Lower Squaw Creek Conceptual Restoration Plan
Final Report

Prepared by Philip Williams & Associates, Ltd.
Prepared for Placer County Planning Department

January, 2007

o PWA

PHILIP WILLIAMS & ASSOCIATES, LTD
PWA Ref. # 1797

ENVIRONMENTAL HYDROLOGY




o PWA

ENVIRONMENTAL HYDROLOGY
928 Second Street, Suite 300
Sacramento, California 94814-2229
TEL 916.444.9407 rax 916.444,9417
www.pwa-Itd.com

CONCEPTUAL RESTORATION ALTERNATIVES FOR
LOWER SQUAW CREEK, OLYMPIC VALLEY, CALIFORNIA
Final Report

Prepared for

Placer County Planning Department

Prepared by
Philip Williams & Associates, Ltd.

January 2007

PWA Ref. # 1797



Services provided pursuant to this Agreement are intended solely for the
use and benefit of the Placer County Planning Department.

No other person or entity shall be entitled to rely on the services,
opinions, recommendations, plans or specifications provided pursuant to
this agreement without the express written consent of Philip Williams &
Associates, Ltd., 720 California Street, 6™ Floor, San Francisco, CA
94108.

P:\Projects\1797_Lower_Squaw_Creek\Report\Lower_Squaw Ck_final_v2.1-Out.doc

02/15/07



TABLE OF CONTENTS

1. EXECUTIVE SUMMARY
2. INTRODUCTION
3. RESTORATION GOALS AND OBJECTIVES
3.1 IMPROVE LOCAL FISH HABITAT
3.2 IMPROVE WATER QUALITY
3.3 IMPROVE CHANNEL BED STABILITY
34 STABILIZE CHANNEL BANKS AND MANAGE CHANNEL
MIGRATION RISKS
35 IMPROVE FLOODPLAIN CONNECTIVITY
3.6 MAINTAIN FLOOD CHANNELS AND MANAGE FLOOD HAZARDS
3.7 RESTORE AND IMPROVE WETLANDS & PONDS
3.8 RESTORE AND IMPROVE RIPARIAN STRUCTURE & COMPOSITION
4. EXISTING HYDROLOGY AND HYDRAULICS
4.1 PRELIMINARY HYDROLOGIC ANALYSIS
41.1 Estimating Hydrologic Flows
4.1.2 Climate Conditions
4.2 PRELIMINARY HYDRAULIC ANALYSIS

4.2.1 Water Surface Elevations
4.2.2 Channel Velocity and Shear Stress

5. GEOMORPHIC INTERPRETATION

5.1
5.2
5.3
5.4

HISTORIC CHANNEL & FLOODPLAIN GEOMORPHOLOGY
EXISTING CHANNEL & FLOODPLAIN GEOMORPHOLOGY
GEOMORPHIC DIAGNOSIS

PRELIMINARY HABITAT ANALYSIS

6. OPPORTUNITIES & CONSTRAINTS

6.1
6.2

OPPORTUNITIES

CONSTRAINTS

6.2.1 Landowner Constraints

6.2.2 Hydro-Geomorphic Constraints
6.2.3 Other Constraints

7. CONCEPTUAL RESTORATION ALTERNATIVES

7.1

CONCEPTUAL ALTERNATIVE 1 -NO ACTION
7.1.1 Benefits of the No Action Alternative
7.1.2 Considerations of the No Action Alternative

Page No.

AR AN N B

© 0 N o O O O1 O1

e
N R O

N
~N O~ W W

O o e el
O © © © W ™

NN NN
N B

P:\Projects\1797_Lower_Squaw_Creek\Report\Lower_Squaw Ck_final_v2.1-Out.doc

02/15/07



7.2

7.3

7.4

7.5

7.1.3 Additional Analysis Tasks

CONCEPTUAL ALTERNATIVE 2 - HISTORIC CHANNEL

7.2.1 Benefits of the Historic Channel Alternative

7.2.2 Considerations of the Historic Channel Alternative

7.2.3 Additional Analysis Tasks

CONCEPTUAL ALTERNATIVE 3 - MODIFIED HISTORIC CHANNEL
7.3.1 Benefits of the Modified Historic Channel Alternative

7.3.2 Considerations for the Modified Historic Channel Alternative
7.3.3 Additional Analysis Tasks

CONCEPTUAL ALTERNATIVE 4 - FLOODPLAIN CHANNEL

7.4.1 Benefits of the Floodplain Channel Alternative

7.4.2 Considerations of the Floodplain Channel Alternative

7.4.3 Additional Technical Analyses

CONCEPTUAL ALTERNATIVE 5 - EXISTING CHANNEL ENHANCEMENT
75.1 Benefits of the Existing Channel Enhancement Alternative

7.5.2 Considerations for the Existing Channel Enhancement Alternative
7.5.3 Additional Technical Analysis

8. RECOMMENDED NEXT STEPS
9.  ACKNOWLEDGEMENTS

10.  REFERENCES

11.  LIST OF PREPARERS

12.  FIGURES

APPENDICES

Appendix A.  Detailed Reach Description
Appendix B.  Restoration Action Alternatives - Opportunities to Meet Functional Objectives

LIST OF TABLES

Table 1.
Table 2.
Table 3.
Table 4.

Peak Discharges in Squaw Creek Estimated from Rainfall-runoff Model

Reach Stationing, Length, Average and Maximum Slope for the Lower Squaw Site
Reach Averaged Velocity and Shear Stress at the Lower Squaw Site

Generalized Project Requirements for Stream Enhancement Projects

LIST OF FIGURES

Figure 1. Geomorphic Model of Incising River
Figure 2. 1960 Olympic Parking Lot

22
22
23
23
23
24
24
25
25
25
26
26
26
27
27
27
27

28
33
34
35
36

10
12
29

P:\Projects\1797_Lower_Squaw_Creek\Report\Lower_Squaw Ck_final_v2.1-Out.doc

02/15/07



Figure 3.
Figure 4.
Figure 5.
Figure 6.
Figure 7.
Figure 8.
Figure 9.
Figure 10

Figure 11.
Figure 12.
Figure 13.
Figure 14.
Figure 15.
Figure 16.
Figure 17.
Figure 18.
Figure 19.
Figure 20.
Figure 21.
Figure 22.
Figure 23.
Figure 24.
Figure 25.
Figure 26.

Figure 27
Figure 28
Figure 29

Annual Precipitation — Lake Tahoe

Average Seasonal Temperature — Lake Tahoe

Channel Reach and Schematic Cross Section Locations
Inundation Map: 2 Year Peak Inundation

Inundation Map: 10 Year Peak Inundation

Inundation Map: 50 Year Peak Inundation

Inundation Map: 100 Year Peak Inundation

. Historic Channel Patterns in Lower Squaw Creek
Downstream Channel Sinuosity

Upstream Channel Sinuosity

Historic and Existing Channel Bed Profile Comparison
Channel Bed, Bank, and 2 Year Water Surface Elevations
Cross Section 1

Cross Section 2

Cross Section 3

Cross Section 4

Cross Section 5

Cross Section 6

Cross Section 7

Cross Section 8

Conceptual Restoration Alternative 2 - Historic Channel
Channel Restoration Features

Floodplain Restoration Features

Conceptual Restoration Alternative 3 - Modified Historic Channel
. Conceptual Restoration Alternative 4 - Floodplain Channel
. Conceptual Restoration Alternative 5 - Existing Channel Enhancement
. Typical Project Phases

P:\Projects\1797_Lower_Squaw_Creek\Report\Lower_Squaw Ck_final_v2.1-Out.doc

02/15/07



1. EXECUTIVE SUMMARY

Philip Williams and Associates, Ltd. (PWA) has developed four (4) conceptual alternatives for
restoring a functional and sustainable sub-alpine meadow channel and floodplain for Lower
Squaw Creek, in Squaw Valley, California. The creek has experienced extensive changes over
the last 150 years from a number of direct and indirect land-use impacts. The current channel
condition is generally unstable, and past efforts at channel and bank stabilization have been
shown to be ineffective.

PWA evaluated hydrologic, hydraulic and geomorphic conditions between 2005 and 2006. Our
analysis indicates that many of the instabilities in the channel environment stem from systemic
changes in the dominant hydro-geomorphic and ecological processes that control channel and
floodplain functions. The upper channel reach of the project site has become wider, with a
coarser substrate, and more prone to widening and channel migration. The lower portion of the
project area has become overly straightened and too deep to maintain stability. Given these
conditions, the long-term prognosis for the creek is for continued instability leading to a
permanent disconnection of the channel from the floodplain.

Five alternatives are recommended for consideration. A no-action alternative is offered as
Alternative 1. Alternative 2 would restore the historic channel alignment over most of the
available floodplain while stabilizing the channel along the existing infrastructure. Alternative 3
would restore about half of the available floodplain. Alternative 4 would retain the existing
channel alignment, but would install grade control structures and reconnect the lower floodplain.
Alternative 5 would retain the existing alignment while stabilizing problematic areas on a site-by-
site basis as funding and resources become available. A refined conceptual design and supporting
feasibility studies should follow this effort once a preferred alternative is selected.
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2. INTRODUCTION

This report describes a conceptual restoration plan developed by Philip Williams & Associates,
Ltd. (PWA) for the lower meadow reach of Squaw Creek. It is based on a review of available
existing studies (Section 10), multiple field reviews by PWA geomorphologist and hydrologists,
preliminary technical analyses, and several meetings with landowners and key stakeholders. This
plan briefly describes four (4) alternatives for consideration (Section 8).

Lower Squaw Creek is located approximately one half mile below the junction of the north and
south fork of Squaw Creek between the towns of Truckee and Tahoe City, California. The
project reach is approximately 9,000 feet long, and consists of a large, open meadow
(approximately 280 acres) resting in a glaciated valley.

A large array of disturbances have impacted Squaw Creek over the last 150 years. Extensive
cattle and sheep grazing in the late 19" Century altered natural vegetation patterns and compacted
sensitive meadow soils. Channelization of the creek prior to the 1940s straightened the lower
channel and isolated an extensive and highly functional meander belt. War training and airfield
construction exercises by the US military in the late 1950s removed large boulders (glacial
erratics) from the meadow and graded portions of the meadow and floodplain. Construction of
Olympic resort facilities prior to the 1960 Olympics altered the natural confluence of the North
and South Forks and created a concrete canal that has significantly altered the hydrologic and
sediment regime entering the Lower Squaw site. Residential home building and build-out of
associated utilities and roads, increasing imperviousness, has significantly changed runoff
patterns throughout the watershed. Climate changes and fire suppression practices have
influenced the characteristics of the surrounding forest, which have changed the snowmelt
accumulation and runoff patterns. Golf course development has reduced some of the natural
floodplain area in the upper meadow. Poorly designed channel stabilization treatments in
response to floods in 1997 are ineffective in many locations and often are the sources of
unintended erosion problems.

As a result of these cumulative changes to the watershed, the channel and floodplain condition at
the Lower Squaw Creek site have significantly changed. The current channel condition is
unstable, and changes to the channel will continue unless treatments are applied to address both
the channel, and the watershed condition that supports the channel. In some locations, the channel
has become straighter, narrower, and deeper. In others, it has widened and aggraded with coarse
sediment. In either case, the creek is no longer characteristic of an sub-alpine meadow channel,
resulting in significant impacts to existing fish and wildlife habitat, water supply, water quality
and recreational opportunities.
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Placer County (County) acquired funds to examine the feasibility of restoring natural functions
and processes to the Lower Squaw site. The PWA team has been working with the County,
associated landowners (SkiCorp, the Resort at Squaw Creek, and the Poulsen family), local
groups (Friends of Squaw Creek), and other stakeholders to develop a Conceptual Restoration
Plan for the Lower Squaw site, including conceptual restoration alternatives for the channel and
floodplain.

The contents of this report include an expanded statement of goals and objectives (Section 3), an
assessment of the existing hydrologic (Section 4.1), hydraulic (Section 4.2) and geomorphic
(Section 5) processes, an overview of the opportunities and constraints for restoration (Section 6),
and a brief description of four restoration alternatives (Section 7).
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3. RESTORATION GOALS AND OBJECTIVES

The broad goals of the project are to restore the natural function of the stream and floodplain,
recognizing that there are a array of beneficial uses for the stream including water supply,
recreation, fish and wildlife habitat, water quality, and flood controls. The ecology and functional
integrity of the channel environment is strongly influenced by key hydrologic, geomorphic and
ecologic processes. As human infrastructure continues to develop within the watershed, many of
these processes and functions will continue to be impacted.

Our approach for restoring the ecological integrity of Squaw Creek focuses on restoring key
processes and functions that act to sustain a functional natural channel. We describe this
approach in greater detail in Section 7. The goals we state here have been expanded from an
initial set of goals identified at the beginning of the project by key stakeholders. Our expanded
goals also recognize additional objectives identified through our discussions with key
stakeholders, as well as our diagnosis for the existing geomorphic inconsistencies identified at the
site.

3.1 IMPROVE LOCAL FISH HABITAT

Local trout resources reportedly have suffered in recent decades (J. Hitcox, R. Poulsen, C.
Gustafson, personal communications), primarily due to a decline in summer low flows, and loss
of habitat. Several large pools exist, and spawning gravel availability is adequate. However,
flows during the dry season become intermittent in the upstream portions of the meadow, creating
dry patches of creek. Lack of cover and rearing habitat is also a limiting factor. Our goal is to
improve dry season flows and increase the amount of cover and rearing habitat, which should
benefit fish resources.

3.2 IMPROVE WATER QUALITY

Extensive algal growth in the upper portions the meadow reach of Squaw Creek indicate a high
nutrient load. High runoff and suspended sediment loads potentially contribute to nutrient
loading. Higher water temperatures indicate a lack of shade in the channel; increased exposure to
sunlight promotes the growth of algal blooms. Our recommended goal is to improve water quality
and break the cycle between nutrient supply, sunlight, and algal growth.

3.3 IMPROVE CHANNEL BED STABILITY
Most of Lower Squaw Creek has either incised (downcut) or aggraded in recent decades. In the

lower reaches of the project area, channel incision can initiate a long-term, irreversible change in
the connectivity between the channel and surrounding floodplain. Figure 1 shows a widely
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accepted channel evolution model (Schumm, 1984) that describes the geomorphic process of
disturbed creek systems. Incision increases the stresses on the channel bed, causing the channel
to erode into the bed during high flows. Eventually, the incision will cause the banks to become
unstable, increasing bank failure rates. As banks continue to fail, the channel will widen until it
can no longer carry the excess sediment load generated by the bank incision. The channel will
then begin to stabilize, but will have become permanently disconnected from the floodplain. Our
recommended goal is to reverse, or stabilize, incision to encourage the channel to equilibrate in a
configuration that supports the floodplain environment.

In the upper portions of the project area, extensive coarse bedload aggradation and channel
widening have occurred. We associate this process with transport of coarse sediments from
upstream tributaries much farther into the meadow than would have occurred naturally. Such
processes increase the risk of catastrophic channel migration during large floods that could
damage existing infrastructure and aquatic resources.

By restoring the stability of the channel bed, we could reverse many of the negative changes that
the meadow environment has experienced. Bed stability could restore flood capacity, reduce
erosion, stabilize the bed, influence summer groundwater levels, and improve riparian and
meadow vegetation communities.

3.4 STABILIZE CHANNEL BANKS AND MANAGE CHANNEL MIGRATION RISKS

Localized bank failures and disrupted natural channel migration processes represent risks to the
existing infrastructure in the meadow. Channel bank instability is caused by a number of
processes in Lower Squaw Creek, including a high bedload supply from upstream sources,
improperly designed and maintained rip-rap, downstream channel incision, loss of natural
channel sinuosity patterns and processes, and an increase in the energy associated with floods due
to a disconnect between the channel and surrounding floodplain.  Our goal is to control and
improve these conditions so that bank failure and channel migration risks are reduced.

3.5 IMPROVE FLOODPLAIN CONNECTIVITY

Climate changes, residential development, and changes in forest structure have significantly
changed the runoff patterns and processes that naturally support an sub-alpine meadow channel.
Larger rain-on-snow events, increased wintertime meadow saturation, and shorter hillslope
retention of water have altered the channel shape and the connectivity with the floodplain
environment. Our goal is to re-establish the relationship between the channel capacity and
flooding onto the floodplain in a manner that supports channel stability and improved ecological
function of the floodplain and riparian community.
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3.6 MAINTAIN FLOOD CHANNELS AND MANAGE FLOOD HAZARDS

Small channels on the floodplain which are active only during floods or snowmelt period help to
distribute water to remote areas of the floodplain. The change in the relationship between the
channel bed and floodplain surfaces have disconnected many of these floodplain channels and
simplified the surrounding meadow vegetation community. Our goal is to restore these dynamic
channels to increase meadow diversity, create flood habitat for fish species, and increase
floodplain soil water storage capacity.

3.7 RESTORE AND IMPROVE WETLANDS & PONDS

Many of the natural depressions on the floodplain were eliminated by many of the past land-use
practices, such as the 1960 Olympic parking lot constructed on the floodplain as shown by
Figure 2. Natural depressions store water late into the dry season, supporting late-season flows in
Squaw Creek. Our goal is to restore some wetlands & ponds to reconnect this source of water.

3.8 RESTORE AND IMPROVE RIPARIAN STRUCTURE & COMPOSITION

The native plant communities adjacent to the channel depend on natural channel processes to
propagate and maintain a vital riparian structure. The native riparian plants also help to maintain
channel and bank stability, and provide habitat resources for native birds and other species.
These changes, as well as encroachment of exotic invasive species, have reduced the capacity for
native vegetation to effectively compete. Our goal is to restore the processes and functions that
support a vibrant native streamside community.
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4. EXISTING HYDROLOGY AND HYDRAULICS

PWA conducted a preliminary analysis of existing hydrologic and hydraulic conditions for the
Lower Squaw Creek site. Our analysis was informed by over a dozen site visits during various
times of the year, review of available data, and review of available existing studies and reports
relevant to the project site. The following sections describe the results of our analysis as it relates
to understanding the problems and potential solutions for Lower Squaw Creek.

4.1 PRELIMINARY HYDROLOGIC ANALYSIS

The science of ‘hydrology’ deals with those processes that affect the transformation of
precipitation to runoff. Typically we characterize the ‘hydrologic regime’ by quantifying the
frequency for various flow magnitudes (in cubic feet per second). We develop quantitative
estimates for factors like the flow rates during a storm (referred to as a hydrograph) and the
maximum flow rate for a given magnitude storm. For this study, we determined the maximum
flow rates in Squaw Creek using standard engineering techniques.

Runoff processes deliver water to the meadow environment through a number of different
processes. In a sub-alpine environment, runoff is routed along surface and subsurface flow
pathways in response to snowmelt, rainfall, or rain-on-snow processes. Under natural conditions,
a significant portion of this runoff is stored via infiltration in hillslope and meadow soils, which
provides a subsurface supply of water to the channel during the late summer. Under existing
conditions, this subsurface supply of water is intercepted by roads, ditches and culverts, and is
routed to the meadow much more quickly, generally on the order of hours instead of months.
Thus, one of the reasons for lower flows in the channel may be attributed to the existing road
network on the hillslopes surrounding the meadow.

In sub-alpine settings, the floodplain is saturated in the springtime regardless of the flood
condition. Snowpack on the meadow acts to trap surface runoff being delivered to the channel
via several culverts and other natural runoff pathways. This results in several periods in which
the meadow is covered by a slushy water/snow mixture.

Stagnant water on the floodplain infiltrates vertically into the soil, raising the floodplain aquifer.
During spring and summer snowmelt, the floodplain aquifer reaches near full capacity in most
years. Surface flows on the floodplain diminish as the remaining snowpack diminishes and
contribute decreasingly to flow in the creek. During the summer and early fall, flow in the creek
is controlled by the floodplain aquifer as the water stored in the soils of the immediately
surrounding floodplain and channel environment release.
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This study did not explore the interaction between the floodplain aquifer and the deeper aquifers
that act as the primary water supply source for much of Squaw Valley.

4,11 Estimating Hydrologic Flows

We characterize the ‘hydrologic regime’ by quantifying the frequency for various flow
magnitudes. We developed quantitative estimates for the maximum instream flow rate for a
given magnitude rainstorm. However, the quantitative estimates did not account well for
snowmelt processes and hence our analysis should be considered preliminary. However, the
rainstorm approach taken provides a good estimate of the magnitude of flow conditions likely to
influence the channel morphology.

A variety of flows were calculated, as different flow frequencies are important for characterizing
different channel and floodplain properties. Smaller and more frequent events are important for
determining channel morphology and floodplain habitat, while larger and less frequent events are
important for characterizing large-scale flooding, conveyance of significant bedload sediments,
and identifying stability requirements for large in-stream structures. Low flow periods and
summer baseflows also are important in determining water temperatures and available habitat,
both key components of habitat quality for resident fish species.

PWA developed a preliminary rainfall runoff model to estimate the flow regime in Squaw Creek.
We used the US Army Corps of Engineers model HEC-HMS. The rainfall-runoff simulation was
based on the SCS curve number method using a 6-hour storm duration in accordance with the
Placer County Hydrology Manual. Rainfall distributions are based on average elevation in each
sub-watershed which was derived from USGS 30 meter Digital Elevation Models (DEM). Curve
numbers were estimated based on the Tahoe National Forest Soil Survey. Physical watershed
characteristics such as length, gradient, and watershed area were calculated using the USGS 30
meter DEM. Results from our model were used in evaluating hydraulic conditions, and are
presented in Table 1. We stress that these estimates are preliminary, and include several untested
assumptions for which data was not immediately available. A more thorough analysis of
hydrology should be conducted during project feasibility and design phases.
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Table 1. Peak Discharges in Squaw Creek Estimated from Rainfall-runoff Model

Typical Number Area-Weighted
Flow of Events per Peak Discharge Discharge
Frequency Century* (cfs) (cfs/mi®)
Q2 50 705 122
Q10 10 1,580 272
Q50 about 2 2,480 428
Q100 about 1 2,880 497

Note: Flow frequencies are reported as Q- followed by their recurrence interval in years. For example, Q2 refers to the

2-year discharge.

4.1.2 Climate Conditions

Climate change has influenced Lower Squaw Creek, and some of the channel adjustments noted
may reflect these effects. Existing historical hydrologic records for the Tahoe City climate
monitoring station suggest that several important trends in climatic signals have occurred in the
20" Century. A general trend toward increasing annual precipitation and greater annual
variability can be observed as shown in Figure 3. More importantly, average winter daily
temperatures have increased over 5 degrees Fahrenheit in the latter half of the 20™ Century,
indicating a likely shift away from snowmelt-dominated regime to a more rain-on-snow
dominated regime (Figure 4). Such a shift in dominant runoff processes toward rain-on-snow
conditions is likely to result in a less sinuous channel, more frequent channel disturbances,
movement of larger bed clasts, and less efficient sediment transport conditions. Some of the
changes in Squaw Creek may be attributed to changing climatic conditions, which have not yet
stabilized.

The impact from changing climate conditions is critical to understanding the potential future
geomorphic processes and associated channel condition. A shift from snowmelt dominated
conditions to rain-on-snow dominated conditions could significantly alter the channel
environment, and could make historical reference conditions an inappropriate selection for
channel restoration. In other words, restoring the historic channel without accounting for these
changes may result in an unsustainable restoration design.

! These are typical frequencies based on historic conditions; however, climate patterns shift significantly
over a century, so values for peak discharge would be expected to change over time. Also, precipitation
and discharge data usually extend for only a few years, so many of the large flows (e.g. Q50 and Q100) are
extrapolations with rather large potential error.
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4.2 PRELIMINARY HYDRAULIC ANALYSIS

The science of “hydraulics’ deals with providing quantitative descriptions for the depth, slope and
velocity associated with various flows in the channel; how water moves in the channel. These
factors affect the capacity to move sediment through the channel. Hydraulic analysis provides
important quantitative information necessary to interpreting geomorphic conditions and likely
responses.

PWA constructed a preliminary, one-dimensional, steady-state hydraulic model using the U.S.
Army Corps of Engineers Hydraulic Engineering Center’s River Analysis System (HEC-RAS)
software. HEC-RAS predicts many parameters that are useful in evaluating floodplain inundation
frequency and channel stability, including water surface elevations, water velocities, and bed
shear stresses for different flow rates. The Squaw Creek HEC-RAS model was created using the
GeoRAS extension for ArcMap 9, as provided by ESRI. GeoRAS allows for efficient and
accurate model pre- and post-processing based on digital topographic data and high-resolution
aerial photos. To support the hydraulic model, PWA delineated geomorphic reach breaks based
on hydraulic and geomorphic characteristics (Table 2 and Figure 5).

Table 2. Reach Stationing, Length, Average and Maximum Slope for the Lower Squaw Site

Average Max
Beginning | End Reach Channel | Channel
Station | Station | Length Gradient | Gradient
Reach (ft) (ft) (ft) (%) (%)
1 149 1658 1509 0.33 0.97
2 1658 3547 1889 0.16 0.28
3 3547 4747 1200 0.43 1.15
4 4747 6579 1832 0.26 0.53
5 6579 8018 1439 0.47 0.93
6 8018 8978 960 0.84 1.22
Main Channel
Total 149 8978 8829 0.38 1.22

Note: Stations represent cross section locations within the hydraulic model and designate distances along the channel
centerline in feet. PWA used these station locations to mark the upstream and downstream extent of each reach in order

to calculate the length as well as reach-averaged characteristics.

PWA imported the hydraulic model results into GIS using the GeoRAS utility in ArcMap 9.0.
Cross sections with water surface elevations were used to develop a water surface elevation
model, or TIN. The topographic surface was subtracted from the water surface elevation model to
create inundation contours for the Lower Squaw site. PWA compared these contours to the output
results in HEC-RAS, and adjusted the contours to eliminate errors associated with the one-
dimensional model.
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For some locations, the water in the channel exceeded the bank top, or levee elevations, and then
subsequently dropped below the bank top elevations to remain in the channel. However, a
limitation of one-dimensional modeling is that it does not adequately describe floodplain routing
(i.e. where floodplain flows exit and enter the channel by surface flow). Therefore, while
adjusting the inundation contours, PWA assumed that, once flow on the floodplain was initiated,
it remained as surface flow on the floodplain. This assumption is generally acceptable in the
absence of secondary channels on the floodplain because flow is either stranded on the low-
gradient floodplain or the channel flows are sufficiently high that channel banks are continually
overtopped throughout the project reach. One limitation of this assumption at the Lower Squaw
site is the presence of specific locations where the water exits and re-enters the channel due to
alternating reaches of incised and well connected channels as well as historic secondary channels.
These locations will be important to identify in future phases of the restoration design through
two- and three-dimensional modeling.

In addition to analyzing floodplain inundation, PWA calculated reach average velocities and
shear stresses in Lower Squaw Creek using HEC-RAS. The preliminary hydraulic model helped
to identify and diagnose the existing hydraulic conditions in Lower Squaw Creek and the
surrounding floodplain. It only addresses flows that are delivered to the meadow from the creek
itself (i.e. it does not address hillslope runoff or small tributaries from adjacent hillslope). The
model is also built using preliminary hydrology data, and is uncalibrated. Additional
improvements to the model will be necessary during feasibility and/or design phases of the
project.

4,21 Water Surface Elevations

One of the key model outputs is a prediction of the maximum water surface elevation occurring
for various magnitude flood events. The range of modeled flows provides a range of estimates for
areas of the floodplain inundated by various flows, and thus acreages of potential sediment
trapping on the floodplain. The spatial extent and location of inundation for various hydrologic
events are shown in relation to the geomorphic reaches in Figures 6 to 9. Under normal,
equilibrium conditions in a stable creek system, the channel can usually convey the 1.5 to 2-year
flow events before overbank flows occur (these flows typically occur 50 to 70 times per century).
Larger flows typically exceed the channel capacity, and flow onto the floodplain. This
relationship is not a hard rule, but a general guideline that helps to evaluate the condition of the
channel relative to its floodplain.

The results from the hydraulic model are consistent with the topographic survey and geomorphic
interpretation of the channel reaches. The upper channel reach (Reaches 5 and 6, Figure 5) is a
relatively wide active channel zone for flow to disperse, but inundates a smaller area due to the
lack of available floodplain surface. These reaches will be focal points for in-channel restoration
(see Section 7- Conceptual Restoration Alternatives). Although the meadow forms a wide
floodplain surface in the middle channel reach (Reaches 3 and 4, Figure 5), the combination of a
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wide active channel zone and slight incision of the channel bed prevent widespread inundation of
the floodplain during flood events. These reaches will be focal points for bed aggradation and
stabilization measures to help to divert flow onto the floodplain. Reach 2 (Figure 5) is more
incised and narrower, but remains connected to the floodplain surface. The focal points for
restoration in Reach 2 will be to maintain floodplain connectivity through bed aggradation and
stabilization strategies, as well as promoting active meander bends. Reach 1 (Figure 5) is largely
confined to the channel, and inundates a smaller area. Because of the surrounding infrastructure,
the restoration plan will focus on preserving existing conditions for Reach 1.

4.2.2 Channel Velocity and Shear Stress

Reach-averaged velocities and shear stresses are shown for each flow recurrence interval in Table
3. We use average channel shear stress to define the force acting on the channel bed by the
movement of water. Shear stress, along with estimates for flow velocities, provide a relative
measure for the potential for erosion on the channel bed (incision) and banks. Reach 6 shows
consistently higher velocity and shear stress than the other reaches because of the downstream
portion of the trapezoidal channel. The most incised reaches (2 and 4) also display high velocities
and shear stresses. The restoration plan will focus on widening the active channel zone in these
reaches to reduce velocities and shear stresses, and therefore the potential for future erosion.

Table 3. Reach Averaged Velocity and Shear Stress at the Lower Squaw Site

Q2 Q5 Q10 Q50 Q100

Average Average Average Average Average

Average Channel | Average Channel | Average Channel | Average Channel | Average Channel

Channel  Shear | Channel  Shear | Channel  Shear | Channel  Shear | Channel  Shear

Velocity  Stress | Velocity  Stress | Velocity — Stress | Velocity — Stress | Velocity — Stress

(ft/s) (Ib/in%) (ft/s) (Ib/in%) (ft/s) (Ib/in%) (ft/s) (Ib/in%) (ft/s) (Ib/in%)
Reach 1 3.98 0.526 4.23 0.559 4.45 0.597 4.78 0.649 4.86 0.657
Reach 2 391 0.525 4.38 0.633 4.56 0.650 4.67 0.635 4.68 0.628
Reach 3 2.87 0.258 3.43 0.348 3.80 0.425 4.29 0.518 4.47 0.558
Reach 4 4.06 0.550 4.63 0.666 5.16 0.794 5.89 0.994 6.12 1.068
Reach 5 3.72 0.475 4.10 0.540 4.50 0.590 5.26 0.752 5.51 0.813
Reach 6 5.28 1.470 6.12 1.803 6.86 2.113 8.15 2.705 8.69 2.980
Total 3.96 0.610 4.43 0.720 4.83 0.815 5.43 0.982 5.63 1.049
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5. GEOMORPHIC INTERPRETATION

PWA conducted a geomorphic assessment to establish the physical context for the restoration and
management plan. The geomorphic assessment provides an overview of the processes that create
and maintain various landforms, including channels, floodplains, hillslopes, etc.  Our
understanding of these processes provides the context for recommended restoration actions.

5.1 HISTORIC CHANNEL & FLOODPLAIN GEOMORPHOLOGY

Historical changes can provide useful information relevant to understanding how the channel and
floodplain evolved into its current condition. Numerous human-induced changes in the
watershed over the last century or two have reduced the stability of Lower Squaw Creek,
degrading the quality of the aquatic environment and floodplain conditions. The watershed
history is summarized in Rosewood Environmental Engineering (2002). Maholland (2002) and
Bullard et al. (2002) also provide a summary of the changing patterns of natural and human
influences on the Squaw Creek watershed in recent history. Some of the key events include:

= Increases in watershed runoff and sediment supply due to various residential and
recreational development activities.

= Major modifications to the channel and meadow in preparation for the 1960 Olympics.

= Extensive sheep and cattle grazing and associated infrastructure “improvements”
including floodplain drainage and channel straightening.

= Mechanical bank stabilization (rip rap) throughout the project reach (Bullard et al., 2002).
= Gravel mining near the confluence of the North and South Forks of Squaw Creek.

= Development of residential land-uses, roads and changes in forest canopy that have
changed the character of runoff and hillslope hydrology on adjacent hillslopes.

The cumulative effects of these actions on the channel have been significant. The current
channel is much less sinuous than historical channel conditions, with the most significant
channel alignment modifications occurring between 1939 and 1987, as shown by Figure 10.
Evidence of the historic channel can be observed in the northeastern portion of the meadow,
where an active flood channel system still remains. In the western portion of the meadow, relict
channel meander features can be observed in aerial photos and historical topographic maps. In
the downstream lower portion of the meadow the sinuosity of the historic channel is 2.84, while
the current main channel in this area has a sinuosity value of 1.25 (Figure 11). This results in a
functional increase in channel slope of 227%. In the upstream southwestern meadow, sinuosity
values for historic and existing channels are 1.76 and 1.32 respectively (Figure 12), a functional
increase of 33% relative to conditions as recently as the 1950s. Historic values for the
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southwestern meadow were measured from aerial photos prior to Olympic development. A
comparison of the slope values for historic and current profiles is provided in Figure 13.

Channel depths also have increased throughout much of the meadow channel (Russell Poulsen,
personal communications). Numerous anecdotal accounts and informal photographic evidence
appear to confirm the general trend of channel depth increases, although specific data is not
available. One of the effects of channel incision is the potential to increase the rate of drainage
from the floodplain aquifer. This results in lower baseflows during late summer seasons, when
water storage is limited in the upper watershed.

Increasing channel depth typically initiates an evolution of channel changes that include channel
deepening, widening and re-stabilization within an inset floodplain environment (Figure 1). Once
the channel achieves the condition of an inset floodplain, restoring full connection to the original
floodplain becomes very difficult, if not impossible. Changes in the abandoned floodplain
surface can be significant, often shifting to dryer vegetation, and eventually forest encroachment.

While the evidence is limited, we suspect that the pre-development condition of the meadow had
other significant differences as compared to existing conditions. At the southern end of the
meadow, in the area currently occupied by the ski resort, we suspect an alluvial fan surface
consisting of coarse sediment (boulders, cobbles & gravels) existed, and that this fan surface
supported a wide array of channel configurations over time. The coarse substrate on this fan
surface would have supported rapid drainage of subsurface water, and since most of the upper
watershed is defined by bedrock, we expect that ephemeral and intermittent flows were common
in the channels within this area.

5.2 EXISTING CHANNEL & FLOODPLAIN GEOMORPHOLOGY

PWA evaluated the existing channel over eight field visits between late summer 2005 through
summer 2006. This provided the opportunity to review the site under various seasonal
conditions.  Our reviews consisted of detailed channel cross-section surveys, geomorphic
reconnaissance, interpretive diagnosis, and qualitative habitat evaluations. ~We integrated our
detailed cross-section and long-profile surveys with existing topographic surface data (West Yost,
2004) provided to PWA. We also evaluated a large number of historical photos, drawings, and
topographic maps provided by various sources.

Lower Squaw Creek runs through a large, flat, open meadow formed by a terminal glacial
moraine. The project site begins at the outlet of a trapezoidal channel created in preparation for
the 1960 Olympics by the US Army Corps of Engineers. It extends about 9000 feet downstream
to a bridge at Squaw Valley Road, where the creek enters a confined valley before reaching its
confluence with the Truckee River. Squaw Creek is steepest in the upstream portions of the
meadow (where slopes often exceed 1%) and flattens in the lower meadow (where slopes
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diminish to about 0.16%). The average channel gradient within the project site is 0.38% (Table
1).

Squaw Creek varies distinctly in geometry, geomorphic processes and stability through the
project site. PWA divided the channel through the meadow into 6 reaches based on geomorphic
characteristics (Figure 5). Each reach is described in detail in Appendix A. In all reaches the
channel has a riffle-pool form and bed that is a mixture of cobbles, gravel and sand, but with
considerable variation in channel depth, degree of incision, dominant substrate, vertical and
lateral stability. The channel long profile is shown in Figure 14, and selected cross sections are
shown in Figures 15 to 22. Stations are measured from the downstream boundary of the project
site.

The upstream portion of the creek is characterized by a very wide, shallow channel with evidence
of active channel migration. The channel bed is dominated by coarse sediment (cobbles and
gravels). Isolated remnant channels provide backwater areas and pools. Numerous isolated sand
and gravel deposits occur as mid-channel and flood bars, often in association with willows,
channel meanders, and bridges. Rip-rap placed through past stabilization projects is commonly
found along the banks. Much of the rip-rap has slumped into the channel or been entrained by
large flows. In many cases, missing rip-rap boulders cannot be located, and may be buried in the
channel.

The middle section of the channel transitions from active aggradation to active incision. The
channel generally narrows and deepens. The current sinuosity is more characteristic of a larger
river than a sub-alpine creek, which may be a response to increased flows associated with land-
use or climatic influences (e.g. rain-on-snow).

The lower section is deeply incised and un-naturally straight. Substrate conditions generally lack
coarse sediment, resulting in limited resistance to continued incision. The channel depths confine
large flows within the channel, exacerbating incision potential.

5.3 GEOMORPHIC DIAGNOSIS

Sub-alpine meadow environments develop and evolve in response to a number of hydrologic,
hydraulic and ecological processes. Some of the more important processes include the interaction
between the channel and floodplain, the hydraulic response in the channel associated with various
runoff processes, the interaction between hydraulic conditions and sediment supply and transport,
vegetation controls on the banks and floodplain, and the interaction between near-channel
groundwater conditions and summer flows. Most of these processes currently exist in a
dysfunctional condition.

The stream channel can be a source, sink, or transport zone of sediment, depending largely on the
location in the watershed, the sediment supply regime, channel shape, vegetation, and hydraulic
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energy available at the site. Channels respond to external factors such as climate, base-level, land-
use, sediment supply, hydrology & hydraulic processes and management. When these factors
change, channels typically respond by changing their shape.

The immediate impact of the constructed trapezoidal channel immediately upstream of the project
site influences the geomorphic condition of the channel. The slope and hydraulic velocities (See
Section 4.2) drop within 1000 feet of the end of the trapezoidal channel. However, the
trapezoidal channel and associated development upstream of the project site has forced many of
the processes and characteristics associated with an alluvial fan to become extended deep into a
meadow environment. This has caused significant channel modification that has manifested in
active channel migration and uncharacteristically coarse bed conditions in the upper meadow
channel. High rates of channel migration have increased the erosion of the meadow banks, and
generally created an unstable channel condition. Past efforts to stabilize this channel have not
accounted for the changes in geomorphic processes, and thus have proven to be ineffective over
the long-term.

The interaction between the floodplain and channel influences the degree of channel stability, the
storage of water into the late summer season, and the health of the riparian habitat. A naturally
stable channel experiences overbank flows that inundate the floodplain relatively frequently
(approximately 5 to 7 times per decade). Under these conditions, the floodplain traps fine-grained
sediment, which improves water quality in the channel, maintains native vegetation, provides
bank stabilization and contributes to healthy aquatic and terrestrial habitats.

There are several processes that control bank response. When the channel depth increases
significantly, the banks generally become more unstable. Under natural sub-alpine meadow
channel conditions, flows in the channel offset the pressure within the banks imposed by
saturated floodplain conditions. If the channel is too large, flows do not reach the tops of the
channel banks, exposing a zone of high bank pressure without a corresponding (and stabilizing)
hydrostatic pressure associated with the instream flows. The result is increased bank slumping,
which causes erosion, introduces fine sediments, and eventually widens the channel.

The rates and types of sediment supplied to the site from upstream sources is unclear due to
current lack of data, and has limited our ability to fully develop solutions for managing the
channel response to the trapezoidal channel.

The loss of natural channel meander patterns associated with straightening the channel and other
geomorphic response processes may be influencing the rate of channel incision by increasing
velocity and channel slope. Channel incision also is a self-reinforcing condition; more incision
increases the forces that cause incision. Reversing this condition may require significant channel
modification. However, failure to address this condition soon may result in a permanent
disconnection between the channel and surrounding floodplain.
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5.4 PRELIMINARY HABITAT ANALYSIS

The limiting factors with regard to the physical habitat are a lack of cover and insufficient dry-
season flows. Pool character and spacing appear to be in sufficient supply. Suitable spawning
substrates are also prevalent throughout the project area.

In the upstream reaches, instream cover is provided by long, thick algal growth that occupies
most of the wetted channel. The algal growth indicates conditions that are out of balance — a high
nutrient load and exposure to solar radiation encourages an overdeveloped algal mat. However,
the fish community appears to utilize this mat as cover, and there may be food resources provided
by the algal community that supports the salmonid fish community.

Large boulders and occasional undercut streambanks provide other instream cover. These
features are generally limited in the project area, and those locations where these features do exist
tend to support a healthy abundance of fish.

Riparian cover is generally lacking throughout the project area. This has several effects.
Incoming solar radiation encourages aquatic photosynthesis and increases water temperatures.
However, riparian cover is often a limiting feature in sub-alpine meadow environments, so any
change to the riparian character needs to be carefully weighed against changes to the processes
and functions that influence geomorphic response in the stream environment. Introduction of
woody debris and woody root systems would change the character of the stream in both desirable
and undesirable ways.
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6. OPPORTUNITIES & CONSTRAINTS

Based on our evaluation of existing conditions, PWA identified potential opportunities and
constraints, and factors that affect the long-term stability and function of the site, from which
restoration alternatives can be derived. A table that relates these opportunities to potential design
components is provided in Appendix B. Note that specific design components and their likely
location may vary in response to analysis during the feasibility phase and subsequent conceptual
design phases of the project. These are provided to demonstrate how these opportunities can by
conceptually incorporated into the project.

6.1 OPPORTUNITIES

Lower Squaw Creek offers many valuable opportunities to restore channel and floodplain
functions and processes through a number of actions. We list here the general opportunities
across the entire site.

= Trap fine sediment

= Regulate bedload effects on channel morphology
= Limit bank erosion

= Reverse channel incision

= Regulate channel migration potential

= Locally improve channel stability

= Manage flood risk

= Raise local water table (floodplain storage)

= Provide surface water storage for dry season release
= Resist conifer encroachment on floodplain

= Reconnect floodplain channels

= Maintain access and egress to floodplain channels
= Restore/improve floodplain wetlands

= Address Turf Grass invasion

= Establish Cottonwood gallery forest

= Increase shade for nutrient management

= Establish native riparian vegetation community

= Maintain pool quality/density

= Improve/maintain cover habitat

= Maintain spawning gravel availability
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6.2

Constra
some of

6.2.1

6.2.2

CONSTRAINTS

ints are specific issues that limit the potential design options. For Lower Squaw Creek,
the more significant constraints include:

Landowner Constraints

Existing Bridges — The existing golf cart bridges appear to be affecting sedimentation of
bedload from the trapezoidal channel. We suspect this is due to the constriction imposed
by the bridge embankments. It’s not clear yet if this is a major factor affecting the overall
channel, or a localized impact that may be addressed through design improvements. We
assume that the location and configuration of the existing bridges will not be changed.

Existing Infrastructure — The existing golf course and associated pathways have been
carefully designed and are well established on the landscape. Under current conditions,
these features have minimal impact on channel function. While one of our objectives is
to increase the connectivity between the channel and the floodplain, we propose that this
could be achieved in a manner that does not affect the golf course greens, fairways,
pathways, or tee boxes by modeling hydraulic patterns and identifying potential flood
hazards.

Hydro-Geomorphic Constraints

PWA identified a number of constraints based on our knowledge of hydrologic, geomorphic and
ecological processes affecting the meadow reach. These constraints influence design options, and
should be considered during detailed restoration feasibility and design. They include:

Trapezoidal Channel — The existing trapezoidal channel adjacent to the parking lot at the
Village at Squaw Creek was developed by the US Army Corps of Engineers in
preparation for the 1960 Olympics. The trapezoidal channel is very efficient at delivering
bedload to the meadow reach from sources near the confluence of the North Fork and
South Fork tributaries. It also increases the velocity of flows entering the meadow. At
present, the impacts from the trapezoidal channel only appear to extend a few hundred
feet into the upper meadow. We will assume that modifications to the trapezoidal
channel will not occur in the near term, and therefore, we expect to develop appropriate
mitigating strategies in the upper meadow reach to address its impacts. Placer County
will continue to discuss options for the trapezoidal channel with SkiCorp.

Flood Frequency & Magnitude — Channel and flood conditions respond directly to the
amount of water delivered to the site from upstream sources. This is a function of
weather patterns, shifting climate trends, and development within the watershed that
reduces infiltration and increases runoff. Runoff factors dramatically affect the hydraulic
flows in the channel and floodplain, which affect the erosion forces applied to these
landforms. Restoration designs must work within the range of expected flood sizes and
recurrence intervals.
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= Bedload Supply — Both the type, dominant sizes, and total volume of bedload sediment
sources affect the channel dimensions (e.g. width, depth, sinuosity) and have significant
controls on channel behavior. In the upper meadow, cobble and gravel from headwater
sources creates a wide, shallow channel with many depositional bars. By contrast, the
lower portions of the meadow are dominated by a supply of sand and silt, which are not
resistant to erosion, and result in deep, narrow channels. Restoration must understand the
rates of supply to best identify the long-term impacts to the channel and desired
restoration design actions. At the present time, existing bedload supply data are sparse.
More work on this topic will be necessary to support the technical basis for restoration
designs.

= Existing Channel — There are a number of factors associated with the existing channel
that may pose design constraints, depending on the selected restoration alternative. Such
factors typically include the need to maintain hydraulic continuity, sediment transport
capacity, and floodplain connectivity.

= Maintain Fish Passage — Fish passage is important in preserving habitat access and
genetic diversity. Therefore, structures used in the channel to control hydrologic or
geomorphic processes must be designed to support upstream and downstream fish
migration.

6.2.3 Other Constraints

Several other logistical and operational constraints can affect design options. These include:

= Implementation Cost — Designs must account for the availability of funds for restoration.

= Maintenance and Management — Restoration that requires regular maintenance often
present long-term challenges to effective stream management. Recognizing these needs,
and ensuring that an organization with sufficient resources is available to take on these
challenges, are important considerations in developing long-term, sustainable solutions.

= Construction Impacts — Temporary construction impacts to the function and aesthetics on
the golf course and meadow environment need to be considered.

= Permit Constraints — Agencies can influence design decisions as they apply to various
environmental regulations.

= West Nile Virus Issues — Concerns about mosquito infestation may influence wetland and
pond restoration.

= Visual Impacts — The aesthetic values of Squaw Creek are important due to its high
visibility from adjacent recreational areas.

P:\Projects\1797_Lower_Squaw_Creek\Report\Lower_Squaw Ck_final_v2.1-Out.doc
02/15/07 20



7. CONCEPTUAL RESTORATION ALTERNATIVES

PWA developed four generalized conceptual alternatives that, if properly designed, could achieve
many of the goals and objectives described in Section 3, using the opportunities described in
Section 6.1, while recognizing the constraints described in Section 6.2. Appendix A includes
detailed descriptions of the existing condition in each reach which can be used to prioritize the
appropriate design measures at specific locations along the channel. We outline some of the
benefits and considerations for each alternative to help differentiate each and guide selection of a
preferred alternative. Once a preferred alternative is selected, specific design measures can be
tailored to restore the conditions in each reach.

Since these alternatives are conceptual in nature, they will require more detailed analysis to
address feasibility, identify project costs, establish environmental documentation & permitting,
and to develop detailed designs. For each alternative, some of the more relevant additional
studies are identified to help guide next steps. Actual next steps will depend on available
funding, landowner objectives, and the scope, scale and timeline of the project.

7.1 CONCEPTUAL ALTERNATIVE 1 - NO ACTION

The no action alternative will maintain existing conditions at the site. Under existing conditions,
channel bed incision will continue to prevent floodplain connectivity and increase the supply of
fine-grained material throughout the project reach degrading in-channel habitat and water quality.
A less-sinuous, incised channel morphology will eventually lead to widening of the active
channel zone creating more locations where bank failure will threaten existing infrastructure and
increase fine-grained sediment supply. Poorly constructed bank stabilization features will
continue to degrade increasing flood hazard and threatening existing infrastructure. Lack of
surface flow on the floodplain through an active connection to the channel will lead to less
desirable vegetation assemblages and decreased habitat diversity.

Restoring a natural channel equilibrium to meet current land use and hydrologic conditions will
lower the long-term cost of maintenance. Stable channel morphology will decrease the need for
poorly designed, localized treatments for bank failure. Diverse floodplain and riparian habitat
combined with a balanced sediment supply will improve water quality.

7.1.1 Benefits of the No Action Alternative

The main benefits of the no action alternative are:

= Short term cost savings

P:\Projects\1797_Lower_Squaw_Creek\Report\Lower_Squaw Ck_final_v2.1-Out.doc
02/15/07 21



7.1.2 Considerations of the No Action Alternative

Issues that should be considered with this alternative include:

= Potential flood risk issues for existing infrastructure will need to be addressed
= Channel incision will continue eventually leading to channel migration

= Will significantly impact existing terrestrial habitats and long-term landscapes
= Existing infrastructures are at risk

= Opportunity to restore the eco-geomorphic functions of the meadow will become
significantly more difficult to achieve in the future

7.1.3 Additional Analysis Tasks

= No additional analysis is required for this alternative
7.2 CONCEPTUAL ALTERNATIVE 2 - HISTORIC CHANNEL

The historic channel alternative will partially restore Lower Squaw Creek by re-establishing
planform geometry similar to conditions that we can infer existed prior to the 1800s. Such a
channel would be highly sinuous, low-gradient, and relatively shallow. This alternative involves
re-activating historic features that still exist on the landscape (e.g. relict channels and old meander
bends), and creating new features in areas that can support such a channel (e.g. the western
meadow). This alternative assumes that the historic channel morphology can exist within a
natural equilibrium given the current land-use, hydrology and sediment regimes. As outlined in
Section 4.1.2, the effect of a climatic shift from snowmelt to rain-on-snow dominated floods may
prohibit the feasibility of maintaining the historic channel morphology.

Figure 23 summarizes the historic channel alternative and shows initial design concepts for
specific geomorphic reaches. Design measures will include, among others, promoting and
installing active meander bends, mainstem flow diversion points, and bed and bank stabilization
features throughout the project reach (Figure 24). The proposed channel form will be developed
using a combination of historic references, contemporary analogs on nearby streams, and design
analysis. The existing channel will be replaced with floodplain, wetland, and flood channel
features (Figure 25). Combined with bed stabilization strategies the sinuous channel morphology
will re-connect the channel and floodplain providing opportunities to re-activate existing
floodplain channels and to create new floodplain channels.

P:\Projects\1797_Lower_Squaw_Creek\Report\Lower_Squaw Ck_final_v2.1-Out.doc
02/15/07 22



7.2.1 Benefits of the Historic Channel Alternative

The main benefits of the historic channel alternative are:

= Reverse existing channel incision

* Resist future channel incision

= Improved water quality

= Trap fine sediment

= Raise local water table and inundate floodplain

= Restore functions that support a diverse riparian habitat

= Restore functions that support quality in-channel habitat

= Reconnect floodplain channels

= Maintain access and egress to floodplain channels by aquatic species
= Improve floodplain wetlands

= Improve aquatic habitat quality & diversity

7.2.2 Considerations of the Historic Channel Alternative

Issues that should be considered with this alternative include:

= Potential flood risk issues for existing infrastructure will need to be addressed
= Restored channel may be more dynamic and prone to channel migration

= Greater effort to design — more uncertainty

= Few design analogs to support the design

= May significantly affect existing terrestrial habitats and long-term landscapes
= May potentially increase mosquito habitat (vector control)

= May require scaling the existing relict channels to contain larger flows than historic
conditions required

= Changing climatic conditions may alter the dominant geomorphic processes, adding
addition complexity to restoration design

= Could be supported by several types of flow augmentation strategies

7.2.3 Additional Analysis Tasks

We recommend the following additional analysis for this alternative:

1. Research current and historic reference reaches for sinuous channel morphology metrics
and analogs
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Evaluate climate change conditions
Evaluate groundwater & surface-water interactions within the floodplain aquifer
Significantly improve estimates of hydrology

ok~ N

Improve hydraulic model to account for snowmelt conditions (e.g. hillslope supply),
floodplain conditions, and groundwater interactions

Evaluate floodplain and streamside aquifer conditions

Quantify sediment supply and transport potential and address potential for bank erosion
and channel scour

8. Integrate these studies into a feasibility analysis that identifies the risks and likelihood of
design success

7.3 CONCEPTUAL ALTERNATIVE 3 - MODIFIED HISTORIC CHANNEL

The Modified Historic Channel Alternative would restore existing historic channels, but would
retain the existing mainstem channel in areas where the old channel is not clearly evident. This
would take advantage of existing conditions, but would reduce the design risk associated with
developing new sinuous channel(s).

This alternative relies on bed and bank stabilization strategies to encourage the growth of natural
meander bends, similar to those found in Alternative 2. This alternative assumes that the channel
morphology will re-equilibrate to a condition similar to the historic one, but in response to the
existing hydrologic and sediment regime.

Figure 26 summarizes the modified historic channel alternative and shows initial design concepts
for specific geomorphic reaches. Design measures will include, among others, promoting active
meander bends and mainstem flow diversions to existing floodplain channels, and bed and bank
stabilization features throughout the project reach.

7.3.1 Benefits of the Modified Historic Channel Alternative

The main benefits of the modified historic channel alternative are:

= Promote a new equilibrium condition
* Resist future channel incision
= Trap fine sediment

= Raise local water table and inundate floodplain
0 Healthy riparian corridor for diverse terrestrial habitat
0 Healthy in-channel habitat for fish species

= Reconnect floodplain channels

= Improve floodplain wetlands
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7.3.2

Improve pool quality
Maintain spawning gravel availability

Could support several types of passive and active flow augmentation strategies

Considerations for the Modified Historic Channel Alternative

Issues that should be considered with this alternative include:

7.3.3

Increase flood risk to existing infrastructure
Difficult to maintain complex channel morphology
Visual impact of widespread wetland species (e.g. willow)

Increase mosquito habitat (vector control)

Additional Analysis Tasks

We recommend the following additional analysis for this alternative:

7.4

Evaluate the likely future climatic conditions and potential forces on the channel

Identify a design planform alignment that can be stable under anticipated climatic and
hydraulic conditions

Perform more detailed flood inundation mapping by investigating channel and floodplain
hydraulics

Quantify sediment transport potential and address potential for bank erosion
Survey existing detailed channel and floodplain topography including existing structures

Integrate these studies into a feasibility analysis that identifies the risks and likelihood of
design success

CONCEPTUAL ALTERNATIVE 4 - FLOODPLAIN CHANNEL

A fourth design alternative for Lower Squaw Creek involves restoring habitat and functions
primarily through restoring and enhancing floodplain channels. This alternative relies on bed and
bank stabilization strategies and mainstem flow diversions to improve existing channel
conditions, prevent encroachment on existing land use, and restore natural floodplain conditions.
This alternative assumes that the floodplain channels augment the existing channel to sufficiently
restore natural function while maintaining a new equilibrium in response to the existing
hydrologic and sediment regime.

Figure 27 summarizes the floodplain channel alternative and shows initial design concepts for
specific geomorphic reaches. Design measures will include, among others, mainstem flow
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diversions to existing floodplain channels, creation of new floodplain and secondary channels,
and bed and bank stabilization features throughout the project reach. It could also include
significantly widening the lower channel reaches.

7.4.1 Benefits of the Floodplain Channel Alternative

The main benefits of the floodplain channel alternative are:

= Resist future channel incision below diversions
= Trap fine sediment

*= Reconnect or create floodplain channels will add diversity to meadow vegetation
community

= Maintain fish access and egress to floodplain channels during flooding
= Improve floodplain wetlands

= Can support passive flow augmentation strategies

7.4.2 Considerations of the Floodplain Channel Alternative

Issues that should be considered with this alternative include:

= Visual impact of widespread wetland species (e.g. willow)

= Increase mosquito habitat (vector control)

7.4.3 Additional Technical Analyses

We recommend the following additional analysis for this alternative:

1. Research current and historic floodplain channel morphology at Lower Squaw and at
reference meadows

Perform inundation mapping by investigating channel and floodplain hydraulics
Quantify sediment transport potential and address potential for bank erosion

Survey existing channel and floodplain topography including existing structures

o & DN

Integrate these studies into a feasibility analysis that identifies the risks and likelihood of
design success
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7.5 CONCEPTUAL ALTERNATIVE 5 - EXISTING CHANNEL ENHANCEMENT

A fifth design alternative for Lower Squaw Creek focuses on improving the existing channel
condition by preventing future bank erosion and bed incision. This alternative relies on bed and
bank stabilization strategies to improve existing channel elements, prevent encroachment on
existing land use, and restore limited habitat conditions. This alternative assumes that the channel
still retains moderate equilibrium in response to the existing hydrologic and sediment regime.

Figure 28 summarizes the existing channel enhancement alternative and shows initial design
concepts for specific geomorphic reaches. Design measures will include, among others, bed and

bank stabilization features throughout the project reach.

7.5.1 Benefits of the Existing Channel Enhancement Alternative

The main benefits of the existing channel enhancement alternative are:

= Lower risk of design failure — no new channels constructed

= Easily phased — can implement in piecemeal fashion as funding becomes available
= Supports a more adaptive mode to restoration

= Reduced impact to existing meadow features

= Designed to improve localized problems

= Utilizes existing setback conditions to support some natural channel function through the
golf-course

= Could support active and semi-passive flow augmentation strategies

7.5.2 Considerations for the Existing Channel Enhancement Alternative

Issues that should be considered with this alternative include:

= Solutions applied to symptoms, less direct causal associated from enhancements
= Requires more continual monitoring data — long-term management commitment
= Does not address systemic problems

= May not address incision in lower channel (e.g. below the golf course)

7.5.3 Additional Technical Analysis

A conceptual design will identify specific features and strategies, and any additional technical
analysis for this alternative vary by actions taken.
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8. RECOMMENDED NEXT STEPS

This study represents the results of our existing condition assessment and formulation of project
alternatives. Typical next steps include a feasibility study that will a) evaluate the potential for
the success of each alternative, and b) evaluate the relative benefits and constraints associated
with each alternative (Figure 29). Typically feasibility studies require enough analysis to
establish a technical basis for a conceptual design. The conceptual design outlines the spatial
arrangement of the project, identifies general design components, and establishes a
comprehensive treatment for the site that will achieve overall project goals.

Table 4 contains a list of technical tasks that are typically required to complete a river restoration
project of the scope identified in this report. This table also outlines priorities from highest (1) to
lower (4) based on our current understanding of the project. The priorities are provided in order
to balance available resources with project requirements. Eventually, all these tasks will need to
be addressed, so the priority defines the priority for addressing these issues in the feasibility
phase. A low feasibility priority may become a high priority during design or environmental
review.
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Stage 0

"Natural” Channel

Channel is well
connected to floodplain,
with low banks and
diverse habitat.

Stage e

Constructed Channel

Straightening, vegetation
removal and levee
construction channelize the
stream, increasing its gradient
and increasing flow velocity.

Stage 9

Incising Channel

Channel downcuts in
response to channelization,
dissipating excess energy
through bed erosion.

Stage O

Widening &
Incising Channel

As incision increases bank
height and angle, banks
collapse and channel widens.

Stage 6

Widening &
Aggrading Channel

Wider channel is unable to
transport all collapsed bank
material. Excess material
forms terraces below former
floodplain.

Stage G

New dynamic
equilibrium channel

Channel creates terraces and
new floodplain. New channel
meanders within the new
floodplain, recreating a living
river.

Source: Schumm et al., 1984

figure 1

Lower Squaw Creek Conceptual Restoration Plan

Geomorphic Model of Incising River

PWA Reft# 1797

o PWA
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figure 2

Lower Squaw Creek Conceptual Restoration Plan

1960 Olympic Parking Lot

PWA Ref# 1797

o PWA
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Source: West Yost (Image, Floodplain Topo); PWA (Channel Topo)
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Lower Squaw Creek Conceptual Restoration Plan
Cross Section 6
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Lower Squaw Creek Conceptual Restoration Plan
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Lower Squaw Creek Conceptual Restoration Plan
Cross Section 8

PWA Ref 1797

@ PWA

P:\Projects\1797_Lower_Squaw_Creek\Report\Final Report Graphics\SchematicCrossSections.xIsXS8

10/13/2006




/\/ Geomorphic Reach Breaks

: %8 7~ \_~ Restore historic channel system
? @2 Fill old channel
£ | 7~ Re-design bank stabilization
.7+ ,? Bed Stabilization
Wetland/pond improvement areas

Inset floodplain zone

. Relocate main channel
ARER ¢ iy Y & T IIrR cTR R T DRI R

figure 23

Source: Andregg (image)
Note: Components depicted here are examples. Actual components may vary
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1. DETAILED REACH DESCRIPTIONS

11 REACH 6

Reach 6 extends from the project boundary near the Squaw parking lot to the most upstream cart path
bridge crossings. In this reach, the channel is approximately 60 - 100 feet wide and 5 - 7 feet deep, and
has an average gradient of 0.84 percent. The channel forms a linear extension of the trapezoidal channel
with a 40° bend about 300 feet into the meadow.

This reach is significantly influenced by the trapezoidal channel flowing adjacent to the parking lot for the
ski resort. The channel is incised and is disconnected from the adjacent floodplain. Coarse sediment that
enters the trapezoidal channel upstream of the parking lot is typically transported through this reach

The primary constraint in this reach is the delivery of concentrated high flows originating from the
trapezoidal channel. The channel has incised in this reach in response to the high velocity and depth from
flows exiting the trapezoidal channel. Locally placed rip rap has exacerbated the channel incision by
preventing channel widening or meandering.

A grade control structure (buried sewer pipe) exists at the upstream portion of this reach, just below the
existing trapezoidal channel section, and the channel bed in this section contains cemented cobbles. A
large mid-channel bar formed immediately upstream of the second cart path bridge where the previously
eroded banks are hardened with rip rap. The rip rap is failing in isolated locations due to undercutting or
poor installation/design.

The mid-channel bar also marks the entrance of a small tributary (Reach 6a - Olympic Channel) which
contributes to the formation of the channel bar. The banks on the outside of the meander bend also are
hardened by rip rap. Adjacent to the channel is a wide, flat field on the left floodplain and a narrow
vegetated area on the right floodplain which includes a small storage facility. During the summer, this
reach typically dries up completely. There are currently few pools, and habitat quality is typically poor.

1.2 REACH 6A - OLYMPIC CHANNEL

The Olympic Channel is a right-bank tributary to Squaw Creek in reach 6. The channel is supplied by a
culvert draining a portion of the ski area immediately upslope of the Olympic Channel. The channel is in
poor condition, having had several stabilization efforts applied through the years. The existing channel
has been constructed with plastic and nylon erosion control materials which are failing in places.
Considerable improvement in the aquatic condition could be obtained through restoration and
enhancement of this reach.

P:\Projects\1797_Lower_Squaw_Creek\Report\AppendA-DetailedReachDes.doc
A-1



13 REACH 5

Reach 5 extends from the upstream cart path bridge to a point approximately 1000 feet downstream from
the lower cart path bridge crossing. In this reach, the channel is approximately 80 - 200 feet wide and 6 —
8 feet deep, and has an average channel gradient 0.47 percent. This reach contains several meander bends
within a wide (approximately 200 feet) active channel zone giving it a sinuous planform morphology.

This reach is aggrading in response to sediment delivery from the trapezoidal channel passing through
Reach 6. The wide active channel zone dissipates flow allowing sand sized material to deposit in the
channel bed and on the point bars towards the downstream end of the reach. The wetland situated at the
upstream end of the reach also captures sediment and dissipates flow. However, channel incision
combined with a widened channel that is disconnected from the floodplain area on either side of the
channel focuses energy in the channel during high flows, and promotes bank erosion on outside meander
bends. The use of rip rap prevents bank erosion, but translates erosive energy to other portions of the
channel downstream.

The primary constraint in this reach is the disconnection between the channel and adjacent floodplain
areas. Reconnecting the available floodplain area will capture fine sediment, dissipate flow, improve
water quality, sustain habitat and provide increased bank water storage. The wide active channel zone
limits bedload transport, increases bank erosion, and virtually eliminates floodplain flows.

Coarse sediment deposition is supplied from the area upstream of the trapezoidal channel, and is
transported into this reach, where it dissipates in the wide active channel zone. Meander bends form
where high flows coming from the trapezoidal channel are deflected by rip rap constructed on eroding
banks, or confined by the cart path bridge. The coarse sediment deposition prevents bed incision in this
reach.

The bed is a poorly sorted mixture of gravel and sand that coarsens upstream. The bars contain more sand
than gravel particularly towards the banks. Rip rap is used extensively to prevent outside meander bends
from eroding into the golf course.

Although the active channel zone is fairly wide, the floodplain on either side of the channel is occupied
by the golf course except at the upstream end where a small wetland has formed in a depression on the
floodplain. A levee was constructed along the left bank of the channel adjacent to the wetland, but is
discontinuous at the upstream and downstream end allowing the wetland to capture periodic flows.
Summertime flows in this reach are limited, and typically reflect the previous winter snow accumulation.
In wet winters, summer flows begin closer to Reach 6. In dry years, flow in Reach 5 is intermittent. Algal
growth in this portion of the channel is quite extreme, due to high nutrient loading, high solar radiation,
and low flows.
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1.4 REACH 4

Reach 4 extends from the lower end of the north floodplain golf course to a point directly across from the
upstream end of the Resort at Squaw Creek parking lot. In this reach, the channel is approximately 50 -
100 feet wide and 4 - 6 feet deep, and the average channel gradient is approximately 0.26 percent. This
reach contains two meander bends, but otherwise maintains a relatively straight planform morphology.

At the upstream end of the site, the lack of bed and bar deposition causes less channel migration,
confining low flows to a small area in the active channel. This narrow confined section of the channel
responds to flood events by eroding the fine-grained bed material and creating an incised channel in the
upstream half of the reach. A portion of this sediment is deposited in the well developed point bar at the
downstream end of this reach creating a flow diversion point to meadow.

The meadow contains numerous remnant channels that were probably very active prior to the 1960
Olympics. There are also remnant linear drainage ditch features that have been partially filled subsequent
to the Olympics. The channel features offer a rich resource for restoration of the floodplain

The primary constraint in this reach is diminished sediment load and lack of sinuous channel morphology.
The fine grained bed material, limited upstream sediment supply and high transport capacity make Reach
4 particularly sensitive to bed incision. The upstream end of the meadow in this reach provides a crucial
flow diversion point for floodplain restoration and emphasizes the need for protection against future
incision.

The channel bed material is a poorly sorted mixture of sand and small gravel sized material, and the banks
consist of fine grained silt and sand. Rip rap is used selectively to prevent lateral channel migration and
erosional hazards to the golf course. The south floodplain area is limited to a narrow (approximately 100
foot) band bordered by the golf course. The north floodplain is dominated by a large expanse of
unoccupied meadow.

Although the active channel zone in this reach is narrow, the presence of the meadow on the north
floodplain creates a wide area to dissipate high flows and deflect them from the golf course. Rip rap is
used less heavily in this reach, one reason why fewer meander bends exist. The other reason for the lack
of sinuosity is the reduced volume and size of bedload sediment coming into the site from the upstream
reaches.

1.5 REACH 3

Reach 3 extends from a point approximately 1000 feet upstream from the upstream end of the Poulsen
property boundary to a point directly across from the upstream end of the Resort at Squaw Creek parking
lot. In this reach, the channel is approximately 50 - 100 feet wide and 4 — 6 feet deep, and the average
channel gradient is approximately 0.43 percent. This reach contains slight meander bends with small point
bars.
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Sediment transport capacity drops off in the lower portion of Reach 3. Sediment is deposited in point bars
at the downstream end of this reach creating a natural flow diversion point to the meadow.

The primary constraint in this reach is diminished sediment load and lack of sinuous channel morphology.
The fine-grained bed material makes Reach 3 particularly sensitive to bed incision. The upstream end of
the meadow in this reach makes it a crucial flow diversion point for floodplain restoration and emphasizes
the need for protection against future incision.

Meander bends are confined to a narrow corridor through the use of rip rap. A larger meander bend is
forming in one location halfway up the reach, and at the downstream end of the reach at the junction with
Reach 2, two small, more sinuous meander bends are contained by extensive use of rip rap.

The channel bed and bars consist of moderately sorted sand, and the banks consist of fine grained sand
and silt. The upper portion of the south floodplain area is limited to a narrow (approximately 100 foot)
band bordered by the golf course. The north floodplain is occupied by the meadow.

1.6 REACH 2

Reach 2 extends from a point approximately 250 feet downstream from the upstream end of the Poulsen
property to a point approximately 1300 feet from the upstream end of the Poulsen property. In this reach,
the channel is approximately 30 — 40 feet wide and 5 feet deep, and the average channel gradient is 0.16
percent. This reach is the straightest reach in the project site containing only a few slight meander bends.

Lateral migration occurs in response to bed aggradation or flow deflection on channel banks (e.g. the use
of rip rap). This reach is characterized by a lack of coarse grained sediment supply which is necessary to
promote channel bed aggradation and structural bank stabilization. As a result, the channel in Reach 2 has
incised as indicated by a smaller cross sectional area and less sinuous planform morphology. Despite this
incision, the channel and floodplain remain connected in part due to the hydrologic regime and also due to
a break in slope in the channel that causes a backwater effect during high flows.

The primary constraint in this section of the channel is the incision of the bed. Incision leads to a lack of
planform sinuosity and therefore less diverse channel habitat. Continued channel incision can prevent
floodplain inundation which negatively impacts vegetation assemblages in the riparian corridor,
floodplain water storage, and channel stability. The primary reasons for the channel incision in this reach
is channel straightening, fine-grained bed material, relative confinement, and simplified floodplain.

The channel bed and bars consist of poorly sorted sands and silts, and in isolated locations clay lenses are
exposed along the channel bed. The banks consist of poorly sorted sand and silt. The floodplain on either
side of the channel is occupied by meadow.
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1.7 REACH 1

Reach 1 extends from the bridge at the road crossing with the Squaw Valley Access Road to a point
approximately 250 feet downstream from the upstream end of the Poulsen property. In this reach, the
channel is approximately 35 — 50 feet wide and 5 — 6 feet deep, and the average channel gradient is 0.33
percent. This reach contains a few meander bends which are reinforced by rip rap, and limited point bar
deposition.

This reach is modified in part due to the presence of the bridge at the downstream end and in part due to
the proximity to the surrounding property. The use of rip rap prevents lateral migration, and hardens the
banks. However, channel sinuosity and bar forms are relatively well developed (as compared to other
locations in the project site). In combination with a steeper gradient, these modifications cause the reach
to be a transport zone for sediment. The bridge at the downstream end of the reach acts as a grade control
structure.

The primary impact on this reach is the use of rip rap to constrain channel migration, which is necessary
to route the channel underneath the bridge at the road crossing and to prevent erosion to the surrounding
property owner. The response to the existing rip rap in this portion of the river appears to retain a
reasonable balance between land-use needs and a functional stream environment.

The channel bed consists of poorly sorted sand and silts, and where they are not reinforced with rip rap
the channel banks consist of poorly sorted sand. The floodplain on either side of the channel is well
vegetated primarily with conifers for the first 600 feet upstream of the bridge. Throughout the remainder
of the reach, the floodplain on either side is a meadow. The right floodplain contains a dense network of
secondary floodplain channels, beaver ponds, and man-made ponds.
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APPENDIX B
RESTORATION ACTION ALTERNATIVES - OPPORTUNITIES TO MEET
FUNCTIONAL OBJECTIVES
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Restoration Action Alternatives

Opportunities to Meet Functional Objectives

Trap Fine Sediment (Water Quality)

Regulate Bedload Effects on Chan. Morph.

Limit bank erosion

Geomorphic Reach 6 6a

"Reverse channel Incision

Regulate avulsion potential

Locally improve channel stability

Manage flood risk

Raise local water table (floodplain storage)

Resist conifer encroachment on floodplain
Maintain access and egress to floodplain

Provide Surface Water Storage for Dry
channels

[Season Release
Restore/improve floodplain wetlands

Reconnect floodplain channels

Address turf grass invasion

Establish Cottonwood gallery forest

Increase shade for Nutrient Management

Establish native riparian vegetation

lcommunity

Maintain pool quality/density

Improve/maintain cover habitat

Maintain spawning gravel availability

Reconnect relict floodplain channels

Divert mainstem flow X X

Add culverts for critical cart path locations

Raise bed to floodplain using grade control structures

Raise bed to floodplain using aggradation strategies

Create lower floodplain benches next to channel (Inset
Floodplain)

X |X| X |o

Establish wetlands & ponds on floodplain X X

Regulate Floodplain Flowpaths

Add habitat elements to channel

Widen active channel zone X X

Re-route mainstem channel

Add/Improve secondary channels

Promote Sinuosity X

Locally narrow active channel zone

Remove, replace or repair rip-rap
Revegetate Banks

Regrade shallower slope

Biotechnical stabilization

Mechanical stabilization (rip rap, retaining wall, etc.)

Reconfigure Existing Levees

X

b3

-~

Bedload management strategies

=)

Bridge span improvements

=)

2

Scour resistance structures (buried sills, etc.)

=~

=~

=~
)

Establish riparian forest along Mainstem

Develop strategy for turf grass invasion

Restore native vegetation

Remove non native vegetation
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