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Appendix C3

TERMINAL STORAGE, RWDS, AND FINISHED
WATER TRANSMISSION SYSTEM ALTERNATIVES
EVALUATION
C3.1 Introduction
This Appendix C3 documents the identification and evaluation of terminal storage, raw water
delivery system, and finished water pumping and transmission system alternatives for the City of
Stillwater (City). Project background, scope, and objectives are included in Appendix C1, along
with the overall methodology used in the decision analysis and alternatives development. As
noted in Appendix C1, Section 1.5.1, multiple alternatives were not developed and evaluated for
the finished water pumping and transmission system. Further development of recommendations
from previous studies and reports on this system was completed to allow for cost model
development and inclusion in implementation planning.
This appendix has been organized by major area of work for presentation of details and results
from these tasks as follows:




Terminal storage alternatives evaluation.
Raw water delivery system alternatives evaluation.
Finsihed water pumping and transmission system recommended improvements.

C3.2 Terminal Storage Alternatives Evaluation
The City relies on Kaw Lake as its sole source of water supply. Raw water is pumped
approximately 36 miles from this 17,000-acre man-made reservoir to the WTP via a single 36inch raw water transmission main. As discussed in Section 3.3, the risk of failure of the Kaw
Pump Station and the transmission main continues to increase as these assets, already 40 years
old, continue to age. Numerous repairs have been made on the raw water transmission main and
leaks are appearing with an increasing frequency. While smaller pumps at the Kaw Pump Station
were recently replaced and an emergency generator was added, the larger pumps and much of
the piping system at this pump station are from the original installation. At the WTP, there is a
single four (4) million gallon (MG) raw water storage tank. The current average day demand is
approximately 6 million gallons per day (mgd), so this storage tank offers little protection in the
event the Kaw Pump Station or raw water transmission main are out of service for emergency
repair or proactive maintenance/rehabilitation.
The addition of terminal storage to the City’s raw water delivery system is recommended to
improve overall system resiliency and redundancy by:


Providing a source of raw water supply to the water treatment plant (WTP) in the event
of a failure in the raw water delivery system;
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Allowing the City to take the raw water delivery system offline for proactive
maintenance or rehabilitation; and
Potentially providing a secondary source of raw water supply.

The following tasks were completed as part of the evaluation of terminal storage alternatives:








Determined the desired terminal storage volume.
Established required terminal storage pumping capacity.
Identified initial terminal storage alternatives.
Completed a fatal flaw analysis of identified alternatives to establish a shortlist of
alternatives.
Developed shortlisted alternatives further for cost development and evaulation.
Evaluated shortlisted alternatives.
Identified recommened terminal storagae improvements.

C3.2.1 Terminal Storage Volume
The basis for sizing terminal storage is one week at the maximum week demand for the ultimate
planning horizon of 50 years. One week was selected as a reasonable timeframe to take the Kaw
raw water transmission main out of service for an typical emergency repair. Repairs in certain
areas, such as the Arkansas River or other critical crossings, would require a longer outage.
However, the City plans to add parallel crossings in these locations to mitigate the risk of failure
as discussed in Section C3.3. The 2070 maximum week demand is 20.8 mgd per the updated
demand projections (refer to Appendix C1, Section C1.4).
Using the Blue Plan-it® simulation and optimization model, the required terminal storage
volume was determined. This analysis accounted for storage in the distribution system and
equalization needs, and also included a 10% reserve capacity for industrial customers (2.1 mgd)
and a 3.0 mgd reserve capacity for potential future supply to OSU. Based on the results of the
analysis, the required terminal storage volume needed to provide one week of storage at the
2070 maximum week demand is approximately 195 million gallons (MG).

C3.2.2 Terminal Storage Conveyance Capacity
The updated demand projections (refer to Appendix C1, Section C1.4) were used to set the
capacity requirements for pump stations and transmission mains associated with the terminal
storage alternatives. Required terminal storage conveyance capacities summarized Table C3.1
are based on peak day demands and include the reserve capacities for industrial customers and
OSU.
Table C3.1 Projected Terminal Storage Conveyance Capacity.
Annual
Average
Demand
(mgd)

Peak Day
Demand
(mgd)

10% Industrial
Customer
Reserve Capacity
(mgd)

OSU
Reserve
Capacity

Total Terminal
Storage
Pumping
Capacity (mgd)

2017

6.3

11.7

1.2

3.0

15.8

2021

6.6

12.2

1.2

3.0

16.4

2041

8.9

16.4

1.6

3.0

21.1

2070

13.7

25.3

2.5

3.0

30.8

Year
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The alternatives evaluation was based on providing an initial terminal storage pumping capacity
of 21 mgd to meet the 2041 peak day demand. Transmission main sizing was based on the the
2070 peak day demand (31 mgd). It is assumed that pumps would be replaced provide 31 mgd for
the 50 year planning horizon.

C3.2.3 Initial Terminal Storage Altenatives
Several alternatives were identified to provide terminal storage for the City’s raw water delivery
system. Some of these alternatives would also provide secondary supply of raw water,
eliminating the City’s sole reliance on Kaw Lake. Initial terminal storage alterantives included:









Construction of in-ground reservoirs at or near the WTP.
Construction of ground storage tanks (GSTs) at or near the WTP.
Use of the Arkansas River as an emergency supply.
Installation of collector wells or vertical wells on the Arkansas River.
Use Boomer Lake for terminal storage.
Use Sooner Lake.for terminal storage.
Use of Lake McMurtry as either terminal storage, a secondary supply, or both.
Share supply from Lake Carl Blackwell and Lake McMurtry with Oklahoma State
University (OSU) as a secondary supply.

C3.2.4 Terminal Storage Alternatives Screening and Shortlisting
The identified terminal storage alternatives were reviewed and a fata flaw analysis was
completed. Alternatives eliminated through this process and the reasons for elimination are
presented in Table C3.2.





Construction of ground storage tanks (GSTs) at or near the WTP.
Use of the Arkansas River as an emergency supply.
Installation of collector wells or vertical wells on the Arkansas River.
Use Sooner Lake.for terminal storage.

Table C3.2 Terminal Storage Alternatives.
Alternative

Reason for Elimination

Construction of GSTs
at or near the WTP

Substantially higher cost for GSTs (approximately $2/MG) as
compared to in-ground reservoirs (approximately $0.25/MG)

Use of the Arkansas
River as an emergency
supply

Drought concerns

Installation of collector
wells or vertical wells
on the Arkansas River
Use Sooner Lake.for
terminal storage

Geologic and capacity concerns
Poor water quality downstream of the Salt Fork I
ssues with Tribes north of the Salt Fork
Poor water quality (located downstream of the Salt Fork)
Not an authorized water supply
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C3.2.5 Terminal Storage Alternatives Development
The remaining terminal storage alternatives carried forward for further development included:





Construction of in-ground reservoirs at or near the WTP.
Use Boomer Lake for terminal storage.
Use of Lake McMurtry as either terminal storage, a secondary supply, or both.
Share supply from Lake Carl Blackwell and Lake McMurtry with OSU as a secondary
supply.

Development of these alternatives is described below.
C3.2.5.1 In-ground Reservoirs Near WTP
For this alternative, in-ground reservoirs sized to provide 195 MG of storage per Section C3.2.1
would be constructed at or near the WTP. Roller-compacted concrete reservoirs with sloped
sides are recommended in lieu of vertical concrete walls to reduce construction costs. Multiple
cells should be provided to allow for routine maintenance. To balance cut and fill during
construction, a total reservoir depth of 20 feet (ft) was assumed with a maximum water depth of
15 ft to provide freeboard. Algae can be an issue for open reservoirs, so mixers/circulators should
be provided in the reservoir cells. Solar powered floating mixers are recommended as a costeffective and low-maintenance option.
The reservoirs would be fed from Kaw Lake using the existing Kaw Pump Station, which would
require extending a new 36-inch transmission main along Yost Road from the WTP to the
reservoirs. A low-lift pump station would be required at the reservoir site to convey flows back to
the WTP via the new transmission main, which would be bi-directional to reduce costs. The
potential for gravity flow from the reservoirs to the WTP was evaluated. While this could be
feasible depending on the elevation at the reservoir site, gravity flow would pose operational
challenges. Plant staff would have no control over the flow rate from the reservoirs to the WTP.
The low-lift pump station would have an initial firm capacity of 21 mgd based on the 2041
projected peak day demand. To allow for operational flexibility, four (4) pumps, each rated at
approximately 7 mgd and 30 ft of total dynamic head (TDH) would be installed initially. These
pumps would be replaced to provide a firm capacity of 31 mgd for the ultimate 2070 demand
condition. Vertical axial flow pumps would be installed outdoors over a concrete chamber
constructed between the reservoirs. Electrical and controls equipment would be installed in a
pre-engineered building.
Several potential locations for in-ground reservoirs were identified and evaluated. The required
area to provide 195 MG of storage would be approximately 75 acres. There is not sufficient space
at the WTP for the reservoirs. Properties immediately adjacent to the WTP to the north and
south were considered but would require land acquisition. There are State school lands
approximately one mile west of the WTP on the north side of Yost Road that is owned by the
Commissioners of the Land Office for the State of Oklahoma. The City could do a land swap to
acquire this property, which would be easier than purchasing land. This site was used for the
conceptual design for the in-ground reservoirs.
Figure C3.1 presents an overview of the in-ground reservoir alternative. Conceptual drawings are
included Attachment C3-A. Design critiera for this alternative are summarized below:
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Location: at or near WTP
Total storage volume: 195 MG
Number of cells: 2
Reservoir type: roller-compacted concrete with 4:1 side slopes
Depth (to top of berm): 20 ft
Maximum water level: 15 ft (5 ft freeboard)
Mixers: 2 solar powered floating mixers/circulators per cell
Low-lift pump station
- Firm capacity: 21 mgd initial (ability to expand to 31 mgd)
- Number of pumps: 4
- Type of pumps: vertical axial flow
Transmission main:
- Diameter: 36-inch
- Velocity at 21 mgd: 4.6 feet per second (ft/s)
- Velocity at 31 mdg: 6.7 ft/s
- Material: DI or steel
- Length: approximately 11,800 linear feet (LF)
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Figure C3.1 In-Ground Reservoir Alternative Overview
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C3.2.5.2 Boomer Lake Terminal Storage
For this alternative, Boomer Lake would be used for terminal storage. This City-owned lake is
not an authorized water supply but is used for cooling water and recreational purposes. The City
owns the land around the Lake and has approved a commercial development for the resue of
Boomer Lake Station, which is the old power generation facility near the south end of the lake.
This facility, decommissioned in 2016, has an existing intake structure and pump station.
However, this infrastructure cannot be used due to the planned development.
Raw water from Kaw Lake would be pumped to Boomer Lake for storage using the exising Kaw
Pump Station. This would require converting a portion of the existing Central Zone 36-inch
finished water transmission main from the WTP down to Lakeview Road for raw water service
and constructing a new 36-inch from this point east over to Boomer Lake. A new 48-inch finished
water transmission main would be required to replace the converted 36-inch main.
A pump station would be required at Boomer Lake to convey flows back to the WTP via the
converted and new 36-inch transmission main, which would be bi-directional to reduce costs.
This pump station would be constructed north of Lakeview Drive between the two walking trails.
The Colonel Payne Memorial is located in this area and appropriate setbacks would need to be
maintained during construction. Multiple intakes with T-screens would be installed at varying
levels along the lake’s western shoreline. Pump station aesthetics and noise are important
considerations given the high level of recreational use of Boomer Lake.
The pump station would have initial firm capacity of 21 mgd based on the 2041 peak day
demand. To allow for operational flexibility, five (5) pumps, each rated at approximately 5.3 mgd
and 240 ft of total dynamic head (TDH) would be installed initially. These pumps would be
replaced to provide a firm capacity of 31 mgd for the ultimate 2070 demand condition. Vertical
turbine pumps in cans would be installed in the pump station, along with surge tanks and a
chemical feed system for invasive mussel control. Separate mechanical, chemical, electrical and
control room would be included in the pump station.
Water level variations in Boomer Lake were analyzed based on the required terminal storage
volume of 195 MG per Section C3.2.1. Volumes at varying elevations were taken from the
Oklahoma Water Resources Board (OWRB) 2015 Hydrographic Survey of Boomer Lake. A
maximum water surface elevation of 910 ft would be maintained by supplying raw water from
Kaw Lake. This elevation is the normal pool elevation for Boomer Lake and is below the principal
spillway elevation for Boomer Lake of 910.4 ft. The water level in the lake would have to be
dropped by approximately 3 ft to elevation 907 ft in order to provide 195 MG. Historical water
surface elevations for Boomer Lake were reviewed to determine typical lake level variations.
Since 2014, the minimum elevation has been approximately 909 ft. Therefore, use of Boomer
Lake for terminal storage would result in greater variation in lake levels. This could impact
recreational use on the lake.
Figures C3.2 and C3.3 present an overview of the Boomer Lake terminal storage alternative.
Conceptual drawings are included Attachment C3-B. Design critiera for this alternative are
summarized below:


Required Water Level Drop for total storage volume of 195 MG: 3 ft
- Maximum water surface elevation: 910 ft
- Minimum water surface elevation: 907 ft
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Intakes
- Diameter: 48-inch
- Number of intakes: 3
- Screening: T-screens
Pump station
- Firm capacity: 21 mgd initial (ability to expand to 31 mgd)
- Number of pumps: 5
- Type of pumps: vertical turbine
- Chemical feed system: liquid ammonium sulfate (LAS) and sodium hypochlorite
- Surge tanks: 2
Convert existing 36-inch finished water transmission main to raw water
Finished water transmission main (to replace converted 36-inch main)
- Diameter: 48-inch
- Material: DI or steel
- Length: approximately 26,270 LF
Raw water transmission main:
- Diameter: 36-inch
- Velocity at 21 mgd: 4.6 ft/s
- Velocity at 31 mdg: 6.7 ft/s
- Material: DI or steel
- Length: approximately 8,370 LF
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Figure C3.2 Boomer Lake Terminal Storage Pump Station Overview
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Figure C3.3 Boomer Lake Terminal Storage Transmission Main Overview
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C3.2.5.3 Lake McMurtry Terminal Storage/Secondary Supply
For this alternative, Lake McMurtry would be used for terminal storage and could also serve a
secondary supply. This lake is owned and maintained by Noble County Conservation District.
The City has water rights in Lake McMurtry totaling 968 acre-feet per year (AFY). Lake McMurtry
was developed in the 1970s under a joint project by the City and the Soil Conservation Service
(SCS) to serve as a flood control reservoir, water supply, and recreational area. There is an 8-ft
diameter multi-level tower intake with four (4) 18-inch slide gates and a 24-inch reinforced
concrete pipe (RCP) supply line with a pipe screen. The City has not used this lake as a water
supply since the early 1980s when the WTP and the Kaw Pump Station and raw water
transmission main were constructed. Currently the City of Perry has water rights for 1,681 AFY in
Lake McMurtry. Perry uses the City’s intake and 24-inch RCP to supply their pump station and
16-inch transmission main.
Raw water from Kaw Lake would be pumped to Lake McMurtry for storage using the exising Kaw
Pump Station. This would require constructing a new 36-inch transmission main from Lake
McMurtry to the WTP. A pump station would be required at Lake McMurtry to convey flows back
to the WTP via the new 36-inch transmission main, which would be bi-directional to reduce
costs. Multiple routes for the transmission main were considered, with the route along Bronco
Road/Richmond Road selected for the purposes of this evaluation.
Alternatively, a portion of the existing Central Zone 36-inch finished water transmission main
could be converted from the WTP down to Richmond Road for raw water service, with
construction of a new 36-inch from this point Lake McMurtry. A new 48-inch finished water
transmission main would be required to replace the converted 36-inch main.
The pump station would be constructed south of the dam, outside the principal spillway. The
existing intake would be used, but would require installation of new gates. Suction piping to the
new pump station would be connected to the existing 24-inch RCP supply line. Screens would
need to be installed at the pump station. Pump station aesthetics and noise are considerations
given the recreational use of Lake McMurtry. Electrical service to this pump station would be
required from the Central Rural Electric Cooperative (CREC).
The pump station would have initial firm capacity of 21 mgd based on the 2041 peak day
demand. To allow for operational flexibility, five (5) pumps, each rated at approximately 5.3 mgd
and 278 ft of total dynamic head (TDH) would be installed initially. These pumps would be
replaced to provide a firm capacity of 31 mgd for the ultimate 2070 demand condition. Vertical
turbine pumps in cans would be installed in the pump station, along with surge tanks and a
chemical feed system for invasive mussel control. Separate mechanical, chemical, electrical and
control room would be included in the pump station.
Water level variations in Lake McMurtry were analyzed based on the required terminal storage
volume of 195 MG per Section C3.2.1. Volumes at varying elevations were taken from the
storage curves included in the construction drawings for the lake. A maximum water surface
elevation of 952 ft would be maintained by supplying raw water from Kaw Lake. This elevation is
the above the normal pool elevation for Lake McMurtry (950 ft) and is below the principal
spillway elevation of 952.3 ft. To provide 195 MG of storage, the level in Lake McMurty only
needs to be dropped by approximately 0.5 ft. This minimal change in water surface elevation
would not impact lake recreational users. Dropping by approximately 2 ft from elevation 952 ft
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to 950 ft would provide approximately 681 MG. For a 3 ft drop in elevation, approximately 993
MG of water would be provided.
Figures C3.2, C3.3 and C3.4 present an overview of the Boomer Lake terminal storage
alternative. Conceptual drawings are included Attachment C3-C. Design critiera for this
alternative are summarized below:










Required Water Level Drop for total storage volume of 195 MG: 0.5 ft
- Maximum water surface elevation: 952 ft
- Minimum water surface elevation: 951.5 ft
Intakes
- Diameter: 48-inch
- Number of intakes: 3
- Screening: T-screens
Pump station
- Firm capacity: 21 mgd initial (ability to expand to 31 mgd)
- Number of pumps: 5
- Type of pumps: vertical turbine
- Chemical feed system: liquid ammonium sulfate (LAS) and sodium hypochlorite
- Surge tanks: 2
Transmission main Alternative 1:
- Raw water transmission main:
 Diameter: 36-inch
 Velocity at 21 mgd: 4.6 ft/s
 Velocity at 31 mdg: 6.7 ft/s
 Material: DI or steel
 Length: approximately 44,370 LF
Transmission main Alternative 2:
- Convert existing 36-inch finished water transmission main to raw water
- Finished water transmission main (to replace converted 36-inch main)
 Diameter: 48-inch
 Material: DI or steel
 Length: approximately 15,770 LF
- Raw water transmission main:
 Diameter: 36-inch
 Velocity at 21 mgd: 4.6 ft/s
 Velocity at 31 mdg: 6.7 ft/s
 Material: DI or steel
- Length: approximately 28,600 LF
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Figure C3.4 Lake McMurtry Terminal Storage/Secondary Supply Pump Station Overview
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Figure C3.5 Lake McMurtry Terminal Storage/Secondary Supply Transmission Main Alternative 1 Overview
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Figure C3.6 Lake McMurtry Terminal Storage/Secondary Supply Transmission Main Alterantive 2 Overview
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C3.2.5.4 Lake Carl Blackwell/Lake McMurtry Shared Supply
For this alternative, shown in Figure C3.7, the City and OSU would share supplies from Lake
McMurtry and Lake Carl Blackwell. The City has water rights in Lake McMurtry (968 AFY) and
OSU has water rights in Lake Carl Blackwell (7,000 AFY). OSU has a 30-inch reinforced concrete
pipe (RCP) gravity main that runs along McElroy Road from Lake Carl Blackwell to the OSU WTP.
There is an existing 24-inch main ductile iron (DI) main from Lake McMurtry that connects to the
OSU 30-inch gravity main near North Cottonwood Road. This main is not currently used.
Water from Lake McMurtry would be conveyed via the existing 24-inch main down to the OSU
main. A flow meter would be added to this line. The City would share use of OSU’s 30-inch main,
which would convey flows from Lake Carl Blackwell and Lake McMurtry to the OSU WTP. A new
raw water pump station would be constructed at or near the OSU WTP to convey flows to the
City’s WTP via a new raw water transmission main.
During the development of this alternative, several concerns were identified:




Given the corrosivity of soils in the area, the existing 24-inch DI main could be in poor
contion and would likely require either rehabilitation or replacement.
OSU’s 30-inch RCP main is likely also in need of rehabilitation or replacement as it is
approximately 60 years old.
The combined safe yield for Lake Carl Blackwell and Lake McMurtry is only
approximately 6.5 mgd, which would not meet the 50-year planning horizon.

Given the challenges and issues associated with the Lake Carl Blackwell/Lake McMurtry shared
supply, it was recommended that this alternative be eliminated from further consideration.

DRAFT | FEBRUARY 2022 | C3-1

APPENDIX C3 | IMPROVEMENTS TO RAW WATER SYSTEM AND WTP | STILLWATER UTILITIES AUTHORITY

Figure C3.7 C3.2.4.4 Lake Carl Blackwell/Lake McMurtry Shared Supply Alternative Overview
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C3.2.6 Terminal Storage Alternatives Evaluation
As discussed in Appendix C1, Section C1.6, a systematic decision-making process was
established and followed for the alternatives evaluation of the following four (4) terminal storage
alternatives:





In-ground Reservoirs Near WTP (Alternative TS1)
Boomer Lake Terminal Storage (Alternative TS2)
Lake McMurtry Terminal Storage/Secondary Supply with New Transmission Main
(Alternative TS3a)
Lake McMurtry Terminal Storage/Secondary Supply using Converted Finished Water
Transmission Main (Alternative TS3b)

Criteria and sub-criteria were selected specifically for the terminal storage alternatives to tailor
the evaluation to the City's objectives and priorities. The City completed pair-wise comparison
charts to establish criteria weighting by determining the relative importance of each primary
criterion and sub-criteria, as shown in Tables C3.3 and C3.4. Pairwise comparison charts are
included in Attachment C3-D.
Table C3.3 Terminal Storage Alternatives Criteria Weighting.
Criteria

Weight
(Points ouf of 100)

Affordability

38.0

Flexibility

23.8

Ease of Operation

9.5

Site Management and Public Acceptance

5.0

Risks and Reliability

23.8
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Table C3.4 Terminal Storage Alternatives Sub-Criteria Weighting.
Criteria

Weight (Points ouf of 100)

Affordability

38.0

Life Cycle Cost
Flexibility

38.0
23.8

Operational Flexibility
Ease of Operation

23.8
9.5

Degree of Operational Simplicity
Site Management and Public Acceptance

9.5
5.0

Land Requirements

2.1

Construction and Permitting Complexity

2.1

Public Acceptance

0.3

Risks and Reliability

23.8

Operational Risk

9.90

Water Quality

5.94

Diversity of Supply Sources

3.96

Watershed Security

3.96

Life cycle costs for the terminal storage alternatives were estimated for a 50-year period using
capital costs provided by the Burns & McDonnell, the construction manager at risk (CMAR), and
the following fixed and variable costs:





Operations and maintenance (O&M) costs
Engergy costs
Chemical costs
Equipment replacement costs (at 30 years)

Assumptions used in developing the life cycle costs included:








Discount rate: 4%
Inflation: 3%
Effective rate: 1%
Cost escalation rate: 5%
Electric costs (SEU): $0.04 per kilowatt hour (kWh)
Electric costs (CREC): $0.049/kWh plus $8.00/kW per month
Pumps for terminal storage operate 25% of the time

Life cycle costs are summarized in Table C3.5 and are included in Attachment C3-E.
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Table C3.5 Terminal Storage Alternatives 50-year Life Cycle Costs.
Capital Cost ($M)

50-year Life Cycle
Cost ($M, NPV)

TS1 – In-ground Reservoirs Near WTP

$53.1

$55.1

TS2 – Boomer Lake Terminal Storage

$53.4

$59.3

TS3a – Lake McMurtry Terminal
Storage/Secondary Supply with New
Transmission Main

$57.4

$66.3

TS3b - Lake McMurtry Terminal
Storage/Secondary Supply using Converted
Finished Water Transmission Main

$63.4

$72.3

Alternative

The Criterium Decision Plus (CDP) software package (described in Appendix C1, Section C1.6)
was used to evaluate the terminal storage alternatives. Numerical scores were assigned to each
sub-criteria for each alternative. The scale range varied depending on the sub-criteria. When
possible, actual values were used for scoring (i.e., total volume of storage in MG) instead of the 0
to 5 range. A scoring summary is presented in Table C3.5. The complete scoring matrix is
included in Attachment C3-D.
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Table C3.4 Terminal Storage Alternatives Sub-Criteria Scoring.
Unit of
Measure

TS1

TS2

TS3

TS4

$M (50-yr
NPV)

$55.1

$59.3

$66.3

$72.3

Higher scores assigned to lower costs.

Vol Avail
Storage (MG)

190

306

1005

1005

Higher scores for greater volume

Qualitative

4

3

2

2

Higher scores for few facilities and less
equipment

Total Area (ac)

96

25

33

33

Higher scores for less area required

Construction and
Permitting Complexity

Qualitative

5

2

4

3

Higher scores for lower complexity

Public Acceptance

Qualitative

4

2

3

3

Higher scores for greater acceptance

Operational Risk

Qualitative

5

3

3

3

Higher scores for lower risk

Water Quality

Qualitative

3

2

3

3

Higher scores for better water quality

Diversity of Supply Sources

Qualitative

1

3

5

5

Higher score for more secondary storage

Watershed Security

Qualitative

3

1

4

4

Higher scores for better security

Criteria

Scoring Notes

Affordability
Life Cycle Cost
Flexibility
Operational Flexibility
Ease of Operation
Degree of Operational
Simplicity

Site Management and Public Acceptance
Land Requirements

Risks and Reliability

DRAFT | FEBRUARY 2022 | C3-1

APPENDIX C3 | IMPROVEMENTS TO RAW WATER SYSTEM AND WTP | STILLWATER UTILITIES AUTHORITY

Results from the CDP model are presented in Figure C3.8. The in-ground reservoirs near the WTP
(Alternative TS1) had the highest score (0.570), although the score for the Lake McMurtry
terminal storage/secondary supply with a new transmission main (Alternative TS3a) was only
slightly lower (0.558). The Boomer Lake terminal storage (Alternative TS2) and the Lake
McMurtry terminal storage/secondary supply using the converted finished water transmission
main (Alternative TS3b) had much lower scores.

Figure C3.8 CDP Terminal Storage Alternatives Evaluation Results

A sensitivity analysis was completed using CDP to determine if adjusting the criteria weighting
would change the results. Flexibility and affordability are highly sensitive to the weightings.
Reducing the weight for affordability or increasing the weight for flexibility would rank TS3a
above TS1. The remaining criteria (ease of operation, site management and public acceptance,
and risk and reliability) were not sensitive to the weightings. Additionally, adjusting weightings
did would not result in either TS2 or TS3b becoming the highest raking alterantive.

C3.2.7 Terminal Storage Recommendations
Based on the CDP results, it is recommended that Alternatives TS2 and TS3b be eliminated from
further consideration. Given how close the scores were for Alternatives TS1 and TS3a, further
analysis was completed. The Lake McMurtry terminal storage/secondary supply has a higher
offers substantially more storgage than the in-ground reservoirs. As shown in Figure C3.9, the
days of storage available in 2070 are over three times greater for this alternative than for the inground reservoirs. This would allow the City to take the Kaw Pump Station and raw water
transmission main out of service for more extended periods of time, which would reduce the
costs for repairs, rehabilitation, or replacement efforts.
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Figure C3.9 2070 Storage Comparison

With the City’s water rights, Lake McMurtry can serve as a true secondary supply. This would
allow the City to use this source on a regular basis, not just for emergencies. The additional raw
water capacity provided by Lake McMurtry would allow the City to defer the upsizing of the Kaw
Pump Station and raw water transmission main. The current capacity of these facilities could
possibly even be reduced, which would also reduce pressures in the existing Kaw raw water
transmission main. With lower pressures, there would be less risk of leaks and failures and the
remaining life of this transmission main could be extended.
The capital and life cycle costs for the Lake McMurtry terminal storage/secondary supply
alternative are higher than for the in-ground reservoir. However, the cost per million gallons of
storage for Lake McMurtry (based on the 50-year life cycle cost) is approximately 1/3 of that for
the in-ground reservoirs as shown in Figure C3.10.
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Figure C3.10 Total Storage and Cost per Million Gallons Comparison

The additional $4M in capital costs and $11M in life cycle costs over 50 years for the Lake
McMurtry alternative effectively “buys” the City nearly 500 MG of additional storage volume and
provides the City with the ability to:




Take the Kaw Pump Station and raw water transmission main out of service for
extended periods of time;
Defer upsizing of the Kaw Pump Station and raw water transmission main
Maintain or possibly reduce pressures in the Kaw raw water transmission main to reduce
risk of leaks and failure

There are cost savings associated with the above, although these would be very difficult to
quantify. Given the benefits identified, it is recommended the City proceed with the Lake
McMurtry terminal storage/secondary supply alternative.
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C3.3 Raw Water Delivery System Alternatives Evaluation
The following tasks were completed as part of the evaluation of raw water delivery system
alternatives:







Established required raw water delivery system capacity.
Identified initial raw water delivery system alternatives.
Completed a fatal flaw analysis of identified alternatives to establish a shortlist of
alternatives.
Developed shortlisted alternatives further for cost development and evaulation.
Evaluated shortlisted alternatives.
Identified recommended raw water delivery system improvements.

C3.3.1 RWDS Capacity
The updated demand projections (refer to Appendix C1, Section C1.4) were used to set the
capacity requirements for the RWDS. Water suppy needs summarized Table C3.1 are based on
peak day demands and include the reserve capacities for industrial customers and OSU.
Table C3.1 Projected Water Supply Needs.
Peak Day
Demand
(mgd)

10% Industrial
Customer
Reserve
Capacity
(mgd)

OSU
Reserve
Capacity

Total Water
Supply (mgd)

6.3

11.7

1.2

3.0

15.8

2021

6.6

12.2

1.2

3.0

16.4

2041

8.9

16.4

1.6

3.0

21.1

2070

13.7

25.3

2.5

3.0

30.8

Annual
Average
Demand
(mgd)

2017

Year

The alternatives evaluation was based on providing an initial RWDS capacity of 21 mgd to meet
the 2041 peak day demand. For the 50-year planning horizon, the required RWDS capacity is 31
mgd based on the 2070 peak day demand.

C3.3.2 Initial RWDS Altenatives
To be completed

C3.3.3 RWDS Alternatives Screening and Shortlisting
To be completed

C3.3.4 RWDS Alternatives Development
To be completed

C3.3.5 RWDS Alternatives Evaluation
To be completed
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C3.4 Finished Water Pumping and Transmission System Improvements
As discussed in Appendix C1, Section C1.5.1, multiple alternatives were not developed for the
finished water pumping and transmission system. This section presents the required capcity for
the system, documents the recommendations from previous studies and reports, and provides
recommended improvements for cost model development and inclusion in implementation
planning.

C3.4.1 Finished Water Pumping and Transmission System Capacity
The required capacity for the finished water pumping and transmission system is dicated by the
WTP capacity. Further development of finsished water pumping and transmission system
recommended improvements was based on 24 mgd to match the initial WTP capacity
expansion, with the ability to increase to an ultimate capacity of 30 mgd.

C3.4.2 Previous Recommendedations
To be completed

C3.4.3 Finsihed Water Pump Station Recommeded Improvements
To be completed

C3.4.4 Finsihed Water Transmission System Recommeded Improvements
To be completed
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