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Preface

This document is the conceptual geomorphology mitigation plan for the Southern Delivery System
Environmental Impact Statement. It defines mitigation concepts that relate to geomorphic effects for
the alternatives considered as part of the EIS. The Bureau of Reclamation directed preparation under

Professional Services Agreement No. 200316026 (September 10, 2003 and amendments) between
Colorado Springs Utilitiesand MWH Americas, Inc.




Contents

1.0 EXECULIVE SUMMEIY ...ccuviiiieiiieiiteeciieeiteesieeete e s e eseessaesteesseeeseesseesnbeesaeesseesseesnseesnenannes 1

b2 O I 1 1 (oo [0 (ox 110 PR URRRRRRRRT 3

2.1 Preliminary Effects of Alternatives 3

2.2 Mitigation Goals and Objectives 6

G O IV T (T = L0 IS L= =0 = 7

3.1 Avoidance, Minimization, and Protection 8

3.1.1 Modificationsto SDS Design Or OPEralioN.........cccoerveerierereresiesreseeneeeeesesnees 8

3.1.2 Sedimentation Reduction during Project Construction............ccceeeeeveveeeesesieenens 8

3.1.3 Williams Creek Channel Stabilization Methods............coovveeeeiieeeeee e eeieee e 9

3.2 Compensatory Mitigation 12

3.2.1  Channel StabiliZatioN MEBSUIES.........ccuveieiieeeeeeeeeeee e eeee e s s e e s seeeeesseaeeesseseeesan 12

3.2.2  Support for Fountain Creek Watershed Study ..........cccocovvieiiieeienreceecee 18

3.23 Monitoring and Maintenance Program............ccoeoereeeeieeeneneseseseeseees s 18

324  AdaptiveE ManagemENt..........ccecieeieieere ettt s 20

4.0 Conclusions and ReCOMMENUALIONS........ccccueeeiiieiiieeceeee et e e ere e e eareas 21

B0 REFEIEINCES. ..ottt e e e e e e e ettt e e e e e e e e e —eaeeeeaaaan——————aaaaaan 22

Figures

Figure 1. Geomorphic EffectS ANalYSIS ATEA. ......cueveeiieie et ee et 4

Figure 2. Williams Creek Hydraulic Features (CH2M HILL 2005). .....cccccoveveeviieeieecieeinenns 11
Figure 3. Aggradation/Degradation Tendency within Fountain Creek Watershed (Corps

12200 C) TSROSO 14

Photos

Photo 1. Fountain Creek above SOUth CirClE DIIVE. ... ..vvveeeieii et 15

Photo 2. Fountain Creek at Sand Creek CONFIUBNCE .....eveeeeeeeeeeeeeeeeeeeee e 15

Photo 3. Fountain Creek above Y oung Hollow confluence ...........ccoeveeiinenininseenieeee 16

Photo 4. Fountain Creek at the Arkansas River CONfIUENCE .......ccceeeeeeeeeeeeeeeeeeeeeeee e 16

Photo 5. Jimmy Camp Creek at Link ROAd .........ccooviiieiiiiieeseee e 17

Photo 6. Jimmy Camp Creek at confluence with Fountain Creek..........cccccvevevveveiceeseeennene 17




1.0 Executive Summary

Effects on geomorphology associated with the proposed SDS Project were estimated for peak flow
hydrology conditions, baseflow hydrology conditions, and exchange flow conditions. Effects that
would be a direct result of SDS Project implementation would be associated primarily with the
construction of the proposed SDS reservairs, of which the Williams Creek Reservoir would have the
largest geomorphic effects. Exchange flow releases from Williams Creek Reservoir would have
adverse effects on channel geomorphology downstream of the reservoir. The significant increase in
magnitude and duration of flow in Williams Creek as a result of the exchange releases would cause
erosion in Williams Creek, which would increase sedimentation in the downstream reach of Fountain
Creek. Peak flow conditions could also contribute to increases in erosion in upstream reaches and
sedimentation in the lower reaches of Fountain Creek and the Arkansas River downstream of
Fountain Creek.

To mitigate the adverse geomorphic effects of increased peak flows and Williams Creek Reservoir
exchange flow releases, several possible mitigation measures are presented in this document. The
primary objective is to avoid or minimize the magnitude of effect associated with SDS Project
implementation. The following channel stabilization measures in Williams Creek downstream of the
proposed reservoir have been proposed by the Project Participants as part of the basic descriptions for
the No Action, Participants' Proposed Action, Downstream Intake, and Highway 115 alternatives.

Development of a constructed channel in a currently unchannelized area just downstream of the
reservoir to improve conveyance efficiency and reduce erosion potential

Removal of multiple small dams along Williams Creek to improve the conveyance capacity and
efficiency

Flattening of side slopes, installation of buried riprap, and installation of erosion control blankets
and vegetative protection at locations determined susceptible to geomorphic effects associated
with exchange releases

Increased erosion in other regions of the study area is anticipated as a result of higher baseflows
associated with increased wastewater return flows from Colorado Springs. Because of the anticipated
difficulty of separating direct effects of the SDS Project from non-project effects, a more
comprehensive, watershed approach should be taken to address these additional geomorphic issues
for all alternatives. Through coordination with the Fountain Creek Watershed Study and evaluation
of various sites within the study area, channel stabilization efforts at the following locations are
proposed:

1. Fountain Creek from Upstream of Fountain Boulevard to Upstream of Colorado 85/87 at Sand
Creek Confluence

2. Fountain Creek between CR 102 (upstream) and Young Hollow Road (downstream) at Y oung
Hollow Confluence

3. Jimmy Camp Creek from Upstream of Fontaine Boulevard to Downstream of Peaceful Valley
Road

The geomorphic mitigation plan for the SDS Project aso includes a monitoring and maintenance
program to monitor the river system, upgrade bank stabilization along the proposed stabilization sites,
and/or introduce bank stabilization measures along other reaches as needed as aresult of SDS Project
operations. A long-term monitoring program would aso be established to evaluate and mitigate any
long-term effects on fluvial geomorphol ogy associated with the aternatives. Monitoring and adaptive
management will be a part of the mitigation strategies regardless of the alternative that is selected.
An integrated adaptive management program will be developed for the project that will coordinate




with the participants existing monitoring programs and the Environmental Management System
discussed in Appendix H of the Draft EIS.




2.0 Introduction

The Bureau of Reclamation (Reclamation) is preparing an Environmental Impact Statement (EIS) for
the proposed Southern Delivery System (SDS) project, a regiona water delivery project designed to
serve current and future water needs of the City of Colorado Springs, City of Fountain, Security
Water District, and Pueblo West Metropolitan Digtrict (Project Participants). As proposed, the SDS
Project would deliver water from the Arkansas River near the City of Pueblo to terminal storagein a
new reservoir located east of Colorado Springs. Because the proposed project would involve long-
term storage, conveyance, and exchange contracts from Reclamation, Reclamation is the lead federa
agency for compliance with the National Environmental Policy Act (NEPA).

Through project design, effects on geomorphology will be avoided and minimized. Construction and
operation of any of the aternatives would unavoidably affect geomorphology within the study area.
Compensatory geomorphic mitigation for unavoidabl e adverse effects that remain after all appropriate
and practicable avoidance and minimization have been achieved will be implemented. This
mitigation plan specifically outlines the effects and suggested mitigation measures addressing any
moderate and major direct adverse geomorphic effects associated with each aternative.

This plan is a draft conceptual plan. Between the Draft EIS and the Final EIS, after Reclamation
identifies a preferred alternative, this conceptual plan will be modified to focus on the mitigation for
the preferred dternative. After a Record of Decision has been released, during the final design
process, the Project Participants will continue to define and implement additional avoidance and
minimization techniques not outlined in this draft conceptual plan, which will be summarized in a
final mitigation plan once the final aternative has been selected. An integrated adaptive management
program will be developed for the project that will coordinate with the participants existing
monitoring programs and the Environmental Management System discussed in Appendix H of the
Draft EIS.

2.1 Preliminary Effectsof Alternatives

Geomorphic effects of the alternatives would include changes to erosion, sedimentation, and other
processes that affect stream channel characteristics and stability. The analysis area included stream
segments determined to be geomorphicaly sensitive to changes in streamflow (Figure 1). A
discussion of primary geomorphic controls and a conceptua model illustrating the connection
between the primary controls are provided in the Draft EIS Geomorphology Section and the Water
Resources Effects Analysis report (MWH 2008).

Lake Creek from Twin Lakes Reservoir to the confluence with the Arkansas River (not shown in
Figure 1 because this reach is a short segment of Lake Creek located upstream of the remainder
of the analysis area)

Arkansas River from Colorado 115 to Pueblo Reservoir
Fountain Creek from Colorado Springs to the confluence with the Arkansas River

Jimmy Camp Creek from the Jimmy Camp Creek Reservair site to the confluence with Fountain
Creek

Williams Creek from the Upper Williams Creek Reservoir site to the confluence with Fountain
Creek

Arkansas River from the Fountain Creek confluence with the Avondale Gage




Figure 1.  Geomorphic
Effects Analysis Area.




The methods used to estimate geomorphic effects and the results of the geomorphic effects analyses
are discussed in detail in the SDS Water Resources Effects Analysis (MWH 2008), and are briefly
summarized in this section to provide a comparison of how effects differ in magnitude and type
throughout the effects analysis area.

The differences in hydrology among the alternatives would generaly result in negligible or minor
effects on geomorphology. The moderate and major direct effects that would occur are summarized
below. The summary of direct effectsis organized by location within the analysis area. Streams and
rivers are divided into segments where geomorphic properties and effects would be similar. These
moderate and major geomorphic effects would be minimized or addressed through avoidance,
minimization, and compensatory mitigation measures outlined in this plan. A more detailed
discussion of al geomorphic effects can be found in the SDS Water Resources Effects Analysis
report (MWH 2008).

Fountain Creek from Colorado Springs to Williams Creek — Increased erosion would occur
for the No Action Alternative due to loss of riparian vegetation near Security and Fountain
associated with increased aluvia ground water pumping. The Fountain Creek Alternative would
have moderate erosion because of a decrease in streamflow for Fountain Creek downstream of
Fountain associated with diversion of Colorado Springs' return flows to the Eastern Return Flow
Pipeline.

Fountain Creek from Williams Creek to the Arkansas River — Moderate sedimentation would
occur for the No Action, Participants’ Proposed Action, Fountain Creek, Downstream Intake, and
Highway 115 alternatives because of a decrease in peak flow associated with construction of the
Williams Creek Reservoir. Moderate sedimentation would aso occur for the Fountain Creek
Alternative due to a decrease in streamflow for Fountain Creek downstream of Fountain
associated with diversion of Colorado Springs' return flows to the Eastern Return Flow Pipeline.

Williams Creek — Moderate to major erosion for the No Action, Participants’ Proposed Action,
Downstream Intake, and Highway 115 aternatives would occur because of an increase in
baseflow associated with increased exchanges to Williams Creek. This erosion would result from
the changes in Williams Creek streamflow that would result in Williams Creek changing from an
ephemeral stream to a perennia stream. Additionally sedimentation could occur on Williams
Creek associated with construction of the proposed Williams Creek Reservoir and Upper
Williams Creek Reservoir.

Arkansas River from Fountain Creek to Avondale — Moderate sedimentation would occur for
the No Action, Participants Proposed Action, Fountain Creek, Downstream Intake, and Highway
115 alternatives as aresult of incidental peak flow storage in Williams Creek Reservoir.

In addition to these effects directly associated with SDS Project construction and operation, for the
No Action and all Action Alternatives, major erosion would occur on Jimmy Camp Creek because of
an increase in baseflow associated with future development within the watershed, and minor to
moderate erosion would occur along Fountain Creek from Colorado Springs to Williams Creek as a
result of higher baseflows associated with increased wastewater return flows from Colorado Springs.
However, erosion associated with increased baseflows from future development would be cumulative
effects and are not addressed in this mitigation plan.

Negligible to minor geomorphic effects are described in the Water Resources Effects Analysis report
(MWH 2008) but were not considered substantial enough to merit mitigation measures and as a result
are not discussed further in this mitigation plan.




2.2 Mitigation Goals and Objectives

The geomorphology mitigation goal for the SDS Project is to avoid or minimize all geomorphic
effects and to provide compensatory mitigation for moderate to magjor geomorphic effects. The goal
of this conceptual mitigation plan is to identify potential mitigation measures to reduce adverse
geomorphic effects. Exchange flow releases associated with the No Action Alternative, Participants
Proposed Action Alternative, Downstream Intake Alternative, and Highway 115 Alternative would
cause increased erosion in Williams Creek and subsequent sedimentation in lower Fountain Creek
and the Arkansas River, a significant area of concern and focus for this mitigation plan. Deposition
of sediments delivered from upstream reaches is currently a concern in these reaches, and any actions
that exacerbate this issue are a focus of SDS Project geomorphic mitigation efforts. Erosion and
sedimentation in Jimmy Camp Creek is also addressed as part of this mitigation plan.




3.0 Mitigation Strategies

Geomorphic mitigation for this project involves two steps: avoidance and minimization of adverse
effects;, and compensatory mitigation for effects that cannot be avoided. Mitigation strategies will be
implemented on an event-driven basis with monitoring following SDS events such as the introduction
of exchange flow releases to Williams Creek. Mitigation strategies described in this mitigation plan
may be reassessed prior to implementation if they are associated with events that would occur later in
the study period when geomorphic conditions may be different than current conditions assumed for
the devel opment of this mitigation plan.

Avoidance and minimization includes potential modifications to the proposed SDS Project operations
as well as implementation of proposed geomorphic stabilization projects along Williams Creek
currently included in the proposed design for alternatives that would involve exchange flows to
Williams Creek. The measures would be completed prior to the release of exchange flows from
Williams Creek Reservoir, and are designed to minimize and avoid geomorphic effects.

Compensatory geomorphic mitigation would be completed for geomorphic effects that are not easily
predicted or avoided, such as deposition of sediment in Fountain Creek downstream of Williams
Creek. Geomorphic effects associated with the alternatives were estimated using a reach-averaged
approach (MWH 2008). As a result, the general areas where SDS Project effects would occur were
identified by stream reach (e.g., Fountain Creek between Williams Creek and the Arkansas River),
but specific locations where effects would occur were not identified. Geomorphic effects associated
with the SDS Project would most likely occur at locations where current geomorphic instability
exigts, such as locations of existing erosion or sedimentation identified by the U.S. Army Corps of
Engineers (Corps) in its Fountain Creek Watershed Study (2006). There is some uncertainty in
determining the degree of geomorphic effects associated with the alternatives versus the portion of
effects associated with other causes. The uncertainty of the causes of geomorphic instabilities is a
result of the complexity of geomorphic processes and the multitude of existing and future
contributions to ingtabilities on Fountain Creek. Three sites that currently have substantial bank
erosion influencing sedimentation in the lower reaches of Fountain Creek and that are located within
reaches where SDS Project geomorphic effects would occur, have been preliminarily identified as
potential sites for compensatory channel stabilization projects to help improve the overall condition of
the watershed. The three sites were preliminarily identified as potentia sites based on the analysis
completed for the Fountain Creek Watershed Study (Corps 2006), which is the best and most current
analysis available for Fountain Creek geomorphic stability. These sites were chosen as being
representative of the level of mitigation that may be appropriate to address effects directly associated
with the SDS Project.

Compensatory mitigation also includes the establishment of an adaptive management program to
monitor geomorphic effects as a result of SDS Project activities as well as observe long-term
geomorphic effects asaresult of the SDS Project. Although distinguishing effects associated with the
SDS Project from those associated with other Fountain Creek Watershed issues may not be possible,
the adaptive management plan and monitoring program will be instigated prior to implementation of
compensatory mitigation to observe geomorphic trends following completion of SDS components.
This monitoring program would help establish a geomorphic baseline and may provide an indication
of effects attributable to the SDS Project. The observations made from the monitoring program could
be used to determine the level of compensatory mitigation that would be appropriate for effects
related to the SDS Project.




3.1 Avoidance, Minimization, and Protection

3.1.1 Modificationsto SDS Project Design or Operation

To the greatest degree possible, without reducing the alternatives effectiveness to meet the project
Purpose and Need, geomorphic effects within the study area should be avoided. As described in
Section 2.1, erosion of Williams Creek associated with exchange rel eases from the proposed Williams
Creek Reservoir is expected for the No Action, Participants Proposed Action, Downstream Intake,
and Highway 115 alternatives. One option for avoidance and/or minimization of effects for Williams
Creek erosion is the modification to Williams Creek Reservoir operations to minimize effects of the
proposed exchange flow releases.

Reduction in the exchange flow release rate from Williams Creek Reservoir would result in decreased
erosion and sedimentation effects downstream. The maximum exchange release rate of 300 cubic
feet per second (cfs), which is part of all aternatives that include Williams Creek Reservoir, would be
less than the decreed flow rate of 1,000 cfs. The Participants proposed this operational limitation
with the intention of reducing potential geomorphic effects on Williams Creek. Decreasing the
maximum release rate from 300 cfs, however, would have effects on project benefits, including
reduction in water deliveries, would have an adverse effect on Colorado Springs ability to make
exchanges to the upper Arkansas River Basin for diversion to the SDS intake. Information from the
Colorado Springs Monthly Mode shows that any reductions in peak exchange flow release rates
would result in a reduction in simulated mean annual project deliveries and/or firm yields (MWH
2005), which is a primary component of the Project’ s Purpose and Need. The potential reduction in
mean monthly project deliveries associated with the reduction in maximum exchange release rates
from Williams Creek Reservoir is described in detail in Section 6 of the Raw Water Yield Study
(MWH 2005).

Another operational modification to be considered as part of the SDS Project mitigation plan is
evaluation and adjustment to the timing of exchange releases. Sedimentation would likely occur in
Fountain Creek downstream of Williams Creek if reservoir releases are not simultaneous with high
flowsin Fountain Creek. Adjusting the timing of the reservoir releases to coincide with high flowsin
Fountain Creek to alow for flushing of the sediment downstream of the City of Pueblo is another
potential option to prevent increased sedimentation in Fountain Creek. However, timing exchange
releases from Williams Creek Reservoir to coincide with Fountain Creek peak flows could reduce the
project yield. Only those modifications that would not reduce potential project yield would be
considered as viable aternatives to minimize or avoid geomorphic effects.

The two modifications to Williams Creek Reservoir operations discussed above were considered as
avoidance/minimization mitigation options. However, the only modifications that will be carried
forward for implementation to minimize or avoid geomorphic effects would be those that would not
reduce potential project yield.

Other modifications to SDS Project operations will be considered as mitigation options throughout
project development, as a preferred aternative is identified and project operations and benefits are
more clearly defined. Any proposed modifications that could potentially reduce the geomorphic
effects of an alternative without reducing potential project yield will be considered as part of this
geomorphol ogy mitigation plan.

3.1.2 Sedimentation Reduction during Project Construction

During construction of all project facilities, the potential for increased sedimentation in lower
Fountain Creek would be minimized using Best Management Practices. Sediment control best




management practices would be in compliance with state law, and as aresult will occur as an element
of al SDS aternatives (i.e., independent of geomorphic mitigation measures). Although sediment
control techniques would be an integral part of all alternatives and independent of geomorphic
mitigation, the sediment control techniques are described in this section to provide details of the
techniques. The construction contractor would, in accordance with state law, be required to develop
and implement a Storm Water Management Plan (SWMP) to control erosion, sedimentation, and
other activities that could affect water quality during construction. In compliance with the SWMP,
the contractor would install and maintain appropriate erosion control measures (e.g., silt fences, hay
bale check dams, temporary settling basins) at al applicable project construction sites to minimize
potential erosive effects. Erosion control measures would be particularly important at the
construction sites for on-stream dams such as Williams Creek Reservoir and Jmmy Camp Creek
Reservoir. An adaptive management program would be implemented during reservoir construction to
observe the location, type, and magnitude of potential effects associated with sedimentation.
Appropriate mitigation measures would be designed and implemented if substantial sedimentation is
observed during reservoir construction. All disturbed areas not covered by project facilities would be
replanted after construction to provide similar erosion protection and stability characteristics. Final
stahilization would be reached when all soil disturbing activities at the site have been completed, and
uniform vegetative cover has been established with a density of at least 70 percent of pre-disturbance
levels or equivalent permanent, physical erosion reduction methods have been employed.

3.1.3 Williams Creek Channel Stabilization M ethods

Deposition in the lower reaches of Fountain Creek near the City of Pueblo is a primary example of
the ongoing geomorphic instability of Fountain Creek (see cover photo and Photo 4) and exacerbation
of this problem should be avoided. Without the implementation of proper and sufficient channel
stabilization measures on Williams Creek downstream of the proposed reservoir, geomorphic effects
(including erosion, sedimentation, and decreased bank stability) is expected. These effects would
occur as a result of proposed exchange flow releases but aso as a result of existing Fountain Creek
peak flows. To minimize the effects associated with the proposed exchange releases, multiple
Williams Creek channel stabilization measures are being proposed by the Project Participants as part
of the Williams Creek channel design and this mitigation plan. These stabilization measures would
be completed prior to making exchange releases to Williams Creek for any alternative with proposed
exchange releases.

All aternatives that include exchange releases (No Action, Participants Proposed Action,
Downstream Intake, and Highway 115 aternatives) incorporate a set of bank stabilization measures
designed to prevent the adverse geomorphic effects anticipated as a result of exchange flow releases.
Channel stabilization efforts proposed along other reaches within the study area are considered
compensatory and are included in Section 2.2.

The geomorphic stabilization measures for Williams Creek being proposed by the Project Participants
include the following (CH2M HILL 2005):

Improve conveyance efficiency in Williams Creek and decrease the erosion potential by
constructing a channel through the 2,000 feet of unchannelized area downstream of the proposed
Williams Creek Reservoir. If the area were to remain unchannelized, a sustained flow of 300 cfs
could result in disturbance of the streambed, channel formation, and large losses due to
infiltration and evaporation.

Remove small dams as part of the channel stabilization effort to improve the conveyance capacity
and efficiency of Williams Creek and reduce the erosion potentiad. Hydraulic modeling of
exiging conditions shows that the exchange releases from Williams Creek Reservoir would
produce areas of shallow flooding at multiple shallow dams along Williams Creek. Overtopping




of these dams results in areas of high velocity that may cause head cutting and severe erosion of
the dams and areas adjacent to them. Ponding behind the dams could also contribute to supply
losses.

Flatten steep side slopes, place buried riprap bank stabilization in localized areas with high
velocities, and place erosion control blankets and vegetative protections in localized areas where
potentially erosive velocities (greater than 3.5 feet per second) occur. These measures would
prevent lateral channel migration through bank erosion and avoid potential areas of slope
instability.

Replace culvert that has partially collapsed at the power transmission line access road crossing, to
ensure conveyance of the 300 cfs exchange flow without overtopping of the access road.

The proposed Williams Creek bank stabilization measures described above would substantially
reduce erosion of the creek associated with exchange flow releases for the No Action, Participants
Proposed Action, Downstream Intake, and Highway 115 aternatives. The proposed stabilization
structures would be designed to attenuate the increased energy associated with the exchange flow
releases. Potential indirect effects of the Williams Creek stabilization measures could occur for
Fountain Creek downstream of Williams Creek as a result of increased tributary streamflow from
Williams Creek, including reduced sedimentation or erosion. The result of increased streamflow to
Fountain Creek from Williams Creek would likely be a minor reduction in sedimentation for Fountain
Creek downstream of Williams Creek. Figure 2 shows the genera location of the hydraulic features
and areas for stabilization along Williams Creek. Figure 2 was created by CH2M HILL (2005) and
references the hydraulic model used to determine locations of bank stabilization (e.g., “model
centerling” and “model cross section” in the legend). Details of the hydraulic model and the proposed
stabilization measures are available in the technical memorandum prepared by CH2M HILL (2005).
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Figure 2. Williams Creek Hydraulic Features (CH2M HILL 2005).
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3.2 Compensatory Mitigation

Compensatory mitigation is designed to address geomorphic changes that will continually occur with
changes to the flow regime. Mitigation measures designed for avoidance and minimization of
geomorphic effects may not completely prevent some geomorphic effects. For example, even with
the proposed geomorphic stabilization for Williams Creek described above, there would be
geomorphic effects as the creek adjusts to the increase in hydrologic energy (e.g., erosion of the
channel bed beginning at the mouth of Williams Creek may occur as the creek adjusts to the energy
associated with the exchange flow releases). Although the proposed stabilization measures would
likely minimize effects in Williams Creek, there is some uncertainty in how the channd will respond
to substantial changes in the hydrologic regime. As aresult of that uncertainty, Williams Creek will
be included in the compensatory mitigation monitoring program, discussed in detail below, to be
certain the Williams Creek stabilization measures are effective, or whether additional measures will
be necessary.

Additionally, other areas of potential geomorphic effects such as erosion in the upstream reaches of
Fountain Creek could contribute to the sedimentation issue in lower Fountain Creek. These potential
contributing factors were not addressed in the avoidance/minimization proposed actions due to the
inability to identify the exact locations of potential effects; therefore, this compensatory mitigation
plan includes channel stabilization efforts at three locations within the study area to reduce the
sedimentation effects of SDS Project activities while improving the overall health of the watershed.
The proposed reaches were selected based on the geomorphic analysis completed for the Fountain
Creek Watershed Study and their degradation potential (Corps 2006).

A monitoring program to address additional areas of potential geomorphic effects as well as evaluate
the success of the mitigation measures and a long-term evaluation program also has been included in
the compensatory mitigation plan. As described in Section 3.0, results from the monitoring program
would be used to help in the design of compensatory mitigation. The monitoring program would
identify geomorphic trends that would result from several causes, including the SDS Project.
However, results of the monitoring program may aid in determining the approximate level of
compensatory mitigation for effects associated with the SDS Project. The timing of the
implementation of geomorphic mitigation strategies will be dependent on the timing for construction
of the proposed SDS components that may lead to geomorphic effects. For example, the primary
geomorphic effects are expected to occur as a result of Williams Creek Reservoir as described in
Section 2.1 of this mitigation plan. Geomorphic stabilization measures intended to address these
effects would be completed when the proposed Williams Creek Reservoir is scheduled for operation
(e.q., approximately 2025).

3.2.1 Channel Stabilization M easures

Ideally, a monitoring program would be established prior to determining mitigation sites in the study
area so that those effects directly associated with the SDS Project could be mitigated. However, after
implementation of the SDS Project, it will be difficult to distinguish between effects directly
associated with the project and effects from other sources. For that reason, geomorphic stabilization
projects in a few currently problematic areas have been selected. This will not guarantee that all
moderate to major direct SDS Project effects will be mitigated, but instead compensates for those
effects by contributing to the overall health and improvement of the watershed. Figure 3 displays
various reaches within the Fountain Creek Watershed Study analysis area found to have moderate to
severe erosion or sedimentation tendencies. For the purposes of this mitigation plan, channel
stabilization measures have only been proposed on existing geomorphically unstable stream
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segments, as identified by the Fountain Creek Watershed Study, that are located within the SDS
Project area (enclosed in black box in Figure 3). Also, only sites with erosion tendencies have been
selected because improvement to erosional sites would indirectly address downstream sedimentation
problems (Corps 2006). The existing geomorphically unstable stream segments selected for
compensatory mitigation are:

1. Fountain Creek from Upstream of Fountain Boulevard to Upstream of Colorado 85/87 at Sand
Creek Confluence (~2.9 miles)

2. Fountain Creek between CR 102 (upstream) and Y oung Hollow Road (downstream) at Y oung
Hollow Confluence (~6.1 miles)

3. Jimmy Camp Creek from Upstream of Fontaine Boulevard to Downstream of Peaceful Valley
Road (~2.2 miles)

Compensatory mitigation would include channel stabilization at one or more locations within these
reaches depending on the aternative selected and the level of compensatory mitigation required. The
combination of moderate to severe erosion potential (Photos 1, 3, and 5), anticipated bank erosion as
aresult of SDS Project operations, and downstream sedimentation (Photos 2, 4, and, 6) at al three
locations warrants bank stabilization efforts to mitigate project effects while improving the overall
stahility of the watershed. The level of compensatory mitigation completed at these three sites will be
commensurate to the effects associated with the SDS Project. It is possible that one or more of the
three sites may not need compensatory mitigation, depending on the selected alternative and results of
the monitoring program.

13



Note: Bank stabilization mitigation sitesfor SDSenclosed in a black boxes

Figure 3. Aggradation/Degradation Tendency within Fountain Creek Water shed (Cor ps 2006).
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Photo 1. Fountain Creek above South Circle Drive
Downstream view showing erosion of Pierre Shale on left bank

Photo 2. Fountain Creek at Sand Creek confluence
Upstream view of Fountain Creek with Sand Creek sediment deposition
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Photo 3. Fountain Creek above Y oung Hollow confluence
Upstream view of eroding left bank threatening a well on Friese property

Photo 4. Fountain Creek at the Arkansas River confluence
Upstream view from Hwy 227 bridge showing sediment deposition at the confluence
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Photo 5. Jimmy Camp Creek at Link Road
Downstream view of a degraded channel with baseflow

Photo 6. Jimmy Camp Creek at confluence with Fountain Creek
Downstream view of channel with several inches of silt deposition;
densely vegetated right bank and riprap on left bank
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Bank stabilization at these sites would be similar to the actions proposed for the Williams Creek
stabilization project (third bullet in Section 3.1.3). This includes flattening of steep side sopes,
installation of grade control structures, and use of buried riprap, erosion blankets, and vegetative
cover for bank stabilization in areas of high and/or erosive velocities. Specific details on the bank
protection options and suggested implementation are found in the SDS Williams Creek Reservoir
Exchange Conveyance Alternative Technical Memorandum (CH2M HILL 2005).

3.2.2 Support for Fountain Creek Water shed Study

The first step in establishing a monitoring and maintenance program to mitigate geomorphic effects
asaresult of the SDS Project isto gain afull understanding of the river system and determine the best
location for monitoring sites. The complex Fountain Creek watershed has been the subject of
numerous studies and regional planning efforts over the past two decades. Three of the most relevant
ongoing studies are:

The Fountain Creek Watershed Study is a watershed study being conducted by the U.S. Army
Corps of Engineers. The goals of the plan are to document characteristics and genera conditions
of the Fountain Creek watershed and to identify locations where restoration areas are necessary
and feasible. The City of Colorado Springs is the lead sponsor for this study, and the City of
Fountain is on the Pikes Peak Area Council of Governments Board of Directors, which is helping
to coordinate stakeholders for the study.

Fountain Creek Vision Task Force has a mission to create a comprehensive strategic plan for the
Fountain Creek Watershed to incorporate and address all the studies that have been completed
regarding the watershed, and to create a shared vision for specific action that can be taken to
improve the hedth of the watershed. The cities of Colorado Springs and Fountain are
participating members of the Consensus Committee for the task force.

Fountain Creek Technical Advisory Committee is a group of local stakeholders with the mission
of providing technical input for the Fountain Creek Watershed Study being conducted by the U.S.
Army Corps of Engineers. The cities of Colorado Springs and Fountain are participating members
of the advisory committee.

The Fountain Creek Watershed Study (Corps 2006) included extensive assessment and evaluation of
the study area and is likely the best resource for establishing a comprehensive set of monitoring
locations. One potential mitigation measure for the SDS Project is contribution and/or participation
in the completion of the Fountain Creek Watershed Study. Assisting in the completion of the
Fountain Creek Watershed Study would benefit the SDS Project mitigation efforts in the selection of
the most suitable monitoring and maintenance sites on a watershed basis.

3.2.3 Monitoring and Maintenance Program

Following implementation of the SDS Project, a maintenance program will be established to evaluate
and mitigate any additional geomorphic effects as the watershed continues to adjust to the change in
flow regime associated with the project. The monitoring program will be implemented at sites
anticipated to be impacted directly or indirectly by SDS operations or facilities, including sites on
Fountain Creek, Williams Creek, and the Arkansas River. The maintenance program would gather
additional data to add to the existing geomorphic databases in the watershed and evaluate the
effectiveness of the channel stabilization measures proposed as part of this mitigation plan. Because
it will be difficult to distinguish between SDS Project and non-project effects after the
commencement of project operation, the approach of the monitoring program would be to measure
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changes in the overal health of the watershed, working closely with the Fountain Creek Watershed
Study team to encourage overall improvement of geomorphic conditions in the study area.

The monitoring and maintenance program will include the following steps:

1. Using input from the Fountain Creek Watershed Study, select monitoring sites within the
watershed. Prior to implementation of each significant phase of the SDS Project’, document the
geomorphic condition of these sites, including a written description of the stream bank condition
and photo records, to establish a“baseling” condition. Historical geomorphic trends for Fountain
Creek will aso be used to determine the baseline conditions including the natural geomorphic
temporal trends prior to implementation of the SDS Project, which reflect the dynamic nature of
Fountain Creek geomorphic conditions. The following should be considered when developing
the monitoring program:

a.  With no initia mitigation measures proposed for the upper reaches of Fountain Creek,
monitoring on these reaches should be conducted to evaluate changes in erosion patterns
along these reaches.

b. To evaluate the effectiveness of the channel stabilization projects proposed as part of the
avoidance/minimization or compensatory mitigation efforts and ensure they are having
the desired effect, several monitoring locations should be placed along each mitigated
reach.

c. Through coordination with the Fountain Creek Watershed Study team, locations within
the study area that are of significant geomorphic concern and have the potential for
adverse effects asaresult of SDS Project implementation should be monitored.

2. Evauate the status of bank stabilization and vegetative health at the selected sites annually and
document in a summary progress report. Changes to erosion patterns, decrease in slope stability,
reductions in vegetative cover, and other indicators of reduced channel stability compared to
exigting conditions should be included in the progress report. This evaluation should help
determine the effectiveness of existing mitigation sites and the need/location of additional sites.

3. At each monitoring site, measure changes in the following characteristics :
a. Flow-depth rating curve
b. Channel bank slopes
c. Vegetation patterns

4. Continue the monitoring program for a minimum of 5 years after implementation of the project
phase being monitored. Implement an event-driven monitoring program with monitoring
following SDS Project related events such as exchange flow releases to Williams Creek, and aso
following naturd events such as flooding. Upon completion of the 5-year period, prepare a

! The SDS project will be built in various phases; therefore, a 5-year monitoring program should be
executed after implementation of each phase or significant change to project operations to ensure that
al potential geomorphic effects are evaluated. Not al monitoring sites need to be included in each
program. Only sites anticipated to be impacted by the operations/facilities included in the phase
being implemented will be considered for monitoring.
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summary monitoring report documenting the history of the program including alist of when each
site was added to the program, detailing any mitigation measures that were instituted during the
program, reporting the status of each site as compared to the pre-determined mitigation success
criteria, and proposing any continuing monitoring activities. The monitoring program will be
evaluated in the summary monitoring report, with an analysis of whether the monitoring locations
and effects thresholds are appropriate to gauge geomorphic effects. The monitoring locations and
effects thresholds will be modified if necessary if continued monitoring activities are deemed to
be necessary.

3.2.4 Adaptive Management

Long-term geomorphic effects were estimated using a conceptual model of the interactions of the
primary characteristics that affect geomorphic stability. Evaluation of data collected during the initial
monitoring phase described in Section 3.2.3 would be used to develop an appropriate long-term,
adaptive management program. This adaptive management approach of adjusting mitigation
measures to observations of effects would occur simultaneously with the monitoring and maintenance
program described in Section 3.2.3.

The adaptive management program would consider the results of this long-term monitoring and
determine if adverse effects are occurring as a result of implementing the SDS Project. The program
would then respond by mitigating the adverse effects. The adaptive management program would be
developed by Project Participants in cooperation other regional stakeholders and implemented as a
condition of long-term contracts with Reclamation or another binding agreement.
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4.0 Conclusionsand Recommendations

To mitigate the adverse geomorphic effects of increased peak flows and Williams Creek Reservoir
exchange flow releases, multiple actions are proposed in this conceptual geomorphology mitigation
plan.

The primary objective is to avoid and/or minimize the effects of the SDS Project. The primary
avoidance/minimization measure being proposed in this mitigation plan is the implementation of
various channel stabilization projects to improve conveyance efficiency, reduce erosion and
sedimentation, and improve bank stability along Williams Creek as aresult of exchange flow releases
(No Action, Participants Proposed Action, Downstream Intake, and Highway 115 alternatives).

Because of the anticipated difficulty of separating direct effects of the SDS Project from non-project
effects, and uncertainty in identifying exact locations where effects would occur, a watershed
approach has been taken to address geomorphic issues throughout the rest of the analysis area,
implementing channel stabilization efforts at three locations documented by the Fountain Creek
Watershed Study to be areas of geomorphic concern. Stabilization within the three reaches will be
based on results of the adaptive management and monitoring program. Accurate determination of
effects directly associated with the SDS Project may not be possible because of the complex
interaction of many geomorphic influences on Fountain Creek. However, the results of the
monitoring program will be used to guide the design of compensatory mitigation strategies, and to
approximate the appropriate level of mitigation for geomorphic effects associated with the SDS
Project.

The geomorphic mitigation plan for the SDS Project aso includes an adaptive management program
to monitor the river system and upgrade the bank stabilization along the proposed stabilization sites
and/or introduce bank stabilization measures along other reaches as needed as aresult of SDS Project
operations. A long-term monitoring program will also be established to evaluate long-term effects on
fluvia geomorphology associated with the alternatives. Monitoring and adaptive management will be
apart of the mitigation strategies regardless of the alternative selected.
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