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1.0
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COUNTRY MUSIC CAPITAL @F CANADA

WATER UTILITY MASTER PLAN

EXECUTIVE SUMMARY

Background

The Water Utility Master Plan for the City of Merritt is developed to provide the City a
long term plan for decision making. The objective of the study is to assess the existing
water system in terms of its capacity to meet current requirements and the City’s OCP
future development plans for the next 20 years. It also provides recommendations for
necessary upgrades in order to meet those requirements based on the established level of
service. The main system components that the study covers are source supply, source
quality, storage, and fire protection. Furthermore, the study also includes a financid
model to estimate the sustainable price for water, which would ensure the continuous and

feasible operations of the water system for the 20-year horizon period and beyond.

Population Projections and Water Demands

2010 Population and Water Demands

In 2010, the population in the City was estimated at 7,285 people according to BC
statistics. For the same year, the metered total water production from the source wells
was 2,926 million litres. This corresponds to adaily average of 8 million litres per day,
whereas the recorded maximum was 18.5 million litres per day (ML/d) in August 2010.
The water production per capitain the City was equivaent to an average day demand
(ADD) of 1,100 L/cap/d and a maximum day demand (MDD) of 2,540 L/cap/d. This

D-36406.00 ©2012 Page 1-1
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includes water consumed by residents, Industrial, Commercial and Institutional (ICI)

users, and unaccounted-for water, including leakage in the system.

The demand analysisin section 4.3.2 discusses the distribution of residential and ICI
demands. It concluded that during average day demand (ADD) approximately 64% of the
total water production is consumed by residents and during maximum day demand
(MDD) it is approximately 77 %. As such, the residential per capita ADD is 707 L/cap/d
and MDD is 1,950 L/cap/d as listed in Table 4-7. These figures are among the highest in
communities in the southern interior BC region.

1.2.2 Projected Population and Water Demands

Two population growth scenarios were considered in the scope of the master plan for the
20-year planning horizon. The first growth scenario is 1.1% per year which is based on
the average annual historical population growth in the City between 2006 and 2010. The
second growth scenario is 3.5% per year plus a 20% water conservation reduction which
is based on the OCP criteria prepared in 2011.

Based on the per capita average and maximum day demand for the two population
growth scenarios, the water demand requirementsin 2030 are as summarized in the
Table 1-1.

TABLE 1-1
POPULATION AND WATER DEMAND PROJECTIONS SUMMARY

2010 2030 :
(@ 1.1% growth) plus 20% water
(Current) 70 9 conservation

reduction)
Popul ation (Capita) 7,285 9,067 14,496
Average Day Demand (ML/d) 8.0 9.7 116
Maximum Day Demand (ML/d) 185 22.5 27.7

OPUS DAYTONKNIGHT
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1.3

Source Supply Analysis

The objective of the source water supply analysisisto assessif there is sufficient

capacity in the existing wells to meet current and future demands.

The source supply analysis was based on the capacity of the five existing well pumps.
These are namely Collettville, Fairley Park, Voght Park #1, Voght Park #2 and Kengard.
The long term sustainable yield of the wells was being developed under a separate study

and was not available at the time of writing this report.

The total maximum capacity of all pumpsis 372 L/s(32.1 ML/d). Voght Park #1 isthe
largest pump with a capacity of 106 L/s (9.2 ML/d). Voght Park #2 has a capacity of
83.3 L/s (7.2 ML/d) and is the only pump that can run during power failure.

The source supply analysis compares the water demand in the City versus the capacity of
water under three different supply scenarios. The analysisis summarized in Table 1-2 and

shows that:

Supply Scenario-1. All pumps are online: there is sufficient capacity in the existing

pumps to meet MDD at present and at both future growth projection scenarios.

Supply scenario-2. Thelargest pump is offline: there is sufficient capacity in the

existing pumps to meet MDD at present and at the 1.1% growth scenario. There
would be a supply deficiency during MDD at the 3.5% growth scenario.

Supply scenario-3. During power failure. The City would be unable to meet average

day demand at the present, and both growth scenarios.

D-36406.00 ©2012 Page 1-3

OPUS DAYTONKNIGHT |



TABLE 1-2
SOURCE SUPPLY ANALYSIS SUMMARY

2030 o
é 2010 @ 1.1% (@ 3.5% growth plus

20% water conservation

Maximum Supply (ML/d) 32.1

L\Nth) reduction)

Maximum Supply with largest
pump offline (ML/d)

22.9

Maximum Supply during power
failure (ML/d)

7.2

ADD (ML/d) 8.0 9.7 11.6

MDD (ML/d) 185 225 27.7

1.3.1 Recommendations (Source Supply)

14

It isrecommended to install back-up power at the Fairley Park well as additional supply
during a power failure. Thiswould increase the water supply capacity by an additional
75.8 L/s(6.5ML/d) to atotal of 13.7 ML/d and therefore meet the ADD requirements at
present and at both growth scenarios. The cost associated with this upgradeis
approximately $160,000 and it is recommended within the short term.

Source Quality Analysis

The City draws its water from two aquifers, a shallow unconfined aquifer and a deep
aquifer. Kengard is the only well located within the deep aquifer, whereas the remaining
wells exist within the boundaries of the shallow aguifer. The shallow aquifer is classified
asaGUDI (Groundwater Under Direct Influence of surface water) source according to
the available hydro-geological information and the deep aquifer may also be at risk of
classified as GUDI, however there is considerable uncertainty at this time.

D-36406.00 ©2012 Page 1-4
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Water quality from the shallow aquifer is routinely monitored and is a high quality water
with low turbidity and moderate hardness. Iron and manganese measurements are
generaly within the recommended guidelines and do not warrant any treatment. The
Kengard well isrelatively new and has limited available water quality data which has
indicated high hardness (CaCO3) and elevated manganese levels which exceed the
aesthetic objectives. It isrecommended that the City initiate a routine flushing program
around the Kengard well when it isin operation.

The City currently has only a single barrier treatment through chlorination as a
disinfection mechanism at wells. The shallow wells are currently considered GUDI wells
and as such require additional disinfection. Furthermore, to meet health guidelines for
dual barrier treatment, an ultra-violet (UV) disinfection system is recommended for
shallow aquifer wells. Thiswould provide the 3-1og inactivation of protozoa. A
preliminary review for three options to locate the recommended system was prepared as
detailed in Section 6.2.2 and Table 6-2. The review concluded that installing a common
UV facility for the wells in the shallow aquifer at Voght Park is more economical and

more practical in terms of operations and maintenance requirements.

1.4.1 Recommendations (Source Quality)

1. Install acommon UV facility for the shallow wells to provide the disinfection
appropriate for aGUDI well. The cost associated with this upgrade is approximately
$1,800,000 and it is recommended within the short-medium term.

2. Instal on-line UVT analysers at the shallow wellsin order to initiate the collection of
UVT data which would be required for the design of aUV system. The cost
associated with this is approximately $25,000 and it is recommended within the short

term.

3. Initiate preliminary design studies for UV facility work in 2013/2014 and have the

necessary documentation in place to apply for a grant to support the construction of

OPUS DAYTONKNIGHT |
D-36406.00 ©2012 Page 1-5 %



the system. The cost associated with thisis approximately $50,000 and it is

recommended within the short term.

4. Complete a sanitary survey for the shallow wells, update the City’s emergency
response plan to address elevated turbidity in the shallow aquifer wells and complete
avulnerability study as recommended in the Health Canada guidelines for unfiltered

Sources.

5. Asthe Kengard well is utilized implement a flushing program for all the pipes around
the Kengard well to address the potential for manganese precipitation in the pipe

network.

6. Initiate a semi-annual Microscopic Particulate Analysis (MPA) testing program for
the Kengard well. A bi-weekly manganese monitoring program on the raw well
water using handheld equipment should be initiated and completed as part of the
routine testing completed by City staff.

7. Develop astandard municipal response to address potential complaints associated
with the change in hardness and potential impact of the manganese due to the use of
the Kengard well.

8. Isolate the watermain along Merritt Ave from the Kengard Well water supply line,
forcing the well water to first flow down the 350 mm diameter trunk main to Nicole
Aveto achieve the required chlorine contact time.

1.5  Storage Analysis

The objective of the storage analysisisto assessif there is sufficient capacity in the

existing reservoirs to meet current and future requirements for fire and balancing storage.

OPUS DAYTONKNIGHT |
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There are five existing reservoirs distributed across the City with atotal storage capacity
of 10.32 ML. Threereservoirs have a Top Water Level (TWL) of 680 m, these are
Grimmett, Nicola and South East reservoirs. Whereas, Grandview Heights reservoir and
Active Mountain reservoir have TWL of 745 m and 747 m, respectively. This divides the
existing water system to three pressure zones. A fourth pressure zone would be created in

the future as the devel opment plansin Gateway 286 progress.
The storage analysis is summarized in Table 1-3 and indicates that:

In 2010: Storage requirements for the three zones are met with the existing reservoirs.
In 2030: Zone-1 will require the surplus capacity in Active Mountain reservoir and
therefore a PRV station would be necessary between zones 1 and 3. Storage
reguirements in zones 2, 3 and 4 can be met with the existing reservoirs and without

expanding Active Mountain reservoir.

TABLE 1-3
STORAGE ANALYSIS SUMMARY

W PP @uwgan @35 garii

Zone-1 (TWL 680 m)

Required Fire Storage 243

Required Balancing Storage 4.62 5.63 6.93

Total Required Storage 7.05 8.06 9.36

Available Capacity 8.04Y 12.581) 12.581%
Zone-2 (TWL 745 m)

Required Fire Storage 0.32

Required Balancing Storage 0.02 0.22% 0.18®

Total Required Storage 0.35 0.55 0.50

Available Capacity 0.55“

OPUS DAYTONKNIGHT
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TABLE 1-3 (cont’d.)
STORAGE ANALYSIS SUMMARY

2030

2088 (@ 1.1% growth)

(@ 3.5% growth plus 20%
water conservation reduction)

Zone-3 (TWL 747 m)

Required Fire Storage 1.08

Required Balancing Storage 0 0.08 0.26

Total Required Storage 1.08 1.16 1.34

Available Capacity 2.28 4.55%) 4.55%
Zone-4 (TWL®)

Required Fire Storage 0 0.65

Required Balancing Storage 0 0.42 1.36

Total Required Storage 0 1.07 201

Available Capacity 2.277

@ Includes the capacity of Grimmett, Nicola, South East and Grandview Heights reservoir.

@ 1ncludes the capacity of all reservoirsin @ plus the maximum capacity of Active Mountain reservoir. Assuming a
PRV station isinstalled between pressure zones 1 and 3.

® Assuming maximum population of 460 peoplein 2030.

“ | ncludes the capacity of Grandview Heights reservoir only.

®) Assuming Active Mountain reservoir is expanded to its future planned capacity.

© TWL of Zone-4 is determined in the future based on Gateway 286 development plans,
@ | ncludes the capacity of South East reservoir only.

The City reported that there are currently operational difficulties with filling and
emptying South East reservoir. Thisis mainly due to the location of the reservoir which is
further away from the main water source and the reduced hydraulic capacity relative to
the network supporting the Government reservoir. The well pumps are currently
controlled by the level in Grimmett reservoir. To overcome thisissue, it is recommended
to install control valves at each reservoir in order to operate and control the hydraulics at

each reservoir independently.

OPUS DAYTONKNIGHT
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1.5.1 Recommendations (Storage)

1.6

1. Install aPRV station between Active Mountain reservoir (Zone-3) and Zone-1 to
meet the future additional balancing storage requirement in Zone-1. The cost
associated with installing the new PRV is approximately $125,000 and it is

recommended within the medium term.

2. Instal control valves at reservoirs to enhance the filling and emptying of reservoirs.
The cost associated with installing new control valvesis $125,000 and it is

recommended within the short term.

Transmission, Distribution and Fire Flow Analysis

The objective of the analysisisto assessif the pressure in the system during ADD, MDD
and fire flow is sufficient and to identify where the system deviates from the level of

service.

A hydraulic model was developed in WaterCAD based on the existing system
information and record drawings such as, but not limited to, pipe sizes, reservoir TWL,
PRV settings, pump capacity-head curves, etc. The model was used to assess the existing
system under ADD, MDD and fire flow conditions, and PHD for the current (2010)
demands and for the two future projected demand scenarios.

The hydraulic analysis of the existing system for 2010 water demands and for the two
future projected demands indicated that there is adequate head in the well pumps to
transmit water from the source wells to the reservoirs.

The analysis adso indicated that at ADD, pressures in the majority of distribution pipesin
the City ranged between 100 psi and 140 psi. These are considered high for the required
level of service which istypically between 40 psi to 80 psi. These elevated pressures will

D-36406.00 ©2012 Page 1-9
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increase water use, leakage and watermain failure. Two alternative plans for pressure
management were reviewed which would reduce the system pressure. The proposed plans
suggest creating a new pressure zone in the system. Based on theinitial analysisthe
financial benefits were not favourable in a 20 year period. However, many of the non-
tangible benefits were excluded. As such we recommend a pressure zone feasibility
study be carried out in the short-term to have a better understanding of the costs and
benefits. It isestimated that the study would cost approximately $30,000.

Thefire flow analysisat MDD for the existing system identified that there are likely fire
flow deficienciesin parts of the City. The deficiencies identified occur at dead-end pipes
and/or at locations where the pipes are under sized to accommodate the required fire
flow. To eliminate those deficiencies, a number of existing pipes require upgrading to a
larger diameter and installation of a number of new pipes are also proposed to improve
fire flow in the City. The proposed upgrades can be completed in stages ranging from the
short to medium to long term. The total cost of upgrades is estimated at approximately
$1,390,000. However, it is recommended that the City does field validation to check and
confirm the sizes of these identified pipes prior to undertaking the upgrade works. In
addition, mapping out the existing fire hydrants in the City indicated that there are areas
where spacing between hydrants is more than the design target of 150 m. It was
determined that 33 additional fire hydrants are required to cover the spacing shortfall.
The cost of installing these hydrantsiis estimated at approximately $135,000 and it is
recommended in the short-term. It is also recommended that a hydrant infill risk
evaluation and prioritization study be carried out prior to installing the hydrants. The
budget for the study is estimated at $15,000.

Section 7.3 discusses the hydraulic analysis of the system based on the future projected
population for both scenarios. The anayses indicates that by implementing the
improvements recommended for the existing system, the requirements of future demands
can aso be met. Additional infrastructure within the Gateway 286 development will be
required for this area due to the proposed development elevations relative to the City’s

OPUS DAYTONKNIGHT |
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existing storage and hydraulics. As such, the City’s existing infrastructure will provide
the necessary pressure and flow at the Southeast reservoir, but the devel opment will

require boosters to service the proposed high elevations. We would anticipate that this
infrastructure will be completed by the developer. Assuch, it isnot recommended that

the City plan to complete the additional works.

1.7 Financial Analysis

1.7.1 Background

A comprehensive Financial Model loaded with asset (PSAB 3150), financial (2006-
2010), water usage and future recommended capital investment data, has been used to
evaluate the water utility revenue envelope required to achieve financial sustainability
over the period from 2010 until 2110.

Adjustments have been made to the data and assumptions are recorded in Section 9.6.
The most important of these are: an average population growth rate of 0.12% p.a. which
eguals the value calculated from the latest 5 year census and a 25% increase in the cost of
constructing linear infrastructure under “green field” conditions to derive the
rehabilitation cost which would be associated with a replacement processin a developed

and operating urban environment.

Evaluation of the sensitivity of the variables revealed that service life, rehabilitation cost,
population growth, the level of debt (interest charges) and operating expenses are
important variables affecting the cost of service. Some of these are able to be influenced
by the City to varying degrees.

OPUS DAYTONKNIGHT |
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1.7.2 Review of Cases

A review of Case 1, Case 2 and Case 3 resultsin the following (ref. Section 9 Financial
Model Figures):

1. The Service Life of assets, especially linear assets, is the key uncertainty impacting
the financial sustainability of the utility. Compare the Total 100 Y ear Projected
Expenses.

2. Current revenue is adequate should the 30% Change to Service Life berealistic, but
may be inadequate without that change. Note that current revenue from sale of water
isin balance with the need to fund long term debt associated with the bulk system
upgrades completed recently. However, over time the need for rehabilitation will
drive capital expenditure and the rate structure will become out of balance with the
revenue needs.

3. Case1resultsinthe utility exceeding its calculated Maximum Borrowing Capacity
and resultsin high interest costs.

4. Case 3 - 1%p.a. growth till 2030 renders the utility financially stable but the
calculated Maximum Borrowing Capacity may be exceeded.

5. The Service Rates currently reflect the cost of service. However, over the modeling
period, revenue from sale of water will exceed the cost of production while the
revenue from service delivery will not meet the cost of operating and rehabilitating

the distribution system.

1.7.3 Discussion

The required funding envelope is influenced by a number of variables, some of which are
difficult to quantify. Setting the appropriate level is therefore a process of progressive
evaluation and adjustment. By maintaining the model, which will be made available to
the City, this process can be simplified.

OPUS DAYTONKNIGHT |
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The key variable viz. the service life of the assets needs to be monitored with aview to
confirming the assumptions made and to alow the revenue envelope to be adjusted. This
can be undertaken by reviewing the corrosion conditions both inside and outside the
pipes together with sampling of the pipes to determine rates of corrosion. The service life
of pipesislikely to vary depending on the above factors as well as the quality of
installation and the level of criticality of each element. Since failure of critical elements
of the infrastructure may be most undesirable, the servicelife of these is effectively
shortened. Non-critical infrastructure can be alowed to deteriorate until the cost of
maintenance and the deterioration in level of service drives rehabilitation. This can
significantly extend the effective service life. This determination is a component of an
Asset Management program. Since asset management is a process of incremental
improvement, the City would benefit from having ongoing access to high level asset

management expertise.

The current revenue envel ope, assumed to bein place until 2031, appears adequate but
should be reviewed as better information becomes available. This envel ope should be
adjusted for inflation as the model reportsin Base Y ear (2010) dollars. Adjustment is
desirable to keep the utility within borrowing limits and to manage interest costs.

While the revenue envel ope may be adequate to fund future needs, the rates which are
currently equitable will become progressively more inequitable as the funding need

moves towards rehabilitation.

While growth of the City would ease the funding of rehabilitation, the prospects of
growth at the rate assumed (1% p.a.) over an extended period would need to be
underpinned by significant economic drivers. An ageing population would counter this
potential growth.

The City is moving towards metered billing for ICl consumers. This change together with

the rate structure currently in place leaves revenue generation exposed to possible usage

OPUS DAYTONKNIGHT |
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reduction by high ICI consumers. A review of the rate structure guided by the cost of

service could improve the sustainability of the revenue stream.

1.7.4 Recommendations

1. The City should maintain the current revenue envelope with adjustment for inflation
in the short term until re-evaluation is undertaken.

2. A program for continuous evaluation of the service life, especially of linear assets
should be initiated

3. Based on the information gained from the above activities areview of the rate
structure is recommended.

4. The City should intensify its asset management process with high level input as
required.

5. Ciritica infrastructure should be identified and actively managed.

1.8  Summary of Recommendations

1.8.1 Capital Investments

The summary of recommendations and cost associated are shown in Table 1-5 below:

TABLE 1-4
RECOMMENDATIONS SUMMARY

Capital Works
Supply Install back-up power at the Fairley Park Well | $160,000 Short term
Install aUV disinfection system. $1,800,000 | Short to Medium term
Treatment Completea sanitary survey for the shallow
wells, update the City’s emergency response
plan to address elevated turbidity in the
shallow aquifer wells and complete a

OPUS DAYTONKNIGHT
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TABLE 1-4 (cont’d)

RECOMMENDATIONS SUMMARY

JQL{ Description
component

vulnerability study as recommended in the
Health Canada guidelines for unfiltered
sources.

Cost

Implementation Plan

Implement a flushing program for al the
pipes around the Kengard well.

Initiate a semi-annual MPA testing program
for the Kengard well. A bi-weekly
manganese monitoring program on the raw
well water as part of the routine testing.

Develop a standard municipal response to
address potential complaints associated with
the change in hardness and potential impact of
the manganese due to the use of the Kengard
well.

Treatment
cont’d

Isolate the watermain along Merritt Ave from
the Kengard Well water supply line to achieve
the required chlorine contact time.

Storage

Install PRV station between zones 1 and 3

$125,000

Medium term

Install control valves at reservoirs

$125,000

Short term

Distribution
system

Upgrade existing pipes and install new pipes

$1,390,000

In phases

Install new fire hydrants (33 Nos.)

$135,000

Short term

Total for Cap

ital Costs

$3,735,000

Studies

Treatment: UV water quality monitoring /
UVT analysis

$25,000

Short term

Treatment: UV disinfection concept study /
Preliminary design

$50,000

Short term

Distribution system: Pressure zone feasibility
study

$30,000

Short term

Distribution system: Hydrant infill risk
evaluation and prioritization

$15,000

Short term

Asset Management: Asset inventory database
update

$65,000

Short term

Total for Studies

$185,000

D-36406.00 ©2012
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1.8.2 Financial

1. The City should maintain the current revenue envel ope with adjustment for inflation
in the short term until re-evaluation is undertaken.

2. A program for continuous evaluation of the service life, especially of linear assets
should be initiated

3. Based on the information gained from the above activities areview of the rate
structure is recommended.

4. The City should intensify its asset management process with high level input as
required.

5. Critical infrastructure should be identified and actively managed.

OPUS DAYTONKNIGHT
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WATER UTILITY MASTER PLAN

2.0 INTRODUCTION

The City of Merritt (City) retained Opus DaytonK night Consultants Ltd. (Opus DaytonKnight)
to develop awater utility master plan which includes a computerized hydraulic network model
that isfield calibrated, and afinancia plan and schedule for any recommended upgrade works.
The hydraulic model will enable the City to perform anaysis of the water system in order to:

Assess the existing hydraulic performance and current operational settings. Thus,
determining the necessary short and/or medium term improvements and the costs associated

with such works.

Assess the existing system’s capability in coping with the City’s future projected water

demands generated through development and population growth. Thus, determining the
necessary long term improvements and upgrade works necessary to serve the projected

growth and the estimated costs associated with such works.

Carry out extended period simulation of the water system for the existing and future
projected scenarios. Thus, evaluating the system’s response to daily and seasonal
fluctuations.

Evaluate the City’s current utility rates by taking into account the budgets for future

upgrading works and plans.
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The water utility master plan covers the City’s existing water supply sources, storage reservoirs

and transmission and distribution network.

2.1  Scope of Work

The main project requirements, as outlined in Section 4 of the City’s RFP, are:

Project familiarization: reviewing pertinent reports, documents, facility drawings,
existing sites and facilities, computer programs, and files in coordination with the

Engineering, Public Works and Planning Division and Fire Department.

M eetings. hosting and chairing a project start up meeting with City staff, meeting
with the Engineering, Public Works and Planning Divisions and the Fire Department
to review model development, undertaking facility visits and field calibration,
assessing existing and future needs, holding an interim discussion with City Staff to
review the preliminary results of the draft report and to present the recommended

upgrading program and costs.

Water modelling: building and devel oping a hydraulic computer model for the entire
City’s system and which is capable of analysing the existing system and the projected
future expansion for ADD, MDD, PHD and fire flows under steady state conditions

and extended period simulations.

Water system evaluation: assessing the City’s system and propose
recommendations for upgrade works complete with cost estimates and schedules.
Such recommendations may include water demands for the various water supply
zones, placement of zonal water flow meters, water reduction strategies, reservoir
management strategies, maintaining residual chlorine levels, water pump stations,
capacity and emergency power, transmission mains and capacity (domestic and fire),
distribution mains and capacity (domestic and fire), reservoir size (fire and balancing

storage requirements) and location.
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Reports: producing areport, including maps using the 2007 digital air photo, this
covers the existing and future water systems. The final report isto be submitted under

the seal of a Professional Engineer registered in the Province of British Columbia.

Cost estimates: identifying required improvement works according to the 5, 10 and
20 year capital plans and including costs of engineering, construction, contingency
and HST.

Based on the above project requirements, the tasks that were undertaken by Opus
DaytonKnight project team to complete the water utility master plan were as follows:

Gathered and reviewed all existing information from the City pertinent to the water
supply, storage and distribution network such as studies, reports, drawings, water

quality data, operational data, etc.

Met with the City operations staff and conducted a site visit to various facilities to

obtain and to compile all relevant operationa data.

Obtained historical measured data on average day, maximum day and peak hour
demands for residential and ICI water usage in the City.

Estimated the per capita water demand rates based on historical metered water usage
data and input from City staff.

Assessed existing population (as of 2010) and project future population (in 2030)
based on two growth rate scenarios; 1.1% and 3.5% growth with 20% water

conservation reduction.

Estimated residential and ICI water demands for existing and for future growth

scenarios.
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Performed hydrant flow testing to calibrate the hydraulic model to actual field

conditions.

Analysed the distribution system and reservoir capacities to provide adequate
pressure, flow and storage during ADD, MDD, PHD and fire flow scenarios.

Identified the existing and future water system deficiencies and proposed
recommendations for upgrading worksto the City.

Prepared cost estimates and schedule for proposed upgrades.

2.2 Previous Studies

Previous studies that were reviewed during development of this master plan include:

Regional Water and Sewer Study, Urban Systems, 1978
Collettville Water System Study, Stanley Associates Eng., 1994
City of Merritt Water and Sewerage Update, 1988

Collettville Water and Sewer Project, 1997

Uni-Directiona Flushing Program Final Report, S.F.E., 2007
Uni-Directiona Flushing Program, 2004

Joeyaska Water and Sewer Report, Urban Systems (1999)

City of Merritt Zoning Bylaw

City of Merritt Integrated Growth Strategy (2010)

City of Merritt Asset Management Case Study (2011)

Fire Hydrant Flow Records — various dates

Aquifer Protection Plan (EBA Engineering, December 2002)
Water Conservation Strategy (Urban Systems, May 2003)
Universal Water Meter Implementation Phase-1 (Urban Systems, March 2008)
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2.3

Universal Water Meter Implementation Phase-2 (Urban Systems, October 2008)
City of Merritt Community Water System Annual Report (2005 - 2010)

City or Merritt 2010 Annual Report (June 28, 2011)

City of Merritt Official Community Plan Bylaw 2116 (2011)

Technical Memorandum #1: Demand Analysis (Opus DaytonK night, August 2011)
Technical Memorandum #2: Software Selection (Opus DaytonKnight, August 2011).
Technical Memorandum #3: Hydrant Flow Testing Program, (Opus DaytonKnight,
August 2011).

Technical Memorandum #4: Hydraulic Model Development and Calibration, (Opus
DaytonKnight, September 2011).

Construction of the Kengard Well Pump Station — Field Report Review (KWL
Associates Ltd, May 30 2011)

Construction of the Kengard Well Pump Station — Technical Memorandum (KWL
Associates Ltd, Nov 10, 2009)

Water Works for Reservoir 286 — Record drawing set (Civic Consultants, June 2011)
Water Main Looping — drawing set (Urban Systems, Nov 21, 2006)
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2.4 Abbreviations

ADD Average Day Demand

BC British Columbia

FUS Fire Underwriters Survey

HGL Hydraulic Grade Line

GIS Geographic Information System
ICI Industrial/Commercial/Institutional
kPa kilopascal

L/c/d Litres per capita per day

L/s Litres per second

MDD Maximum Day Demand

ML Million Litres

ML/d Million Litres per Day

MoE Ministry of Environment

OoCP Official Community Plan

PHD Peak Hour Demand

PRV Pressure Reducing Valve

psi pounds per square inch

WTP Water Treatment Plant
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WATER UTILITY MASTER PLAN

EXISTING WATER SYSTEM

This section provides an overview and a general description of the existing water system in the
City of Merritt as of 2010.

3.1

System Overview

The City of Merritt provides quality potable water and fire protection to over 7,285
residents', numerous Industrial and Commercial Institutions (ICl) and a domestic airport.
The mgjority of development in the City is concentrated between Coldwater River and
Nicola Highway in addition to some residential areasto the North of Nicola Highway and
North of Voght Street.

The City obtainsits water from a groundwater aquifer that lies below the City limits. The
water network is made up of mainly two pressure zones at 680 m (Zone-1) and 745 m
(Zone-2) Hydraulic Grade Line (HGL) elevations in addition to pressure zone 747 m
(Zone-3) which is presently small and serviced by Active Mountain reservoir. As of

2010, the system was compromised of production wells, storage reservoirs, transmission
and distribution system, fire hydrants and two booster stations and a Pressure Reducing
Valves (PRV) as summarised in Table 3-1 and shown in Figure 3-1. An overall hydraulic
schematic of the existing system is provided as Figure 3-2.

1 2010 Population estimate.
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TABLE 3-1
WATER SYSTEM SUMMARY

Water System Component Quantity

Production wells 5

Storage reservoirs 5
Transmission and distribution pipes 74,486 m
Booster station with PRV 1 station with 2 PRV’s.
Fire Hydrants (Owned by City) 315

Fire Hydrants (Private) 71

The City of Merritt has 121 water meters installed on the connections to some ICI users.
Based on discussions with the City during the course of this project, this number of
meters represents 46% of the actual total number of 1Cl usersin the city. Residential

water consumption is not universally metered.

3.2 Water Sources

The source of water supply to the City of Merritt isfrom a groundwater aquifer generally
below the City. The aquifer covers an area approximately 6.5 Km? which extends from
the Coquihalla Highway No. 5 (East of Merritt) to the Collettville area (West) and from
North Nicola area (North) to South Merritt area (South). The two figures®® enclosed in
Appendix A show the boundaries of the aquifer.

Based on the City of Merritt Community Water System Annua Reports (2005 - 2010),
the aguifer provides high quality water. Since 2008, the City has been injecting the raw
water with approximately 0.9 mg/l of 12% Sodium Hypochlorite at each pump station to

maintain a minimum of 0.5 mg/l of chlorine residua in the distribution system. It is noted

2 Source: Ministry of Environment BC Water Resources Atlas,

http://www.env.gov.bc.ca/lwsd/data searches/wrbc/index.html

% Source: Aquifer Protection Plan, EBA Engineering Consultants Ltd, December 2002, Figure 1
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that the agquifer is classified by MoE as “1A” which is the category for highly developed
and highly vulnerable aquifers®. This s due to factors such as the unconfined nature of
the aguifer, the close proximity to Coldwater River, the relatively shallow depths of wells
and high water table.

Five production wells are currently used to extract water from the aquifer; May Street
well was abandoned in March 2007 and Kengard well was commissioned in April 2011.
Voght Park #2 is equipped with two pump motors, one that runs on electric power and
the other is powered by gas. The names and capacities of the wells are listed in Table 3-2°

and their locations are shown in Figure 3-1.

TABLE 3-2
PRODUCTION WELLS

Depth to Bottom
Well Name Pump Rate Well Depth %

Voght Park #1 250 hpat 106 L/s 3Bm 24 m
S womaslscamm | O" | @m
Fairley Park 100 hp at 76 L/s 30m 17m
Collettville 125 hp at 56 L/s (Submersible) 49 m 32m
Kengard 100 hp at 50 L/s (Submersible) 135m 113 m
Total Well Capacity 371L/s

From 2005 to 2010, the annual contribution to total water production of each well significantly
changed. Thisis as summarized below and illustrated in Table 3-3.

3.3.1 Voght Park #2 G/E

Annua production was generally increasing. Production increased by 4.5 times from
129.2 ML in 2005 to 613.9 ML in 2010 and its contribution to total production increased

* Source: Aquifer Protection Plan, EBA Engineering Consultants Ltd, December 2002, Page 1
® Source: City of Merritt Community Water System Annual Report (2010)
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3.3.2

3.3.3

3.3.4

from 4% to 21%, respectively. The highest record wasin 2009 at 1,059 ML production

and 32% contribution.

Voght Park #1 VFD

Annual production was generally decreasing. Production decreased by 36% from
1,710 ML in 2005 to 1,085 ML in 2010 and its contribution to total production decreased
from 53% to 37%, respectively. The lowest record wasin 2008 at 763 ML production

and 26% contribution.

Fairley Park

Annua production was generally constant from 2005 to 2008 then it decreased in the
following two years. This decrease is due to the increased production at Voght Park #2
G/E. Production decreased by 18% from 1,015 ML in 2005 to 834 ML in 2010 and its
contribution to total production decreased from 32% to 29%, respectively. The lowest
record was in 2009 at 690 ML production and 22% contribution.

Collettville

Annual production was generally constant from 2005 to 2008 then it decreased in the
following two years; the later decrease is due to the increased production at Voght Park
#2 G/E. Production slightly increased by 16% from 339 ML in 2005 to 393 ML in 2010
and its contribution to total production decreased from 11% to 13%, respectively. The
highest record was in 2008 at 691 ML production and 23% contribution.
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TABLE 3-3
WATER PRODUCTION BY WELL

Y ear 2005 2006 2007 2008 2009 2010

Production (ML) 1,710 1,713 1,404 1,085
Voght Park #1 = .
VFD ontribution to o o o 0 o o
Total Production 53% 50% 42% 26% 32% 37%
Production (ML) 129 153 277 334 1,059 614
Voght Park #2

G/E Contribution to

0 0 0 0 0 0
Total Production 4% 4% 8% 11% 34% 21%

Production (ML) 1,015 1,176 1,186 1,192 690 834

Fairley Park Contribution to
0, 0, 0, 0, 0, 0,
Total Production 32% 34% 35% 40% 22% 29%
Production (ML) 339 372 475 691 343 393
Collettville

Contribution to
Total Production

Production (ML) 23 22 - - - -

May Street Contribution to
Total Production

11% 11% 14% 23% 11% 13%

<1% <1% 0% 0% 0% 0%

Total Production (ML) 3215 | 3437 | 3342 | 2980 | 3,076 | 2,926

Water production followed arelatively consistent monthly pattern every year showing
higher production volumes during the summer months of May to August as shown in
Figure 3-3.
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Figure 3-3 Water Production Pattern

Water Licences

The City of Merritt holds a number of water licenses issued by the Ministry of
Environment in BC which are published on the Water Stewardship Licenses Directory®.
These arelisted in Table 3-4 and copies are attached in Appendix B. The water licenses
are not currently used by the City but are maintained.

City’s licenses are used for wells because shallow aquifers are considered as surface

water by the Province.

6 Source: http://www.env.gov.bc.calwsd/water rights/scanned lic dir/
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TABLE 3-4
CITY OF MERRITT WATER LICENSES

LicenseNo | Stream Name @ Quantity (ML) | License Status Precedence Date

C025311 Coldwater River 1,659 Current July 9, 1958
C026589 Coldwater River 25 Current February 21, 1931
C030750 | Coldwater River 768 Current March 2, 1939
C030751 | Coldwater River 768 Current June 16, 1965
TOTAL 3,221

3.4

Storage Reservoirs

Water storage reservoirs are located at specific elevations to establish pressure zones
within the distribution system. Typical design pressures within a zone vary from a
minimum of 30 to 40 psi to amaximum of 120 to 150 psi. During afire event, minimum

pressures are allowed to drop to 20 psi.

Water storage is used to balance and optimize supply and delivery of water. If properly
sized, reservoirs will store water during low demand periods and supplement the source
supply during peak hour demand. Reservoirs are also sized to provide a minimum volume
for fire flows. Balancing storage is typically designed as 25% of maximum day demand,
whilefire storage is calculated per the fire flow requirements for each zone.

In 2011, five storage reservoirs, with a combined storage capacity of 10.3 ML, were
operating to cover the storage requirements of the City. These are Nicola, Grimmett,
South East, Grandview Heights and Active Mountain reservoirs; South East balancing
reservoir was recently commissioned in early 2011. The reservoir capacities and top
water elevation details are listed in Table 3-5 and the locations are as shown in Figure
3-1
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TABLE 3-5
STORAGE RESERVOIRS

Reserv0|r Capacit Top Water |

(ML) Elevation (m)
Grimmett 4.55 680
Nicola 0.67 680
Grandview Heights 0.55 745
South East 2.27 680
Active Mountain’ 2.28 747
TOTAL 10.32

Grimmett reservoir is the main controlling reservoir for al the lead pumps connected to
the City’s water system. Pumps are set to start pumping into the system when Grimmett

reservoir is at 80% capacity. Pumps stop pumping when the capacity is at 84%.

All of the reservoirs are located in Zone-1 with the exception of Grandview Heights and
Active Mountain which arein Zone-2 and Zone-3 respectively.

Zone-1 and Zone-2 are connected by two PRV’s located at the Grandview Heights
booster station which makes Grandview Heights reservoir available to serve the water
demand in Zone-1 when required. Details of the PRV’s are listed in Table 3-6.

TABLE 3-6
PRV PARAMETERS

& Elevation (m)‘ Diameter (mm)‘ Dlschar(%zgreswre

Grandview Heights Booster

Station 650 75 and 100 40

" According to information and drawings from the City, the existing Active Mountain reservoir is the first phase of
the plan. Future phases allow for doubling the capacity of the existing reservoir when required.
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3.5

Water from Zone-1 is supplied to Zone-3 reservoir through the existing Active Mountain
booster station. However, there is presently no PRV existing between these two zones,
which mean that if Active Mountain reservoir was to serve Zone-1, it would cause a
significant increase in pressure in the distribution system.

Transmission and Distribution Systems

The transmission and distribution system for the City of Merritt consists of about 71
kilometres of watermains supplying about 7,285 residents in the City and all the

industrial and commercial institutions including the airport. The distribution pipes range
in diameter from 100 mm to 350 mm many of which wereinstalled in the 1960’s. Figure
3-laillustrates the installation period of the pipes. A summary of the approximate lengths
of existing pipesto diameters are listed in Table 3-7, which is based on the 2010 asset
information provided by the City.

TABLE 3-7
EXISTING WATERMAINS

Diameter (mm)| Total Length (m)

100 6,741
150 27,807
200 16,826
250 8,924
300 7,855
350 2,867
TOTAL 71,020
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WATER UTILITY MASTER PLAN

40 WATER DEMAND

This section primarily focuses on the methodology of deriving the future water demand
projections in the City of Merritt based on a 20-year time horizon to support the devel opment
plans as outlined in Merritt’s OCP. The section also discusses the historic population growth and
historic water consumption trends in the City as discussed in Technical Memorandum #1.:
Demand Analysis by Opus DaytonKnight, August 2011.

4.1 Historic Population and Growth Rates

The City’s historic popul ation growth is tabulated in Table 4-1 and presented graphically
in Figure 4-1. The City of Merritt had a population growth from 1981 to 1996, but a
population decrease from 1996 to 2006. According to BC Stats, the population of the
City of Merritt in 2010 is estimated at 7,285 based on an annual growth of 1.0% from
2006 to 2010. Over the period of 1981 to 2010 the growth has averaged 0.6% per year.

TABLE 4-1
HISTORICAL POPULATION

Census Population  Annual growth (%)

1981 6,110 -

1986 6,180 0.23
1991 6,253 0.24
1996 7,631 4.06
2001 7,088 -1.47
2006 6,998 -0.26
2010 7,285 1.00
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4.2
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Figure 4-1 Historic Population

Based on discussions with the City of Merritt, two annual population growth rate
scenarios have been selected to project future populations. The first is 1.1% per year,
which is based on the growth rate in the city from 2006 to 2010, and the second is 3.5%
per year, which is based on the OCP (City of Merritt Bylaw 2116, 2011). The two growth
rate scenarios are based on population growth due to new development and due to
densification; thisis outlined in further detail in Technical Memorandum #4: Hydraulic
Model Development and Calibration, (Opus DaytonKnight, September 2011).

Projected Population

Based on the above two growth scenarios, the projected population for Merritt in the year
2030 isprovided in Table 4-2. For the next 20 years, the population in Merritt is
estimated to grow by approximately 25% at the 1.1% rate and by almost 99% at the 3.5%
rate.
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4.3

TABLE 4-2
PROJECTED POPULATION

Total Population
Y ear

1.1% growth ‘ ‘ 3.5% growth‘

2010 7,285 7,285
2015 7,695 8,652
2020 8,127 10,276
2025 8,584 12,205
2030 9,067 14,496

Historic Demand

Information on historic water demandsisideally obtained from actual water meter
readings. Thiswould not be practical for the City since the number of metered
connectionsis limited to less than half of the ICI users and none of the residential users.
The City measures and records the volumes of bulk water pumped from the wells and this
can be used as a source of information for historic water demands. This approach takes
into account all the water pumped into the system including unaccounted-for water usage

and leakage, in addition to the actual water consumption by various users.

Thetotal bulk water production was obtained from the City of Merritt’s Community
Water System Annual Report from 2005 — 2010. The total annual water supply volume
decreased by almost 9% from 3,215 ML in 2006 to 2,926 ML in 2010. The peak
maximum water demand in that period was in 2006 at 3,437 ML. Thisissummarized in
Table 4-3.
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TABLE 4-3
HISTORICAL DEMAND

Total Average Day Maximum Day Minimum Day

Water

Demand ey St Date | femenl|  ome
2005 3,215 8.7 25.6 Aug 9, 2005 4.5 Jan 01, 2005
2006 3,437 94 22.0 Jul 24, 2006 45 Feb 11, 2006
2007 3,342 9.2 18.5 Jul 27, 2007 3.8 Dec 17, 2007
2008 2,980 8.1 19.6 Jul 2, 2008 4.4 Dec 17, 2007
2009 3,076 84 17.7 Jul 22, 2009 45 Feb 28, 2009
2010 2,926 8.0 185 Aug 2, 2010 4.7 Dec 25, 2010

Based on the above historic total water demands and population, the average and
maximum per capitawater demands in the city were calculated. Since, the per capita
demand is based on all the water supplied to the city as shown in Table 4-4, it includes
residential, ICl, leakage and unaccounted-for water.

ADD isthe average daily demand per capitain ayear regardless of season. The valueis
useful in analyzing historic demands and patterns and in estimating future demands,
which are then used to determine the future volume requirements of the water system.
MDD is the maximum water demand per capita per day in agiven year, it usually occurs
during summer months and it is used for sizing the system’s storage capacity in
reservoirs. PHD is the maximum water demand in an hour during aday in acertain year
and it usually occurs on or around the day when MDD occurs. PHD is recorded through

water demand from the source, as well as balancing storage in the system reservoirs.

Between 2005 and 2010 in Merritt, ADD and MDD have both decreased from 1,246
L/c/d to 1,100 L/c/d and from 3,651 L/c/d to 2,537 L/c/d, respectively. ADD peaked at
1,341 L/c/d in 2006 whereas MDD peaked at 3,651 in 2005. Thisissummarized in
Table 4-4.
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TABLE 4-4
PER CAPITA HISTORICAL DEMAND

Year | Population = ‘ —
= (MLId) (Licd) (MLId) (Licld)
2005 7,016 8.7 1,246 25.6 3,651
2006 6,998 9.4 1,341 22.0 3,148
2007 7,070 9.2 1,295 18.5 2,619
2008 7,142 8.1 1,140 19.6 2,738
2009 7,213 8.4 1,165 17.7 2,448
2010 7,285 8.0 1,100 185 2,537

4.3.1 Regional Demand Comparison

Table 4-5 compares ADD and MDD for communities in the Southern Interior BC
region*. The ADD and MDD include both residential, ICI water use and leakage.

TABLE 4-5
WATER DEMAND IN SOUTHERN INTERIOR BC COMMUNITIES

Community ADD (L/c/d) | MDD (L/c/d)

Vernon (Fully Metered) 550 1,280
Penticton (Fully Metered) 580 1,200
Kelowna (Fully Metered) 600 1,300
Salmon Arm 690 1,490
Kamloops 790 1,800
Merritt 1,100 2,537

Despite the fact that Merritt’s per capita demand decreased since 2005, it is still
significantly higher than other communities in the Southern Interior BC region.

! Kamloops 2010 — “Universal Water Meter Recommendation Report”, City of Kamloops, March 2010.
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4.3.2 Residential and ICI demands

Water consumption in Merritt is divided to two main categories, residential use and ICl
use. Asdiscussed previously in Section 3.1, the existing water meters in the City cover
approximately 46% of the total ICl water usage and none of the residential usage. Based
on the available data from production wells and water meter records, total 1CI and
residential water demands were calculated. These calculations are detailed in Technical
Memorandum #1: Demand Analysis (Opus DaytonKnight, August 2011). Table 4-6
summarizes the existing (2010) ADD, MDD and PHD for residential and ICl use based
on the calculated peaking factors. These peaking factors are also used in cal culations of
MDD and PHD of future demand projections.

In 2010, residential ADD accounted for 64% of the total demand whereas MDD and
PHD represented 77% and 82% of the total demand, respectively. Thisisinclusive of the
leakage and unaccounted-for water usage in the system.

TABLE 4-6
DEMANDS (EXISTING 2010) AND PEAKING FACTORS

Demand (ML/d) Peaking Factors
Land Use

ADD| MDD, PHD| ADD MDD PHD

Resi dential 14.2 257 | 1.00 | 275 | 5.00

ICl 2.9 4.3 5.7 1.00 | 1.50 | 2.00
TOTAL 8.0 185 315 | 1.00 | 230 | 3.93

Based on aresidentia population of 7,285 in 2010, the per capita daily residential
demands are as shown in Table 4-7. These figures do not include ICl demands whereas
the figuresin Table 4-4 do.

TABLE 4-7
PER CAPITA RESIDENTIAL DEMAND (EXISTING 2010

Per Capita Residential Demand (L/c/d)

— 4&4

2010 1,946 3,533
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4.4

Future Demand

Future water demand projections in the year 2030 are explained in detail in Technical
Memorandum #1: Demand Analysis (Opus DaytonKnight, August 2011). Residential and
ICI demands were analyzed separately to develop more accurate projections of the total
water demands based on the two annual population growth scenarios of 1.1% and 3.5%.
According to Merritt’s OCP and water strategy policy, the City plans to implement water
conservation programs which aim at gradually reducing water consumption where
demands rate in the year 2030 would be 20% less than the existing 2010 rates. This
conservation reduction value was accounted for under the 3.5% growth scenario but not

for the 1.1% scenario.

Future demand projections in the year 2030 at 1.1% growth rate are based on the

following assumptions:

Additional Residential population = 1,782 people at ADD 707 L/c/d
Additional LargeICl =1a ADD 0.173 ML/d
Additional Small ICI =26 at ADD 0.008 ML/d

Future demand projections in the year 2030 at the 3.5% growth rate with 20% water

conservation reduction are based on the following assumptions:

Additional Residential population = 7,211 people at ADD 565 L/c/d
Additional Large ICl =3 Nos. at ADD 0.138 ML/d
Additional Small ICI =116 Nos. at ADD 0.006 ML/d

Based on the future population projections provided in Table 4-2, the per capita ADD in
Table 4-5, the assumptions above and the peaking factors calculated in Table 4-6, the
future ADD, MDD and PHD in 2030 for the two growth scenarios are aslisted in

Table 4-8.
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TABLE 4-8
FUTURE DEMANDS (2030)

ADD (ML/d)| MDD (ML/d) | PHD (ML/d)

Land Use ‘

1.1% ‘ 3.5%‘ 1.1% ‘ 3.5%‘ 1.1% ‘ 3.5%‘
Residential 6.4 8.2 17.6 22.6 320 | 41.0

ICl 3.2 34 4.9 52 6.5 6.9
TOTAL 9.7 116 225 27.7 385 | 47.9

Based on the projected residential populationsin the year 2030, listed in Table 4-2, the
per capitadaily residential demands are as summarized in Table 4-9.

TABLE 4-9
PER CAPITA RESIDENTIAL DEMAND (FUTURE 2030)

Per Capita Residential Demand (L /c/d)
Y ear ADD MDD PHD
1.1% ‘ 3.5% ‘ 1.1% ‘ 3.5% ‘ 1.1% ‘ 3.5%
2030 | 707 | 565 | 1,946 | 1556 | 3531 | 2,826

4.5  Demand Distribution by Zone

Table 4-10 summarizes the distribution of existing and future demands by pressure zone
in the City. MDD demands are used for supply and storage reservoir analysis as
presented later in Section 6.0.
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TABLE 4-10
DEMAND DISTRIBUTION BY ZONE

2030 Demand at 1.1% 2030 Demand at 3.5%
zone  Type | 2P 2010 Demand (ML/d) 5 (ML/d) Growth (ML/d)

ADD| MDD, PHD | ADD| MDD| PHD| ADD| MDD | PHD

Residential | 51 | 141 | 256 155 | 282 160 | 29.1

1 ICI 2.9 43 57 | 31 47 6.3 3.2 4.8 6.3

Sub-Total | 8o | 184 | 31.3 | 88 | 202 | 345 | 90 | 207 | 354

Residential | 003 | 0089 | 02 | 03 | 07 1.3 02 | 06 1.0

2 ICI 0 0 0 0 0 0 0 0 0

Sub-Total | 003 | 009 | 016 | 03 0.7 1.3 0.2 0.6 1.0

Residential | 0 0 0.1 0.3 0.6 0.4 1.0 1.9

3 ICl 0 0 0 0 0 0 0 0 0
Sub-Total | o 0 0 01 | 03 0.6 0.4 1.0 1.9
Residential | o 0 0 0.6 1.7 31 2.0 5.4 9.9

4 ICI 0 0 0 0.1 0 0 0.4 1.0 0.7
Sub-Total 0 0 00 | 07 1.8 33 2.3 6.4 10.6
Total 80 | 185 | 315 | 99 | 231 | 397 | 119 | 288 | 489
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LEVEL OF SERVICE

The design criteria used to review the system’s minimum service pressures and available fire

flows are described under this section. The City of Merritt Subdivision and Development

Servicing Bylaw, as well asthe Fire Underwriters Survey (FUS) Report were reviewed.

5.1

5.2

System Redundancy

Redundancy in the system is required to maintain the operations and reduce service
disruptions during maintenance, repair, power outage or unexpected malfunction. Some
of the measures that allow redundancy are:

More than one river/creek crossing such as across Coldwater River and Nicola River.

Alternative power supply to pumps at wells and booster stations.

Service Pressures

Minimum service pressures are required to ensure an adequate flow and pressure of water
at al serviced propertiesin the City of Merritt. There are, in most cases, two conditions
under which systems should be analyzed or designed for minimum service pressures,
these are maximum day demand plusfire flow (MDD+FF) condition and peak hour
demand (PHD) condition. Furthermore, maximum service pressures in the system also

need to be regulated to prevent over-pressurizing of the system.
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Bylaw 1187 of the City notes the following regarding minimum and maximum service

pressures during peak hour demand:

Clause 401.1.1:

“Generally, water systems shall be designed for pressuresin the range of 210 KPa to 900
KPa, with 210 KPa measured under peak hourly demand conditions and the 900 KPa

measured under static conditions.”

Clause 401.1.2:

’Wher e the main pressure at the service exceeds 517 kPa the service shall be protected

with a pressure reducing valve at the structure on private property.”

The maximum allowabl e pressure according to the bylaw is 130 psi (900 kPa); however,
the hydraulic analysis takes into consideration pressures of up to 140 psi. Moreover, the
analysis regards pressures in excess of 100 psi during ADD and PHD as high whereas
pressures in the range of 40 psi to 80 psi are regarded as optimum operating pressures.
Although the bylaw allows for pressures as low as 30 psi under PHD, standard design
recommends using 40 ps asthetarget. We recommend the target of 40 psi be used and

exceptions reviewed case-by-case.

The minimum service pressure during maximum day demand plusfire flow is based on
the FUS guidelines and is set at 150 kPa (20 psi).

Table 5-1 summarizes the range of service pressures under various demand conditions

used in the hydraulic analysis.
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5.3

5.4

TABLE 5-1
SERVICE PRESSURES

During MDD+FF ‘ Minimum | 20 ps (150 kPa)
Minimum | 40 ps (250 kPa)
During PHD : :
S Maximum | 140 ps (970 kPa)

Maximum Velocity

The recommended maximum acceptable velocity for flows in the water systemis 3.0 L/s.
Congtrictionsin the water system will introduce high head losses in the water system and is
identified through these increased velocities.

Fire Protection and Storage

Water distribution systems must be able to deliver large volumes of water for fire

protection in addition to domestic water demands. Fire protection considerations are:

1. Only onefirewill be fought at any one time
2. To ensure pumpers of the fire department obtain adequate water supplies from
hydrants, a minimum residual pressureis required on the street main during fires

3. Fireflow is coincident with maximum day demand

Fire protection requirementsin Merritt are outlined in Schedule F, Design and
Construction Manual, in the City’s Subdivision and Development Servicing Bylaw 1187
of 1987. The bylaw refersto the Insurers’ Advisory Organization (IAO) standards which
are now known as Fire Underwriters Survey (FUS). The following clauses pertaining to
flow, duration and spacing requirements are quoted from the bylaw:
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Clause 401.1.4:

“Water systems shall also be designed to insure that fire flows as required by the
Insurers’ Advisory Organization (IAO) are available for required durations and within
acceptable pressure limits.”

Clause 402.4:

“Fire hydrant spacing shall conformto the latest issue of the Insurers’ Advisory
Organization (IAO) recommendation. However, in any case, Fire hydrants shall not
exceed spacing of 150 m apart.”

Table 5-2 shows the recommended minimum fire flow requirements for various land use
areas and required fire flow durations for Merritt based on the FUS guidelines, Water
Supply for Public Fire Protection, published in 1999. Figure 5-1 shows the locations
within the City where these various fire flow requirements were assigned in the water
model based on the land use zoning in Merritt.

TABLE 5-2
RECOMMENDED FIRE FLOW REQUIREMENTS

‘ Required Minimum Fire Flow ‘ ettt LTI

Flow
(WE) (Hours)
Single Family Residential 60 15
Multi Family Residential 90 20
Commercia / Institutional 150 20
Industrial 225 3.0

5.5  Supply Storage

The existing water system in Merritt is made up of two pressure zones in order to
maintain a reasonable range of high and low pressures throughout the City.
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Typicaly, reservoirs are designed to refill every day and to have adequate storage
capacity to provide for balancing storage, which is estimated as 25% of maximum day
demand, and fire storage based on the FUS recommended flow and duration listed in

Table 5-2. Storage volumes requirements are estimated based on the following formula:

Volume = 0.25 x (MDD) + (FF) x (D)

Where:

MDD = total maximum day demand in the entire zone serviced by reservoir(s)
FF = highest fire flow requirement for land uses in the zone

D =required duration of fire flow as noted in the Fire Underwriter’s Survey regulations

OPUS DAYTONKNIGHT |
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6.0 EXISTING HYDRAULIC ANALYSIS

This section of the report covers the hydraulic analysis of the existing waster system in Merritt,
based on the year 2010-2011 conditions. The objective of the analysisis to assess the system’s
performance with respect to compliance with the level of service outlined in Section 5 and to
highlight existing deficiencies in the system and appropriate upgrading options for the short
term.

The four components of the system namely, source supply capacity, water treatment and quality,

storage, and transmission and distribution system are discussed in the following subsections.

6.1  Source Supply Capacity

The analysis for source water supply is based on the maximum production levels from
each of the existing wells. As of mid 2011, there were five production wells operating to
supply water to the City aslisted in Table 6-1. Collettville has the largest maximum
production capacity which corresponds to approximately 28% of the City’s total
maximum production capacity of 371.9 L/s. Kengard is the newest well and was

commissioned in April 2011.

The quantitative water source analysisis based on two scenarios. The first scenario
assumes that all production wells are operating at maximum capacity and the second
scenario assumes that the largest well is out of service. The second scenario is considered
aworst case scenario and provides an indication of the level of water source security and
supply redundancy within the system.
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Table 6-1 lists the pump design capacity of the production wells and compares them to
the existing ADD and MDD for the year 2010. It is noted that:

Scenario-1: With al the wells operating at maximum production and simultaneously,
thereis an excess of 158 L/s during MDD.

Scenario-2: With the largest well out of service and all the other wells operating at
maximum production and simultaneously, thereis an excess of 51.6 L/s during MDD.

TABLE 6-1
WATER SUPPLY ANALYSIS (EXISTING 2010-2011)

. Capacity
[tem Description (L/9)

Maximum Supply Capacity (L/s)
A Voght Park#1 VFD 106.4
B | Voght Park#2 G/E 83.3
C Fairley Park 75.8
D Collettville 56.4
E Kengard 50.0
F Total Production, = A+B+C+D+E 371.9
G Total Production (with largest well out of service), = F-A 265.5
Existing Demand (L/s)
H ADD 92.8
I MDD 2139
Maximum Supply — Existing Demand (L/s)
J Total Production— ADD, = F-H 279.1
K Total Production (with largest well out of service) - ADD, = G-H 172.7
L Tota Production — MDD, = F-I 158
M Total Production (with largest well out of service) - MDD, = G-I 51.6
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6.2

6.2.1

A third scenario that is worthwhile analyzing is water supply during power failure.
Currently the city has one natural gas motor for the pump at Voght Park #2. The gas
motor has a capacity of 59 L/s. Asaresult, the City has deficiency of 155 L/sduring
MDD and 34 L/s during ADD.

Recommendations:

The quantitative water source analysis concludes that there is sufficient capacity in the
production wells to meet current maximum day demands of the city. However, during an
extended power failure the city’s water demands cannot be met solely from the
production wells and the balance demand would be provided from the storage in

reservoirs.

The available capacity during a power failureis considered deficient to meet both ADD
and MDD. It is recommended that backup power be added to Fairley Park production
well in order to provide two wells with reasonable separation in the system that would

have a combined capacity of the ADD.

The City currently follows an operational scheme where the contribution of wells to total
production varies on adaily and seasonal basis; thisis explained in Section 3.3. It is

recommended that the City maintains this scheme.

Water Treatment and Quality

Regqulations

The BC Drinking Water Protection Act and Regulation implemented in 2003 formed the
preliminary stages for water treatment requirementsin the Province. The Act and

Regulation outline specific requirements that a water purveyor must meet, specifically:
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water monitoring;

emergency response plans;
maintenance plans,

minimum levels of training; and

maximum E.Coli and total coliform levelsfor treated water.

The required treatment is determined with the local Health Authority and typically
follows the Canadian Drinking Water Quality Guidelines. The current treatment
requirements in BC for all surface waters (and Groundwater Under the Direct Influence

of surface waters, GUDI) are typically asfollows:

99.99% (4-log) removal of viruses;

99.9% (3-log) removal of Giardiaand Cryptosporidium;
Dual treatment; and

1 NTU turbidity;

0 Fecal and Total Coliform (or E. Cali).

Health Canadais currently in the process of updating the Turbidity Guidelines. Those
guidelines recommend that the treatment requirements for a GUDI well are equivaent to
those for a surface water source, which requiresfiltration. However, as the turbidity of
the well systemis historically below 1.0 NTU the well system would likely comply with
the filtration deferral as permitted by the IHA. The requirements for an unfiltered source
are as follows, based on the 2011 draft turbidity guidelines:

Vulnerabilities assessment — review of the current understanding of the hazards
inherent to the water source,

Source water protection — a thorough understanding of measures being taken by all
stakeholders to protect the source water should be maintained and documented over

time.
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6.2.2

Sanitary survey — undertake adequate inspection and preventative maintenance from
source to tap on aregular basis.

Treatment — Provide 3-log reduction of Giardiaand Cryptosporidium and 4-log
reduction of viruses.

Distribution — Ensure monitoring and integrity of the distribution system.
Contingency or emergency response plan — provide awell developed site-specific

emergency response plan for episodes of elevated turbidity.

Groundwater which is microbially secure as determined from aquifer pump tests and
hydro-geological assessment typically will only require some form of secondary
disinfection (usually chlorination). It is however, good practice, and recommended by
Health Canada that sufficient disinfection be provided to achieve 99.99% virus
disinfection (4-Log). Thisisreadily achieved with a chlorination system. Furthermore, a
minimum chlorine residual of 0.2 mg/L in the distribution of the water is required by the
Interior Health Authority and is recommended by Health Canada. This residual would be

provided through the same chlorination system as the source disinfection system.

Disinfection

The City of Merritt draws water from two aquifers, the shallow unconfined aquifer and
the deep aquifer. Based on the avail able hydro-geotechnical reviews completed the
shallow aquifer appears to be classified as a GUDI source. Work completed by B.C.
Groundwater indicates that the deep aguifer may be at risk of being a GUDI source;
however, further dialogue has been on-going with the Interior Health Authority to
determine if the sourceistruly a GUDI well or subject to elevated MPA testing. MPA
testing completed to-date during the well development indicated a risk factor of “high”,
largely driven by the presence of plant debris.
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Shallow Aquifer

The addition of chlorine to the shallow wells addresses the requirement for residual
chlorine in the distribution system. At present, the City does not achieve the
recommended 4-log virus treatment prior to the first consumer. Furthermore, the City
does not provide dual barrier treatment on the system. Typically, thisis provided through
the application of aUV system, which provides both the 3-1og protozoan treatment and
the dual barrier.

As part of the City’s long term water plan it is recommended that the City budget for the
installation of a secondary disinfection, such as UV, on the wells located in the shallow
aquifer. The City should also prepare aletter to the IHA providing the historic turbidity
dataand analysis to support the criteriafor filtration deferral. Asagenerd rule, the IHA
does not provide an exemption from filtration as some water sources are subject to water
quality deterioration over time. As such, adeferral is provided such that thereisa

mechanism for routine re-evaluation of the water quality parameters.

The UV system could be installed at each well site, or as a common facility with each
well pumped to the treatment plant. We have completed a preliminary review of the

various options which is summarized in the following Table 6-2.
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TABLE 6-2
UV FACILITY SITING EVALUATION

Scenario ‘ Treatm(c;r;tStBSundmg Pipe Costs Total?

Each well provided with Fairley = $800,000 Nominal $2,400,000
separate UV facilities each with _
duty/stand-by provisions Voght = $1,000,000
Collettville = $600,000
One system for Voght and Fairly = $800,000 320m @ ?OO $m | $2,200,000
f%?' 'Fe;.t;’l')',' & aseparale syslem |\ ooht/Collettville = ;1%%06%%0 B
$1,200,000 '
All wellstreated at anew Voght | $1,400,000 320 m @ 300 $/m | $1,800,000
Park Facility + $30,000" =
$126,000
800 m @ 350 $/m
= $240,000

_ Allowance for bridge crossing
2 _ Prices for comparison purposes only.

In addition to having alower capital cost for construction asingle UV facility would
reduce the operating costs associated with maintenance, security, operations time and
insurance. As such, we would recommend that a common facility at Voght Park be

constructed.

Deep Aquifer

Based on the Kengard well design brief provisions were made to permit the future
installation of aUV disinfection system. The available data for the well is based on
information collected during the well pump test; as such we would recommend that
further monitoring be undertaken prior to the implementation of additional treatment
given the uncertainty in the available hydro-geotechnical evaluations. However, we
would recommend that the well be operated such that a 4-log virus disinfection be

provided at all timesto provide alevel of protection given the GUDI uncertainty.
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6.2.3

We reviewed the current connection of the well to the City’s distribution system to
determine the chlorine contact time (CT) currently achieved. The CT value is compared
to the requirements outlined in the Canadian Drinking Water Quality Guidelinesto
determine the achieved log reduction of viruses. The calculation is as follows:

Current well capacity =50 L/s (3 m¥min)
Length of pipe to connection to the distribution system =260 m

Diameter of tie-in pipe =0.6 mg/L

Baffle Factor (plug flow pipe hydraulics) =10

s 2\ %
gmxmm
cT=E

| ey g

e x1.0x0.6 mg/L =3.7 mg/L - min

3m*/min
Therequired CT to achieve 4-log virus reduction is 8 mg/L-min for 5°C water or 6 mg/L-
min for 10°C water. As such, the current contact time does not provide sufficient

disinfection prior to the first consumer at the initial flow rates.

The first consumer of this water is the Kengard School. As such we would recommend
that avalve be installed between the distribution pipe along Merritt Ave and the
connection to the Kengard supply main. Thiswill force the water to flow first down the
350 mm diameter trunk main to Nicola Avenue at which point the water will have

achieve the required contact time.

In order to achieve the required flow rate based on the available pipe length a450 mm
diameter pipeisrequired. Upon expansion of the well to the potential ultimate of 150 L/s
the contact pipe requirements based on a 260 m length to the tie-in would be two parall€el
600 mm diameter mains.

Water Quality

The City’s current water supply from the shallow aquifer is very high quality with low
turbidity and moderate hardness (125 mg/L CaCOs3). Since routine water quality
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monitoring was initiated there have been a few iron and manganese samples which
exceeded the recommended guidelines. The Collettville well tested high for iron in 1999
all other tests were below the guideline levels. In 2003 and 2008 the V oght park G/E
well measured above the manganese guideline; however, al other tests were within
guideline levels. Given that the majority of the tests are within the guideline levels no

treatment for iron or manganese is recommended.

The Kengard well was installed in 2010 and has not yet been routinely operated. As
such, thereislimited available water quality information. The available data indicates
that the well has a hardness of around 390 mg/L CaCO3; and a manganese level of 0.076
mg/L. The hardness exceeds the recommended aesthetic level of 120 mg/L in the
Drinking Water Quality Guidelines. In order to reduce the hardness to the recommended
level either ion exchange or precipitation softening techniques are utilized. Both these
treatment methods would result in amulti-million dollar filtration system. Typically,
most municipalities elect to operate at elevated hardness rather than install the necessary
filtration. At thistime, we would not recommend the City purse treatment for the
hardness unless there is a significant level of public complaints about calcium deposition.

The recommended guideline for manganese is 0.05 mg/L. The elevated manganese will
likely result in discoloured water at the consumer taps along with an increasein solidsin
the distribution network. Manganese will be present in the untreated well water as a
dissolved metal, upon exposure to chlorine the manganese will be slowly converted from
adissolved metal to aprecipitate. The precipitate will add a brown colour to the water
and will settle in the distribution system, primarily around the well. Due to the City’s
common distribution/ transmission network dilution of this water with the shallow
aquifer water will not be practical.

Aswith hardness, treating this well for manganese will necessitate a multi-million dollar
filtration system. As such, the City should not proceed with this type of work based on
the available water quality information. We would recommend that the manganese be

monitored in the well following routine and continuous operation of the system. We
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6.2.4

would also recommend that the City implement a routine flushing program of the
distribution system around the Kengard well to minimize the long term build-up of solids
in the pipes. Thiswill reduce the long term chlorine demand and minimize the risk of

positive coliform tests taken in the distribution system.

Recommendations

Based on the foregoing the following are recommended:

Install UV disinfection on the shallow aquifer wells. The City should initiate
preliminary design studies for thiswork in 2013/2014 and have the necessary

documentation in place to apply for a grant to support the construction of this work.

Install UV analyzers at the shallow wellsin order to initiate the collection of UVT
data which would be required for the design of aUV system.

. Complete a sanitary survey for the shallow wells, update the City’s emergency

response plan to address elevated turbidity in the shallow aquifer wells and complete
avulnerability study as recommended in the Health Canada guidelines for unfiltered

Sources.

. Asthe Kengard well is utilized implement a flushing program for all the pipes around

the Kengard well to address the potential for manganese precipitation in the pipe

network.

Initiate a semi-annual MPA testing program for the Kengard well. A bi-weekly
manganese monitoring program on the raw well water using handheld equipment
should beinitiated and completed as part of the routine testing completed by City
staff.
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6.3

6. Develop astandard municipal response to address potential complaints associated

with the change in hardness and potential impact of the manganese due to the use of

the Kengard well.

|solate the watermain along Merritt Ave from the Kengard Well water supply line,
forcing the well water to first flow down the 350 mm diameter trunk main to Nicole

Aveto achieve the required chlorine contact time.

Storage

Analysis of the storage capacity in the City was conducted to determine whether the
existing reservoirs have sufficient volume to maintain enough balancing storage during

MDD and fire storage during fire events.

Table 6-3 summarizes the storage reservoirs that contribute to each pressure zone in the
City’s water system. It also presents the existing total capacities and storage requirements
for balancing and fire demands. The balancing storage and fire storage figuresin Table 6-
3 are calculated based on the following:

Zone-1 is made up of multi-family, commercial and industrial areas. Fire demand is
based on industria fire rate of 225 L/sfor 3 hrs duration.

Grandview reservoir islocated in Zone-2 and can contribute to domestic and fire
demands of Zone-1 when necessary.

Zone-2 is made up of single-family residential areas. Fire demand is based on
residential firerate of 60 L/sfor 1.5 hrsduration.

Zone-2 population is assumed at 46 capita, based on 20 housesin 2010 at 2.3 capita
per house. MDD is calculated at 1,941 L/c/d.

Zone-3 is amulti-family/commercial future development; no balancing storage
required at present. Fire demand is based on 150 L/sfor 2 hrs duration. Active
Mountain reservoir cannot contribute to domestic and fire demandsin Zone-1
because there is no PRV between the two zones.
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No more than one fire occurrence at atimein al zones combined, i.e. simultaneous

fire eventsin the City are not considered.

TABLE 6-3
STORAGE ANALYSIS (EXISTING 2010

Required| Required Total

@ ng?/gflrg CTO;gilt Stlc__)irr:ge RSt olrjzia{g?ed gg(\)r/lrpé l;z

e (ML) (ML)
Grimmett 4.55
Nicola 0.67

1 | South East 2.27
Grandview (Zone-2) 0.55
Sub-Total 8.04 4.62 243 7.05 0.99

2 | Grandview 0.55 0.02 0.32 0.35 0.20

3 | Active Mountain 2.28 0 1.08 1.08 1.20

Based on the foregoing, the following is noted:

Zone-1: With four reservoirs servicing this zone, including Grandview Heights
reservoir, the current total storage capacity meets the minimum storage requirements
for fire demand during maximum domestic consumption, with a surplus of
approximately 0.99 ML (990 m°).

The existing PRV’s between the Grandview Heights pressure zone and Zone-1 are
75 mm and 100 mm diameter which can provide a maximum flow of approximately
30 L/sand 50 L/s, respectively, which exceeds the MDD of 15L/sin 2030 in
Grandview Heights (Zone-2). Also, the combined capacity of the PRV’s is 80 L/s
which also exceeds the fire flow requirements of 60 L/sin Zone 2. However, we
understand the mainline gate valve is normally closed therefore unless the operators
intervene, the Grandview Heights reservoir (0.55ML capacity) is not available to
serve Zone-1. In this case, the surplus 990 m® noted above for Zone-1 is only 440 m®.
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6.4

Zone-2: Grandview Heights area currently has sufficient storage in the Grandview
reservoir to meet the minimum requirement for fire demand during maximum

domestic consumption in the area, with a surplus of approximately 200 m®.

Zone-3: Active Mountain reservoir has surplus storage capacity for balancing which
can be utilized to serve Zone-1. However, this may not be practical with the existing

system since thereis presently no PRV between the zones.

The City currently operates 3 reservoirs which al have the same top water level.
Presently there is no control at the reservoirs which permit the water to be directed to
individual tanks. Furthermore, there are not altitude valves. As such, the City will be
unableto routinely fill al the tanks as one will fill faster than the other and go to
overflow. Asthe wells are controlled only using the Grimmett reservoir, which fills the
fastest, the Southeast Reservoir will not normally fill. To resolve thisissue the reservoirs
would require, as aminimum, control valvesto allow each tank to operate hydraulically

independently.

Recommendations:

Adjust the Grandview Heights PRV pressure settings so that during afire event in
Zone-1, Grandview reservoir can simultaneously contribute to the fire demand in
Zone-1 along with other reservoirs.

Install anew PRV between Zone-1 and Zone-3. Thiswould alow Active Mountain

reservoir to serve pressure zone-1 and enhance the water availability to the zone.
Transmission and Distribution
A hydraulic analysis of the watermains was performed using the WaterCAD model as

outlined in technical memorandum No. 4 issued by Opus DaytonKnight, enclosed in

Appendix D.
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6.4.1 Transmission

An analysis of the supply hydraulic mains under existing MDD conditions was conducted
to assess the ability to fill the reservoirs. The water system in Merritt has enough
hydraulic capacity in the wells and Grandview Heights booster station to deliver
sufficient quantities of water at adequate pressures to the storage reservoirs. Head losses
in the transmission pipes are a so within acceptable range which means that the pipe sizes
adequately serve the existing demands of the City.

6.4.2 Distribution

The system was modeled in order to assess the baseline conditions, including:

Average Day Demand was assessed to evaluate the normal operating conditions and
provide a baseline for MDD comparison.

Minimum residua pressure (20 psi) and maximum recommended velocity (3.0 m/s)
during MDD coincident with fire flow. Fire flow is based on onefire event in the

entire system.
Minimum pressure (40 psi) during PHD.
Maximum recommended pressure (140 psi) during ADD, MDD and PHD

The analysisis discussed in further details in the following sub sections.

6.4.2.1 Average Day Demand

Results from the ADD hydraulic analysis are as summarized in Figure 6-1 and discussed
below.
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Zone-1:

Maximum recommended pressure is not exceeded. The maximum pressure is 132 psi at
an elevation of 587 m. The ADD analysis shows that pressure in most of the distribution
system within this zone exceeds 100 psi.

Zone-2:

Maximum recommended pressure is not exceeded. The maximum pressureis 130 psi at

an elevation of 653 m. Pressures above 100 psi also occur in this zone.

6.4.2.2 Maximum Day Demand + Fire Flow

The results from the MDD + FF hydraulic analysis are as summarized in Figure 6-2
which classifies various ranges of fire flow availability throughout the system and

identifies where deficiencies are occurring.

Zone-1:

Residual pressure and flow do not meet the minimum fire requirements in some areas of

the zone as discussed bel ow:

Hydraulic nodes with available flow rate of less than 30 L/s are noted with the red
dots. Theselocations are further than 75 m from existing hydrants which have
adequate fire flow. Thelocations are mainly at dead ends and are generally
connected to 50 mm diameter service connections. They do not meet the minimum

fire flow requirements.

Areas with fire flow rate of 30 - 60 L/s are noted with orange dots. These locations
are further than 75 m from existing hydrants which have adequate fire flow. These
locations are mainly at dead ends and are connected by 100 mm or 150 mm diameter
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service connections. They are identified as P-1 to P-5in Figure 6-2 and Table 6-4.

They do not meet the minimum fire flow requirements.

Areas with fire flow at 60 — 90 L/s are noted with green dots. Some of these nodes do
not meet the minimum fire flow requirements shown in Figure 5-1. These areas are
identified as P-6 and P-7 in Figure 6-2 and Table 6-4.

Areas with fire flow of 90 — 150 L/s are noted with yellow dots. Some of these nodes
do not meet the minimum fire flow requirements shown in Figure 5-1. These areas
areidentified as P-8 and P-15 in Figure 6-2 and Table 6-4.

Areas with fire flow of 150 — 225 L/s are noted with blue dots. Some of these nodes
do not meet the minimum fire flow requirements shown in Figure 5-1. These areas
areidentified as P-16 and P-18 in Figure 6-2 and Table 6-4.

Maximum recommended pressure is slightly exceeded. The maximum pressureis 141 psi
at an elevation of 587.4 m |located at the Northern end of Pine Street, adjacent to address
801, in Collettville Area.

System pressures are typically lower during MDD then during ADD. The analysis above
shows the opposite mainly because more pumps are operating during MDD scenario to
supply the higher demands. This consequently increases the pressure in the system
because the existing well pumps have different pump curves.

Maximum recommended velocity is not exceeded. The maximum velocity is 1.5 m/s.

Zone-2:

Residual pressure and flow meet minimum fire requirements throughout the zone. The

minimum residual pressure at total flow needed is 69.9 psi and the minimum available
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Item Zon L ocation City Sector

flow is 136.4 L/s, which exceeds the minimum fire flow requirements of 60 L/sin the

zZone.

Maximum recommended pressure is not exceeded. The maximum pressure achieved is
130.1 psi at an elevation of 652.8 m.

The maximum velocity achieved is 0.94 m/s, which is below the recommended limit.

TABLE 6-4
DISTRIBUTION SYSTEM ANALYSIS AT MDD+FF (EXISTING 2010)

Intersection of Wildrose Way & Sunflower Ave. | Bench

Required Fire Flow = 60 L/s.
Flow available = 58.5 L/s. Corresponding residual pressure = 20.0 psi

Connecting pipe size = 150 mm
Elevation =643.2 m

P-2

1 | Cul-de-sac adjacent to 1602 Ponderosa Way Bench

Required Fire Flow = 60 L/s.
Flow available = 43.6 L/s. Corresponding residual pressure = 20.0 psi

Connecting pipe size = 150 mm
Elevation = 654.7 m

1 | End of Pine Ridge Dr., adjacent to address #3487 | Bench

Required Fire Flow = 60 L/s.
Flow available = 55.8 L/s. Corresponding residual pressure = 20.0 psi

Connecting pipe size = 150 mm
Elevation =648.9 m

P-4

1 | Road A - 20 Lot subdivision Lindley Creek/Collettville

Required Fire Flow = 60 L/s.
Flow available = 52.4 L/s. Corresponding residual pressure = 20.0 psi

Connecting pipe size = 200 mm
Elevation = 630.4 m

P-5

1 | Priest Ave., adjacent to address #2689 East Merritt / Diamond Vale

D-36406.00 ©2012 Page 6-17

OPUS DAYTONKNIGHT



TABLE 6-4 (cont’d.)
DISTRIBUTION SYSTEM ANALYSIS AT MDD+FF (EXISTING 2010)

Item‘ Zon% L ocation ‘ City Sector

Required Fire Flow =90 L/s.
Flow available = 42.8 L/s. Corresponding residual pressure = 20.9 psi

Connecting pipe size =100 mm
Elevation = 601.6 m

P-6 1 East of Bann Street and North of Thorpe Road East Merritt / Diamond Vae

Required Fire Flow = 150 L/s.
Flow available = 72.6 L/s. Corresponding residual pressure = 20.7 psi

Connecting pipe size = 150 mm
Elevation =618.3 m

P-7 1 | Cul-de-sac adjacent at end of Langstaff Place East Merritt / Diamond Vale

Required Fire Flow = 90 L/s.
Flow available = 62.1 L/s. Corresponding residual pressure = 20.0 psi

Connecting pipe size = 100 mm
Elevation = 601.4 m

P-8 1 | Connectionto NicolaValley Hedlth Centre, from | Voght Street / North Entry
Grimmett Street.

Required Fire Flow = 150 L/s.
Flow available = 134.0 L/s. Corresponding residua pressure = 20.0 psi

Connecting pipe size = 150 mm
Elevation =630.2 m

P-9 1 | Airport new watermain extension Airport

Required Fire Flow = 225 L/s.
Flow available = 143.4 L/s. Corresponding residua pressure = 20.0 psi

Connecting pipe size = 300 mm
Elevation =632.6 m

P-10| 1 | Endof Marian Ave, adjacent to address #2785 East Merritt / Diamond Vae

Required Fire Flow = 150 L/s.
Flow available = 91.7 L/s. Corresponding residual pressure = 20.0 psi

Connecting pipe size = 150 mm
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TABLE 6-4 (cont’d.)
DISTRIBUTION SYSTEM ANALYSIS AT MDD+FF (EXISTING 2010)

Item‘ Zon% L ocation ‘ City Sector
Elevation =598.5 m

P-11 1 | OnJunpier Drive, adjacent to address #1701 Bench

Required Fire Flow = 150 L/s.
Flow available = 135.5 L/s. Corresponding residual pressure = 20.0 psi

Connecting pipe size = 250 mm
Elevation = 624.9 m

P-12 1 | Intersection of Blair Street and Clapperton Ave. East Merritt / Diamond Vae

Required Fire Flow = 150 L/s.

Flow available = 124.5 L/s. Corresponding residual pressure = 20.0 psi
Connecting pipe size =100 mm

Elevation = 598.5 m

P-13 | 1 | Hydrant # 226 at intersection of Wilson Street Collettville
and Coldwater Ave.

Required Fire Flow = 60 L/s.
Flow available = 47.6 L/s. Corresponding residual pressure = 20.8 psi

Connecting pipe size =50 mm
Elevation =589.8 m

P-14 | 1 | Endof Houston Street, adjacent to address East Merritt / Diamond Vae

Required Fire Flow = 225 L/s.

Flow available = 96.4 L/s. Corresponding residual pressure = 20.0 psi
Connecting pipe size = 150 mm

Elevation = 602.6 m

P-15| 1 | Hydrant# 260 at address #1120 Macflarlane Rd. | East Merritt / Diamond Vale

Required Fire Flow = 225 L/s.

Flow available = 127.3 L/s. Corresponding residual pressure = 20.0 psi
Connecting pipe size = 150 mm

Elevation = 612.6 m

P-16 1 | Hydrant # 234 on Airport Road, East side Voght Street / North Entry
Required Fire Flow = 225 L/s.
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TABLE 6-4 (cont’d.)
DISTRIBUTION SYSTEM ANALYSIS AT MDD+FF (EXISTING 2010)

Item‘ Zon% L ocation ‘ City Sector
Flow available = 176 L/s. Corresponding residual pressure = 20.0 psi

Connecting pipe size = 300 mm
Elevation = 629.0 m

P-17 1 | End of Macflarlane Road, adjacent to FH # 43 East Merritt / Diamond Vae

Required Fire Flow = 225 L/s.
Flow available = 186.7 L/s. Corresponding residua pressure = 20.0 psi

Connecting pipe size = 150 mm
Elevation = 610.0 m

P-18 Sameasin P-14

6.4.2.3 Peak Hour Demand

PHD hydraulic analysis results are as summarized in Figure 6-3 and discussed below.
Zone-1:

Pressure does not meet minimum requirements in one area noted in Figure 6-3. It occurs
at the cul-de-sac adjacent to 1602 Ponderosa Way in Bench area. Elevation at that

location is 655 m and the pressure is 34 psi.

Maximum recommended pressure of 140 psi occurs at an elevation of 587 m located at
the Northern end of Pine Street, adjacent to address 801, in Collettville Area.

Maximum recommended velocity is not exceeded. The maximum velocity is 1.7 m/s.

Zone-2:

Pressure is more than the minimum requirements throughout the zone. The minimum

pressureis 77 psi at an elevation of 690 m.
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6.5

Maximum recommended pressure is not exceeded. The maximum pressurein this zoneis
130 psi at an elevation of 653 m.

Maximum recommended vel ocity is not exceeded. The maximum velocity is

approximately 0.06 m/s.

Recommendations

The recommendations to overcome the deficiencies above are detailed below and are
illustrated in Figure 6-4.

R-G: Recommendation- (General): Where possible, upgrade all 50 mm pipe within
the distribution system to at least 100 mm and connect dead ends to the closest water
main in order to form loops and eliminate dead ends. In certain locations, the
deficiency is solved by installing a new fire hydrant, with sufficient fire flow, within
75 m radius of the deficiency location. Figure 6-6 illustrates the proposed |ocations of

new fire hydrants.

R-1: Upgrade existing 100 mm pipe to 150 mm, approximately 130 m long, from the
intersection of Wildrose Way & Sunflower Avenue to cul-de-sac adjacent to 3360
Wildrose Way.

R-2: Install new 150 mm pipe, approximately 95 m long, to connect the existing pipe
ending at cul-de-sac adjacent to 3360 Wildrose Way with pipe ending at cul-de-sac
adjacent to 1602 Ponderosa way. This pipe currently crosses through private property,
however it would eliminate dead ends and enhance the fire flow requirementsin the
area, where deficiency location P-1 would have 57.8 L/s compared to the existing
available flow of 43.6 L/s. The City should provide for a Right-of-Way through the

property if availablein the future.
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R-3: Install new 150 mm pipe, approximately 136 m, to connect existing pipe ending
at cul-de-sac at Pine Ridge drive to the existing 150 mm pipe at the intersection of

Ponderosa Way with Parker Avenue.

R-4: Upgrade existing 150 mm pipe to 200 mm, approximately 420 m long, along
Lindley Creek road from the existing 150 mm pipe at adjacent to Aspen Street to
Road-A in the new 20 Lot residential subdivision.

R-5: Install new fire hydrant within 75 m radius connected to the existing 250 mm

main along Priest Avenue.

R-6: Install anew 150mm diameter pipe, approximate 11.0m long, to connect the

existing 400mm diameter to the existing 150mm diameter pipes located paralle to
Nicola Avenue (Princeton-Kamloops Highway) and to the North of the junction at
Thorpe road in East Merritt/Diamond Vale.

R-7: Upgrade existing 100 mm pipe to 150 mm, approximately 100 m long, from
Menzies Street to end of Langstaff Place and install new fire hydrant at cul -de-sac.

R-8: Upgrade existing 150 mm pipe to 200 mm, approximately 93 m long, from
Grimmett Street to end of connection to Nicola Valley Health Centre and install new
fire hydrant adjacent to the building.

R-9 & R-16: Install anew 300 mm diameter pipe, approximately 340 m long, to
connect the end of the new 300 mm extension to the existing 300 mm on Airport road
and install anew 200 mm diameter pipe, approximately 430 m long, to connect the
exiting 200 mm diameter pipe at the end of DeWolf Street to the existing 200 mm
diameter pipe at the intersection of VVoght Street with Gordon Street.
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R-10: Install anew 150 mm diameter, approximately 295 m long, to form aloop from
the end of the existing 150 mm diameter pipe at Marian Avenue and tie to Nicola
Avenue (Princeton-Kamloops Highway); the tie-in is opposite to Menzies Street and

install two new fire hydrants.

R-11: This hydrant is adjacent to the golf course which, based on the FUS flow,
requires 150 L/sfireflow. The achieved flow is136 L/s. Asthislocation isabove
the natural bench, the direct use of this hydrant for the golf courseisunlikely. It does
meet the residential requirement of 60 L/s which is more likely to be used for.
Therefore, we do not recommend any upgrades for this location.

R-12: Upgrade existing 100 mm pipe to 150 mm, approximately 230 m long, from the
intersection of Blair Street and Coldwater Avenue to the intersection of Blair Street
and Clapperton Avenue ending at the intersection of Clapperton Avenue and Maye
Street. In addition, install anew fire hydrant on Clapperton Avenue between Maye
Street and Blair Street.

R-13: Upgrade existing 50 mm pipe connection to hydrant #226 to 100 mm,
approximately 6 m long.

R-14 & R-18: Upgrade existing 150 mm to 250 mm, approximately 300 m long, from
the intersection of Houston Street and Pooley Avenue continuing southwest on
Houston Street. In addition, install anew fire hydrant on Houston Street. Install two

new fire hydrants.

R-15: Upgrade existing 150 mm to 200 mm, approximately 87 m long, from cul-de-
sac adjacent to 1120 Macfarlane Way to fire hydrant #260. This would increase the
FF currently available FF from 127 L/sto 198 L/s, which is closer to the required FF
of 225 L/s.
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R-16: See R-9.
R-17: Upgrade existing 150 mm to 200 mm, approximately 215 m, on McFarlane

Way starting from the intersection with Pooley Avenue heading north to the existing
fire hydrant # 43 located at the end of the way.

R-18: See R-14.

Table 6-5 summarizes the recommended upgrade works to overcome the existing
deficiencies.

TABLE 6-5
DISTRIBUTION SYSTEM UPGRADE RECOMMENDATIONS

Item Zone Pr oposed work DENEENE
resolved

Upgrade existing pipe, 100 mm to 150 mm. Length = 130 m P-1
R-2 1 Install new pipe, 150 mm. Length =95 m P-2
R-3 1 Install new pipe, 150 mm. Length = 136 m P-3
R-4 1 Upgrade existing pipe, 150 mm to 200 mm. Length =420 m P-4
R-5 1 Install new fire hydrant P-5
R-6 1 Install new pipe, 150 mm. Length =11 m P-6
R-7 1 Upgrade existing pipe, 100 mm to 150 mm. Length = 100 m P-7
Install new fire hydrant
R-8 1 |- Upgrade existing 150 mm pipe to 200 mm. Length = 93 m P-8
Install new fire hydrant
R-9 1 |- Install new 300 mm diameter pipe. Length = 340 m P-9& P-16
R-10 1 - Install new pipe, 150 mm. Length = 295 m P-10
Install two new fire hydrant
R-11 1 - Zbo upgrades recommended. Refer to bullet point R-11 P-11
ove.
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TABLE 6-5 (cont’d.)
DISTRIBUTION SYSTEM UPGRADE RECOMMENDATIONS

Item Zone Proposed work DENEENE)
resolved

R-12 Upgrade 100 mm pipe to 150 mm. Length = 230 m. pP-12
Install new fire hydrant
R-13 1 |. Upgrade50 mm pipe 100 mm. Length =6 m. P-13
R-14 1 |- Upgrade 150 mm pipe 250 mm. Length = 300 m. P-14 & P-18
Install two new fire hydrants
R-15 1 Upgrade 150 mm to 200 mm. Length = 87 m P-15
R-16 1 Install new 200 mm diameter pipe. Length =430 m P-9& P-16
R-17 1 Upgrade 150 mm to 200 mm. Length =215 m. P-17
R-18 1 SameasR-14
R-19 1 Upgrade 100 mm diato 150 mm. Length = 130 m
Install Hydrant
R-20 1 - Upgrade 50 mm diato 150 mm. Length = 100 m
Install Hydrant
R-21 1 - Upgrade 50 mm diato 150 mm. Length = 105 m
Install Hydrant
R-22 1 - Upgrade 50 mm diato 100 mm. Length =120 m
Install Hydrant

6.6  Fire Hydrants

A mapping of the hydrant distribution was done to determine the area of influence and
coverage of existing hydrants based on the criteria outlined in section 5.4, which is 150 m
separation between hydrants. Figure 6-5 illustrates the existing hydrant coverage
mapping and identifies areas where coverage is deficient and Figure 6-6 shows the
recommended locations of new hydrants.
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In addition to the 11 recommended new fire hydrantsin Table 6-6, 31 additional hydrants
would be required to overcome the hydrant coverage deficiency. Further study with the
local fire department should be conducted to prioritize the need for all these hydrants.

6.7 Cost Estimate and Schedule

The estimated capital costs of the recommended improvements required in each zone, as
noted in Section 6.5, for the existing system is summarized below.

The recommended upgrades are required to improve the efficiency of the existing system
under the current demands and conditions. However, the suggested schedule of upgrades
is provided as an indication and to stage the works. It is categorized to short term (within
0-5 years), medium term (within 5-12 years) and long term (within 12-20 years). Other
factors such as availability of funding and capital budget in the City to undertake these
upgrade works are not taken into account and are dependent on the City’s decision and
investment priorities.

TABLE 6-6
EXISTING WATER SYSTEM UPGRADES

|taI Suggested
Zone Proposed Work Schedule

Upgrade existing pipe, 100 mm to 150 mm. Length = 43,000 Long term
130 m
R-2 1 Install new pipe, 150 mm. Length = 95 m 31,000 Long term
R-3 1 Install new pipe, 150 mm. Length = 136 m 45,000 Long term
R-4 1 Upgrade existing pipe, 150 mm to 200 mm. Length = | 183,000 Medium
420 m term
R-5 1 Install new fire hydrant 4,000 Short term
R-6 1 Install new pipe, 150 mm. Length=11m 4,000 Short term
R-7 1 Upgrade existing pipe, 100 mm to 150 mm. Length = 37,000 Medium
100 m term
Install new fire hydrant
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TABLE 6-6 (cont’d.)
EXISTING WATER SYSTEM UPGRADES

Capital | Suggested
o ze il il

R-8 1 Upgrade existing 150 mm pipe to 200 mm. Length = 45,000 Short term
93 m
Install new fire hydrant
R-9 1 Install new 300 mm diameter pipe. Length = 340 m 223,000 Short term
R-10 1 Install new pipe, 150 mm. Length =295 m 105,000 | Short term
Install two new fire hydrant
R-11 1 No upgrade recommendations
R-12 1 Upgrade 100 mm pipe to 150 mm. Length = 230 m. 75,000 Medium
Install new fire hydrant term
R-13 1 Upgrade 50 mm pipe 100 mm. Length = 6 m. 10,000 Short term
R-14 1 Upgrade 150 mm pipe 250 mm. Length = 300 m. 168,000 | Short term
Install two new fire hydrants
R-15 1 Upgrade 150 mm to 200 mm. Length = 87 m 38,000 Medium
term
R-16 1 Install new 200 mm diameter pipe. Length =430 m 188,000 Short term
R-17 1 Upgrade 150 mm to 200 mm. Length = 215 m. 94,000 Short term
R-19 1 Upgrade 100 mm diato 150 mm. Length =130 m 29,000 Medium
Install Hydrant term
R-20 1 Upgrade 50 mm diato 150 mm. Length = 100 m 19,000 Short term
Install Hydrant
R-21 1 Upgrade 50 mm diato 150 mm. Length = 105 m 20,000 Short term
Install Hydrant
R-22 1 Upgrade 50 mm diato 100 mm. Length = 120 m 25,000 Short term
Install Hydrant
1 Install Hydrant, 33 Nos. 135,000 Medium
term
Install UV System 1.8M Short term
Total | $3,731,000
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WATER UTILITY MASTER PLAN

7.0 FUTURE HYDRAULIC ANALYSIS

This section of the report covers the hydraulic analysis of the system in Merritt as projected in
the year 2030. The analysisis performed for the two growth scenarios of 1.1% and 3.5% plus
20% conservation reduction with the objective of assessing the system’s performance with
respect to compliance with the minimum requirements and with the level of service, as outlined
in Section 5, in order to service the future population and support the devel opment plans of the
City asoutlined in the OCP.

The four components of the system namely, source supply capacity, water treatment and quality,

storage, and transmission and distribution system are discussed in the following subsections.

The proposed Gateway development is planned between elevations 720 m and 860 m. The
existing South East reservoir has atop water level of 680 m below the proposed devel opment.
The future analysisis based on the construction of a peak hour plus fire flow booster station

which would be required as part of the development.

7.1  Source Supply Capacity
For the same reason previously mentioned in Section 6.1, the future analysis for source of
water supply was based on the maximum production levels from each of the wells rather

than the yield capacity of the aguifer.

The future analysis assumes that production levels from wells in the future are the same

asthe existing levelsin the year 2010-2011. Moreover, according to the design brief by
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KWL Ltd issued on November 10™ 2009', Kengard well production levels can be
increased to 75 L/sor 150 L/sfrom theinitial current capacity of 50 L/s. Thisincreasein
production capacity would require an environmenta assessment for groundwater
withdrawals.

For each of the future growth projections, the quantitative water source analysis is based
on two scenarios. Thefirst scenario assumes that all production wells are operating at
maximum capacity and the second scenario assumes that the largest well is out of service
for any reason such as during maintenance. The second scenario is considered aworst
case scenario and provides an indication of the level of water source security and supply

redundancy within the system.

7.1.1 Growthat1l.1%

Table 7-1 summarizes the comparison between the future ADD and MDD at 1.1%
growth scenario to the maximum design capacity of the production wells. The following
is noted:

Scenario-1: With all the wells operating at maximum production and simultaneously,

thereisan excess of 111 L/sduring MDD.

Scenario-2: With the largest well out of service and all the other wells operating at

maximum production and simultaneously, thereis an excess of 5 L/s during MDD.

! Source: Technical Memorandum — Kengard Well Design Brief — File # 2848.001-300 by KWL Consulting
Engineers, issued on November 10, 2009.
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TABLE 7-1
WATER SUPPLY ANALYSIS (FUTURE 2030 AT 1.1% GROWTH)

[tem Description Capacity (L/s)

Maximum Supply Capacity (L/s)
A | Voght Park#1 VFD 106.4
B | Voght Park#2 G/E 83.3
C | Fairley Park 75.8
D | Collettville 56.4
E | Kengard 50.0
F | Total Production, = A+B+C+D+E 3719
G | Tota Production (with largest well out of service), = F-A 265.5
Future Demand at 1.1% Growth (L/s)
H | ADD 111.8
I MDD 260.6
Maximum Supply — Future Demand at 1.1% Growth (L/s)
J | Total Production — ADD, = F-H 260.1
K | Total Production (with largest well out of service) - ADD, = G-H 153.7
L | Tota Production— MDD, = F-I 111.3
M | Total Production (with largest well out of service) — MDD, = G-I 49

A third scenario that is worthwhile analyzing is water supply during power outage.
Currently the city has one natural gas motor for the pump at Voght Park #2. The gas
motor has a capacity of 59 L/s. Asaresult, the City has deficiency of 202 L/s during
MDD and 53 L/s during ADD.

7.1.2 Growth at 3.5% plus 20% conservation reduction

Table 7-2 summarizes the comparison between the future ADD and MDD at 3.5%
growth plus 20% conservation reduction scenario to the maximum design capacity of the
production wells. The following is noted:
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Scenario-1: With al the wells operating at maximum production and simultaneously,

thereisan excess of 51 L/sduring MDD.

Scenario-2: With the largest well out of service and all the other wells operating at
maximum production and simultaneously, there is adeficiency of 56 L/s during
MDD. Upgrading Kengard well capacity to 150 L/s will make up for the deficiency
during MDD and provide an additional 44 L/s.

TABLE 7-2
WATER SUPPLY ANALYSIS (FUTURE 2030 AT 3.5% GROWTH

Description C?E?gty
Maximum Supply Capacity (L/s)
A Voght Park#1 VFD 106.4
B Voght Park#2 G/E 83.3
C Fairley Park 75.8
D Collettville 56.4
E Kengard 50.0
F Total Production, = A+B+C+D+E 371.9
G Total Production (with largest well out of service), = F-A 265.5
Future Demand at 3.5% Growth (L/s)
H ADD 134.7
I MDD 3211
Maximum Supply — Future Demand at 3.5% Growth (L/s)
J Total Production- ADD, = F-H 237.2
K Total Production (with largest well out of service) - ADD, = G-H 130.8
L Total Production — MDD, = F-I 50.8
M Total Production (with largest well out of service) - MDD, = G-I -55.6
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7.2

A third scenario that is worthwhile analyzing is water supply during power outage.
Currently the city has one natural gas motor for the pump at Voght Park #2. The gas
motor has a capacity of 59 L/s. Asaresult, the City has deficiency of 262 L/s during
MDD and 76 L/s during ADD.

Storage

Analysis of the storage capacity in the City’s was conducted to determine whether the
existing reservoirs have sufficient volume to maintain enough balancing storage during

MDD and fire storage during fire events in the future.

This section discusses the future storage requirements in the year 2030 based on the two
growth projection scenarios. Fire storage requirements in the future remain the same as
the existing requirements for the year 2010 since the criteriafor fire flow rate and land
use zoning are constant. Future balancing storage is mainly determined by the maximum

day domestic water consumption. The analysisis based on the following:

Zone-1 is made up of multi-family, commercial and industria areas. Fire demand is
based on industrial fire rate of 225 L/sfor 3 hrs. duration.

Grandview and Active Mountain reservoirs are located in Zone-2 and Zone-3,
respectively, and can contribute to domestic and fire demands of Zone-1 when
necessary.

Zone-2 is made up of single-family residential areas. Fire demand is based on
residential fire rate of 60 L/sfor 1.5 hrs. duration.

Zone-3 is made up of multi-family residential and commercial areas. Fire demand is
based on commercial fire rate of 150 L/sfor 2 hrs. duration.

Zone-4: made up of multi-family residential areas. Fire demand is based on
commercial firerate of 90 L/sfor 2 hrs. duration.

No more than one fire occurrence at atime in all zones combined, i.e. Simultaneous

fire eventsin the City are not considered.
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7.2.1 Growthat1l.1%

Table 7-3 lists the storage reservoirs that contribute to each pressure zone in the City’s

water system. It also compares the existing total storage capacities to the future storage

regquirements for balancing and fire demands. The balancing storage figuresin Table 7-3
are calculated based on the following:

Population of Zone-2 (Grandview Heights) is assumed at 460 capita, based on 200

houses in 2030 at 2.3 capita per house. MDD is calculated at 1,941 L/c/d.

Population of Zone-3 (Midday Valley) is assumed at 165 capitain 2030. MDD is

1,941 L/c/d.

Population of Zone-4 (Gateway-286) is assumed at 865 capitain 2030. MDD is 1,941

L/c/d.

TABLE 7-3

FUTURE STORAGE - 1.1% GROWTH

Zone | Contributing Reservoirs

Grimmett

Capacity|

4.55
Nicola 0.67
South East 227
! Grandview (Zone-2) 0.55
Active Mountain (Zone-3) 4.55
Sub-Tota 12.58 5.63 243 8.06 4.52
2 | Grandview 0.55 0.22 0.32 0.55 0.00
Active Mountain 4.55 0.08 1.08 1.16 3.39
4 South East 2.27 0.42 0.65 1.07 121
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Based on the foregoing, the following is noted:

Zone-1: With five reservoirs servicing this zone, including Grandview and Active
Mountain reservoirs, the total storage capacity would meet the minimum requirement
with asurplus of 4.52 ML. It is therefore necessary that PRV’s be installed the zone
boundaries which are capable of passing fire flow from the upper zones (Zone-2, 3

and 4) to the lower zone (Zone-1)

Zone-2: Grandview Heights area is expected to have a population of 460 in the year
2030. Based on the MDD and fire flow requirements of the area, the reservoir would
have sufficient capacity to cover the storage requirement with no contingency for

further growth in the area.

Zone-3: Midday Valley development is expected to have a population of 165 in the
year 2030, based on 1.1% growth projection rate. Active Mountain reservoir will
have sufficient capacity to cover the storage requirement of the development with a
surplus storage of approximately 3.39 ML.

Zone-4. Gateway-286 development is expected to have a population of 865 in the
year 2030, based on 1.1% growth projection rate. South East reservoir will have
sufficient capacity to cover the storage requirement of the development with a surplus

storage of approximately 1.21 ML.

7.2.2 Growth at 3.5% plus 20% conservation reduction

Table 7-4 lists the storage reservoirs that contribute to each pressure zone in the City’s
water system. It also compares the existing total capacities to the future storage
requirements base for balancing and fire demands. The balancing storage figuresin Table
7-4 are calcul ated based on the following:
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Population of Zone-2 (Grandview Heights) is assumed at 46 capita, based on 20
houses in 2010 at 2.3 capita per house. MDD is calculated at 1,553 L/c/d.
Population of Zone-3 (Midday Valley) is assumed at 667 capitain 2030. MDD is
1,553 L/c/d.

Population of Zone-4 (Gateway-286) is assumed at 3,500 capitain 2030. MDD is
1,553 L/c/d.

TABLE 7-4
FUTURE STORAGE — 3.5% GROWTH

Zone | Contributing Reservoirs

Grimmett 4.55

Nicola 0.67

South East 2.27
! Grandview (Zone-2) 0.55

Active Mountain (Zone-3) 4.55

Sub-Tota 12.58 6.93 243 9.36 3.22
2 | Grandview 0.55 0.18 0.32 0.50 0.04

Active Mountain 4.55 0.26 1.08 1.34 3.21
4 | South East 227 1.36 0.65 2.01 0.27

The following can be inferred from Table 7-4:

Zone-1: With five reservoirs servicing this zone, including Grandview and Active
Mountain reservoirs, the total storage capacity would meet the minimum requirement
with asurplus of 3.22 ML.

Zone-2: Grandview Heights area is expected to have a population of 460 in the year
2030. Based on the MDD and fire flow requirements of the area, the reservoir would
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7.3

7.3.1

have sufficient capacity to cover the storage requirement with a surplus storage of
approximately 0.04 ML.

Zone-3: Midday Valley development is expected to have a population of 667 in the
year 2030, based on 3.5% growth projection rate. Active Mountain reservoir will
have sufficient capacity to cover the storage requirement of the development with a

surplus storage of approximately 3.21 ML.

Zone-4: Gateway-286 development is expected to have a population of 3,500 in the
year 2030, based on 3.5% growth projection rate. South East reservoir will have
sufficient capacity to cover the storage requirement of the development with a surplus
storage of approximately 0.27 ML.

Transmission and Distribution

The hydraulic analysis of the watermains was performed using the model built in
WaterCAD as outlined in technical memorandum No. 4 issued by Opus DaytonKnight,
enclosed in Appendix D.

Transmission

Analyses of the supply hydraulic mains under 2030 projected MDD conditions for the
1.1% growth scenario and the 3.5% growth scenario plus 20% conservation reduction
were conducted to assess the ability to fill the reservoirs. Based on the existing 2010
pump capacity, the water system in Merritt would have enough hydraulic capacity in
wells, Grandview Heights and Active Mountain booster stations to deliver sufficient
guantities of water at adequate pressures to the storage reservoirs in the future under both

growth scenarios.
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7.3.2 Distribution

The system was modeled under static conditions for the two growth scenarios in the

future to analyze:

Average Day Demand was assessed to evaluate the normal operating conditions and
provide a baseline for MDD comparison.

Minimum residua pressure (20 psi) and maximum recommended velocity (3.0 m/s)
during MDD coincident with fire flow. Fire flow is based on onefire event in the
entire system.

Minimum pressure (40 psi) during PHD.

Maximum recommended pressure (140 psi) during ADD, MDD and PHD

The future analyses are based on the upgrade recommendations to the system outlined in
section 6.5. The analysis for future projected scenarios is discussed in further detailsin

the following sub sections.

Zone-3 isafuture development and is still in the planning stage as of 2012; therefore the
analysisislimited to assessing if there is sufficient pressure in the existing system to fill

the existing Active Mountain reservoir.

Zone-4 is afuture development in the planning stages as of 2012 and there is aso
presently no water main connecting the South East reservoir to development Gateway-
286. In addition, HGL at the reservoir is 680 m whereas grade elevationsin the zone
range between 720 m and 860 m. A booster station and a transmission main,
approximately 1,300 m long, would be required to lift water from the reservoir to the
development. The following analysis for Zone-4 is limited to assessing the pressure
achieved at the lowest elevation in the zone, 720 m, using a 250 mm diameter

transmission main 1,300 m long starting at South East reservair.
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7.3.2.1 Growth at 1.1%

Average Day Demand

Results from the ADD hydraulic analysis are as summarized in Figure 7-2 and discussed
below.

Zone-1: Maximum recommended pressure is not exceeded. The maximum pressure
iIs132 psi at an elevation of 588 m. The ADD analysis shows that pressure in most of
the distribution system within this zone exceeds 100 psi.

Zone-2: Maximum recommended pressure is not exceeded. The maximum pressure

is130 psi at an elevation of 653 m. Pressures above 100 psi also occur in this zone.

Zone-3. At ADD, the HGL at Active Mountain reservoir inlet is higher than the Top
Water Level (TWL) therefore there is sufficient pressure from the booster station to

fill the reservair.
Zone-4: At ADD, HGL is679 m at 720 m elevation. HGL required to achieve a
minimum 40 psi is 748 m. Therefore, a minimum pumping head of 98 psi is required

at ADD.

Maximum Day Demand + Fire Flow

The results from the MDD + FF hydraulic analysis are as summarized in Figure 7-3
which classifies various ranges of fire flow availability throughout the system and

identifies where deficiencies are occurring.

Few deficiencies occur and are mainly at dead ends in Zone-1 and deficiency in Zone-4 is

due to the difference in HGL of South East reservoir and grade elevationsin the
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devel opment which was discussed earlier. The future booster station should allow for a

fire flow of 90 L/sin Zone-4.

Peak Hour Demand

PHD hydraulic analysis results are as summarized in Figure 7-4 and discussed below.

Zone-1: Pressure does not meet minimum requirementsin one area noted in Figure
7-4. It occurs at the cul-de-sac adjacent to 1602 Ponderosa Way in Bench area.

Elevation at that |ocation is 655 m and the pressure is 34 psi.

Maximum recommended pressure of 140 psi occurs at an elevation of 587 m located
at the Northern end of Pine Street, adjacent to address 801, in Collettville Area.

Maximum recommended vel ocity is not exceeded. The maximum velocity is 2.6 m/s.

Zone-2: Pressure is more than the minimum requirements throughout the zone. The

minimum pressureis 77 psi at an elevation of 690 m.

Maximum recommended pressure is not exceeded. The maximum pressurein this

zone is 130 psi at an elevation of 653 m.

Maximum recommended velocity is not exceeded. The maximum velocity is

approximately 0.42 m/s.

Zone-3: At PHD, the HGL at Active Mountain reservoir inlet is higher than the Top
Water Level (TWL) therefore there is sufficient pressure from the booster station to
fill the reservair.
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Zone-4: At PHD, HGL is676 m at 720 m elevation. HGL required to achieve a
minimum 40 psi is 748 m. Therefore, a minimum pumping head of 102 psi is required
at PHD.

7.3.2.2 Growth at 3.5% plus 20% conservation reduction

Average Day Demand

Results from the ADD hydraulic analysis are as summarized in Figure 7-5 and discussed
below.

Zone-1: Maximum recommended pressure is not exceeded. The maximum pressure
is132 psi at an elevation of 588 m. The ADD analysis shows that pressure in most of
the distribution system within this zone exceeds 100 psi.

Zone-2: Maximum recommended pressure is not exceeded. The maximum pressure
is130 psi at an elevation of 653 m. Pressures above 100 psi also occur in this zone.

Zone-3: At ADD, the HGL at Active Mountain reservoir inlet is higher than the Top
Water Level (TWL) therefore there is sufficient pressure from the booster station to
fill the reservair.

Zone-4: At ADD, HGL achieved is678 m at 720 m elevation. HGL required to
maintaining a minimum 40 psi is 748 m. Therefore, a minimum pumping head of 100

psi isrequired at ADD.

Maximum Day Demand + Fire Flow

The results from the MDD + FF hydraulic analysis are as summarized in Figure 7-6
which classifies various ranges of fire flow availability throughout the system and

identifies where deficiencies are occurring.
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Few deficiencies occur and are mainly at dead ends in Zone-1 and deficiency in Zone-4 is
due to the difference in HGL of South East reservoir and grade elevationsin the
development which was discussed earlier. The future booster station should alow for a

fire flow of 90 L/sin Zone-4.

Peak Hour Demand

PHD hydraulic analysis results are as summarized in Figure 7-7 and discussed below.

Zone-1: Pressure does not meet minimum requirements in one area noted in Figure
7-7. It occurs at the cul-de-sac adjacent to 1602 Ponderosa Way in Bench area.

Elevation at that location is 655 m and the pressureis 34 psi.

Maximum recommended pressure of 140 psi occurs at an elevation of 587 m located
at the Northern end of Pine Street, adjacent to address 801, in Collettville Area.

Maximum recommended velocity is not exceeded. The maximum velocity is 2.5 m/s.

Zone-2: Pressure is more than the minimum requirements throughout the zone. The

minimum pressureis 77 psi at an elevation of 690 m.

Maximum recommended pressure is not exceeded. The maximum pressurein this

zone is 130 psi at an elevation of 653 m.

Maximum recommended vel ocity is not exceeded. The maximum velocity is

approximately 0.42 m/s.

Zone-3: At PHD, the HGL at Active Mountain reservoir inlet is higher than the Top
Water Level (TWL) therefore there is sufficient pressure from the booster station to

fill the reservaoir.
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7.4

Zone-4: At PHD, HGL achieved is 653 m at 720 m elevation. HGL required to
maintaining aminimum 40 psi is 748 m. Therefore, a minimum pumping head of 135
psi isrequired at PHD.

Pressure Management

The City’s water system operates at relatively high pressure for a municipal water
system. Typically, the recommended upper pressureis 100 psi, whereas in Merritt most
the lower elevation developments operate well over 130 psi and as high as 140 psi in the
Collettville area. The City’s distribution system is engineered to accommodate such
pressures so risk of a catastrophic failureis not an issue. However, elevated pressures

result in several long term concerns:

1. Leakagefrom watermainsis proportional to the square of the pressure. As pressure
increases, |eakage increases by the square.

2. Aging infrastructure is more likely to fail when exposed to higher pressures than

lower pressures.

3. Power consumption is higher as the City’s water system is pumped and therefore

higher pressures require more power.

4. Household water consumption will be higher due to an increase in flow rate to hose

bibs, taps and irrigation systems which may not be flow limited.

Based on the average day demands approximately 80% of the communities demands are

located in areas where the pressure exceeds 100 psi.

As part of this study we reviewed options to reduce the operating pressures within the

City. Due to the nature of the City’s distribution system and reservoir locations reducing
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the pressure will require some significant capital improvements. We investigated two

options:

1. The construction of a separate high pressure transmission system to connect the
existing wellsto a new upper zone. This would also require the construction of up to

4 new pressure reducing valve stations, Figure 7-8a and Figure 7-8b.

2. Separate the City’s current Zone 1 into two zones, the upper zone which would
include the Bench and the Airport areas and the lower zone which would include the
balance of Zone 1. The well pumps would require replacement to operate at alower
discharge head (approximately 30 m lower) and two booster pump stations would be
required to boost the water from the lower part of the zone to the Bench zone and
provide reservoir recovery, both in the Bench and the Southeast reservoir. Three
additional PRV stations would be required to provide fire flow and peaking water
from the reservoirsin the upper zone, Figure 7-9a and Figure 7-9b.

The cost to install a high pressure transmission system in the City is high due to the
location of the existing reservoirs. Furthermore, this option does not reduce the total
amount of power required to pressurize the water as all the water is pumped to the
reservoirs and pressure reduced back to the new lower zone. As such, this option is not
reviewed further.

The attached Figure 7-8 and 7-9 provide alayout schematic of the proposed system
modifications. Generally, the following is noted:

System pressuresin the lower zone are reduced from a current range of 85 - 130 psi
to 40 - 90 psi, a 30% reduction.

Only water required for the upper zone and the balancing storage is pumped to the
680 m elevation, the remaining water is only boosted to the 650 m elevation.
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The scope of the study is not sufficient to undertake a detailed analysis of the
cost/benefits of this new system. However, we have completed a preliminary analysisto

assess the viability of this change.
The following are assumed:

The upper zone demand is approximately 22% of the current zone 1 demand.

An alowance of 20% of the demand is required for balancing storage.

The analysisis based on the average day demands.

L eakage due to the reduced pressure is reduced by 10%.

Per capita demand is reduced from 1,100 L/c/d to 900 L/c/d due to reduced pressure.
Asnoted in Section 4 thisis still 30% higher than most Okanagan Municipalities.
The variable component of the waste cost is 0.1 $/m?, including costs related to the
cost of power and chemicals for the existing infrastructure. It should be noted that
this cost can vary significantly between municipalities. For example in Metro
Vancouver the cost is 0.40-0.50 $/m°.

Table 7-5 summarizes the comparison of the current system to a new system based on the

assumptions above.

TABLE 7-5
SUMMARY OF COST SAVING FOR EXISTING AND PROPOSED SYSTEM

One Zon Two Zones

POWER CONSUMPTION COMPARISON

Lower Zone
Average Flow L/s 112 41
Required Head m 110 75
Power kw 155 38
Upper Zone
Average Flow L/s 0 42
Required Head m 75 35
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TABLE 7-5 (cont’d.)
SUMMARY OF COST SAVING FOR EXISTING AND PROPOSED SYSTEM

One Zon% Two Zones ‘
Power kw 0 18
Summary

Total Power kW 155 57
Total Annual Power KW-hr/yr 1,356,103 496,395
Cost of power $KW-hr $0.07 $0.07
Annual Cost $lyr $94,927 $34,748
20-Y'r present worth $ $ 1,005,659 $ 368,116

POWER SAVINGS $637,543

WATER CONSUMPTION COMPARISON (REDUCED DEMAND & LEAKAGE)

Consumption L/s 112 82
Cost of Water $'m3 0.1 0.1
Annual Cost $lyr $353.205 $260,086
20-Y'r present worth $ $3,741,860 $2,755,355
CONSUMPTION SAVINGS $986,505
TOTAL SAVINGS (20-yr present worth) $1,624,050
The estimated capital costs for the proposed system are as follows:
1. NicolaPRV = $125,000
2. 2-30hp Pump Stations & PRVs 2 x $800,000 = $1,600,000
3. New lower head well pumps 5 x $100,000 = $500,000
Sub-Total = $2,225,000
35% E&C = $780,000
Total (rounded) = $3,000,000

Based on the above anaysis the 20 year savings does not provide a net benefit and

overall cost savings. If a40 year return period is assumed, the present with savings
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7.5

7.6

equals the cost that is a cost benefit ratio of 1. Furthermore, this analysis does not
include any savings which may be witnessed due to reduced wear and tear on the existing
distribution system associated with elevated pressures.

As thistype of modification would provide savings over along period, we would
recommend the City pursue funding to complete a feasibility assessment of the above
system configuration and refine the data. It would also be beneficial to complete a
|eakage assessment within the system at areduced pressure in order to refine the assumed

benefit associated with leakage and reduced consumption.

Recommendations

The recommendations indicated in Section 6.7 are required for the future scenario. The
only additional recommendation would be afeasibility study for reduced pressure

operation per Section 7.4.

Cost Estimate and Schedule

It is foreseen that development Gateway 286 would require some capital investment in
the future such as a booster station and a transmission pipe to pump from the existing
Southeast reservoir to the development. Furthermore, it is anticipated that a storage
reservoir is required within the devel opment. Due to the big difference in elevations
between the highest and lowest points in the proposed development (approximately

140 m difference), at least two pressure zones are forecasted. As such, one PRV station is
expectedly required. The capital investment to build thisinfrastructure is most likely
funded by the devel opers when their devel opment plans progress, as such no cost is
allowed for the City.

The cost of the pressure reduction feasibility study would be estimated at $15,000 to
$30,000 and would likely be eligible for funding.
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COUNTRY MUSIC CAPITAL @F CANADA

WATER UTILITY MASTER PLAN

8.0 STAGED UPGRADING PLAN AND COSTS

Sections 6.0 and 7.0 set out the recommended system improvements to address water demand
requirements in the existing and future (2030) conditions. In this section the required water

system upgrade requirements are prioritized in order to develop adetailed 20 year capital plan.

8.1 20 Year Capital Plan Development

The recommendations in the report are tabulated below aong with a recommended
installation year. These dates were used in the financial model in Section 9. The
recommendation for construction was based on other short term (0 — 5 years), medium
term (5 — 15 years) or long term (15 — 20 years). Each item was then distributed to
balance the annual capital costs over the period. Some items, such as UV systems, are
needed in the short term, however due to the planning required, it is unlikely that any
construction would occur along the medium term. These costs are all presented in current
(2012 dollars) and do not include inflation.

OPUS DAYTONKNIGHT |
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TABLE 8-1
STAGED UPGRADING PLAN

Recommendation Construction Target  Capital Cost 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033
Capital Works SHORT TERM MEDIUM TERM LONG TERM
R-1 - Upgrade Existing Pipe, 100mm to 150mm. Length = 130 m 2028 $ 43,000 43,000
R-2 - Install new pipe, 150mm. Length = 95 m 2029 $ 31,000 31,000
R-3 - Install new pipe, 150mm. Length = 136 m 2030 $ 45,000 45,000
R-4 - Upgrade existing pipe, 150mm to 200mm. Length = 136 m 2024 $ 183,000 183,000
R-5 - Install new hydrant 2013 $ 4,000 4,000
R-6 - Install new pipe, 150mm. Length = 11 m 2013 $ 4,000 4,000
R-7 - Upgrade existing pipe, 100 mm to 150 mm. Length = 100 m 2023 $ 37,000 37,000
R-8 - Upgrade existing 150 mm pipe to 200 mm. Length =93 m 2014 $ 45,000 45,000
R-9 - Install new 300 mm diameter pipe. Length = 340 m 2016 $ 223,000 223,000
R-10 - Install new pipe, 150 mm. Length = 295 m 2014 $ 105,000 105,000
R-12 - Upgrade 100 mm pipe to 150 mm. Length = 230 m. 2021 $ 75,000 75,000
R-13 - Upgrade 50 mm pipe 100 mm. Length = 6 m. 2013 $ 10,000 10,000
R-14 - Upgrade 150 mm pipe 250 mm. Length = 300 m. 2015 $ 168,000 168,000
R-15 - Upgrade 150 mm to 200 mm. Length = 87 m 2016 $ 38,000 38,000
R-16 - Install new 200 mm diameter pipe. Length =430 m 2013 $ 188,000 188,000
R-17 - Upgrade 150 mm to 200 mm. Length = 215 m. 2014 $ 94,000 94,000
R-19 - Upgrade 100 mm dia to 150 mm. Length = 130 m 2021 $ 29,000 29,000
R-20 - Upgrade 50 mm dia to 150 mm. Length = 100 m 2013 $ 19,000 19,000
R-21 - Upgrade 50 mm dia to 150 mm. Length = 105 m 2013 $ 20,000 20,000
R-22 - Upgrade 50 mm dia to 100 mm. Length = 120 m 2017 $ 25,000 25,000
Hydrant Infill Program 2017 $ 135,000 135,000
Primary Disinfection Upgrade on Shallow Wells (UV System) 2019 $ 1,800,000 1,800,000
PRV between the Active Mountain Reservior and the Collettville 2022 $ 125,000 125,000
Fairly Park Generator 2017 $ 160,000 160,000
Reservoir Control Valves 2015 $ 125,000 125,000
Pressure Zone Feasibility Study 2014 $ 30,000 30,000
UV Water Quality Monitoring Study/UVT Analyzers 2013 $ 25,000 25,000
UV Disinfection Concept Study/Preliminary Design 2014 $ 50,000 50,000
Hydrant Infill Risk Evalation and Priorization 2013 $ 15,000 15,000
Asset Invenstory Database Update 2015 $ 65,000 65,000
2850000  324,0000  358,000]  261,000( 320,000 o| 1,800,000 o| 104,000 125,000 37,000, 183,000 0 0 0 43,000 31,000 45,000 0 0 0
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WATER UTILITY MASTER PLAN

9.0 FINANCIAL MODEL

This section of the report covers the deployment of a comprehensive Financial Model for the
City of Merritt’s water utility. The analysisis performed for scenarios as set out in Case 1,
Case 2 and Case 3. To model the financial sustainability of the water utility, amodelling end
year of 2110 was used to capture the costs of aging infrastructure. An extended period is
required to capture the life expectancy of municipa infrastructure.

The following subsections discuss the methodol ogy of the Financial Model and how the
Financial Model was developed using Merritt’s PSAB 3150 inventory, expenditures and
revenues, water demand, and recommendations for capital investments presented earlier in this

report. This section of the report concludes with the results and recommendations.

9.1 Methodology
The objective of the Financial Model is to provide guidance to enable the utility to
recover the cost of the supply and distribution system required to service the utility’s
customers over the long term, by setting equitable utility tariff rates which yield arevenue
stream sufficient to achieve afinancially sustainable utility.

The cost of supplying the service includes the following:

Ongoing management, billing, operation and maintenance

Capital development including debt servicing

OPUS DAYTONKNIGHT |
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Provision for investments, refurbishment and replacement of aging infrastructure
Additional operating costs associated with expanding the area serviced by the system
through funding by developers

Revenue sources to fund these costs could include:

Parcel charges ($/parcel)
User charges ($/m°) on revenue water
Interest received from reserves

External funding (federal government, provincial government, or devel oper)

The modél is designed to find the required revenue envel ope necessary to achieve a
desired debt goal within aset timeframe. For the Merritt model, the desired goal has been
set as being $0 debt by 2110. Thisisfully customizable for any specified debt goal and
modeling period.

For each year of the set period, the model estimates the costs and revenues for that year
and adds or deducts them from the previous year balance. The model then carries the

utility account balance over to the next year and repeats the process.

Interest is added or subtracted from the utility account balance. The model alows for two
different interest rates to be applied respective of the overall account balance. Parcel
taxes and user charges are automatically adjusted by the model to achieve adesired utility
account balance (a debt goal) at the end of the set period while servicing al costs. The
effects of inflation are initially ignored in the model and all values are reported in 2010
dollars. Provision is made for inflation of the revenue stream and rates once the

sustainabl e values have been determined.

OPUS DAYTONKNIGHT |
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9.1.1

The model provides separate accounts for the bulk system and distribution system. The
parcel tax is allocated to the distribution system account and the user charges to the bulk

system account. The accounts are summed to form the utility account.

The modé reports the following key parameters:

Ilustrative Average Cost Per Parcel = Total Revenue / Number of Parcels

Thisis calculated for the present revenue and for the required sustainable revenue. The

difference represents the adjustment recommended.

These values are further broken down into:

Frontage Utility Service Rate ($/m year)
Usage Rate ($/m° of Revenue Water)

Revenue water is all water that reaches or is attributed to the customer. Water that is lost
through leaks in the water distribution system, used for watering of community parks and
gardens, system flushing and fire suppression use is considered non-revenue water. Non-
revenue water creates an expense related to pumping and treatment from which the City
cannot generate revenue. It is debited to the distribution account. This can be entered in

the model as a percentage of total demand.

The bulk system and the distribution system are defined as follows:

Bulk System

The bulk system incorporates all components of the water system involved in the supply

of water. It includes the following componentsin the water system:
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Weélls

Pumphouses
Control buildings
Reservoirs

PRV stations
Chlorination system

Mains > 325 mm diameter

Costs associated with the bulk system are related to the operation and the rehabilitation
and investment in any of the above components. Rehabilitation expenses are calcul ated
using the PSAB 3150 inventory and replacement values. Bulk investments are included
as set out elsewhere in thisreport, see Sections 7.6 and 8.1.

Operating costs are predicted from historic records. The historic records are used to
divide the operating costs into several categories. Operating costs including
administration, operation and maintenance have decreased steadily in the 4 year period
2007 through 2010. Therefore the base costs (2010), from which projections are made,
have been adjusted to equal the average of the four years. The following categories are

considered relevant to the operation and maintenance of the bulk water supply system:

Value Dependent Expenses

0 20% of the cost of water supply administration (the remaining 80% is carried as
part of the distribution costs)

Demand Dependent Expenses

0 100% of the cost of treatment and/or disinfection

0 100% of the costs of wells and pumping

V alue dependent expenses increase with future upgrades and investments in the bulk
system. Demand dependent expenses are proportionally related to population growth rate
and future per capita water demand.

OPUS DAYTONKNIGHT |
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9.1.2 Distribution System

The distribution system includes all the distribution mains up to the point where the

service connections meet the property lines. The components include:

Distribution watermains size < 325 mm
Valves

Fire hydrants

Hydrant Leads

Curb stops (service connections)

Costs associated with the distribution system are related to the operation of and the
rehabilitation and investment in any of the above components. Findings from Section 7.6
and 8.1 were used to determine the required upgrades and investments in the distribution
system.

The operating costs associated with the distribution system are predicted from historic
records. Operating costs including administration, operation and maintenance have
decreased steadily in the 4 year period 2007 through 2010. Therefore the base costs, from
which projections are made, have been adjusted to equal the average of the four years.
The following value dependent expenses are considered relevant to the distribution

system:

80% of water supply administration (the remaining 20% is carried as part of the bulk
System costs)

100% of water transmission and distribution expenses

OPUS DAYTONKNIGHT
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9.2

9.21

The operating costs increase with future upgrades and investments in the distribution
system funded by the City and are proportionally related to a set growth rate of the
distribution system.

PSAB 3150 Inventory

The City of Merritt’s 2010 PSAB 3150 Inventory (asset inventory) provided the
information necessary for the Financial Model to estimate rehabilitation costs of the water
utility and the corresponding rehabilitation timeline. The asset inventory provides a
database of the in-service year, servicelife, length, diameter and replacement cost or
original cost of most of the components of the system.

The information provided in the asset inventory was largely generalized and therefore, to
develop a more accurate representation of the current system and replacement val ues,
certain data adjustments were required. The assets assigned to the bulk and distribution

systems and the respective data adjustments are described in the following sections.

Bulk System Inventory

Based on the criteriaoutlined is Section 9.1.1, the assets in the worksheets F&E 10,
Water Machine & Equip 2010, and Buildings 10 of the asset inventory we assigned to the
bulk system account of the Financial Model. The asset inventory reported the original
cost of each asset at the time of installation; therefore, to calculate a replacement value,
the ENR Cost Index was used. For example, the Nicola Reservoir cost $35,090 to build
in 1965, using the ENR Cost Index; the Nicola Reservoir would cost $318,087 to replace
in 2010 dollars. The Airport Pumphouse and Well were not included in the Bulk Asset

inventory as they will be decommissioned with the airport expansion project.

The values of bulk assetsin Table 9-1 were not included in the inventory provided and

therefore replacement value and installation date were assumed. We have based the

D-36406.00 ©2012 Page 9-6

OPUS DAYTONKNIGHT |




capital costs on estimated prices based on cost curves as we were unable to obtain

specific costs from the City.

TABLE 9-1
DISTRIBUTION ASSET SERVICE LIFE AND REPLACEMENT VALUE
Asset ‘ Servicelife ‘ Replacement Value*
Grandview Reservoir 60 $60,000
Grandview PRV and Booster Station 50 $600,000
Southeast Reservoir 60 $2,000,000
Kengard Pump Station 50 $1,000,000
Kengard Well 60 $500,000
Active Mountain Reservoir 60 $2,000,000
Active Mountain Booster Station 50 $100,000

* Construction costs are estimated based on cost curves for similar work

9.2.2 Distribution System Inventory

Based on the criteriaoutlined is Section 9.1.2, the assets in the worksheets Hydrants 10,
Water Valves 10, Curb Stops 10, and Water Mains 10 we assigned to the distribution
system account of the Financial Model. Table 9-2, below, summarizes the service life
and replacement value of the assets included in the distribution system (see Section
9.1.2).

TABLE 9-2
DISTRIBUTION ASSET SERVICE LIFE AND REPLACEMENT VALUE

Asset ServiceLife|| Replacement Value*

Watermain — 50 mm dia 70 $200/m
Watermain — 100 mm dia 70 $200/m
Watermain — 150 mm dia 70 $250/m
Watermain — 200 mm dia 70 $250/m

OPUS DAYTONKNIGHT
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TABLE 9-2
DISTRIBUTION ASSET SERVICE LIFE AND REPLACEMENT VALUE (CONT’D)

Asset ‘ ServicelL ife‘ ‘ Replacement Value* ‘

Watermain — 250 mm dia 70 $300/m
Watermain — 300 mm dia 70 $300/m
Watermain — 350 mm dia 70 $325/m
Watermain — 600 mm dia 70 $967/m

Curb Stop (service connection) 50 $1,657 each

Fire Hydrant 50 $5,500 each

Valve 65 $1,500 each

*Costs were provided in the PSAB 3150 Inventory

The Water Valves 10 and Curb stops 10 asset inventories reported that 99% of the assets
have an installation year of 1965.

However, in 1996 there were reportedly 8,152 m of watermains installed which is
equivalent to 11% of thetotal length of watermainsin the distribution system. There are
atotal of 2184 curb stops and 940 water valves connected to the distribution system.
Therefore, it can be assumed that 11% of the curb stops and water valves, 244 curb stops
and 105 water valves, wereinstalled in 1996. The data was adjusted accordingly.

Other observations and comments based on our review of the inventory data provided

include:

A uniform service life has been used for all watermains. Thisis areasonable first
estimate for Merritt because the mgjority of the water distribution system is ductile
iron. In reality however, lifespan isimpacted by material type, installation conditions
and in-service circumstances. Therefore a changein service life has been included in
the Scenarios eval uated.

OPUS DAYTONKNIGHT
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9.3

9.3.1

A servicelife value of 70 yearsfor all watermainsisrelatively low for ductileiron
pipes. This value should be reviewed because if the average pipe lifespan is greater,
the average annual cost for pipe replacements would be less and the required funding
envel ope would be reduced.

The service life value for fire hydrantsis less than we would expect and the service

life for curb stopsis greater than we would expect as an average.

The accuracy of replacement unit rates provided for distribution assets has not been
reviewed under this component of the project. An increase in replacement cost has

been included in the scenarios to illustrate the impact on the funding envel ope.

Expenditures and Revenues

The City of Merritt provided financial information for the Water Utility Fund for 2007
through 2011. Historical financial information is necessary to develop a baseline year
that is representative of atypical fiscal year for the water utility; 2010 was used as a
baseline year for the Financial Model. The following subsections discuss the allocation
and omission of operation and maintenance expenditures and revenues between the bulk
and distribution systems and how operation and maintenance expenditures and revenues
are projected from the baseline year.

Expenditures

A review of the expenditures for the water utility fund resulted in expenditures being
omitted or re-allocated in the Financial Model. The City of Merritt spent approximately
$265,000 in 2011 and under $6,000 in 2009 on consultant studies. Due to this variability,
expenditures on consultant studies were removed from the water utility fund, averaged,
and the average of $70,000 was applied to the baseline year of 2010. It isrecognized that

D-36406.00 ©2012 Page 9-9
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in 2010, several mgjor infrastructure projects were completed, including the Kengard
Well and Pump Station. Amortization expenses and Transfers to Own Funds and
Reserves were removed from the expenditures as the goal of the Financial Model isto
develop a sustainable tariff that will draw sufficient revenue to fund the costs of the
current and future utility. Including Amortization and Transfers to Own Funds and

Reserves would overstate the baseline expenditures and result in higher tariffs.
It was noted that the resulting expenditures decreased steadily from $685,522 in 2007 to
$233,619 in 2010. The operations expenditure in the Base Y ear (2010) was increased to

yield expenditure equal to the average of the 4 years as a Base.

Expenditures were separated into value dependent expenses and demand dependent

expenses.

9.3.1.1 Value Dependent Expenses

V alue dependent expenses include the costs associated with water supply administration.
The Financial Model assumes that the bulk system must fund 20% of the water supply
administration expenses while the distribution system must fund the remaining 80%.
Bulk system value dependent expenses are projected to increase with future upgrades and
investments in the bulk system. Distribution system value dependent expenses are
projected to increase with future upgrades and investments in the distribution system and

with developer funded growth of the system.

9.3.1.2 Demand Dependent Expenses

Demand dependent expenses include the costs associated with the demand for water and

the model assumes the bulk system funds 100% of these costs. Demand dependent

OPUS DAYTONKNIGHT |
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expenses are projected to increases proportionally with population growth rate and future

per capita water demand.

9.3.2 Revenues

The Water Utility Fund draws revenues from Property Taxation, Sale of Services,
Conditional Grants, Transfers from Own Sources, and Other Revenues. Conditional
Grants were omitted as revenue in the Financial Model as grant funding is difficult to
predict and only accounts for asmall portion of overall revenue; the model allows for a
percentage of external funding to be applied to all costs associated with the capital
expenditures of rehabilitation and allows for a percentage of external funding to be
applied to each investment or upgrade. Transfers from Own Sources were aso omitted as
revenue as the goal of the Financial Model is to produce atariff that will draw sufficient

revenue to fund the costs of the current and future water utility.

9.3.2.1 Bulk Revenues

Sale of Services revenues were $1,183,393 in 2010. The financial model adjusts the user
charge ($/m®) during the rate change period such that the balance of the Water Utility
Fund is zero in the year 2110.

9.3.2.2 Distribution Revenues

Property Taxation revenues were $530,747 in 2010. The Financial Model adjusts the
required revenue during the rate change period such that the balance of the Water Utility
Fund is zero in the year 2110.

Table 9-5 summarizes the total expenditures and revenues for each system.

OPUS DAYTONKNIGHT |
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TABLE 9-3
TOTAL EXPENDITURES AND REVENUES (2010) (ADJUSTED

System ‘ ‘ Total Expense ‘ Total Revenues ‘
Bulk System (incl. long term debt) | $533,881 (67%) | $(1,183,393) (69%)
Distribution System $252,909 (32%) | $(530,747) (31%)
Total $786,790 $(1,714,140)

Table 9-3 shows that the expenditures on the bulk and distribution system are
proportional to the respective revenue. However, asignificant portion of the expenditure

and revenues relate to funding long term debt for bulk system upgrades.

9.4 Water Demand

A baseline year of 2010, which coincides with the year chosen for the Water Utility
Master Plan, was used to project population growth until the year 2030. Section 4.0 of
this report discusses water demand in detail and the numbers used in the Financial M odel

are summarized here.

TABLE 9-4
BASELINE VALUES (2010
Parameter ‘ ‘ Valuein 2010 ‘ Units ‘
Population 7,285 Persons
Total Water Demand 2,926 Million Litres
Number of Parcels 3,756 Parcels

9.5 Recommended Upgrades and Investments

Section 7.6 and Section 8.1 provide recommendations for the required upgrades of the

existing bulk and distribution systems and new installations to meet current and future

OPUS DAYTONKNIGHT
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9.6

9.6.1

demands. The costs and schedule associated with these investments are included in the
Financial Model.

Adjustments and Variables

The setup of the model is documented in the print-outs of the various sheets included in

Appendix E - Financial Model Set-up and in the three Cases analysed, printouts of which

follow this section.

Adjustments

Key adjustments and inclusions are as follows:

1.

Investments made after the Base Date of 2010 and the recommended upgrades and
investments have been included in 2.3 Linear Assets and 2.4 Mgjor Point Assets. The
rehabilitation costs of these assets have therefore been included in the model.

2. Long Term Debt has been included.

The Operating and Consumable Expenses shown in the financial statements for the
years 2006 through 2010 have shown a continuous decline from $685,522 to
$389,728. Sincethevaueinthe Base Year isused for projection of future expenses
the Operation Expenses have been increased by $132,000 in the Base Y ear to bring
the Total Expensesin the Base Y ear up to the average of Total Expenses over the
period 2006 through 2010.

Population Growth and Parcel Growth — Population growth scenarios used in the
evauation of the required system capacity of 1%p.a. and 3.5%p.a. are not appropriate
for financial modeling. This is because growth rates of this order taken over along
modeling period would increase the tax base substantially and result in unrealistic and

excessive projections of revenue. For the purposes of financial modeling, the average
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growth rate derived from census data of 0.12%p.a. for the period 2006 — 2011 has
been used and projected to 2030. Thereafter growth of zero has been assumed.

5. Growth in Value of Distribution/Collection Assets has been taken as half the
population growth rate to take account of increases in density.

6. Changeto Linear Asset Rehabilitation Unit Costs. These costs which were obtained
from the City may be appropriate for “green field” construction. However,
rehabilitation would normally be undertaken in a more challenging environment due
to existing services and pedestrian and road traffic and may include the need to
resurface roads and sidewalks. These costs have therefore been factored up by 25% to
allow for the more challenging environment.

7. Based on the Tornado Plot — (See below) - The impact of Change to Service Life by
30% has been evaluated in Case 2. This value has been chosen because the Service
Life of 70 years provided by the City for the ductile iron pipeislower than that given
in the British Columbia Guide to the Amortization of Tangible Capital Assets of 100
years. A 30% increase resultsin a Service Life of 91 years, which may still be

conservative.

9.6.2 Variables

The model allows for many variables to be tested for the impact on the Illustrative
Average Costs. To determine the sensitivity of the result to each of the costs a Tornado
Diagram has been created based on running all the permutations set out in the print-out of
0.2 Tornado Plots included in Appendix E. The results indicate the following parameters

as being important:

1. Changeto Service Life— Addressed above. Illustrates the importance of rehabilitation
costs and the need for active asset management.

2. Changeto Linear Asset Rehabilitation Costs — Addressed above. Illustrates the
importance of rehabilitation costs and the need for active asset management.

OPUS DAYTONKNIGHT |
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MERRITT

City of Merritt USIRIAIE § Water Utility Financial Model CASE 1 - 25% Increase Rehabilitation Costs OPUS DAYTONKNIGHT
< e e End of_ﬁate Total Expenses (Millions) Distribution/Collection Expenses (Millions) Bulk Expenses (Millions)
0.0 |Equitable Rates - Graph | Base Year Change Period After External Funding After External Funding After External Funding
™ : gJe erlod = Investments $15 $15 $15
0.1 |Frontage Utility Sc:rwce Rate ($/m/ Year) $5.39 $16.15 Sl | _
0.2 |Usage Rate ($/m° of Revenue Water) $0.55 $0.23 $10 1“ $10 $10
= Rehabilitation B
0.3 |lllustrative Average Cost ($/Parcel / Year) 5456 556 - $5 $5
1.0 MOdeIing Period I_B_ase Year End Year &‘(rzlt?l Operating $0 e — " $0 AL% S $0 .Jl.l__.LJL.._L.‘.LLu.
2.0 |A ti émol Acl‘zl:”o d* Eﬁiﬁ:‘ﬁﬂﬂ;ﬁ;@ il 9 OLTNODOLTNOD®O LN O $5
. ccountin 0al ieve SN HE SRR EEER S CTAOBDOLNODOTAO
2.1 Distribution?Collection Account Balance $0 $0 R SASISR § SSRIRANREN SREE8 g SSSRR83R
2.2 |Bulk Account Balance $0 $0 Distribution/Collection Account (Millions) Bulk Account (Millions)
3.0 |Revenue Adjustment Rate Start End e T BT :fg 223 = :fg ]
3.1 [Manual Bevenue Ad;us_tment Penoq (p.a., After, Ufml) 0.0% 2011 2011 Sl e LA $15 - lh n o |
3.2 JAutomatic Revenue Adjustment Period (After, Until) 2030 2031 e ] ;
4.0 |Common Variables Base Until | Then | ——utityAcom o 12 W
4.1 Jinterest Rate on Reserves (p.a.) 1.5% 2020 2.0% 3“'3:"‘:’“ $5 : | N
4.2 linterest Rate on Debt (p.a.) 4.5% 2020 5.0% Borowing  -$10
4.3 [Change to Linear Asset Rehabilitation Unit Costs 25.00% i 8
4.4 |Change to Point Asset Rehabilitation Unit Costs 0.00% £
4.5 |Change to Service Life 0.00% Total 100 Year Projected Expenses (Millions) Base Year Total Construction Cost (Value) (Millions)
4.6_|Change to Administration Expenses (p.a.) 0.00% 2030 J0.00% | 07 g I A s G2 Unear— e
4.7 |Change to Operation Expenses (p.a.) 0.00% 2030 | 0.00% 245 l el T Hydrant’ & Other
4.8 |Change to Maintenance Expenses (p.a.) 0.00% 2030 | 1.00% $30 o e ok Q‘ fesery
4.9 |External Backlog Rehabilitation Funding 0.00% gig i [ e e et | Stop b Dlslnfe’ :
4.10 [External Rehabilitation Funding 0.00% o M = WEIION e ﬁ
5.0 |Population and Infrastructure Variables __Graph Base Until Then Po® 5 ao®  ac® Water
5.1 |Population Growth (p.a.) 0.12% 2030 | 0.00% | oo s \:,w“‘:fa = °‘:¢ o oqe““‘\“«v““&\«&‘ Main pumph An
5.2 |Parcel Growth (p.a.) 0.12% 2030 0.00% & e «<® o‘a\ﬁe »d W Distribution/Collection Assets °%€  Bulk Mssets
5.3 |Growth** in Value of Distribution/Collection Assets (p.a.) 0.06% 2020 0.00% ¢ 208.5 million 26 million 12.1 million
5.4 |Growth** in Value of Bulk Assets (p.a.) 0.12% 2030 0.00% || scenarior || Scenario2 ‘Scenario3 || Scenario 4 Scenario 5 RéVie Scenario's !
6.0 |Water Usage/Discharge/Treatment Variables _ Graph Base Until Then i Y 3] GLQGK TO RUN MODEL
6.1 JAverage Annual Water Purchase/Treatment Rate ($/m?) $0.00 Select mode for running model on Dashboard:  [Manual == ¥ ) ' '
6.2 |Purchase/Treatment Cost Increase (p.a.) 0.00% 2030 0.00% Run model with: Al variables v
6.3 |Change to per Capita Gross Water Usage/Treatment (p.a.) 0.00% 2030 0.00%
6.4 INon-rev % of Gross Water Usage/T reatment 25% Avg. Annual Factored Distribution/Collection Rehabilitation Expenses: $591,031
6.5 _|Change to Non-rev % of Gross Water Usage/Treatment (p.a.) 0.00% 2020 | 0.00% Avg. Annual Factored Rehabilitation Bulk Expenses: $281,254
7.0 |Liability Limit *If running modet with 'Only Factored Rehabilitation and Associated Interest Expenses', the achieved account balance is set to equal zero such
7.1 |Percent of Total Revenue (Debt Servicing Costs) 25 00% that interest is only calculated on expenses related to rehabiliation
7.2 _|Debt Term (years) 30
8.0 |Economic Evaluation*** **Developer Funded Growth
8.1 |Discount Rate (p.a) 0.00% ***See 1.0 Summary fine 73
8.2 |Net Present Value of Total Projected Expenses in Year 2011 $208,531,610 |RETURN TO INDEX




d . AR R T . . CASE 2 - 25% Increase Rehabilitation Costs, 30% Increase Service
City of Merritt MERRITT Water Utility Financial Model i ’ ! OPUS DAYTONKNIGHT
3 D ety End of ﬁate Total Expenses (Millions) Distribution/Collection Expenses (Millions) Bulk Expenses (Millions)
0.0 |Equitable Rates ~ Graph | Base Year Change Period After External Funding After External Funding After External Funding
0.1 |Frontage Utility Service Rate ($/m/ Year) $5.39 $8.18 jhice: U 313 513 S
0.2 JUsage Rate ($/ m® of Revenue Water) $0.55 $0.17 .ze:a:::a:m: $10 —1 $10 $10
= Hehal ation
0.3 |lllustrative Average Cost ($/ Parcel / Year) b4 56 h314 S — $5 $5 | $5 o
1.0 |Modelina Period Base Year End Year o Fors] Operating $0 J%*Lﬂ“% == $0 |—==aat cbfoteate “% $0 e Ll M
! odeling Perio 2010 5110 e
: . Principie Payments  -$5 -$5 -$5
2.0 JAccounting Goal Achieved* EUINA-SDOE ©W TN eINeRYgINC QYN BOEINODBTNO
2.1 |Distribution/Collection Account Balance $0 $0 i SREERSRRRIER SER HERE S Sl SR888 g S8 S8 S85R
2.2 |Bulk Account Balance $0 $0 Utility Account (Millions) Distribution/Collection Account (Millions) Bulk Account (Millions)
3.0 |Revenue Adjustment Rate Start | End | ——rouiespenses ¥1° :15 | ::g ]
3.1 JManual Revenue Adjustment Period (p.a., After, Until) 0.0% 2011 2011 10 i ‘
3.2 |Automatic Revenue Adjustment Period (After, Unti) 20307 | 2031 [Eemnssetine :g i :g :(5)
4.0 |[Common Variables Base Until Then e Uty Account _q. $5 $5 m
4.1 |Interest Rate on Reserves (p.a.) 1.5% 2020 | 20% | __ > g A 10 $10 ]
4.2 |interest Rate on Debt (p.a.) 4.5% 2020 | 5.0% Borowing  -$15 $15 $15 !
4.3 [Change to Linear Asset Rehabifafion Unf CosTs 55.00% Gt U grysgergeEszne | SIgN3ITRANAEERSI  gogn3Tepuaegshs
4.4 |Change to Point Asset Rehabilitation Unit Costs 0.00% R S o SR B o 2 e i LV S
4.5 |Change to Service Life 30.00% Total 100 Year Projected Expenses (Millions) Base Year Total Construction Cost (Value) (Millions)
4.6 _|Change to Administration Expenses (p.a.) 0.00% 2030 | 0.00% ggg e A e 1 i i TS, B S s T P e e Linear L
4.7 |Change to Operation Expenses (p.a.) 0.00% 2030 | 0.00% $40 | e 5 hydrenti2 Other
4.8 [Change to Maintenance Expenses (p.a.) 0.00% 2030 | 1.00% Zo0ule N R S SRR Q‘ \ Reserv
asiaade . urb oir
4.9 |External Backlog Rehabilitation Funding 0.00% $10 IT TR B B Stop b Disinfe_’
4.10 [External Rehabilitation Funding 0.00% o N 6 T Vo e EEITEEET o
5.0 |Population and Infrastructure Variables _ Graph Base Until Then e UYL SOt N Ngpe ) Water ‘
5.1 |Population Growth (p.a.) 0.12% 2030 | 0.00% | 00 o oo o o o o (e Main pumgh >
5.2 |Parcel Growth (p.a.) 0.12% 2030 | 0.00% e st & % Distribution/Collection Assets ¢ Bulk Assets
5.3 JGrowth** in Value of Distribution/Collection Assets (p.a.) 0.06% 2020 0.00% 132.5 million 26 million 12.1 million
5.4 |Growth** in Value of Bulk Assets (p.a.) L 0.12% 2030 0.00% Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scehario 5 Review Scenario's ' )
6.0 _|Water Usage/Discharge/Treatment Variables __Graph Base Until Then ool R VT CLIGK TO RUN MODEL
6.1 |Average Annual Water Purchase/Treatment Rate ($/m°®) $0.00 Select mode for running model on Dashboard:  [Manual NCRale AN
6.2 JPurchase/Treatment Cost Increase (p.a.) 0.00% 2030 0.00% Run model with: |ail variables v
6.3 ]Change to per Capita Gross Water Usage/Treatment (p.a.) 0.00% 2030 0.00%
6.4 INon-rev % of Gross Water Usage/T reatment 25% Avg. Annual Factored Distribution/Collection Rehabllitation Expenses: $591,031
6.5 |Change to Non-rev % of Gross Water Usage/Treatment (p.a.) 0.00% 2020 | 0.00% Avg. Annual Factored Rehabilitation Bulk Expenses: $281,254
7.0 [Liability Limit *If running model with 'Only Factored Rehabilitation and Associated Interest Expenses', the achieved account balance is set to equal zero such
7.1 |Percent of Total Revenue (Debt Servicing Costs) 25 00% Jthat interest is only calculated on expenses related to rehabiliation
7.2 |Debt Term (years) 30
8.0 |Economic Evaluation*** **Developer Funded Growth
8.1 |Discount Rate (p.a) 0.00% ***See 1.0 Summary line 73
8.2 |Net Present Value of Total Projected Expenses in Year 2011 $132,468,274 |RETURN TO INDEX




City of Merritt ﬁmﬁﬁ] mz: Water Utility Financial Model CASE 3 - 25% Increase Rehabilitation Costs - 1%p.a. Growth to 2030 OPUS DAYTONKNIGHT
s LA _End of ﬁate Total Expenses (Millions) Distribution/Collection Expenses (M_Illlons) Bulk Expenses (-M_Illlons)
0.0 |Equitable Rates - Graph Base Year Change Period After External Funding After External Funding After External Funding
0.1 |Frontage Utili i i o $15 ik $15
. ge Utility Service Rate ($/m/ Year) $5.39 $14.53
0.2 |Usage Rate ($/ m? of Revenue Water) $0.55 $0.19 kg gt $10 $10 = $10
. ; » = Rehabilitation B

0.3 |lllustrative Average Cost ($/ Parcel / Year) . 4 Y. - (; 2 P s $5 —= e $5 I..L

. : |__Base Year nd Year Do $0 —Lﬁ%‘ = i MLVA S U TR Y} S O U
1.0 |Modeling Period 2010 5710 Eﬁﬂﬁ% ng%‘@ £ i
2.0 |Accountin Goal Achieved* SR HEEENERE Ne LINSBVOITANO DO TNO
57 [Distrbution/Collection Aoeount Balance 50 $0 B S2888288R00E8E SEEEBIEEEEEACS
2.2 |Bulk Account Balance $0 $0 Utility Account (Millions) Distribution/Collection Account (Millions) Bulk Account (Millions)
3.0 |Revenue Adjustment Rate Start End e Total Expenses 920 8 $20
3.1 |Manual Revenue Adjustment Period (p.a., After, Unti) 0.0% 2013 2013 $15 :fg $15
3.2 _|Automatic Revenue Adjustment Period (After, Until) 2030 | 2031 | T TotlRevene $;g ] $10 | $10
4.0 |Common Variables Base Until | Then | ——utiyacom ¢ $5 - :g |
4.1 Jinterest Rate on Reserves (p.a.) 1.5% 2020 | 2.0% R S 12 #5
:g g;erest Ra:e on D:bt (p.;) — — 4.5% 2020 5.0% 2‘;;,':;,",;‘9 -$10 wvwowmvwomw*wi -$10 = = -$10 B

. ange to Linear Asset Rehabilitation Unit Costs 25.00% S=a DARRLIS2 0 SPRADITBRIBRES

4.4 Change to Point Asset Rehabilitation Unit Costs 0.00% RRRRRRRRRRRERS & S SEEEEE g §SERRRSS
4.5 |Change to Service Life 0.00% Total 100 Year Prolected Expenses ( |Il|ons) Base Year Total Construction Cost (Value) (Millions)
4.6 JChange to Administration Expenses (p.a.) 0.00% 2030 0.00% ik WTter Unear WE"
4,7 JChange to Operation Expenses (p.a.) 0.00% 2030 | 0.00% Hydrant'*25 Other
4.8 IChange to Maintenance Expenses (p.a.) 0.00% 2030 | 1.00% ity ‘ _\ b
4.9 |External Backlog Rehabilitation Funding 0.00% Stop Disinfe
4.10 |External Rehabilitation Funding 0.00% ] e
5.0 |Population and Infrastructure Variables Graph Base Until Then o ‘\e v\es ‘.soo Qoo %“Qe @4 Water ﬁb
5.1 |Population Growth (0.a) 1.00% 2030 | 0.00% | % ‘@ e .»*““ e o e Main Pumph
5.2 JParcel Growth (p.a.) 1.00% 2030 0.00% | «° %é‘" & Distribution/Collection Assets °%¢ Bulk Assets
5.8 |Growth** in Value of Distribution/Collection Assets (p.a.) 0.50% 2020 0.00% ? 203.9 mllllon 26 million 12.1 million
5.4 |Growth** in Value of Bulk Assets (p.a.) 1.00% 2030 0.00% Scenario 1 Scenario'2 Scenario 3 Scenario 4 Scenario 5 Review Scenario's
6.0 |Water Usage/Discharge/Treatment Variables Graph Base Until_| Then : CLICK TO RUN MODEI.
6.1 _|Average Annual Water Purchase/Treatment Rate ($/m?) $0.00 Select mode for running model on Dashboard: |Manua+ L [ v
6.2 |Purchase/Treatment Cost Increase (p.a.) 0.00% 2030 | 0.00% Run model with: [alvariables i AL v
6.3 |Change to per Capita Gross Water Usage/Treatment (p.a.) 0.00% 2030 0.00%
6.4 [Non-rev % of Gross Water Usage/T reatment 259, Avg. Annual Factored Distribution/Collection Rehabilitation Expenses: $591,031
6.5 _|Change to Non-rev % of Gross Water Usage/Treatment (p.a.) 0.00% 2020 | 0.00% Avg. Annual Factored Rehabilitation Bulk Expenses: $281,254
7.0 |Liability Limit “If running model with 'Only Factored Rehabilitation and Associated Interest Expenses', the achieved account balance is set to equal zero such
7.1 _|Percent of Total Revenue (Debt Servicing Costs) 25.00% Jthat interest is only calculated on expenses related to rehabiliation
7.2 |Debt Term (years) 30
8.0 |Economic Evaluation*** **Developer Funded Growth
8.1 |Discount Rate (p.a) 0.00% ***See 1.0 Summary line 73
8.2 |Net Present Value of Total Projected Expenses in Year 2011 $203,927,929 |RETURN TO INDEX




9.7

9.7.1

Change to per Capita Gross Water Usage/Treatment - Thisresult is an artifact of the
reduction in the revenue stream in the early modeling years and the result of increased
interest charges. The change would not have a significant impact on the rea system
cost as the revenue envel ope would be managed to avoid significant interest charges.
Interest Rate on Debt — This indicates that the amount of debt needs to be managed
since interest rates are largely out of the control of the City.

Change to Operation Expenses — This signifies that all Operating Expenses
(Administration, Operation and Maintenance) need to be managed.

Change to Point Asset Rehabilitation Costs — Illustrates the importance of
rehabilitation costs and the need for active asset management.

Manua Revenue Adjustment — Manual revenue adjustment increasing the revenue in
early years can result in areduced level of debt, the resulting lower interest charges
and lower long term total cost. Increasing revenue in early years results in lower

interest charges and total cost.

Population growth, which is not included in the tornado plots, because it is not a stand-
alone variable, is aso significant as having alarger population, when rehabilitation is
required, spreads the cost and allows more revenue generation.

Review of Cases and Discussion

Review of Cases

A review of Case 1, Case 2 and Case 3 resultsin the following:

1. The Service Life of assets, especialy linear assets, is the key uncertainty impacting

the financial sustainability of the utility. Compare the Total 100 Y ear Projected

Expenses.
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9.7.2

2. Current revenue is adequate should the 30% Change to Service Life be redlistic, but
may be inadequate without that change. Note that current revenue from sale of water
isin balance with the need to fund long term debt associated with the bulk system
upgrades completed recently. However, over time the need for rehabilitation will
drive capital expenditure and the rate structure will become out of balance with the
revenue needs from an equitable user pay perspective.

3. Case1resultsinthe utility exceeding its calculated Maximum Borrowing Capacity
and resultsin high interest costs.

4. Case 3 - 1%p.a. growth till 2030 renders the utility financially stable but the
calculated Maximum Borrowing Capacity may be exceeded.

5. The Service Rates currently reflect the cost of service. However, over the modeling
period, revenue from sale of water will exceed the cost of production while the
revenue from service delivery will not meet the cost of operating and rehabilitating

the distribution system.

Discussion

The required funding envelope is influenced by a number of variables, some of which are
difficult to quantify. Setting the appropriate level is therefore a process of progressive
evaluation and adjustment. By maintaining the model, which will be made available to

the City, this process can be smplified.

The key variable viz. the service life of the assets needs to be monitored with aview to
confirming the assumptions made and to allow the revenue envelope to be adjusted. This
can be undertaken by reviewing the corrosion conditions both inside and outsi de the pipes
together with sampling of the pipes to determine rates of corrosion. The service life of
pipesislikely to vary depending on the above factors as well as the quality of installation
and the level of criticality of each element. Since failure of critical elements of the

infrastructure may be most undesirable, the service life of these is effectively shortened.
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9.8

Non-critical infrastructure can be allowed to deteriorate until the cost of maintenance and
the deterioration in level of service drives rehabilitation. This can significantly extend the
effective service life. This determination is a component of an Asset Management
program. Since asset management is a process of incremental improvement, the City

would benefit from having ongoing access to high level asset management expertise.

The current revenue envel ope, assumed to be in place until 2031, appears adequate but
should be reviewed as better information becomes available. This envelope should be
adjusted for inflation as the model reportsin Base Y ear (2010) dollars. Adjustment is

desirable to keep the utility within borrowing limits and to manage interest costs.

While the revenue envel ope may be adequate to fund future needs, the rates which are
currently equitable will become progressively more inequitable as the funding need
moves towards rehabilitation.

While growth of the City would ease the funding of rehabilitation, the prospects of
growth at the rate assumed (1% p.a.) over an extended period would need to be
underpinned by significant economic drivers. An ageing population would counter this
potential growth.

The City is moving towards metered billing for ICl consumers. This change together with
the rate structure currently in place leaves revenue generation exposed to possible usage
reduction by high ICI consumers. A review of the rate structure guided by the cost of

service could improve the sustainability of the revenue stream.

Recommendations

1. The City should maintain the current revenue envelope with adjustment for inflation

in the short term until re-evaluation is undertaken.
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2. A program for continuous evaluation of the service life, especially of linear assets
should beinitiated

3. Based on the information gained from the above activities a review of the rate

structure is recommended.

4. The City should intensify its asset management process with high level input as
required.

5. Critical infrastructure should be identified and actively managed.

OPUS DAYTONKNIGHT
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W.RB. 13—0

srtm oo Water Rights Branch |  mommeer

CONDITIONAL WATER LICENCE

The Corporation of the Village of Merritt, B, C.,
of Merritt,

is/are hereby anthorized o divert and use water as follows:—
(a) The source (8) of the water-supply is/are Coldwater River,
(B) The point {8) of diveraion is/are Jocated as shown on the attached plan.
(c) The date from which this Koence shall have precedence is  9th July, 1958,

(d) The purpose for which the water is to be used is waterworks,

{¢) The maximum gnaatity of water which may be  diverted is 1,000,000 galions a day,

and such 2dditional quantity
as the Engineer may from time to time determine should be allowed for losses.

(f) The period of the year during which the water may be used is the whole year,

{(2) Tke land upon which the water is to be used and to which this licence is appurtenant js
the lands within the bowndaries of the Corporation of the Village of Merritt,

(k) The works authorized to be constructed ae pums wells and pipe,

and they shall be located approximately as shown on the attached plan,

(i) The construction of the said works SRREHE Sihmenced ancacteonon mpc
ak ABK , and shall be completed and the water heneficially
used on or before the 31st day of Decerber , 1963

ENTERED ON ‘ -
Man Mo GQ:E‘LZ.&. ! . P

File No. 0225282 Dateissued  1st December, 1950, Licence No.0 D 31 1
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W.RB. 13—0

mmam oo | W ater Rights Branch | LS

CONDITIONAL WATER LICENCE

The Corporation of the Village of Merritt, of Merritt s Be Co
is/are hereby anthorized to  divert and use water as follows:—
(4) The source (8) of the water-supply is/are Coldwater River,
{b) The point (s} of diversion is/are located as shown on the attached plan.
{¢) The date from which this licence shall have precedence is  218% February, 193 l.'

(d) 'The purpose for which the water is tobeusedis waberworks.

{e) Tke maximnm qoantity of water which may be diverted is 15,000 gallons a day,

= and such additional quantity
as the Bngineer may from time to time determine should be allowed for losses.

(f) The period of the year during which the water may be used is lst April fo 30th September.

(g) The land npon which the water is to be used and to which this licence is appurtenant is

the lands within the boundaries of the Corporation of the Village of
Merritt, 77 T '

{#) The works authogized to be constructed are  pumps, wells and pipe

and they shall be located appmximaﬁ;lg ageshom on the attached plan.
en
(i) The construction of the said works=kudkie commenced FEBKEBER

IR o
af » 8¢, and shall be completed and the water beneficially
used on or before the 31st day of December , 19 63 .

(i) This dicence does not aunthorize the construction or maintenance of any works
upon or the use or occupation of any lands being part of the Railway Right-ofe
Way belongzing to the XKettle Valley Railway Cowpany, uniess and until such
congtruction or maintenance is spproved, or such use or occupation authorized hy
the Board of Bailway Commissioners of Canada,

o (k) This licence is iesusd in substitubion of Final Water Iicende [04) 9495, under
S o change of purpose, changs of appurtenancy and change of wqug.‘

£
Erei Crily Y / !
Map Mo ,,G.QE_E-,

| File No, 0237469 Date isseed 481 August, 1961, Licence No. 26589
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WAYER RESOURCES $ERVICE DEPARTMENT OF LAMDS, FORESTS,
WATER RIGHTS BRANCH AND WATER RESCURCES
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THE PROVINCE OF BRITISH COLUMBIA—WATER ACT

_CONDITIONAL WATER LICENCE

Town of Merritt of Box 189, Merritt, B.C.

is/are hereby authorized to divert and use water as follows:—

"'(a) The source(s) of the watersupply is/are Coldwater River.

(b) The point(s) of diversion is/are located as shown on the attached plan.

(¢) The date from which this licence shall have precedesce s 2nd March 1939.

(d) The purpose for which the water is fo be used is waterworks.

(£} The maximum quantity of water which may be diverted is 463,100 gallons a day,

and such additional quantity
as the Bngineer may from time to time determine should be allowed for losses.

(3 The period of the year during which the water may be used is Ist April to 30th

Septenber,

" (#) The land upon which the water is to be used and to which this licence is appurtenant is

the lands within the boundaries of the Town of Merritt,

(k) The works aunthorized to be constructed are pumps, sumps, pipe and dighribution
syston,

and they shall be located approximately as shown on the attached plan.
(i) The construction of the said works has been commenced » and shall be completed

and the water beneficially used on or before the 318t day of
December, 1970,

(J} This licence is issued in subgtitution of Fina) Water Licence

Fe. 10615, under Sections 15 and 16 of the Water Act.

Z o

H. b,
Comprroller of Water Rights.

File No. 012_7528 Date issued: 16 March 1966 Conditional Licence No. 30750

IM.365-3219
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WATER RESCURCES SERVICE DEPARTMENT OF LANDS, FORESTS,
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THE PROVINCE OF BRITISH COLUMBIA—WATER ACT
__CONDITIONAL WATER LICENCE

Town of Merritt of Box 189, Merritt, B.C.

is/are hereby authorized to  divert and use water as follows:—

{a} The source(s) of the water-supply is/are Coldwater River,

(.b) .'_l'he point(s) of ~ diversion is/are located as shown on the attached plan,
{¢) The date from which this licence shall have precedence is 16€h Jane, 1965.

_ __(q‘)__ The purpose for which the water is to be used is waterworks.

(e) The maximum quantity of water which may be diverted is 463,100 gallons a day,

and such additional quantity
ce——eeew o . ... _.as the Engineer may from tin_m to time determine should be affowed for Tosses.

() The period of the year during which the water mey be used is lst Octeber to 3lst
March .

(2} The land upon which the water is to be used and to which this licence is appurtenant is
~ the lands within the boundaries of the Town of Merritt.

(k) The wtorks authorized to be constructed are ;pll.mpai sumps 5 pipe and distribution
sy8 L .

and they shall be located approximately as shown op the attached Plan.

T 77 (D) The construction of the said works has been commenced and shall be completed

and the water beneficially used om or before the 21st day of
December, 1970.

T {_m Fh;tr"_‘ 'JPF- ; Pk
T D e 2052 M;:é /
F

: 20 ol
1o K M. €8 Comptroller of Water Rights.

SM-365.3219
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ARALYTICAL SERVE

CERTIFICATE OF ANALYSIS

CLIENT Interior Health Authority - Kamloops
519 Columbia Street
Kamlogps BC TEL 1-250-851-7340
V2C 2T8 FAX 1-250-851-7341
ATTENTION Ted Mahler
RECEIVED f TEMP Cet-02-09 09:35 / 10.0 °C WORK ORDER # K9Joos0
REPORTED Oct-1509 PROJECT FILE Ted Mahler - Should I Test my BW Pkg
' PROJECT NAME Merrit Community Water System

General Comments:

CARQ Analytical Services employs methods which are based on those found in “Standard Methods for the Bmmination of Water
and Woastewater”, 21st Edition, 2005, published by the American Public Health Association (APHAY, U5 EPA protocols found in "Test
Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW845%, 3rd  Edition; and protecols published by the  British
Columbia Ministry of Environment (BCMOE).

Methods not described in  these publications are conducted according to  procedures accepted by appropriate regulstory agendles,
andfor are done in accordance with recognized professiopnal standards using accepted testing methodologles and  quallty  contral
efforts except where otherwise agreed to by the client.

The results in this report apply to the samples analyzed in accordance with the chain of custody document.  This anabtical report
must be reproduced In s enfirty. CARD i5 not responsible for any loss or darmage resulting directly or indirectly from eror or
omission In the conduct of testing. Liability is limited to the cost of analysis. Samples will be disposed of 30 days after the test
report has been issued unless otherwise agreed to In writing.

» All solids results are reporbed on a dry weight basis unless ctherwise noted

o Lnits: mua/kg = milligrams per kilogeam, equivalent to parts per million (ppm)
mg/L = rilligrams per litre, equivalent to parts per milkon (ppm)
ugfL = micrograms per litre, equivalent to parts per billion {ppb}
ugfy = micrograms per gram, equivalent to parts per miliian {ppm}
ug/m3 = micrograms per cubic meter of air

+ "RDL" Reported detection limit

a et Less than reported detection fimit

« "AQ" Agsthetic objective

« "MAC" Maximum acceptable concentyation (health-refated guideline)

+ "LAB" RMD = CARO - Richmond location, KEL = CARQ - Kelowna location, SUB = Subcontracted

Please contact CARO if more information is naaded.

CARO Analytical Services

Final Review Per: Jennifer Shanko, AScT
Coordinator, OperationsfAdmin

CARD Analytical Services (Kelowna)
102 - 3677 Highway 97N Kefowna, BC Canada V1X 5C3
Tek: (250) 765-9646 Fax: (250) 765-3893 Web: www.caro.ca Page 1 of 3




ANALYTICAL SERVICES

CEIENT Interior Health Authority - Kamloops WORK ORDER # KDJ0O50
PROJECT FILE Ted Mahler - Should T Test my DW Pkg REPORTED Oct-15-09

Canadian DW
Guidelines
(May 08)

Analyte Result RDL Units Analyzed Method Lab Notes

General Parameters

Merritt Community Water Svstem (KQJOUSD-OI} Matnx' Wal:er Sampled Oct-01-09 13: 20

Transmissivity @ 254nm . "95.1 S R © ' 'oot-07-08 APHASGI0B . ¢ “KEL
Alkalinity, Total as CaC03 _ _122 _ o 10 mglL  Oct02-09 APHA230B  KEL
Chioride R I ¥ A- T MO <250 T T 040 mgii . -0ck0209 APHA #1108 T KEL
Colour, True o ) .. =5 AD s 15 -5 ColorUnk  Oct-02-09 APHA 21208 O kEL
Conductivity (BC) C IR 1131 ' T s ugiem - od2-09 APHAZSI08 - KEL
Cyanide (total) o <001  MAC=D2 001 mgft  Och07-09 APHA4S00-CN  KEL
Fuoride ~ % -t T T i teg g MAC=15000 0 T 000 mgit - Oct02:08 APHAGLLOB T KEL
Hardness, Total (rotalasCaCOB} . 153 R 254 mgit  Oct-09-03 APHA23408  RMD
Nirogen, Nitrabe as N~ 7 Wi Ter3 0 U MAC=10 YT UUDOL mgh e 0et0208 APHA4I10E N UKEL

pH .., 738 AD=65-85 00 pHUnis  Oct02:09 APHAASIOHY  KEL
Solids, Total Dissolved =~ - ~:inhn - ip2g SR < 5000 SEETUE mgl e 0o5-09 APHAZSAOC T KEL
Sulfete o -7 {3 AOs500 B0 mgh _ O:02-09 APHA41I0B  KEL
Turbidiey " 0T 0,3 Vardes, See Guidelines 0.0 NTU S 00k02.00 APHA2130B 0 U KEL

Total Recoverable Metals by ICPMS

Merritl:CommumtyWater System (KQJOOSD-OI) MatrIX' Water Sampled: Oct-O:l.—lJB 13 20
o “ROS01 mglL . EPA 60204

MAC = 0.006 - mgiL EPA 6020A
MAC=0.01 0.0005 mgt  O-08-09 EPAGO20A R

COMACELT T L 00005 mgll | T TOCH0B09 EPAGUZOA < UC R

Beryllium 00001 mgl  Oa08-09 EPAGOZOA  RMC

Bismuth L . ST he001 mgh U L 00809 EPABO20A L

Boron 0013 MAC=5 0002 mgiL Oct-08-09 EPA 60204 ~ RMD

Cadmium ~ = ool T ap00008 T MAC=0005 7000001 mgll ¢ -Oc-08-08 EPAGOZ0A . i URMD

Caliuem 40,8 o S 10 mgl  Oct08-09 EPA 60204 RMD

Chromlum =" TR L ,0008 © MAC=005 0 00005 mg/l ol Och0B-09 EPAGO20A T CURMD

Cobalt ., <0QOODS 000005 mgh ~  Oc0809 EPAGO20A  RMD

Copper "~ ol iU l150.0340 0 AOST T UUU00001 mgil U Oc08-09 EPAGO20A T URMD

Tron _ o 0.04 AD<03 001 mgL | OCB02 EPA 6020 ~ RMD

Lead o T o021 0 MACED0.01 T 00000 mgll Y 00809 EPAGO20A T T URMD

Lithlum ... ... . . b0o04 .. ... . 00001 wgA Q0809 EPAGD20A  RMD

Magnesium =~ - CoU oo g T T L) gl e U0C-08-09 EPASD20A T iRMD

Manganese _ _ 000D4 A0 <005 0.0002 mg/L . Oct08-09 EPAGD20A  AMD

Mercury T U Ta0,00005 ©  UMAC = 0001 0 0.00005 mgll -t DC-08-08 EPAGD2A oS- S RMD

Molyodenum o ..., 0005 .. ... .. bboo1 wgL  Oct-0B-09 EPAGD20A  RMD

Nickel e T e 009 LU p0002 mg - OGH0800 EPAGD20A T - RMD

Phosphorus . _ <0.02 _ 002 mgn | OCtOB-09 EPAED20A RMD

Potassium - RIn ot a7 T ot mgil | Oo-08-09 EPAE020A - RMD

Selenium . o <00003  MAC=001 00003 mgl  Oc0B-09 EPASD0A  RMD

Silicon S 1 B [ S ¥ mal. U Oct-0B-09 EPAGD20A . c-i - RMD

Siiver S _<o,uouu§ _ _ 000005 mgA.  Oct08-09 EPAGOX0A  RMD

Sodlum 7 T i el gy T T RO €200 T 00t mgll U Oct0B-09 EPAS0208 - iNiilaRMD

Strontium 0312 0.0005 mg/t  Oct08-09 EPAGD20A _ RMD

Tellwium SO k0002 T T T 00002 mgh e OGH0B-09 EPAGD20A T URMD T

Thalllum <0.00002 0.00002 mg/t DCh-08-00  EPA 60204 RMD

Alummum
Antlmuny L P
Arsenlc
Barium

CARO Analytical Services (Kelowna) Page 2 of 3



ANALYTHOAL SERVICES

CLIENT Interior Health Authority - Kamloops WORK ORDER # K810050
PROJECT FILE Ted Mahiler - Shouid E Test my DW Phky REPORTED Cck-15-09
Canadian DW )
Analyte Result Guidelines RDL Units Analyzed Method Lab Notes
{May 08}
Total Recoverable Metals by ICPMS, Continued
Merritt Commumty Water System (K9J0050 01) Matrlx- Watar Samplad Oct 01-09 13: 20 Contmued
Thotium “ 40,0001 ST U 0,0000 madl T 000800 EPA 6020A * RMD
Tin o o _<°-.U.°°2 A . .0.-0002 mo/L . Oct-08-09 EPA 60204 _ RMD
Tianium ST e Ne0ipos T T TR LU Do0S mgt T Och08-09 EPA 60204 "~ RMD
Uranlum N _ . 000062  MAC=002 000002 mgi . Oct-08-D9 EPAG020A ~ RMD
vanadum - T Tarahpes T TR oot mgi 2 Oct-08-D9 EPA 60204 “.RMD
Zing o _ 0035  AC<5 0001 mgll _ OC-08-09. EPA 60204 _RMD
Zicconium ' <0001 R T T 00001 mgit C-Oc08-09 EPA 60204 RMD
CARQ Analytical Services {Kelowna) Page 3 of 3




APALYTICAL SERVICES

CLIENT Interior Health Authority - Kamloops
519 Columbia Street
¥amlaops BC TEL 1-250-851-7340
Vac 218 FAX 1-250-851-7341
ATTENTION Ted Mahler
RECEIVED /[ TEMP QOct-05-09 0935 / 10.0 °C WORK ORDER # K910063
REPORTED Oct-15-09 PROJECT FILE Analysis For Ted Mahler
COC #(%) See WO# K2J0050 PROJECT NAME THMs for Merritt Communtty Water System

Genaral Comments:

CARD  Analytical Services employs methods which are based on those found in “Standard Methods for the Fxamination of Water
and Wastewater”, 21st Edition, 2005, published by the American Public Health Assaciation (APHA); US EPA protocols found in “Test
Methods for Evaluating Solid Waste, Physical/Chemical Methods, SWB46%, 3rd Edition; and protocols published by the  Btish
Columbta Ministry of Environment (BCMOE).

Methods not described in these publications are conducted according to  procedures accepted by appropriate  regulatory  agencies,
andfor are done In accordance with recognized professional standards using accepted testing methodologies and quality control
efforts except where otherwise agreed to by the client.

The results in this report apply to the samples analyzed in accordance with the chain of custody document.  This analytical report
must be reproduced In Hs entinty. CARG is not responsible for any loss or damage resulting directty or indirectly from error or
omission in the conduct of testing. Liability is limited to the cost of analysis, Samples will be disposed of 30 days after the test
repest has been issued unless otherwise agread to In writing.

« Afl solids results are reported on a dry weight basis unless otherwise nated

* Units: mgfkg = milligrams per kllogram, equivalent to parts per million {ppm}
mg/L = milligrams per litre, equivalent to parts per mitlion {ppm)
wfL = micragrams per fitre, equivalent to parts per billion {ppl)
\|g/g = micrograms per gramt, equivalent to parts per million (ppm)
Ug/m3 = micrograms per cubic meter of air

« "RDL" Reported detection limit

. T l.ess than reported detection limit

« "ADM Aesthetic objective

« "MAC" Maximum acceptable concentration (health-related guldeline}

« "LAB" RMD = CARO - Richmond location, KEL = CARC - Kefowna location, SUB = Subcontracted

Please contact CARO if more information is needed.

CARD Analytical Services

N

Final Review Pes: Jennifer Shanko, AScT
Coordinator, Operations/Admin

CARC Analytical Services {Kelowna)
102 - 3677 Highway 97N Kelowna, BC Canada V1X 503
Tel: {250) 7659646 Fax: {250) 765-3893 Web: www.carn.ca Page 1 of 2
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ANALYTiCA! SERVICES

CLIENT Interior Health Authority - Kamlnaps WORK ORDER ¥ K3J0063
PROJECT FILE Analysls For Ted Mahler REFORTED QOct-15-0%
Canadian DW )
Analyte Result Guidelines RDL Units Analyzed Method Lab Notes
{May 08)

Volatile Organic Compounds by PT-GCMS

Merttt Community WaterSystem (K9]0063 O:I.) Hatnx. Waber Sampled Oct-01-09 13 20

Bromaodichloromethane - - . 0,002 T MAGC = 0.016 .70.001 mafl - 0ckD609 EPA S030B/B260B - RMD
Bromoform L oL . @002 000 mgfl .. Dct-06-02 EPAS030B/8260B  RMD
Chlorofgrm R X £+ AN S 000 mgfL ©.Oc-D6-09 EPA S030B/82608 ~° RMD
Dibromachloromethane ) . @.noz _ .. D.ool mgfl . Oct-06-09 EPASCI0B/82608  RMD o
Trihalomethanes {total) -~ o007 MAC=01 - 0.004 mail " Oct-06-09 FPA S030B/82608 ~RMD
Surrogate: Totvere-d? 102 % 83-173 Cet-6-09

Surrogate; 14-Dichiorobenzene-a4 87 % 80-120 Ocr-t6-09
CARO Analytical Services {Kelowna) Page 2 of 2



Gze& ] ,:—1['[” .

CITY OF MERRITT

BRITISH SEP.~ 1 20
COLUMBIA : o : o
viD.. _  REGEIVED
The Best Place on Earth | » o Te:
L - - JE Qe
1B File Na,

- File Number: 38050-40/Metritt-74
o "~ - August 31,2009

City of Merritt

Public Works Manager

Attention: Shawn Boven

P.O.Box 189
Meritt BCVIK1B8 -

‘.Re':' Ci _61’ Merritt Wells -»Ehémj al Aualvysis of Drinking Water -

Dear Shawn Boven:

The Ministry of Environment collected ground water samples fromi four City. of Merritt :
municipal wells and a provincial observation well on August 10, 2009, The chemical analyses .
reports for thé ground water samples are included as attachments. A summary discussion for
_each water sample is provided below. R ‘ ' '

Fairley Park Well

. “These results indicate that the groundwater sample met the CDWG for parameters tested with the
exception of the total hardness (as calcium carbonate). The groundwater sample had an elevated
nitrate-nitrogen level. The 187 mg/L hardness value (as caloium carbonate) indicates that the
groundwater is hard. . : L - :

Colletteville Well
These results indicate that the groundwater sample met the CDWG for pérame‘tcrs tested with the

axception of the total hardness (as caloium carbonate). The 204 m/L hardness value (as calcium
. carbonate) indicates that the groundwater i hard, : :

Ministry of Environment " Watet Stewardship Division * Mailing/Location Address: ' ‘Telephope: {25} 371-8200
: : - Thompsen Region 1255 Dalhousie Drive Facsimile: {250) B28-4000
. Kamlacps British Columbia VICEZE  + Wehsite! worw povheon/eny
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Maxxam Job #: AB42192
. Report Date: 2008/08/27

Driven vy servies and Science

’ wWwav. AR LA m AnALyTies. oot
" MINISTRY OF ENVl_RONMENT ’
Client Project #: AGME -
Sits Refersnce: E250650 CITY OF MERR!TT FAIRLY PARK WELL
Sampief Initials: LL : ’

RESULTS CF CHEMICAL ANALYSES OF WATER"

F@m ) . Q15008
ampling Date . 2009/08{10 .
: - 1038
=0C Number 50466818 .
— “Dnits ~REGH] RDL_|oC Batgh |-
— i Jé-
Flaic Parametars . .
Sample End Data NJA 20090810 0 .|2338550
Sampla End Time - NfA 10:38 o (3338950 .
{sample Start Date NiA .| 20080810 D |3338950
Sample Stert Tima | wa b o380 |0 " {3338950°
" framperatire at Arival | C. ©5 1 lasasedr’
Misg. lnorganics O . .
Bromide (Br) mg/L 04 . | b4 |3s40554 o
Flucride (F} ) mall D.0B 0.01 |anavsos | 1.5 < EJ’?’}
Field-Vancouver : ’ ' T :
Fold Conduativity S/om 370 0.1 | GNSITE E;g-l PP £,
Fieldp ~ OH Units |~ B4 04 |oNsmE | s o ke :
Fod Tomperature °c 1 Tos lonsme | - =T e
Fiald Tusbicity NTU | <04 04 |ONSITE ﬁ*wﬁ'ﬁ‘e’“ AN
ICalculated Parameters : :
puitrate (N) ' mgi. 1.14 n.002 3338248 )
|Demard Paramstars
Chermical Crygen Bemand mugfl - =10 10 3345778
- |Miisc. lnorganii:s . ’
[Micalinlty (Total a3 CaCO3) | mgh. | - 140 - 0.5 13345804 |
Alkglinity (PP a8 CaC03) mglL 05 | D5 [3345804
Ricarbonate (HCO3) mgil w70 .. {05 [3345804
|cartenats (COB) T g | . <05 |05 8345894
Aninns o ) , ) .
 Ipipsolved Sulphate (S04} mhk 32 0.5 \zaa0875 1 520 (’?s 0?%
Disssived Chiorids (C1) mgh. | 58 0.6 l|3sdse2a | O Lt. TN o
Mutr ety - T
Total Kjaldahl Nitrogan {Cals) | mafL . <002 D02 | 3337391
Tolal Crganic NRrogan {N) mgfl. ) 02 o0z 3338948
|Dissolved Fhosphosus (P) © | mgiL 0.003 0,002 §3340376
[Amimonla (M) | g, <0.005 0.005 | 3346583 | FE ,
Nitrate plus Nitite (N) 1 gt 114 |oooz (3344392 | J (-z,j_ag)
Nikrito (N} _ mgil. <p.002 0.002 | 3344484
" |RDL = Raportable Detection Limit

Fage 3of 14



' M a )(E‘ rm : . i ) ' ) K ) Diriver By 2ervice ond Scignce
R A S alytlies n ; n

. wwwanaxkamanalyties.com
-MlNiSTRY OF ENV{RONMENT

Maxxarm Job # AB42192 ) Clignt Project #:. AGME
Report Date: 2008/08/27 : Site Reference: E260850 CITY OF MERRITT FAIRLY PARK WELL
. Bampler Initiate: L -

LOW LEVEL TOTAL METALS - WATER (WATER)

[acam b =T Q18008

Barpling Date - 2D09/08/10
: - 10:36 ' :
coC Rumber Units 5({1!1562?11 L 15C Batch ' W w
Galsulaied Parameters . . , ' . AOTE,
Tolal Hardnass {CaC03) |mail 187 05 13340012 | O ED (‘:i'ﬁ'?}
Tatal Matals by ICPMS R o ‘ '
Total Auminuam {Al) ugil, 10 - 0.2 3348491
Total Antimony (So) | uglt 0.0 002 |3a484e | opo G (=e3)
Total Arsenic {As} -~ fugil .00 0.0z 3346401 | #O £ L“-“* }
Totat Barium {Ba) wgih |- Be.7 0.02 3345401
Total Baryllum (Be) e 0,09 3348491
ota) Bomutn B fugll | . <0005 . [0.006[3346431 :
Total Boron (8) ugll <50 - 50 |a3deded |5 =)
Totat Cadmium {Gd) ugll oots . I0.008 [3348401 |2 .C2T (.}‘)
Totet Chromium (Cr) | ug/L <04 0.1 [3346481 | DOV S (&
, © otal Cobalt {So) vl | 0010 0,005 3346401 . )
- [Tolal Coppet (Cu) ugiL 177 . |0.05 |3346484 | /£ g
Tots! won (Fa) ugll « [ 334san1. | &, 352 £
rotal Lead (Pb) -~ g 1.88 “Tn.005 | 3346491 ’
Total Lithium (Li) g’ <0.5 05 |3346491 -
rotal Manganese (Mn) | ug/L o Joos |smeant | c.osn (=)
_ITotal Molybdenum (Mo} |upll 0,33 (.06 |3346491 :
Totat Nicked (Ni) wgit 0.09 0,02 |3346491
Tatal Selerium (Se) ugfL " 0.38 |o.04 (3348691 | @ .0/0 (4) _
roter Slicon (8 . |uglL | 5600, 100 | 3348491 | '
Tolal Silver (Ag) . ugiL. 0,008 0,005 F3346421
Total Strontium (S |uglL 358 0,08 13345491
Total Thellum (V) ~ | uplL 0,002 h.002 | 3346491
ratal Tin (Sn)° “lug | o D04 | 3348491
Tolal Titenium (77} ugil <05 | 0.5 [3346481 ) -
rotal Lranium (L) gt 0.378 ooos |ssaany |- 0. 020 {4
Tatat Vanadium (V) ugft 94 - 0.2 13348401 | . -
Total Zinc (Zn) i} ugfl 1.5 0.1 |3346491 5’ : ' L 7)
_____________________ Total Zirconium (Z1) gl | <04 0.1 [3346481" '
Total Calcium (Ga) mgit. 52,8 0.05 |3346602
T otel Magnesium (Mg} |mg/ | 133 0.05 |3348802
RDL = Repertabie Detection Limil

Page 5 of 11
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Mexxam Job # AD42188
__Report Date: 2009/08/31

Draven by service and Science

X . www.maxxantanalyticscomt
MINISTRY OF ENVIRONMENT -

Client Project #: AGME S . "

Site Reference: E250848 CITY OF MERRITT COLLETTEVILLE WELL

Sampler in'tlals: L. _ .

RESULTS OF CHEMICAL ANALYSES OF WATER

[ 1L . . 018983
Sampling Pate 2009/08110

‘B _ . 09:40
ICOC Number . 50166815

Drits REGH RDL_[2C Batch
Fiold Parameters _
Bempie End Date - 1 NIA 20080810 0 [3338850
lsample End Tima NIA 940 0 |3338950
amgple Start Date R 20090840 ¢ 13338050
Semple Start Time NiA T BAD, ¢ [3338950
. [Temnperalure af Arrival . c 1y § - 4 {3338842
Misc. horga'nics. _ . )
Bromids (B) mgh. |- <04 | D4 13340554 | .
Fluoride (F} gl .06 0.01 |3340808 |
Flald-Vancouver . )
Fisid Conduckvity ' uSfom 150 0.1 | ONSITE
Fisld pH oH Units 6.3 0.4 |ONSITE
Fiald Temperature °c 10 {0t {ONSIE
Flsid Turbidity "NTU 0.2 0.1 jONSITE
Calculated Paramaters ; . _ . i
Nitraite (N) ’ | mgil 0118 . 10.002 |3338848
Nemand Paramaters 1
Chemical Oxygen Demand | mall <10 10 3348778
Misc. inorganics ' ’

‘Akalinity (Total as CaCO3) rng/L. - 150 0.5 - [3345884
Alkalinity (PP as CaCO8)’ g/l <0.5 0.5 |3345894
Bicarbenate (HCOS} g, 180 0.5 |3n4broq
Carbonats {03)- mplL <05 - | D5 [3345804 |
Anions b '
Dissolved Suiphata (504) . | mgil {- 71 0.5 3340875
Dissnlved Chiaride (CI) | mghL 87 . 0.5 |334e824

utrients . .

rotal Kaidani Nitrogen {Celc | ma/l 0.0% 0.02 3337391 -
lotal Organic Nitragen (M) mgll - pgs 0 |0.02 |3338948
Siesolved Phosphorus (P} . | mgil po07 . [e.o02 |3340376
mmoria (N) . mgh <005 0.005 | 3346580
Nitrate plus Nitrita {N) < | mgfl © 018 0.002 3344389
Mitrite (N} . mgil <000z 10002 3344484
i~ = Reppriable Datection Limit
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Maxxam Job #: AD42188
Report Date; 2009/08/31

- MINISTRY OF ENVIRONMENT

_ Client Project # AGME
Sita Referance: 250649 C
Sampler Inifiats: 1L

LOW LEVEL TOTAL METALS - WATER (WATER)

TY OF MERRITT COLLETTEVILLE WELL

" |RDL = Reporiahly Defection Limil

Wacam D L1953
Sampling Daie 2009/08/10
- (39:40°
ICOC Numbst 50186815
. nit REGA | RDL [OC Bafch |
Calculated Parameters
Totel Herdness (CaC03) |mgil 204 D6 |s340012
Total Matals by ICPMS '
Total Alumisurn (A) ugft. 0.5 0.2 |3348484
Total Aatimony {Sb} ugflL 0.04 0.02 (32348421
Teta) Argenic {As) ug/l 0.5 0.02 |3348401 -
Total Barum (Ba) Lol 4.0 0.02, {3346401
Total Boryllium (Be) ugll. <001 0.01 [3348481
Total Bismuth (BI) ugll, <p005  [o.cos |3348491
Total Boron (B) ugfL <50 80 |3345491
Tota) Cademim (Cd) ugfL 0,005 D.0D5 |3345484
Total Chromium (Gr) ¢ Jugil R | 0.1 [3346401
Total Coball {Co) uglL <0).005 D.005 |3346401
Total Copper (Cu) um/L 57 0,05 |33464m7
Total iron (Fa)- ugil. 3 1 13346401
Total Lead (Pb) ugil. 0.001. - [0.005 3345491
Tatal Lithium (L7) ug/l 0.7 0.5 {3348491
Total Manganssa (Mn)  feg/l 2.28 0.05 13346401
Total Molybdenum (Mo) §ugiL .69 0.05 |3346491
. {Total Nickel {Ni) ugl 0.34 002 |3348481
Total Selenium (Se} - | ugll. 0.07 0.04 |2346481
Toil Silican (37} ugfl a0 100 13348494
Total Siver (Ag) ugfl, <0005 0,005 [3546491
Total Strontium {Se) ug/l. 208 0.06 3346481
Total Thallium (T1) ug/l <0,002 0.002 | 3346491
- |Tolal Tin (8n} ugh. 0.0 10.01 13348491
Total Thenium.(TH uglt <05 0.5 |23348481
Total Uranium (L)} ugfl. 1.04 0.002 |3348481 |
Total Vanadivm (V) upfL 'R:] 0.2 ]3346481
Tolal Zinc (Zn) ug/l. 1.6 0.4 13346401
Tota! Zircenium {Zr} ugil, 0.1 0.1 |3346481
Tolal Calcium {Ge) AmgiL 554 D.05 3346502
Total Magnesium (Mg)  |mglL 16.0 0.05 |3346602

Page 5 of 11
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N A {j'a rm o - . Driven by service nnd Seignce
. awtam iy e . . ; p————— Ty LY TR
’ ) MINISTRY OF ENVIRONMENT -
Maxxarm Job # Ao42199 . ’ Client Projact # AGME
Repaort Date: 2009/08127 - - Site Rofarsnce: E260852 CITY OF MERRIT VOGHT PARKWELL #1. .
. : Sampler Initials: kL : :

RESULTS OF CHEMICAL ANALYSES OF WATER

- pxam IiD . ' : (WA
’smpimg Dale T | . 2000108110
i - 40:0D ’ . . .
COC Number ) 50166817 . _ 1 - -
' Dnits REGH | RDL O Batgh] - y _‘ | &” s
Ficld Paramelers , 4 “ ' o zerr B '}
Sample End Date NIA 2OPBO&T0 0 |3338050 ' R
Sample End Tima - 1w 10:00 ¢ |33368860
Sample Start Date NA | 20090810 0 |3338950
Sampke Start Time N/A 10:00 0 |2338950
Tarmperature at Arrlval " C . B .1 [3338842
Misc. morganics ’ ’
Bromida {Br) mgfL. <04 04 |3340654 : .
Fuoride (F) — oos . |oo1 |as40ee8 | 1.5 (=1
Fiaid-Vancauver T _ - : _
Field Gonductivily uSfem - 200 ni FONSITE Il . ' . e
Flald pH " JoH Units” 8.2 0.1 |ONSITE Yol MWIO Sav i )
'[Field Temperature - G T 54 |onarTE P o
Fieid Turbidity NTU' 04 - |01 |oNSTE
jcalculated Parameters : S
Nikrate {N) “PmgL | 0509 0.002 {3338046
Demand Parameters .
enemical Oxygen Demend | gL 0 10 3345778 |
Mizc, Inarganics : !
" |alkabnity (Totst &5 CaCQ3) | mall 100 0.5 . J3345804
[pikalinity (FP as CaC03) ~ | mgll <0.5 05 |33asees |-
IBicarbonate (HCO3) mgll. | 130 0.5 3345894
Carbonate {C03) mg/L. <05 0.5 |3345804
Aniond L : 1 . . :
Dresolved Suphate (SO43 - | wgil, Twe |05 |334s08s |4V L.
Dissolved Chloride (CI) mg/L 15 0.6 |3344870 | 2D 7
Nutrisnta . ' : ' :
Total Kjaidahi Nisogen (Cale) | mgfL | <0.02 0.0z |3337361
Total Organic Nirogen (N) | mgil, | - <0.02 . |0.02 [3338948
Dissolved Phosphorus (P} mgil ooos . (0002 | 3340378
fammenia - | mgh | 0005 .005 |3342633
Nitrate plus hirite (N) mgfl 0.509 0.002 |33413684 | 4O S -
Niriba (N) | mon. . 20.002 0.002 (3341366
RDL = Reborale Detaction Limit

- Page 3 of 1
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MNM &S )(E’I o ) Dyiven By sarvice ard Scidnce
. Amalyviies

www.RIANXemmanalytics.com

) MINISTRY OF ENVIRONMENT
Maxxam Job #: AS42109 - Cllent Project # AGME : : :
Repott Date: 2009/08/27  Site Reference: E2506852 CITY OF MERRIT VOGHT PARK WELL# 1

Sampler Initials: LL )
LOW LEVEL TQTAL-METALS - WATER {(WATER}

@c&_m B 519067
miripling Deie 2008808M10
10:00

0C Nomber 50166817 - ‘

C ) \nits REGM _R_DL__QC Batch
Calculated Parameters .
Total Hardness (CaCO3} |mgil. 121 05 lasares | &0~ o2 (‘i)
[Total Metats by icPMS ' oy se '
Total Aluminum (Al ug/L 08 i 02 |3348481
Total Amimany (Sb) uglh 003 0402 43484971 (a , ( Z)
Total Arsenic (As) . Jugll | 0.08 "oz [3a4pd01 | $D. £
[Total Barium (Ba) ugiL 53,2 0.02 3348401 |0
Toiel Beryiu (Be) uglL <001 001 |a3d46e01 |
Tatal Bismuth (Bi) ugll. <nops . 0.005 |3346401
Total Baron (B) ug/L «50 | B0 13346491 jnac [ =N
ol Caomiom O Joolt | <0005 poos |aaeedast |5 ' [ < )
rotal Chomium (G0 | uglL. Xy o1 |3sapdat |&72 LA
Total Cobalt (Co) uglL " 0.008 0,005 3348491 _
Total Copper (Cu) vt | 167 |0.05 |33484p1 | Jom { e )
Tatal lron (Fa) : ‘ug/L <t b1 13346491 | “here <
Tatal Lead [Pb} aghl 0411 0.005 13346491 '
Total Lithium (L) ugiL <0.8 0.5 |3348491 .
otet Manganess (MR} | ug/l, <0.05 0.08 |3a46491 | 52 - ' T\‘a“*)
- ¥otal Molybdenum (Mo} | ugiL wad _ |0.05 [334840% |
[Total Micket (i) ©ugl | 0.07 0.02 |3348481 .
Total Selenium (Se) gl 044 - |0.08 |3348431 ?ﬁ’ - 3
Total Silicon (ST} |uofL_ 6160 - 100 |3346491 : '
Tots} Silver (Ag) ugll 0.014 0,005 | 3346491
‘[Total Strontium (8- jusil 208 0.05 |3345489
Total Thellom (T . Jugll. | . 0.002 002 |3348401
Total Tin (Sn) ugll 004|001 [3348401
Total Titanium {Ti} Yugi <D Tos |3s4e4p1
Fotal Uranlum {U} gl 0.314 0.002 13346491 | A . (-="-f
Total Vanadium (V) - ugfl, 04 o2 |3348481°) ) '
Total Zine (Zn) | ugit. 0.7 0.1 |3348491 | S2ess (Af
Total Zirconium () | ugil «0,1 o1 laz4eas o
Toial Calciuin (Ca) mglt 38,5 0.05 [3248602
Total Magnesium (Mg} [mait. 7.87 0.05 [3346602
RDL = Reportabla Detection Limi
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Ma xXam

Maxxam Job #; AB42184
Raport Date; 2008/08/27

Driven by service and Sclencg

MINISTRY OF ENVIRONMENT

Chient Project #: AGME

Site Referance: £250853 Cl

Samptler lnifials: LL

wWww,maxkamanalytics.com

TY OF MERRITT VOGHT PARK WELL # 2

RESULTS OF CHEMICAL ANALYSES OF WATER

Mexzam 1D 19020
15empling Date - 2008/08H0 : .
10;18 _ - .
COC Numbes “!“—t;’- Iﬁt::gg?: . RBL _RC Baich | W
‘|Field Parameters .
Sampie End Dale NIA 20080810 0 |aBasaso
Sample End Tima NIA 1015 0 13338550
Sampls Sterl Date NiA 20090810 D 33368950
Sarnple Star) Time NIA 10:15 0 13332950
Temperature at Arfival * c & 1 3338042
isc., Jhorganics . .
Eramide (Br) mgik. <0.4 04 {as4dsb4
Fuooride (F) mofl. 005|001 |3340808 [/ & (=)
" |rield-Vancouver ) '
[Fiel Conductivisy ufem ‘260 '91 [ONSITE |] L
Field pH pH Units 6.2 o1 Jowere | Yo! teris Aurapeic?
Fiokl Tomperature °c 1 0.1 |ONSITE | ' )
Field Turbidity NTU 0.1 0.1 |ONSITE )
" |Getculated Parameters ]
' {itrate (N) malL - 0,645 0,002 | 3338945
Dumand Parameters ' '
hemisal Oxygen Demand mgil.. <10 40 3345778
Ist. Iharganicy . : ) o
Vlkalinity (Totai a6 CaC03) | mol. 110 0.5 3345894
A llealinity (PP as CaCO3) mgft 0.5 Tos |3345884
Bicarbonate {HEO3) mg/l. 40 0.5 |3345804
Carbonate (COS) mgll | <08 0.5 |3345884 L
Anions . ) . - o
Dlssoived Sulphale (304) | mgil. 30 05 |sodears | HZTE (7)
Disseived Chioride (G1) moll. 22 0.5 l334p824 | RS5O (} )
Matrients - ' :
[rotal Kjeldani Nirogen (Calc) |. mail. | 006 - jooz |33373ed
" [rotal Organic Mitrogen (W) | .mgiL 006 |D02 3338848
Dissohvad Phosphoius (F) mgfL 0.002 - - 10.002 [3340378
[Asmrnonia (N) mgll. <0.00§ 008 (3348883 | -
Nitrate pius Nitrite (N) . | mgiL 0.545 0002 |33ddaee | A0 “[&. )
Nifrita (N} mot <0.002 0.002 [3344484- .
REL = Repariable Detection Limit

Page 3 of 1



[\ 75( M . : . Driven by serviea ond Science
f A Analyiics - . worw maEEAmannlytics.com
' MIMISTRY OF ENVIRONMENT' ’

Maxxam Job ¥ AB42194 . : - Client Project #: AGME, . .
Report Date: 2009/08/27 , . oftm Referance: E250553 CITY OF MERRITT VOGHT PARK WELL #2

Sampler initials: LL.
LOW LEVEL TOTAL METALS - WATER (WATER)

axam 1D 010020
Sampling Date I2DDBJDEHD
' 1015
COC Number -. 50166818 .
i Units |~ REGH 1 RDL QC Batch
Calgulatad Paramelers . . )
Total Hardness (CaCO8) |mgl . 158 0.5 l3aarper | ¥2 ~veE (f?)
Total Metals by ICPMS - o - *“)’:/‘E“ ' : _
Tokaf Aluminum (A1) ugil R - 0.2 {3363427 .|
rotat Antimony (sb) _ fugl 0.02 0.02 |3363427 | )
Total Arsenic (As) Hupn o8 - |oo2 |asesdr |/ =)
Total. Barium (Ba} uglt 83.7 0,02 |3363427 '
Total Berylium (B8) ugfl <001, 1001 {3383427
Total Bismuth (Bi) uglk <0005 D.005 {3363427 | .
Total Boron (2) ugi. <50 50 [3363427 { 6B20. o
rotal Cadimium (Cd) | uglt 0005 - j0ODS 3383427 {6 A
otel Chromium (Cry - |vglt 0.1 0.1 |3383427 | 5D LA
Total Cobalt (o} ugft <0005 0.005 13363427
Totet Copper (Cuy  ~ jugl | 130 "~ |DO5 13363427 e eiD o
‘ [rotal fron (Fe) wl | 1 1 3363427 | B <
Total Lead (FD) “fugn | - 0.085 D.005 |3363427
Tatal Lithium (L)~ |ugl 05 = |05 |3363427
Total Manganess (Mn)  fuglL <0.05 0.05 |3363427 | 572 o &
_ [Total Malybdenum (Ma), jugil | 0.53 D05 (3363427 | °
TTotal Nicke! (M} ug/l 0.14 0.02 3363427 . o
Tolat Selenlum (Se)  ~ |ugi 0z . 004 (3363427 |/ - 7
Totsl Silicon (8) ugl. 1 . 6800 100 |s3sa427 | '
Total Siiver (Ag) ugll. 0005 ' {0,008 2363427
|Total Strontium {Br) ugfl, 263 0.06 3363427
Total Thalium (TH ugll. <0.002 0.002 |3363427
. Total Tin (Sn) gl | . 002, 0.01 3363427
Fotal Titanium (T7) el | - <05 | o5 |sss34xr .
rotal Uranium (U} © - [upll - 64 - ko002 |3362427 [AD . b3
Total Vanadium (V) - | uglL 04 0.2 {3363427 ‘
Total Zine.Zn) gl 1.2 0.4 |33e8e27 (BT -
rois) Zirconium (7r) - |ugl <01 04 |3383427
- [rotal Calcium (Ca} mgil 458 - 0.05 |3363830
Total Magnestum (Mg) | ma/L 10.5 o085 |3363530
RDL = Reportable Defection Limit -
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Maxxam Job #:‘AQQILZEM
Raport Date: 2009/08/27

Dyiven by service arid Soivnee

www.maxkagianalyties.com
MINISTRY OF ENVIRONMENT '
Clien! Praject # OBWT '
Site Reference; E208918 OBS WELL 296-—MERRlT
Sampler initials: 1L .

RESU LTS OF CHEMICAL ANALYSES OF WATER

mxxam D 12087
Sampling Dale 2009/08/10
i ' 13:45
COC Mumber 50166819 /’
' kinits REGH J RDL }Q(_} Batch /L . Y
Flsld Parameters M‘i L M 7
ampia End Dete NiA ‘20000840 . | 0 3338950 ‘
Sample End Tims N/A 1245 0 13338850
Sample Start Date . NIA 20080810 D |s3n8ose
Garnple Start Time NiA 13:45 o {2338850
Temperatura at Arrval C 5 1 |sa3pg4z
inuse. Inorganics o ' '
- [Brosmide (8 mgfl <04 0.4 |3340554 -
[ucride (F) mgh. 0.04 Taor [sa40608 | £+ =)
Fleld-Vancouver ' . )
Fleld Conduciivity uSfem | 130, 0.1 |ONSITE
Fiskd pH H Linits 84 D4 |ONSITE @ X M’-‘{wfnf/o
Field Temperature . °C L 0.1 | ONSITE M
Cafculatad Parameters. ' . ! )
. INiteata (N) mgiL 0.068 0.002 | 3338948
Demand Parameters )
“Iohomical Oxygen Demend | mgtt, v 10 |3046776 |
Misc. inergenles ' ) '
" |akalinity (Total 38 £aC03) - | mol B8 05 (3345894
* [Alkalinity (PP a8 CaC03) mgfl © DB 0.5 |3345894
Bicarbonate (HCO3) mgil. 83 0.5 |3345804
Carbonate (CO3) - mgl. | <08 0.5 |3345804
Anions .
Dissolvéd Sulphate (804) | mil 6.8 05 |3845085 | 5O (<)
Dissokved Chioride (1) mgiL 12 05 [3344970 | ASD (=)
Nutﬁants o : .
[Totel Kjsidahl Mitrogen {Calc) | mg/L 0.03 .02 {3337as
- [Totai Organic Nitrogen (My | -mgil.” <0.02 0.02 |3328048
Dissolved Fhosphorus (F) moiL - <DOD2 - 002 3340378
" lammenia (). ’ mgfl 0008 0,005 | 3342633 |
Mitrate plus Nitrits (M) malL 0.068 Jo.00z 33et364 | Fer ( £ )‘
Nitrlta (N) mgl. _ <0.002 0.002 |3341366
Total Nirogen (N) gl .09 D02 [3344079
ROL = Reporiable Detection Limit

Fage 3 of 11
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Maixam Job #: A942204
Raporl Date: 2009/08/27

Driver b}lz service and Science

WL mnamnalytics.com

_MINISTRY OF ENVIRONMENT.
- Clignt Project #: OBWT

Site Referenca: E206518 oBS WELL QQB—MERRIT
Sampler Inftials: LL

LOW LEVEL TOTAL METALS - WATER (WATER)

oy

weoD

seEh

o

el

azxam 1D Q10067
Sampling Dats 2000/08/10
- 13:45
ICOC Number | 50166519
T Units REG/1 RBL_|OC Batch
Calcwated Parametars - ) :
-|Totdh Hardness (CaC03) [mgll 3.7 0.5 |3337281
Total Matals by ICPMS '
Totad Ahiminum (Al) vgll. By 02 |33d6491 .
[Total Antimony (8b) uglt. <002 D02 13345481
Total Arsenic (As) ugll 0.03 0.02 | 3346491
Total Barium (Ba) gl 36.3 0.02 3346481
Total Barylliim (Be) ugil <0.04 0.01 3346481
Total Bismuth [Bi) ugfl. <0.005 0,005 |3348484
" Irotal Boron (B) ugh. <50 50 |3345491
Toltal Cadmium {Cd) uglL - 0,008 0,005 | 3346451
~ [Fotal Chromium (Cr) | ugfl._| 03 01 |3348491
* Jrotal Gobakt {Co} gl 1.024 0.005 3346491
- [Total Copper (Cu} ugit. .. 0.23 0.05 |3348481
Toiel fron (Fe) ugil. ( 210 Y 1 |3346491
[Total Lead {Ph) - gt | .. 0.035 .  [0.00s |334B4e
Total Lithium {) - ugll <0 0.5 3345491
Totel Manganess {Mn} | ugih 4,22 0,05 13348441
Total Molybdenum (Moy | uglL .28 0.05 |3346491
Total Nickal (Ni) ugl 0.27 0.02 | 3346491
Totat Selenium (S8) wgle | <004 0.04 |3346481
Total Silioon [S1) ugit. 5170 . 100 |3346481
Tutal Silver {Ag) gl <D,005 0.005 | 3348491
Total Strontium (3r) ugit 132 1005 3248491
Total Thetium {75 {ugh <0.902 ooz 3348491
Total Tin {Sn) ugft. 0.04 0.01 {33464%1
|Total Titanium (Ti) ugn <05 .. |05 |334649
rotal Uranium (U} ug/L pos7 - [0.002 | 3348401
Total Vanadium {V) gk £0.2 8.2 | 3346461
 [rotat Zing (Zn) uglL 02" 0.1 |334e4a1
Total Zirconirn (Zr)  |ughl. <0.1 0.1 3346491
Tolal Calcium (Ca) mgil 223 0,05 |3346602
Totel Magnesium (Mg} | mgh. 488 0.05 |3346502

ROL = Reportable Detaction Limi
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City of Merritt Community Water System Annual Report | 2010

Appendix “A”

Weekly tests:

e Total Coliforms

e E.coli

e Turbidity

e PH

e Temperature
. Annual Chemical Analyses Test Elements
Alkalinity Total Cobalt
Ammonia Total Copper
Bicarbonate Total Dissolved Solids
Bromide Total Iron
Carbonate Total Kjeldahi Nitrogen
Chemical Oxygen Demand Total Lead
Conductivity Total Lithium

Dissolved Chloride
Dissolved Phosphorus
Dissolved Sulphate
Fluoride

Hydroxide

Nitrate

Nitrite

Total Aluminum
Total Antimony
Total Arsenic

Total Barium

Total Beryllium
Total Bismuth

Total Manganese
Total Magnesium
Total Molybdenum
Total Nickel

Total Nitrogen
Total Organic Nitrogen
Total Phosphorus
Total Potassium
Total Selenium
Total Silver

Total Sodium
Total Strontium
Total Sulphur

Total Boron
Total Cadmium
Total Calcium
Total Chromium

Total Thallium
Total Titanium
Total Tin

Total Uranium
Total Vanadium
Total Zinc

12



City of Merritt Community Water System Annual Report | 2010

Appendix “B”

Interior Health Authority - Kamloops
Ted Mahler - WORK ORDER #
PROJECT NAME Merritt Community Water System

REPORTED

K9J0050

Oct-15-09

SAMPLE DATA

Analyte Result RDL Units Analyzed Method Lab Notes
Canadian DW

Guidelines

(May 08)

General Parameters

Merritt Community Water System (K9J0050-01) Matrix: Water Sampled: Oct-01-09 13:20

Transmissivity @ 254nm 95.1 0.1 % Oct-07-09 APHA 5910B KEL

Alkalinity, Total as CaCO3 122 1.0 mg/L Oct-02-09 APHA 2320 B KEL

Chloride 27.5 AO =250 0.10 mg/L Oct-02-09 APHA 4110 B KEL
Colour, True <5 AO = 15 5 Color Unit Oct-02-09 APHA 2120 B KEL
Conductivity (EC) 401 5 uS/cm Oct-02-09 APHA 2510 B KEL

Cyanide (total) <0.01 MAC = 0.2 0.01 mg/L Oct-07-09 APHA 4500-CN KEL
Fluoride <0.10 MAC = 1.5 0.10 mg/L Oct-02-09 APHA 4110 B KEL
Hardness, Total (Total as CaCO3) 153 2.54 mg/L Oct-08-09 APHA 2340 B RMD

Nitrogen, Nitrate as N 0.73 MAC =10 0.01 mg/L Oct-02-09 APHA 4110 B KEL
PH 7.38 AO = 6.5 - 8.5 0.10 pH Units Oct-02-09 APHA 4500-H+
KEL

Solids, Total Dissolved 228 AO =500 5 mg/L Oct-05-09 APHA 2540 C KEL
Sulfate 37.6 AO <500 1.0 mg/L Oct-02-09 APHA 4110 B KEL
Turbidity 0.2 Varies, See Guidelines 0.1 NTU Oct-02-09 APHA 2130

Total Recoverable Metals by ICPMS
Merritt Community Water System (K9J0050-01)
Matrix: Water Sampled: Oct-01-09 13:20

Aluminum <0.005 AO = 0.1 0.005 mg/L Oct-08-09 EPA 6020A RMD
Antimony <0.0001 MAC = 0.006 0.0001 mg/L Oct-08-09 EPA 6020A
RMD

Arsenic <0.0005 MAC = 0.01 0.0005 mg/L Oct-08-09 EPA 6020A
RMD

Barium 0.0783 MAC = 1 0.0005 mg/L Oct-08-09 EPA 6020A RMD
Beryllium <0.0001 0.0001 mg/L Oct-08-09 EPA 6020A RMD
Bismuth <0.0001 0.0001 mg/L Oct-08-09 EPA 6020A RMD

Boron 0.019 MAC =5 0.002 mg/L Oct-08-09 EPA 6020A RMD

1. 13



City of Merritt Community Water System Annual Report | 2010

Cadmium
RMD
Calcium
Chromium
Cobalt
Copper

Iron

Lead
Lithium
Magnesium
Manganese
Mercury
RMD
Molybdenum
Nickel
Phosphorus
Potassium
Selenium
RMD
Silicon
Silver
Sodium
Strontium
Tellurium
Thallium
Thorium
Tin
Titanium
Uranium
RMD
Vanadium
Zinc
Zirconium

<0.00001 MAC = 0.005 0.00001 mg/L Oct-08-09 EPA 6020A

40.8 1.0 mg/L Oct-08-09 EPA 6020A RMD

0.0008 MAC = 0.05 0.0005 mg/L Oct-08-09 EPA 6020A RMD
<0.00005 0.00005 mg/L Oct-08-09 EPA 6020A RMD

0.0340 AO =1 0.0001 mg/L Oct-08-09 EPA 6020A RMD
0.04 AO < 0.3 0.01 mg/L Oct-08-09 EPA 6020A RMD

0.0021 MAC = 0.01 0.0001 mg/L Oct-08-09 EPA 6020A RMD
0.0004 0.0001 mg/L Oct-08-09 EPA 6020A RMD

12.3 0.01 mg/L Oct-08-09 EPA 6020A RMD

0.0004 AO = 0.05 0.0002 mg/L Oct-08-09 EPA 6020A RMD
<0.00005 MAC = 0.001 0.00005 mg/L Oct-08-09 EPA 6020A

0.0006 0.0001 mg/L Oct-08-09 EPA 6020A RMD
0.0009 0.0002 mg/L Oct-08-09 EPA 6020A RMD

<0.02 0.02 mg/L Oct-08-09 EPA 6020A RMD

1.47 0.01 mg/L Oct-08-09 EPA 6020A RMD
<0.0003 MAC = 0.01 0.0003 mg/L Oct-08-09 EPA 6020A

6.4 0.2 mg/L Oct-08-09 EPA 6020A RMD

<0.00005 0.00005 mg/L Oct-08-09 EPA 6020A RMD

12.7 AO = 200 0.01 mg/L Oct-08-09 EPA 6020A RMD

0.312 0.0005 mg/L Oct-08-09 EPA 6020A RMD

<0.0002 0.0002 mg/L Oct-08-09 EPA 6020A RMD
<0.00002 0.00002 mg/L Oct-08-09 EPA 6020A RMD
<0.0001 0.0001 mg/L Oct-08-09 EPA 6020A RMD
<0.0002 0.0002 mg/L Oct-08-09 EPA 6020A RMD

<0.005 0.005 mg/L Oct-08-09 EPA 6020A RMD

0.00062 MAC = 0.02 0.00002 mg/L Oct-08-09 EPA 6020A

<0.001 0.001 mg/L Oct-08-09 EPA 6020A RMD
0.035 AO = 5 0.001 mg/L Oct-08-09 EPA 6020A RMD
<0.0001 0.0001 mg/L Oct-08-09 EPA 6020A RMD
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1.0

General Notes

Controlling reservoir is the Grimmett (1,000,000 Impgal) reservoir. Lead pumps
at the pump stations start when Grimmett is at 80%, and stop when the
reservoir is at 84%
Southeast balancing reservoir was constructed as a new 500,000 Impgal
reservoir, and is currently experiencing operational issues... filling of the
reservoir causes the existing Grimmett reservoir to overflow. Current operation
is to use 300,000 Impgal and checks are being done at the moment.
The ‘Active Mountain’ reservoir has been built on the southwest hiil but is not
connected to the City system. This reservoir will eventually be connected to the
City water system.
Pump operation is different from the summer and winter
o Summer operation:

1. voght

2. Collettville

3. Fairly Park

o Winter operation:

1. Fairly Park

2. Collettville

3. Voght
Kengard pump house is not operational at the moment
Shallow wells @ Collettville, Voght, and Fairley Park (24-65m deep), these are
considered surface sources
Deep well @ Kengard {130m deep)
Chlorination has only started since 2008
15 power failures last year, ranging from 30 minutes to 6 hours
All reservoirs have only one pipe in and out
Valve houses currently maintained every two years
Chlorine is injected at the pump houses only at 0.9 mg/L
tn the last five years, secondary chlorination has only occurred once in each of
the Nicola, Grimmett and Grandview Heights reservairs



2.0  Collettville Pump House

Submersible Pump

Pumps at 680 USgpm
Pumps to 140 psi

Next to the Coldwater River







3.0 Voght Park G/E pump house

Pump just rebuilt last Wednesday

Previous capacity was 900 USgpm; hope to have >1000 USgpm once new pump starts.
Pump starts when level at Grimmett reservoir is 75%

Has ultrasonic flowmeter

G/E stands for gas and electric

Gas is natural gas, directly connected to the gas supply system, and is the backup power
supply for the pump. if the electricity is down, the set up for the pump is connected to
the natural gas powered genset to power the pump.




4.0 Voght VFD pump house

Has turbine flowmeter
This one currently in operation rather than Voght G/E pump house




5.0 Fairley Park Pump House

Pumps at 700 USgpm
Has ultrasonic flowmeter
Pump start = 76%

Pump stop = 79%
Flow=57.79 Lps
Reservoir Level = 65.4%
Well Level = 28.1 ft




6.0 Kengard Pump House

Pumps at 600 USgpm (flow limited by size of motor)

Requires two years of monitoring for the Ministry of Environment to monitor well
stability and impact on neighboring houses {some on well supply for irrigation) before
higher levels of pumping are allowed.

Once flows reach >75 Lps, an aquifer protection study is required

Currently offline
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7.0 Nicola Reservoir

25 feet deep, 30 feet in diameter
148,000 Impga!
Altitude valve to fill reservoir and flow water out

No check valves
Valving controlled by pressure both ways, currently pressures are at 30 psi

Norgaard ready-mix gravel pit currently operating below the reservoir site

e e L P




a.0 Grimmett Reservoir

1,000,000 Impgal

The main controlling reservoir

Milltronics level in the reservoir shuts pumps off
Reservoirs turn over in 3 days, there is no stagnation
No mixer

12



9.0  Grandview Heights Pump House

2 Pumps with space for one additional pump
Downstream pressure = 40 psi

Upstream pressure = 135 psi

Cannot reduce flows from higher to lower zone?
Pump motor = 25 HP, 1770 RPM

13






TECHNICAL MEMORANDUM NO. 1

TO: Shawn Boven, A.Sc.T.
Danielle Cass, Engineering Technologist

FROM:  Opus DaytonKnight Consultants Ltd.
DATE:  September 20, 2011

RE: CITY OF MERRITT - WATER UTILITY MASTER PLAN
DEMAND ANALYSIS

FILE: D-36406.00

This memorandum summarizes the historical water demands and projects future demands as assessed
by OPUS DaytonKnight in the development of the City of Merritt (City) water utility master plan. The
City shall review the proposed unit water demands for use in the development of its water model.

1.0 INTRODUCTION

OPUS DaytonKnight Ltd. was retained by the City of Merritt to construct a hydraulic model for
its water distribution system. The model will be used to assist in the hydraulic analysis of the
City’s water system for existing and future demands.

The City of Merritt’s water system supplies potable water to all of its residents and all industrial,
commercial and institutional businesses within its City limits. The water system consists of over
74 kilometres of distribution mains, 4 reservoirs, 5 wells, one pressure reducing station, and one

booster station. An additional reservoir is soon to be connected to the system.

The distribution system for Merritt is composed of three pressure zones.

20 OBJECTIVE

This memorandum reviews the City’s historical population and per capita demand rates. A
review of the City’s flow records is provided and demands are projected based on the City’s
current zoning, Official Community Plan (OCP), and plans for major development areas.

3.0 LIMITATIONS

The following information was received from the City and used to develop unit water demands
in this memorandum:

e Daily system flow records (1999-2010)
e Partial ICI flow records (2006-2010)
e City of Merritt Official Community Plan Update (2011)

OPUS DAYTONKNIGHT
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ICI flow records account for approximately 46% of the total billed ICI properties in the City of
Merritt. Further, it was noted by the City that meters were recorded in cubic metres, imperial
gallons and cubic feet. Details of the measurement types were only provided for 2010.

4.0

4.1

4.2

POPULATION
Historical Population

Table 4-1 illustrates the historical populations of the City from 1981 to 2006. The City of
Merritt had a population growth from 1981 to 1996, but a population decrease from 1996
to 2006. According to BC Stats, the population of the City of Merritt for 2010 is
estimated at 7,285. Over the period of 1981 to 2010 the growth has averaged 0.6% per
year.

TABLE 4-1
HISTORICAL POPULATION

Year Census Population | % annual growth
1981 6,110 -

1986 6,180 0.23

1991 6,253 0.24

1996 7,631 4.06

2001 7,088 -1.47

2006 6,998 -0.26

2010 7,285 1.00

Population Projection

Recorded population growth averaged 0.6% per year for the past 30 years and 1.0% in
2010. The projected annual growth rate, based on linear regression of available data,
yields a 1.1% growth rate, which was discussed with the City as a reasonable projection
scenario in the City of Merritt. The second growth scenario is based on the City’s OCP
assumed future projections of 3.5% growth rate.

Table 4-2 illustrates the population increase for the years 2010 to 2030. Growth rates of
1.1% and 3.5% are used for the population projections.

D-36406.00 ©2011 Page 2
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TABLE 4-2
SERVICE POPULATION PROJECTION TO 2030

Total Population
Year
1.1% growth 3.5% growth

2010 7,285 7,285
2015 7,695 8,652
2020 8,127 10,276
2025 8,584 12,205
2030 9,067 14,496

The projected population in 2030 based on the 1.1% growth rate is 9,067, and the
projected population based on the 3.5% growth rate is 14,496.

Figure 4-1 illustrates the projected population curves under the 1.1% and 3.5% growth
rates.

16,000
14,000 -
12,000 -
10,000
8,000 -
6,000 -
4,000 -~

2,000 -

1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 2030

Figure 4-1  Historic and Projected Populations

The population growth trendline for the years 1921 to 2010 is projected to the year 2030
in Figure 4-1. The historical linear regression of the population trend produces the 1.1%
growth rate which has been shown above. It is likely that the 1.1% growth rate is a
reasonable growth scenario.

OPUS DAYTONKNIGHT
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5.0 UNIT WATER DEMANDS

Historical data was collected from the City of Merritt to analyze water demands in the system, as
well as to project water demands into the future. The process for developing these water
demands are described in this section.

51 Review of Historical Consumption and Per Capita Demands
Historical demands of the City of Merritt from 1999 to 2010 were reviewed. Table 5-1

summarizes the total demands of the City, and the average day and maximum day per
capita demands.

TABLE 5-1
HISTORICAL DEMANDS (1999 to 2010)
Average Day Maximum Average Day Maximum
Year Demand Day Demand Per Capita Day Per
(ML) (ML) (L/c/d) Capita (L/c/d)
1999 8.895 19.791 1,218 2,711
2000 8.276 21.937 1,150 2,911
2001 9.056 22.310 1,278 3,148
2002 8.749 24.105 1,237 3,410
2003 8.970 22.252 1,272 3,156
2004 8.867 20.951 1,261 2,979
2005 8.773 25.618 1,250 3,651
2006 9.418 22.029 1,346 3,148
2007 9.176 18.514 1,298 2,619
2008 8.255 19.553 1,156 2,739
2009 8.435 17.657 1,170 2,449
2010 8.016 18.481 1,101 2,538

The average day and maximum day per capita demand in 2010 was estimated at
1,101 L/c/d and 2,538 L/c/d respectively. This value includes all sectors (e.g. Industrial,
Commercial, Institutional and Residential) within the water system.

The Environment Canada rainfall and cool degree days data was tabulated for each year
to assess for any trends. No apparent trend was observed. We used cool degree days,
which is a measure of the number of days the air temperature was above 18°C rather than
sunshine hours as it is a more common measure and it is not biased by winter sunshine.

OPUS DAYTONKNIGHT
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Table 5-2 lists the average day and maximum day per capita demands for communities in
the Southern Interior BC region. The demands include both residential and ICI water use.

TABLE 5-2
2010 DEMANDS

. Average Day Maximum Day

SIS Demand (L/c/d) | Demand (L/c/d)
Kelowna (metered) 600 1,300
Vernon (metered) 550 1,280
Penticton (metered) 580 1,200
Kamloops 790 1,800
Salmon Arm 690 1,490
Merritt 1,100 2,500

The City’s per capita water usage is higher than most communities in the Southern
Interior BC. This is in part due to a high ICI water usage in the City (approximately 36%
as discussed later). However, Opus DaytonKnight believes this value can be decreased
through an intensive demand management program should the City be willing to
undertake it. The intensive demand management program includes complete metering of
all ICI customers, universal water metering for all residential customers, extended
sprinkling restrictions with enforcement, revision of water meter rates, leak detection and
repair programs, and more intensive education and public outreach programs.

With more intensive demand management in place, an average day demand target of
900 L/c/d and maximum day demand target of 2,000 L/c/d can likely be achieved.

Figure 5-1 shows the water usage from 1977 to 2010 in relation to both average and
maximum day per capita demands.

OPUS DAYTONKNIGHT
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5.2
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Figure 5-1  Historical Average and Maximum Day Demands

The average day demand trendline for the years 1977 to 1999 shows a gradual decrease
in average day demands, which are further reduced from 1999 to 2010. The average
annual reduction in average day demand can be attributed to the City’s ongoing water
conservation measures which affect indoor water usage, including public education
programs, low water use toilet and fixture replacements, etc. These existing programs
contribute to an annual average day water reduction of 0.91% annually. This annual
reduction is minimal and has not been included in the future demand projections. Future
average day demand is estimated using the 2010 average day per capita demand of
1,101 L/c/d.

The maximum day demand trendline for the years 1999 to 2010 also show a decrease in
maximum day demands. The reduction can be attributed to many factors which affect
outdoor water usage, including public education programs, seasonal variations of summer
months, effective water sprinkling regulations with enforcement, etc. Annual reduction
of maximum day demand is difficult to project due to a strong correlation between
seasonal variations of summer temperatures and water usage. (e.g. a hot summer may
result in residents watering their lawns and gardens and the maximum day demand will
occur regardless.). Future maximum day demand is estimated using the 2010 maximum
day per capita demand of 2,538 L/c/d.

The potential of intensive demand management may decrease future maximum day
demand by approximately 20% and potentially decrease average day consumption.
Water conservation strategies will likely have a significant effect on future water
demand.

Existing Demands

The base condition for the City of Merritt water model will be the year 2010. The
demands for the 2010 condition are based on recorded demands as shown in Table 5-3.

D-36406.00 ©2011 Page 6
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5.21

5.2.2

TABLE 5-3
EXISTING DEMANDS

Condition Demand (L/s) | Demand (ML)*
Average Day 92.8 8.02
Maximum Day 213.9 18.48

* From Table 5-1

The average day demand for 2010 is 92.8 L/s. The maximum day demand was recorded
on August 2", 2010 and is 213.9 L/s. The peaking factor for maximum day flow is 2.31.

Existing average day demands were then assigned based on residential and Industrial,
Commercial, and Institutional (ICI) demands. Peaking factors for maximum day and peak
hour demands are summarized in this section.

ICI Demands

Metering data was compiled from 121 ICI users and was analyzed to estimate the total
industrial, commercial, and institutional demands. The average day demand in 2010 for
all metered ICI users totalled 20.7 L/s.

According to the City, only 46% of the existing ICI users are represented in the metered
data. Moreover, it is most likely that all large ICI users are metered, i.e. their demands are
included in the total 20.7 L/s. The 46% factor was used to calculate the corrected
demands for regular ICI users only. Hence, the resulting ICI demand for the City of
Merritt is estimated at 33.2 L/s.

The ICI metered consumption is affected by large industrial users which increase the
average ICI usage rates. Two separate usage rates are used to differentiate between large
ICI users and regular commercial customers when projecting future demand. To achieve
this, the top 5 ICI users were removed to develop separate regular ICI usage rates.
Resulting usage rates are as follows:

e LargeICI=2.00L/s
e Regular ICI =0.092 L/s

Residential Demands

Residential demand is calculated by subtracting the estimated total ICI demand (33.2 L/s)
from the recorded average day demand (92.8 L/s) in the system. The resulting residential
demand is 59.6 L/s. Based on an existing population of 7,285, this equates to a residential
per capita demand rate of 706 L/c/d.

D-36406.00 ©2011 Page 7
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5.2.3 Peaking Factors

Typical peaking factors were assigned to average day demands to obtain maximum day
demands and peak hour demands for the City of Merritt.

OPUS DaytonKnight, based on previous experience, considers multifamily developments
to have lower peak hour rates as compared to single family developments. However, no
details were provided by the City of current residential land uses corresponding to
existing demand, and a general residential usage was used.

The peaking factor for ICI was approximated at 1.5 for MDD and 2.0 for PHD. These
factors are used in calculating the maximum day and peak hour demand totals in

Table 5-4. The peaking factor for residential properties was calculated at 2.75 for MDD
and was assumed at 5.0 for PHD. The peaking factors for residential properties are
reasonable.

TABLE 5-4
EXISTING DEMANDS AND PEAKING FACTORS

Demand (L/s) Peaking Factors
Land Use
ADD MDD PHD ADD MDD PHD
Residential 59.6 164.1 297.9 1.0 2.75 5.00
ICI 33.2 49.8 66.4 1.0 1.50 2.00
TOTAL 92.8 213.9 364.3 1.0 2.31 3.93
53  Future Demands
The future condition for the City of Merritt water model will be the year 2030. Average
and maximum day demands for the 2030 condition will be calculated for the 1.1%
growth rate and the 3.5% growth rate inclusive of a 20% water conservation reduction.
Future demands were also reviewed for the City of Merritt’s proposed developments. The
City of Merritt OCP and OCP Sector Map (attached) were reviewed for the anticipated
extent and locations of future development.
5.3.1 ICI Demands

Based on the projections in the OCP, the City of Merritt would like to see at least 3 new
large industries and 116 commercial businesses locate in the City to meet the needs of
Merritt at an ideal population of 15,000. These ICI increases will be used for the 3.5%
growth condition.

Under the 1.1% growth condition, the projected population is proportionally estimated to
support one large industry and 26 commercial businesses in the year 2030.

D-36406.00 ©2011
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5.3.2

Table 5-5 shows the future additional ICI demands based on anticipated future
development and usage rates for large industry and commercial businesses as calculated
in Section 5.2.1.

TABLE 5-5
FUTURE ADDITIONAL ICI DEMAND
N Additional Demand (L/s)
Condition : :
Industrial Commercial Total
1.1% Growth Rate 2.0 2.4 4.4
3.5% Growth Rate 6.0 10.7 16.7
0 0,
3.5% Grovv_th Rate + _20/0 48 8.6 13.4
conservation reduction

Based on the 1.1% growth rate, the future ICI average day demand in the City of Merritt
Is estimated at 37.6 L/s.

Based on the 3.5% growth rate with 20% conservation reduction, the future ICI average
day demand in the City of Merritt is estimated at 39.9 L/s

Residential Demands

Population growth was partly allocated through development plans provided by the City
of Merritt for major residential projects including the Gateway 286 and Midday Valley
Plan, and through densification of the Bench, East Merritt/Diamond Vale, North Nicola,
City Centre, West Merritt and Collettville areas.

The Gateway 286 Plan represents the largest growth in the City. At full build out,
projections in the OCP indicate the development of over 1,100 houses which will provide
housing for 3,500 people.

The Midday Valley Plan consists of 90 single family houses, 200 townhouses, and a 125
room hotel. At full build out and an average household population of 2.3 persons per
household, the estimated population increase in the Midday Valley Plan is 667 people.

The remaining population increase is through densification of the Bench, East
Merritt/Diamond Vale, North Nicola, City Centre, West Merritt and Collettville areas.
These are potential residential growth areas as noted in the OCP.

Projections are based on both scenarios as noted in Table 5-6 below.

D-36406.00 ©2011
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FUTURE POPULATION SUMMARY

TABLE 5-6

Plan 1.1% gro_wth 3.5% gro_wth
population population

Gateway 286 865* 3,500
Midday Valley 165* 667

Through Densification 752* 3,044

Total Increase 1,782 7,211

Existing Population 7,285 7,285

Future Population 9,067 14,496

* growth calculated based on percentage of growth for 7,211 people interpolated to 1,782 people.

At an average household population of 2.3 persons per household, the projected
population increase of 1,782 under the 1.1% growth rate is calculated as an increase of 39
residential units per year until 2030. The projected population increase of 7,211 people
under the 3.5% growth rate is calculated as an increase of 157 residential units per year
until 2030.

At an existing average residential per capita usage rate of 706 L/c/d, the future residential
average day demand under the 1.1% growth rate is 74.1 L/s, while the future residential
average day demand under the 3.5% growth rate with 20% conservation reduction is
94.8 L/s based on 565 L/c/d.

5.3.3 Peaking Factor Assignment
Peaking factors calculated in Section 5.2.3 were assigned to average day demands to
obtain maximum day demands and peak hour demands for residential and ICI properties
under the 1.1% and the 3.5% (with 20% conservation reduction) growth conditions.
TABLE 5-7
FUTURE DEMANDS AND PEAKING FACTORS (1.1% GROWTH)
Demand (L/s) Peaking Factors
Land Use
ADD MDD PHD ADD MDD PHD
Residential 74.1 204.0 370.5 1.0 2.75 5.00
ICI 37.6 56.4 75.2 1.0 1.50 2.00
TOTAL 111.7 260.4 445.7 1.0 2.33 3.99

D-36406.00 ©2011
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TABLE 5-8
FUTURE DEMANDS AND PEAKING FACTORS (3.5% GROWTH + 20%
CONSERVATION REDUCTION)

Demand (L/s) Peaking Factors
Land Use
ADD MDD PHD ADD MDD PHD
Residential 94.8 261.0 474.1 1.0 2.75 5.00
ICI 39.9 59.9 79.8 1.0 1.50 2.00
TOTAL 134.7 320.9 553.9 1.0 2.38 411

Due to the significant difference in projected demands based on the 1.1% and the 3.5%
(with 20% conservation reduction) growth rate to 2030, recommended infrastructure
improvements may be significant based on the high growth rate.

6.0 CONCLUSION AND RECOMMENDATIONS

This memorandum provides a review of the historical water demand and provides demand
projections based on the City of Merritt OCP. These demands provide a basis for developing the
existing and future demand scenarios in the construction of the City’s water model.

Review of historical demands reveal that the City of Merritt currently experiences high demands,
and that an intensive demand management program may help in reducing these demands by
about 20% for both average day and maximum day demand. The City shall assess its capacity
and the feasibility of undertaking an intensive demand management program.

Opus DaytonKnight recommends the following two scenarios to model in the City’s water
model:

e High Growth 3.5% with 20% conservation reduction through metering, education and leak
reduction
e Low Growth 1.1% with no water conservation

The above two scenarios have been chosen by Opus DaytonKnight. It is considered that if the
high growth scenario may require some significant upgrading of the network, a water
conservation program would be a more economical solution for the City. It was also considered
that the low growth scenario would require less upgrading of the network and less public support
will be garnered for a potential water conservation program if there is inherent water system
capacity.

OPUS DAYTONKNIGHT
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7.0 CLOSURE

We trust you will find the foregoing technical memorandum suitable. Please do not hesitate to
contact the undersigned should you have any questions.

Prepared by: Reviewed by:

b

Walt Bayleés, P.Eng.

L —

"Gurjit Sangha, P.Eng.

Opus DaytonKnight Consultants Ltd.

CL/WB/ab
D-36406.00
Encls.

- Emm
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TECHNICAL MEMORANDUM NO. 2

TO: Shawn Boven, A.Sc.T.
FROM:  Opus DaytonKnight Consultants Ltd.
DATE:  August 10,2011

RE: CITY OF MERRITT - WATER UTILITY MASTER PLAN
SOFTWARE SELECTION

FILE: D-36406.00

This memorandum reviews the available water modeling software for the water model being
developed for the City of Merritt (City) and provides recommendations for the City’s consideration.
Included in this memorandum is a review of each software and cost estimates received from each
supplier. The City shall review the memorandum and select the software best suited to its needs and
ensure that it understands the associated advantages and disadvantages of each program.

1.0 INTRODUCTION

Opus DaytonKnight Ltd. is tasked with the production of a fully functional, extended period
simulation model for use in this project and for future use by the City and its consultants.

The City of Merritt currently does not have a water model but is interested in developing suitable
water model capable of containing the entire city water network with room for expansion. Opus
DaytonKnight Ltd. was retained by the City of Merritt to review available water model programs
which are compatible with GIS and EPANET to develop the water model as part of the Water
Utility Master Plan.

20 SELECTION CRITERIA

The City’s intention is to obtain a recommendation for the potential purchase of a water
modeling software for short in-house modeling tasks and water network review. The purchase
will be dependent on the training required and the City’s available budget at the end of this
project.

Requirements from the City of Merritt for the model are as follows:

compatible with GIS and EPANET;

¢ includes all relevant hydraulic information including type of pipe, pipe age and C-values,
water reservoirs, pump stations, booster stations, PRV’s and control valves;

OPUS DAYTONKNIGHT
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¢ includes calibrated pump curves and C-values based on age, material type and field
calibration; and,

¢ should be parcel based, fully field calibrated, capable of extended period simulation and
yield results accurate enough to undertake analysis to an engineering design level.

Opus DaytonKnight confirms that this amount of detail is adequately specified for the purposes
of developing a fully functioning water model for the City of Merritt.

The licenses for water modeling software are based on the number of links (pipes) within a water
model. The licenses limit the model to run at a maximum number of links, so the more links
there are in the system, the higher the cost will become. An initial review of the system
concludes that the system will have approximately 630 links. Many companies sell licenses for
links in numbers of 1,000, 2,000, 5,000, 10,000, and unlimited. For the City of Merritt, the cost
for the 1,000 link license has been procured.

30 SOFTWARE REVIEW

The selection criteria noted by the City have been used to determine the capabilities and the type
of water modeling software required for the Water Utility Master Plan. The modeling software
chosen for review for the City of Merritt is InfoWater and WaterCAD.

This section reviews the two softwares for their ease of use, ArcGIS integration, graphical
representation, and cost.

3.1 InfoWater

InfoWater, developed by Innovyze, is a water modelling software preferred for its
excellent graphical outputs.

InfoWater uses an enhanced version of the EPANET hydraulic and water quality
analysis engines and operates within the ArcGIS environment, which requires the GIS
license for its operation. Static and Dynamic models can be created in the software.
InfoWater has good data management features using a tree based scenario manager
which supports inheritance. The software has output tables which allows for easy copy
and pasting to external programs such as excel. All functional processes require some
time before they are familiarized.

The InfoWater modeling program runs on the ArcGIS platform.

Graphical representation is excellent for this program with the ability of producing
many colour coded, and thematic maps straight from the ArcGIS environment.

Costs in US dollars for a 1,000 pipe version of InfoWater are as follows:

OPUS DAYTONKNIGHT
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TABLE 3-1

INFOWATER COSTS
Pipe Limit Retail Cost
1,000 $4,000*

* excludes $800 Annual Maintenance Cost

3.2 WaterCAD

WaterCAD, developed by Bentley Systems, is a water modelling software well-liked
for its ease of use and good functionality.

WaterCAD is offered in a standalone version and also in an AutoCAD environment.
The features of both packages are similar.

WaterCAD uses a modified version of the EPANET hydraulic simulation engine in its
hydraulic and water quality calculations. Static and Dynamic models can be created in
the software. WaterCAD has good data management features using a scenario
manager that involves parent-child relationships. WaterCAD includes an active
topology manager that helps isolate parts of the system being analyzed within the
scenario. The software has output tables which allows for easy copy and pasting to
external programs such as excel. All functional processes only take a short time before
they are familiarized.

The GIS interface for this software is considered to be good with Shapefiles and other
GIS formats easily imported as background layers.

WaterCAD offers the Pressure Zone Manager module that is not included in the
InfoWater software. The Pressure Zone manager helps to identify pressure zones and
confirm existing or new pressure zones.

Graphical representation is also good for this program with the ability of producing
many colour coded, and thematic maps. The ACAD version of the software is
recommended should there be a need for printing large number of plots for reports,
etc.

Costs in US dollars for a 1,000 pipe version of WaterCAD are as follows:

TABLE 3-2
WATERCAD COSTS

Pipe Limit Retail Cost

1,000 $*

*excludes $1,925 Annual Maintenance Cost
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40 BUDGETARY REVIEW

There are four components to the water modeling budget. The components are shown in Table 4-

1 and summarized as:

1. Software Selection
2. Annual Subscription
3. Staff Training

4. Modeling/Updating

The water modeling budget shall consist of components 1, 2, 3 and 4, while subsequent yearly
modeling budgets will consist of only components 2 and 4.

TABLE 4-1
WATER MODELING BUDGET COMPONENTS
Tasks A Cost Total Amount
Hours
1) Software Selection (choose one of the following softwares below)
InfoWater Software Purchase Cost - $4,000 $4,000
WaterCAD Software Purchase Cost -
2) Annual Subscription (cost of maintenance for each corresponding software)
InfoWater Annual Subscription Fee - $800 $800
WaterCAD Annual Subscription Fee -
3) Staff Training (cost for training in first year)
InfoWater Staff Training by Opus DK 24 $7,500 $7,500
WaterCAD Staff Training by Opus DK 16 $5,000 $5,000

4) Modeling/Updating (choose one of the following methodologies)

One Semi-Trained Staff Member 60 —120 $2,400 — $4,800*

InfoWater $7,400 — $14,800
Consultant Hydraulic Analyses 35-70 $5,000 — $10,000
One Semi-Trained Staff Member 30-60 $1,200 — $2,400*

WaterCAD $6,200 — $12,400
Consultant Hydraulic Analyses 35-70 $5,000 — $10,000

* rate for one staff member working at $40/hour, these costs are for reference as a total cost of the methodology

D-36406.00 ©2011
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The cost for modeling ranges from $5,000 to $10,000 as different types of hydraulic analyses
take varying amounts of time to complete. The approximate cost at the lower end describes
simple hydraulic analyses while the cost at the higher end encompasses more detailed analyses.

5.0  DISCUSSION & RECOMMENDATION
Both software programs are considered excellent hydraulic models in terms of computational
abilities. The following discussion and recommendation provides the City an opportunity to

consider its selection requirements and the associated costs of each software.

Table 5-1 summarizes our review of the software.

TABLE 5-1
WATER DISTRIBUTION MODEL SUMMARY
Software Reliability / | Modeling Use within GIS Graphical o 1%8? ;?r;e
Package Fealies Stability Tools Ease of Use the Industry Integration | Representation VGl version
Support
(US dollars)
InfoWater Excellent Excellent High Moderate High Excellent High Good $4,000
WaterCAD Excellent Excellent Excellent High High Good Good Excellent $

InfoWater has gained a large share of the hydraulic modeling market within North America. The
software offers many of the features of its competition at a reduced cost. InfoWater has a large
number of local users within B.C. including Abbotsford, Richmond, City of North Vancouver, and the
City of Prince George. Our experience is that there is a higher learning curve in using the software.

WaterCAD is used extensively by consultants, municipalities and Regional Districts in B.C. It is
considered a reliable software package with good graphical displays and data management. Our
experience is that municipalities find WaterCAD easier to learn and implement.

Should the City be interested in modeling software with good graphical outputs within the ArcGIS
environment, the InfoWater option is the desirable option. However, should the City desire at some
point in the future to maintain its own software and also retain some in-house modeling capability, we
recommend the procurement of the WaterCAD software for its ease of use and good technical
support.

The City should note that the model can be easily converted from one program to another, and that the
decision on the water modeling software is not urgent as the model can be constructed produce
required results for the Water Utility Master Plan. A final decision is requested from the City near the
end of the project.

OPUS DAYTONKNIGHT
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6.0 CLOSURE

We trust you will find the foregoing technical memorandum suitable. Please do not hesitate to
contact the undersigned should you have any questions.

Prepared by: Reviewed by:

Opus DaytonKnight Consultants Ltd.

Clive Leung, E.LT. Walt Bayless, P.Eng.

CL/
D-36406.00
Encls.

OPUS DAYTONKNIGHT
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TECHNICAL MEMORANDUM NO. 3

TO: Shawn Boven, A.Sc.T.
Danielle Cass, Engineering Technologist

FROM: Clive Leung, EIT
Gord Tycho, MScP, MCIP, E.LT.

DATE: August 23,2011

RE: CITY OF MERRITT
HYDRANT FLOW TESTING PROGRAM

FILE: D-36406.00

This memorandum outlines the proposed hydrant flow testing program developed for the City of
Merritt for the purposes of data collection for the City’s water model update. Also included in this
memorandum are the proposed testing locations which are highlighted in the figures attached at the
end of this report. We request the City to review the proposed hydrant locations for suitability and to
confirm that the flow hydrants will not flood or damage adjacent properties. It is recommended that

the testing period be in August in order to stress the water model during calibration.

1.0 INTRODUCTION

Measured field data (flows and pressures) are required to calibrate the City of Merritt’s recently
developed water model. A hydrant testing program is typically undertaken to collect this type of
data. The proposed program is estimated to take two (2) days. During this time we will require

City staff to operate the hydrants while we record flow and pressure readings.

20 APPROACH

Each hydrant flow testing process includes opening a pre-determined hydrant and measuring
flow from it, while also recording residual pressures at other hydrants in the area. This
measurement allows the same flow conditions to be simulated in the model while comparing the

pressures at 2 or more locations.

OPUS DayTONKNIGHT
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Four (4) flow sets are scheduled, each consisting of four (4) spatially static pressure reading
sites, and three (3) spatially variable flow sites (each flow site also has a single adjacent pressure
site). This results in 30 pressure measurements per set (15 static, 15 flow residual) and a total of
120 pressure measurements (60 static and 60 flow residual) across the City of Merritt, to
calibrate the model. The following are considered in the selection of the hydrant flow and

pressure locations:

e All hydrants must be in the same pressure zone;

¢ The location of the flow entry points into the zone (to determine the total flow in);

e Low and high elevations to capture maximum and minimum pressures, respectively;

® General location and populated areas to obtain a representative coverage of the entire zone;
and,

e Land use

Figures 2-1 to 2-4 illustrate the proposed hydrant testing sites for flows and pressures

measurements. We require approval from the City on these sites. Please also see Section 5.0.

30 METHODOLOGY

The procedure used to collect data for model calibration is multi-pressure monitoring, and is

outlined as follows:

1. Four high resolution pressure loggers (+0.2% of full scale) will be installed on predetermined
pressure hydrants, and one additional logger installed on a hydrant adjacent to the flow

hydrant. After bleeding the air, the hydrants are opened completely.

2. A turbine flow meter shall be installed on a pre-determined flow hydrant port to measure full
hydrant flow; alternatively, a pitot gauge shall be installed on the flow hydrants and the
velocity pressures shall be recorded. These pressures will be later converted into hydrant

flow.

OPUS DayTONKNIGHT
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3. The type of hydrant orifice or nozzle on the flow hydrant must be recorded, as this
information affects flow characteristics. The actual internal diameter of the outlet or nozzle

must be measured to the nearest sixteenth of an inch.

4. City crew need to monitor flow and supervise drainage and dechlorination. Each hydrant
flow period is anticipated to take 3-5 minutes. There will be 6 flows per day for two

days.

5. Pressure loggers will then be removed, stopped and downloaded into a computer program.

This data provide the static and residual pressures needed to calibrate the model.

The residual pressure at the flow hydrant (measured at the hydrant adjacent to the flow hydrant)
should never be allowed to drop below 20 psi (138 kPa). If it does, slowly close the flow hydrant
to bring the pressure back to 20 psi. At 20 psi on the hydrant adjacent to the flow hydrant, read

and record the pitot readings on the flow hydrant.

During this time,
® Records of reservoir levels must be provided from the City’s SCADA system (real time
or daily output) in order to estimate background levels during the testing.
® Pump capacities, pump curves, PRV settings, and elevations of the PRV stations must be
verified by the City prior to model calibration.
¢ Information on daily demand and pump flow rates, as well as any special operational
changes to the system (such as main closures, and which supply wells are running, etc.)

will be provided by the City.

The acceptable tolerance between field and computer predicted results are within ten to fifteen

percent, the accepted industry standard.

OPUS DayTONKNIGHT
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4.0

FIELD CALIBRATION PROGRAM

Four sets of hydrant flow tests shall be conducted as follows:

e Set 1 — see Figure 2-1

e Set 2 — see Figure 2-2

e Set3 - see Figure 2-3

e Set4 — see Figure 2-4

Field predicted results will be correlated with computer predicted results by Opus DaytonKnight

Ltd. upon completion of the field program.

5.0

SUMMARY

In summary, Opus DaytonKnight will provide:

One staff during this testing program to coordinate the works,
the hydrant flow meter,

the pressure loggers (5),

necessary pressure logger software,

assistance to City staff with respect to mounting the equipment on the hydrants.

We require the City staff to:

approve all hydrant pressure test sites,

approve, in consultation with Opus DaytonKnight consultants, 3 hydrants that are
appropriate (with respect to general safety, environmental, and property concerns) to act
as flow hydrants in each of the four (4) test areas, and make recommendations for testing
alternative hydrants if warranted,

operate the hydrants for 3-5 minutes each, 6 hydrant flows per day over two (2) days,
provide information (during the testing periods) relating to reservoir levels, the PRV
setting, which pumps are operating, and any other operational changes that would affect

the system (such as closed valves, etc).

D-36406.00 Page 4

OPUS DayTONKNIGHT




Ficont 2+

Wt WA RANT

1%

KATACERST PRESSv2E

BibRANT
S PrESSURE HYMEANT







b...;martum:amumu m.ﬂ._.l\
ST L N T
3055334 LVIWLey = Ad [3] 1
LoWATLE mag = R
i: 0O : i .

Qoo ) e h_
i N _ , /]

B e /. | —
4 \ - ¥
~Q_\ f 7 ..,. / | | = IL £ * * ..+
NG | [ o / [
L Moo/l ! 15
A A | : . *




LANY¥IRE 3E05T3dd - v
L4 b )
WSS Y Loy = 24 [T

Lewway merd : B3

T3V




TECHNICAL MEMORANDUM NO. 4

TO: Shawn Boven, A.Sc.T.
FROM:  Opus DaytonKnight Consultants Ltd.
DATE:  Sept 16, 2011

RE: CITY OF MERRITT -WATER UTILITY MASTER PLAN
HYDRAULIC MODEL DEVELOPMENT AND CALIBRATION

FILE: D-36406.00

This memorandum summarizes the structure of the hydraulic model, the methodology of building it
from the various sources of information and the process of incorporating that information. The
objective of this memo is to inform the City of Merritt about the hydraulic model structure in order to
provide Opus DaytonKnight with comments and feedback prior to running the model and generating
results.

This is the fourth memorandum issued for the subject project and it was preceded by:

1. Memo-1: Demand Analysis, issued on Aug 10, 2011 and revised on Sep 13, 2011.
2. Memo-2: Software Selection, issued on Aug 29, 2011.
3. Memo-3: Hydrant Flow Testing Program, issued on Aug 23, 2011.

1.0 INTRODUCTION

Opus DaytonKnight Ltd. is tasked with the production of a fully functional, extended period
simulation model for use in this project and for future use by the City and its consultants.

The City of Merritt currently does not have a hydraulic model and has initiated the process of
developing a suitable hydraulic model capable of containing the entire city’s water distribution
network with room for expansion. Opus DaytonKnight Ltd. was retained by the City of Merritt
to review available hydraulic model programs which are compatible with GIS and EPANET to
develop the water model as part of the Water Utility Master Plan.

20 OBJECTIVE
This memorandum summarizes the following:

e the sources of information used in the model
e the methodology of building the model and allocating demands

OPUS DAYTONKNIGHT
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3.0

the fire hydrant flow testing results
the different scenarios prepared for the analysis

SOURCES OF INFORMATION

Information such as pipe network layout and sizes, locations of structures and appurtenances,
water meter readings were obtained mainly from the following sources, provided by the City as
outlined below:

4.0

4.1

Merritt water composite map (CAD drawing), received on June 15, 2011.

Fire hydrant flow map-1, (pdf drawing), revised on Sept 21, 2006.

Fire hydrant inventory (Excel File No. 131B), dated January 2008.

Water well capacities (pdf document), dated 1999.

Merritt monitoring water well Data (excel file), dated Jan-Dec 2010.

Gateway 286 new subdivision (pdf drawing No. 00-CP1001-Rev A), dated Dec 06, 2006.
968 Midday Valley road new subdivision (pdf Drawing No. 2161-P1-Rev1), dated Jul 15,
2010.

Water Works for Reservoir 286 (pdf drawings by Civic Consultants Ltd), dated Jun 2011.
Merritt Airport Servicing Extensions (pdf drawings by CTQ Consultants Ltd), dated Jul
2011.

1999 Merritt pump curves (pdf document), received on Jun 22, 2011.

City of Merritt cadastral map.

2007 Merritt countours-1.0m.

Site visit by Opus DaytonKnight personnel on Jun 22, 2011.

Daily water consumption for 2010 (excel file).

Reports by the City of Merritt and memorandums by other consultants relevant to the City’s
water distribution works.

MODEL DEVELOPMENT

Pipe Network

The pipe network, in GIS shapefile, was imported to WaterCAD v8.0i. The imported
information includes pipe diameters, pipe installation year, reservoir locations, pump
station locations, PRV locations and fire hydrant locations. Gate (isolation) valves were
not imported into the model in order to simplify the model and minimize control
parameters.

For future growth scenarios, the existing distribution network was expanded by adding
pipes to the model. The main additional pipes are those serving Gateway 286 and Midday
Valley developments, and the new Airport extension projects.

D-36406.00 Page 2
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4.2 Node Locations And Elevations
Typically the nodes in the hydraulic model were mainly located at:

e Pipe diameter changes
e Pipe intersections
e The end of pipelines

Although pipe elevations are technically below ground level, usually at 1.0m - 2.0m
depth, ground elevations were used to represent the node elevations of the pipes in the
model. This was done to simplify the network model and to base it on a more reliable
source of data.

The ground elevations were extracted from the contour information, in shapefile format,
provided by the City of Merritt in CAD format. By using these shapefiles, WaterCAD’s
TRex Tool was used to interpolate and assign elevations to all nodes in the water model.

5.0 DEMAND ALLOCATION

This section outlines the methodology of allocating the calculated demands to the nodes in the
model.

The figures in this section correspond to the Average Day Demand (ADD). The Maximum Day
Demand (MDD) and Peak Hour Demand (PHD) are generated from ADD on the basis of the
peaking factors shown in Table 5-1.

TABLE 5-1
PEAKING FACTORS

Peaking Factors
Land Use
ADD MDD PHD
Residential 1.0 2.75 5.00
ICI 1.0 1.50 2.00

OPUS DAYTONKNIGHT
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51 Existing Demands (2010):

Allocation of existing demands to nodes in the model is based on three categories, which
are Large ICI, Regular ICI and Residential.

5.1.1 Large ICI Demand:

Large ICI demand includes the five users with the highest demand according to the
2010 meter readings by the City of Merritt. These are: Tolko Industries Ltd, Conayt
Friendship Society, The Board of School Trustees, Little Joe and Son Holdings Ltd,
and Coldwater Hotel.

Existing demand for each of the five large ICI is averaged at 2.0 I/s. This is outlined
in Memo-1: Demand Analysis on Sept 13, 2011.

A single node for each of these industries is selected and assigned the 2.0 I/s demand.

The locations of the selected nodes in the model are approximate to the location of
the actual existing water connection. The total large ICI existing demand is 10.0 I/s.

5.1.2 Reqular ICI Demands:

Total existing demand for Regular ICI is 23.3 I/s. This was calculated as follows:

o Total measured existing demand for all ICI is 20.7 I/s.
o A total corrected (actual) ICI demand is 33.2 I/s. Refer to Memo-1 on Sept 13,
2011 for calculations.
0 Regular ICI demand = Total corrected ICI — Total measured large ICI
=33.21/s-10.0 I/s=23.2I/s.

The total Regular ICI demand, 23.2 I/s, was distributed over the commercial and light
industrial areas on the basis of percentage area coverage. Refer to the City of
Merritt’s Official Zoning Map-Schedule-A revised on July 24, 1996. The distribution
was done as follows:

0 The plan area of each region within the commercial and light industrial zones was
measured, C1 to C6 and M1. Part of C4 zone, which is adjacent to Gateway 286
development (approximately 6.14 ha), is not included in the existing water
demand allocation because the development does not exist as of 2010.

0 The total area for all commercial and light industry regions was measured, which
summed up to approximately 246 ha.

0 The percentage area covered by each zone, C1 to C6 and M1, to the total area of
246 ha was calculated.

D-36406.00
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0 The total existing demand of 23.2 I/s was distributed proportionally over the each
zone, C1 to C6 and M1, on the basis of percentage area coverage calculated
above.

e The existing water demand for each zone, C1 to C6 and M1, was further distributed
evenly on all the nodes in the model surrounding that particular region.

5.1.3 Residential Demands:

e The total existing Residential demand is 59.6 I/s. Refer to Memo-1 Demand Analysis
on Sept 13, 2011 for calculations.

e This total demand was evenly distributed over the residential area on the basis of
percentage area coverage. Refer to the City of Merritt’s Official Zoning Map-
Schedule-A revised on July 24, 1996. This was done as follows:

0 The plan areas of each residential region, such as R1 to R7 as shown in the zoning
map, were measured. Zone R8, which is the Gateway 286 area, is not included in
the existing water demand calculations because the development does not exist as
of 2010.

0 The total area of all residential regions was calculated, which summed up to
approximately 397 ha.

0 The percentage area coverage of each zone, R1 to R7, to the total residential area
of 397 ha was calculated.

0 The total demand of 59.6 I/s on the each zone, R1 to R7, was distributed
proportionally on the basis of percentage area coverage calculated above.

e The existing water demand for each zone, R1 to R7, was further distributed evenly on
all the nodes in the model surrounding each particular zone.

5.2 Future Demands (2030):

Allocation of future demands, for the low (1.1%) and the high (3.5%) projected growth
scenarios, to nodes in the model is based on the same three categories as the existing
demands in addition to three more categories, which are Gateway 286, Midday Valley
and Airport Extension. The rates for each of these are outlined below:

5.2.1 Large ICI Demand:

e Low growth scenario: In addition to the existing large ICI demand, 1 new large ICI
was added; refer to Table 5-5 in Memo-1 Demand Analysis on Sept 13, 2011. The 2.0
I/s was added to 1 node in the model within the zone of South Merritt. The total large
ICI future demand for this scenario is 12.0 I/s.

e High growth scenario: The existing large ICI demands were reduced by 20% and 3
new large ICI’s were added; refer to Table 5-5 in Memo-1 Demand Analysis on Sept

OPUS DAYTONKNIGHT
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13, 2011. 1.6 I/s was added to three nodes in the model within the zones of South
Merritt, Coletteville and East Merritt/Diamond Vale. The total large ICI future
demand for this scenario is 12.8 I/s.

5.2.2 Reqular ICI Demands:

e Future regular ICI demands were distributed within the 4 zones, which are City
Centre, Voght Street/North Entry, North Nicola and Gateway 286.

e Low growth scenario: In addition to the existing regular ICI demands, an additional
2.4 1/s was added to this future scenario, which is based on 26 additional regular ICI’s
at the same unit demand of 0.092 I/s.

0 The additional 2.4 /s was distributed over the commercial areas within the zones
noted above. The distribution was proportional to the percentage of area coverage;
i.e. ratio of total commercial areas in each zone to the total commercial areas in
all the zones noted above.

o0 The demand of each area was then evenly divided on the nodes surrounding the
commercial areas in the zone. The total regular ICI demand for this growth
scenario is 25.6 I/s.

e High growth scenario: The existing regular ICI demands were reduced by 20% and
8.6 I/s were added, based on 116 new regular ICI’s at a unit rate of 0.074 I/s.

0 The 8.6 I/s was distributed over the commercial areas within the zones noted
above. The distribution was proportional to the percentage of area coverage; i.e.
ratio of total commercial areas in each zone to the total commercial areas in all
the zones.

0 The demand of each area was then evenly divided on the nodes surrounding the
commercial areas in the zone. The total regular ICI demand for this growth
scenario is 27.1 I/s.

5.2.3 Residential Demands (by densification):

e Future residential demands occurring due to densification were distributed within the
6 zones, which are Bench, East Merritt/Diamond Vale, North Nicola, City Centre,
West Merritt, and Colletteville.

e Low growth scenario: In addition to the existing residential demands, 6.2 I/s was
added to this scenario which is based on an additional population of 752 at the same
unit demand of 706 I/c/d.

0 The 6.1 I/s was then distributed over the residential areas within the six zones
noted above. The distribution is proportional to the percentage of area coverage,
as previously defined.

OPUS DAYTONKNIGHT

D-36406.00 Page 6



e High growth scenario: The existing residential demands were reduced by 20% and
19.9 I/s was added, based on an additional population of 3,044 at the reduced unit
demand of 565 l/c/d.

0 The 19.9 I/s was distributed over the residential areas within the six zones noted
above. The distribution was proportional to the percentage of area coverage, as
previously defined.

5.2.4 Residential Demands (by new developments):

e Future residential demand occurring as a result of new developments was distributed
over the areas of Gateway 286 and Midday Valley developments.

e Low growth scenario: At this growth rate, Gateway 286 and Midday Valley are
projected to include 865 and 165 residents, respectively, in the year 2030. This is
equivalent to 7.1 I/s and 1.4 I/s based on a unit demand of 706 I/c/d. Each of these
demands was allocated to 1 node in the model adjacent to the location of the
development.

e High growth scenario: At this growth rate, Gateway 286 and Midday Valley are
projected to include 3,500 and 667 residents, respectively, in the year 2030. This is
equivalent to 22.9 I/s and 4.4 |/s based on a reduced unit demand of 565 I/c/d. Each of
these demands was allocated to 1 node in the model adjacent to the location of the
development.

6.0 RESERVOIRS

Table 6-1 summarizes the information for reservoirs that was made available by the City and
which was used to build the hydraulic network model.

Some of the information is still pending and would be useful to obtain that information in order
to accurately run the model.

OPUS DAYTONKNIGHT
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TABLE 6-1

RESERVOIR PARAMETERS

Reservoir | Current Status (year 2011) Reservoir Parameters
Volume 1,000,000 IMP Gal
Grimmett | ONLINE
Max water elv. 680 m
Volume 148,000 IMP Gal
Nicola ONLINE
Max water elv. 680 m
Volume 120,000 IMP Gal
Grandview | ONLINE
Max water elv. 745 m
Volume 500,000 IMP Gal
South East | ONLINE Max water elv. 680 m
Diameter 19m
Volume 508,129 IMP Gal
Max water elv. 747 m
Active 1 oNILINE Min water elv. | 738 m
Mountain
Finished Grnd 738 m
Elv
7.0 PUMPS

Table 7-1 summarizes the information for pumps that was made available by the City and which
was used to build the hydraulic network model. Some of the information is still pending and is

required in order to accurately run the model.
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TABLE 7-1
PUMP PARAMETERS

Current
Well Status Pump Parameters Pump Curve Points
(year 2011)
Pump Start at 76 % of Flow (I/s) | Head (m)
Grimmett reservoir level Pt.1 0.00 140
Fairley Park ONLINE
Y Pump Stop at 79 % of Pt.2 40 130
Grimmett reservoir level Pt.3 100 70
Pump Start at 80% of Flow (I/s) | Head (m)
Voght VFD ONLINE Grimmett Reservoir level Pt.1 0 190
(Voght Park #1) Pump Stop at 84% of Pt.2 100 140
Grimmett Reservoir level Pt.3 200 52
. Flow (I/s) | Head (m)
Collettville ONLINE Pi1 57 114
Flow (I/s) | Head (m)
Pt.1 0 180
Kengard ONLINE P2 30 140
Pt.3 68 80
Pump Start at75% of Flow (I/s) | Head (m)
Voght Park Gas/E ONLINE Grimmett Reservoir level Pt.1 0 140
(Voght Park #2) Pt.2 40 130
Pt.3 180 65
Flow (I/s) | Head (m)
Pt.1 6.31 118.87
May Street OFFLINE PL2 28.40 8534
Pt.3 39.44 54.86

8.0 BOOSTER STATIONS

Table 8-1 summarizes the information for reservoirs that was made available by the City and
which was used to build the hydraulic network model.

Some of the information is still pending and would be useful to obtain that information in order
to accurately run the model.
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TABLE 8-1
BOOSTER STATIONS PARAMETERS

Booster Current
Stati Status Pump Parameters Pump Curve Points
tation
(year 2011)
Active Flow (I/s) | Head (m)
Mountain | ONLINE Et-; 300 18100
(elv 635 m) t
Pt.3 40 62
Flow (I/s) | Head (m)
Grandview Pt.1 0 84
(elv. 649 m) | ONLINE P2 | 19 73
Pt.3 28 61
9.0 PRV

Table 9-1 summarizes the information for the Pressure Reducing Valve (PRV) that was made
available by the City and which was used to build the hydraulic network model.

TABLE 9-1
PRV PARAMETERS
PRV PRV Diameter PRV Parameter
Grandview Booster Station 3inand4in 40 psi at discharge up to maximum 135 psi.

10.0 MODEL CALIBRATION

Hydrant flow testing is a reliable method to determine the actual water quantity and flow rate
available for fire fighting at various locations within the distribution system. The purpose of
retrieving hydrant flow data is to calibrate the model and, in particular, the C-values of the pipes
in the surrounding areas of the flow tests. A few iterations of the hydraulic model were carried
out under the calibration to the hydrant flow testing results. During this time, boundary
conditions such as reservoir elevations and pump statuses were retrieved as well.

10.1  Flow Test Methodology

Hydrant flow tests for the City of Merritt were conducted on August 30th and Sept 2nd,
2011 by a crew that was made up of City and Opus DaytonKnight personnel. Two sets of
measurements were performed on August 30th and three sets on Sept 2nd. Each set
corresponds to a certain area (zone) in the city and, ideally, three different measurements
are proposed for each set. Table 10-1 summarizes the time and locations of the tests.

OPUS DAYTONKNIGHT
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TABLE 10-1
TEST SETS — DATE AND LOCATION

Set Zone : No. of

No. No. DEI o Readings
Aug 30", 2011 West Merritt / City

1 2 : : 3
(Morning) Centre / North Nicola

) 3 Aug 30", 2011 East Merritt / 3
(Afterng)on) Diamond Vale
Sept 2", 2011

3 1 (M%rning) Bench 3

4 5 Sept 2™, 2011 Bench (Grandview )
(Noon)d Heights)
Sept 2", 2011 .

5 4| A?temoon) Collettville 3

The procedure used to collect the required pressure and flow data for model calibration was a
multi-pressure monitoring one. The procedure was applied to all of the above sets as outlined

in Memo-3: Hydrant Flow Testing Program, issued on Aug 23, 2011.

Section 10.2 shows the data and results of the measurements taken for the 5 sets.

D-36406.00
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10.2 Field Calibration Results

10.2.1 Test Set# 1 (Zone 2)

Three flow measurements were conducted for test set #1. Table 10-2 summarizes the
location of hydrants and hydrant numbers selected for this test set.

TABLE 10-2
TEST SET 1
Logger Hydrant | Flow Start | Flow End .
ID # Time Time SIS
PS1 DKO01 85 - - Coldwater Ave. & Main St
PS2 DKO02 87 - - Nicola Ave & Cleashy St.
PS3 DKO03 146 - - Coldwater Ave. & Garcia St
PS4 DKO04 95 - - Merritt Ave & Blaire Str (2290 Merritt Ave)
Q1 - 156 10:08 10:13 Canford Ave. & Spring Str.
PR1 DKO05 254 - - S. end of Spring Str. - W. side
Q2 - 71 11:08 11:13 First Str. & Cleasby Str.
PR2 DKO05 76 - - First Str. & Chapman Str.
Q3 - 96 11:38 11:43 Granite Ave. & Blair Str.
PR3 DKO05 100 - - Granite Ave. & Charters Str.

Figure 10-1 illustrates the pressures logged by the four static pressure loggers, and the
approximate flow test times for Set 1.

OPUS DAYTONKNIGHT
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Figure 10-1: Static Pressure — Set 1

The zone covered for test set 1 includes West Merritt, City Centre and North Nicola.
Water sources for these areas is from VVoght Park well #2, Fairly Park well, and Nicola
reservoir.
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10.2.2 Test Set # 2 (Zone 3)

Three flow measurements were conducted for test set #2. Table 10-3 summarizes the
location of hydrants and hydrant numbers selected for this test set.

TABLE 10-3
TEST SET 2
Logger ID | Hydrant # | Flow Start Time | Flow End Time Location
PS1 DKO01 108 - - Jackson Ave. & Blair Str.
PS2 DKO02 116 - - Clapperton Ave. & Houston Str.
PS3 DKO03 91 - - Quilichena Ave. & Houston Str.
PS4 DKO04 35 - - 2881 Cranna Cres.
Q1 - 130 13:50 13:55 Priest Ave. & May Str.
PR1 DKO05 127 - - May Str. & Clapperton Ave.
Q2 - 103 14:09 14:15 May Str. & Coutlee Ave.
PR2 DKO05 105 - - May Str.& Quilichena Ave.
Q3 - 18 13:21 13:26 Ransom Ave. & Armstong Str.
PR3 DKO05 20 - - Menzies Ave. & Ransom Ave.

Figure 10-2 illustrates the pressures logged by the four static pressure loggers, and the
approximate flow test times for Set 2.

OPUS DAYTONKNIGHT
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Figure 10-2: Static Pressure — Set 2

The zone covered for test set 2 is within East Merritt / Diamond Vale. Primary water
sources for this area is from Voght Park well #2, Fairly Park well, and Nicola reservoir.
Kengard well and May Street well are to the North and South of this area, however, they
are currently offline as of 2010.

The pattern for DK-05 shows an unusual drop between Test flow 3 and test flow 1,
around 13:30 hrs. This can be attributed to a procedural error while attempting to
disconnect the logger from the hydrant. However, this has no effect the hydraulic results
and analysis of the network calibration and flow tests because it occurs between the two
tests and not within the flow test duration.

OPUS DAYTONKNIGHT
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10.2.3 Test Set # 3 (Zone 1)

Three flow measurements were conducted for test set #3. Table 10-4 summarizes the
location of hydrants and hydrant numbers selected for this test set.

TABLE 10-4
TEST SET 3
Flow Flow
HOGYE? ALl Start End Location
ID # . X
Time Time
PS1 DKo1 45 - - Ponderosa Way & Pine Ridge Dr. (3399 Pineridge Way)
PS2 DKO02 54 - - Castillou Cres. & Parker Dr.
PS3 DKO3 239 - - Walters St & Brenmer Ave (4133 Walters Str.)
PS4 DKO04 8 - - Walters St & Irvine Ave. (2501 Irvine Ave.)
Q1 - 67 10:34 10:49 | Pineridge Dr. & Juniper Dr.
PR1 DKO05 68 - - 1737 Juniper Dr.
Q2 - 49 9:43 9:48 | Castillou Cr & Munro Cr (2202 Munro Cres.)
PR2 DKO05 59 - - Castillou Cr & Munro Cr (2102 Munro Cres.)
Q3 - 229 9:18 9:23 | Irvine Ave & River Ranch Rd. N.W.
PR3 DKO05 4 - - Irvine Ave & River Ranch Rd West (2637 Irvine Ave.)

Figure 10-3 illustrates the pressures logged by the four static pressure loggers, and the
approximate flow test times for Set 3.

OPUS DAYTONKNIGHT
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Figure 10-3: Static Pressure — Set 3

The zone covered for test set 3 is within Bench. Water source for this area is from Nicola
reservoir and Grimmett Reservoir located to the West and Northeast of Bench,
respectively. Kengard well is to the South of this area, however, it is currently offline as
of 2010.

It can be observed that DK-05 logger does not show any readings for this test set. This is
attributed to the fact that the equipment digitally ceased to log and to store the measured
data. However, the visual readings from the gauge were recorded and used for the water
network model calibration.

OPUS DAYTONKNIGHT

D-36406.00 Page 17



10.2.4 Test Set # 4 (Zone 5)

Two flow measurements were conducted for test set #4. Table 10-5 summarizes the
location of hydrants and hydrant numbers selected for this test set.

TABLE 10-5
TEST SET 4
Flow Flow
Logger ID | Hydrant # Start End Location
Time Time
PS1 DKO01 299 - - End of Peregrine Way
PS2 DKO02 295 - - Grandview Heights & Peregrine Way
PS3 DKO3 182 - - Eagle Cres & Falcon Cres Dr.
PS4 DKO04 244 - - 2717 Grandview Heights Rd
Q1 - 297 12:26 12:31 | Peregrine Way (2nd from top)
PR1 DKO05 298 - - Peregrine Way & Falcon Cres Dr.
Q2 - 178 12:55 13:00 | Grandview Heights & Eagle Cres.
PR2 DKO05 181 - - Eagle Cres.
Figure 10-4 illustrates the pressures logged by the four static pressure loggers, and the
approximate flow test times for Set 4.
5.36406.00 Page 16 OPUS DAYTONKNIGHT
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Figure 10-4: Static Pressure — Set 4

The zone covered for test set 4 is within a new area to the East of Bench at Grandview
Heights. Water source for this area is from Nicola reservoir and Grimmett Reservoir
located to the West and Northeast of Bench, respectively. Kengard well is to the South of
this area, however, it is currently offline as of 2010.

It can be observed that DK-05 logger does not show any readings for this test set. This is
attributed to the fact that the equipment digitally ceased to log and to store the measured
data. However, the visual readings from the gauge were recorded and used for the water
network model calibration.

OPUS DAYTONKNIGHT
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10.2.5 Test Set #5 (Zone 4)

Three flow measurements were conducted for test set #5. Table 10-6 summarizes the
location of hydrants and hydrant numbers selected for this test set.

TABLE 10-6
TEST SET 5
Flow Flow
=Oefger | [AhelE Start End Location
ID # . X
Time Time
PS1 | DKO1 205 - - (1416 Collett Str.)
PS2 | DKO02 196 - - Main St & Spruce Ave.
PS3 | DKO03 221 - - Birch Ave & 3rd from Aspen St
PS4 | DKO4 216 - - Fir Ave & Morrissey St
Q2 - 219 15:31 15:36 | Fir Ave. & Hill Str.
PR2 | DKO05 198 - - Fir Ave. & Hill Str.
Q3 - 264 15:57 16:02 | Fir Ave (2nd up from Lindley Crk Rd - 1624 Fir Rd.)
PR3 | DKO05 170 - - Fir Rd * Lindley Crk Rd
Q4 - 223 16:23 16:27 | (2074 Birch Ave.)
PR4 | DKO05 214 - - Aspen Str. & Birch Ave.

Figure 10-5 illustrates the pressures logged by the four static pressure loggers, and the
approximate flow test times for Set 5.

OPUS DAYTONKNIGHT
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Figure 10-5: Static Pressure — Set 5

The zone covered for test set 5 is within Collettville. Water source for this area is mainly
from Collettville well. The zone can also be supplied with water from VVoght Park wells
through the distribution network.

It can be observed that DK-05 logger does not show any readings for this test set. This is
attributed to the fact that the equipment ceased to digitally log and to store the measured
data. In addition, the pitot tube in the flow meter was blown away by the flowing water
when the fire hydrant was opened.

OPUS DAYTONKNIGHT
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10.3  Discussion

Model calibration is typically completed using one flow test per pressure zone. Due to the
nature of the City’s system, we were able to complete 5 tests within the pressure zone. As
such, we have sufficient data to complete the calibration of the model.

Total average water demand for Aug 30™ and Sept 2™ 2011, when the flow testing was
carried out, are 12,697m?® and 11,920m? respectively. This information was provided by
the City of Merritt’s Water and Wastewater SCADA system. Whereas, the recorded
water demands for the same days in the year 2010 was 11,051 m® and 11,434 m®,
respectively.

TABLE 10-7
WATER DEMAND COMPARISON
2010 2011 Ratio 2010 : 2011
Aug 30™ | 11,051 m® | 12,697 m? 0.87
Sep 2" 11,434 m* | 11,920 m® 0.96
Average | 11,242m* | 12,309 m® 0.91

11.0 SCENARIO DEFINITION

OPUS DaytonKnight was tasked to develop and evaluate the City’s water system under the
Average Day Demand (ADD), Maximum Day Demand (MDD), Peak Hour Demand (PHD) and
Fire Flow (FF) scenarios. The existing and future systems are evaluated under population and
land use, to review system capabilities in meeting estimated fire flows and peak hour pressure
requirements. Future systems were analysed based on two population growth projection
scenarios, low growth (1.1%) and high growth (3.5% with 20% water conservation reduction).
The scenarios developed include:

e EXisting:

ADD
ADD + FF
MDD
MDD + FF
PHD

O O0OO0OO0Oo

e Future (2030 @ 1.1%):

o ADD

OPUS DAYTONKNIGHT
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ADD + FF
MDD
MDD + FF
PHD

O oO0O0oo

e Future (2030 @ 3.5% + 20% conservation reduction):

ADD
ADD + FF
MDD
MDD + FF
PHD

O O0O0O0O0

Prepared by: Reviewed by:

Opus DaytonKnight Consultants Ltd.

Zaid Azaizeh, E.I.T. Walt Bayless, P.Eng.

ZAI/WB/
D-36406.00
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= Bentley

Sustaining Infrastructure

26 August 2011

Dayton & Knight Ltd

Accounts Payable

210-889 Harbourside Drive

NORTH VANCOUVER-BRITISH BC V7P 3S1
CANADA

Attention: Mr. Clive Leung

Dear Mr. Leung,

Additional information about our products and the benefits of SELECT can be found at http:/Mmmww.bentley.com. We look forward to
receiving your purchase order and fulfilling our commitment to you, our valued customer!

If I may be of any further assistance, please do not hesitate to call the number below.

Thank you for your interest in Bentley products.

Yours sincerely,

Karl Woodeshick
+1 (610) 458-5000

Bentley Account Manager

Bentley Systems Inc 685 Stockton Drive Exton PA 19341
Phone: 1 800 513 5103 FAX: 1 610 458 2779
Website: www.bentley.com E-mail: bac@bentley.com
Thank you for choosing Bentley Systems Inc.



=~ Bentle Quotation
s iming Inf
ustaiming Infrastructure Quote Number: 40347572

Number of Pages: 2/3

Date: 26 August 2011

Valid Until: 26 September 2011

Customer ID: 4072253

Ship-to: Dayton & Knight Ltd Bill-to: Dayton & Knight Ltd
Accounts Payable Accounts Payable
210-889 Harbourside Drive 210-889 Harbourside Drive
NORTH VANCOUVER-BRITISH BC V7P NORTH VANCOUVER-BRITISH BC V7P
3s1 3S1
CANADA CANADA

Tel No: +1 (6049904800) Tel No: +1 (6049904800)

Fax No: +1 (6049904805) Fax No: +1 (6049904805)

If your organization is a subscriber to Bentley SELECT, the pricing listed on this page of the quote is prorated to the end of your current
billing cycle. If applicable, future invoices will be generated based on the billing cycle shown on the following pages. The total from this
first section of the quote is your immediate purchase value.

Products/Services

No. | Part # Quantity Unit Pricing Total
Description
200 | 6411/ Bentley WaterCAD Stand Alone Perp Lic 1 Gross Value 6,495.00 6,495.00
Net Price 6,495.00
Products/Services Sub Total 6,495.00
Taxes at 12.00% 779.40

Subscriptions

No. | Part # Quantity Unit Pricing Total
Description
300 | 6412/ Bentley WaterCAD Stand Alone SELECT Sub 1 Gross Value 299.96 299.96
Subscription Period 26 September 2011 Through 04 Net Price 299.96
December 2011
Subscription Sub Total 299.96
Taxes at 5.00% 15.00
Taxes at 7.00% 21.00
Total of Immediate Purchase 7,610.36
Grand Total of Quote (over life of contract) 7,610.36
Currency CAD




E’ﬂ 'Be ntle U Quotation

taiming Infrastructur
Susta g astructure Quote Number: 40347572

Number of Pages: 3/3

** Note:

Pricing is only applicable to the products and quantities contained within this quote and may not be applied to a subset of the
guotation. If you are a SELECT Subscriber, the terms of your SELECT Program Agreement shall apply to any purchases made
pursuant to this quote.

Your payment term shall be: Net 30 Days

Any additional or different terms or conditions appearing on your purchase order, even if Bentley acknowledges such terms and
conditions, shall not be binding on the parties unless both parties agree in a separate written agreement.

Agreed and accepted by:

(Subscriber's Signature)

(Subscriber's Name)

(Title)

(Date)

Bentley Contact:

Name: Karl Woodeshick
Tel: +1 (610) 458-5000
Fax:

Bentley Systems Inc 685 Stockton Drive Exton PA 19341
Phone: 1 800 513 5103 FAX: 1 610 458 2779
Website: www.bentley.com E-mail: bac@bentley.com
Thank you for choosing Bentley Systems Inc.



618 Michillinda Avenue, Suite 200
Arcadia, CA 91007 USA
626 568-6868 Fax 626 568-6870

Quote To: Shawn Boven

City of Merritt
2185 Voght Street
Merritt, B.C.

V1K 1B8

Tel: (250) 562-0038
Fax: (250) 562-0058
e-mail: sboven@merritt.ca

Quote

DATE: August 10, 2011

Hello Shawn,

Please sign and date this quote, write “OK to bill”
on it, and fax or e-mail it back to me. We can then
process your order.

Kind Regards,

Chris Baxter ~ Ph: (604) 639-7167
Fax: (888) 616-3568

QTY

DESCRIPTION

UNIT COST AMOUNT

Fixed seat license of InfoWater v8.1 for ArcGIS Desktop v9.0 or later $4,000.00| $4,000.00

(1,000 links)

Year of the Gold Annual Subscription Program for InfoWater

Note: Costs for future years of the Gold Annual Subscription Program for

InfoWater will be $800/year.

$800.00 $800.00

Licence keys and software to be delivered electronically. All

prices in US Dollars.

Quote valid for 30 days from August 10, 2011

SUBTOTAL| $4,800.00

CA Sales Tax (7.25%) N/A

PLEASE CALL (604) 639-7167 WITH ANY QUESTIONS
Innovyze, Inc. FEIN: 95-4568279

TOTAL $4,800.00

Innovyze, Inc. is the only supplier of InfoWater software

THANK YOU FOR YOUR BUSINESS!

If you have any questions regarding this quote, call 604.639.7167
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City of Merritt
Mac Address:
Licence:

Water/Sewer Utility Financial Model

Model is loaded with:| Water Utility Data |

Base Year Information

Case Description

General Information

Base Year 2010
Population 7,285
Parcels 3,756
Average Frontage per Parcel (m/ Parcel) 25.4
Gross Water Usage/Treatment (L / capita / day) 1100
Maximum Diameter of a Distribution Asset mm) 325

Case 1[Rehabilitation cost increased by 25% to allow for conditions mors difficult than associted with green fields construction

Case 2|Case 1 Plus 30% increase in Service Life - considered possibly achievable to illustrate the impact

Case 3

Case 4

Case 5

OPUS DAYTONKNIGHT

OPERATION NOTES:

The Water/Sewer Utility Financial Model was designed for use with Microsoft Excel
2010 for use with Windows 7. The model is not designed to be compatible with
Microsoft Excel 2007 or older versions of Microsoft Excel. The model is not
designed to be compatible with Windows XP, Windows Vista or Apple operating
systems.

All calculations within the model are preset to 'manual'. Therefore, interdependent
formulas will not update until the model is run on the dashboard. Once the model is
run, all interdependent formulas will be recalculated prior to setting equitable and
sustainable rates.

CONTACT INFORMATION:

Opus DaytonKnight Consultants Ltd.
889 Harbourside Drive

North Vancouver, BC

1-604-990-4800

Author
lan Rose-Innes P.Eng., Senior Project Manager
lan.Rose-Innes @ opusdaytonknight.com

Programmer
Peter Hutchins, Environmental Engineering Student
Peter.Hutchins @ opusdaytonknight.com
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0.2 Tornado Plots

combinations of these variables.

A tornado plot is shown below to illustrate the relative sensitivity of the illustrative average cost for the "most likely" scenario to the minimum and maximum values for each of the user defined variables on the
|Dashboard. Base variables are applied automatically throughout modeling period (i.e. Then = Base). The wider the bar, the more sensitive the illustrative average cost is to change in that variable. Note that the
Tornado Plots run time is likely to be long compared with other calculations

Variation in: Population Growth, Parcel Growth, Growth in Value of Distribution/Collection Assets and Growth in Value of Bulk Assets are interrelated. Sensitivity must be determined by running scenarios with

[lustrative Average Costs for the Year:

2030

Abbreviated Description of Values

lustrative Average Costs (S / Parcel / Year)

lllustrative Average Costs ($ / Parcel / Year)

Variables Most Likely | Minimum | Maximum Variables Minimum 8 Minimum H Maximum Maximum Variable Min ABS(M’:::)Likely Total Difference ABS%;;,””‘ Variable Max

Manual Revenua Adjustment Period (p.a., After, Until) - Aate 0.00% 0.0% 10.0% Change to Sarvice Life 0.00% == BEREEEERER Tl 30.08% $ 485.46 | $ ol $ 200.50 | $ 200.50 | $ 284.96
|Manual Revenue Adjustment Periad [p.a., After, LUintil) - Start 2013 2013 2013 [Change 1o Linear Asset Rehabiiitation Unit Costs 0.00% I 50.00% $ 485.46 | $ - 18 150.69 | $ 150.69 | $ 636.15
|l\_a'|3n_ual Revenue Adjustment Period {p.a., After, Until) - End 2013 2013 2014 Change to pev Capita Gross Water Usags/Treatment (p.a.) 0.00% 4 -2.00% $ 485.46 | $ - $ 130.18 | $§ 130.18 | $ 615.64
Automatic Hevenue Adjustment Period (After, Until) - Start 2030 2013 2030 |Interest Rate on Debt (p.a.} 4.0% . . 6.0% $ 446.50 | § 38.95 | $ 108.38 | $ 69.43 | § 554.88
Automatic Revenueg Adjustment Period (After, Until} - End 2031 2014 2031 Changa to Operation Expenses (p.a.) -1,00% i ; ‘ 1.00% $ 455.58 | $ 29.88 | $ 73.29 | $ 43411 $ 528.87
Intarast Rate on Reserves (p.a.) 1.5% 1.0% 3.0% Change to Point Asset Rehabilitation Unit Cosls 0.00% | % | 2500% $ 48546 | $ - 18 66.87 | $ 66.87 | $ 552.33
Interest Rate on Debt {p.a. 4.5% 4,0% 6.0% Manual Revenue Adjustment Period (p.a., After, Uintil) - Rate 0.00% | | | 10.00% $ 485.46 | $ d $ 56.54 | § 56.54 | $ 428.92
Change to Linear Asset Rehabilitation Unit Casts 1.00% 0.00% 50.00% [Manual Revenue » Adjustment Period (p.a., After, Until} - Stan 2013 | = I 3 i 2013 $ 485.46 | $ - 18 56.54 | $ 5654 | $ 428.92
Change to Point Asset Rehabilitation Unit Costs 0.00% 0.00% 25.00% |Manual Revenue Adjustment Pericd {p.a., After, Until) - End 2013 ‘ {1 | 2014 $ 485.46 | $ 2 $ 56.54 | $ 56.54 | $ 428.92
Change to Servics Lifa 0.00% 0.00% 30.00% External Rehabilitation Funding 1.00% = ‘ | 10.00% $ 485.46 | $ S $ 46.81 | $ 46.81 | $ 438.65
Change to Administration Expenses (p.a.) 0.00% -1.00% 1.00% Change 1o Adminisiration Expenses (p.a.) -1.00% | i ; 1.00% $ 47123 | $ 14.23 | $ 3488 | $ 2065 | $ 506.10
Change to Oparation Expenses {p.a.) 0.00% -1.00% 1.00% Change 1o Non-rev % of Grass Water Usage/Treatment (p.a.) 0.00% | | : -2.00% $ 485.46 | $ 5 $ 34.44 | $ 3444 | $ 451.02
Change to Maeintenance Expenses (p.a. 0.00% -1.00% 1.00% Change to Maintenance Expenses (p.a.) -1.00% | | 1.00% $ 471.15 | $ 14311 $ 23.15 | $ 885|% 494.30
External Backlog Aahabilitation Funding 0.00% 0.00% 10.00% Aulomatic Revenue Adjustment Period (After, Until) - Starl 2013 : } | 2030 $ 465.99 | $ 19.47 | § 19.47 | $ - |8 485.46
Extemal Rehabilltation Funding 0.00% 0.00% 10.00% Automatic Revenue Adjustment Pariod (After, Until} - End 2014 . = | | | 2031 $ 465.99 | $ 19.47 | $ 19.47 | $ 5 $ 485.46
Avarage Annual Water Purchase/Treatment Rate {($ / m3) $0.00 $0.00 $0.00 |Externai Backlog Rehabllitation Funding 0.00% | f 10.00% $ 485.46 | $ - $ 10.01 | $ 10.01 | $ 475.44
Purchase/Treatment Cost Increase (p.a.) $0.00 0.000% 0.500% |interest Rate on Reserves {p.a.) 1.0% i | 3.0% $ 485.60 | $ 014 $ 041]$ 0.26 | $ 485.19
{hange to per Capita Gross Water Usage/Treatment {p.a.) 0.00% 0.00% -2.00% Average Annual Water Purchase/Treatmant Rate ($ / m3) 0.00% i | | 0.00% $ 485.46 | $ - $ - |$ - 13 485.46
Non-rev % of Gross Water Usage/Treatment 25.00% 20.00% 30.00% Purchase/Treatment Cost increase (p.a.} 0.00% | I [ 0.50% $ 485.46 | $ - 18 - 18 - 18 485.46
Change 1o Non-rev % of Gross Water Usage/Treatment {p.a.) 0.00% 0.00% -2.00% Non-rev % of Gross Water Usage/Treaiment 20.00% | | | 30.00% $ 485.46 | $ - $ - |8 $ 485.46

5285 5335 5385 5435 5485 4535 4585 4635
Create Tornado Plot
mw Maximo
3 284.96 5485  fParcal 3 636.15
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2.1 Linear Unit Costs

Original Construction Costs:
A Construction Cost Index table is provided and has been populated with historical values from the ENR Construction Cost Index. These values are referenced by Sheets 2.3 Linear Assets and 2.4 Point Assets to calculate the Original
Construction Cost of all assets. The Original Construction Costs of all assets are summed to enable comparison with the Tangible Capital Asset value.

All costs entered below are in Base Year dollars.

Note: Assets with unknown diameters are have been given a diameter of 5mm and are highlighted below.

The user enters the Construction Cost and Rehabilitation Cost for each Linear Asset in their asset inventory; up to 150 assets may be entered. Sheet 2.3 Linear Assets references this sheet to assign a Construction Cost and Factored
Rehabilitation Cost to each asset. Pipes of different materials and the same diameter will have varying service lives but equivalent Construction Costs. To generate a unique Construction Cost and Rehabilitation Cost for the Linear Asset
inventory to reference, two of Category, Material and Diameter must be filled in; provide a heading if the Caterogy column if only using material and diameter.

Note: If only using Rehabilitation Cost A and Service Life A, ensure that BOTH Rehabilitation Cost B and Service Life B DO NOT have values in them. Failure to ensure this may lead to doubling or omittion of rehabilitaiton costs.

Linear Assets

Construction Cost Index

ENR
Rehabilitation Cost | Rehabilitation Cost Category
2 Diameter Construction Cost Name Check
Category Material A B Units Year Index
(mm) (Base Year $) (Base Year §) (Base Year $) (number of
characters)
Pipe 50 $200 $200 $200 4 Base Year 8802
Pipe 100 $200 $200 $200 4 1908 97
Pipe 150 $250 $250 $250 4 1809 91
Pipe 200 $250 $250 $250 4 1810 96
Pipe 250 $300 $300 $300 4 1911 93
Pipe 300 $300 $300 $300 4 1912 91
Pipe 350 $325 $325 $325 4 1913 100
Pipe 600 $967 $967 $967 4 1914 89
1915 93
. 1916 130
Service Connection 25 $1,657 $1,657 $1,657 18 1917 181
1918 189
Hydrant 1 $5,500 $5,500 $5,500 1918 198
Water Valve 1 $1,500 $1,500 $1,500 1920 251
1921 202
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2.2 Linear Service Life

asset inventory.

Note: Assets with unknown diameters are have been given a diameter of 5Smm and are highlighted below.

The user enters a unique service life for each material and diameter in each category in the Linear asset inventory. Up to 500assets may be entered. The category and material names must be exactly as they appear in the Linear

Note: If only using Rehabilitation Cost A and Service Life A, ensure that BOTH Rehabilitation Cost B and Service Life B DO NOT have values in them. Failure to ensure this may lead to doubling or omittion of rehabilitaiton costs.

Linear Assets

Category Material Diameter Service Life A Service Life B Category Name Check | Material Name Check
(mm) {Years) (Years) (number of characters) | (number of characters)
Pipe Water Main 50 70 70 4 10
Pipe Water Main 100 70 70 4 10
Pipe Water Main 150 70 70 4 10
Pipe Water Main 200 70 70 4 10
Pipe Water Main 250 70 70 4 10
Pipe Water Main 300 70 70 4 10
Pipe Water Main 350 70 70 4 10
Pipe Water Main 600 70 70 4 10
Pipe Hydrant Lead 150 70 70 4 12
Service Connection Curb Stop 25 50 50 18 9
Small Point Hydrant 1 50 50 11 7
Small Point Water Valve 1 65 65 11 11
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2.3 Linear Assets

The Summary sheet:

Sheet 2.4 Point Assets references this sheet to calculate the total Construction Cost of Linear assets with diameters greater than the maximum diameter of a Distribution asset as set on the Setup sheet.

1) References the Factored Rehabilitation Date column and Factored Rehabilitation Cost column for each asset and determines the total Rehabilitation Cost for each year of the modeling period.
2) Calculates the total Construction Cost of Distribution assets in the Base Year.
3) References the total Construction Cost of each asset for sorting purposes for the Dashboard pie charts.

Up to 100,000 Linear assets can be entered on this sheet. The service life, Factored Rehabilitation Date, Original Construction Cost, Construction Cost, and Factored Rehabilitation Cost are calculated for each asset based on information entered on Sheet 2.1 Linear Unit Costs, Sheet 2.2 Linear
Service Life and the Dashboard. The category, material, and diameter of an asset MUST match one of the categories, materials, and diameters entered on Sheet 2.1 Linear Unit Costs and Sheet 2.2 Linear Service Life. The total Construction Cost for each category/material of Distribution asset
(Linear assets with a diameter less than or equal to maximum diameter of a Distribution asset as set on the Setup sheet) is tabulated at the top of the page and sent to the Summary sheet where it is sorted and sent to the graphs on the Dashboard. Check 1 sums the total Construction Cost as
summarized at the top of the page and Check 2 sums the Construction Cost column for all Distribution assets. The Original Construction Costs enables comparison with the Tangible Capital Asset (TCA) value. All costs, except Original Construction Costs, are in Base Year dollars. If an asset is
removed using the Remove Asset column, the Factored Rehabilitation Date is zeroed and all formulas that reference the Linear asset inventory ignore costs associated with assets with a Factored Rehabilitation Date of zero.

Base Year Distribution/Collectlon Asset Construction Cost (Value)

Construction Cost

Category/Material Water Main Curb Stop Hydrant Hydrant Lead Water Valve of Materials with Check 1 Check 2
Total Construction Cost | § 18,347,772 | $ 3,617,231 1 $ 2,260,500 | $ 324,061 | $ 1,410,000 | $ - $ = $ 5 $ - Unknown
|_ Category/Material Diameters $ 25959563 |$% 25,959,563
Total Construction Cost | § - $ - 18 - $ - |3 - 1% - 18 - 18 i K - 18 =
Adjusted PSAB 3150 Inventory of Linear Assets Calculated Costs and Values
3 Quantity (#) OR A i Rehabilitation Rehabilitation
GIS ID Category Material D'(::";; o Length Construction Date Ser;lz:ll-.sl;‘e A Ser:;:ea:.sl;e B COns:'::gtiir::ar: Cost Cog:;:c;t;g; 3 Cost A CostB Re(n;;);;::)s ot
(m) (Base Year $) (Base Year $)
1070 Small Point Hydrant 1 1 1960 50 50 $515 $5,500 $5,500 $5,500
1071 Small Polnt Hydrant 1 1 1960 50 50 $515 $5,500 $5,500 $5,500
1072 Small Point Hydrant i 1 1960 50 50 $515 $5,500 $5,500 $5,500
1073 Smalt Point Hydrant 1 1 1980 50 50 $515 $5,500 $5,500 $5,500
1074 Small Point Hydrant 1 1 1960 80 50 $515 $5,500 $5,500 $5,500
1027 Small Point Hydrant 1 f 1960 50 50 $515 $5,500 $5,500 $5,500
1087 Small Point Hydrant 1 1 1960 50 50 $515 $5,500 $5,500 $5,500
1011 Small Polnt Hydrant 1 1 1960 50 50 $515 $5,500 $5,500 $5,500
1029 Small Point Hydrant 1 1 1860 50 50 $515 $5,500 $5,500 $5,500
1028 Small Point Hydrant 1 1 1960 50 50 $515 $5,500 $5,500 $5,500
1026 Small Point Hydrant 1 1 1860 50 50 $515 $5,500 $5,500 $5,500
1025 Small Point Hydrant 1 1 1860 50 50 $515 $5,500 $5,500 $5,500
1020 Small Point Hydrant 1 1 1960 50 50 $515 $5,500 $5,500 $5,500
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2.4 Major Point Assets

The Summary sheet:

1) References the Factored Rehabilitation Date column and Factored Rehabilitation Cost colmn for each asset and determines the total Rehabilitation Cost for each year of the modeling period.
2) Calculates the total Construction Cost of Bulk Assets in the Base Year.

Note: If only using Rehabilitation Cost A and Service Life A, ensure that BOTH Rehabilitation Cost B and Service Life B DO NOT have values in them. Failure to ensure this may lead to doubling or omittion of rehabilitaiton costs.

Up to 1,000 Point assets can be entered on this sheet and the Factored Rehabilitation Date, Original Construction Cost and the Factored Rehabilitation Cost are calculated. The Original Construction Costs enables comparison with the Tangible Capital Asset value. The
total Construction Cost for each type of asset is tabulated at the top of the page and sent the Summary sheet where it is sorted and sent to the graphs on the Dashboard. Check 1 sums the total Construction Cost for the assets as summarized at the top of the page while
Check 2 sums the Construction Cost column of all Point assets and Linear assets with a diameter greater than the maximum diameter of a Distribution asset as set on the Setup sheet. All costs, except Original Construction Costs, are in Base Year dollars. If an asset is

removed using the Remove Asset column, the Factored Rehabilitation Date is zeroed and all formulas that reference the Linear asset inventory ignore costs associated with assets with a Factored Rehabilitation Date of zero.

Base Year Bulk Asset Construction Cost (Value)

Type Well Reservoir Pumphouse Control Building Equipment Tank Other Linear Check 1 Check 2
Total Construction Cost $544,166 $6,050,705 $2,187,743 $2,190,562 $180,238 $2,736 $1,333,939
Type Disinfection $931,614 $15,221,703 $15,221,703
Total Construction Cost $1,800,000 $0 $0 $0 $0 $0 $0
Point Assets
i : Service Life A Service Life B Original Construction | Rehabilitation Cost| Rehabilitation Cost Rameeata oy
GIS ID Description Type Construction Date (Years) (Years) Construction Cost Cost A B ("Y*/Blank)
(Base Year §) (Base Year $§) (Base Year $)

100227 GALLON CAPACITY Reservair 1965 80 60 $ 35,090 | $ 318,087 | % 318,087 | $ 318,087

PUBLIC WORKS WATER WORKS
100099 STORAGE Other 1965 40 40 $ 5620 % 60,045 | & 50,9451 $ 50,945

NICOLA RESERVIOR CONTROL
100228 BUILDING Control Building 1965 44 40 $ 2140 | % 19,302 | & 19,399 | $ 19,399
100204 WELL Wall 1866 60 60 $ 1,320 | % 11,402 1 $ 11,402 | $ 11,402
100205 FAIRLY PARK PUMPHCOUSE Pumphouss 1966 580 50 $ 8,890 | % 76,701 1 & 76,7911 $ 76,791
100230 WELL Wall 1970 60 60 $ 1,590 | % 10,134 | % 10,134 | $ 10,134
100231 MAY STREET PUMPHOUSE Pumphouse 1970 5} 50 $ 6,290 | % 40,080 | & 40,090 | $ 40,090
100168 WELL Wall 1971 60 60 $ 2,060 | % 11,468 | % 11,469 | $ 11,469
100168 VOGHT PARK PUMPHOUSE #1 Pumphouse 1971 50 50 $ 13,280 | & 73,9851 $ 73,935 | $ 73,935

GRIMMETT RESERVIOR,
100222 1,000,000 GALLON CAPACITY Reservoir 1975 60 60 $ 420,340 | % 1,672,619 ] § 1,672,619 | $ 1,672,619

GRIMMETT RESERVIOR
100223 CONTROL BUILDING Control Bullding 1975 40 40 $ 5110 | % 20334 | § 20,3341 $ 20,334
100174 VOGHT PARK PUMPHOUSE #2 Pumpholse 1976 50 50 $ 38,000 | & 139,307 | § 139,307 | $ 139,307
100237 WELL Well 1978 60 60 $ 3,520 | % 11,1611 & 11,161 1 $ 11,161
100238 COLLETVILLE PUMPHOUSE Pumpholise 1978 50 50 $ 26,010 $ 24711 % 82,4711 $ 82,471
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3.0 Investments

The user enters future asset investments. Calculations are then performed to determine the investment costs for each year in the modeling period. The total investment costs before and after external funding are sent to the Summary sheet to determine the Value of the Distribtion/Collection assets and the Value of the Bulk
1assets and the capital Investment Expenses, respectively, per year. All costs below are in Base Year dollars and up to 50 assets may be entered.

Future Asset Investments

Distribution/Collection Asset Investments

Bulk Asset Investments

Description* Construction Cost Before External Cost After Description* Construction Cost Before External Cost After
Date Funding Funding Fundin Date Funding Fun%iﬂg Fundin
R-1 - Upgrade Existing Fipe, 100mm to 150mm. Length = 130 m 2028 $43,000 0% ﬂﬁ,ﬁﬁg Primary Disinfection Upgrade on Shallow Wells (UV' System) 2019 $1,800,000 0% 51,805,055
R-2 - Install new pipe, 150mm. Length = 95 m 2029 $31,000 0% $31,000 PRV between the Active Mountain Reservior and the Collettville 2022 $125,000 0% $125,000
R-3 - Install new pipe, 150mm. Length = 136 m 2030 $45,000 0% $45,000 Fairly Park Generator 2017 $160,000 0% $160,000
R-4 - Upgrade existing pipe, 150mm to 200mm. Length = 136 m 2024 $183,000 0% $183,000 Reservoir Control Valves 2015 $125,000 0% $125,000
R-5 - Install new hydrant 2013 $4,000 0% $4,000 UV Water Quality Monitoring Study/UVT Analyzers 2013 $25,000 0% $25,000
R-6 - Install new pipe, 150mm. Length =11 m 2013 $4,000 0% $4,000 JUV Disinfection Concept Study/Preliminary Design 2014 $50,000 0% $50,000
R-7 - Upgrade existing pipe, 100 mm to 150 mm. Length = 100 m 2023 $37,000 0% $37,000 $0
R-8 - Upgrade existing 150 mm pipe to 200 mm. Length = 93 m 2014 $45 000 0% $45,000 Southeast Reservoir 2011 $2,000,000 0% $2,000,000
R-9 - Install new 300 mm diameter pipe. Length = 340 m 2016 $223,000 0% $223,000 $0
R-10 - Install new pipe, 150 mm. Length = 295 m 2014 $105,060 0% $105,000 $0
R-12 - Upgrade 100 mm pipe to 150 mm. Length = 230 m. 2021 $75,000 0% $75,000 $0
R-13 - Upgrade 50 mm pipe 100 mm. Length = 6 m. 2013 $10,000 0% $10,000 $0
R-14 - Upgrade 150 mm pipe 250 mm. Length = 300 m. 2015 $168,000 0% $168,000 $0
R-15 - Upgrade 150 mm to 200 mm. Length = 87 m 2016 $38,000 0% $38,000 $0
R-16 - Install new 200 mm diameter pipe. Length = 430 m 2013 $188,000 0% $188,000 $0
R-17 - Upgrade 150 mm to 200 mm. Length = 215 m. 2014 $94,000 0% $94,000 $0
R-19 - Upgrade 100 mm dia to 150 mm. Length = 130 m 2021 $29,000 0% $29,000 $0
R-20 - Upgrade 50 mm dia to 150 mm. Length = 100 m 2013 $19,000 0% $19,000 $0
R-21 - Upgrade 50 mm dia to 150 mm. Length = 105 m 2013 $20,000 0% $20,000 $0
R-22 - Upgrade 50 mm dia to 100 mm. Length = 120 m 2017 $25,000 0% $25,000 $0
Hydrant Infill Program 2017 $135,000 0% $135,000 $0
Hydrant Infill Risk Evalation and' Priorization 2013 $15,000 0% $15,000 $0
Asset Invenstory Database Update 2015 $65,000 0% $65,000 $0
Pressure Zone Feasibility Study 2014 $30,000 0% $30,000 $0
$0 $0
$0 $0
2011 Assets from Asset Database $0 $0
2485 Merritt Avenue 25mm Service 2011 $1,500 0% $1,500 $0
2485 Marritt Avenue Hydrant 2011 $4,500 0% $4,500 $0
2485 Merritt Avenue (Well) - Water Valve 2011 $3,000 0% $3,000 $0
2485 Marritt Avenue {Well) - Water Valve 2011 $500 0% $500 $0
2485 Merritt Avenue - Watsrmain - 600 mm. Length =120 m 2011 $116,026 0% $116,026 $0
$0 $0
$0 $0
$0 $0
$0 $0
$0 $0
$0 $0
$0 $0
$0 $0
$0 ; $0
$0 $0
$0 $0
$0 $0
$0 $0
$0 $0
$0 $0
$0 $0
$0 $0
$0 $0
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4.0 Finances

Selected Historical Revenues and Expenses for the utility are entered here (note that Revenues are entered as negative (-) and Expenses are entered as positive (+) values. The values assigned to the Base Year should be adjusted by the user to best reflect the normal situation as they are used to project future Revenues and Expenses. The Base Year
values can then be allocated to the Distribution/Collection account and the Bulk account (both Demand and Value dependent).

The account information at the top of this sheet provides the necessary information to allow the Water/Sewer Utility Financial Model to achieve the Goals. The difference between the Revenues at end of Rate Change Period and Revenues at start of Rate Change Period drive the Rates, for the Rate Change Period, such that the Goal in the End Year is
achieved. Information from this sheet is also sent to the Summary sheet and the Dashboard. The hrown textis updated automatically by the Water/Sewer Utility Model while the Mode! solves for Goal in the End Year.

Checks are also performed here to ensure model is operating correctly. Check 1 is the Revenue as calculated on the Summary sheet at the end of the Rate Change Period; this value should always equal the Revenues at end of Rate Change Period. Check 2 is the Revenue in the End Year as calculated on the Summary sheet and should equal the Revenue
at the end of the Rate Change Period when the population and parcel growth rates are set to zero on the Dashboard.

Account Information :m'g;‘::;:spt:?z ::::g:::;: 'E,:::’ Check 1 Check 2 Utility Account Information
Distribution/Collection -$651,753 -$1,654,756 -$1,654,756 -$1,654,756 |Base Year Utility Account Balance -$408,431
Bulk -$1,229,989 -$507,660 -$507,660 -$507 660 % Assigned to Distribution/Collection Account 80%
Total -$1,781,742 -$2,162,416 -$2,162,416 -$2,162,416 Total Construction Cost - Asset Register (Not Required)
Total Construction Cost - Model $41,181,267
Total Construction Cost of Assets with Unknown Diameters $0
|Reported Tangible Capital Assets (Not Required) $12,402,847
|Total Original Construction Cost $16,579,155
Historical* Base Year Percent Allocation
% to Diatribution
Heven ues 2006 2007 2008 2009 2010 fCollection Account % to Bulk Account
Revenues $0 -$851,808 -$830,548 -$1,200,669 -$1,714,140
Parcel Tax 50 -5245,387 -5258,170 -5300,573 -5446,060 100% 0%
Sales of Services Usar Charges $0 -5469,369 -$531,174 -5850,699 -$1,183,393 0% 100%
Rsturn on Investments 50 50 50 50 50 0% 0%
Othar Revenue from Own Sources S0 -5137,053 -541,201 -549,397 -$84,687 80% 20%
|Rehabilltation Revenues $0 $0 $0 $0 $0
0%
0%
(15
Total Revenues $0 -$851,808 -5830,548 41,200,669 -$1,714,140 -$513,809 -$1,200,331
% to Valua Dependent | % to Demand Dependesnt
Expenses 2006 2007 2008 2009 2010 Disriution/Collection - Distribution/Collecton el O T e
Administration $0 $124,252 $144,716 $100,619 $107,148
Administration minus Consultant Studies and amoritization expenses $0 $54,252 $74,716 $30,619 $37,148 80% 20%
Long Termn Consuitant Studies $0 $70,000 $70,000 $70,600 $70,000 B80% 20%
0%
0%
0%
0%
Operation $0 $246,296 $97,271 $94,815 $223,097
Water Sampling $0 $22 114 $18,177 $13,299 $16,641 0% 100%
Supply and Distribution| $0 $169,729 $35,593 $58,708 $54,392 BO% 20%
Water Consarvation| $0 $30,792 $30,914 $21,315 $14,816 100% 0%
Meter Maintenance $0 $23,660 $12,588 $1.493 $5,248 100% 0%
Additonal to increase 2010 to average for 4 years $132,000 80% 20%
0%
IMalntenance $0 $145,135 $192,339 $150,397 $74,323
Celdwater Gauge 0 $8,200 $8,200 $5,000 $0 50% 50%
Water Cross Connection Control $0 $43,651 $47,125 $41,934 $12,575 100% 0%
Valva Exercising| $0 $0 $0 $0 $0 100% D%
Hydrant Maintenance| $0 $24,826 $24,B28 $22,365 $14,867 100% 0%
Utility Mapping] $0 $22,321 $20,142 $10,680 $8,269 100% 0%
Senvice Connection Maintenance $0 $46,097 $92,044 $79,418 $38,611 100% 0%
Purchase/Treatment $0 $0 $0 $0 $0
| 25% | 75%
Consumables $0 $169,840 $120,821 $103,549 $117,160
Walls and High Lift Pump Station $0 $158,411 $115,659 $100,200 $112,175 | 25% ! D 75%




Reservoirs $0 $11,428 $5,161 $3,348 $4,985 25% 75%
25% 75%
25% 75%
% to Distribution
Rehabilitation $0 50 %0 $0 $0 ICollaction Account % to Bulk Account
0%
0%
Total Expenses $0 $685,522 $556,147 $458,379 $621,728 $320,219 $29,290 $75,349 $87,870
Base Year Future Projection —>
Long Term Debt Bylaw Number Balance at End of c"":’:ﬂt‘r Do Final Payment Due % to Distribution/ % to Bulk Account 2010 2011
Base Year o (MM/DIVYYYY) Collection Account
ST (%) Total Principle Payments $104,882
Total Anpual Interest Payment $178,091
Princlpie Payment $19,513
NE Sector Water| 1520 $126,218.09 3.00% 1-Jun-16 0% 100% lAnnual Interest Payment $3,787
: |End of Year Balance $128,218.09) $106,705
Principle Paymant $35,029
Collattvile Watar, 1609 $71,745.47 4.82% 5-Nov-12 0% 100°% lAnnual Interest Payment $3,458
|End of Year Balance $71,745.47 $38,717
[Principie Payment $16,.539
Grandview Heights Rasarvoir 1973 $420,730.47 4.82% 1-Dec-27 0% 100% Annual interest Payment $20,278
1End of Yeer Bolance $420,730.47 $404,191
Principle Paymen $42.228
Active Mountain Raservolr 1986 $1,074,205.46 4.82% 1-Dec-27 0% 100% Annual Interest Payment $51,777
JEnd of Yeer Balance $1,074,205.48} $1,031,978
Principle Paymemn $40,193
Kingaard Wall| 1993 $1,094,504.54 4.65% 23-Apr-28 0% 100% Annuai Interest Payment $50,894
JEnd of Year Balance $1,004 504.54) $1,054 311
Principle Paymeni $41,380
Deep Aquifer Well| 1983 $1,158,701.90 4.13% 13-Oct-29 0% 100% Annuai Interest Payment $47,808
|End of Yoor Balance $1,158,701.90 $1,118.322
Principle Payrmeni $0
0% 0% Annuai Interest Payment $0
|End of Year Balance $0.00| 0
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