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4.2.3.1 Option 3 General Description

Option 3 involves the transfer of water from irrigated land in Larimer & Weld and New Cache
systems in the Poudre Basin and the Home Supply system in the Big Thompson Basin.
Transferred water would continue to be diverted from the Poudre and Big Thompson rivers at the
existing diversion locations. Larimer & Weld diversions would flow by gravity in the existing canal
system to Big Windsor Reservoir. New Cache water would flow in its existing canal system to a
point immediately west of Big Windsor Reservoir. At this location, a pump station and pipeline
would be constructed to deliver water directly to Big Windsor Reservoir. Home Supply water
would continue to be delivered to Lonetree Reservoir southwest of Loveland. From there, a
pump station and pipeline would be constructed to deliver water to the south treatment facility.
Cactus Hill Reservoir would be constructed for carryover storage, and would be filled from both
Big Windsor Reservoir and through the existing Poudre Valley Canal.

Option 3 would have two regional water treatment plants: northern and southern. Big Windsor
Reservoir would serve as a terminal storage facility for both of these facilities, while Lonetree
Reservoir would serve as supplemental terminal storage for the southern facility. Having two
water treatment plants rather than a single plant allows the Home Supply water to be used more
efficiently. Treated water would be delivered from the water treatment plants to the Participants
or the Southern Water Supply Pipeline.

4.2.3.2 Water Supplies — Option 3

Table 17 summarizes the water right transfers and associated existing storage within each
system required to meet NISP firm yield delivery requirements to the North and South system
Participants. All transferred water supplies for this option are located in the Poudre and Big
Thompson basins due to the logistics in conveying transferred water to the treatment and
delivery system. As with the previous options, a balance in the percentage of ditch acquired
within each grouping was generally sought.

Table 17. Option 3 - Water Rights Transfer Summary

Irrigated In-Ditch
Transferable Land Storage

Ditch CU Affected Average Percent of Transferred

(AF/ac)

(acres) ™

Yield (AF)

Ditch

(AF)

Larimer & Weld 0.54 33,000 17,800 52% 12,168
New Cache 0.97 20,000 19,400 55% 5,587
Home Supply 0.74 9,000 6,700 51% 9,996
Total 0.70 62,000 43,900 53% 27,751
Notes:

W As part of the refinement of the selected option, additional analysis was performed
regarding maximum potential transfer from each ditch. As Option 3 was selected as the
recommened NAA, adjustments were made to meet maximum estimated maximum
potential transfer from the selected ditches. See section 5 for more information.
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In addition to water rights transfers, a junior water right would be filed in the Poudre Basin. On
average, this water right would yield about 900 AF per year. Even in wet years the junior water
right would not yield a large amount of water. This water would be diverted through the existing
Poudre Valley Canal to Cactus Hill Reservoir.

Total water supplies for Option 3 are approximately 43,900 AF. The 3,900 AF of water supplies
that are in excess of the 40,000 AF required for delivery to the Participants would be consumed
as evaporation in the reservoirs, or spilled when the transferred agricultural water is available
during times when carryover storage is full or there is inadequate conveyance capacity to the
carryover storage reservoir.

4.2.3.3 Infrastructure Requirements — Option 3

Option 3 would utilize both existing and new infrastructure. Existing infrastructure would include
existing diversion structures and canal systems and use of existing reservoirs that are a part of
each ditch system’s infrastructure. New infrastructure required for Option 3 includes a new,
large reservoir, raw water pipelines and pump stations, construction of two regional water
treatment plants, and both treated and untreated water delivery pipelines. A description of this
infrastructure is presented below.

Storage

As previously discussed, water would be stored in existing reservoirs that are part of the Larimer
& Weld, New Cache, and Home Supply systems. Regulating, carryover, and terminal storage
would be held in pro-rata ownership in several reservoirs connected to these systems, including
the Larimer and Weld high mountain system, the Poudre Valley Canal system, Terry Lake,
Timnath Reservoir, Big Windsor Reservoir, Lonetree Reservoir, Mariano Reservoir, and Lon
Hagler Reservoir. Big Windsor Reservoir would be a key facility in the plan, serving as a terminal
storage facility for the north water treatment plant, and partially serve as terminal storage for the
south water treatment plant. Lonetree Reservoir would be the other key reservoir, as it would
serve as terminal storage for the south water treatment plant. Reservoirs would be operated in a
manner to optimize water quality. This would require rotating releases among reservoirs to
prevent evapoconcentration of salts from occurring in any one reservoir.

Cactus Hill Reservoir, at 120,000 AF, would be constructed to store water from the Poudre River
system. Cactus Hill Reservoir is included as part of Alternatives 3 and 4 in the DEIS and has
already received extensive environmental review. It is located between Cobb Lake and Black
Hollow Reservoir in the Black Hollow drainage.

Conveyance

The proposed Cactus Hill Reservoir would be filled from both a pipeline from Big Windsor
Reservoir and the Poudre Valley Canal. A pipeline from Big Windsor Reservoir is required
because there would likely be times when CU water available in the New Cache system could not
be exchanged to the Poudre Valley Canal. The pipeline from Big Windsor Reservoir to Cactus Hill
Reservoir would be a bi-directional pipeline, which would allow releases from Cactus Hill
Reservoir back to Big Windsor Reservoir and the regional water treatment plant. The capacity of

@ mwH




NISP No Action Alternative Evaluation

the pump station to Cactus Hill Reservoir would be approximately 60 cfs, while the maximum
release rate from Cactus Hill Reservoir through the pipeline would be approximately 80 cfs.

The second way that the proposed Cactus Hill Reservoir could be filled is from the existing
Poudre Valley Canal. A pump station and pipeline from the Poudre Valley Canal were
investigated as part of the options analysis for the DEIS Action Alternatives. However, these
alternatives were sized to capture a much larger flow rate from the Poudre River than Option 2.
Based on review of historical records, the maximum inflow from the Poudre Valley Canal to the
existing Cobb Lake is approximately 180 cfs. This indicates that the maximum existing flow rate
in the Poudre Valley Canal at the location where the pump station and pipeline to the proposed
Cactus Hill Reservoir is approximately 180 cfs. In order to ensure adequate capacity for filling
the reservoir from the canal, the pump station and pipeline from the Poudre Valley Canal to
Cactus Hill Reservoir was sized at 200 cfs.

Raw water from the New Cache system would be diverted from the Greeley No. 2 Ditch to the
North Water Treatment Plant and Big Windsor Reservoir in a 4-mile pipeline. Raw water would
be conveyed from Big Windsor Reservoir and the North Water Treatment Plant to the South
Water Treatment Plant in a 21-mile pipeline. Treated water from the North Water Treatment
Plant would be delivered to Severance, FCLWD, Windsor, and Evans in a 17-mile pipeline.
Treated water would be delivered to Eaton via a 9-mile pipeline.

Raw water would be delivered from Lonetree Reservoir to the South Water Treatment Plant via
an 15-mile pipeline. Treated water would be delivered to the SWSP via a 5-mile pipeline.
Treated water would be delivered from the South Water Treatment Plant to CWCWD via an 11-
mile pipeline and to the Tri-Towns, LHWD, Erie, and Lafayette via a 24-mile pipeline.

Advanced Water Treatment

Option 3 relies on water supplies of a quality similar to that of Option 2. The average raw water
TDS from the mass balance is about 340 mg/L, less than the secondary MCL of 500 mg/L and
the assumed water quality goal of 400 mg/L. Therefore, the two water treatment plants would
not require RO. However, Option 3 would rely on New Cache for about 26 percent of the water
supply. Consequently, the Participants would likely construct advanced water treatment facilities
similar to those discussed for Option 2. Table 18 summarizes the water treatment plant average
and maximum month design flow rates.

Table 18. Option 3 Water Treatment Plant Summary

Average Month Flow Max Month Flow

Segment (MGD) (MGD)
North Regional Advanced Water Treatment Plant 12.5 24.3
South Regional Advanced Water Treatment Plant 23.2 45.0
Total 35.7 69.3
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4.3 Comparison of Options

A qualitative screening process was used to evaluate the three options and assist Northern
Water and the Participants in selection of a recommended NAA. In order to perform this
gualitative screening process, a list of decision criteria was developed using the NAA
requirements described Section 1.3. All of the alternatives meet the requirements for permitting
and delivering 40,000 AF of firm yield. A total of 6 criteria were developed from the remaining
three categories of requirements (reliability, water quality and reasonableness), based on
comments received from project Participants during meetings. A summary of the criteria and
gualitative evaluation are presented in Table 19. The following is general discussion of the
criteria and evaluation for each option.

e System Reliability and Flexibility - This criterion generally pertains to all of the NAA
requirements discussed in Section 1.3.2, in particular firm yield requirements, drought
resiliency, and flexibility of operations. All of the Options were configured to meet the same
level of firm yield as the NISP Proposed Action, thus all are equal in this area. For drought
resiliency, both Options 1 and 3 include a carryover storage facility that can be used to store
water for multiple years and supply water during drought conditions. Because Option 2 does
not incorporate a carryover storage facility, the drought resiliency of this alternative is far
inferior to the other two options. For flexibility of operations, Option 1 does not include an
interconnecting pipeline between the north and south systems, thus trading of water
supplies and multiple source locations are not possible, especially for the south system.
Option 2 has lower flexibility in operations due to a lack of dedicated storage.

e Water Quality - The water quality criterion pertains directly to the water quality issues
described in Section 1.3.3. Option 1 has the poorest water quality of the options due to its
high reliance on South Platte water supplies. As previously discussed, the southern
treatment plant would require an RO train to treat raw water supplies to drinking water
standards. Options 2 and 3 have better water quality than Option 1, but still would require
advanced water treatment and are still poorer quality than would be delivered by the
Proposed Action.

e Effect on Irrigated Agriculture - This criterion was developed based on comments by the
Participants and based on the general goal of NISP to reduce effects on irrigated agriculture.
Even without NISP, based on comments received during meeting, the Participants remain
committed to reducing effects of water supply development on irrigated agriculture. The
analysis was based strictly on the estimated acreage of dry-up required by the Option. Option
1 results in the fewest acres of dry-up, while Option 2 results in the highest acreage of dry-

up.

e Construction and Water Cost - This criterion pertains to the reasonableness requirements
discussed in section Error! Reference source not found.. All of the Participants are interested
in obtaining water supplies for the lowest cost alternative that meets the other quantitative
and qualitative criteria. Because of the uncertainty involved at this level of estimating for
certain components of the options, cost estimates were not developed for each of the
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options. It is likely that the potential costs for the three options fall within a similar range,
and there is not a clear preference of one option over another based solely on cost.

e 0&M Cost - This criterion also pertains to the reasonableness requirements. No specific
O&M costs were developed as part of this analysis. However, based on professional
experience with these types of projects, it is likely that Option 1 will have O&M costs that are
greater than the other two options, due to the high energy requirements of the RO process,
brine disposal for the RO process and the operation of dual systems. All of the options would
likely have higher O&M costs than existing water supply projects for the Participants due to
the long pipelines and pumping required to deliver water and the need to operate advanced
water treatment facilities.

e Implementation Uncertainty - This criterion addresses a portion of the reliability
requirements described in section 1.3.2. As discussed in that section, the NAA should utilize
elements that are proven to be successful along the Front Range of Colorado. Although the
RO facilities described for Option 1 have been implemented in this approximate range in
Colorado, there remain obstacles regarding their success, particularly in relation to brine
disposal. Due to the uncertain terms of current regulations and requirements, it is possible
that RO at the scale required for the NAA could be either infeasible or very expensive and
energy intensive in the future.

For Option 2, the amount of ag transfer being considered may exceed the amount of transfer
available in the future. Although less than 100 percent of the two remaining large systems in
the Poudre Basin is considered, as discussed in previous sections, not all of these systems
would be available because not all current shareholders would be willing to sell, and because
other entities would compete for this water. If Option 2 were implemented, water supplies
would need to be more heavily balanced towards Poudre Basin supplies or shifted to other
Big Thompson supplies because the quantity of water considered exceeds the amount that is
likely available from this system. Although the amount of water considered for Option 2
would be available through a combination of sources that may include some ditch systems in
addition to those specifically mentioned, the amount of transfer required would be very
difficult and uncertain to implement.
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Table 19. Relative Comparison of Options

| Optiont |  oOption2 |
North and South
Systems

Criteria

Large Plains Reservoir

No New Storage

System Reliability | e Low operational ® Lack of carryover
& Flexibility flexibility due to storage
unconnected systems ® Low operational
flexibility due to lack of
storage
Water Quality ® South system raw ® Raw water quality ® Raw water quality
water TDS greater poorer than Carter poorer than Carter
than water quality Lake Lake
standard
® Lack of maturity of ZLD
process
Effect on Irrigated | 44,100 acres retired 91,000 acres retired 62,000 acres retired
Agriculture
Construction & Estimated to be within comparable range for all options.
Water Cost
O&M Cost ® Operation of dual-use
systems
® Extra cost and energy
requirements for RO &
brine disposal
Implementation ® Uncertainty in future ¢ High percentage of ag
Uncertainty regulations and transfers from
environmental individual ditch
concerns for brine companies may be
disposal unattainable
® Cost estimate
uncertainty due to high
reliance on ag water
purchases
Notes:

(1) Shading indicates where information clearly differentiates a preference of one option over
another. Green - higher preference, Pink - lower preference.

4.4 Selection of Recommended NAA

The evaluation and screening of NAA options was reviewed with the Participants and Northern
Water. The following is brief discussion of each option.

e Option 1 - North and South Systems: This option evolved from Option A in the
preliminary options analysis, which was a more “localized” option somewhat similar to
the No Action Alternative in the DEIS. Because of limited water supplies near many of
the Participants, and challenges with humerous smaller storage facilities such as gravel
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pits and small new reservoirs, the option became a “North System and South System”
option involving two smaller reservoirs, and water supplies from the Poudre Basin to the
South Platte Basin.

Due to water quality issues in the South Platte Basin, RO facilities would be required for
the South System. The certainty to which an RO system could be developed at the
treatments rates required in Colorado is questionable, primarily due to brine disposal
issues and high energy costs. Implementation of dual-use systems in certain Participant
communities without existing dual use systems was included to reduce the amount of RO
treatment required. Additionally, due to lack of interconnection between the two
systems, the combined system provides less water supply and operational flexibility for
the NISP Participants as a whole. This option would have the least amount of effects on
irrigated agriculture due to the use of South Platte water supplies. However, the tradeoff
is reduced water quality requiring RO treatment.

Option 2 - No New Storage: This option, which originally was termed Option B.1 in the
preliminary options analysis, was developed as an option that would not require
construction of new storage facilities, and utilize storage in existing agricultural storage
facilities to the maximum extent possible. Because agricultural storage systems along
the Front Range have typically been developed as seasonal storage facilities without
much carryover storage, storage in these facilities does not provide the level of drought
protection required for municipal water supplies. Similarly, because less storage is
available, this option would have the greatest impact on irrigated agriculture because
municipal entities would have to continue to rely primarily on transferred direct flow yield
during dry years (which is typically much lower than average or wet year yield) rather than
relying on carryover storage during dry years. Due to a lack of storage, this option would
not be able to take advantage of new junior water rights that could divert currently
unappropriated water.

Staged construction and implementation of this option would likely be easier than other
options due to fewer required infrastructure requirements at the outset. However, there
could also be issues in conversion of existing storage facilities from an agricultural water
supply, which primarily has a defined release to augment late season irrigation
requirements, to a municipal water supply that requires releases throughout the year and
a desired carryover storage component.

Option 3 - Large Plains Reservoir - This option, which originally was termed Option B.2
in the preliminary options analysis, was developed as a regional solution, and involves
the construction of a single larger plains reservoir that could be developed without Corps
action, and a mid-level amount of ag transfers. The option would provide the maximum
amount of flexibility to the Participants due to a reasonable amount of carryover storage,
interconnection amongst all Participants, and proven technologies (i.e. it would not
require large-scale RO treatment).

Implementation of any of the final NAA options requires a continued regional partnership
between the NISP Participants. More independent NAA options could be possible, but they
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would result in greater effects to irrigated agriculture. During Participant meetings, all
Participants expressed continued interest in a regional project. As part of the NISP process, the
Participants have developed the organizational structure and planned implementation strategies
that could be adapted directly to this regional solution.

In general, the Participants were concerned about the quantity of agricultural dry-up for all
options, the uncertainties surrounding the development of Options 1 and 2 regarding the
availability of water supplies and implementation of RO, and the overall cost of implementing any
of the options. Ultimately, using the information presented in Table 19, it was determined that
Option 3 represents the most likely future action by the Participants if the NISP Proposed Action
could not be permitted.
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5 Recommended No Action Alternative

This section describes the recommended NISP NAA. As discussed in the previous section, the
recommended NAA is based on NAA Option 3, thus much of the information provided in this
section is identical to that provided in the previous section describing Option 3. However, some
adjustments were made to the option based on supplemental analyses and comments by
Northern Water and the Participants. The level of detail provided in this section is intended to
provide adequate information for evaluation of effects by the Corps in the SDEIS.

5.1 Adjustments Made to Option 3 for Recommended NAA

Based on supplemental analysis and review, minor adjustments were made to the components
and layouts of Option 3. These adjustments are primarily due to changes in the water supply
makeup of the alternative. Additional information was obtained on the availability of water from
specific ditches that comprise the water supply for Option 3 and estimates on the maximum
amount of water that could ultimately be transferred from ditches (see Appendix C for
discussion). The following refinements were made when developing the recommended NAA.

e The original Option 3 considered the transfer of approximately 51 percent of the Home
Supply system. Based on discussions with sources knowledgeable with this particular
ditch system (Zilas 2009) and information obtained in recent water right decrees
(Johnstown decree), it was determined that the Town of Johnstown currently owns
approximately one-third of the shares in Home Supply. Assuming that 15 percent of this
ditch will remain permanently in agriculture, and that Johnstown will continue to
purchase some additional shares in the near future, the maximum amount of water
available for the NISP NAA was assumed to be 30 percent.

e Due to the changes in the number of shares available from Home Supply, the number of
shares purchased in Larimer & Weld and New Cache were increased. Currently, very few
shares in either of these systems are owned by municipal interests. As previously
discussed, investigation of other systems shows that at least 15 percent of the shares
will likely remain in agriculture. Additionally, these ditches will likely become the target of
transfers by non-NISP Participants. Assuming that 15 to 20 percent of the shares will be
purchased by others, a maximum of 65 percent of these ditches could be transferred by
the NISP NAA.

5.2 Description of Recommended NAA

The recommended NAA would deliver water to the NISP Participants using agricultural water
supplies from the Poudre and Big Thompson basins, a pro-rata amount of existing storage in
those systems, and a new reservoir at the Cactus Hill Reservoir site. The size of the new
reservoir was maximized at the site considered in the DEIS in order to minimize the amount of ag
transfers required to meet yield requirements. An overview of the Option is presented in Map 5.
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5.2.1.1 General Description

The recommended NAA would transfer water from irrigated land in the Larimer & Weld, New
Cache and Home Supply irrigation systems to municipal use by the NISP Participants.
Transferred water would include the historical consumptive use portion of these water rights
only. Historical return flow patterns would need to be maintained to prevent injury to senior
water rights. Transfers would include pro-rata storage in existing reservoirs associated with
these systems. In addition, a new reservoir would be constructed for carryover storage.

For the Home Supply system, transferred water would continue to be diverted from the Big
Thompson River at its existing diversion location. Home Supply water would continue to be
delivered to Lonetree Reservoir southwest of Loveland. From there, a pump station and pipeline
would be constructed to deliver water to a southern treatment facility.

For the Larimer & Weld and New Cache systems, water would be diverted from the Poudre River
either at existing diversion locations or at the Poudre Valley Canal diversion location at the mouth
of the Poudre Canyon. When diverted at its existing diversion location, Larimer & Weld
diversions would flow by gravity in the existing canal system to Big Windsor Reservoir. New
Cache water would flow in its existing canal system to a point immediately west of Big Windsor
Reservoir. At this location, a pump station and pipeline would be constructed to deliver water
directly to Big Windsor Reservoir. When diverted through the Poudre Valley Canal, the Larimer &
Weld and New Cache water would be delivered through the existing canal to the proposed Cactus
Hill Reservoir just east of the existing Cobb Lake Reservoir. Cactus Hill Reservoir would be
constructed for carryover storage, and would be filled from both the existing Poudre Valley Canal
and through a new pipeline from Big Windsor Reservoir.

The selected NAA would have two regional water treatment plants: northern and southern. The
northern water treatment plant would serve Poudre Basin Participants and Evans (approximately
26 percent of the total demand), while the southern water treatment plant would serve the
southern Participants and the Southern Water Supply Pipeline (remaining 74 percent of the total
demand). Big Windsor Reservoir would serve as a terminal storage facility for both of these
facilities, while Lonetree Reservoir would serve as supplemental terminal storage for the
southern facility.

5.2.1.2 Water Supplies

Table 17 summarizes the water right transfers and associated existing storage within each
system required to meet NISP firm yield delivery requirements to the North and South system
Participants. As discussed in Section 3, estimates of transferrable consumptive use shown in
the table were made using consumptive use calculations from the State’s StateCU program as
developed through the South Platte Decision Support System. Surface water consumptive use
was reduced by the amount of estimated CU from historical C-BT deliveries to calculate
transferable consumptive use.
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Table 20. Recommended NAA - Water Rights Transfer Summary

Irrigated In-Ditch
Transferable Land Storage

Ditch CU Affected Average Percent of Transferred

(AF/ac) (acres) Yield (AF) Ditch (AF)

Larimer & Weld 0.54 36,800 19,900 58% 13,569
New Cache 0.97 22,000 21,300 60% 6,145
Home Supply 0.74 5,400 4,000 30% 5,998
Total 0.70 64,200 45,200 55% 25,712

During development of the 3 options, an assumption was made that based on existing water
rights, exchanges could not be relied upon to provide a reliable water supply to the NAA.
However, in actual operations, APOD or exchange water rights would be filed for the NAA, and
water transferred from the Larimer & Weld and New Cache systems would be diverted through
the Poudre Valley Canal when the APOD or exchange would not injure senior water rights to
provide the higher quality source water for delivery and storage. Because hydrologic modeling
has not yet been completed for the SDEIS, it is unknown when, how often and the quantities to
which the APOD/exchange operations would take place in the future. Thus infrastructure is
included to deliver all transferred water through existing diversion structures. However, the
APOD/exchange operation should be included in the hydrologic analysis of the NAA in the SDEIS.

In addition to water rights transfers, a junior water right would be filed in the Poudre Basin. On
average, this water right would yield about 900 AF per year. Based on the assumptions made
regarding the implementation of existing conditional senior rights to this junior appropriation, it is
estimated that the right would only be in priority during 3 of the 56 years in the study period
(1980, 1983 and 1995). This water would be diverted through the existing Poudre Valley Canal
to Cactus Hill Reservoir.

Total water supplies for the recommended NAA are approximately 45,200 AF. Consistent with
the Proposed Action, the annual delivery to NISP Participants is 40,000 acre-feet. The 5,200 AF
of water supplies that are in excess of the 40,000 AF required for delivery to the Participants
would be consumed as evaporation in the reservoirs, or spilled when the transferred agricultural
water is available during times when carryover storage is full or there is inadequate conveyance
capacity to the carryover storage reservoir.

5.2.1.3 Infrastructure Requirements

The recommended NAA would utilize both existing and new infrastructure. Existing infrastructure
would include existing diversion structures and canal systems and use of existing reservoirs that
are a part of each ditch system’s infrastructure. New infrastructure required for the
recommended NAA includes a new, large reservoir, raw water pipelines and pump stations,
construction of two regional water treatment plants, and both treated and untreated water
delivery pipelines. A description of this infrastructure is presented below.
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Storage

Water would be stored in existing reservoirs that are part of the Larimer & Weld, New Cache, and
Home Supply systems. Regulating, carryover, and terminal storage would be held in pro-rata
ownership in several reservoirs connected to these systems, including the Larimer and Weld high
mountain system, the Poudre Valley Canal system, Terry Lake, Timnath Reservoir, Big Windsor
Reservoir, Lonetree Reservoir, Mariano Reservoir, and Lon Hagler Reservoir. Big Windsor
Reservoir would be a key facility in the plan, serving as a terminal storage facility for the north
water treatment plant, and partially serving as terminal storage for the south water treatment
plant. Lonetree Reservoir would be the other key reservoir, as it would serve as terminal storage
for the south water treatment plant. Reservoirs would be operated in a manner to optimize
water quality. This would require rotating releases among reservoirs to prevent
evapoconcentration of salts from occurring in any one reservoir.

Cactus Hill Reservoir, at 120,000 AF, would be constructed to store water from the Poudre River
system. Details regarding Cactus Hill Reservoir are contained in the DEIS.

Conveyance

New pipelines and pump stations required for the recommended NAA are summarized in Table
21.

Table 21. New Pipelines and Pump Stations Required for Recommended NAA

Capacity Diameter Length Pump

Segment (cfs) (inches) (miles) Stations
Raw Water - Cactus Hill Reservoir 200 48 6 1@
Inlet 7,700 HP
Raw Water - Cactus Hill Reservoirto | 80 (north) 42 9 1@
North Water Treatment Plant 60 (south) 3,400 HP
(bidirectional)
Raw Water - New Cache to North 110 66 4 1@
Water Treatment Plant 1,300 HP
Finished Water - North Water 5-21 16-30 17 1@
Treatment Plant to FCLWD / Evans 500 HP
Finished Water - North Water 4 14 9 1@
Treatment Plant to Eaton 70 HP
Raw Water - North Water 110 66 21 1@
Treatment Plant to South Water 2,000 HP
Treatment Plant
Raw Water - Lonetree Reservoir to 20 36 15 1@
South Water Treatment Plant 100 HP
Finished Water - South Water 10 20 11 1@
Treatment Plant to CWCWD 100 HP
Finished Water - South Water 5-44 20-48 24 1@
Treatment Plant to Lafayette 2,000 HP
Treated Water - South Water 21 36 5 --
Treatment Plant to SWSP
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Raw water from the New Cache system would be diverted from the Greeley No. 2 Ditch and
pumped to the North Water Treatment Plant and Big Windsor Reservoir in a 4-mile pipeline with
a capacity of approximately 110 cfs. Raw water would be pumped from Big Windsor Reservoir
and the North Water Treatment Plant to the South Water Treatment Plant in a 21-mile pipeline,
also with a capacity of approximately 110 cfs. Treated water from the North Water Treatment
Plant would be pumped to Severance, FCLWD, Windsor, Evans and Eaton through 17-miles
pipeline with a range of capacities from 4 to 21 cfs.

Raw water would be pumped from Lonetree Reservoir to the South Water Treatment Plant via a
15-mile pipeline with a capacity of 20 cfs. From the South Water Treatment Plant, treated water
would be pumped to CWCWD via an 11-mile, 10 cfs pipeline and to the Tri-Towns, LHWD, Erie,
and Lafayette via a 24-mile pipeline with a capacity ranging from 5 to 44 cfs. Treated water
would be delivered to the SWSP via a 5-mile pipeline with a capacity of 21 cfs. It is possible that
water conveyed to the SWSP would be treated to a slightly different finished quality since SWSP
water conveys raw water than treated water to the Participants.

Tie-in locations to existing systems would be determined by project Participants at the time of
design, and most likely be at existing or future water storage tanks within the distribution
systems. For purposes of cost estimates, it is assumed that water would be delivered to the
nearest edge of the service area boundaries to proposed NAA infrastructure as shown in Map 5.

Advanced Water Treatment

The recommended NAA relies on water supplies of lower quality than the Proposed Action and
generally lower quality than the Participants’ current supplies. The average raw water TDS from
the mass balance is 354 mg/L, less than the secondary MCL of 500 mg/L and the assumed
water quality goal of 400 mg/L. Therefore, the two water treatment plants would not require RO.
However, if supplies are diverted at the ditch headgates, the NAA would be obtaining 43 percent
of supplies downstream of municipal wastewater discharges and developed areas. There is
potential to improve NAA raw water quality by exchanging New Cache water to diversion points
further upstream. The amount of water that can be exchanged is not known at this time because
the NISP hydrologic model continues to be modified. Due to the potential for lower raw water
quality, the Participants would likely construct advanced water treatment facilities.

There are a variety of potential water treatment designs that could be selected by the
Participants to meet their water quality goals. One potential design would use the following
treatment steps:

® Precipitative softening

e UV advanced oxidation

e Granular media filtration, and
e Carbon adsorption

Table 22 summarizes the advanced water treatment plant average and maximum month design
flow rates.
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Table 22. Recommended NAA Water Treatment Plant Summary

Average Month Flow Max Month Flow

Segment (MGD) (MGD)
North Regional Advanced Water Treatment Plant 12.5 24.3
South Regional Advanced Water Treatment Plant 23.2 45.0
Total 35.7 69.3

5.3 Opinion of Probable Construction Cost

An opinion of probable construction cost for the recommended NAA is summarized in Table 23.
MWH developed cost estimates for water rights acquisition and revegetation only. These costs
are presented as a range due to the uncertainty in the future cost of purchasing large quantities
of water. All other costs were estimated by Integra Engineering and GEI (2010a and 2010b)
using engineering information provided by MWH. All estimates are at a conceptual level (see
discussion in section 3.4).

Table 23. Recommended NAA Conceptual Level Cost Opinion

Component Cost

Storage — Cactus Hill Reservoir S120M
Water Treatment (beyond conventional) S40M
Conveyance S160M
Unlisted Items at 10% S30M
Subtotal S$340M

Contingency at 25% S90M
Base Construction Cost S440M

Engineering, construction management, legal, administrative at 13% S60M
Water Rights Acquisition & Revegetation S300M - 400M
Total S$800M — 900M

5.4 No Action Alternative Implementation

Implementation of the NAA would differ from that of the Proposed Action due to the additional
time required to procure a change agricultural water rights. Transfer of ditch shares from
agricultural to municipal use would be a lengthy process for the Participants. The process would
include initial studies and purchase offerings to individuals within the ditch companies involved,
procurement of shares, a change case in water court, performing actual dry-up and revegetation,
and finally, construction of facilities and delivery of water. This section describes the general
process for how this type of transaction could occur. Note that these processes differ from ditch
to ditch and project to project.

The initial steps in the irrigated lands transfer process would be to perform an initial analysis that
would include a “due diligence” investigation into the legal status and sustainability of the
potential water rights, perform initial engineering and hydrologic evaluations, and determine
other legal issues. Once this investigation is complete, the Participants would solicit interest in
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purchasing ditch shares to the shareholders in the ditches involved. Several types of
agreements could potentially be established during this initial offering, including an outright
purchase of shares, first right of refusal on shares, and potentially, even some rotational
fallowing types of arrangements with certain sub-sets of the ditch system.

It is likely that the initial offering and transfer of shares would not produce all of the water
ultimately needed to meet yield requirements. However, enough shares would need to be
required for the NISP Participants to be comfortable constructing the facilities that are needed to
deliver the water. Participants would likely have a standing offer with shareholders for purchase
of shares as they become available. Because precedence would be set through the initial water
court proceedings regarding the change in point of diversion and use, water court proceedings
would become more streamlined for subsequent share purchases and speed the change
process for these shares. Based on the current hydrologic conditions, economic conditions,
competition for water, status of other water supply projects, and other issues beyond the
Participants’ control, securing an adequate level of water to justify construction of facilities could
take years.

Points-of-diversion and allowable uses for those ditch shares purchased would need to be
“changed” in the Colorado water court system. The City of Thornton underwent a similar type of
change when they purchased and changed shares of the Water Supply and Storage Company
(case nos. 86CW401, 86CW402, 86CW403, and 87CW332, Division 1 Water Court) which took
about 8 years to complete. Although the process for making ditch-wide changes in water court
has matured substantially since that time, the magnitude of change and numerous parties
involved will result in a process that will likely take 5 to 7 years to resolve. Changing points-of-
diversions and allowable uses would require an engineering evaluation to ensure that no senior
water rights are injured by the proposed change, and would include historical consumptive use
evaluations, return flow evaluations, operational investigations and other technical analyses to
prove non-injury. Some of the existing system storage would likely be required to meet return
flow obligations.

Dry-up and revegetation would likely be required for most shares purchased. The only case
where a dry-up and revegetation clause would not be required would be if the land were to
ultimately be developed for municipal use, which in this case, would only be a small percentage
of the land. In any case, irrigated agriculture would need to cease on these lands before NISP
Participants could take delivery of the water. Dry-up could consist of either reestablishing native
vegetation on the acreages involved, or conversion of farming practices to dry-land practices,
such as winter wheat.

Delivery of water from these rights could only be made after all water court proceedings and
revegetation requirements are complete. Because of the uncertain nature in these types of
change cases, it is likely that the Participants would choose not to construct facilities until the
entire change case is complete and any appeals are settled. Most of the options investigated in
this report do not lend themselves well to staging - that is, nearly all of the facilities would need
to be constructed to deliver water. For certain Participants, it may be possible to implement
interim measures to take delivery of some water prior to completion of facilities.
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Construction of facilities would likely commence with the construction of the pipeline segment
from New Cache to Big Windsor Reservoir and the northern water treatment plant, and the
pipeline segment from Lonetree Reservoir to the southern water treatment plant. All delivery
infrastructure from the water treatment plants to the Participants would need to be constructed
at this time as well. Because the water supplied by Home Supply would only supply a limited
amount of demand, the pipeline segment from Big Windsor Reservoir to the southern water
treatment plant would need to be constructed soon after. The last facility to be constructed
would likely be the Cactus Hill Reservoir structure and associated infrastructure.
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6 Summary

This analysis was undertaken to develop and provide details for a recommended NAA for use in
the NISP SDEIS. The recommended NAA was developed through a systematic process that
considered reasonable water supply, storage, conveyance and water treatment concepts which
were combined into options that met the full 40,000 AF annual delivery requirement required by
NISP. The options were then screened using a qualitative process to develop the final selected
NAA. The Participants and Northern Water were engaged in the process through individual
meetings, presentation of preliminary and final concepts, consideration of comments and
specific requirements in the screening and evaluation process, and selection of the NAA for the
SDEIS.

The recommended NAA primarily consists of ag transfers from the Larimer & Weld, New Cache
and Home Supply systems; storage in existing agricultural reservoirs; a new storage facility at the
Cactus Hill reservoir site (as evaluated in the DEIS); two regional advanced water treatment
plants; and associated pipelines and pump stations to deliver raw and treated water to the
Participants. The ag transfers would result in the dry-up of nearly 60 percent of the Larimer &
Weld and New Cache irrigation systems in the Poudre River Basin east of Fort Collins and north
of Greeley, and approximately 30 percent of the Home Supply system, which, when combined
with transfers by others, would dry-up nearly 85 percent of the lands served by the Home Supply
system between Berthoud and Johnstown. The estimated cost of the NAA ranges from $800 -
900 million.

Implementation of the NAA would differ from that of the Proposed Action due to the additional
time required to procure and change agricultural water rights. Transfer of ditch shares from
agricultural to municipal use would be a lengthy process for the Participants. It would include
initial studies and purchase offerings to individuals within the ditch companies involved,
procurement of shares, a change case in water court, performing actual dry-up and revegetation,
and finally, construction of facilities and delivery of water. Because of the uncertainty involved in
water rights procurement and change cases, it is likely that the Participants would choose not to
construct facilities until an adequate quantity of shares were purchased to justify construction
and the entire change case was complete.
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Appendix A - Preliminary NAA Options Schematics




Preliminary Regional Concepts - Summary
NISP No Action Alternative Development

Summary of Preliminary Concepts:

Water Supply
Irrigated
Land New
Purchase Yield Storage
Concept Concept Description (ac) (ac-ft) (ac-ft)

A Local Supplies, Local storage 50,600 49,000 59,000
B.1 Balanced Ag Purchase, Existing Storage 76,600 64,000 0
B.2 Northern Ag Purchase, Existing Storage, New Plains Reservoir 60,500 49,000 44,000
B.3 Northern Ag Purchase, New Foothills Reservoir 59,400 49,000 93,000
B.4 Northern Balanced Ag Purchase, Existing Storage, New Plains Reservoir 51,900 44,000 19,000

C South Platte Conjuctive Use Project 43,000 44,000 54,000

Notes:

(1)

()

3)

(4)
(5)

Alternatives are conceptual in nature, with estimated consumptive use estimates and storage requirements. Values

may vary during alterantive development phase.

CU yields based on SPDSS analysis of likely available water sources in Poudre and Big Thompson, and average of basin

CU for other basins.

Storage requirements based on simple mass-balance model that utilizes historical CU and estimates of purchased
yield for the Poudre and Big Thompson basins. St. Vrain and Boulder Creek ditches are not included in the analysis.

Simple estimates were used for these basins.
All analyses will be refined based upon selected concepts.
Concepts can be combined.

General Discussion:

- Water quality decreases as the amount of storage in plains reservoirs increases (lower inflow WQ, agricultural runoff,

evapoconcentration).
- Boulder Creek and St. Vrain basins have limited irrigated land purchase potential and limited storage availability.
- Storage in existing facilities is needed to deliver CU purchase. Some storage in existing facilities could be used for regulating
storage (storage required to meet monthly demands). However, existing facilities typically do not provide adequate carryover
storage (i.e. drought storage).

- CU and storage requirements can vary greatly depending upon particular irrigation systems assumed for purchase.

- Purchase within multiple irrigation systems diversifies overall portfolio, but will have higher infrastructure costs.
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Preliminary Regional Concept
NISP No Action Alternative Development

Concept: A - Local Supplies, Local storage

General Description:

This alternative is similar to the exiting NISP No Action Alternative. It would involve purchases of local supplies and
construction of facilities necessary to store and transport this water to participants. Purchases are aligned along
geographic areas. Southern participants would be supplied with mostly South Platte water due to limited water supply
opportunities in Boulder County.

Components:
Water Supplies

Average Yield Required: 49,000 af
Firm Yield Required: 44,000 af
Average
CU Yield Purchase Yield
Source (ac-ft/ac) Acres (ac-ft)
Poudre 0.80 22,500 18,000
Big Thompson 0.90 4,400 4,000
St. Vrain 0.97 3,100 3,000
Boulder Creek 0.95 2,100 2,000
South Platte 1.19 18,500 22,000
Total 0.97 50,600 49,000
Storage
Total Storage Required: 77,000 af
New Storage Required: 59,000 aof
Representative Potential Facilities
Site Site Name Basin Vol (af)
Exist Existing ag storage facilities All 18,000
14 Wildcat Reservoir St. Vrain River 34,800
43 Cobb Lake Enlargement Cache la Poudre River 39,500
48 Hertha Reservoir Enlargement Big Thompson River 74,300
77 Potato Hill St. Vrain River 5,000
116 Lykins Gulch St. Vrain River 20,000

Note: Assumes portion of regulatory storage in existing facilities, and regulatory and carryover storage in new facility.

Delivery and Treatment

Entities Description

Eaton, Fort Collins-Loveland, Severance, [Pipeline or exchange to Pleasant Valley Pipeline, delivery to Soldier Canyon Filter
Windsor Plant.

Pipeline or exchange to Pleasant Valley Pipeline, delivery to Bellvue Water

Evans Treatment Plant

Fort Lupton, Fort Morgan, Morgan

County Quality Water Pipeline from South Platte reservoir to Southern Water Supply Pipeline

Central Weld, Firestone Pipeline from new reservoir to Carter Lake Filter Plant.

Erie, Lafayette, Left Hand Pipeline from new reservoir to existing water treatment plants.

Discussion:

- Likely water quality issues due to storage in plains reservoir facilities.

- Not a regional project.

- Boulder Creek and St. Vrain ditches have minimal available storage - would require additional new storage.

6/15/2009
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Concept A: Local Supplies, Local Storage
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Preliminary Project Concept
NISP No Action Alternative Development

Concept: B.1 - Balanced Ag Purchase, Existing Storage

General Description:

This alternative would consist primarily of Poudre and Big Thompson water supplies, and utilize only existing irrigation system
reservoir storage. It is assumed that purchases of agricultural water would include purchasing pro-rata shares in available storage

facilities.
Components:
Water Supplies
Average Yield Required: 64,000 aof
Firm Yield Required: 44,000 af

CU Yield Purchase |Average Yield

Source (ac-ft/ac) Acres (ac-ft)
Poudre 0.80 52,500 42,000
Big Thompson 0.90 18,900 17,000
St. Vrain 0.97 3,100 3,000
Boulder Creek 0.95 2,100 2,000
South Platte 1.19 0 0
Total 0.84 76,600 64,000
Storage
Total Storage Required: 54,000 aof
New Storage Required: 0 af
Representative Potential Facilities
Site Site Name Basin Vol (af)
Exist Existing ag storage facilities All 54,000
Note: Assumes regulatory and carryover storage in existing facilities.
Delivery and Treatment
Entities Description

Eaton, Fort Collins-Loveland, Severance,
Windsor

Pipeline or exchange to Pleasant Valley Pipeline, delivery to Soldier Canyon Filter

Plant.

Evans

Pipeline or exchange to Pleasant Valley Pipeline, delivery to Bellvue Water Treatment

Plant

Fort Lupton, Fort Morgan, Morgan County
Quality Water

Pipeline connection to Southern Water Supply Pipeline

Central Weld, Firestone

Pipeline or exchange to Pleasant Valley Pipeline, delivery to Bellvue Water Treatment

Plant

Erie, Lafayette, Left Hand

Pipeline to existing water treatment plants.

Discussion:

- Likely water quality issues due to storage in plains reservoir facilities.

- No dedicated terminal storage. High risk during infrastructure outages.

- No dedicated carryover storage. High risk during drought conditions.

- Some purchased water may not be usable.

- Boulder Creek and St. Vrain ditches have minimal available storage - increases drought vulnerability, and amount of ag

purchased.
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Concept B.1: Balanced Ag Purchase, Existing Storage
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Preliminary Project Concept
NISP No Action Alternative Development

Concept: B.2 - Northern Ag Purchase, Existing Storage, New Plains Reservoir

General Description:

This alternative would consist of Poudre and Big Thompson water supplies, and utilize to the maximum extent possible storage
availability in existing irrigation system reservoirs. It is assumed that purchases of agricultural water would include purchasing pro-

rata shares in available storage facilities.

Components:
Water Supplies
Average Yield Required: 49,000 af
Firm Yield Required: 44,000 af
CU Yield Purchase |Average Yield
Source (ac-ft/ac) Acres (ac-ft)
Poudre 0.80 53,800 43,000
Big Thompson 0.90 6,700 6,000
St. Vrain 0.97 0 0
Boulder Creek 0.95 0 0
South Platte 1.19 0 0
Total 0.81 60,500 49,000
Storage
Total Storage Required: 61,000 aof
New Storage Required: 28,000 af
Representative Potential Facilities
Site Site Name Basin Vol (af)
Exist Existing ag storage facilities Poudre, Big Thompson 33,000
23 Highland No. 2 Big Thompson River 3,300
43 Cobb Lake Enlargement Cache la Poudre River 39,500
44 North Poudre No. 5 and 6 Enlargement Cache la Poudre River 48,470
48 Hertha Reservoir Enlargement Big Thompson River 74,300

Note: Assumes regulatory storage in existing facilities, carryover storage in new facility. Potential terminal storage in Big
Thompson Basin with carryover storage in Poudre Basin.

Delivery and Treatment

Entities

Description

Eaton, Fort Collins-Loveland, Severance,
Windsor

Pipeline or exchange to Pleasant Valley Pipeline, delivery to Soldier Canyon Filter
Plant.

Evans

Pipeline or exchange to Pleasant Valley Pipeline, delivery to Bellvue Water Treatment
Plant

Fort Lupton, Fort Morgan, Morgan County
Quality Water

Pipeline or exchange to Pleasant Valley Pipeline, delivery to Bellvue Water Treatment
Plant

Central Weld, Firestone

Pipeline connection to Carter Lake Filter Plant.

Erie, Lafayette, Left Hand

Pipeline to existing water treatment plants.

Discussion:

- Potential water quality concerns due to storage in plains reservoir facilities.
- Would provide dedicated carryover and terminal storage.
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Concept B.2: Northern Ag Purchase, Existing Storage, New Plains Reservoir
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Preliminary Project Concept
NISP No Action Alternative Development

Concept: B.3 - Northern Ag Purchase, New Foothills Reservoir

General Description:

This alternative would consist of Poudre and Big Thompson water supplies diverted at canyon mouths. Utilize existing irrigation
system reservoirs only as necessary to facilitate deliveries to a larger new reservoir. It is assumed that purchases of agricultural
water would minimal purchase of shares in available storage facilities.

Components:
Water Supplies

Average Yield Required: 49,000 af
Firm Yield Required: 44,000 af
CU Yield Purchase |Average Yield
Source (ac-ft/ac) Acres (ac-ft)
Poudre 0.80 43,800 35,000
Big Thompson 0.90 15,600 14,000
St. Vrain 0.97 0 0
Boulder Creek 0.95 0 0
South Platte 1.19 0 0
Total 0.82 59,400 49,000
Storage
Total Storage Required: 103,000 af
New Storage Required: 93,000 af
Representative Potential Facilities
Site Site Name Basin Vol (af)
Exist Existing ag storage facilities Poudre, Big Thompson 10,000
48 Hertha Reservoir Enlargement Big Thompson River 74,300
155 Meadow Hollow Big Thompson River Mead|Big Thompson River 60,000
156 Dry Creek Big Thompson River Dry Creek |Big Thompson River 62,300
171 Sprenger Ranch Big Thompson River Big Thompson River 92,700
172 Chimney Hollow Big Thompson River Yes 11Big Thompson River 110,000
178 Dowe Flats St. Vrain River St. Vrain River 119,000

Note: Assumes regulatory and carryover storage in new reservoir, as well as an equivalent amount of ag purchase storage in new
reservoir. Will require some regulatory storage at diversion to reduce conveyance facility size.

Delivery and Treatment

Entities Description
Eaton, Fort Collins-Loveland, Severance, |Pipeline or exchange to Pleasant Valley Pipeline, delivery to Soldier Canyon Filter
Windsor Plant.
Pipeline or exchange to Pleasant Valley Pipeline, delivery to Bellvue Water Treatment
Evans Plant

Quality Water

Fort Lupton, Fort Morgan, Morgan County

Pipeline connection to Southern Water Supply Pipeline

Central Weld, Firestone

Pipeline connection to Carter Lake Filter Plant.

Erie, Lafayette, Left Hand

Pipeline to existing water treatment plants.

Discussion:

- Likely best water quality of any concept due to diversion at canyon mouth and storage in large, deep reservoir.
- Large (and likely costly) delivery system to reservoir would be required.

- Would provide dedicated carryover and terminal storage.

- May be difficult to develop this volume of storage in a single facility without major federal action.

6/15/2009
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Concept B.3: Northern Ag Purchase, New Foothills Reservoir
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Preliminary Project Concept
NISP No Action Alternative Development

Concept: B.4 - Northern Balanced Ag Purchase, Existing Storage, New Plains Reservoir

General Description:

This alternative would consist of Poudre and Big Thompson water supplies, and utilize to the maximum extent possible storage
availability in existing irrigation system reservoirs. It is assumed that purchases of agricultural water would include purchasing pro-
rata shares in available storage facilities.

Components:
Water Supplies
Average Yield Required: 44,000 af
Firm Yield Required: 44,000 af
CU Yield Purchase |Average Yield
Source (ac-ft/ac) Acres (ac-ft)
Poudre 0.80 27,500 22,000
Big Thompson 0.90 24,400 22,000
St. Vrain 0.97 0 0
Boulder Creek 0.95 0 0
South Platte 1.19 0 0
Total 0.85 51,900 44,000
Storage
Total Storage Required: 71,000 af
New Storage Required: 19,000 aof
Representative Potential Facilities
Site Site Name Basin Vol (af)
Exist Existing ag storage facilities All 52,000
46 Modified Chimney Hollow Big Thompson River 20,000
48 Hertha Reservoir Enlargement Big Thompson River 74,300
124 Pole Hill Road Big Thompson River 25,300
155 Meadow Hollow Big Thompson River Mead|Big Thompson River 60,000

Note: Assumes regulatory storage in existing facilities, carryover storage in new facility.

Delivery and Treatment
Entities Description
Eaton, Fort Collins-Loveland, Severance, |Pipeline or exchange to Pleasant Valley Pipeline, delivery to Soldier Canyon Filter
Windsor Plant.
Pipeline or exchange to Pleasant Valley Pipeline, delivery to Bellvue Water Treatment

Evans Plant

Fort Lupton, Fort Morgan, Morgan County

Quality Water Pipeline connection to Southern Water Supply Pipeline
Central Weld, Firestone Pipeline connection to Carter Lake Filter Plant.

Erie, Lafayette, Left Hand Pipeline to existing water treatment plants.
Discussion:

- Potential water quality concerns due to storage in plains reservoir facilities.
- Would provide dedicated carryover and terminal storage.
- Lower new storage requirements (depends on ability to buy into Greeley-Loveland System).

6/15/2009
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Concept B.4: Northern Balanced Ag Purchase, Existing Storage, New Plains Reservoir
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Concept:

General Description:

Preliminary Project Concept

NISP No Action Alternative Development

C - South Platte Conjuctive Use Project

For the Southern and Eastern participants, this alternative is similar to Aurora's "Prairie Waters" project in that water would be

pumped from shallow alluvium into an infiltration basin along the South Platte. Then, water would be pumped from this basin to
the participants. Unlike "Prairie Waters," this alternative would rely on ag purchases rather than reusable return flows for water

supplies. For the Northern participants, ag purchases and minimal new storage would be required.

Components:
Water Supplies
Average Yield Required: 44,000 af
Firm Yield Required: 44,000 af
CU Yield Purchase |Average Yield
Source (ac-ft/ac) Acres (ac-ft)
Poudre 0.80 13,800 11,000
Big Thompson 0.90 3,300 3,000
St. Vrain 0.97 1,000 1,000
Boulder Creek 0.95 2,100 2,000
South Platte 1.19 22,800 27,000
Total 1.02 43,000 44,000
Storage
Total Storage Required: 61,000 of
New Storage Required: 54,000 of
Representative Potential Facilities
Site Site Name Basin Vol (af)
Exist Existing ag storage facilities All 7,000
14 Wildcat Reservoir St. Vrain River 34,800
15 Big Kammerzell Reservoir Big Thompson River 94,100
108 Frederick St. Vrain River 17,900

Note: Assumes portion of regulatory storage in existing facilities, and regulatory and carryover storage in new facility.

Delivery and Treatment

Entities

Description

Eaton, Fort Collins-Loveland, Severance,
Windsor

Pipeline or exchange to Pleasant Valley Pipeline, delivery to Soldier Canyon Filter

Plant.

Evans

Pipeline from new reservoir to new water treatment plant.

Fort Lupton, Fort Morgan, Morgan County
Quality Water

Pipeline from new reservoir to Southern Water Supply Pipeline.

Central Weld, Firestone

Pipeline from new reservoir to Carter Lake Filter Plant.

Erie, Lafayette, Left Hand

Pipeline from new reservoir to existing water treatment plants.

Discussion:

- Likely water quality issues due to S. Platte water supplies and storage in plains reservoir facilities.
- This project is a more proven project for consistent water supplies, such as reusable return flows.
- Has potential to enhance use of reusable return flows.

6/15/2009
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Concept C: South Platte Consumptive Use Project
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Appendix B - Water Quality Summary and Considerations




NISP No Action Alternative Evaluation

Table B-1 summarizes the range and average of surface water constituents for important
drinking water parameters for the following locations related to the NAA:

e Horsetooth Reservoir - as an indicator of the current raw water quality typical of most
Participants and raw water quality likely for the Proposed Action

e Poudre River at Canyon Mouth - as an indicator of the raw water quality likely from a
Poudre River canyon mouth diversion

e Poudre River near Timnath - as an indicator of irrigation diversion downstream of Fort
Collins

e S. Platte River at Henderson - as an indicator of the raw water quality in the eastern
Front Range

e Big Thompson River below Power Plant - as an indicator of the raw water quality for a
diversion near the Big Thompson canyon mouth

Table B-1. Raw Water Quality Summary - Range and Average of Constituents

TDS Total organic Nitrate plus Hardness (mg/L

Location (mg/L) ‘ Carbon (mg/L) Nitrite (mg/L) as CaCOs)

Horsetooth Reservoir 20-78 (range) 0-12.6 0-0.235 9.6-52
53 (average) 2.9 0.14 30

Poudre River at Mouth of 21-195 0.1 -2.18 0-0.5 13-89
Canyon® 74 0.44 0.12 47.5
Poudre River near 60-1,501 2.9-3.2 0.04 -2.85 36-1,200
Timnath’ 749 3.1 0.79 562
S. Platte River at 137-668 7.0-413 1.0-5.1 84 -380
Henderson® 419 13.7 2.8 169
Big Thompson River below 15-92 2.7-9.5 0-0.6 9-33
Power Plant® 39 4.0 0.20 30
Sources:

(1) Corps (2008b). Horsetooth Reservoir, period 1997 to 2006; Cache la Poudre at Mouth of Canyon
(USGS gage 06752000), period 1980 to 2004

(2) USGS (2009). Cache la Poudre Riv ab Boxelder Crk nr Timnath, CO (USGS gage 06752280), period
2000 to 2009.; S. Platte River at Henderson, CO (USGS gage 06720500), period 1999 to 2009.
After reviewing EPA’s STORET website and USGS NWIS, MWH did not find a site more
representative of a likely S. Platte River diversion location, such as near Fort Lupton or
Platteville, with recent water quality data. Henderson is the farthest downstream location
upstream of Greeley and the Poudre confluence.

(3) Big Thompson Watershed Forum (2009). Big Thompson R blw BG T Power Plant nr Loveland
(M80), period 2001 to 2007, nitrate plus nitrite in dissolved form.

Note: TDS in mg/L estimated as specific conductance in ug/L * 0.67

None of the Participants have documented finished water quality goals beyond compliance with
drinking water standards and providing the highest quality water possible. Some of the
Participants currently provide water to their customers from different water treatment plants.
Participants stated that differences in water taste or odor can sometimes be detected by
customers and can result in complaints. Therefore, they would like NISP water to be
indistinguishable from their current supplies.

@ mwH




NISP No Action Alternative Evaluation

The major concerns with surface water diverted or stored in the Northeastern Front Range are:

e Location downstream of municipal and irrigation return flows, which can contain
numerous constituents of concern including nitrate, pathogens, organics, and
micropollutants including pharmaceuticals and personal care products. Some of these
constituents are currently regulated in Colorado; others are of emerging concern to
consumers and water providers.

e Total dissolved solids (TDS) - the amount of salts dissolved in water, generally increases
with distance from the mountains. Although the increase in concentration with distance
is typical of many water constituents, TDS presents a unique challenge because it can
only be removed using RO.

e Storage in shallow reservoirs presents two major drinking water challenges. First, the
relatively large surface area promotes evaporation of the stored water; not only reducing
the amount of water available for drinking water use, but concentrating dissolved
constituents in the water. Secondly, a large fraction of the water is in the photic zone,
where light is able to penetrate, and is warmed by the atmosphere, both of which
facilitate algae growth. Excessive algae growth can result in many drinking water
treatment challenges affecting both health and aesthetics; algae can cause taste
problems and organic matter can lead to the formation of disinfection byproducts
(discussed below). Additionally, algae can result in low dissolved oxygen and releases of
minerals such as manganese and iron from bottom sediments.

TDS, organic matter, and hardness are discussed in further detail below as examples of
constituents likely requiring additional treatment as NAA water supplies:

TDS:

The secondary water quality standard for TDS is 500 mg/L. However, some Front Range water
providers with plans to use South Platte water for part of their water supply have set treated
water quality goals less than 500 mg/L:

o East Cherry Creek Valley (ECCV) Water and Sanitation District’'s Northern Water Project
has a TDS goal of 300 mg/L, which is substantially higher than the ECCV current treated
water concentration of 100 mg/L (ECCV 2008).

o The City of Aurora’s Prairie Waters Project has a finished water TDS goal (after blended
with Aurora’s other supplies) of 400 mg/L, which compares to its current water supply
TDS of about 175 mg/L (Carter et al. 2006). Aurora wanted its new water source to not
only exceed water quality standards, but be “indistinguishable” from its current supply.
Aurora confirmed its TDS goal through taste testing.

Organic Matter:

The presence of organic matter in the water is problematic because when combined with
chlorine or other disinfectants at the water treatment plant disinfection byproducts (DBPs) are
produced. Many of these DBPs have been determined to be carcinogenic. Keeping total organic
carbon (TOC) levels low results in less DBP formation. Drinking water standards require removal
of 50 percent of TOC through treatment for raw water with TOC levels greater than 8.0 mg/L.
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The Horsetooth and Poudre River diversion locations would not require TOC removal, but the
South Platte River location would.

Hardness:

Hardness is a measure of the multivalent cations in water. High hardness can make
precipitation in water treatment difficult and also can result in scale formation. There is no water
quality standard for hardness, but water hardness has been classified as follows:

e Soft: 0 to <50 mg/L as CaCOs

e Moderately Hard: 50 to <100 mg/L as CaCOs

e Hard: 100 to <150 mg/L as CaCOs

e Very Hard: >150 mg/L as CaCOs (Source: MWH 2005)

The USEPA (1986) classifies hardness concentrations of 300 mg/L as CaCOs and up as “very
hard.”

With hardness levels less than 50 mg/L as CaCOs, the Horsetooth and Poudre River water would
be considered soft. The South Platte River water would be considered hard or very hard. As with
TDS, the City of Aurora and ECCV have set hardness goals for their new projects of 150 mg/L
and 100 mg/L as CaCOs, respectively.

NISP NAA Water Quality Considerations

As summarized above, some of the potential NAA water sources would present water treatment
challenges. For constituents other than TDS, there are different potential treatment technologies
that could be implemented to meet water quality standards and goals. Rather than evaluate
potential treatment technologies for the different water sources, the NAA analysis uses
treatment plant designs implemented by other municipalities for similar water sources as
examples of what the Participants could do for advanced water treatment of NAA water supplies.
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Appendix C - Ditch Share Acquisition Costs and Maximum Transfer
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Ditch Share Acquisition Costs

For purposes of ditch share acquisition cost estimates, the study area was divided into three
areas: the Poudre Basin, the Big Thompson Basin and the Denver Metro Area. Cost information
for each of these areas is discussed in the following sections.3

It should be noted that the cost information presented in this discussion is primarily for
transactions of small amounts of water. The highest transaction amount found was for slightly
more than 200 acre-feet of water. This is over two orders of magnitude less than the amount of
water that would need to be purchased as part of the NAA. Several of the discussions with
experts concluded that large because any of the alternatives would involve the purchase of
substantial portion of the shares in a given system, increases in share cost beyond those
reported for small numbers of shares due to simple supply and demand economics. However, it
is difficult to determine the level of market adjustments. For purposes of this analysis, a 25
percent adjustment was assumed (see following paragraph for discussion).

In addition to transactions of ditch shares, transactions of C-BT units are also useful to review
when establishing costs of water along the Northern Front Range. A summary of C-BT unit prices
and price with an average annual quota of 70% is presented in Figure C-1. C-BT prices provide
valuable information in several different manners.

e Historically, C-BT prices have been a good indicator of market activity and provide a
general indication of the upper level of water costs over a longer period of time, with the
rationale that historically, if entities within the District were faced with water costs
greater than C-BT unit costs, they would simply prefer C-BT units. This isn’t always the
case, as there are other multiple use systems that provide other benefits to specific to
certain water systems. However, on a general case, this has typically held true.

e C-BT prices establish both an upper limit on both the ability and willingness to pay by
municipal entities. In the early 2000’s, the price of C-BT units peaked at nearly $20,000
per acre-foot.

e The increase in demand and price of C-BT units in the early 2000’s shows the elasticity
of water costs when there is a perceived shortage of future water supplies available.
Between the beginning of 1999 and mid-2000, there was a 300 percent increase in the
cost of C-BT units. It should be noted that this run on C-BT units occurred in a relatively
wet year and prior to drought conditions in 2002. Therefore, this price increase was not
caused by immediate fears of impending shortages due to drought conditions (although
there was a spike in costs during the 2002-2003 drought), but more likely due to the
perception by municipal suppliers that there were limited shares available and costs
were increasing to an unknown maximum level.

3 The costs developed herein are based on costs for water as reported in the publications and by the
experts noted in the text. Yield estimates (acre-feet per share) were either provided in the documents
above, or taken from South Platte Decision Support System Technical Memorandums on the systems
involved. Due to the complexity of the systems involved and yield estimate calculations, the per acre-foot
estimates should be considered conceptual level estimates, and should only be used for the purposes
described in this document.
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e As previously discussed, a value of 25 percent was used as an adjustment factor for
large scale transfers. This value was estimated by looking at the temporary adjustment
that C-BT shares incurred during drought conditions in 2002, which gives an indication of
how markets may react to extreme changes in the perceived supply and/or demand of
marketable water. The 2002 condition was determined to be more applicable than the
1999 run on C-BT because all markets within the study area have already adjusted to the
1999 run and are reflected in the base-level prices.

$25,000
$20,000
-
%
S ¢15,000
4 M b
>
= Lo/
£
c
[=]
2 /MM
@ $10,000 | - -
©
@
2 —— Price at 70% Quota ($/af)
$5,000 —=—C-BT Unit Price (§) [~
s_
()] o - o [52] < wn o ~ 0 (o)) o
(o)) o o o o o o o o o o —
[e)] o o o o o o o o o o o
- o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~

Figure C-1. Historical C-BT Unit Prices

Finally, current cash-in-lieu rates for municipal raw water dedication can also be considered
when developing the costs. Nearly all municipalities in the area require developers to provide
adequate levels of raw water supply. In many of these municipalities, for smaller developments,
there is an option to provide cash-in-lieu of water dedication. In theory, for most municipalities
the cash-in-lieu rates provide an indicator of the costs for municipalities to provide this water on
the open market. Therefore, within each basin, the general cash-in-lieu rate for sample
municipalities is discussed.

Poudre Basin Agricultural Transfers

A summary of transactions for the North Poudre Irrigation Company, Water Supply and Storage
Company, Larimer and Weld Irrigation Company, and the New Cache la Poudre Irrigating
Company is presented in Figure C-2.
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Figure C-2. Poudre Basin Ditch Company Share Transactions

Both the North Poudre Irrigation Company and the Water Supply and Storage Company have
active markets for transfers of shares from agricultural to municipal use. The North Poudre
Irrigation Company presents a rather unique situation in that shares include both native water
and C-BT water, but currently, only C-BT water can be used for municipal use. Native water is
leased back to irrigators. Therefore, purchase prices are higher than a typical system and are
not comparable to other systems in the area. The Water Supply and Storage Company is more
akin to both the New Cache and Larimer and Weld Systems. Thornton is the largest single
municipal owner, with a much lesser number of shares owned by other Northern Colorado
municipal water suppliers.

New Cache shares have been traded fairly actively within the market. However, all of the
recorded transactions have been between irrigators - there have been no recorded transactions
to municipal use. Furthermore, because there has not been any New Cache water changed to
municipal use, there are no known municipal yields. For purposes of this analysis, it was
assumed that municipal yields would be 60 percent of agricultural yields.

Only one transaction of Larimer and Weld shares were recorded in the available data. This
transaction occurred several years ago, and was less than $1,000 per acre-foot. However,
shares of Windsor Reservoir and Canal Company have been traded fairly regularly, and generally
are consistent in per acre-foot price to both Water Supply and Storage Company shares and New
Cache shares.

Sample municipal cash-in-lieu rates were obtained for the City of Fort Collins, City of Greeley and
Fort Collins-Loveland Water District. Currently, the cash-in-lieu rate is $6,500 for Fort Collins
(City of Fort Collins, 2009), $12,300 for Greeley (City of Greeley, 2009) and $12,500 for Fort
Collins-Loveland Water District (Fort Collins-Loveland, 2009).
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The Water Supply and Storage Company, Windsor Reservoir and Canal Company and New Cache
yields provide a reasonable basis for making estimates of the Poudre Basin water supplies
considered in the options developed as part of this report. The data shows that prices over the
last 3 to 4 years have been in the range of $4,000 to $6,000 per acre-foot. Furthermore, the
City of Fort Collins cash-in-lieu rate suggests that local supplies can likely be obtained at the
higher end of this range. Based on this information, and increasing the costs by 25 percent to
account for the economic effects of large scale purchases, it is estimated that costs for Larimer
& Weld and New Cache water will range between $5,000 and $7,500 per acre-foot. It is
anticipated that costs in the Poudre Basin will remain lower than the other basins because the
systems being considered have lower reliability than South Platte systems, because there is
generally more water available in the Poudre basin, and because the water is located a much
longer distance to the larger municipal demands in the Denver metro area.

Big Thompson Basin Agricultural Transfers

A summary of transactions for Consolidated Home Supply system, Greeley-Loveland Irrigation
Company and the Handy Ditch Company is presented in Figure C-3.
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Figure C-3. Big Thompson Basin Ditch Company Share Transactions

All three of these systems have fairly active municipal markets. The City of Greeley is the
majority shareholder in the Greeley-Loveland system and has contractual agreements on many
more shares that they do not currently own. The Handy Ditch Company has a much lower
percentage of its shares in municipal use, but still has a municipal base in those shares owned
by the Town of Berthoud. Share prices for both of these systems have varied between $2,000
and $4,000 per acre-foot over the last 10 years.

The Home Supply system has recently become a more actively traded system. The Town of
Johnstown completed a change on roughly 1/3 of the system in 2006, and established a ditch
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wide CU value for its shares in the system. Since that time, share prices have ranged between
about $8,000 and $10,000 per acre-foot.

One sample municipal cash-in-lieu price was obtained for the purpose of comparison. The City of
Loveland cash-in-lieu price closely follows C-BT unit prices, and was recently adjusted to $9,579
(City of Loveland, 2009).

The primary Big Thompson ditch considered as part of the NISP NAA is the Home Supply system.
Because the market for this water is fairly well established, the most recent range of prices,
adjusted by approximately 25 percent to account for demand pressure, is used for this analysis.
This results in a unit cost of $10,000 to $12,500 for Big Thompson Basin water transfers.

Denver Metro Area Agricultural Transfers

The metro area is generally defined as the area surrounding Denver, and encompasses ditches
on the South Platte from Denver to approximately Platteville and associated tributaries within the
area. A summary of transactions in this area is shown in Figure C-4. Although this area generally
represents a large area and there are many historical and current transactions, there was not a
substantial amount of data available regarding these transactions in the documents reviewed as
part of this study. In additional the true average annual yield for many of these systems is
difficult to determine due to the complexity of agreements.
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Figure C-4. Metro Area Ditch Company Share Transactions

The most applicable transactions in Figure C-4 to the systems that are being considered as part
of the NAA analysis are the Fulton Ditch transactions. All of the Fulton Ditch transactions except
one are consistently near $10,000 per acre-foot. The one Fulton Ditch transaction that was near
$7,000 per acre-foot was for irrigation water only, and thus is not directly comparable to NAA
municipal uses.
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In addition to the Fulton ditch shares, the larger-scale transfer of Farmers Reservoir and
Irrigation Company by Westminster provides insight into the elasticity of costs when more
substantial portions of shares are purchased. Although the transactions records do not provide
much information on the types of shares purchased, the shares are more expensive than the
smaller scale transactions of both the Standley Ditch and Marshall Division shares.

Cash-in-lieu fees were investigated for two entities within this study area. The City of Lafayette
has a current cash-in-lieu fee of $12,000 per C-BT share (keeping mind that C-BT units have an
average quota of approximately 70%) and is tied to the market value fluctuation of C-BT units
(Lafayette, 2009). The Town of Erie has a current cash-in-lieu fee of $12,850 (Erie, 2008).
These costs are generally higher than communities within the Poudre and Big Thompson basin,
likely reflecting the higher costs of purchasing water within the metro area.

Based on the current cost of Fulton Ditch shares, the higher cost of larger-scale transfers
established in the Westminster FRICO transfer, and the higher cash-in-lieu costs within this area,
the range of costs for water transfers from Metro area ditches (including all ditches investigated
on the South Platte) with a 25 percent market adjustment are $12,500 to $15,000.

Maximum Agricultural Transfer from a Single Ditch

As expected, any of the options considered for the NAA would incorporate a large amount of ag
transfers. It is unlikely that the full amount of consumptive use water available under a specific
ditch could be transferred because current shareholders would be unwilling to sell, or because
there would be competition from other shareholders on the systems. Based on historical water
transfers from ditches that have a major municipal ownership component, a theoretical
maximum limit for ag transfers under a specific ditch was estimated.

Table C-1 presents a summary of municipal and agricultural share ownership for selected ditches
within both the South Platte Basin and the Arkansas Basin. Values for the Arkansas Basin are
shown to include a comprehensive dataset of ditches within Colorado. In general, the Arkansas
Basin ditches are not representative of South Platte ditches because of different economic
conditions and willingness to sell, and because the location of these ditches excludes “hobby
farmer” or “ranchette” setups that are more prevalent along the front range.
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Table C-1. Summary of Current and Maximum Agricultural Transfer from Sample Ditches
in South Platte and Arkansas Basins

Number of Shares Percent of Shares

Ditch/Company Total ‘ M&I Ag M&I Ag
South Platte Basin

North Poudre Irrigation Company

(2005) ¥ 10,000 6,700 3,300 67% 33%
North Poudre Irrigation Company
(Projected Future) ! 10,000 8,500 1,500 85% 15%
Water Supply and Storage Company @ 600 360 240 60% 40%
Greeley-Loveland Irrigation Company
40%-
Fort Collins Southside Ditches © 70%
Barnes Ditch ) 1,944 1,319 68%
Chubbock Ditch 1,590 1,252 79%
Arkansas River Basin
Colorado Canal Company ©! 49,639 | 44,803 4,836 90% 10%
Rocky Ford Ditch © 20,000 | 18,800 1,200 94% 6%
Twin Lakes Reservoir and Canal
Company ©! 49,589 | 48,995 594 99% 1%
Sources:

) BBC Research and Consulting. 2005. Memorandum from Doug Jeavons to Doug Grear, Riverside
Technology, Inc., regarding North Poudre Irrigation Company Demand Study. November 4.

@ percent ownership estimated by Andy Pineda, NCWCD. Total number of shares from SPDSS Task
5 Water Supply and Storage Company memorandum

B m&l ownership includes changed Fort Collins shares only. From SPDSS Task 5 City of Fort Collins
memorandum.

@ M&l ownership includes City of Loveland shares only. From 2005 City of Loveland Raw Water
Master Plan.

®) MWH. 2007. Hydrologic Model Documentation Report, Southern Delivery System
Environmental Impact Study. Prepared for Bureau of Reclamation. November.

®) Bureau of Reclamation. 2007. Environmental Assessment City of Aurora Proposed Excess
Capacity Contracts.

The most direct and studied example of potential maximum levels of ag transfers from large
irrigation companies is the North Poudre Irrigation Company. BBC Research prepared a
memorandum documenting current and expected future municipal ownership within NPIC (BBC,
2005). The City of Fort Collins and other municipalities began obtaining shares in this system in
the 1960’s. As of 2005, approximately 67 percent of the shares in the company were owned by
municipal water providers. BBC estimated that up to 85 percent of the shares would eventually
be municipally owned. The remaining 15 percent was estimated to remain as agricultural
shares, owned by full-time farmers who remain in business and by small “ranchettes.” It is
important to note that the NPIC is a rather unique system, in that C-BT shares are specifically
tied to owning NPIC shares, and that there is an active rental market within the system.

@ mwH
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There are no other large ditches in the South Platte that either a complete conversion to
municipal ownership is complete or where it has been contemplated. However, there are several
ditches that are mostly owned by municipal entities and can serve to assist the estimation. For
instance, smaller ditches surrounding both Fort Collins and Loveland show that municipal
ownership can approach 70 to 80 percent by a single entity.

Based on the information provided above, a two step approach has been taken to estimate the
maximum amount of transfers that could be made from a single system. The first step is to
reduce the amount of availability in a system by 15 percent to account for the amount of land
that will ultimately remain irrigated, either by full-time farmers or as part of smaller ranchettes.
The second step is to further reduce availability by a selected percentage to account for shares
within a system that would be purchased by entities that are not part of NISP. For ditches with
current majority ownership by other municipalities, this percentage will be larger, while for those
ditches with little or no current ownership by other municipalities, this percentage will be smaller.
Discussions on specific ditches are included in the discussion of the final NAA options.






