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March 15, 2017 
 
Genelle Improvement District 
611-16th Avenue, PO Box 82 
Genelle, B.C.  V0G 1G0 
 

Re: Genelle Improvement District  – Source Water Protection Plan Modules 7 and 8 

Western Water Associates Ltd. (WWAL) is pleased to provide this report that completes the Source 
Water Protection Plan (SWPP) for the Genelle Improvement District (GID).  Initial steps in the SWPP 
process were completed by Golder Associates in 2008 and this report builds upon that work. 

The GID is at present completely reliant on groundwater with wells completed in a relatively deep, 
unconfined sand and gravel aquifer system. The aquifer system in Genelle is an extremely valuable 
resource. Water quality from this aquifer is excellent, both chemically and bacteriologically.  At present, 
groundwater does not require treatment prior to distribution and the aquifer is quite productive. Because 
of the good water quality and characteristics of the aquifer, production wells can have long lifespans and 
do not require frequent maintenance to retain their productivity. There are few aquifers in the province 
with all these characteristics, and the resource warrants protection to ensure it remains a high-quality 
water source.  

Based on our assessment, we find that there are three primary risks to groundwater in Genelle: 

1. The potential for a spill along one of the two major transportation corridors within the proposed 
protection area. 

2. Activities occurring on the industrially-zoned properties, which are present in close proximity to 
the GID wells. At present, activities occurring on these properties are relatively low risk, but 
land uses could change. 

3. Septic disposal to ground across the community. The effects of septic disposal to ground in the 
community are evident in water quality samples from the GID wells, where nitrate concentrations 
are typically measured in the 1 mg/L range.  

Several recommendations are provided at the end of the report which will help protect the groundwater 
sources into the future. We trust that the professional opinions and advice presented in this document 
are sufficient for your current requirements. Should you have any questions, or if we can be of further 
assistance in this matter, please contact the undersigned. 

WESTERN WATER ASSOCIATES LTD.  

       Reviewed by: 

 
 
 
Ryan Rhodes, P.Geo., P. Geol   Douglas Geller, M.Sc., P.Geo. 
Hydrogeologist      Senior Hydrogeologist 
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1. INTRODUCTION    
At the request of the Genelle Improvement District (GID), Western Water Associates Ltd. (WWAL) 
has completed the final steps in a Source Water Protection Plan for the GID’s groundwater-based water 
system. This report documents the final steps of that plan, and includes several recommendations to 
promote the protection of groundwater resources. 

1.1 Background 

In 2008, the GID commissioned Golder Associates to complete the initial phases of a Groundwater 
Protection Plan. For that project, Golder used the Well Protection Toolkit (MOE 2006), at the time, a 
widely-used guidance document developed by the Ministry of Environment and the Ministry of Health. 
Golder completed Steps 1, 2 and 3 of the Well Protection Toolkit (WPT), thoroughly characterized the 
hydrogeology in the Genelle area, delineated well capture zones and identified some threats to the water 
source existing at that time (Golder 2008).  
 
In 2016, at the request of Interior Health, the GID retained WWAL to complete the Source Water 
Protection Plan (SWPP) process. Specifically, the GID was requested to complete Modules 7 and 8 of the 
Comprehensive Source-To-Tap Assessment Guideline (Ministry of Healthy Living and Sport, 2010). The 
prior Golder report addressed most of Modules 1 and 2 of that Guideline, while Modules 7 and 8 of the 
Comprehensive Source-To-Tap Assessment are aimed at characterizing risks to drinking water and 
developing a series of actions that can be implemented to protect and improve water quality. Modules 7 
and 8 overlap to a large extent with Steps 4, 5 and 6 of the WPT document. For this project, WWAL 
reviewed and updated the information compiled by Golder and completed Modules 7 and 8 of the 
Comprehensive Drinking Water Source to Tap Assessment Guideline (S2TAG). 
 

1.2 Assessment Structure and Guiding Documents 
The S2TAG provides a structured and consistent approach to evaluating risks to drinking water.  It serves 
as a tool to develop a more comprehensive understanding of the risks to drinking water safety and 
availability, how to operate effectively, and how to produce the best possible water quality. The S2TAG 
consists of eight modules: 

 Module  #1 - Delineate and characterize drinking water sources 

 Module  #2 - Conduct contaminant source inventory 

 Module  #3 - Assess water supply elements 

 Module  #4 - Evaluate Waterworks District management, operation and maintenance practices 

 Module  #5 - Audit water quality and availability 

 Module  #6 - Review financial capacity and governance of the Waterworks District 

 Module  #7 - Characterize risks from source to tap 

 Module  #8 - Recommend actions to improve drinking water protection 
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As mentioned previously, WWAL’s scope of work focused on Modules 7 and 8. In this report however, 
we summarize some of the initial steps in the process for context, including a description of the GID well 
sources and the area hydrogeology, and also touch upon aspects of Modules 4 and 5. For more detailed 
information on the initial stages in the SWPP, the reader is referred to the Golder 2008 report. 

1.3 SWPP Scope of Work 
To complete the SWPP process, WWAL completed the following works: 

1. Reviewed existing background information on the GID wells and background information on the 
hydrogeology of the Genelle area. This included well logs and well completion reports for GID 
wells, the results of recent water quality testing, the 2008 Golder report, a 1994 report prepared 
by Golder pertaining to septic disposal in Genelle, and aquifer mapping and well reports available 
in provincial databases. 

2. Completed a search of the B.C. Site Registry Database, which contains information on reported 
contaminated sites in B.C.  

3. Completed an initial site reconnaissance of the area in August of 2016. Met with the GID water 
system operator to discuss the current operation of the water system and obtained relevant 
background information from GID paper files. 

4. Prepared for and attended a meeting of the TAC at GID offices on October 24, 2016 to discuss 
our initial assessment and obtain input from the TAC; 

5. Generated a draft SWPP report for review by the TAC,  
6. Compiled and reviewed comments on the draft report and prepared a final version. 
7. Prepared an educational handout for the GID to distribute to water system customers to provide 

information on source protection initiatives and the outcomes of the SWPP process. 

The SWPP received input from the following individuals, whether as formal members of the TAC or less 
formally by providing information: 

 Rae Walker, Board Chair of the GID; 
 Wendy Settle, GID Water System Operator; 
 Ryan Rhodes, P.Geo., hydrogeologist with WWAL; 
 Donna Dean, Manager of Planning and Development, Regional District of Kootenay Boundary; 
 Pouria Mojtahedi, Specialist Environmental Health Officer with Interior Health; 
 All other members of the GID Board of Trustees. 

WWAL also contacted regional hydrogeologists with the B.C. Ministry of Forests, Lands and Natural 
Resource Operations (MFLNRO), who unfortunately were unable to participate in the process.  

2. GID WATER SYSTEM BACKGROUND AND OPERATION 
The unincorporated community of Genelle is located within the Regional District of Kootenay Boundary 
(RDKB), Electoral Area “B”. It is located approximately 12 km south of  Castlegar and 20 km north of 
Trail, B.C. The community of Genelle has a population of approximately 770 residents (Statistics Canada 
2016) with approximately 350 homes. Genelle is located on the western shore of the Columbia River, 
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and the bulk of development exists between the Columbia River in the east and Highway 22 to the west. 
All properties in Genelle utilize private onsite septic systems for sewage disposal. 

The GID relies on three wells for its water supply. These wells are referred to as Wells #1, #2 and #3. 
Selected construction details for these wells are provided in Table 2.1. The location of these wells is 
shown on Figures 1through 5, and well logs are provided as an attachment in Appendix B. 

Table 2.1 Selected Construction Details for GID Wells 

Parameter Well 1 (WTN285) Well 2 (WTN66691) 
Well 3 (no tag 

number) 

Date Drilled 1978 1990 2003 

Diameter 8 inch (200 mm) 8 inch (200 mm) 8 inch (200 mm) 

Elevation (approx..) 434 masl 433 masl 433 masl 

Static Water Depth 
22.8 m below ground 

(75 ft) 
21.3 m below ground 

(70 ft)  
20.6 m below ground 

(67.7 ft) 

Total Depth 53 m (174 ft) 62.2 m (204 ft) 79.2 m (260 ft) 

Depth to top of 
screen 48.5 m (159 ft) 59.1 m (194 ft) 

74.7 m (245 ft) 

Screen open length 4.6 m (15 ft) 3.1 m (10 ft) 4.6 m (15 ft) 

Screen design 5 ft of 25 slot 
10 ft of 20 slot 10 ft of 100 slot 15 ft of 60 slot 

Driller-Estimated 
Yield 250 US gpm (15.8 L/s)  350 US gpm (22.1 L/s) 600 US gpm (37.8 L/s) 

Lithology Comments 
Little detail on log, all 

sand reported. 
Apparently Unconfined 

Sand, gravel, or sand 
and gravel to total 
depth. Apparently 

unconfined. 

Predominantly sand and 
gravel. Silt reported 102 – 

192 ft. Semi-confined? 

 

All three of the GID wells are routinely used as supply wells. Typical operation of the system sees Wells 
#2 and/or #3 operating as the main supply wells in the summer high demand period. These wells 
reportedly operate at 28.4 L/s (450 US gpm) individually, and can operate together when needed at a 
combined rate of 46 L/s (730 US gpm). Well 1 serves as the primary winter low demand season supply 
well, and has a typical operating rate of approximately 17.3 L/s (275 US gpm). 

At present the GID does not employ any water treatment, and raw groundwater is distributed to 
connections while feeding a reservoir located west of Highway 22. The existing reservoir capacity is 378 
m3, and a second 567 m3 reservoir was completed in November 2016. 
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The GID reports no significant operational issues with their wells, and completes relatively frequent 
maintenance on their pumping systems. The pumps in Wells 2 and 3 have both been serviced since 2012, 
and we understand that the pump in Well 1 will be serviced in 2017. It is our understanding that none of 
the GID wells have been redeveloped, and despite this, remain productive. 

In the past, the GID has distributed surface water from China Creek to customers, and maintains a surface 
water license. Surface water has not been used by the GID for many years, and the GID has no plans to 
resume using surface water. In the event of an emergency where the wells could not be used however, 
the connection to the China Creek source could theoretically be re-established.  

3. HYDROGEOLOGIC SETTING AND SOURCE PROTECTION AREA 
In this section we provide a brief description of the physiographic and hydrogeologic setting as it pertains 
to the GID supply wells. For a detailed description of the surficial and bedrock geology of the Genelle 
area the reader is referred to the 2008 Golder report. In Section 3.2, we discuss the well capture zone 
delineations developed by Golder, and the derivation of the Source Protection Area proposed for this 
project. The capture zone analysis completed by Golder (2008) was thorough, and as little has changed in 
terms of water system demands or operation of the GID wells, new capture zone mapping was not 
completed for this project. 

3.1 Hydrogeologic Setting 
The community of Genelle occupies raised alluvial terraces emplaced by the Columbia River, consisting of 
alternating layers of sand and gravel. These sand and gravel deposits are up to 80 m thick or more based 
on a review of well logs in the area. The GID wells are located in what is referred to as “lower Genelle”, 
which is in the northern part of the community and as the name suggests, is located at lower elevation 
than development to the south. Lower Genelle is situated in an area where the historic alluvial terraces 
have been eroded away by China Creek. China Creek emerges from the mountainous area west of Genelle 
and discharges into the Columbia River. In the lower Genelle area, it is likely that alluvial fan deposits from 
China Creek are present overlying the older alluvial deposits emplaced by the Columbia River. 

The Aquifer in which the GID wells are completed is mapped provincially as Aquifer 501-IIIA, which is 
classified as having a high productivity, moderate demand and high vulnerability to contamination. The high 
vulnerability to contamination rating suggests that the aquifer is unconfined. Lithology reported on the 
well driller logs for GID Wells #1 and #2 corroborate the unconfined classification of the aquifer, as only 
interbedded sequences of sand, sand and gravel and silty sand are reported. The driller-reported lithology 
on Well #3 (the deepest well) is somewhat different, as blue silt and sand or silt are reported above the 
water bearing sands in which the well is screened. Well #3 is located approximately 30 m from Well #2, 
and considering the proximity of these wells, the lithological differences reported can likely be attributed 
to lithological classification differences between the various well drillers. In summary, Aquifer 501-IIIA 
appears to be an unconfined aquifer in the lower Genelle area. 

The direction of groundwater flow in Aquifer 501-IIIA was assessed in a 1994 report that evaluated sewage 
disposal issues in Genelle (Golder 1994). For that study, water level elevations were measured in seven 
wells, top of casing elevations were surveyed and a plot of the water levels was made. Based on this plot, 
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groundwater was found to flow southeasterly through the lower Genelle area, at a gradient of 0.00625 
(Figure 2). 

Primary sources of recharge to Aquifer 501-IIIA are believed to be the Columbia River and losses from 
China Creek. Direct infiltration of rainfall, snowmelt (and septic tank effluent) over the footprint of the 
aquifer are also probable sources of recharge. 

Our conceptual model of groundwater occurrence and flow in the Lower Genelle area includes the 
following main components: 

 Losses (recharge) from China Creek as it emerges from the mountains and travels across its 
alluvial fan creates a localized groundwater high point and is the primary driver of groundwater 
flow. This is consistent with the measured southeasterly flow direction in Lower Genelle. 

 The Columbia River acts as the primary control on aquifer levels in Genelle. While no detailed 
analysis of water levels has been done, the GID water system operator reports that water levels 
in the wells closely mimic changes in the stage of the River. This suggests that the aquifer is in 
hydraulic connection with the River, which serves as a downgradient, positive recharge boundary. 

3.2 Capture Zone Delineation and Source Protection Area 
Well capture zones can be delineated using a variety of methods depending on the amount of information 
available about the wells construction, pumping rates, and aquifer properties. Where little information is 
available, simple capture zone delineation methods are used such as the Arbitrary Fixed Radius (AFR) or 
Calculated Fixed Radius (CFR). Where more detailed information on aquifer parameters such as 
groundwater flow direction, gradient and transmissivity are available, more advanced capture zone 
methodologies can be used such as analytical equations and hydrogeologic mapping. 

As part of the initial steps in the source protection planning process, Golder developed a two-dimensional 
groundwater flow model using MODFLOW (a computer groundwater modelling software package) to 
develop capture zones for each of the GID wells. This capture zone analysis was completed assuming that 
each well would be pumped at its typical operating rate continuously (which is conservative and resulted 
in larger than actual capture zones). The capture zone delineation also incorporated a range of aquifer 
transmissivity values derived from pumping tests on GID wells, as well as possible shifts of +/- 15 degrees 
in the measured groundwater flow direction. 

In brief, the capture zone analysis completed by Golder involved development of a one-layer (2 
dimensional) flow model that was not calibrated to field-measured water levels, and applied reasonable 
boundary conditions and assumed aquifer properties.  The model incorporated well interference effects 
and is considered equivalent to an analytically derived solution to captures zones, which is more rigorous 
that a calculated fixed radius (CFR) approach that is typically used in projects of this nature. As water 
system demands and well pumping rates have not changed significantly since this capture zone delineation 
was completed, new capture zones were not derived for the wells and the 2008 capture zones were used 
to develop a source protection area for this project.  

Figure 3 depicts the results of the Golder capture zone analysis for various pumping durations. Source 
Protection Areas are typically larger than individual well capture zones, are intended to account for 
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uncertainty or data limitations in well capture zone delineations. For this project, WWAL used the 
individual well capture zones derived in 2008 as a basis, and delineated expanded Source Protection Areas 
(SPA) for completing Modules 7 and 8 of the S2TAG.  

Two SPAs were delineated as shown on Figure 4. The smaller, Primary SPA is an amalgamation of the 1 
year capture zones delineated by Golder. The Primary SPA should be considered the area where land 
uses or activities have the most potential to impact the GID supply wells due to their proximity.  

The larger, Overall SPA shown on Figure 4 depicts the extent of the area where landuses and accidental 
discharges of contaminants have the ability to potentially impact the GID source wells, and corresponds 
to what Golder termed the “Capture Zone Envelope”. The Overall SPA extends to the inferred western  
and upgradient edge of aquifer 500IIIA, and north as far as China Creek.  

4. SOURCE WATER QUALITY 
As part of this project, WWAL compiled and reviewed recent water quality data provided by the GID. 
Water quality and changes in water quality over time is a useful tool to assess whether land use activities 
in the vicinity of a well is impacting groundwater quality. A summary of the water quality data reviewed is 
provided in Table 4.1. 

Water quality from all three GID wells is very good and quite similar. Groundwater from all three wells 
displays a low level of mineralization. Iron and manganese, which are common aesthetic issues in 
groundwater supplies in the interior of the Province, are both found at low concentrations in all three 
wells. The low mineral content and low levels of iron and manganese in Aquifer 501-IIIA are likely a key 
factor in why the GID wells have remained productive since being put into service and have not required 
well redevelopment to help them maintain their productivity. 

Sodium, chloride and nitrate can be considered parameters indicative of human activities at the surface. 
Road salting, septic disposal to ground, landfill leachate etc. can be sources of these parameters. Sodium 
and chloride are found at consistent and relatively low concentrations in all three wells. Nitrate is present 
in all three wells at concentrations of ~1 mg/L. While well below the Canadian Drinking Water Quality 
Guideline for Nitrate of 10 mg/L, the presence of nitrate at ~1 mg/L is indicative of an anthropogenic 
source of nitrate, as nitrate is typically absent or found at concentrations much lower than 1 mg/L in 
pristine aquifers. The likely source of the nitrate observed in the GID wells is septic disposal to ground 
within the community. We note that following its drilling in 2004, nitrate was not observed in Well #3 
which is the deepest of the GID wells, but since being put into operation, nitrate concentrations have 
increased to ~1 mg/L.  This suggests pumping has drawn water from shallower portions of the aquifer 
toward the well over time.   

Based on discussions with the GID water system operator and Interior Health, we understand that 
bacteriological water quality in the GID wells is excellent. 
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Table 4.1 Summary of Recent GID Well Water Quality Testing 
   Well 1  Well 1  Well 2  Well 2  Well 3  Well 3  Well 3 

   Aug 2009  Dec 2015  Aug 2009  Apr 2013 

March 2004 
(post‐drilling 
pumping test)  Aug 2009  May 2013 

Turbidity (NTU)  0.1  0.2  0.2  <0.1  0.9  <0.1  <0.1 

Conductivity 

(S/cm  267  280  248  212  271  259  251 

TDS (mg/L)  115  149  142  115  155  155  133 

Chloride (mg/L)  12.3  15.2  5.19  4.87  14.4  10.6  11.6 

Sodium (mg/L)  3.8  3.8  3.05  3.1  8.58  2.99  3.1 

Iron (mg/L)  <0.10  <0.10  <0.10  <0.1  0.21  <0.10  <0.1 

Manganese 
(mg/L)  <0.002  <0.002  <0.002  <0.002  0.013  0.0027  <0.002 

Nitrate (mg/L)  1.59  1.01  1.03  0.722  <0.05  0.94  0.894 

Total Coliform 

(CFU/ 100 mL)  <1  na  <1  na  <1  <1  na 

Fecal Coliform / 
E.Coli  

(CFU/ 100 mL)  <1  na  <1  na  <1  <1  na 

 
 

5. CONTAMINANT SOURCE INVENTORY 
As described within the S2TAG, Module #2 comprises a contaminant source inventory which identifies 
inherent risks to water quality as well as describing land uses, human activities and other potential 
contaminant sources that could affect source water quality. The term “contaminant source” is defined 
within the S2TAG to mean both actual/existing and potential sources of contamination.  

5.1 Objectives and Methods 
The objective of Module 2 is to inventory existing and known potential contamination sources in and 
around the proposed SPA and then to summarize what is known about these sites so that the potential 
risk to drinking water may be assessed further in Module 7.   

We used the following methods in completing the contamination source survey:  



March 2017     10 
Genelle ID Source Water Protection Strategy      16-062-01 
 

| #106 – 5145 26th Street, Vernon, BC, Canada, V1T 8G4 | Prince George | Victoria | P:1.250.541.1030 | www.westernwater.ca  | 

 

1) A review of the 2008 Golder report;  
2) A search of the B.C. Site Registry Database which contains information on reported contaminated 

sites and spills; 
3) Discussions with TAC members on historic, current and future land uses; 
4) A visual survey of the area in and around the Overall SPA conducted during August 2016.  This was 

conducted partially on foot and partly by vehicle; and 
5) A review of records on existing wells in the area. 

The results of the contaminant source inventory are summarized in Table 5.1.  

5.2 Contaminated Site Database Searches 
A search of the B.C. Site Registry Database of reported contaminated sites was completed for an area 
within a radius of 5 km from the well sites. The addresses for the reported contaminated sites were 
reviewed and only two of the reported sites are located within the proposed Overall SPA.   

Site ID#6442 pertains to a diesel spill that occurred along Highway 22 near China Creek in 1999. The 
detailed report for this file indicates that 200 L of diesel spilled from a ruptured semi-truck fuel tank, at a 
location approximately 10 m from China Creek. Hydrocarbon contaminated soil was excavated and 
removed from the site, as documented in several reports submitted to the Ministry of Environment. The 
current status of the file is Inactive – No Further Action. 

Site ID#7943 pertains to the former Spir-O-Lok Industrial property in Lower Genelle, located 
approximately 200 m directly upgradient of GID Wells #2 and #3. In 2001, the GID notified the Ministry 
of Environment of their concerns related to a hydrocarbon spill at the property. An environmental 
investigation was initiated by the property owner and 46 m3 of hydrocarbon and metals contaminated 
soils was subsequently removed or remediated on site. The current status of the file is Inactive – No 
Further Action.  

5.3 Visual Survey of Source Protection Area 
Ryan Rhodes P. Geo completed a visual survey of the proposed SPA twice in 2016.  The area to the north 
and northwest of the GID wells is zoned Industrial, and several light industrial or commercial businesses 
currently operate in the area. The location of source protection concerns and land uses of note are shown 
on Figure 2. East of Highway 22, and within or partially within the Primary SPA: 

 Genelle Marine boat repair. Located immediately (<30m) north of GID Wells #2 and #3. 
 Pepsi Distributor Warehouse. Located ~75 m northwest of GID Wells #2 and #3. 
 Home Goods Furniture Warehouse. Located ~90 m northwest of GID Wells #2 and #3. 

Immediately adjacent to GID Well #1. 
 Canada Culvert. Culvert manufacturing (former Spir-O-Lok site), located ~170 m northwest of 

GID Wells #2 and #3. 
 Columbia Warehouse. Currently vacant. Located approximately 340 m northwest of GID Wells 

#2 and #3. 
 Star Transfer. 
 Chinook Scaffolding storage yard and office. 
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West of Highway 22, outside the primary SPA but within the overall recharge source area for the GID 
wells: 

 Roofing supply and RV storage facility. This facility has a large lined storage pond, which we 
understand is for stormwater runoff collection and used as an emergency fire suppression 
reservoir. 

 Mini storage facility. 
 Former China Creek Shell station. Not in operation for nearly a decade. TAC members report 

that underground fuel storage tanks likely still in place. 
 Several residential properties with recently drilled wells (See Section 5.2). 

Much of the primary and overall SPA is comprised of residential land uses, with onsite septic disposal to 
ground and of the potential for minor releases of household volumes of fuels, solvents, and fertilizer 
application. 

Two major transportation corridors are present in the SPA and are potential threats to the aquifer. The 
first is the CP rail line, which traverses the entire primary SPA, and is located less than 30 m from both 
GID Wells #2 and #3. A major accident or derailment involving the transportation of possible 
contaminants such as fuels or chemicals has the potential to significantly impact the aquifer system, 
particularly GID Wells #2 and #3 The second transportation corridor is Highway 22. Spills along this 
corridor, which is located just outside the Primary SPA but within the overall source protection area also 
have the potential to impact the aquifer. Spills along this corridor have occurred in the past, as evidenced 
by the Site Registry ID#6442 spill of hydrocarbons near China Creek. 

5.4 Private Wells in the Source Protection Area 
Old or improperly constructed/maintained wells are potential direct pathways for contaminants to get 
into an aquifer. It is not uncommon for old wells to have been forgotten or buried as properties change 
hands, and changes in land use or drainage in the area can result in surface runoff draining into the old 
well.  In terms of regulatory requirements for old and unused wells, the B.C. Groundwater Protection 
Regulation requires that unused wells (with no plans for future use) be closed by their owners within 10 
years of being no longer used. Although this requirement has not been strongly enforced by the MFLNRO 
we can expect more attention paid to unused wells under the Water Sustainability Act and Regulations, 
which enable increased groundwater oversight and enforcement activities.    

Figures 2 through 4 depict the location of reported wells in the Genelle area. In the Primary SPA, three 
wells other than the GID wells are reported. Two of these wells are active private domestic wells used 
by commercial or industrial operations, and one appears to be a residential domestic well that may or 
may not still be in use.  

Further to the northwest, an additional nine wells are reported. Two of these wells are associated with 
commercial and industrial properties and are in use. Several residential properties are present west of 
Highway 22 and have recently drilled wells as water sources. These residential properties were formerly 
supplied with water from a separate community water system with an intake on China Creek. When faced 
with the requirement to upgrade treatment for their surface water source, the community water system 
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was abandoned and the property owners each drilled private domestic wells. These recently drilled wells 
are constructed to current standards, and would include surface seals and proper well head completions. 

Two additional community supply wells are present and provide water to the Whispering Pines Mobile 
Home Park. Both these wells are outside the Primary SPA, and the wells are not in the Provincial well 
record database. We understand that the GID has had preliminary discussions with Whispering Pines with 
regards to providing GID water to the mobile home park, but at present, no plans are in place to 
implement this service. 

It is our understanding the GID does not have a bylaw that prohibits property owners in the service area 
from drilling and using their own private wells.      

5.5 Zoning in the Source Protection Area 
There are a variety of zonings present in the proposed SPA, as shown on Figure 5.  Land use is governed 
by RDKB Electoral Area ‘B’/Lower Columbia–Old Glory Zoning Bylaw No. 1540 (2015).  

The following zoning designations are located in the proposed SPA:  

 Industrial 1 – 1 hectare minimum parcel size. Permitted uses include: 
a) Auction mart; 
b) Building and contracting supply establishment; 
c) Contractor’s shops and yards; 
d) Distribution facility; 
e) Eating and drinking establishment; 
f) Freight terminal; 
g) Light manufacturing; 
h) Passenger terminal; 
i) Rental, sales and associated service facilities for vehicles and light equipment; 
j) Retail store; 
k) Storage; 
l) Tradesperson shop; 
m) Wholesale establishment 

Five parcels immediately northwest of GID Wells #2 and #3 are zoned Industrial 1 and are located 
within the Primary SPA. 

 Industrial 2 – 1 hectare (10,000 m2) minimum parcel size when not connected to a community 
water system. 2,000 m2 when connected to a community water system. 
 
Permitted uses include: 

a) Auction mart; 
b) Building and contracting supply establishment; 
c) Contractor’s shops and yard; 
d) Distribution facility; 
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e) Eating and drinking establishment; 
f) Freight terminal; 
g) Light manufacturing; 
h) Log home manufacturing; 
i) Passenger terminal; 
j) Rental, sales and associated service facilities for vehicles and light equipment; 
k) Retail store; 
l) Storage; 
m) Tradesperson shop; 
n) Veterinary clinic; 
o) Wholesale establishment. 
 

One parcel within the Primary SPA and five additional parcels within the Overall SPA have 
Industrial 2 zoning. We note that all six of these parcels are currently not serviced by the GID 
water system and have private wells or are not yet developed. Some of these parcels appear large 
enough in size to be subdivided, and if connected to the GID water system, could potentially be 
subdivided into several parcels.  

 Commercial – 1 hectare (10,000 m2) minimum parcel size when not connected to a community 
water system. 2,000 m2 when connected to a community water system. 
 
Permitted uses include: 

a) Eating and drinking establishment; 
b) Hotel 
c) Motel; 
d) Office; 
e) Passenger terminal; 
f) Personal Service Establishment; 
g) Retail store; 
h) Service station.  
 

One parcel within the Overall SPA has Commercial zoning, the former China Creek Shell Station.  

Other zonings within the SPA include Residential 2, Rural Resource 1 (RUR1) and Agricultural Resource 
2. Residential 2 has a minimum lot size of 2,000 m2 (0.5 acres) when connected to a community water 
system, and there appears to be little if any potential for additional subdivision and residential densification 
in the SPA. 

Several properties located west of Highway 22 are zoned RUR 1, which has the following permitted land 
uses: 

a) Campground;  
b) Cemetery;  
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c) Portable shake, shingle, sawmill and lumber mill operations;  
d) Resource use;  
e) Single family dwelling. 
 
 

Land uses of the most concern with respect to the protection of groundwater resources are the industrial-
zoned parcels within the Overall SPA. At present, land uses on these parcels are relatively low risk, but 
permitted uses for parcels with this zoning could include higher risk activities such as light manufacturing 
involving chemicals or automotive repair. 

5.6 Well Completion Issues 
GID Wells #1 and #2 are located within secure pump houses, while Well #3 is not located within a pump 
house but is within the GID’s fenced compound which encloses Wells #2 and #3. All three wells have 
secure well caps, and no significant issues were noted with well head mechanical completions.  

All three wells were completed prior to 2005 when the Groundwater Protection Regulation was enacted 
and are not completed with surface seals. The lack of a surface seal for Wells #1 and #2 is not considered 
to be an issue, as the wells are located in pump buildings with concrete floors. Well #3 however is not 
located inside a pump building and is located very near to the CP rail line. Addition of a surface seal to 
Well 3 would be beneficial. 

5.7 Summary of Contamination Source Inventory 
The results of the contamination source inventory are presented in Table 5.1.  Considering the SPA 
consists of industrial, residential and commercial land uses, 10 potential contamination sources were 
identified.  Not all these sources are site – specific but rather relate to general land uses in the area. 
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Table 5.1: Abbreviated Potential Contaminant/Hazard Inventory for GID Proposed Source Protection Area 

Hazard Reference No. 
Contaminant 

Source type and 
Description 

Location 
Approx. 

Distance to 
Source 

Possible 
Contaminants of 

Concern 

Contaminant 
Transport Method 

Associated Barriers 

1 
Industrial Land Uses 
near wells - East of 
Highway 22 

Immediately 
adjacent to Wells, 
and extending 
directly up-gradient 
within SPA 

20 m to 500 m 
hydrocarbons, solvents, 
chemicals, industrial site 
stormwater 

Infiltration through 
unsaturated soil then 
groundwater 
transport 

Attenuation and retardation of 
transport through unsaturated 
soils overlying aquifer 

 

 

2 
Industrial Land Uses 
near wells - West of 
Highway 22 

West of Highway 
22, within SPA but 
outside likely 1 year 
capture zone 

500 m + 
hydrocarbons, solvents, 
chemicals, industrial site 
stormwater 

Infiltration through 
unsaturated soil then 
groundwater 
transport 

Attenuation and retardation of 
transport through unsaturated 
soils overlying aquifer 

 

3 Storm water Infiltration throughout SPA 20 m to 500 m+ hydrocarbons, chemicals 

Infiltration through 
unsaturated soil then 
groundwater 
transport 

Attenuation and retardation of 
transport through unsaturated 
soils overlying aquifer  

4 
Septic disposal to 

ground 
throughout SPA 30 m to 500 m+ 

Nutrients, enteric 
viruses, bacteria, 
pharmaceuticals, 
chemicals 

Infiltration through 
unsaturated soil or 
runoff 

Attenuation and uptake in soils 
and by plants; Attenuation and 
retardation of transport through 
unsaturated soils overlying 
aquifer; die-off during transport 

 

5 
Accidental release of 
residential quantities of 
fuels or chemicals 

Throughout Source 
Protection Area 

30+ m 
Hydrocarbons, solvents, 
fertilizers (nutrients), 
pesticides 

Infiltration through 
unsaturated soil or 
runoff 

Attenuation and uptake in soils 
and by plants 

 

6 

Contaminants 
introduced into 
existing unused wells, 
or well casings acting as 
preferential 

Throughout Source 
Protection Area 

30+ m 
Fecal coliform, viruses, Short-circuiting from 

surface to aquifer 
along well, then 
groundwater flow 

none 
 

Nutrients (e.g. nitrate-
nitrogen), 
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Hazard Reference No. 
Contaminant 

Source type and 
Description 

Location 
Approx. 

Distance to 
Source 

Possible 
Contaminants of 

Concern 

Contaminant 
Transport Method 

Associated Barriers 

contamination 
pathways 

Chloride (as an indicator)  

7 
Transportation 
corridors - Highway 22 

Highway 22 major 
corridor, located 
hydraulically 
upgradient within 
SPA 

250 m to 600 m 
Hydrocarbon release 
from vehicle accidents, 
chemicals 

Infiltration through 
unsaturated soil then 
groundwater 
transport 

Attenuation and retardation of 
transport through unsaturated 
soils overlying aquifer 

 

8 
Transportation 
Corridors - Rail Line 

Rail corridor 
immediately adjacent 
to Wells 2 and 3 

15 m to 100 m 
Hydrocarbons, 
Chemicals 

Infiltration through 
unsaturated soil then 
groundwater 
transport 

Attenuation and retardation of 
transport through unsaturated 
soils overlying aquifer 

 

9 
GID well construction 
deficiencies  

At wellheads At source All of the above 

Short-circuiting from 
surface to aquifer 
along well, then 
groundwater flow 

 Pump houses over Wells 1 and 
2 

 

10 
Future land use 
changes, new 
development 

Primarily Industrial 
area adjacent to 
wells 

30 m to 500 m All of the above 
Multiple potential 
pathways 

GID input into development 
proposals and land use changes 
in SPA, appropriate site BMPs 
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6. MODULE #7: CHARACTERIZE RISKS FROM SOURCE TO TAP 
Module #7 of the S2TAG probably forms the most important step in the source-to-tap assessment 
process. The purpose of the module is to synthesize all of the information on the GID Wells and aquifer 
system (strengths and vulnerabilities) into a comprehensive assessment of the major water supply 
elements and the system as a whole.  

It is noted that both low probability / high magnitude and high probability / low magnitude risk events can 
result in adverse effects to human health and safety, and present risk management concerns to community 
water suppliers.  The risk evaluation matrix discussed below is conservative in this respect and forces 
consideration of highly unlikely events that could have major consequences if they occur.  Such events are 
normally dealt with by emergency response and/or contingency planning.    

6.1 Objective and Methodology 
The purpose of the risk assessment is to determine the level of risk posed by each identified drinking 
water hazard, and also considers the risk posed by the potential for future land use change in the area.  A 
qualitative evaluation of risk typically involves an analysis of both the probability of a given risk event as 
well as the magnitude of the risk.  This study has followed the structured approach to the assessment of 
risk as presented in the S2TAG as follows.  

The likelihood of a given risk event has been assigned a value of ‘A’ to ‘E’ according to the S2TAG approach 
presented in Table 6.1. 

Table 6.1   Levels of Likelihood Description 

 

The relative consequences associated with the occurrence of a given risk event have been assigned a value 
of 1 to 5 according to the S2TAG approach presented in Table 6.2 while the resulting Qualitative Risk 
Analysis Matrix based on combining Likelihood and Consequence is provided in Table 6.3.   

 

 

 

Level Descriptor Description Probability of Occurrence in Next 10 

Years

A Almost certain
Is expected to occur in 

most circumstances
> 90%

B Likely
Will probably occur in most 

circumstances
71‐90%

C Possible
Will probably occur at some 

time
31‐70%

D Unlikely Could occur at some time 10‐30%

E Rare
May only occur in 

exceptional circumstances
< 10%
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Table 6.2  Relative Levels of Consequence Description 

 

 
Table 6.3  Qualitative Risk Analysis Matrix 

Likelihood 

Consequences 

1 

Insignificant 

2 

Minor 

3 

Moderate 

4 

Major 

5 

Catastrophic 

A (almost certain) Moderate High Very High Very High Very High 

B (likely) Moderate High High Very High Very High 

C (possible) Low Moderate High Very High Very High 

D (unlikely) Low Low Moderate High Very High 

E (rare) Low Low Moderate High High 

 

6.2 Risk Characterization 
Table 6.4 presents the Risk Evaluation Summary for the ten potential drinking water hazards identified for 
the proposed Source Protection Area.  The level of risk for each hazard ranges from low to high. 

Level Descriptor Description

1 Insignificant
Insignificant impact, no illness, little disruption to normal 

operation, little or no increase in normal operating costs.

2 Minor

Minor impact for small population, mild illness moderately 

likely, some manageable operation disruption, small increase 

in operating costs

3 Moderate

Minor impact for large population, mild to moderate illness 

probable, significant moderation to normal operation but 

manageable, operating costs increase, increased monitoring

4 Major

Major impact for small population, severe illness probable, 

systems significantly compromised and abnormal operation if 

at all, high level monitoring required

5 Catastrophic
Major impact for large population, sever illness probable, 

complete failure of systems
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Table 6.4 Risk Characterization Summary for BEWD Groundwater Sources 

Hazard 
Reference 

No.  
Drinking Water Hazard  

Likelihood 
Level  

Consequence 
Level 

Risk Level 
Comments 

(from Table 
6.1) 

(from Table 
6.2) 

(from Table 
6.3) 

  

1 
Industrial Land Uses near wells - East of 
Highway 22. Spill, accidental release 

C 2 Moderate 

Moderate likelihood – low consequence 
event (with existing land uses). Land uses 
could change to higher risk activities which 
have the potential to increase the risk 
level. 

2 
Industrial Land Uses near wells - West of 
Highway 22. Spill, accidental release 

C 2 Moderate 

Moderate likelihood – low consequence 
event (with existing land uses). Land use 
activities could change and increase risk, 
but due to distance from wells, likely to 
remain moderate risk.  

3 Storm water Infiltration A 1 
Moderate 

(WWAL revises 
to Low) 

High likelihood – low consequence event. 
Low risk due to thick unsaturated zone 
above well intakes. 

4 Septic Disposal to Ground A 2 
High  

(WWAL revises 
to moderate) 

Septic disposal common and ongoing in 
SPA. Some indication of septic impact on 
aquifer already. Revised to moderate 
owing to depth to well intakes, stable 
population, and inferred high discharge of 
aquifer. 

5 
Accidental release of residential quantities of 
fuels or chemicals 

D 2 Low 

Low Likelihood – low consequence event. 
Relatively low risk for residential quantities 
of these substances.   
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6 
Contaminants introduced into existing unused 
wells, or well casings acting as preferential 
contamination pathways 

D 2 Low 

Relatively few unused wells or wells in 
general in the DPA. Many of the reported 
wells are relatively recent (those located 
west of Highway 22) and would be 
constructed to current standards. 

7 Transportation corridors - Highway 22 C 2 - 3 Moderate to High 

Possible likelihood – moderate  
consequence event. Moderate to high risk 
due to location of corridor upgradient and 
unconfined nature of the aquifer. 

8 Transportation Corridors - Rail Line E 4 High 

Low likelihood – major consequence event 
has the potential to impact or impair 
aquifer quality indefinitely. Wells 2 and 3 at 
greater risk due to proximity to rail line.  

9 GID well construction deficiencies  D 2 Low 

None of the GID wells have surface seals, 
but we assign this factor a low risk. Wells 
1 and 2 are located in secure pump 
buildings with concrete floors. Well 3 
could benefit from the addition of a surface 
seal. 

10 Future land use changes, new development C 2 - 3 Moderate to High 

It is likely that land use changes will occur 
in the SPA, particularly in areas zoned 
industrial. If land uses in this area transition 
to higher risk activities it could pose a 
threat to the aquifer. The risk depends on 
the land use activity and its proximity to 
the wells. 
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6.3 Strengths, Weakness, Opportunities and Threats 
The significant factors with potential to influence drinking water quality and availability now and into the 
future are discussed below in a Strengths, Opportunities, Weaknesses and Threats (SWOT) analysis. 

System Strengths: 
 The GID has redundancy in that three wells are available, any one of which can supply at least 

basic water demands (e.g. indoor domestic) for the entire community. 
 Water quality from the wells is excellent, both chemically and bacteriologically. 
 The excellent water quality results in long well lifespans, with wells that don’t require rehabilitation 

to maintain yields. 
 A preliminary assessment in Golder’s 2008 hydrogeologic report suggests that the wells are not 

considered Groundwater Under the Direct Influence of Surface Water (GUDI). 
 The GID also maintains its licence to the point of diversion on China Creek, and in an emergency 

could theoretically switch to that source (although a water quality or boil water advisory would 
likely be issued in this event).  

 There is little potential for additional development to occur in the SPA. 

System Weaknesses: 
 The system does not have a dedicated mainline to the reservoir. In the event that water treatment 

is ever deemed necessary, it may prove difficult to maintain consistent chlorine concentrations in 
the distribution system. 

 The GID is operated as a private utility and does not have access to grant funding for upgrades 
the same way local or regional government would. 

System Opportunities: 
 The GID system is located within Area “B” of the RDKB. The RDKB has been proactive at 

establishing and promoting source water protection in Genelle and other areas. The RDKB has 
been engaged in this project and has the ability to implement planning controls (e.g. Development 
Permit Areas) on development in the area.  

 We understand that the GID may expand its service area to include a nearby mobile home park 
in the future, which could increase its customer base and bolster its financial positon. 

 
System Threats: 

 Land use immediately adjacent to the supply wells are zoned Industrial. Current industrial land 
uses are primarily low risk, but this could change in the future. 

 There are no mechanisms, other than the zoning bylaw, to control or have input into activities 
occurring on the industrial-zoned properties.  

 Two major transportation corridors are located near to the well sites or within the SPA along 
which potential contaminants are likely routinely transported. The GID has no control over goods 
transported along these routes and is not notified when high-risk chemicals are transported 
through the community. 

 The wells are located relatively close together, and completed in the same, unconfined aquifer 
system. 
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7. MODULE #8 RECOMMENDED ACTIONS TO PROMOTE GROUNDWATER 
PROTECTION 

7.1 Discussion 
Based on our assessment, we find that the three primary risks to groundwater in Genelle are: 

1. The potential for a spill along one of the two major transportation corridors within the SPA. 
2. Activities occurring on the Industrially-zoned properties which are present in close proximity to 

the GID wells. At present, activities occurring on these properties are relatively benign and 
constitute a moderate risk, but land uses could change to higher risk activities. 

3. Septic disposal to ground across the community. The effects of septic disposal to ground in the 
community are evident in water quality samples from the GID wells, where nitrate concentrations 
are typically measured in the 1 mg/L range.  

In Section 7.2 below we provide several recommendations to mitigate the effects of these primary risks 
as well as providing recommendations for initiatives that protect groundwater in general. 

7.2 Recommendations  
1. There is little the GID can do to prohibit or restrict the transport of goods on either Highway 22 

or on the CP Rail line. As a result, mitigation strategies for the low probability but high risk 
scenario of a major spill in the SPA must focus on emergency preparedness and emergency 
response planning. We recommend that the GID engage CP Rail to initiate a communication 
protocol and to obtain the correct contact information for CP emergency response personnel in 
Genelle Area. This contact information should be confirmed yearly as part of the GID Emergency 
Response Plan and updated as needed. Provide CP Rail with the location of the GID water wells 
and if possible, work with CP Rail to have them recognize the GID Source Protection Area and 
update their emergency response plan in the event an incident occurs in the Source Protection 
Area.  
 

2. Work with the RDKB to take advantage of planning mechanisms that RDKB can implement to 
protect groundwater in Genelle. 
 

a. We recommend that the Groundwater Protection Development Permit Area already in 
place in Genelle be expanded to correspond with the Primary SPA developed for this 
report. The expanded DPA corresponds to the 1-year capture zones for the wells, and at 
least partially encompasses all of the Industrial-1 zoned properties east of Highway 22. 
 

b. As written, the current Genelle Aquifer Development Permit Area seems only to pertain 
to septic systems. The RDKB has other development permit areas designed to protect 
groundwater resources (e.g. Industrial and Columba Gardens Aquifer DPA). We suggest 
modifying the Genelle Aquifer Development Permit Area to be more consistent with the 
Columbia Gardens DPA, which is stronger and contains more provisions to promote 
proper planning and aquifer protection. 
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3. A key limitation for the GID is their inability to have input into operations that occur on the 

industrially zoned parcels adjacent to their well sources. At present, industrial activities that are 
occurring are relatively benign, but under the existing Industrial 1 and 2 zonings, a range of 
activities are permitted and could potentially occur in the future. Consider working with the 
RDKB to more explicitly limit permitted land uses under these Industrial zonings.  
 

4. Educate the residents of Genelle about this Source Protection Plan and what they can do to 
contribute to the protection of the resource. As part of our scope of services, we have prepared 
an educational handout that the GID can distribute.  

 
One of the most important thing residents of Genelle can do to protect groundwater resources 
is to ensure their private septic systems are functioning properly and routinely maintained, 
including periodic pumping of septic tanks. 
 

5. Consider installing a surface seal around Well #3. This a relatively low priority recommendation 
as the well is not located in a flood-prone area or in an area where ponding of water is likely to 
occur. Considering that Wells #1 and 2 are located in secure pump control buildings with 
concrete floors, retrofitting the wells to include surface seals would be challenging and would not 
result in a significant improvement to aquifer protection. 
 

6. A typical recommendation in Source Water Protection Plans is to install signage indicating that 
drivers are entering a groundwater protection zone. These signs are already in place in the 
community of Genelle. 
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Western Water Associates Ltd. 
Standard Report Limitations 

 
 
1. This Document has been prepared for the particular purpose outlined in the work scope that has 

been mutually agreed to with the Client.   
2. The scope and the period of service provided by Western Water Associates Ltd are subject to 

restrictions and limitations outlined in subsequent numbered limitations.    
3. A complete assessment of all possible conditions or circumstances that may exist at the Site or 

within the Study Area referenced, has not been undertaken. Therefore, if a service is not expressly 
indicated, it has not been provided and if a matter is not addressed, no determination has been 
made by Western Water Associates Ltd. in regards to it.   

4. Conditions may exist which were undetectable given the limited nature of the enquiry that 
Western Water Associates Ltd. was retained to undertake with respect to the assignment.   
Variations in conditions may occur between investigatory locations, and there may be special 
conditions pertaining to the Site, or Study Area, which have not been revealed by the investigation 
and which have not therefore been taken into account in the Document.  Accordingly, additional 
studies and actions may be required. 

5. In addition, it is recognised that the passage of time affects the information and assessment 
provided in this Document.  Western Water Associates Ltd’s opinions are based upon 
information that existed at the time of the production of the Document.   It is understood that 
the Services provided allowed Western Water Associates Ltd to form no more than an opinion 
of the actual conditions of the Site, or Study Area, at the time the site was visited and cannot be 
used to assess the effect of any subsequent changes in the quality of the Site, or Study Area, nor 
the surroundings, or any laws or regulations. 

6. Any assessments made in this Document are based on the conditions indicated from published 
sources and the investigation described.  No warranty is included, either expressed or implied, 
that the actual conditions will conform exactly to the assessments contained in this Document. 

7. Where data supplied by the Client or other external sources, including previous site investigation 
data, have been used, it has been assumed that the information is correct unless otherwise stated. 

8. No responsibility is accepted by Western Water Associates Ltd for incomplete or inaccurate data 
supplied by others. 

9. The Client acknowledges that Western Water Associates Ltd may have retained sub-consultants 
affiliated to provide Services.  Western Water Associates Ltd will be fully responsible to the Client 
for the Services and work done by all of its sub-consultants and subcontractors. The Client agrees 
that it will only assert claims against and seek to recover losses, damages or other liabilities from 
Western Water Associates Ltd. 

10. This Document is provided for sole use by the Client and is confidential to it and its professional 
advisers. No responsibility whatsoever for the contents of this Document will be accepted to any 
person other than the Client. Any use which a third party makes of this Document, or any reliance 
on or decisions to be made based on it, is the responsibility of such third parties. Western Water 
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 Document. 
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