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EXECUTIVE SUMMARY

The Parker Water and Sanitation District (PWSD) was issued a Section 404 Permit from the U.S.
Army Corps of Engineers (Corps) for the construction of a 16,200 acre-foot (ac-ft) Rueter-Hess
Reservoir in February 2004. Due to growth within PWSD and a number of northern Douglas
County Water suppliers asking to participate in Rueter-Hess Reservoir, PWSD is now seeking an

expansion of the reservoir to its ultimate configuration, with a storage capacity of 71,920 ac-ft.

The applicant’s purpose for the enlarged Rueter-Hess Reservoir is to provide storage of Denver
Basin ground water for meeting peak municipal water supply needs for select South Metro
Denver area water providers and to assist in sustaining the Denver Basin aquifers. The
applicant’s need for this project is to provide a terminal storage facility capable of storing in-
priority high surface water flow events, Denver Basin ground water, and reusable return flows on
a year-round basis for the projected buildout demands for the following South Metro providers;
(a) Parker Water and Sanitation District, (b) Town of Castle Rock, (¢) Castle Pines North
Metropolitan District, and (d) Stonegate Village Metropolitan District. The current projected
buildout for the four participants’ water distribution and supply systems is for 98,543 single-
family equivalents (SFEs), or approximately 258,600 residents, within the next 50 years, based

on the projected population per home used by each of the project participants.

To evaluate the validity of the applicant’s stated purpose and need, it was necessary to collect
water supply and water demand data from each of the four participants. This included not only
the raw data related to supply and demand, but also the Water Court decrees with any limitations
on use which have to be considered as part of each participant’s water supply portfolio.
Interviews were also conducted with each of the participants to understand how each individual
participant wished to utilize its storage space in Rueter-Hess Reservoir. Based on the data
collected from each of the participants, a reservoir operational model was constructed to simulate
how the reservoir would operate over an approximate 50-year period to meet each participant’s

growing water demands to buildout.
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Based on a number of assumptions input to the operational model, a 51-year hydrologic sequence
was used to simulate changing hydrologic conditions. Three separate runs were made to evaluate
whether the results would change with hydrologic sequences which began during a dry period, an
average period, and a wet period. The 51-year sequence was used instead of a 50-year sequence
to include both the drought of the 1950s and the recent 2000s drought. In this way, the analyses

yield better information on providing firm annual supplies through carryover storage.

Generally, the results from the three operational runs provided similar results relative to water
provided to storage, storage contents, and yields from Rueter-Hess Reservoir. When the sources
of water to Rueter-Hess Reservoir are evaluated, approximately 30 percent of the water stored
over the 51-year simulation is from junior Cherry Creek water right sources. Reusable AWT
return flows comprise approximately 45 percent of the water being stored in Ructer-Hess
Reservoir, while reusable lawn irrigation return flows account for approximately 9 percent of the
water stored. AWT and lawn irrigation return flows are pumped from the Cherry Creek system in
an amount equal to the reusable return to the Cherry Creek system from Denver Basin use.
Denver Basin water pumped directly from wells to Rueter-Hess Reservoir accounts for
approximately 16 percent of the water stored. These values are very significant, in that
approximately 30 percent of the water stored is from renewable resources, which reduces the
amount of first-use Denver Basin aquifer water that has to be pumped. This helps to increase the
longevity of the Denver Basin aquifer supplies. In addition, 54 percent of the water stored is
related to maximizing the use of Denver Basin aquifer water through reuse, again reducing the
need for pumping first-use water from Denver Basin aquifer wells. Of all of the water stored in
Rueter-Hess Reservoir, only 16 percent of the water is from the direct pumping of Denver Basin

aquifer wells to the reservoir.

Likewise, when the yield from Rueter-Hess Reservoir is evaluated, it shows a significant
reduction in the amount of demand that has to be met directly by Denver Basin aquifer wells.
The operational runs indicate that approximately 44 percent of the annual demand is met by the
direct pumping of Denver Basin aquifer wells, while wells pumping the equivalent of AWT
reusable return flows account for approximately 17 percent of the annual demand. Pumping wells
to recover reusable lawn irrigation return flow account for approximately 1 percent of the water
supply to meet the total demand, while Rueter-Hess Reservoir provides the remainder of the
annual demand, approximately 38 percent of the water supplies to meet the cumulative annual

demand for the four water supply entities.
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Based on the operational study results, approximately 40,000 ac-ft of storage is necessary to
manage the Denver Basin aquifer water and its reusable components. The remainder of the
storage 1s necessary to allow the capture of infrequent, high-flow events on Cherry Creek that
provides renewable water supplies which further reduce the need for pumping of Denver Basin
aquifer wells. This storage space also allows for the capture of native Newlin Gulch flows when
they are in priority. This storage allows PWSD to increase its capture of renewable resources at
the reservoir by 516 ac-ft/yr on average (26,331 ac-ft over the period of the simulation) and,
since the source of this water is renewable, it also reduces demand on the non-renewable Denver
Basin aquifers. The operational studies indicate that PWSD reduces its dependence on Denver
Basin aquifer water by approximately 25 percent through the capture of these junior Cherry
Creek tributary water rights.

Denver Basin aquifer water is a declining resource and the ability to produce water from the
wells, particularly to meet peak summertime demands, is also declining. Therefore, there is a
current need to better manage the Denver Basin resources and to look to alternate water supplies
to reduce dependence on Denver Basin water. The results of the operational studies indicate that
Rueter-Hess Reservoir (a) allows Denver Basin aquifer pumping to be equilibrated so the wells
can be pumped at a relatively continuous rate on a year-round basis, (b) optimizes re-use of
Denver Basin aquifer water, (c) provides storage for the multiple re-use of these waters, (d)
facilitates less first-use of Denver Basin aquifer water, and (e) provides storage space for the
capture of available renewable water supplies. Therefore, based on the data provided by the
project participants, the Corps has determined that there is a legitimate need for the Rueter-Hess
Reservoir expansion. However, whether this will be the least damaging, practicable alternative

will be determined by the alternative analyses and final review by the Corps.
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RUETER-HESS RESERVOIR
PURPOSE AND NEED REPQORT
FOR THE SUPPLEMENTAL
ENVIRONMENTAL IMPACT STATEMENT

INTRODUCTION

In February 2004, the Parker Water and Sanitation District (PWSD) was issued a Section 404
Permit from the U.S. Army Corps of Engineers for the construction of Rueter-Hess Reservoir up
to a storage capacity of 16,200 acre-feet (ac-ft). The purpose of Rueter-Hess Reservoir was to
provide a safe, adequate, and sustainable municipal supply that was capable of meeting the peak

demands for PWSD within its then-zoned boundaries.

Subsequent to February 2004, there have been a number of significant changes which have
resulted in PWSD secking an enlargement of Rueter-Hess Reservoir to its ultimate
configuration, with a storage volume of approximately 70,000 ac-ft. First, under the
original Environmental Impact Statement (EIS) for Rueter-Hess Reservoir, PWSD's zoned
boundaries included the potential for serving 23,840 single-family equivalents (SFEs). A
SFE represents the water used annually by a single-family home served by a 3/4-inch tap
or the equivalent water service provided by a 3/4-inch tap for another usc. Based on the
current update of the PWSD Water and Sewer Master Plan (RG Consulting Engineers,
Inc., 2005), PWSD, through a number of inclusions, is currently anticipated to serve
approximately 45,394 SFEs. This includes the taps projected to be served in the 2005
Master Plan, plus the proposed Ridgegate development. This represents an approximate
doubling of the anticipated ultimate demand for PWSD since the time of the original

Rueter-Hess Reservoir EIS (Corps of Engineers, July 2003).

This demand will occur, regardless of the water supply. This issue was discussed in the
original Rueter-Hess Reservoir EIS (Corps of Engineers, July 2003). In Section 6.4,
Responses to Comments, the response L-5d to Letter L-5 provides an answer to the issue
of whether growth follows water or whether water follows growth. The conclusion of a

number of studies is that water follows growth and not vice versa.

The second major change which has occurred is that a number of northern Douglas County
water suppliers have asked to participate in Rueter-Hess Reservoir, making it a regional

water supply facility for northern Douglas County. These participants include the Town of
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Castle Rock (Castle Rock), Castle Pines North Metropolitan District (Castle Pines North),
and Stonegate Village Metropolitan District (Stonegate). The locations of these regional
participants in proximity to PWSD and Rueter-Hess Reservoir are shown in Figure 1. At
buildout, these participants project that they will serve a cumulative total of 53,149 SFEs.
This results in an estimated cumulative total to be served by the four participating entities
in Rueter-Hess Reservoir of 98,543 SFEs.

The principal water supplies available to these four entities are the ground water resources
of the Denver Basin aquifers to meet growth demands that are already projected. While
there are a number of potential alternative water supplies available for future water
development projects, there are no actual plans or legally-permitted uses of these water
supplies at this time. Since all of the participants are currently growing with, or without,
the reservoir, it is necessary to move forward with the available Denver Basin aquifer
water supplies, because these are the primary water supplies available at the current time.
It will be necessary to manage these supplies, and the re-use of these supplies, to the

extent that is practical.

By law, Denver Basin aquifer water rights are considered to be nontributary and/or not-
nontributary, meaning that the Denver Basin ground water is only minimally hydraulically
connected to any stream system. While there is a large amount of water in storage in the
Denver Basin aquifer system over its expanse of approximately 6,700 square miles, water
is being depleted from the Denver Basin aquifer system at a rate greater than it is being
recharged, i.e., the aquifers are currently being mined. The physical result of this is that
water levels in the Denver Basin aquifers are declining, and these declines in water levels
are resulting in the loss of well production capabilities. Therefore, it is becoming
increasingly more difficult to rely on Denver Basin aquifer wells to provide peak
summertime demands for water supply entities. This inability to continue to provide peak
summertime demands directly from Denver Basin aquifer wells was one of the principal
reasons that the original Rueter-Hess Reservoir was necessary. With the addition of new
partners and a quadrupling of the residential units to be served, this inability to peak from
Denver Basin aquifer wells into the future has been exacerbated for the four regional

partners in Rueter-Hess Reservoir.
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To accommodate the need to serve almost 100,000 SFEs, PWSD is seeking an expansion
of Rueter-Hess Reservoir to a capacity of 71,920 ac-ft. The applicant's purpose for the
enlarged Rueter-Hess Reservoir is to provide storage of Denver Basin ground water for
meeting peak municipal water supply needs for select South Metro Denver area water
providers and to assist in sustaining the Denver Basin aquifers. The applicant’s need for
this project is to provide a terminal storage facility capable of storing in-priority high
surface water flow events, Denver Basin ground water, and reusable return flows on a
year-round basis for the projected buildout demands for the following South Metro water
providers; (a) Parker Water and Sanitation District, (b) Town of Castle Rock, (c) Castle
Pines North Metropolitan District, and (d) Stonegate Village Metropolitan District. The
current projected buildout for the water distribution and supply system is for 98,543 SFEs
Jfor approximately 345,000 residents within the next 50 years.

Even though the number of participants in Rueter-Hess Reservoir has grown (along with
the associated demands to be placed on the reservoir), the principal intent of the reservoir

to provide water supplies to meet peak summer demands has not changed.

REGIONAL WATER SUPPLY ENTITIES

There are four regional water supply entities participating in the proposed expansion of
Rueter-Hess Reservoir. The location of each of these water supply participants is shown in
Figure 1. There are very limited surface water supplies in Douglas County, with all of the
participants located in either the Cherry Creek or Plum Creek drainage basin. Because of
the limited surface water supplies available, each of these participants has historically
developed primarily based on the deep bedrock ground water resources of the Denver
Basin. While the resources of the Denver Basin are finite and are currently being mined,
use of Denver Basin aquifer water does lend itself to water management techniques, since
Denver Basin aquifer water is fully reusable to extinction (minus minor replacement and
augmentation requirements), due to the water being nontributary to the stream systems of

Colorado.
Each of the four water supply participants has an adjudicated augmentation plan, which is

a legal mechanism that allows the re-use of Denver Basin aquifer water through a plan

approved by the Water Court. This re-use mechanism allows each of the water supply
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entities flexibility in the management of its water resources, as first-use Denver Basin
water can be reduced to the extent that water can be stored and re-used during peak
demand periods. Being able to manage re-use water so that it can reduce demands on
Denver Basin aquifer wells is becoming increasingly important as water levels continue to

decline in the Denver Basin aquifers.

The following sections describe the water supplies currently available to each of the four
participating water supply entities, the entity's ability to provide these water supplies to
meet its municipal demand schedule, and the anticipated overall demand for each water
supply entity from the present time to the projected buildout time (approximately 50

years).

PWSD

Water Supplies: Even with its recent growth, PWSD remains primarily reliant upon the

water resources of the Denver Basin aquifers. Through numerous inclusions and contracts
to serve, PWSD has acquired a large portfolio of Denver Basin aquifer water rights. A
summary of the adjudicated Denver Basin aquifer water either currently owned by PWSD,
or dedicated for service by PWSD, is presented in Table 1. These values include the
adjudicated water rights for the Ridgegate development, which is not currently included
within PWSD, but is expected to be included in the near future. As Table 1 shows, PWSD
has 32,743 ac-ft per year (ac-ft/yr) of legally- available water rights in the four principal

Denver Basin aquifers.

In addition, Case No. 83CW348 adjudicated an augmentation plan for PWSD that allows
the re-use of Denver Basin aquifer ground water. The only limitations on PWSD’s re-use
of its Denver Basin aquifer ground water are (a) that when Denver Basin ground water is
released to the stream after its first use, an equivalent volume has to be pumped back out
of the stream system within a week, or PWSD is considered to have lost dominion and
control of that water and (b) some nontributary water has to be reserved to allow the use
of PWSD’s not-nontributary water. Therefore, PWSD's augmentation plan allows it to
pump water that is available for reuse on a continuous basis year-round, consistent with
releases of water after first use from its advanced wastewater treatment plants (AWTs).
The locations of PWSD's AWT plants (North and South) are shown in Figure 1.
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To shift the timing from when the AWT water is recaptured to when it is used, storage is
necessary, and PWSD plans to store all of its AWT re-use water in Rueter-Hess Reservoir
during the wintertime months to provide available water supplies to assist in meeting peak
summertime demands, so these demands do not have to be met through instantaneous well

production from PWSD's deep bedrock Denver Basin aquifer wells.

Through its adjudicated augmentation plan, PWSD also has the ability to claim the
reusable return flows from lawn irrigation throughout the district. These lawn irrigation
return flows can be claimed by pumping an equivalent volume of water from the Cherry
Creek stream system continuously throughout the year, based on the terms of PWSD's

augmentation plan.

PWSD has junior tributary water rights in the Cherry Creek stream system which allow the
district to divert water from both the stream channel and the associated alluvial aquifer
during times when these rights are in priority. Due to the relatively junior nature of these
water rights, they generally are only in priority during spring runoff and above-average to
wet years. Therefore, these water rights typically produce relatively high-flow, short-
duration water supplies. The only way to efficiently capture these types of junior water
rights is by diverting these water supplies to storage for subsequent use when demands

dictate.

PWSD also has junior tributary water rights associated with historic irrigation use. These
rights are relatively junior in nature and likely will only be in priority during spring runoff
and above-average to wet years, similar to PWSD's other junior Cherry Creek rights. The
only difference with these rights is that the volume that can be diverted can be re-used to
extinction because these rights are associated with historic depletions to the Cherry Creek
stream system. Therefore, once diverted, these water rights are similar to the Denver Basin

aquifer water rights relative to the ability to re-use the water to extinction.

PWSD also has a relatively small volume of senior tributary water rights (132 ac-ft/yr)
associated with the Boss, Gillman, Herzog, and JF Gardner Ditches. These rights arc
similar to PWSD’s junior rights that are associated with historic irrigation use, i.e., they
can be re-used to extinction. These rights will be in priority more of the time than
PWSD’s junior rights.
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PWSD proposes to pump excess water supplies (water supplies above demands) to Rueter-
Hess Reservoir during the wintertime months. This will include excess Denver Basin
aquifer pumping, AWT return flows, lawn irrigation return flows, and available Cherry
Creek water supplies. In the summertime months, when demands exceed physical
supplies, Denver Basin and AWT reuse water will be pumped directly into PWSD's
distribution system. Surface water captured on Cherry Creek will be pumped to Rueter-

Hess Reservoir on a year-round basis due to the need for treatment.

While PWSD has additional renewable water rights that it has purchased in Logan County,
these water rights are still limited to agricultural use only and cannot, at the current time,
be used for municipal purposes. In addition, these rights were purchased by PWSD for the
primary purpose of mitigating impacts to endangered species in central Nebraska.
Therefore, PWSD's current water rights portfolio includes Denver Basin aquifer rights,
AWT water available for reuse, reusable lawn irrigation return f lows, and junior Cherry

Creek water rights.

Water Demands: According to the latest PWSD Master Plan (RG Consulting Engineers,
Inc., April 2005), PWSD served 10,687 SFEs at the end of 2003. With an estimated
additional 2,500 SFEs served through the end of 2005, PWSD is currently serving
approximately 13,187 SFEs, which equates to a total annual demand of 9,231 ac-ft (Table
2). The 2005 Master Plan estimates a total of 30,394 SFEs at buildout and, with the
addition of 15,000 SFEs with the Ridgegate inclusion, PWSD potentially will serve
45,394 SFEs at buildout, with a projected population of approximately 115,000, based on

PWSD’s estimate of 2.5 persons per SFE. This equates to an annual water demand of
31,775 ac-ft. The projected annual demand increases to buildout at PWSD are shown in

Figure 2.

Water demands are not equal throughout the year. In fact, monthly water demands are
highly skewed, with peak summertime demands being as much as four times the base
wintertime demands. Each of the participating water supply entities needs to meet similar
residential demand schedule, as shown in Figure 3. Figure 3 was developed from 20 years
of actual use data at the Willows Water District in the southeastern Denver metropolitan
arca. This demand curve is typical of municipal water suppliers along the Front Range.
Generally, monthly water demands are below the average monthly demand for November

through May and above the average monthly demand for June through October.
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Historically, Denver Basin aquifer wells have been able to instantaneously meet the
demand schedule shown in Figure 3, simply by either (a) putting more wells on line during
the summertime period or (b) increasing pumping rates in the existing wells to meet the
peak demands. However, with the declining water levels in the Denver Basin aquifers, it is
becoming increasingly more difficult to meet these instantaneous peak demands with well
production alone. An analysis of how Denver Basin aquifer well production is going to
decline in the future based on these declining water levels is presented in Appendix A
(JCHA, February 2003). This study was conducted using site-specific aquifer
characteristic data from PWSD wells, but parametric analyses were conducted so the
results should also be representative of aquifer conditions relative to the other project
participants. This study presented estimates based on a number of assumptions, so the
results should be viewed relative to the uncertainties inherent in assumptions regarding
future conditions. However, the overall conclusion of the study presented in Appendix A
is that aquifer production is going to significantly decline over time as water levels
continue to decline. It is believed that this general statement is true, while the actual
timing and amount of such decline will be very site-specific, based on pumping influences

and the heterogeneities in the aquifer system.

It should be noted that this analysis of well production decline is also consistent with the
South Metro Water Supply Study (South Metro Water Supply Study Board, February
2004), which indicates significant decline in Denver Basin aquifer well production from
the present time to 2050. This study was more regional in nature and was not specific to
only the Parker area. The South Metro Water Supply Study concluded that if peak
summertime demands must continue to be met with only ground water pumping and
currently-planned facilities, 1,364 additional Denver Basin aquifer wells will be necessary

to meet the demands of eleven water supply providers in Douglas County.

The South Metro Water Supply Study Board, which includes the regional water supply
partners participating in the proposed expansion of Rueter-Hess Reservoir, concluded that
the most economically- and physically-viable option for Douglas County was a
combination of Denver Basin aquifer use and surface water storage. The South Metro
Water Supply Study Board concluded that surface water storage is necessary to balance
Denver Basin aquifer pumping, now that water levels have declined such that individual wells

can no longer produce instantaneous supplies to meet the peak summertime demands. Therefore,
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the issues identified by the South Metro Water Supply Study Board are similar for the four

participating entities in the expansion of Rueter-Hess Reservoir.

Water Conservation Plan: PWSD does not have a single written water conservation

plan; however, it does achieve water use efficiency through an existing multi-part water
conservation program that was initially instituted in 1986. Based on the water
conservation measures employed by PWSD, from the period 1986 to 1998, average annual
water use at residential SFEs has decreased by approximately 40 percent. PWSD's water
conservation program is designed to encourage its domestic, commercial, industrial, and

public facilities customers to use water more efficiently.

PWSD's existing water conservation program includes the following:

(D) Based on the Town of Parker's plumbing codes, PWSD requires all new and
replacement flush water closets, urinals, faucets, and shower heads to be low
water use fixtures, with 1.6 gallons per flush water closets, 1.0 gallon per minute

(gpm) urinals, 2.5-gpm faucets, and showerheads at 80 pounds per square inch

(psi).
(2) PWSD advertises and distributes free 2.0-gpm low-flow showerheads.

3) PWSD encourages the use of low-water landscapes and xeriscapes in all
landscaping projects. To promote this use, PWSD has constructed and
maintains two xeriscape demonstration projects in front of the Parker Town
Hall and the PWSD offices, which identify a variety of plants and grasses

that can grow in low-water conditions.

%) PWSD encourages all of its users, through notices in its newsletter, to use clock-
operated, zoned irrigation systems, low-flow sprinklers, and drip irrigation

wherever irrigation is required.

(5) To minimize water distribution system losses, PWSD constantly monitors the
difference from the water it pumps from its wells and the amount of water that it
actually delivers to metered customers to monitor its leakage losses.

Currently PWSD has a loss rate of approximately 9 percent, which is
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significantly below the accepted industry standard of 15 percent. To
maintain such a low leakage loss rate, PWSD adheres to strict enforcement
of construction standards and inspection procedures of the water

distribution system, and prompt leak detection and repair.

(6) The PWSD Board of Directors passed Resolution 1996-8, which allows it to shut

off water services that are wasting water.

(7) PWSD provides an incentive to promote conservation of water through an
inclining block rate structure, whereby increasingly higher users of water must
pay increasingly higher unit costs for the water that they use. PWSD's current
block rate structure is presented in Appendix B, Table B-1, along with tables
prepared by PWSD that explain its fee structure. As shown, PWSD's rates
increase from $1.96 per 1,000 gallons to $6.27 per 1,000 gallons, based on the

level of use.

Castle Rock

Water Supplies: Similar to PWSD, the Town of Castle Rock (Castle Rock) is principally

a Denver Basin aquifer-dependent water supply system. Through various annexations and

adjudications of the Denver Basin aquifer water beneath the core of the town, Castle Rock
has built a portfolio of Denver Basin aquifer water rights, which are summarized in Table
1. As shown, Castle Rock has water rights in each of the four principal Denver Basin

aquifers and a total of 32,386 ac-f of adjudicated, legally-available water.

Castle Rock has a number of adjudicated augmentation plans which allow the re-use of
Denver Basin aquifer water after its first use and treatment at the Plum Creek Wastewater
Authority (PCWA) plant on Plum Creek (Figure 1). Castle Rock plans to fully utilize this
AWT reuse water by pumping it to Rueter-Hess Reservoir during the wintertime months,
or possibly on a year-round basis. As part of the decreed augmentation plans, in Case No.
84CW656, Castle Rock also adjudicated the right to claim lawn irrigation return flows

associated with Denver Basin use.

Castle Rock also owns a number of junior Plum Creek and Cherry Creek water rights.

Similar to PWSD, these water rights will only yield water during spring runoff and/or
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above-average and wet years. At this time, Castle Rock is not proposing to divert any of
these junior water rights to Rueter Hess Reservoir, as Castle Rock has determined that it
would not be economically feasible, due to the small volume of water compared to the
pipeline and pump station necessary to deliver the water to Rueter-Hess Reservoir. If
Castle Rock determines in the future that it would like to store Plum Creek tributary rights
in Rueter-Hess Reservoir, there will be a greater need for storage space for Castle Rock
that cannot be quantified at this time. Therefore, these water rights will not be considered
relative to the purpose and need for storage at the proposed expanded Rueter-Hess

Reservoir.

Currently, Castle Rock proposes to pump excess water supplies (water supplies above
demands) to Rueter-Hess Reservoir during the wintertime months. This will include
excess Denver Basin aquifer water, AWT return flows, and reusable lawn irrigation return
flows. In the summertime months, when demands exceed physical supplies, Denver Basin

and AWT reuse water will be pumped directly into Castle Rock's distribution system.

Water Demands: Castle Rock currently serves 13,076 SFEs, with a projected population
0f36,613. This equates to a current water demand of 5,789 ac-ft/yr (Table 2). Castle Rock
projects an ultimate 35,714 SFEs to serve a population of approximately 100,000, based

on Castle Rock’s estimate of 2.8 persons per SFE. Based on the estimated number of taps
at buildout, the estimated buildout demand is 15,400 ac-ft/yr (Table 2). The projected

annual demand increases to buildout at Castle Rock are shown in Figure 2.

Being a predominantly Denver Basin aquifer water supply system, Castle Rock faces the
same water supply constraints as PWSD, where it currently has no reliable, renewable
water supplies and, therefore, must manage its Denver Basin water based on the physical
constraints currently being imposed due to the declining water levels in the Denver Basin.
Figure 3 shows the monthly demand pattern that has to be met by Castle Rock, while
Appendix A presents data and graphs that show the representative decline in Denver Basin

aquifer production rates that will be experienced by Castle Rock in the near future.

Water Conservation Plan: Castle Rock has a variety of water conservation-related

programs, policies, and regulations, as well as having a block rate structure for its water
fees. A number of water conservation issues are included in Castle Rock's Municipal

Code, including irrigation public area water conservation (Chapter 13.20), 3-day
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programmable irrigation timers (Chapter 13.22), and water restrictions, including

restrictive covenants (Chapter 13.15).

Castle Rock adopted a water conservation plan on June 27, 1996, which sets forth a

number of water conservation measures that Castle Rock adopted, along with an

evaluation of potential future conservation measures. Existing water conservation

measures include:

(D

)

3)

4)

ey

(6)

1056F-RPT

Castle Rock requires water-efficient fixtures on all new plumbing according
to the Uniform Plumbing Code, which requires the installation of 1.6 gallon per

flush water closets, 2.5-gpm showerheads, and 2.5-gpm flow faucets.

Low water-use landscapes and efficient irrigation are encouraged through the
use of water restrictions during the May through September period. Water
surcharges can be levied against water waste in the amounts of $25 to $200, as

well as the discontinuance of service if violations continue.

There 1s a public irrigated area ordinance that establishes standards for the
design, installation, and maintenance of irrigated landscaping in public areas to
promote the conservation and efficient use of Castle Rock's water resources.
Based on the implementation of this ordinance, irrigation consumption at Castle

Rock parks was reduced by 39 percent over base period figures.

Castle Rock currently uses raw Denver Basin water for golf course and cemetery
irrigation. Ultimately, Castle Rock plans to optimize water re-use through the use

of effluent for golf course and cemetery irrigation.

Distribution system losses are constantly monitored to minimize distribution
system leaks. Castle Rock has been conducting leak detection via the utilization
of an ultrasonic method that detects noise or vibration created from a leak so that

the status of the distribution system is being monitored for problem areas.

Castle Rock also utilizes a block rate fee structure which employs an increasing
unit rate for water as usage increases. A summary of Castle Rock's block

rate fee structure is presented in Appendix B, Table B-1, along with a table
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prepared by Castle Rock which explains its fee structure. As shown, Castle
Rock's rates increase from $2.32 per 1,000 gallons to $5.20 per 1,000

gallons, depending upon the level of use.

(7) Castle Rock also provides rebates to implement water use efficiency technologies

related to high-efficiency washing machines and ET (Smart) irrigation

controllers.

(8) In addition to the water conservation plan adopted by the Castle Rock on June
27, 1996, the town also adopted landscape regulations and principles on July
23, 2003, a water-wise demonstration project master plan in April 2004, and a

water use management plan on May 10, 2005.

) Castle Rock adopted a Water Resources Strategic Master Plan in January 2006. A
key element of this plan is conservation, in which Castle Rock plans to decrease
the annual use of water by a minimum of 18 percent below historic consumption
through the use of a variety of conservation measures. Castle Rock has many of
the conservation steps identified now, and will be fully implementing the entire
program to achieve these goals over the next year. The key components of the
conservation plan include (a) reduction in average water consumption by 18 to 20
percent over the 5-year average use figures, (b) preserve/enhance Castle Rock’s
landscape architecture, (c) create water budgets for all customers, (d) implement
an incentive-based program for existing customers, and (€) limit water use for
new growth. The implementation of this pro-active water conservation program is

expected to reduce overall Castle Rock water demands by 3,300 ac-ft at buildout.
Castle Pines North

Water Supplies: Castle Pines North is also a predominantly Denver Basin aquifer-

dependent water supply entity. Castle Pines North has acquired its water rights through a
series of Water Court adjudications. A summary of the adjudicated Denver Basin aquifer
water rights by Castle Pines North is included in Table 1. As shown in Table 1, Castle
Pines North has Denver Basin aquifer water rights in the four principal aquifers and has a

total of 5,919 ac-ft/yr of adjudicated, legally-available water.
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Castle Pines North has an adjudicated augmentation plan in Case No. 85CW479 that
allows the re-use of Denver Basin aquifer water after initial use. Castle Pines North treats
its wastewater at the Plum Creek Wastewater Authority (at the same plant that Castle
Rock uses) at the location shown in Figure 1. Castle Pines North has reusable water from
the PCWA AWT plant that will be pumped to Rueter-Hess Reservoir on a year-round
basis. In addition to the AWT return flows, the augmentation plan also allows claiming
lawn irrigation return flows associated with reusable Denver Basin aquifer water.
However, Castle Pines North is, at this time, choosing to utilize lawn irrigation return
flows directly for irrigation within the district and will not be pumping any of these return

flows to Rueter-Hess Reservoir.

Similar to Castle Rock, Castle Pines North also owns some junior Plum Creek tributary
water, which could provide yield during spring runoff and potentially during above-
average to wet years. However, at this time, this water has not been adjudicated and is not
planned to be stored in Rueter-Hess Reservoir. Castle Pines North does not foresee storing
junior Plum Creek water rights in Ruecter-Hess Reservoir in the future, due to the
economic viability of moving small volumes of water long distances. If, in the future,
Castle Pines North chooses to move this water to Rueter-Hess and/or obtains more
tributary rights, there will be a need for more storage space for Castle Pines North that can
not be quantified at this time. Therefore, these water rights are not being considered

relative to the purpose and need for additional storage at Rueter-Hess Reservoir.

Castle Pines North proposes to pump excess Denver Basin water supplies (water supplies
above demands) to Rueter-Hess Reservoir during the wintertime months, while it plans to
pump reusable AWT return flows to Rueter-Hess Reservoir on a year-round basis.
Currently, because of demands for its lawn irrigation return flows, Castle Pines North

does not plan to pump any lawn irrigation return flows to Rueter-Hess Reservoir.

Water Demands: Castle Pines North currently serves 3,261  SFEs, with an estimated

population of 8,150. This equates to an annual current water demand of 1,688 ac-ft/yr
(Table 2). Castle Pines North is contemplating several additional inclusions and is
projecting full use of its Denver Basin aquifer water rights at buildout of 5,919 ac-ft.
Given the current demand per tap in Castle Pines North, this equates to service of
approximately 11,435 SFEs, or an estimated population of approximately 28,600, based on
Castle Pines North’s estimate of 2.5 persons per SFE. Therefore, the estimated buildout
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demand would be 5,919 ac-ft/yr. The projected annual demand increases to buildout are

shown in Figure 2.

Similar to PWSD and Castle Rock, Castle Pines North has the same water supply
constraints, as it has no reliable, renewable water available to it at this time and, therefore,
has to manage Denver Basin aquifer water to meet its monthly residential demand
schedule (Figure 3). Since Castle Rock and Castle Pines North share wastewater treatment
at the PCWA AWT plant, it is likely that a common pipeline could be used to deliver

water to Rueter-Hess Reservoir.

Water Conservation Plan: Castle Pines North adopted its water conservation program on

April 7, 2003. In addition to this water conservation program, Castle Pines North also
employs a block rate fee schedule that is based on individual lot sizes, rather than simply

based on water usage (as employed at PWSD, Castle Rock, and Stonegate).

The Castle Pines North water conservation program includes:

(1) Irrigation scheduling is maintained during the months of May through
September to spread out peak watering demands as a means to ensure that
sufficient reserves are available in case of emergencies. Castle Pines North
employs the circle, diamond, square methodology for management of

irrigation demands.

(2) The golf course within Castle Pines North is irrigated with non-potable
effluent from PCWA to further reduce demands on its potable water supply

system.

3) Water waste is dealt with through an enforcement program that employs water
monitors to observe water use, including outdoor water use and water waste.
Violations can include (a) a warning with no monetary fine, (b) violations
where a surcharge will be added to the violator's water bill, and (c) a violation

which could result in the suspension of water service.
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) Castle Pines North maintains a rebate program for water users that use
irrigation clocks, low-flow toilets, low-usage washing machines, rain sensors,

and/or recirculation pumps.

%) Castle Pines North employs a block rate fee structure related to a budget
derived for each individual tap in Castle Pines North, based on lot size and the
number of occupants of the residence. A summary of this block rate fee
structure is presented in Appendix B, Table B-1, and a table provided by Castle
Pines North explaining its block rate structure is also included in Appendix B.
Castle Pines North's fee schedule ranges from $2.80 per 1,000 gallons to $7.84

per 1,000 gallons, based on level of use.

(6) Castle Pines North is in the process of completing a water conservation plan that
will be approved by the Colorado Water Conservation Board (CWCB) in June
2006. This plan will be the first plan completed and approved under the CWCB
guidelines for the preparation of a water conservation plan.

Stonegate

Water Supplies: Stonegate is also a predominantly Denver Basin aquifer-dependent water

supply entity. Stonegate is currently serving water demands within its district boundaries
and is projected also to serve the Compark 190 development. Therefore, Stonegate's
portfolio of Denver Basin aquifer water rights includes the water adjudicated beneath the
district and the additional Compark 190 property. These values are summarized in Table
1, which shows that Stonegate has water rights in each of the four principal Denver Basin

aquifers, for a total of 3,416.9 ac-ft of adjudicated, legally-available water.

Stonegate has an adjudicated augmentation plan in Case No. 89CW 136, which allows the
reuse of Denver Basin aquifer water after first use and treatment at Stonegate's AWT plant
(Figure 1). However, Stonegate’s augmentation plan decree does not allow it to claim
reusable lawn irrigation return flows. There are some limitations in the augmentation plan
decree under which Stonegate can claim its reusable effluent from its AWT plant,
including (a) alluvial water to be pumped in exchange for the AWT effluent can only be
withdrawn during the months of December through May, (b) effluent cannot be stored

prior to discharge, so there is not a large discharge of effluent to the stream at one time,
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and (c) the maximum annual volume of AWT effluent that can be claimed is 1,120 ac-
ft/yr. Currently, Stonegate is using most of its AWT reusable effluent for the irrigation of
open space areas. For this initial analysis, as Stonegate grows and AWT reuse water
increases, it was assumed that AWT reuse water up to 1,120 ac-ft/yr will be pumped to
Rueter-Hess Reservoir (with the excess used directly by Stonegate for non-potable
irrigation). Denver Basin water in excess of demands will be pumped to Rueter-Hess

Reservoir during the wintertime months.

Water Demands: Stonegate currently serves 3,566 SFEs, with a projected population of

approximately 8,900. Based on water usage within Stonegate, this equates to a current
annual demand of 2,139 ac-ft (Table 2). With the additional development in Stonegate,
plus the service to Compark 190, it is anticipated that Stonegate will ultimately serve
6,000 SFEs, a population of 15,000, based on Stonegate’s estimate of 2.5 persons per SFE.
Based on the estimated number of taps at buildout, Stonegate's estimated buildout demand
is 3,600 ac-ft/yr (Table 2). The projected annual demand increases to buildout at

Stonegate are shown in Figure 2.

Similar to the other regional water supply partners in the expansion of Rueter-Hess
Reservoir, Stonegate is also a predominantly Denver Basin aquifer water supply system.
Therefore, Stonegate faces the same water supply constraints as the other partners, where
it currently has no reliable, renewable water supplies and, therefore, must manage its
Denver Basin water based on the physical constraints currently being imposed due to the
declining water levels in the Denver Basin. Stonegate has to meet the same monthly
demand pattern as the other regional partners, as shown in Figure 3, and will also be
subject to the representative decline in Denver Basin aquifer production rates that will be

experienced in the near future, as depicted in Appendix A.

Water Conservation Plan: Stonegate does not currently have a written water

conservation plan; however, Stonegate does have current watering restrictions and a block
rate fee structure. Watering restrictions include a watering schedule based on odd/even
addresses, 1.e., watering every other day. In addition, watering is restricted to the hours of
midnight to 8:00 a.m., and 7:00 p.m. to midnight, with maximum 15-minute shifts per
watering station. Approximately 80 percent of Stonegate's current open space area that is
irrigated is done so with the use of effluent from Stonegate's AWT plant. A summary of

Stonegate's current monthly block rate structure for residential use is presented in
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Appendix B, Table B-1. Stonegate's water use rates vary from $1.58 per 1,000 gallons to
$7.35 per 1,000 gallons, depending upon the level of use.

RESERVOIR OPERATIONAL MODEL

The Rueter-Hess Reservoir operational model builds on the original operational study
model developed for the EIS (U.S. Army Corps of Engineers, July 2003). Since the time
that the operational model was prepared for the Rueter-Hess EIS, PWSD has grown from a
projected buildout 0f 23,840 SFEs to 45,394 SFEs, an increase of 90 percent. In addition,
Rueter-Hess Reservoir is now being proposed as a regional water supply facility, with
three additional participants (Castle Rock, Castle Pines North, and Stonegate). As such,
Rueter-Hess Reservoir is proposed to be enlarged to have a normal pool capacity of
71,920 ac-ft at an elevation of 6,212 feet mean sea level (MSL). The clevation-area-
capacity data for the expanded Rueter-Hess Reservoir configuration are presented in
Appendix C.

The principal modifications to the model from the model used in the Rueter-Hess EIS
relate to the additional participants, the increased demands on the reservoir, and the
sources of water being input to Rueter-Hess Reservoir, as well as individual constraints
related to specific water rights. The original EIS operational model was based on a
diversion structure capable of diverting either 78 cfs or 150 cfs. Due to the size of the
reservoir in the EIS (16,200 ac-ft), a78-cfs diversion was more efficient than a 150-cfs
diversion, although a 150-cfs diversion structure was approved in the Rueter-Hess
Reservoir Section 404 permit. For this operational model, a diversion capacity of 150 cfs

was used, given the added capacity of the expanded reservoir.

Given the increase in size at PWSD, plus the addition of three regional participants, the
total number of taps to be served under the original Rueter-Hess Reservoir EIS, and this
SEIS, has grown from 23,840 SFEs to 98,543 SFEs, an increase of approximately 400
percent in the number of taps to be served. This growth in the number of customers to be
served by Rueter-Hess Reservoir will obviously result in greater demands being placed on
the reservoir and significant additional new sources of water to be stored at the reservoir.
The operational model is constructed under the same premises as the original Rueter-Hess
Reservoir operational model, with the exception of tracking each individual participant's

inflow, storage, and yield components.
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In addition, PWSD has applied for a junior water storage right to be allowed to store water
from Cherry Creek in excess of its 1985 decrees. This will allow storage at times of

significant flow volume due to multi-day storm events.

The operational study model simulates a water balance based on various inputs and
outputs that are imposed on the model, and the model then calculates a new water balance

based on a monthly time step.

The principal inputs to the operational study model include:

* PWSD's in-priority Cherry Creek flows
* Denver Basin water

* Reusable AWT return flows

» Reusable lawn irrigation return flows

* Precipitation

The principal outflows from the reservoir simulated by the operational study model

include:

» Water to meet municipal peak demands
* Seepage

* Evaporation

The difference between the monthly inflows and the monthly outflows is the change of
storage in the reservoir. Therefore, the operational model simulates a monthly time step
over a 51-year time frame, producing reservoir contents that result from the various inputs

and outputs to the model.
The inputs to the reservoir operational model for each participant, as well as the outflows

assigned to each participant for the 51-year study period are summarized in the model

output presented in Appendices D, E, and F.
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Operational Model Assumptions

There are a number of assumptions that are made in the Rueter-Hess Reservoir operational

model, most of which are similar to the assumptions used in the original operational

model presented in the Rueter-Hess EIS. The criteria and assumptions used in this

operational model are as follows:

(1

(2)

1056F-RPT

Daily flow data recorded at the U.S. Geological Survey (USGS) gaging station at
Franktown, Colorado were tabulated for a 51-year period from 1953 through
2003. We included a 51-yr sequence instead of the standard 50-yr sequence to
include both the drought of the 1950s and the recent 2000s drought. In this
way, the analyses yield better information on providing firm annual supplies

through carryover storage.

The daily flow data were then pro-rated from Franktown to the point of the
surface diversion on Cherry Creek, located in Section 3 of Township 7
South, Range 66 West. The location of the Franktown gaging station and
the Rueter-Hess diversion structure on Cherry Creek are both shown in

Figure 1.

Pro-rating the flows from the USGS Franktown gage to the Rueter-Hess
diversion structure included adjustments to account for change in drainage
area, underflow in the Cherry Creek alluvial aquifer, and for historic water
use between the Franktown area and the surface diversion point. After these
adjustments were made, an additional adjustment factor was imposed on the
flow numbers based on a comparison of the USGS gaging station data at
Franktown and the USGS gaging station data at West Parker Road in

Parker. For the model, daily records were consolidated into monthly totals.

Daily call records for Water District 8 (Cherry Creek) were compared to the
flow numbers derived in (1) above to evaluate when in-priority flows are
available for diversion. This analysis was done on a daily basis, then
consolidated to monthly totals for the model. Since PWSD is the only entity
that has junior Cherry Creek water rights that will be stored in the Rueter-Hess
Reservoir, this analysis applied only to PWSD and not to the other participants.
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3)

4)

)

(6)
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The maximum diversion and pumping capacity from Cherry Creek was
assumed to be 150 cubic feet per second (cfs) from the stream and 12 cfs from
the alluvium, consistent with PWSD's Water Court decrees and the Section 404
Permit issued by the U.S. Army Corps of Engineers in the original Rueter-Hess
Reservoir EIS. Therefore, maximum in-priority flows were capped at 150 cfs
as diversion from Cherry Creek and 12 cfs as diverted through Cherry Creek
alluvial aquifer wells. In addition, by decree in Case No. 85CW448, the
maximum annual diversion from Cherry Creek can not exceed 24,130 ac-ft. A
new Water Court application seeks to increase the volume of water that can be
stored (Case No. 04CW348) to a total of 80,000 ac-ft. Based on the ultimate
configuration of Rueter-Hess, the request will be adjusted to 71,920 ac-ft. This
will have no impact on the proposed project. In addition, there is no request in the
Water Court case to change the flow rates for diversion of Cherry Creek surface

and ground water flows.

Consistent with the Section 404 Permit for Rueter-Hess Reservoir, at all times
when in-priority flows are being diverted at the diversion structure, 1 ¢fs is by-
passed to maintain a minimum flow in Cherry Creek. By decree in Case No.
85CW448(A), PWSD also has to maintain a 5-cfs flow at the West Parker Road

gage when the diversion structure is operating.

The water demands for each of the participants were projected to increase at an
average annual rate between the current number of taps and the projected
buildout number of taps over the 51-year simulation period, consistent with the
methodology that was required in the original Rueter-Hess Reservoir EIS (Corps
of Engineers, July 2003).These projected increases in annual demand to buildout
are presented in Figure 2. While the simulations assume a constant growth factor,
it is reasonable to assume that buildout for the participants could come sooner
and/or the service areas of the participants will grow with time. As such, it is

likely that demands will be greater than what is simulated in this model.

Monthly evaporation and precipitation data were obtained from Cherry Creek
Dam for the period of record being simulated by the operational model to
account for depletions and accretions to the water supply available in the

reservoir.
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(7)

(8)

©

(10)

1056F-RPT

Return flow 1s assumed to be available based on 10 percent consumption
of Denver Basin water used to meet in-house demands. This is based on accepted
water use numbers in the industry and is further supported by values provided
from PWSD’s system. For the winter months of November through February for
2003 through 2006, PWSD treated an average of 75.8 million gallons per day
(MGD) at its two AWT plants and had total water production of 84.75 MGD,
which yields approximately 90 percent return flow, or 10 percent consumptive
use. AWT water was stored in Rueter-Hess Reservoir based on the individual
participants' initial assumptions. For PWSD, Castle Rock, and Stonegate, AWT
water was stored during the wintertime months and used to meet demands in the
summertime months. For Castle Pines North, AWT water was stored in Rueter-
Hess Reservoir on a year-round basis. This model does not simulate the multiple
re-uses possible (only the initial re-use). Therefore, the model conservatively

estimates the total re-use that can be achieved.

Lawn irrigation return flows were assumed to be available on a year-round
basis. This is based on Water Court decrees that allow lawn irrigation return
flows to be claimed on a year-round basis, accounting for variable soil
conditions, flow conditions, and distances to the stream. PWSD and Castle Rock
are simulated to store lawn irrigation return f lows on a year-round basis, while
Castle Pines North and Stonegate are currently utilizing their lawn irrigation
return flows and do not plan to store any lawn irrigation return flows in Rueter-

Hess Reservoir.

The maximum reservoir surface area of 1,140 ac was assumed at a capacity of
71,920 ac-ft, based on the elevation-area-capacity curve provided by RJH
Consultants (Appendix Q). The area-capacity table was input to the model so
evaporative losses could be calculated based on the free water surface at each

monthly time step.

There is assumed to be no dead storage in the reservoir, i.e., any inflow can be
released from the reservoir in the event of a call, when the reservoir would
otherwise be storing out-of-priority water flowing into the reservoir from the
Newlin Gulch watershed above the reservoir. This assumption has no practical

implication on the model, as the reservoir is never drained to empty. This does
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Y

(12)

(13)

(14)

(15)

(16)

(17)

have a water rights implication relative to maintaining all storage as active, i.e.,

available for use.

A statistical analysis was conducted to evaluate, over the 51-year period of flow
records, the 3-year running average of the driest period, the wettest period, and
the closest to the average flow period. We then ran operational study runs for
cach scenario to evaluate effects of initial reservoir filling and long-term yields

from the reservoir based on various starting points within the hydrologic cycle.

The reservoir operational studies were initiated with no water in the reservoir.

No in-priority flows from Newlin Gulch were assumed to be captured in this
operational study. There are no flow records for Newlin Gulch so it is a
conservative assumption to assume that there will be no capture of flows from the

watershed area upstream of Rueter-Hess.

Seepage was assumed to be a constant 0.5 cfs (225 gpm). For the operational

studies, this was considered a loss and the water was not re-captured.

The operational studies were conducted on a monthly basis over a 51-year

simulation period.

Monthly sediment inflow was assumed to be 0. 1 ac-ft per month, which is
allowed to accumulate in the reservoir, thereby reducing available storage in
the reservoir with time. Sediment flows to Rueter-Hess will be minimal, since
it is an off-stream reservoir. Therefore, minimal sediment capture was

assumed in this model.

The historic flow patterns and the historic water right call patterns are

assumed to be representative of future conditions.

Based on these criteria and assumptions, we conducted various reservoir operational scenarios to

evaluate water yields from the reservoir and the reservoir contents that will be stored during each

of these operational scenarios.
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RESERVOIR OPERATIONAL SCENARIOS

To evaluate purpose and need, several assumptions were made regarding the inflows and
outflows to Rueter-Hess Reservoir, as described in the preceding sections. Using the
individual water management strategies of each participant, we ran the Rueter-Hess
operational model to evaluate if sufficient carryover storage is provided to meet peak
summertime demands, while at the same time equalizing pumping rates from the Denver
Basin aquifer wells. As used herein, "carryover storage” is defined as the water in storage
which remains in the reservoir after satisfying the demands on the reservoir. Carryover storage
is necessary due to variations in the hydrologic cycle and in water demand that makes it
difficult to meet all of these variations on an instantaneous basis. Carryover storage and
equalization of Denver pumping was principally accomplished by maximizing reuse of

return flows, both from AWT and lawn irrigation.

Based on these assumptions, the Rueter-Hess Reservoir operational model was run for a
5lyear simulation period, taking each water supply entity from its current water supplies
and water demands to the ultimate buildout, as identified by each individual participant.
Therefore, each participant is assumed to be built out in 50 years, with an assumed linear
growth rate similar to the assumption made in the original Rueter-Hess Reservoir EIS.
However, it is likely that individual participants may reach buildout before 50 years and/or
service areas may increase during the simulation period. Therefore, the demands on the

reservoir in these simulations are likely conservative.

In addition to the assumptions described above, the Rueter-Hess Reservoir operational
model was run under varying hydrologic conditions as an initial starting point. Therefore,
there are separate operational model runs, with the initial conditions being a dry period, an
average period, and a wet period. Summary tables of the output from each of these

operational model runs are presented in Appendices D, E, and F, respectively.

Dry Period Start

For the hydrologic sequence available for the operational model, it was determined that
the representative dry period start would be 1953, coinciding with the drought of the early
1950s. Therefore, for the operational run with a dry period start, the hydrologic sequence
was 1953 through 2003.
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Figure 4 presents a summary of the annual inflow volume stored in the Rueter-Hess
Reservoir by source, assuming a dry period start. Over the 51-year simulation period,
approximately 30 percent of the water stored is from junior Cherry Creek water right
sources, while reusable AWT return flows comprise approximately 45 percent of the water
being stored in Rueter-Hess reservoir. Of the remaining water stored, reusable lawn
irrigation return flows account for approximately 9 percent of the water stored, while
Denver Basin water pumped directly to Rueter-Hess Reservoir accounts for approximately
16 percent of the water stored. By maximizing the storage of reusable AWT return flows
during the wintertime (year-round for Castle Pines North) and the storage of reusable lawn
irrigation return flows, the volume of Denver Basin aquifer water being pumped directly
to Rueter-Hess Reservoir was minimized. Table 3 summarizes the annual volume stored
by each participant in the 51-year simulations. These data are also presented in the model

output summaries in Appendix D.

Once the water 1s stored in Rueter-Hess Reservoir, it then becomes a supplemental water
supply to meet summertime water demands that can not be met directly by Denver Basin
aquifer wells, reusable AWT return flows, and reusable lawn irrigation return flows.
Figure 5 summarizes the sources of water used to provide water to meet the municipal
water demands of the four water supply entities currently participating in Rueter-Hess
Reservoir. Of the sources shown in Figure 5, approximately 44 percent of the annual
demand is met by Denver Basin aquifer wells, while AWT return flows account for
approximately 17 percent of the annual demand. Reusable lawn irrigation return flows
account for approximately 1 percent of the water supply to meet the total demand, while
Rueter-Hess Reservoir provides approximately 38 percent of the water supplies to meet

the cumulative annual demand for the four water supply entities.

Based on the assumptions used in the operational model, the monthly reservoir contents
were calculated and are presented in Figure 6. As Figure 6 shows, Rueter-Hess Reservoir
1s essentially filled during an historic wet period, when there were significant junior
Cherry Creek water rights available, with no water being spilled from the reservoir. While
this was the only time in the 51-year simulation where the expanded Rueter-Hess
Reservoir filled, the capture of in-priority surface flows provided carryover storage. Once
the pattern of storage and use was established, storage in Rueter-Hess Reservoir generally
fluctuated between 25,000 and 70,000 ac-ft (Figure 6).
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Average Period Start

Based on the hydrologic sequence available for this operational model, it was determined
that the year 1960 would be the most representative period to start for average hydrologic
conditions. Therefore, the average period operational run used a hydrologic sequence of 1960
through 2003, cycling back to the period 1953 through 1959 to complete the 51-year

hydrologic sequence for the model.

Similar to the discussion of the Rueter-Hess Reservoir operational model run for a dry
period start, figures have been constructed for an average-year start that show the annual
inflow volume stored in Rueter-Hess Reservoir (Figure 7), the sources of water used to
provide water to meet municipal water demands of the four water supply participants
(Figure 8), and a summary of the monthly reservoir contents, based on an average-year
start (Figure 9). As described above, the average period start uses the hydrologic sequence
beginning in 1960 through 2003, and then the sequence from 1953 through 1959. A

summary of the output tables for the average period start are presented in Appendix E.

Assuming an average period start for the simulation, over the 51-year simulation period
the inflow percentages to Rueter-Hess Reservoir are similar, albeit at a different timing
due to the change in the hydrologic sequence. Approximately 31 percent of the water
stored is from junior Cherry Creek water right sources, while reusable AWT return flows
comprise approximately 46 percent of the water being stored in Rueter-Hess Reservoir, 14
percent is Denver basin water being pumped directly to the reservoir, and approximately 9

percent of the inflow is related to reusable lawn irrigation return flows (Figure 7).

Similarly, over the 51-year simulation period, the percentages of the various sources of
water used to provide water to meet the municipal demands of the four water supply
participants are very similar to the dry period start simulation, with only the timing of the
junior alluvial water availability changing due to the different hydrologic sequence. In this
simulation, there is a slight increase in Denver Basin use to meet demand from the dry
period scenario (44 to 45 percent), with an attendant decrease in use of water from Rueter-
Hess (38 to 37 percent). Figure 8 shows the contribution from the various sources of water

over the 51-year simulation period.

Because this model simulation started during average hydrologic conditions, there was

more initial filling of Rueter-Hess Reservoir during the early years than in the dry period
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start (Figures 9 and 6, respectively). In addition, Rueter-Hess Reservoir reaches its
maximum storage fill in an earlier time frame than for the dry period start, but achieves an

equivalent maximum storage when compared to the dry period start.
Wet Period Start

Based on a statistical analysis, the hydrologic sequence for the wet period start is the year
1983. Therefore, the hydrologic sequence for the wet period start is 1983 through 2003,
followed by the period 1953 through 1982 (Appendix F).

Figure 10 presents a summary of the annual inflow volumes stored in the Rueter-Hess
Reservoir by source, assuming a wet period start. Over the 51-year simulation period,
approximately 31 percent of the water stored is from junior Cherry Creck water right
sources, while reusable AWT return flows comprise approximately 46 percent of the water
being stored in Rueter-Hess Reservoir. Of the remaining water stored, reusable lawn
irrigation return flows account for approximately 10 percent of the water stored, while
Denver Basin water pumped directly to Rueter-Hess Reservoir accounts for approximately

13 percent of the water stored.

Figure 11 summarizes the sources of water used to meet the municipal water demands of
the four water supply entities currently participating in Rueter-Hess Reservoir. Of the
sources shown in Figure 11, approximately 45 percent of the annual demand is met by
Denver Basin aquifer wells, while AWT return flows account for approximately 17
percent of the annual demand. Reusable lawn irrigation return flows account for
approximately one percent of the water supply to meet the total demand, while Rueter-
Hess Reservoir provides the remaining 37 percent of the water supplies to meet the

cumulative annual demand for the four water supply entities.

Because of the wet period start, Rueter-Hess Reservoir obtains its maximum storage fill
carly in the hydrologic sequence when compared to the dry period and average period

starts (Figure 12 compared to Figures 9 and 6, respectively).

Based on the results of the operational run analyses under varying hydrologic conditions,
it appears that (a) the Rueter-Hess Reservoir can be filled, based on its use as a water
management facility to maximize the re-use of available nontributary water supplies and
(b) significant volumes of first-use Denver Basin water do not have to be pumped directly
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to Rueter-Hess Reservoir as long as the components of each individual participant's
augmentation plans are effectively maximized. Multiple re-uses of Denver Basin water

will also contribute to more water in storage than is depicted in these simulations.

Participant Operational Model Summaries

The preceding sections have described the cumulative inflows to Rueter-Hess Reservoir,
how water demands are met cumulatively by the four participants, and the overall Rueter-
Hess Reservoir contents. However, using the model output summaries for the dry period
start (Appendix D) as representative of the simulated operation of Rueter-Hess Reservoir,
we have also summarized inflows, sources of water to meet demands, and reservoir
contents for each participant. For Castle Rock, Castle Pines North, and Stonegate, we used
maximum storage in Rueter-Hess based on the volume of storage contracted by each
participant. For PWSD, we used the remaining storage available (56,720 ac-ft). Figures 13
through 16 show the individual summaries for the dry period start for PWSD, Castle
Rock, Castle Pines North, and Stonegate, respectively. As shown in each of these figures,
each of the participants fills to its maximum reservoir contents during the simulation

period.

SUMMARY OF OPERATIONAL STUDY RESULTS

The Rueter-Hess Reservoir operational model evaluated three different hydrologic
sequences to assess how hydrologic changes could potentially affect model results and,
therefore, the need associated with this project. However, using the three hydrologic
sequences yielded essentially the same results relative to reservoir storage and reservoir

yields.

Based on the results of the operational model, we have determined that there is a
justifiable purpose and need associated with the proposed Rueter-Hess Reservoir
expansion. The two main goals in the purpose are to provide peaking storage of Denver
Basin ground water for meeting peak municipal water supply needs and to assist in
sustaining the Denver Basin aquifers. These two issues are linked because, if the reservoir
can be used to meet peaking demands, this will, in and of itself, help to sustain the Denver
Basin aquifers through the equilibration of pumping on a year-round basis, rather than

having to meet instantaneous municipal peak demands with wells.
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