to the groundwater.   

The inferred abandoned channel of Bessette Creek has a high priority ranking because it 
appears to be unconfined and a potential recharge area of the confined aquifer.  There is a 
risk that chemicals spilled or applied in this area can directly impact the water quality of the 
confined aquifer.  Suspected inactive wells also have a high priority ranking based on the 
reasoning provided above. 

Agricultural land practices, spills from road accidents, use of road salt and residential 
practices all have a moderate priority rating.  This is mainly due to the uncertainty of 
occurrence, together with the protection provided by the confining layer.   

The risk assessment completed in this report is cursory only, based on the preliminary 
contaminant inventory, and does not identify specific threats.  For example, the assessment 
identifies the potential hazard of domestic septic systems; however it does not identify the 
locations of each septic system and the risks associated with the age, condition and distance 
from abandoned or old wells.  Specific threats may be incorporated into the risk assessment 
table as they are identified in later stages of the GWPP (for example, should a more detailed 
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contaminant inventory be completed).  The risk assessment tables can also be expanded at a 
later date for planning and implementation of groundwater protection measures. 

8.0 CONCLUSIONS AND RECOMMENDATIONS 

Based on the results of this initial phase of development of a GWPP for Whitevale, the 
following conclusions are made:     

• The Whitevale Well supplies all residential water requirements for approximately 100 
residential lots that are connected to the Whitevale water distribution system.   

• The Whitevale Well draws water from a confined aquifer, identified in the MOE 
Aquifer Classification System as Aquifer No. 317 and classified as moderately 
utilized with a low vulnerability to contamination. 

• The Whitevale Well was constructed in 2006 in accordance to GWPR standards and 
has a surface annular seal that extends at least 2 m into the confining layer of the 
aquifer. 

• The lateral extents of Aquifer No. 317 are the mountain slopes to the north and south 
of Whitevale, Aquifer No. 352 to the west and Aquifers No. 318 and 319 to the east.  
Although the top of the aquifer is identified a the till/clay confining layer at a depth 
between 12 m below ground surface (bgs) and 21 m bgs, there are no well logs in the 
MOE database that are deep enough to identify the bottom of the confined aquifer. 

• An examination of MOE well logs identified three wells between Bessette Creek and 
the Whitevale Well where a confining layer was not encountered above Aquifer No. 
317, indicating the possible presence of an abandoned channel containing sand and 
gravel in this area.  The inferred abandoned channel is likely hydraulically connected 
to Bessette Creek and likely acts as the recharge area for the Whitevale Well.   

• An elevation and location survey was completed on four wells and the static water 
levels measured, which provided a groundwater flow direction in the confined aquifer 
to the northwest, towards Duteau Creek.  The localized hydraulic gradient was 
calculated to be approximately 0.016 m/m.  The groundwater flow direction in the 
shallow, unconfined aquifer is unknown. 

• A water balance calculation for the Bessette Creek catchment area to the Whitevale 
Well provided an annual aquifer recharge estimate of 1.3×107 m3/year, annual 
extraction range of 6.9×105 m3/yr to 8.7×105 m3/yr and an annual net surplus of 
1.2×107 m3/yr.  The utilization rate calculated was approximately 6%.  (Note this 
calculation is for all aquifers in the unconsolidated valley bottom materials.  There is 
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insufficient information to complete a water balance solely for the confined aquifer).  

• The preliminary 60-day time-of-travel zone of the Whitevale Well was estimated 
using an analytical equation method based on known aquifer parameters and the 
maximum recommended pumping rate for the Whitevale Well.  Longer time-of-travel 
zones (for example, 1-year time of travel) were not calculated because the 60-day 
time-of-travel zone intersected a positive recharge boundary.  As the 60-day time-of-
travel zone is strongly influenced by the groundwater flow direction and hydraulic 
gradient, a buffer area around the 60-day time-of-travel zone was also estimated to 
compensate for potential seasonal fluctuations in groundwater conditions. 

• The southern boundary of the 60-day time-of-travel zone intersected an inferred 
abandoned channel of Bessette Creek, located at approximately 175 m south of the 
Whitevale Well.  This corresponds to the positive recharge boundary identified 
approximately 200 m from the Whitevale Well based on the results of the pumping 
test completed at the time of construction. 

• A preliminary Groundwater Under the Direct Influence of surface water (GUDI) 
assessment indicated that the Whitevale Well does not meet criteria that would flag 
the well as potentially GUDI. 

• The contaminant inventory indicated residential and agricultural land uses within the 
60-day time-of-travel zones of the Whitevale Well.   

• Inactive or old wells, including the Old Well, domestic septic systems and a 
neighbouring high density feed lot (or over-wintering pasture) are considered very 
high priority in regards to the risk of contamination to the Whitevale Well. 

• The inferred abandoned channel of Bessette Creek and suspected inactive wells 
within the 60-day time-of-travel zone and buffer area are considered to represent a 
high priority contaminant risk to the Whitevale Well.   

• Moderate priority contaminant risks to the Whitevale Well were identified as 
agricultural land used to grow crops, potential spills from accidents on the roads, use 
of road salt and residential land use. 

The following nine recommendations are made in regards to further assessing the water 
quality risks to the Whitevale Well from the surrounding land use and to refine the areas that 
could potentially impact the water quality: 
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1. Determine the Groundwater Flow Direction of the Shallow Aquifer 

Due to the uncertainty of the influence of the shallow aquifer on the 60-day time-of-travel 
zone of the Whitevale Well, the groundwater flow direction of the shallow aquifer should be 
assessed.  Although it may not change the 60-day time-of-travel zone identified for the 
Whitevale Well, since this is calculated for the source aquifer, this information will assist in 
refining the buffer area around the 60-day time-of-travel zone to the Whitevale Well and in 
guiding the recommendations that follow. 

2. Neighbourhood Survey and Education Program 

Since inactive and old wells present a high risk to the water quality in the confined aquifer, a 
door-to-door survey should be undertaken of all properties in the 60-day time-of-travel zone 
and buffer area to identify all water wells.  Each well should be visually inspected and the 
following should be documented: 

⇒ the well location (with GPS coordinates if possible) and surrounding land-use, 

⇒ exterior condition of well should be photo-documented with comments on the 
well cap, pump house, condition of well casing above ground, and potential 
for ponding at the ground surface, 

⇒ well depth and static water level, 

⇒ age of well and current use, and 

⇒ collecting well logs from residents if not provided in MOE Well Database (if 
available). 

Once this information is collected, the risk that each well presents to water quality in the 
confined aquifer can be assessed.  A management strategy for each well can then be 
developed that details any work required and a timeline.  Further work that may be required 
may include increased monitoring, improvements to the well cap, surface seal, videotaping 
the well to check the well condition or well decommissioning.  Timelines should be dictated 
by the risk the well presents to the water quality of Aquifer 317. 

If a door-to-door survey is conducted, this opportunity should also be utilized to provide 
public education and to gather more comprehensive information about potential water quality 
risks, by: 

⇒ collecting information about the types and quantities of chemicals used, 

⇒ identifying septic tank and field locations, 
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⇒ identifying dry wells and the existence of road-side ditches and their drainage 
patterns,  

⇒ providing information to property owners about the risk of their on-site 
activities to the local groundwater quality and to their own drinking water, and 

⇒  providing best management practices in relation to reducing their impacts to 
the local groundwater. 

3. Aquifer Monitoring 

The residential septic systems and cattle feed lot present a high risk to local groundwater 
quality.  Potential migration routes of associated contaminants to the confined aquifer are 
through old or inactive wells and infiltration in the unconfined area of the aquifer (i.e. the 
recharge area represented by the inferred abandoned channel).  A limited groundwater 
monitoring program is recommended to provide early warning of impending water quality 
problems at the Whitevale Well.  This program would focus on monitoring of water quality 
in the shallow aquifer and in the potential recharge area of the deeper aquifer.   

Some suggestions for the development of a monitoring program are as follows: 

⇒ Utilizing one or two existing wells completed in the shallow aquifer to sample 
and analyze for parameters related to septic fields, road salt and cattle 
operations (i.e. sodium, chloride, phosphorus, ammonia, nitrate/nitrite, metals, 
Total Coliform and E. Coli).  Wells completed in the shallow aquifer that 
might be candidates for sampling are WTN # 8475, 3270 and the private well 
located at 495 Whitevale Road (not identified within the MOE Well 
Database).    

⇒ Utilizing one or two of the existing wells completed in the potential recharge 
zone of the Whitevale Well to test for parameters related to septic fields and 
cattle operations (i.e. phosphorus, ammonia, nitrate/nitrite, metals, Total 
Coliform and E. Coli).  Wells completed in the potential recharge zone of the 
Whitevale Well that might be candidates for sampling are WTN # 57246, 
41504 and 58436.   

⇒ The parameters outlined above should be re-examined to include relevant 
information obtained from the door-to-door surveys.  For example, if it is 
discovered during the door-to-door surveys that a particular property has an oil 
storage tank of questionable condition, then parameters relating to heavy 
petroleum hydrocarbons may be recommended in the sampling plan. 
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⇒ the suggested monitoring frequency of sampling is quarterly for two years.  
The results can then be reviewed to assess if more or less monitoring is 
required. 

⇒ Samples collected should be submitted to a Canadian Association for 
Environmental Analytical Laboratories (CAEAL) certified laboratory for 
analysis. 

4. Developing an Action Plan for the Old Well 

The Old Well at the Whitevale service lot is within the 60-day time-of-travel zone and likely 
does not have an annular seal to prevent the migration of contaminants from the shallow 
aquifer to the confined aquifer.  This presents a risk to the water quality in the Whitevale 
Well.  However, the Old Well may be useful as a monitoring well, an emergency back up 
well or for a short-term supply well in the future when rehabilitation of the Whitevale Well is 
required.   

Since there are both advantages and disadvantages to keeping the Old Well operable but 
inactive, the value of the Old Well to RDNO should be assessed and an action plan 
formulized.  This assessment should be carried out once additional information related to 
groundwater flow (Recommendation #1) and groundwater quality monitoring 
(Recommendation #3) becomes available.  At this time, there are potentially three options 
that could be examined: 

Option 1 – the Old Well is decommissioned according to the GWPR code of practice to 
ensure contaminants can not migrate from the shallow aquifer to the confined aquifer via the 
well casing or annular seal.  This scenario would be recommended if the monitoring program 
indicates that the shallow aquifer has a high level of contaminant loading from surrounding 
land-use activities. 

Option 2 - the Old Well is left inactive but in an operable state and included in the emergency 
response and contingency planning as a backup well.  This option would only be considered 
if the contaminant loading in the shallow aquifer does not represent a risk to the confined 
aquifer. 

Option 3 - the Old Well is upgraded by installing a surface annular seal and left inactive but 
in an operable state and included in the emergency response plan as a backup well.  This 
option would be considered if it was determined that the Old Well has considerable value as a 
back-up well but the contaminant loading in the shallow aquifer and risks from surrounding 
land-use is too great to leave in it’s original state.  According to the construction details of the 
Whitevale Well, the aquitard layer starts at about 1.8 mbgs and therefore an annular surface 
seal would need to penetrate into this layer. 
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5. Monitor Performance of Whitevale Well 

In addition to the static and pumping water levels that the RDNO currently monitors at the 
Whitevale Well, it is recommended that pumping rates and the duration of pumping be 
recorded on a monthly basis to assess well performance.  It is also recommended that water 
levels in the Old Well continue to be monitored (unless it is decommissioned).  This 
information should then be reviewed annually by a qualified professional to assess well 
efficiency, and potentially identify early indications of well deterioration.   

6. Designate Groundwater Protection Areas 

Following refinement of the buffer area based on the groundwater flow direction of the 
shallow aquifer, the RDNO should designate formal groundwater protection areas.  Two 
different strategies can be employed when designating groundwater protection areas:  i) a 
wellhead protection approach, whereby groundwater protection area is defined relative to a 
designated time-of-travel zone or, ii) an aquifer protection approach, whereby part or all of an 
aquifer is designated for protection. For example, the RDNO may wish to consider 
designating the potentially unconfined (recharge) area of the Aquifer No. 317 as a 
groundwater protection area.   

The RDNO may also wish to identify one or more contingency areas for protection in the 
event that the Whitevale Well becomes contaminated.  The advantage of defining protection 
areas in this manner is that it allows for the protection of groundwater recharge areas, surface 
water quality, areas serviced by private water wells and areas where future water supplies 
may be developed.   

7. Develop Groundwater Protection Measures   

Once designated groundwater protection areas have been established and additional potential 
contaminant sources have been identified, RDNO should embark on the development of 
groundwater protection measures.  Groundwater protection measures can be implemented at 
the municipal level through both regulatory and non-regulatory measures.  In our opinion, 
while non-regulatory measures, such as public education and best management practices, can 
be highly effective, some degree of regulatory control may be required to ensure the 
protection of the groundwater resources.   

These regulatory strategies often involve the use of municipal land use planning and zoning 
bylaws to restrict certain high-risk land use activities within protection areas.  As an 
alternative to land use restrictions, some communities, such as Fredericton, New Brunswick, 
have chosen to restrict the types and quantities of chemicals used within groundwater 
protection areas.   



May 2008 - 30 - 07-1440-0089 

 

Golder Associates 

RDNO may want to initiate discussions with the owner of the cattle feed lot and other 
agricultural land owners within the 60-day time of travel capture zone of the Whitevale Well 
regarding protection measures.  Discussions should focus on possible alternative locations to 
over winter cattle, or at a minimum, restricting cattle from the recharge area of the Whitevale 
Well and about types of chemical uses within this area that pose a risk to groundwater quality 
and whether legal restrictions are required. 

Public participation and education represents one of the most important forms of non-
regulatory groundwater protection.  It is essential to the success of a groundwater protection 
plan and provides a means of securing political and financial support.  A public education 
campaign would identify groundwater protection areas, threats to groundwater supplies in 
those areas, and measures residents can take to protect the resource.  Examples of public 
education tools include the use of the public information meetings, signs erected at strategic 
locations around groundwater protection areas, the use of media, distribution of information 
brochures on best management practices and school education programs. 

In addition, the following recommendations are made regarding groundwater protection 
measures: 

• Prepare an educational brochure or pamphlet aimed at all of Whitevale and the 
surrounding area residents for: 

o The proper application of fertilizers and pesticides (with an emphasis away 
from utilization of pesticides and chemical fertilizers). 

o The importance of good handling and disposal practices of household 
chemicals and the potential impact of these chemicals on the groundwater 
quality in Whitevale.   

o Best management practices for the operation and maintenance of septic 
thanks and effluent disposal fields. 

o The potential impacts of stormwater runoff.   

• RDNO may also want to consider restrictions for pesticide and fertilizer use in 
sensitive areas, with no-spray zones around water supply wells.  In addition, 
contingency plans should be prepared in the event of a pesticide or fertilizer spill or 
accident.  Mixing of chemicals and refilling of containers, spray and applicators 
should be completed in contained areas away from wells, water sources, and areas 
characterized by permeable soil conditions. 

8. Update Emergency Response Plans 

The main goal of GWPPs is to prevent the contamination of underground drinking water 
supplies.  Even under the best prevention plans, a scenario that threatens to contaminate the 
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aquifer may occur.  When this happens, emergency response plans direct a coordinated and 
timely response to assure a continued supply of potable water.  Many communities have an 
emergency response plan, however they often do not include specific provisions for the 
protection of groundwater resources in the event many emergency situations.  For example, it 
may be prudent for emergency response personnel to restrict the use of fire retardant 
chemicals in sensitive groundwater areas.   

RDNO currently has an Emergency Response Plan for the Whitevale water supply, however 
it requires revision and may not include all possible hazards as identified in this Study.  We 
recommend that RDNO update and revise the emergency response plan for the Whitevale 
Well.   

9. Develop Contingency Plans  

Contingency planning consists of developing a plan for the location and provision of an 
alternative drinking water supply in the event that the existing supply cannot be used.  This is 
important for the Whitevale Subdivision as they only have one well supplying all their water.    
It is recommended a contingency plan be developed for the Whitevale Subdivision. The 
contingency plan should identify short-term alternatives in the event of a minor disruption, 
and long-term alternatives in the event of a complete loss of water supply.  

9.0 LIMITATIONS AND USE OF REPORT 

This report was prepared for the exclusive use of the Regional District of North Okanagan.  
In evaluating the requirements for groundwater protection, Golder Associates Ltd. has relied 
in good faith on information provided by sources noted in this report.  We accept no 
responsibility for any deficiency, misstatements or inaccuracy contained in this report as a 
result of omissions, misstatements or fraudulent acts of others.  

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.  Golder Associates Ltd. accepts no 
responsibility for damages, if any, suffered by any third party as a result of decisions made or 
actions based on this report. 
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10.0 CLOSURE 

We trust that this report meets your current requirements.  Should you have any questions or 
comments please do not hesitate to call. 

GOLDER ASSOCIATES LTD. 

Zee Marcolin, P.Eng. 
Environmental Engineer 

Jillian Sacre, M.Sc., P.Geo. 
Principal/Hydrogeologist 

ZM/cfh 
 
http://capws/0714400089northOkanaganRegionalDistrictwhitevaleGwppwhitevale/Reports/WP_Final/Whitevale FINAL GWPP May 6-08.doc
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Table 1 - Preliminary Risk Assessment for the Whitevale Well

Hazard Probability Consequence
Risk 

Prioritization Risk Ranking
Known Inactive Wells 5 3 15 Very High
Domestic Septic Systems 4 3 12 Very High
High Density Feedlots 4 3 12 Very High
Abandoned Channel 3 3 9 High
Suspected Inactive Wells 3 3 9 High
Spills from Road Accidents 2 3 6 Moderate
Residential 2 2 4 Moderate

Golder Associates Ltd.

















 

 

APPENDIX  I 
 

MOE AQUIFER CLASSIFICATION AND AQUIFER EXTENTS IN 
THE WHITEVALE AREA 
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 WELL LOGS USED IN THE HYDROGEOLOGIC  
ASSESSMENT OF THE WHITEVALE WELL  











































































 

 

APPENDIX  III 
 

BC MOE CONTAMINATED SITE REGISTRY DATABASE 
SEARCH, OCTOBER 31, 2007 



 
 
As Of: OCT 23, 2007          BC Online: Site Registry                  07/10/31 
                     For: PE92096  GOLDER ASSOCIATES LTD. (KELOWNA)    11:22:14 
Folio:                                                                Page    1 
 
                               Area Nil Search 
 
 
 
 
 
 
 
 
 
 
 
 
 
   As of OCT 23, 2007, no records from Site Registry 
   fall within 0.5 kilometers of coordinates 
   Latitude  50  degrees, 13 minutes, 14.2 seconds, and 
   Longitude 118 degrees, 59 minutes, 44   seconds. 
 
   You have been charged for this information. 
 
Sites may be revealed by searching with alternate search methods.  For example, 
a site not revealed in an Area search may be revealed by searching with another 
piece of information such as PID, PIN, address or Crown Lands File Number 

Page 1 of 1

07/12/2007file://\\capws\0714400089northOkanaganRegionalDistrictwhitevaleGwppwhitevale\Phas...
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MINERAL ACTIVITY MAP FOR THE WHITEVALE AREA  
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AGRICULTURAL LAND RESERVE MAP  
FOR THE WHITEVALE AREA 
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INDUSTRIAL LAND USE IN THE WHITEVALE  
AND SURROUNDING AREAS 
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BACTERIAL STATISTICS FOR THE WHITEVALE WELL, 
PROVIDED BY THE GREATER VERNON SERVICES - WATER 



        Water Sampling Results of Whitevale Water Distribution Facilities 
 

Distribution Sample Sites 
 

Bacterial Statistics 

# Bacterial samples sent to 
Caro Environmental Lab 

# Bacterial samples 
analyzed at GVS-W Lab Results 

Whitevale Reservoir 24 20 0 samples positive for 
coliform bacteria 

775 Eastwood Road 11 11 0 samples positive for 
coliform bacteria 

Whitevale Elementary School 10 7 0 samples positive for 
coliform bacteria 

Total 45 38 0 samples positive for 
coliform bacteria 

  

Whitevale Source Sample 
Sites 
 

Bacterial Statistics 

# Bacterial samples sent to 
Caro Environmental Lab 

# Bacterial samples 
analyzed at GVS-W Lab Results 

Well 1 (Old Well) 5 12 0 samples positive for 
coliform bacteria 

Well 2 (New Well) 20 13 1 sample positive for 
total coliform bacteria  

Total 25 25 0 samples positive for 
coliform bacteria 

         
        Provided by Greater Vernon Services – Water, November 13, 2007 
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FLOODPLAIN MAPPING FOR BESSETTE & DUTEAU CREEK 
NEAR WHITEVALE 
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