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Construction of a 3 MGD treatment plant divided into two 1.5 MGD trains will provide
Breckenridge with adequate water for the next 20 years. Expansion by adding a third 1.5
MGD train, if it is needed in the future, is incorporated into the footprint of the plant for
evaluation of plant sites for adequate space.

3.0 Plant Site Analysis
Seven plant sites were identified and evaluated as part of this study. Five were found to be
potential sites for the plant (adequate space, access, and other required characteristics). A
number of the sites include private property not owned by the Town. As a result, the
detailed plant site analysis section has been removed from the body of this report because
it contains confidential property information.

4.0 Distribution System Improvements
The distribution system, including the connections to the potential WTP sites discussed in
Section 3.0, was evaluated using the Town’s hydraulic model. The modeling software used
was Bentley WaterGEMS v8i Select Series 3. The last update to the hydraulic model was
completed in March, 2012 by TetraTech, which included an expansion of the distribution
system into existing developments. That model was used as the basis of this evaluation
including its buildout demand allocation.
The demand allocation in the model was based on building counts and unit demands by
building type. The demand allocation was increased evenly across the system to 8 mgd for
the updated buildout demands established in Section 1.0. For the purposes of this
evaluation, this demand allocation is adequate, however, for subsequent modeling efforts,
the model demands should be updated with a more accurate water meter‐based allocation.
The purpose of the distribution system evaluation was to determine the improvements
necessary to distribute water to the previously defined areas of expansion provided in the
TetraTech model that are adjacent to the existing system.

4.1 Existing Distribution System
The existing distribution system has fifteen pressure zones, ten pump stations, eleven
tanks, and sixteen pressure reducing valves (PRVs), and over 95 miles of pipelines ranging
from 1 inch to 24 inch in diameter. The existing distribution system is fed by the Gary
Roberts WTP through the Tarn pressure zone. The various pressure zones are either
pumped or fed by gravity from the Tarn zone. The existing distribution system is depicted
in Figure 4‐1. A hydraulic profile (Figure 4‐2) was developed to represent the existing
system conditions.
Due to significant changes in elevation among the pressure zones, several existing areas of
the system located at higher altitudes of pumped pressure zones have normal operating
pressures less than 30 psi. Low pressures near storage tanks are common in pumped
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zones; however, any service impacts to customers and impacts to fire suppression should
be determined in the future.

4.2 Proposed Distribution System
The proposed distribution system would be supplied by Gary Roberts WTP via gravity and
by the second WTP via high service pumps to meet the projected demand of 8 mgd. Of the
total demand, 5 mgd would be supplied by Gary Roberts WTP and 3 mgd by the second
WTP. The criteria used in sizing the infrastructure connections for this evaluation was a 7
ft/s maximum velocity and a minimum supply pressure of 30 psi at each demand location
during peak hour demands. The connections to the raw water supply system and potable
water distribution system vary by potential plant site and are presented in Section 3.0.
Considering the five potential locations, Sites 3 and 4 are best suited to serve the existing
and proposed distribution system considering the location of the majority of the future
demands and proximity to the North storage tank. The remainder of this section focuses on
the future system extensions once the second water plant is constructed and operational.
These proposed system extension improvements do not change for the various potential
second WTP sites.
The proposed distribution system at build‐out will have twenty pressure zones, fourteen
pump stations, sixteen tanks, and nineteen pressure reducing valves (PRVs), and over 130
miles of pipelines ranging from 1 inch to 24 inch in diameter. The proposed distribution
system, including the system extensions with supporting infrastructure and new pressure
zones, is depicted in Figure 4‐3. Hydraulic profiles (Figure 4‐4 and Figure 4‐5) of the
proposed distribution system were developed showing the new pressure zones and overall
system configuration. The timing of expansions was not determined as they could vary for
a number of reasons; however, generally constructing the system expansions from the
north to the south would be favorable considering the likely location of the second WTP. In
the following sections, the distribution system improvements were separated out by
pressure zone. Cost estimates, including the basis of cost for these distribution system
improvements, are included in Section 5.0.
4.2.1 Storage Improvements
There are no specific standards or criteria to stipulate the amount or type of storage that is
required to properly handle peak and fire flow demands. The Colorado Department of
Public Health and Environment (CDPHE) requires sufficient storage capacity to meet
domestic and fire flow demands, with a minimum of average day plus fire demand. The
Insurance Service Office (ISO) recommends providing a minimum of average day demand
in storage capacity. Other agencies have stated that the combined water delivered from
storage and pumping should be able to meet the required fire flow rate for each level of
service area with a residual of 20 psi. Topography, current development of the system,
reliability factors, public attitude, and financial considerations are among the many facets
of overall water system operations, which require utilities to address the issues of storage
independently for each pressure zone.
The principal advantages of distribution system storage are:
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Establishment of system hydraulic grade lines for pressure zones
Equalization of water demands on raw water supply, finished water production,
water transmission, and pumping facilities
Stabilization of distribution system flows and pressures
Provision of reserve supplies in the distribution system for contingencies such as
fire and emergency demands

Water system storage volume is comprised of five separate components which are
illustrated in Figure 4‐6 :






Operating Volume
Equalizing Volume
Fire Flow Volume
Standby Volume
Dead Volume
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Figure 4-6: Storage Components (from Public Water System Handbook)

Operating volume is the water that lies between low and high water storage elevations set
by Town operations staff to control system pumps and flow control valves. Typically 2 to 5
feet of the tank level is used for operating volume. To remain conservative at this level of
planning, 5 feet was used during this evaluation for calculating operating volume. Dead
volume is the volume at the bottom of the tank that cannot be used because it is physically
too low to provide sufficient pressures to the system. For the purposes of this evaluation,
no dead storage was included assuming that a high enough elevation could be found for
each tank to maintain 30 psi at each tank including standby and fire flow storage volumes.
In a few pressure zones (such as Summit Estates), the highest service elevations may not be
able to have 30 psi available due to limitations in topography and may require local booster
pumps if higher pressures are desired. Operational and dead volumes are subtracted from
total storage to determine the effective storage available for equalizing, standby, and fire
flow.
Equalizing volume is the total volume needed to moderate daily fluctuations in diurnal
demands during periods when the demand exceeds the capacity of the supply system.
Equalizing volume requirements are greatest during peak hours and the season of peak
demand. Operation of a properly balanced system results in replenishment of storage
facilities during times of the day when the demand is less than the capacity of the supply
and depletion of storage facilities when the demand exceeds the supply capacity. The
equalizing volume of a storage tank must be located at an elevation that provides a
minimum pressure of 30 psi (or approximately 70 ft of head) to all customers served by the
tank. For the purposes of this evaluation, 180 minutes of peak hour demands minus a
maximum day demands minus the available supply from the existing WTP was used to
calculate equalizing volume.
Fire flow requirements and the fire flow storage required were established for each
building type. The fire flow volume of storage must be located at an elevation that provides
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a minimum pressure of 20 psi to all customers served by the tank. The required fire flow
volume for a given pressure zone is calculated from the building type present in the model
demand allocation with the greatest fire flow storage requirement. The total fire flow
storage was calculated by multiplying the established fire flow by the required flow
duration for each building type. Table 4‐1 shows the fire flow demands, durations and total
fire flow storage established for each type of land use in the Town.
Table 4-1- Fire Flows and Storage by Building Type

Building Type

Fire Flow
(gpm)

Duration
(hr)

Residential – Small Unit
Residential – Medium Unit
Residential – Large Unit
Residential – Small Building
Residential – Medium Building
Residential – Large Building
Commercial – Small
Commercial – Medium
Commercial – Large/Airport

750
1,000
1,500
1,500
2,000
2,500
2,000
3,000
4,000

2
2
2
2
2
2
2
2
2

Required Fire
Flow Storage
(gallons)
90,000
120,000
180,000
180,000
240,000
300,000
240,000
360,000
480,000

Standby volume is required to supply reasonable system demands during a foreseeable
system emergency or outage. A key concept is that establishing standby volume involves
planning for reasonable system outages – those that can be expected to occur under normal
operating conditions, such as a pipeline failure, power outage or valve failure. Major system
emergencies are intended to be covered by emergency system operations and planning
since construction of sufficient reserve volume to accommodate sustained system demands
under emergency conditions is not economically feasible. For the purposes of this study,
one day of maximum day demand of 8 MGD in each pressure zone was used to calculate
standby volume.
Each of the proposed pressure zones was evaluated using the above storage criteria. The
recommended storage improvements are presented in Table 4‐2. Cost estimates for these
storage improvements are included in Section 5.0.
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Table 4-2 - Summary of Recommended Storage Improvements

Pressure Zone

Recommended Volume
(MG)

Hydraulic Grade
Line (ft)

Summit Estates
Forest Hill
High Point
Woodmoor 2
Bunker Hill
Tarn

0.80
0.41
0.65
0.45 (Additional)
0.70
0.90 (Additional)

10,093
10,047
10,077
10,813
10,775
9,861

Additional storage is required in the Woodmoor 2 pressure zone due to the new Mt Baldy
pressure zone. Alternatively, a new tank could be constructed in the Mt Baldy area with a
pump station to feed it instead of being served via gravity through PRVs from the
Woodmoor 2 pressure zone.
Additional storage is required in the Tarn pressure zone due to expansion of the Tarn,
Airport, Highlands Park, and High School pressure zones that are fed by gravity from the
Tarn hydraulic grade line. The proposed additional storage has been preliminarily located
at the existing North Storage Tank site; however, the proposed tank could be located at a
number of sites where it matches the hydraulic grade line of the Tarn pressure zone and a
12 inch or larger main can be connected to the tank.
Due to normal headloss in the system during high demand periods, the hydraulic grade line
of the Tarn zone is reduced and the existing North Storage Tank is unable to be completely
filled. This is common in distribution systems. However, in this distribution system it
would take away from the storage available in the tank for fire flow and standby use. As the
demand increases, the ability to fill the North Storage Tank will decrease, so it is
recommended to build a supplementary finished water pump station at the Gary Roberts
WTP to increase the Tarn zone hydraulic grade line by approximately 15 ft to overcome the
normal hydraulic grade line reduction during high flow periods. The proposed pump
station would allow the storage to recover both during near‐term and long‐term demand
conditions and would only need to be used when the North Storage Tank is having a
difficult time being filled. Additional pumping head from the second WTP would need to be
designed to match the increased Gary Roberts WTP pumping hydraulic grade line. The
proposed pump station could be constructed on the Gary Roberts WTP property
downstream of the clearwell. Additional analysis should be completed to size the pumps at
this new pump station.
The clearwell improvements for the second WTP are not included in the table; however,
they are discussed in Section 2.0 and included in the second WTP site cost estimates.
Clearwell storage is designed to meet treatment requirements for disinfection, so it is not
typically considered stored volume for managing the distribution system.
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4.2.2 Pump Station Improvements
Future pump station needs were evaluated using the additional demand in each of the new
pressure zones and upstream pump stations needed to feed those new zones. Maximum
day demands were used as the basis for the recommended firm pumping capacity
presented in Table 4‐3. Capacity to provide peak hour and fire flow demands are included
in the storage improvements.
As discussed in Section 4.2.1, a Tarn pump station is proposed to help provide additional
head to increase the HGL of the Tarn zone and push water from the Gary Roberts WTP to
the North Storage Tank during high demand periods. This pump station would have low‐
head pumps totaling 5 mgd to meet the capacity of the WTP. This pump station
improvement should be included along with the Gary Roberts WTP evaluation in late
2013/early 2014. The pump station would help keep the North Storage Tank full in the
near‐term prior to the second WTP construction.
The pump station improvements for the raw water supply and finished water distribution
system connections for the second WTP are not included in the table below since they vary
based on each second WTP site; however, they are discussed in Section 3.0 and included in
the second WTP site cost estimates. Cost estimates for these pump station improvements
are included in Section 5.0.
Table 4-3 - Summary of Recommended Pump Station Improvements

Pressure Zone

Recommended Firm
Pumping Capacity
(gpm)

Tarn
Summit Estates
Forest Hill
High Point
Woodmoor 1
Woodmoor 2
Bunker Hill

3,500
300
100
300
400
150
275

4.2.3 PRV Improvements
Three PRVs are recommended to reduce the pressure to the Mt Baldy and Airport pressure
zones. Mt Baldy zone is recommended to be fed by the Woodmoor 2 pressure zone by a
PRV. An additional PRV at the downstream end of the Mt Baldy zone can be used to feed
back down to the Woodmoor 1 pressure zone as an emergency feed from the Woodmoor 2
storage tanks. The High School pressure zone only has one existing PRV and a second PRV
on Revette Dr fed by the Highlands Park pressure zone is recommended.
Additional PRVs should be added to allow feeding from higher storage tanks into the Tarn
and other intermediate zones, especially during higher demand periods or when the North
Storage Tank or other storage tanks need to be taken down for maintenance. A total of 7
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PRVs could be placed in the system at existing and proposed pump stations to provide this
functionality of feeding from higher zones to lower zones. Generally, the additional PRV
improvements could be prioritized by adding PRVs at zones with larger existing storage
tanks.
Cost estimates for these PRV improvements are included in Section 5.0.
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Table 4-4 - Summary of Recommended PRV Station Improvements

Recommended
PRV Size
(inch)

Pressure Zones
From
Mt Baldy
Woodmoor 2
Highlands
White Cloud
Woodmoor 1
Upper Slope
Bunker Hill
High Point
Forest Hills
Summit Estates

To
Woodmoor 1
Mt Baldy
High School
Tarn
Tarn
Peak 7
Woodmoor 1
Tarn
Tarn
Highlands Park

2 and 6
2 and 6
2 and 6
6
6
6
6
6
6
6

4.2.4 Pipeline Improvements
Pipeline improvements were developed based on establishing the new system extensions
to serve new areas currently out‐of‐district while maintaining a 7 ft/s peak hour velocity or
a 10 ft/s fire flow velocity in the system. Table 4‐5 presents the required pipe sizes and
total length for each pressure zone. Cost estimates for these pipeline improvements are
included in Section 5.0.
Table 4-5 - Summary of Recommended Pipeline Improvements

Pressure Zone

Pipe Size
(inch)

Length
(ft)

Summit Estates
Highlands Park
Airport
High School
Forest Hill
High Point
Mt. Baldy
Woodmoor 2
Bunker Hill
Tarn

12
8 and 12
8 and 12
8 and 12
8
8
8
8 and 12
8 and 12
8

12,160
30,450
7,190
31,200
4,900
13,730
8,090
8,360
16,850
3,870

The pipeline improvements for the raw water supply and finished water distribution
system connections for the second WTP are not included in the table above since they vary
based on each second WTP site; however, they are discussed in Section 3.0 and included in
the second WTP site cost estimates.

73

Second Water Plant Feasibility Study

4.3 Sequencing of Projects
The distribution system projects should be sequenced to accommodate zone relationships
and the selected location of the second WTP. The Tarn Pump Station at Gary Roberts WTP
and the bypass PRVs at existing pump stations to feed down to lower zones should be
constructed first as they address existing deficiencies.
4.3.1 Sites 1 and 2
If Site 1 or 2 is selected there is an opportunity to serve the High School pressure zone
(approximately 0.6 mgd) first without building any major finished water distribution
improvements. The first 16‐inch leg of the finished water distribution improvements
should be completed prior to the Airport Zone expansion. The second 16‐inch leg of the
finished water improvements, Intermediate Finished Water Pump Station and Tarn Zone
improvements should be completed prior to the Highlands Park Zone and subsequent zone
improvements. Construction of the Tarn zone improvements including the proposed 0.9
MG storage tank is recommended to allow for adequate storage for all of the downstream
zone expansions. The prioritization of improvements for Site 1 or 2 would result in the
following hierarchy:


High School Zone Expansion



First 16‐inch leg of the Finished Water Distribution Improvements



Airport Zone Expansion



Intermediate Finished Water Pump Station



Second 16‐inch leg of the Finished Water Distribution Improvements



Tarn Zone Improvements
o Highland Park Zone Expansion


Proposed Summit Estates Zone

o Proposed High Point Zone
o Proposed Forest Hill Zone
o Woodmoor 1 Zone Improvements


Proposed Bunker Hill Zone



Woodmoor 2 Zone Improvements


Proposed Mt. Baldy Zone

4.3.2 Sites 3 and 4
If Site 3 or 4 is selected there is an opportunity to serve the High School and Airport
pressure zones (approximately 1.2 mgd) first without building any major finished water
distribution improvements. The 16‐inch finished water distribution improvements and
Tarn Zone improvements should be completed prior to the Highlands Park Zone and
subsequent zone improvements. Construction of the Tarn zone improvements including
the proposed 0.9 mg storage tank is recommended to allow for adequate storage for all of
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the downstream zone expansions. The prioritization of improvements for Site 3 or 4 would
result in the following hierarchy:


High School Zone Expansion



Airport Zone Expansion



16‐inch Finished Water Distribution Improvements



Tarn Zone Improvements
o Highland Park Zone Expansion


Proposed Summit Estates Zone

o Proposed High Point Zone
o Proposed Forest Hill Zone
o Woodmoor 1 Zone Improvements


Proposed Bunker Hill Zone



Woodmoor 2 Zone Improvements


Proposed Mt. Baldy Zone

4.3.3 Site 5
If Site 5 is selected, all of the 16‐inch and 12‐inch finished water improvements will be
required to get water to the North Storage Tank. Construction of the Tarn zone
improvements including the proposed 0.9 MG storage tank is recommended to allow for
adequate storage for all of the downstream zone expansions. The prioritization of
improvements for Site 5 would result in the following hierarchy:


16‐inch Finished Water Distribution Improvements



High School Zone Expansion



Airport Zone Expansion



Tarn Zone Improvements
o Highland Park Zone Expansion


Proposed Summit Estates Zone

o Proposed High Point Zone
o Proposed Forest Hill Zone
o Woodmoor 1 Zone Improvements


Proposed Bunker Hill Zone



Woodmoor 2 Zone Improvements


Proposed Mt. Baldy Zone
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4.4 Future Modeling Recommendations
Hydraulic modeling should be included as a part of the pre‐design for the selected second
WTP site to determine the specifics and phasing of infrastructure improvements including
the raw water supply and connections to the existing distribution system. Detailed existing
model validation and calibration using system operations data and fire flow tests should be
conducted at that time. Existing demand allocation using meter data instead of building
counts and unit demand by building type is recommended to improve the model accuracy.
Future demand can then be based on a use per acre per building type value based on the
averaged existing meter data.
In addition, detailed hydraulic modeling should be conducted prior to any of the system
extensions and new pressure zones. The existing areas of low pressure near the tanks in
the pumped pressure zones should be confirmed in the field and investigated further to
determine their impact on customer service and if any local improvements should be made.
Additional distribution improvements should be evaluated and constructed after the
primary distribution improvements listed previously are completed. These include the
following general items:





Replace aging and high headloss pipelines
Provide pump, PRV, and pipeline improvements to increase areas of low pressure
and decrease areas of high pressure outside hydraulic criteria
Upsize local pipelines for delivery of increased fire flow to most crucial areas
Evaluate water ages found in the extents of the for potential flushing needs and
chlorine residual monitoring
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