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Section 1

INTRODUCTION

The U.S. Bureau of Reclamation, Mid-Pacific Region (Reclamation), is currently conducting
feasibility investigations for the proposed Shasta Dam Enlargement Project. North State Resources,
Inc. (NSR) prepared this draft report to provide Reclamation with baseline information intended to
characterize elements of the natural environment that could be affected by the proposed enlargement.
The report characterizes the geomorphology of 13 riverine reaches upstream of Shasta Lake that
would periodically be inundated by Shasta Lake if the height of Shasta Dam is increased. It also
describes and evaluates existing erosional features that are associated with the shoreline of the lake at
the current full-pool elevation of 1,070 feet mean sea level (msl). In addition, it characterizes the
biological environment of the area that would be subject to inundation, including vegetation, wildlife
habitat, and wildlife species.

1.1 Project Background

Shasta Dam and Lake are part of California’s Central Valley Project (CVVP), which is administered by
Reclamation. The CVP provides water for agricultural, urban, and fish and wildlife uses throughout
much of California. Nearly half of this water is stored in Shasta Lake, with Trinity, Millerton, and
Folsom Lakes storing most of the remainder. Figure 1-1 portrays the location of Shasta Lake relative
to the other CVP dams and facilities in the northern Sacramento Valley.

Shasta Dam is a curved, gravity-type concrete structure with a crest height of 533 feet above the
Sacramento River channel bed and a total height above its foundation of 602 feet. The dam has a
crest width of 41 feet 5 in. and a length of 3,460 feet. Shasta Lake currently has a total storage
capacity of 4,552,000 acre-feet. The seasonal flood-control storage space in Shasta Lake is 1.3
million acre-feet. Releases from Shasta Lake flow into, and are moderated by, Keswick Reservoir,
located 5 miles west of the city of Redding. The Shasta power plant consists of five main generating
units and two station service turbines.

Prior to the passage of the Central Valley Project Improvement Act (CVPIA) in 1992, several studies
had addressed the possibility of enlarging Shasta Dam but no definitive proposal was developed. The
CVPIA, however, redefined the purposes of the CVP and focused attention on rebalancing the
demands for use of CVVP water among competing beneficial uses. In 1999, Reclamation prepared an
appraisal-level study and report to review the estimated costs of a range of enlargement options and to
identify issues that would affect project feasibility. That report recommended that additional studies
be conducted focusing on “low-raise” options.

The 2000 Record of Decision (ROD) for the Environmental Impact Statement/Environmental Impact
Report on the CALFED Bay-Delta Program expanded this comprehensive approach to reducing
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1. Introduction

conflicts over California’s limited water supplies and addressing the state’s long-term water needs
while solving the environmental problems associated with the San Francisco Bay/Sacramento—San
Joaquin Delta. The ROD identified four interrelated and interdependent program goals: water supply
reliability, water quality, ecosystem restoration, and levee system integrity.

Water storage is one of 11 program elements identified in the ROD to meet these goals. Under the
water storage element, CALFED is evaluating increased surface and ground water storage and other
water management strategies. Enlargement of Shasta Lake was one of two surface water storage
projects selected in the ROD for further evaluation during Phase | of the CALFED program.

Reclamation will consider several enlargement alternatives that respond to the water storage and
ecosystem restoration objectives outlined in the ROD. The primary approach to meeting these
objectives is centered on modifying the structure and increasing the crest height of Shasta Dam.
Previous analyses have shown that a 6.5-foot increase in the height of the dam would increase Shasta
Lake’s water storage capacity by 290,000 acre-feet.

1.2  Organization of Report

This internal draft report satisfies the requirements of Task 7 (Technical Report) of Reclamation Task
Order No. 01A020210D issued to NSR. This report is intended to provide Reclamation with
information on the resources addressed in NSR’s scope of work (SOW), including information
obtained under Task Order No. 01A320210D. Task 8 will consist of analyzing impacts on the
resources characterized in this report. Task 8 will be performed after an interim draft of this technical
report is reviewed by the appropriate resource agencies and the agencies have identified the impacts
to be addressed.

This report consists of seven volumes. Volume I is a narrative accompanied by figures and tables that
characterizes selected natural resource components of the physical and biological environment
adjacent to the current Shasta Lake shoreline and along 13 riverine reaches that would be subject to
inundation if Shasta Dam is enlarged. Volumes Il through VII constitute an atlas of geographic
information system (GIS) maps that correspond to the resources evaluated in Volume |I.

Volume | is organized into seven sections and appendices, as follows:

= Section 1, Introduction, provides the background of the proposed Shasta Lake enlargement
project and describes the organization of the document.

= Section 2, Environmental Study Limits, describes the methods used to delineate the project
boundaries for this report and describes certain anomalies in the data.

= Section 3, Physical Environment, characterizes the geomorphology of 13 riverine reaches that
would be subject to inundation if the dam is raised and identifies the locations, types, and
severity of erosional features observed along the 420-mile Shasta Lake shoreline. This
section also describes the methods used to derive these characterizations.

North State Resources, Inc. 1-2 Bureau of Reclamation
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1. Introduction

= Section 4, Biological Environment, characterizes the vegetation and wildlife resources within
the environmental study limits (ESL) and the methods used to derive the characterizations.
The chapter describes the types and locations of vegetation in the ESL, characterizes habitat
for a diverse suite of wildlife species, and identifies special-status floral and faunal species
that will require special consideration. Focused floristic investigations were conducted along
the 13 riverine reaches, as well as the Squaw Creek and Big Backbone Arms of Shasta Lake.
Additionally, focused biological investigations for special-status species were conducted as
part of an earlier pilot study along the Squaw Creek and Big Backbone Arms of Shasta Lake.

= Section 5, Impacts Analysis, will be prepared after Reclamation and other federal and state
resource agencies have reviewed the information in the interim draft report and determined
the impacts to be analyzed. The impacts analysis will be incorporated into interim report to
be prepared in August 2004,

= Section 6, References, provides complete citations for all references cited in this report.

= Section 7, Acronyms and Abbreviations, contains an alphabetical list of acronyms and
abbreviations used in the text. The list is on an 11- by 17-inch foldout to provide the reader
with a convenient reference while reading the document.

= Appendices

For ease of reading, all of the figures and photographs in Volume | are presented at the ends of the
sections. Tables, however, follow their first reference in the text.

The atlas is organized into six volumes, each corresponding to a specific area or arm of Shasta Lake.
Figure 1-2 identifies the location and geographic extent of the features included in the ESL for this
report. Table 1-1 shows the volume that applies to each area or arm of the lake.

Table 1-1
Atlas Volumes
Volume Shasta Lake Area/Arm
Volume Il Main Body of Lake
Volume I Big Backbone Creek Arm
Volume IV Sacramento River Arm
Volume V McCloud River Arm
Volume VI Squaw Creek Arm
Volume VII Pit River Arm

Each volume of the atlas was developed to ensure that comprehensive coverage is provided for the
applicable area at a meaningful scale (1" = 600"). An atlas sheet index is provided for each volume;
the index illustrates the organization and geographical orientation of each sheet in the volume. Sheets
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1. Introduction

are numbered sequentially in an upstream direction and are edge-matched to provide continuity. The
downstream sheet displays the lower boundary of the area or arm as a definitive line. This line was
used to provide a consistent approach for field investigations, information management, and reporting
purposes. It is not intended to serve as a definitive geographic representation of referenced features.
The upstream sheet displays the upper boundary of the ESL as identified in the project GIS.

Each volume of the atlas contains four map sequences that correspond to sections of the narrative in
Volume I. These map sequences are:

1. Environmental Study Limits
2. Shoreline Erosion Potential
3. Plant Series

4. WHR Habitat Type

References in the text to the atlas are shown as follows: (see Atlas, Vol. Il, 2-4). The “2” in this
example corresponds to the map sequence (i.e., Shoreline Erosion Potential) and the “4” corresponds
to the sheet number.

1.3 Future Studies

NSR is under contract to Reclamation to perform additional studies for the proposed enlargement of
Shasta Dam. The results of these studies will be included in an interim draft report and a final report.
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Section 2

ENVIRONMENTAL STUDY LIMITS

2.1 Introduction

Before the onset of field studies, NSR delineated the environmental study limits (ESL) to
establish the project boundaries. The ESL was intended to constrain the geographic extent of
technical investigations to the area immediately upslope of the present shoreline of Shasta Lake
that would be subject to inundation under various enlargement scenarios.

The base map for all subsequent work used low-elevation (1" = 7,200") color aerial photographs
to generate high-resolution (6-in pixel) orthophotographs of Shasta Lake and the surrounding
area. A total of 768 orthophotographs in MrSID format were used to generate the GIS layer for
the ESL, which encompasses Shasta Lake's more than 420 miles of shoreline.

To provide a comprehensive and seamless visual image of the landscapes and features in and
adjacent to the ESL, ESRI software products were used to prepare shapefiles. In conjunction
with the MrSID imagery, NSR used topographic information provided by Reclamation (in
AutoCAD format) to prepare the ESL boundaries. These boundaries were superimposed on the
digital orthophotographs to represent the lower- and upper-elevation boundaries of the ESL. The
lower boundary corresponds to the full-pool elevation defined by Reclamation (1,070 ft msl
contour line). Reclamation established the upper boundary using the 1,090 foot msl contour line
around the entire lake. These linear boundaries are portrayed on each sheet in the six volumes of
the Atlas.

To examine the physical and biological resources along riverine reaches that would be subject to
inundation if Shasta Dam is enlarged, the ESL incorporates reaches of 13 streams and rivers that
are tributary to Shasta Lake. These reaches were selected to represent the diverse characteristics
of the rivers and streams that flow into Shasta Lake. Criteria used for selecting these reaches
included size, location, aquatic values, geologic terrain, and watershed area. The upstream
boundary of each reach is a recognizable geographic feature shown on a U.S. Geological Survey
(USGS) map upstream of the predicted 1,090 foot msl contour. Recognizable geographic
features included tributary confluences, waterfalls, and road crossings. In some circumstances,
the ESL extended upstream beyond the 1,090-foot contour as much as 1,000 feet. Table 2-1
identifies the 13 riverine reaches and the geographic feature used to define the upstream
boundary. The table also shows the length of the reach within the ESL.

2.2 Methods

NSR was provided with 2-foot-interval elevation contour data for the Shasta Lake area by
Reclamation’s photogrammetry division. The elevation contours were derived
photogrammetrically from orthophotography that was flown and processed by Pacific Western
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Technologies, Ltd. The contours cover approximately 14,400 acres between the lake water
surface elevation of 1,012.5 feet msl at the time of the aerial surveys and an elevation of 1,200
feet msl. The contour data encompass the entire lake shoreline and were provided in AutoCAD
DWG format.

Table 2-1
Riverine Reaches in ESL
Reach Length
Riverine Reach Upstream Boundary (mi)
Little Backbone Creek Unnamed Tributary 0.753
Big Backbone Creek Oak Opening Creek 0.757
Sugarloaf Creek Unnamed Tributary 0.509
Upper Sacramento River Dog Creek 0.792
Middle Salt Creek Albert Creek 0.343
Salt Creek Fall Creek 0.696
Nosoni Creek North Nosoni Creek 0.984
Dekkas Creek Unnamed Tributary 0.843
Campbell Creek Unnamed Tributary 0.340
Squaw Creek Winnibulli Creek 0.557
Flat Creek Unnamed Tributary 0.486
Ripgut Creek Unnamed Tributary 0.358
Potem Creek Potem Falls 0.812

Table 2-2 shows the acres included in the ESL for each arm of Shasta Lake as well as the main
body of the lake.

Table 2-2
Shoreline ESL Acres
Area/Arm Acres’
Main Body of Lake 459.86
Big Backbone Creek Arm 91.68
Sacramento River Arm 735.58
McCloud River Arm 402.82
Squaw Creek Arm 295.73
Pit River Arm 519.90
Total Area 2,505.57

Acres generated from NSR project GIS

North State Resources, Inc.
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The DWG files were imported to the ESRI ArcMap GIS environment, and the 1,070-foot, 1,080-
foot, and 1,090-foot elevation lines were queried and extracted as separate ESRI shapefiles from
the existing CAD contour data. The three elevation lines were edited to produce continuous
contours and then converted to polygon features for each area or arm of the lake. These polygon
features were then cleaned and built to define topology in ESRI’s Arcinfo Workstation
environment. The resulting features were converted back to shapefiles, from which NSR
produced polygon shapefiles representing areas of the ESL defined by the 1,070-foot and 1,090-
foot elevations as lower and upper bounds, as well as polygon shapefiles representing alternate
ESL areas defined by 1,070-foot and 1,080-foot elevations. These ESL layers were produced
separately for the main body of the lake and for each arm, as were composite layers representing
the entire lake.

Appendix A provides additional information concerning the methods used to define the ESL.

2.3 ESL Elevation Anomalies

It is apparent upon inspection of the photogrammetrically-generated elevation contours that, in
many areas of the Shasta Lake shoreline, the contour most closely representing the current
maximum pool elevation of 1,070 feet is not in perfect congruence with the actual highest
shoreline, as defined by the vegetation line and wave cut feature. While some deviation from a
perfect “bathtub ring” is to be expected for these ecological indicators of inundation, anomalies in
the elevation model as represented by the contour data are apparent. This perceived deviation of
contour elevation accuracy from the “real-world” location of vegetation lines and the wave-cut
shoreline features affects the accuracy of the ESL, habitat, vegetation, and shoreline erosion maps
in the Atlas.

The most common type of perceived contour elevation anomaly occurs where an apparent artifact
in the contour line intersects curvature in the vegetated shoreline as a straight line segment. This
type of artifact has been observed in the contour data at various places along the shoreline at all
three critical ESL elevations (1,070, 1,080, and 1,090 feet). Additionally, there are places where
the contours close to form “islands” where, in fact, continuous dense vegetation extends from the
shoreline to the area defined by the contours as islands. Finally, in some areas, the contour lines
are simply a poor match for the shape of the shoreline in that area. Anomalies of all three types
appear most common where shoreline and adjacent hillslope areas have low slope gradients.
While these apparent anomalies do not occur everywhere along the shoreline, they are generally
systematic in placing the 1,070-foot contour upslope of the “true” position of the maximum pool
elevation. Rarely do contours extend lake-ward of the visible vegetation line.

NSR has developed several hypotheses that may account for the presence and pattern of contour
anomalies in the terrain model. It seems probable that the anomalies were introduced because
there is insufficient ground-based elevation control in some areas to adequately resolve the shape
and elevation of the shoreline. Differences between vegetation canopy elevation and the exposed
shoreline elevation may be poorly estimated, especially where control points are distant. The
height of the vertical eroded shoreline bluff at the highest wave-cut elevation may also be
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incorporated inaccurately in the terrain model. If the bluff heights were often underestimated, the
effect would be to frequently displace the position of the 1,070-foot contour up slope onto the
vegetated hillslope area, which is the most common anomaly pattern seen.

Orthophotographic correction for relief and radial displacement at the terrain surface displaces the
position of the vegetation drip line, and the position of the drip line may not correspond with the
true position of the shoreline. Nonetheless, in a number of shoreline areas, it is quite apparent
that the vegetation line seen on the orthophotos is a better representation of the actual maximum
pool elevation than the 1,070-foot contour is. While NSR recognizes that the elevation model
represents the highest quality of terrain data available for this project, the presence of these
anomalies may affect the accuracy of the information provided in this report.

Principally, it is apparent that anomalies observed in the Atlas between the ESL as defined by the
contour data and the areas of potentially eroded shoreline, vegetation, and habitat described in
this report would be significant if the ESL were defined based on field criteria for demarcation of
the shoreline. In fact, the vegetation and wildlife habitat were field-mapped based on the
vegetation line on the aerial photography. There are a fair number of areas around the lake where
substantial portions of some field-mapped polygons were omitted from the GIS layers because
the 1,070-foot lower boundary truncated the vegetated area apparent on the aerial photo. A
number of field-mapped habitat and vegetation polygons were omitted entirely because they were
down slope of the plotted position of the 1,070-foot contour. Additional information is provided
in Appendix B, Discussion of ESL Contour Anomalies. NSR tracked these omitted polygons and
will provide a list of them in a subsequent draft of this report.

The ESL area for the Squaw Creek Arm was visually corrected to provide a better match between
the 1,070-foot contour and the apparent shoreline in the orthophotographs. Consequently, no
polygon areas were omitted in the Squaw Creek Arm ESL area. However, there was no visual
basis for correcting any errors in the 1,080-foot or 1,090-foot contours, which in many cases
parallel the 1,070-foot contour line. Therefore, the 1,070-foot contour was often extended while
the upslope contours were not, which likely resulted in inflated acreages for the polygons in
guestion. The estimated increase in acreage for the Squaw Creek Arm ESL area after correcting
the 1,070-foot contour is approximately 20 percent. Without a visual basis for correcting upslope
contours, there is no way to provide a corrected acreage as well as a corrected shoreline.
Therefore, we now believe that the best method would be to simply use the contours as provided
to define the ESL, recognizing that there is a certain degree of inaccuracy in the reported results.
In subsequent drafts of this report, this information will be revised, if necessary.

North State Resources, Inc. 2-4 Bureau of Reclamation
July 2004 Shasta Lake Water Resources Investigation Technical Report



SHASTA LAKE WATER RESOURCES INVESTIGATION TECHNICAL REPORT

Section 3 Physical Environment



Section 3

PHYSICAL ENVIRONMENT

This section describes selected elements of the physical environment of Shasta Lake. Section 3.1
discusses the fluvial geomorphic features and processes of the 13 riverine reaches that are tributary to
Shasta Lake. It also describes the general setting, discusses the methods used to formulate a detailed
characterization of each reach, and briefly summarizes the patterns suggested by the data. Section 3.2
provides a general discussion of geology, meteorology, and geomorphology as they relate to the
erosional processes and features associated with Shasta Lake. In addition, the section describes the
approach used to characterize the shoreline erosion observed at Shasta Lake and reports the findings
of this reconnaissance-level inventory.

The climate in the project vicinity is predominantly Mediterranean, although the size and location of
Shasta Lake influence local meteorological conditions. Rainfall records provided by Reclamation
indicate that the average annual precipitation is 61.6 inches per year and that average temperatures
range from about 50° F. in winter to about 90° F. in summer.

The watershed area upstream of Shasta Dam encompasses 6,665 square miles.

Reclamation routinely updates the Operational Criteria and Procedures (OCAP) for Shasta Dam to
ensure that the dam is operated to meet CVPIA and other legal and regulatory requirements. These
requirements directly affect the ability of Reclamation to manage the water-surface elevation of
Shasta Lake throughout the water year. The water-surface elevation of Shasta Lake is also influenced
by a variety of other factors, including water year type, seasonal demands for water and requirements
for various beneficial uses both on-site and downstream, and the level and timing of inflows. In
particular, the meteorological influences on water-surface elevations have been extremely variable
over time.

Under current practices, Reclamation operates Shasta Dam to meet OCAP requirements. Shasta Dam
is operated with water-surface elevations of between 965 ft (msl) and 1,070 ft to ensure optimum use
of Shasta Lake for power generation, fish and wildlife conservation, recreation, water supply, and
flood control purposes.

Since it was constructed in 1945, Shasta Lake has been subjected to a variety of climatic events,
including extensive droughts and extreme floods. Figure 3-1 illustrates the cyclic nature of water-
surface elevations since 1988. It indicates that Shasta Lake has approached full-pool conditions
several times in the past 25 years. Since 1988, the average water-surface elevation of Shasta Lake has
been 1,005 ft msl.
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The annual drawdown of the lake begins in late spring, and the lowest lake elevation normally occurs
in late fall or early winter. The lowest drawdown on record was 836 ft msl on September 14, 1977
(U.S. Forest Service 1986).

The operation of Shasta Dam results in recurring fluctuations in the water-surface elevation. These
fluctuations have the potential to affect the physical features and geomorphic processes of the rivers
and creeks that are captured by Shasta Dam and the associated shoreline of Shasta Lake.

The riverine reaches that contribute flow, sediment, and a combination of organic and inorganic
materials to the lacustrine environment are as diverse as the watersheds from which they emanate.
The approximately 420 miles of shoreline also contributes water, sediment, and other materials
directly to the waters of Shasta Lake though a variety of geomorphic processes. In this section, the
riverine and shoreline environments are characterized in order to understand the relationships
between these environments and an increase in the water-surface of Shasta Lake.

Any increase in the full-pool water-surface elevation will result in inundation of tributaries that have
reestablished a temporary, albeit dynamic base-level since 1945. The rivers and creeks that
contribute material to Shasta Lake vary in form and functionality and provide a high degree of
ecological diversity in terms of flora and fauna. With more than 1,300 identified riverine features
(U.S. Forest Service 2003a) Reclamation recognized the need to understand some fundamental
aspects of the relationships between these riverine features and the fluctuating lacustrine environment
of Shasta Lake. The fluvial geomorphic characterization of selected riverine reaches provides a
stratified approach to understanding the physical features and processes that distinguish these rivers
and creeks.

Based on the information provided in previous studies, Reclamation recognizes that shoreline erosion
has the potential to affect other aspects of the human environment, including infrastructure,
improvements, and management activities. A systematic approach to characterizing the extent and
magnitude of shoreline erosion offers the opportunity to understand the ecological relationships
affected by this phenomenon.

3.1 Geomorphology of Selected Riverine Reaches

3.1.1 METHODS

Overview

To help understand the potential impacts to the rivers and creeks that are tributary to Shasta Lake,
fluvial geomorphic assessments were conducted on the 13 riverine reaches described in Section 2.
These assessments were performed over 19 field days between July 14, 2002, and October 5, 2003.
The longitudinal profiles were used to stratify and characterize discrete reaches. These surveys were
initiated at the stream-lake interface and extended upstream to the ESL boundary to ensure adequate
characterization of the potentially affected reach.
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Aguatic habitat units were delineated for each riverine study reach. Canyon wall to canyon wall
cross-sections were surveyed as necessary to both illustrate geomorphic conditions at representative
locations within each field-delineated geomorphic subreach and to provide dimensions to verify field-
judged channel classifications of each subreach, according to both the Rosgen (1996) and
Montgomery-Buffington (Montgomery and Buffington 1993) channel classification schemes.
Characterization of channel-bed substrate and identification of individual gravel-sized sediment
deposits were periodically incorporated with pebble counts (Wolman 1954). This information
guantified the distribution of the channel bed framework and pocket-gravel sediment-sizes.

Stream discharge was measured for nine of the 13 riverine reaches. The lack of suitable locations or
existing gage data precluded measurements on Salt Creek, the Sacramento River, Big Backbone
Creek, and Squaw Creek. Temporary and permanent survey benchmarks were installed and
periodically documented with photographs along each study reach.

Longitudinal Profile Surveys

A longitudinal channel-bed and water-surface profile was surveyed for each riverine reach, as
described in the preceding paragraph. Except for the Upper Sacramento River and Salt Creek, the
water-surface elevation at the interface served as the river stationing control (Station 0+00 ft) and
known elevation benchmark (elevation in ft msl according to hourly lake level gage records).
Because complete digital orthophoto and digital elevation contour data are lacking for the Upper
Sacramento River and Salt Creek, an existing USGS gage datum was used for the Upper Sacramento
River study reach and an arbitrary datum was established for Salt Creek. The fill prism of Interstate
5, which serves as a grade control between Shasta Lake and Salt Creek, prevented the use of the
water-surface elevation as a datum.

Longitudinal profile survey data were collected using an auto level surveying instrument, stadia rod,
and hip chain. The density of profile data and the location of individual profile shots were
determined to quantify lengths of individual aquatic habitat units in the study reach in accordance
with the habitat delineation methods in USDA Forest Service R-5 Fish Habitat Relationships
Technical Bulletin (McCain et al. 1990). In general, the survey included one elevation at the
upstream and one elevation at the downstream end of each individual habitat unit to measure the
length of the habitat. Additional shots were taken to increase the detail in the longitudinal profile for
long pool and run habitat units with non-uniform bed profiles. Additional survey shots were taken
within long pools to define maximum pool depth and other attributes. For pools, the average wetted
width, and the estimated areal percentage distribution of the following sediment size classes present
on the bed were recorded: bedrock, boulder, cobble, gravel, sand, silt, and organic material.

A hip chain was used to measure river stationing of individual shots. Additional shots were surveyed
as necessary to correctly resolve slope breaks on the channel bed and water surface profile and to
more thoroughly characterize the profile of individual pool and run habitats. At each shot location,
water depth was recorded to the nearest 0.1 ft and the size class of the dominant bed material
(primarily boulders) and presence/absence of other material size classes were documented.

Bureau of Reclamation 3-3 North State Resources, Inc.
Shasta Lake Water Resources Investigation Technical Report July 2004



3. Physical Environment

Hip chain and stadia intercepts were used to measure river stationing of all out-of-channel turning
point, cross-section locations, and permanent benchmark shots. Stadia intercepts were used to
calculate final cumulative river stationing for the study reach and station values for all permanent
benchmarks and temporary turning point markers established in this study. Instrument set-up and
turning point marker locations were placed as near as possible to the centerline of the channel such
that the distances recorded from the auto level would sufficiently correspond to actual distances along
the centerline of the creek. Incremental hip chain data were used to calculate final river stationing for
habitat unit delineations and individual channel bed shot stations on the longitudinal profile.

Temporary turning point markers were marked with environmental survey marking paint and
identified using a paint spot and turn number on a boulder or other semi-permanent feature. Turning
points are established on exposed in-channel boulders throughout the study reaches an average of 367
ft apart. With the exception of Big Backbone Creek and Squaw Creek (2002 season), permanent
benchmarks were periodically surveyed and monumented with factory-numbered, round, blue
metallic badges, or “shiners,” on prominent mid-channel boulders along the study reach and at the
upstream end of the surveys.

With the exception of Salt Creek, each survey was closed by surveying from the upstream-most
turning point marker or permanent benchmark downstream to the turning point marker nearest the
reservoir. All surveys closed to within an elevation of 0.03 feet Salt Creek is separated from Shasta
Lake by a spillway-controlled impoundment immediately upstream from the Interstate 5 fill prism.
The Salt Creek longitudinal profile was initiated at the arbitrary impoundment surface elevation at the
Salt Creek interface.

Agquatic Habitat Unit Delineation

Individual aquatic habitat units were delineated using the basin-wide habitat classification methods
set forth by the USDA Forest Service R-5 Fish Habitat Relationships Technical Bulletin (McCain et
al. 1990). Specifically, the study reaches were delineated using the following aquatic habitat types:
cascade, riffle, pool, run, step run, step pool, and falls/step. The length of each habitat unit is at least
one channel width in length.

Channel Classification and Geomorphic Subreach Delineation

Many of the study reaches were less than about 3,000 ft long and were entirely bedrock and boulder-
bedded streams continuously confined by bedrock canyon walls with narrow floodplains; entire study
reaches could therefore be reasonably classified as one channel type under both the Rosgen (1996)
and Montgomery and Buffington (1993) classification schemes. That is, entire study reaches were
sufficiently steep, coarse-bedded, and confined to simplify channel classification under standard
schemes that were developed for a broader range of slope, substrate size, and confinement parameter
values, intended for broadest application in lower-gradient streams. Nonetheless, field observations
in conjunction with slope calculations, and the presence/absence of bedforms were used to classify
study reaches and subreaches, if applicable, under the Montgomery-Buffington classification scheme.
This scheme classifies channels into bedrock, colluvial, braided, cascade, step-pool, pool-riffle, plane-
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bed, and regime classifications. Periodic field measurements and visual estimates of bankfull and
flood-prone width and depth were made to conform to the Rosgen channel classification scheme.

Cross-Section Surveys and Subreach Characterization

Cross-sections were surveyed at locations specifically selected to illustrate the range of geomorphic
subreaches identified in the study reach. This information was incorporated into the data set used to
classify the stream channels under the referenced schemes. Cross-sections were monumented with
temporary benchmarks near the channel and surveyed from canyon wall to canyon wall These
benchmarks were identified with either flagging, 12-inch spikes, or, more typically, environmental
spray paint marks on bedrock outcrops. Shot locations were selected along the cross-sectional profile
to characterize the overall ground and water surface profile shape, including transitions between
profile slope and terrace, bar, and subsurface sediment facies. General riparian vegetation and
substrate conditions were noted graphically in the field for use in rendering final cross-section charts
for contextual purposes. Estimated slopes on canyon walls were used to provide geomorphic context
to the channel cross-section.

In conjunction with the channel cross-section surveys, general observations of riparian vegetation
conditions and geomorphology—vegetation interactions were recorded. Cross-section surveys portray
idealized riparian vegetation conditions at selected sites. Ground photographs made from
monumented benchmarks illustrate current vegetation conditions and could be incorporated into a
monitoring program in the future.

Visual observations were made of geomorphic features in and adjacent to the channel. These
observations focused on depositional features important to the aquatic and riparian communities.
They included channel bed and exposed mid-channel bars, pocket gravels, point bars, and channel
margin deposits, and potentially suitable salmonid spawning sites. In conjunction with these
observations, surface sediment pebble counts (Wolman 1954) were performed on in-channel boulder-
cobble channel bed framework materials, and on both submerged and exposed gravel deposits
deemed representative of typical bedload sediment composition or potentially suitable spawning
gravel.

Digital Orthophotos and Geomorphic Mapping

Digital orthophotographs and digital elevation contour data were available for part of all of the 13
study reaches except the Upper Sacramento River and Salt Creek. These sources were used to
prepare field maps for use during the longitudinal profile surveys. For larger tributaries, including
Big Backbone Creek and Squaw Creek, the combination of wider canyon floor and channel bed
conditions and incomplete canopy cover allowed for precisely locating and field-mapping individual
survey shots, pebble counts, cross-section endpoints, etc. With the exception of Little Backbone
Creek (which is subject to acid-mine drainage), the riverine reaches have limited openings in the
canopy, thereby reducing the ability to use orthophotos for field mapping. In these instances,
orthophotos were used to map the reaches currently subjected to inundation, beginning with Station
0+00 feet Longitudinal water surface profiles were prepared using the digital contour elevation data
to validate the interpretive quality in the upstream reaches.
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3.1.2 CHARACTERIZATIONS

Little Backbone Creek

The Little Backbone Creek watershed (Figure 3-3) drains an approximately 4.6-square-mile area in
the southwestern portion of the ESL, and enters the main body of Shasta Lake (see Atlas, Vol. Il, 1-6)
about 2.5 miles NNE of Shasta Dam. The watershed, including the study reach, is underlain almost
entirely by metavolcanic bedrock, primarily porphyritic and non-porphyritic rhyolite. The upper
watershed includes lesser amounts of pyroclastic (primarily volcanic and tuff breccia and some
volcanic conglomerate) and volcaniclastic (primarily tuff and tuffaceous shale) rocks, as can be found
exposed in the upper tributary streambeds, as well as an isolated outcropping of Kennett limestone
exposed on the ridge forming sections of the east-northeastern and southern watershed boundaries.
The measured discharge of Little Backbone Creek within the ESL (at Station 5+60 ft) was 1.9 cubic ft
per second (cfs) at 12:00 p.m. on July 31, 2003 (Table 3-1). South Fork Little Backbone Creek
contributed approximately 10 to 15 percent of the measured discharge and appeared heavily affected
by acid mine drainage (Figure 3-3). Extreme chemical discoloration of the channel bed and banks,
apparently due to acid-mine drainage, occurs throughout the South Fork and the downstream reach of
Little Backbone Creek. Discoloration was observed from the Shasta Lake water surface (Station
0+00) on July 31, 2003 (elevation 1031.07 ft msl) upstream to a permanent benchmark (BM-80)
installed at Station 10+43 ft and elevation 1,114 ft msl (Table 3-2) near the base of Little Backbone
Creek Falls at approximately Station 10+90 ft (Figure 3-4).

Table 3-1
Summary of Stream Discharge Measurements, Riverine Reaches
2002 - 2003
Measured Date of Drainage
Date Surveyed Discharge Discharge Area Ratio
Name From To (cfs) Measurement (sg mi) (cfs/sq mi)
g:g‘;kB""Ckbone 7/31/2003 | 7/31/2003 1.89 7/31/2003 4.6 0.41
Big Backbone Creek 7/18/2002 | 7/19/2002 nd nd 30.2 nd
Sugarloaf Creek 7/30/2003 | 7/30/2003 3.47 7/30/2003 10.4 0.33
gﬁ/%fr Sacramento 10/3/2003 | 10/4/2003 252 10/3/2003 53.5 4.82
Middle Salt Creek 7/28/2003 | 7/29/2003 3.74 7/28/2003 17.8 0.21
Salt Creek 10/5/2003 | 10/5/2003 nd nd 9.6 nd
Nosoni Creek 7/20/2003 | 7/20/2003 4.28 7/20/2003 13 0.33
Dekkas Creek 7/19/2003 | 7/19/2003 0.86 7/19/2003 3.8 0.23
Campbell Creek 7/21/2003 | 7/21/2003 0.85 7/21/2003 4.8 0.18
Squaw Creek 7/14/2002 | 7/16/2002 nd nd 57.8 nd
Flat Creek 7/17/2003 | 7/17/2003 0.58 7/17/2003 55 0.11
Rip Gut Creek 7/18/2003 | 7/18/2003 1.03 7/18/2003 5.3 0.19
Potem Creek 10/2/2003 | 10/2/2003 4.78 10/2/2003 11.9 0.40
North State Resources, Inc. 3-6 Bureau of Reclamation
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In the study reach, Little Backbone Creek is a steep (6 to 8 percent slope), single-thread bedrock and
boulder-bed channel confined within a 35- to 45-ft-wide steep-sided canyon with no floodplain or
fluvial terrace deposits. Bedrock falls, cascades, and plunge pools form the majority of the channel

Table 3-2
Benchmark, Turning Point Marker Locations and Elevations, Little Backbone Creek
July 31, 2003
Station from Reservoir Surface Elevation Above MSL
Turning Point Number (ft) (ft)

RES WSE 0 1,031.07
TP1 2+48 1,051.96
TP2 4+93 1,066.84
TP3 7+01 1,087.12
TP4 8+81 1,103.80
BM80 10+43 1,114.18
Reservoir Water-Surface Elevation 1,031.07

Notes: Downloaded from: http://cdec.water.ca.gov/cgi-progs/queryDaily SHS

bed, except for locations where colluvial boulder rockfall deposits create steep boulder riffles and
exposed boulder bars or shallow, gravel-bedded run habitats in the inundated reach. Falls and
cascades make up approximately 20 percent of the total aquatic habitat (Figure 3-5), and bedrock
substrate underlies about 23 percent of the total stream length (Figure 3-6). Plunge pools and
associated run and glide habitats make up 58 percent of total aquatic habitats, with large gravel,
cobbles, coarse woody debris, and sand substrates (40 percent of total substrate observations). Pools
are typically 15 ft wide and up to 5.2 ft deep (Table 3-3). The remaining 21 percent of aquatic
habitat is riffle with boulder-dominated substrates controlled by local colluvial boulder rockfall
deposits (37 percent of total substrate observations).

Table 3-3
Average Pool Width, Depth, and Substrate Distribution, Little Backbone Creek

Areal Percentage of Substrate in Pool
Bed
Station Elevation
at Top of | at Top of Maximum | Average
Pool Pool Pool Depth Width BR|Bo | Co | Gr |Sa| Si|Org| Total
No. (ft) (ft) (ft) (ft) (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%)
0+40 1,030.61 5.2 15 30 20 20 30 100
2 1+61 1,044.31 3.4
3 2+54 1,045.18 5.7 12 10 20 60 10 100
4 4+81 1,061.16 3.4 10 20 | 40| 10 | 30 100
5 6+13 1,068.54 3.7 15 10 10| 10 | 70 100
6 6+81 1,076.62 4.1
7 7+25 1,080.86 4.6 15 40 30| 10 | 20 100
8 8+87 1,097.94 2.7 15 50 30| 10 | 10 100
9 9+97 1,105.55 4.3 18 10 20| 20 | 50 100

Notes: BR=bedrock, Bo=boulders, Co=cobbles, Gr=gravel, Sa=sand, Si=silt, Org=organic material
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3. Physical Environment

Bed framework materials in alluvial stream sections are primarily made up of colluvial boulders from
local rockfall deposits with a typical median diameter of 300 to 350 millimeters (mm) (Table 3-4).
Bed framework materials appear to be very infrequently mobilized. However, volcanic breccia
boulders with diameters of up to 400 mm found near Station 9+00 ft were fluvially transported from
South Fork Little Backbone Creek several thousand ft upstream. Small cobble and gravel deposits
representative of frequently mobilized bed materials in the study reach are very limited.

Coverage by alluvium and gravel-sized sediment is generally greater in lower-gradient stream
sections with boulder bars present. In the inundated reach, sedimentation effects appear to increase
overall alluvial coverage and depositional area of small cobble and gravels-sized materials. The
entire channel bed is covered with cobble and gravel-sized materials downstream from about Station
2+30 feet Pools upstream from about Station 4+70 ft (elevation 1,061 ft msl) are devoid of fine
sediment and organic debris on the bed, and pools upstream from about 6+70 ft (elevation 1,077 ft
msl) have substantially more exposed bedrock (Table 3-3).

Table 3-4

Little Backbone Creek

Summary of Channel Bed Material and Gravel Deposit Observations and Pebble Count Measurements,

July 31, 2003
River
Station | Elevation Material/Deposit | Material/Deposit Deposit Dsa Dso D16 Embed-
(ft) MSL (ft) Type Location Area (sqft) | (mm) | (mm) | (mm) | dedness
1+00 1,043 bed framework mid-ch na 1056 360 80 na
1+90 1,047 bed surface mid-ch na 64 37 - high
2+00 1,047 bed surface (PC 1) mid-ch na 71 31 15 high
2+63 1,051 pool tailout mid-ch 325 90 16 - mod
3+00 1,053 channel margin rt bk 150 8 3 1 low
3+15 1,054 boulder lee rt bk 100 - 30 -- low
5+00 1,067 bed framework (PC 2) mid-ch na 720 308 72 na
5+10 1,068 pocket gravel (PC 3) rt bk 120 54 28 15 low
5+50 1,072 pocket gravel rt bk 80 - 25 -- low

Annual flood scour appears to limit near-channel riparian vegetation to widely-spaced sedge (Carex
spp.) that colonizes protected channel margin deposits. Upland vegetation is rooted as low as water
surface elevation plus 5 feet. Lack of dense riparian vegetation allowed for excellent orthophoto
resolution of aquatic habitat and channel bed and bar features in the study reach. However,
orthophoto-derived elevation contour data did not correctly resolve channel bed and water surface
profiles (see Figure 3-4).

Little Backbone Creek in the study reach can be divided into two representative geomorphic
subreaches. Reach 1 is the inundated sedimentation-affected reach extending from Shasta Lake
(Station 0+00) upstream to longitudinal profile survey Station 4+30 (approximately 1,063 ft msl).
Reach 1, which has a 6.1 percent slope, is a primarily bedrock and boulder-bedded reach with lake
delta deposits partially covering the channel bed, forming near-channel boulder bars and elevated
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terraces flanking the channel (Photo LBC-1). A bedrock outcrop at Station 0+67 ft forms a cascade
and plunge pool near the downstream end of the study reach and confirms that the 6.1 percent slope is
controlled by the pre-reservoir bedrock bed profile, and not by net reservoir sedimentation. Cross-
Section 1, surveyed at Station 1+94 ft, illustrates the typical dimensions of Reach 1 (Figure 3-7).
The low-flow channel is approximately 20 ft wide and plane-bedded with large gravel moderately to
highly embedded, with sand forming the frequently mobile bed matrix (Photo LBC-2). These matrix
materials overlie the infrequently mobilized channel bed framework made up of partially reworked
colluvial boulder lag deposit and smaller amounts of fluvially transported boulders, similar to poorly
sorted boulder bar materials exposed along the channel margins (Photo LBC-3). Photo LBC-2 also
shows channel bed framework materials exposed along both channel margins at Cross-Section 1.
Low-flow discharge (1.9 cfs) is sufficient to transport silt and organic materials from the channel
thalweg but both submerged channel margins and perched boulder bar surfaces are embedded with
fines and organic materials deposited as the lake water surface steadily decreased over the summer.
These substrate embeddedness conditions are typical for Reach 1.

A pebble count measurement conducted at the location shown in Photo LBC-2 (Pebble Count 1)
estimated the median bed material size to be 31 mm (Table 3-4). The surface grain size distribution
measured at Pebble Count 1 appears representative of frequently mobilized bed material or typical
bedload material in the study reach. In the upstream portion of Reach 1, there are some isolated
deposits of minimally embedded small gravel. For example, Photo LBC-3 shows a small-diameter,
minimally embedded gravel deposit and a small amount of coarse organic material along the right
bank channel margin near Station 3+00 and elevation 1,054 ft msl.

Reach 2 is typical of pre-lake conditions for the entire study reach. Reach 2, with an 8.3 percent
slope, is a primarily bedrock and partially boulder-bedded channel contained within a confined
bedrock canyon (Figure 3-4). Bedrock falls, cascades, and deep plunge pools form the majority of
the channel bed and aquatic habitat in Reach 2 with lesser amounts of boulder-bedded riffle and
shallow cobble- and boulder-bedded run habitats in intervening reaches (Figure 3-4). Cross-Section
2 surveyed at Station 5+62 ft illustrates typical channel bed conditions in Reach 2 (Figure 3-8). At
Cross-Section 2, the low-flow channel is approximately 10 ft wide and plane-bedded with minimally
embedded cobble and large gravel forming the frequently mobilized bed materials deposited at the
pool tailout at the head of the downstream boulder riffle (Photo LBC-4). Photo LBC-5 shows the
cobble and boulder materials forming the bed framework and channel margin gravel deposit materials
near Cross-Section 2. Pebble Count 3 was conducted on pocket gravel deposits partially submerged
in boulder riffle edgewater and partially exposed on the boulder bar surface near Station 5+10 feet
The median diameter of these pocket gravel materials was 28 mm (Table 3-4). The size distribution
of this sample appears typical of frequently mobilized bedload materials in Reach 2. Pebble Count 2
was conducted on the largely immobile submerged bed framework materials in the boulder riffle near
Station 5+00 ft (Photo LBC-6). The sample area contained a shallow veneer of gravel materials, but
the median diameter of bed materials in the boulder riffle was 308 mm, reflecting the domination of
the boulder riffle framework materials by large colluvial clasts.

Bureau of Reclamation 39 North State Resources, Inc.
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Both Reach 1 and Reach 2 would be classified as “Al” channel sections according to the Rosgen
channel classification scheme (Rosgen 1996). The entire study reach would be classified as
“cascade” according to the Montgomery-Buffington classification scheme (Montgomery and
Buffington 1993).

Big Backbone Creek

Big Backbone Creek watershed (Figure 3-9) drains an approximately 30.2-square-mile area situated
in the western portion of the ESL and enters into the Big Backbone arm of Shasta Lake (see Atlas,
Vol. 111,1-5) about 5.1 miles north of Shasta Dam. The middle and upper watershed is underlain
almost entirely by meta-sediments, primarily the Bragdon chert-pebble and quartz conglomerate with
lesser amounts of black siliceous shale and greywacke (Figure 3-2). The upper South Fork Big
Backbone Creek also cuts through volcaniclastic tuff and tuffaceous shale and metavolcanic Balaklala
rhyolite characteristic of the Little Backbone Creek watershed. Similarly, the lower portion of the
watershed including the 7,880-ft-long study reach is primarily underlain by the Balaklala rhyolite that
is also present in the Little Backbone Creek watershed, as well as lesser amounts of greenstone and
Kennett limestone.

The Big Backbone Creek longitudinal profile survey and study reach for this assessment began at the
upstream end of Shasta Lake (Station 0+00 ft) on July 18, 2002 (elevation 1,022.68 ft msl) and
extended about 7,880 ft upstream to the ESL at the confluence of Oak Opening Creek (elevation
1,119.18 ft msl) on July 19, 2002 (Table 3-5). This reach is a mildly sinuous, primarily small
boulder- and large cobble-bedded single-thread and locally braided pool-riffle-run and step-run
alluvial stream with a relatively uniform and moderately steep channel bed slope of 1.2 percent
(Figure 3-10). The 30-55-ft wide bankfull channel is confined within a bedrock canyon by vertical
bedrock channel banks along outside channel bends and elevated, steeply-sloped terrace-like
floodplains along inside bends.

Within the bankfull channel, the 15-35-ft-wide low-flow channel is locally confined by colluvial
boulder lag deposits and almost continuously confined by narrow lateral and point bars with bar
framework materials dominated by large cobbles and small boulders with lesser amounts of gravel.
Big Backbone Creek is lower gradient and more alluvial than all of the tributaries assessed in this
study, with the exception of Upper Sacramento River. Pool-riffle-run aquatic habitat units comprise
75 percent of the study reach length and step-run habitats 25 percent (Figure 3-11). There were five
bedrock steps and one boulder cascade habitat that together made up less than one percent of study
reach length. Pools averaged about 20 ft wide and 2.8 ft deep with maximum pool widths and depths
up to 46 ft and 8.9 ft, respectively (Table 3-6).

Small boulders and large cobbles dominated channel bed framework and matrix materials throughout
the study reach except for several isolated pool tailout deposits (Figure 3-12). Pebble count
measurements and visual estimates made throughout the study reach indicate that bed framework and
matrix materials were significantly coarser than exposed and submerged bar materials (Table 3-7).
The measured median diameter (Dso) of bar materials varied from 39 mm to 90 mm and averaged
64.5 mm. The Dsof bed materials varied from 44 mm to 250 mm and averaged 107 mm. These data
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show a strong downstream fining trend from Station 45+30 ft (elevation 1,072 ft msl) downstream to
Station 11+25 ft (elevation 1,040 ft msl). Boulder- and cobble-sized bed framework materials and
gravel-sized matrix materials averaging about 100 mm and bar materials averaging about 65 mm
appear to be representative of relatively frequently mobilized bedload materials in the study reach,
probably about every 2-3 years. Deposits of more frequently mobilized bedload materials were
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Table 3-5
Benchmark and Turning Point Marker Locations and Elevations, Big Backbone Creek
July 18-19, 2002
Station from Reservoir Surface Elevation Above MSL
Turning Point Number (ft) (ft)

TP1 1+45 1,023.93
TP2 11425 1,034.58
TP3 20+71 1,044.58
TP4 25487 1,049.98
TP5 28+06 1,054.00
TP6 32457 1,059.00
TP7 36+07 1,062.77
TP8 38+63 1,068.68
TP9 41+71 1,069.66
TP10 45+42 1,073.81
TP11 48+18 1,076.63
TP12 52+16 1,080.89
TP13 54+68 1,084.16
TP14 56+50 1,086.36
TP15 58+60 1,089.99
TP16 60+05 1,092.70
TP17 62+85 1,095.36
TP18 66+49 1,100.56
TP19 68+10 1,104.14
TP20 70+47 1,107.25
TP21 73+30 1,113.54
TP22 75+83 1,117.33
TP23 78+30 1,119.98
TP24 79+85 1,122.07

Reservoir Water Surface Elevation 1,022.68

Notes: Downloaded from: http://cdec.water.ca.gov/cqgi-progs/queryDaily SHS

located in pool tailouts and pocket gravel deposits on the submerged bed and exposed bars. The
median diameter of gravel-dominated pool tailout deposits varied from 20 mm to 60 mm, and
averaged 33 mm. The median diameter of individual pocket gravel deposits varied from 20 mm to 30
mm and averaged 23 mm. Few pocket gravel deposits exceeding 50 square ft in area were identified
in the study reach. More typically, the channel bed in individual boulder-dominated runs contained
numerous relatively small and shallow pocket gravel deposits. Overall, these data and field
observations suggest that the median diameter (Dsp) of at least annually mobilized bedload materials
is about 20 to 30 mm, but the supply of these materials to the study reach is relatively low. Although
the presence of potentially suitable spawning gravel deposits may have been expected given the
lower-gradient alluvial nature of the Big Backbone Creek study reach, bed and bar materials were
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generally too coarse and poorly sorted to provide suitable spawning, and pool tailout and the number
of potentially suitable pocket gravel deposits in the study reach was limited to less than 10-15 in
number. The largest deposit of well-sorted medium gravel-sized sediment in the study reach

Table 3-6
Average Pool Width, Depth and Max Pool Width and Depth, Big Backbone Creek
Station | Elevatio Max
at Top nat Top | Maximu | Average | Average | Wetted
Pool of Pool of Pool | m Depth Depth Width Width Pool Substrate
# (ft) (ft) (ft) (ft) (ft) (ft) Characterization
1 | 3+85 | 101918 | 47 3.1 20 23 | Smbldrs to coarse sand;
high embed
2 | 18+25 | 103613 | 59 3.9 31 46 | Smbldrs to coarse sand;
high embed
3 | 19+55 | 1,037.63 | 54 3.6 27 g3 | Sm bldrs to coarse sand;
high embed
4 | 23+00 | 1,04220 | 25 16 20 26 | 9 cobbs tomed sand; mod
embed
5 | 23+42 | 1,04278 | 35 23 14 14 | 9 cobbstomed sand; mod
embed
6 24+55 1,045.81 2.2 1.8 20 24 fine gravel; low embed
7 | 25+02 | 104602 | 3.0 2.2 14 20 | Smcobbs tocoarse sand;
mod embed
8 | 25477 | 104712 | 47 3.1 11 12 | Smcobbs to coarse sand;
mod embed
o | 31438 | 1,05420 | 24 16 18 23 | SM cobbs to coarse sand;
mod embed
10 | 32+14 | 105462 | 15 1.2 19 22 | SMcobbs tocoarse sand;
mod embed
11 | 34+14 | 105803 | 23 19 28 g7 | SMcobbs to coarse sand;
mod embed
12 | 35+40 | 1,05939 | 2.9 2.2 19 23 | Smcobbs tocoarse sand;
mod embed
13 | 39+03 | 1,06674 | 29 2.2 29 37 | Smcobbs tocoarse sand;
mod embed
14 | 45+24 | 1,07056 | 4.1 4.0 21 o5 | coarse gravel to med sand;
low embed
15 | 49+94 | 1,07655 | 53 3.5 25 35 | Smbldrs tolg gravel. low
embed; cobbs tailout
16 | 51474 | 1,07667 | 45 3.0 18 1g | Smpbldrstolg gravel; low
embed; cobbs tailout
17 | 53+38 | 1,07945 | 4.4 2.9 15 17 | Mmed cobbs to coarse gr; tail-
out grades to fine gr
18 | 56+53 | 1,083.89 | 8.9 5.9 28 33 | mixed; g cobbs uniformly
graded to fine gr tailout
19 | 59+53 | 1,087.99 | 4.9 2.8 22 29 | medbidrs tolarge cobbs;
high embed
20 | 67+31 | 1,100.05 3.3 2.4 12 13 large cobbs to sm cobbs; low
embed
21 | 68+08 | 110172 | 24 21 12 14 | 'arge cobbs to sm cobbs; low
embed
22 | 71+414 | 1,10489 | 356 23 27 3p | large cobbs tolarge gr; mod
embed
23 | 74+46 | 1,11039 | 43 37 32 40 | 'arge cobbsto large gr; mod
embed
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(comprising about half of the potentially suitable spawning gravel area in the study reach) was a
broad mid-channel pool tailout deposit at Station 55+80 ft (elevation 1,086 ft msl) immediately
downstream of a 8.9-ft-deep bedrock scour pool at Station 56+20 ft (Figure 3-10). A redd was
observed at the pool tailout riffle crest at the time of the survey. The pebble count measured size

distribution of the bed surrounding the redd was 40 mm (Dg,), 19 mm (Dsp), and 9 mm (D).

Table 3-7

Big Backbone Creek
July 18-19, 2002

Summary of Channel Bed Material and Gravel Deposit Observations and Pebble Count Measurements,

River Deposit
Station | Elevation Material/ Material/Deposit Area Dg4 Dso Dis Embed-
(ft) MSL (ft) Deposit Type Location (sq ft) (mm) | (mm) | (mm) | dedness

11+25 1,033 bar framework (PC 1A) It bk 95 39 13
11425 | 1,037 bed framework (PC 1B) mid-ch 166 | 85 | 34
19+70 1,038 bed framework (PC 2) mid-ch in 89 44 | 23

step-run
23+80 1,047 bar framework (PC 3) It bk 198 90 20
31+65 1,054 bed framework (PC 4)rTr']d'Ch n 233 | 127 | 47
42+50 | 1,069 bed framework (PCS) mid-ch in 303 | 133 | 15

step-run
44+60 1,071 pool tailout (PC 6) rt bk 200 a7 20 10 low
45+30 1,072 bed framework mid-ch in riffle - 250 - low
47+20 1,074 pocket gravel mid-ch in run 100 -- 20 -- low
52+50 1,081 pool tailout (PC 7) rt bk 194 60 21
55+80 1,085 pool tailout (PC 8) mid-ch at 41 19 9

sp redd
60+30 1,090 pocket gravel (PC gga'ltr bank 59 | 28| 14
65+20 1,097 pocket gravel (PC 10) It bk bar 33 21 12
66+90 1,098 bed framework (PC 11)n:'r‘]'d'°h n 301 | 169 | 61
73+80 1,110 pocket gravel It bk point bar 100 - 20 - low
74+45 1,111 pocket gravel rt bk 'rl‘ezou'der 45 - 20 | - low
75+80 1,114 pocket gravel m'd-dr]u':: step- 30 - 25 - mod
77+90 1,118 pocket gravel mid-ch in glide 150 -- 30 -- mod

Pool bed substrate materials were dominated by small boulders and cobbles generally similar to
channel bed materials in run habitats but with a somewhat larger percentage of gravel-sized and sand-
sized materials in the matrix. There were very few occurrences of bedrock bed exposures. A matrix

or veneer of gravel and sand-sized materials was present in all pools in the study reach dominated by

sand-sized materials in the downstream portion of the study reach, at and downstream from Station

45+24 ft (elevation 1,071 ft msl), and by medium to large gravel-sized materials upstream

(Table 3-6).
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Riparian vegetation and aquatic habitat cover was extremely limited in the inundation and
sedimentation impacted zone in the locally braided downstream portion of the Big Backbone Creek
study reach. Downstream from about Station 20+45 ft (elevation 1,042 ft msl) there was virtually no
young riparian vegetation established near the channel and fewer than 1 mature riparian tree specimen
per 300 ft channel length. Photo BBC-1 shows channel bed and vegetation conditions present near
Cross-Section 1 (Figure 3-13). Between Station 20+45 ft and Station 25+00 ft moderately dense
riparian vegetation dominated by young willows was established along channel margins and channel
banks (Photo BBC-2) and on limited exposed gravel- and cobble-bar deposits (Figure 3-14).

A broad gradually-sloped fine-grained terrace spans the canyon floor throughout the Big Backbone
Creek study reach downstream from Station 37+00 ft (elevation 1,064 ft msl) (see, e.g., Figure 3-14
and Figure 3-14). The terrace deposit appears to be dynamic in nature associated with frequent
inundation, subjected to backwater effects and supports virtually no riparian vegetation. The
longitudinal channel bed and water surface profile (Figure 3-10) shows the present surface elevation
of the terrace relative to the channel bed. Beginning near Station 25+00 (elevation 1,046 ft msl) the
amount of near-channel riparian vegetation and resulting aquatic microhabitat cover and general
riparian canopy cover increases significantly, still dominated almost entirely by young willows. The
relative elevation of the flanking terrace unit decreases in this vicinity and there is evidence of
scouring floodplain flows on the terrace, but little riparian vegetation. The channel bed form is
locally widened and braided in a portion of this reach near elevation 1,055 ft msl between Station
26+68 ft and Station 28+92 ft (Reach 3). Riparian vegetation in this reach is dominated almost
entirely by relatively young, even-aged willow with scattered young (up to about 3-5 years old) alders
and cottonwoods on mid-channel island bars and channel banks.

A full canopy of mature riparian vegetation was present throughout the entire upper portion of the Big
Backbone Creek study reach beginning at the upstream terminus of the fine-grained terrace unit, near
Station 35+00 ft (elevation 1,061 ft msl). The channel bed form was also locally wide and braided in
a 703-ft-long reach beginning near the upstream from the head of the terrace unit and extending up to
about Station 41+17 ft (elevation 1,067 ft msl). The entire active channel bed area in the braided
reach was colonized by mature riparian trees, primarily alders. The majority of discharge was
contained in the main channel, but alluvial groundwater discharge and minimal overflow produced
standing water and minimal discharge in several narrow cobble-bedded side channels and off-channel
pools. Several off-channel pools appeared to provide year-round pool habitat and there were
numerous woody debris jams and pocket gravel deposits in the braided side channels. The full
riparian canopy continued throughout the study reach upstream from this locally braided reach and
channel banks became nearly continuously dominated by mature alders. In addition, near-channel
riparian vegetation dominated by sedge and Indian rhubarb was continuously present along alluvial
and bedrock channel margins and exposed and shallow submerged bar surfaces (Photo BBC-3).
Figures 3-16 and 3-17 show typical riparian vegetation conditions, channel bed, floodplain form, and
dimensions in the upstream portion of the study reach.

The Big Backbone Creek study reach can be delineated into ten geomorphic subreaches (comprising
six channel types) according to the Rosgen classification scheme and six geomorphic subreaches
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(comprising two channel types) according to the Montgomery-Buffington system (Figure 3-10).
Entrenchment ratio measured at ten surveyed cross-sections (floodprone width divided by bankfull
width) varied from 1.3 to 3.6 and averaged 2.4, and bankfull width-to-depth ratio varied from 4.1
t016.6 and averaged 10.9. About 32 percent of the study, reach length is comprised of three channel
reaches (all downstream from Station 41+17 ft, elevation 1,067 ft) that could be classified as braided
“D2” channel reaches (Figure 3-18). Nineteen percent of the study reach could be classified as “E2”
channel reaches and fifteen percent of the study reach, all upstream from Station 68+59 ft (elevation
1,106 ft msl) could be classified as “C2” channel reaches. Accordingly, 33 percent of the study reach
could be classified as “braided” channel types and 67 percent “pool-riffle” channel types under the
Montgomery-Buffington system.

Sugarloaf Creek

Sugarloaf Creek watershed (Figure 3-19) drains an approximately 10.4-square-mile area situated in
the western portion of the ESL and enters into the Sacramento Arm of Shasta Lake about 4.1 miles
north of Shasta Dam (see Atlas, Vol. 1V. 1-14). The watershed including the study reach is underlain
entirely by the Bragdon unit, which consists of shale, greywacke, and minor conglomerate
metasediments. The study reach for this assessment extended 2,434 ft upstream from the Sugarloaf
Creek-Shasta Lake interface (Station 0+00 ft) at 08:45 July 30, 2003 (elevation 1,031.76 ft msl) to a
permanent benchmark (BM79) installed at Station 24+34 ft (Table 3-8). The measured discharge of
Sugarloaf Creek within the ESL (at Station 12+83 ft) was 3.47 cfs at 10:00 am, July 30, 2003 (Table
3-1).

Table 3-8
Benchmark and Turning Point Marker Location and Elevations, Sugarloaf Creek
July 30, 2003
Station from Reservoir
Surface Elevation Above MSL
Turning Point Number (ft) (ft)
RES WSE 0 1,031.76
TP1 5+09 1,040.75
TP2 9+78 1,059.68
TP3 11+82 1,067.78
TP4 13+98 1,071.25
TP5 17+31 1,079.51
TP6 19+37 1,082.32
TP7 22+64 1,087.56
BM 79 24+34 1,091.26
Reservoir Water Surface Elevation 1,031.76

Note: Downloaded from: http://cdec.water.ca.gov/cgi-progs/queryDaily SHS

Sugarloaf Creek in the study reach is a uniformly 2 percent slope single-thread bedrock and boulder-
bed channel confined within a 30- to 50-ft-wide steep-sided canyon with narrow lateral boulder bars
and narrow floodplains, where present. Shallow boulder-dominated riffles and gravel-bedded pools
form the majority of the channel bed (e.g., Photo SGC-1), except for an approximately 550-ft-long 4-
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percent-slope bedrock cascade and plunge pool stream section between Station 8+00 ft and Station
13+50 ft (Figure 3-20). The intervening bedrock cascade reach makes up about 23 percent of the
study reach length. Overall, 27 percent of the study reach is cascade habitat (Figure 3-21), and about
21 percent of the study reach channel bed is dominated by bedrock substrate (Figure 3-27). The low-
flow channel is 10 to 20 ft wide and pools are typically 12 to 15 ft wide (Table 3-9). Pools are
typically 2 to 3 ft deep but up to 4.5 ft deep below boulder-bedded cascade habitats forced by woody
debris jams and up to 8.6 ft deep in the bedrock cascade-plunge pool section (Table 3-9).

Table 3-9
Average Pool Width, Depth, and Substrate Distribution, Sugarloaf Creek
Areal Percentage of Substrate in Pool
Bed
Station
at Top Elevation | Maximum | Average
Pool | of Pool | at Top of Depth Width BR | Bo | Co | Gr | Sa | Si | Org | Total
# () | Pool (ft) (ft) () | 06) | %) | () | (%) | (%) | (%) | (%) | (%)
1 1+50 1,032 2.6 15 10 | 20 70 100
2 2+62 1,034 4.0 15 10 | 40 50 100
3 4+51 1,037 4.6 12 30 | 20 50 100
4 8+91 1,047 5.7 12 40 10 50 100
5 9+51 1,050 8.6 13 25 5 50 | 20 100
6 10450 1,061 25 13 20 | 30 50 100
7 13430 1,068 3.7 11 30 | 30 | 10 | 30 100
8 14426 1,070 1.9
9 15+30 1,073 11
10 16455 1,077 1.7 15 30 | 30 40 100
11 17450 1,078 4.5 17 20 | 20 60 100
12 18+87 1,080 1.8 15 10 | 10 | 10 | 70 100
13 22+93 1,085 3.7 17 25 | 30 5 40 100

Note: *BR=bedrock, Bo=boulders, Co=cobbles, Gr=gravel, Sa=sand, Si=silt, Org=organic material

The grain size distribution of channel bed and lateral bar framework materials are similar and contain
mixed grain sizes, primarily small boulders, cobbles, and gravel and lesser amounts of medium and
large boulders. The Dg, of bed and bar framework materials is typically 70 to 120 mm and the Ds is
typically 50 to 75 mm (Table 3-10) except for a bed section near Station 19+10 dominated by finer
matrix substrates (about 8 to 10 mm). Bed and bar framework materials including boulder bar and
boulder riffle materials appear to be relatively frequently mobilized, perhaps during peak flows
occurring every 3-5 years. Frequently mobilized bed materials (e.g., representative of bedload
transported by the average annual flood) generally form a very shallow veneer of matrix materials
where present, primarily pool substrates and as pocket gravel deposits. About 31 percent of the study
reach channel bed length is underlain by gravel-dominated substrates (Figure 3-22), primarily in
pools and pool tailouts and broader low-gradient riffles and runs downstream from somewhat steeper
boulder riffle and cascade habitats. Most pools in the study reach are dominated by gravel-sized
sediment (Table 3-9). Visual and pebble count measurements of pocket gravel deposits on the
channel bed and bar surfaces along the study reach indicates that the Ds, of frequently mobilized
bedload materials is about 8 to 20 mm (Table 3-10). Well-sorted gravel-sized sediment deposits are
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uncommon in the study reach, with the greatest concentration and total area of pocket gravels in the
bedrock cascade section between Station 8+00 and 12+00 (Photo SGC-2). Extensive gravel deposits
result from highly irregular channel boundaries, particularly near Station 10+00 feet Pebble count
measurements determined the Dg, and Dsq of these well-sorted materials were 30 mm and 15 mm,
respectively, with virtually no fine sediment present (embeddedness). These materials are similar in
size distribution to typical frequently mobilized bedload materials found elsewhere in the study reach.

Table 3-10
Summary of Channel Bed Material and Gravel Deposit Observations and Pebble Count Measurements,
Sugarloaf Creek
July 30, 2003
River Elevati Material/
Station | on MSL Deposit Material/Depos Deposit Dga Dso D16 Embed-
(ft) (ft) Type it Location Area (sq ft) (mm) | (mm) | (mm) dedness
0+50 1,032 bed surface mid-ch na -- 10 - high
3+10 | 1,038 bar rt bk na 95 60 - high
framework
3+10 1,038 pocket gr rt bk bar 20 - 9 - high
5410 | 1,040 bed mid-ch riffle na 90 75 | - low
framework
7+00 1,044 pocket gr mid-ch 30 - 20 - high
8+20 1,047 pocket gr mid-ch 50 -- 35 -- high
9+00 1,052 pocket gr mid-ch 60 -- 3 -- low
10+00 1,061 pocket gr (PC 1) rt bank 100 30 15 8 low
10+10 1,061 pocket gr It bk 80 -- 15 -- low
10+40 1,063 pocket gr It bk 60 -- 13 -- low
15+40 1,073 pocket gr mid-ch 80 -- 17 -- low
16+20 | 1,076 bar rt bk bar 100 - 50 - low
framework
16+20 | 1076 | O it bk bar 100 - 70 | - low
ramework
16+30 | 1,075 bed mid-ch na 70 50 - low
framework
18+00 | 1,081 bed mid-ch na 120 - - low
framework
19+10 1,080 bed surface mid-ch 300 25 9 6 low
10+20 | 1,083 bar ft bk bar na 80 | - - low
framework
19+20 1,083 pocket gr rt bk bar 80 -- -- low
20+00 1,084 pocket gr mid-ch numerous -- - low
21+60 1,086 pocket gr rt bk numerous -- 13 -- low

Annual flood scour appears to limit establishment of riparian vegetation on near-channel exposed
boulder bar surfaces. California dogwood and mature alders line most channel banks and narrow
floodplain surfaces, where present, and sedge and Indian rhubarb dominate near-channel vegetation

and partially cover bar surfaces and shallow edgewater and backwater areas.

Sugarloaf Creek in the study reach can be divided into three representative geomorphic subreaches.
Reach 1 is the 2-percent-slope inundated reach extending from Shasta Lake (Station 0+00 ft)
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upstream to Station 8+12 ft (elevation 1,048 ft msl) immediately below the bedrock cascade-plunge
pool stream section (Reach 2). Reach 1 is a 30- to 35-ft-wide boulder-bedded riffle and pool reach
with shallow boulder bar deposits, no floodplains, and sparse riparian vegetation (Photo SGC-3).
Cross-Section 1 surveyed at Station 3+10 ft illustrates the typical channel bed and bar form and
dimensions of Reach 1 (Figure 3-23). The size of bed and bar matrix materials in Reach 1 is very
similar to the rest of the study reach but a large percentage of the bed and bar surface materials are
highly embedded by fine matrix materials. A shallow veneer of sand, silt, and organic detritus covers
the channel bed along channel margins apart from a narrow channel thalweg where low-flow
discharge is generally sufficient to transport these materials. Pool depth and bed substrate in Reach
are similar to the rest of the study reach (Table 3-9), indicating that pool sedimentation is generally
not significant. A bedrock outcrop in the bed at Station 3+75 ft confirms that the channel bed slope in
Reach 1 has not been significantly reduced by reservoir sedimentation effects. Reach 1 would be
classified as “G2” according to the Rosgen channel classification scheme (Rosgen 1996) and “plane-
bed” according to the Montgomery-Buffington classification scheme (Montgomery and Buffington
1993).

Reach 2 is a 4-percent-slope bedrock-bedded cascade-plunge pool reach extending 544 ft upstream
from Station 8+12 ft in the inundation zone to Station 13+54 ft (elevation 1,070 ft msl). Cross-
Section 2 surveyed at Station 12+63 ft illustrates representative channel bed conditions and
dimensions in Reach 2 (Figure 3-24). Pools are generally somewhat more narrow and deep than the
alluvial portions of the study reach (Table 3-9). In-channel storage of frequently mobile bedload
materials including well-sorted gravel sized sediment deposits is much greater in Reach 2 than the
rest of the study reach (Table 3-10). Reach 2 would be classified as “A1” according to the Rosgen
channel classification scheme (Rosgen 1996) and “cascade” according to the Montgomery-Buffington
classification scheme (Montgomery and Buffington 1993).

Reach 3 is typical of pre-lake conditions for alluvial portions of Sugarloaf Creek. Reach 3is a 2-
percent-slope single-thread bedrock and boulder-bed channel confined within a 35- to 50-ft-wide
steep-sided canyon with narrow lateral boulder bars and narrow floodplains. Shallow boulder-
dominated riffles and gravel-bedded pools form the majority of the channel bed. The grain size
distribution of channel bed and lateral bar framework materials are similar and contain mixed grain
sizes, primarily small boulders, cobbles, and gravel and lesser amounts of medium and large boulders
(Photo SGC-1). Cross-Section 3 surveyed at Station 22+67 ft illustrates typical channel and
floodplain form and dimensions in Reach 3 (Figure 3-25). Sugarloaf Creek flows along the toe of the
right bank canyon wall throughout Reach 3. The toe of the right bank canyon wall shows evidence of
periodic slope failures, chronic downslope soil creep, and chronic but not severe bank erosion at the
toe. Note that the Sugarloaf Creek study reach contained more household garbage than tributaries
assessed in this study, due to the presence of a roadway above the stream along both canyon walls.
Reach 3 would be classified as “G2” according to the Rosgen channel classification scheme (Rosgen
1996) and “plane-bed” according to the Montgomery-Buffington classification scheme (Montgomery
and Buffington 1993).

Bureau of Reclamation 3-19 North State Resources, Inc.
Shasta Lake Water Resources Investigation Technical Report July 2004



3. Physical Environment

Upper Sacramento River

The Upper Sacramento River watershed (Figure 3-26) drains approximately 53.5-square-mile area
into the Sacramento Arm of Shasta Lake (see Atlas, Vol. 1V, 1-28) about 14.7 miles NNE of Shasta
Dam. The watershed in the study reach and its vicinity is underlain almost entirely by the Bragdon
unit of metasedimentary shale and greywacke. The study reach for this assessment extended
approximately 9,800 ft from its beginning at elevation 1,066 ft msl on the channel bed about 895 ft
downstream from the USGS gage, Sacramento River at Delta, California (USGS Gage ID No.
11342000) (Figure 3-26). This assessment did not include surveys of the channel downstream from
the Shasta Lake full pool elevation (1,070 ft msl). The USGS-measured discharge of Upper
Sacramento River was 258 cfs at 10:00am October 3, 2003 (Table 3-1) and remained 258 cfs
throughout the two-day survey. Permanent benchmark monuments were not installed at the
downstream and upstream ends of the survey but were installed at four locations within the study
reach (approximately 1,960 ft apart) to facilitate future survey comparisons (Table 3-11).

Table 3-11
Benchmark and Turning Point Marker Location and Elevations, Upper Sacramento River
October 3-4, 2003
Turning Point Number Station from Reservoir Surface Elevation Above MSL
(ft) (ft)
TP1 7+42 1,079.35
USGS GAGE #11342000 8+95 1,075.00
TP2 16+47 1,082.79
BM-52 16+59 1,085.88
TP3 25+73 1,088.63
TP4 36+97 1,093.62
TP5 38+10 1,093.36
TP6 51+41 1,097.25
TP7 62+92 1,108.41
TP8 72+24 1,112.06
BM-51 77+06 1,118.62
TP9 80+94 1,119.17
BM-50 83+77 1,122.66
TP10 87+64 1,122.56
BM-49 92+79 1,123.76
USGS GAGE #11342000 Datum Elevation above NGVD29 1,075.00

Note: Downloaded from: http://waterdata.usgs.gov/ca/nwis/nwismap/?site_no=11342000&agency_cd=USGS

The Upper Sacramento River in the study reach is a 0.6-percent-slope, mildly sinuous single-thread
boulder- and large cobble-bedded pool-riffle stream (Figure 3-27). Its 60- to 110-ft-wide low-flow
channel is confined within a 190- to 230-ft-wide bedrock walled canyon, the entirety of which is
active channel; the average active channel width is about 210 feet Point and lateral bars alternating
from left bank to right bank positions are typically 100 to 130 ft wide and composed of similar sized
boulder and cobble materials. Alluvial bar features were locally absent and patchy due to presence of
shallow bedrock outcrops. Gravel and sand overbank materials are limited to areas away from the
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stream either on higher exposed bar surfaces, or on wide, stable, gradually-sloping banks with dense
stands of mature riparian trees. Pool, riffle, and run habitats formed 20, 32, and 48 percent of the
study reach length, respectively (Figure 3-28). There were no occurrences of other aquatic habitat
types in the study reach. Pools are spaced approximately 1,600 ft apart or about 7.5 active channel
widths. The average pool width varies from about 25 to 80 ft (Table 3-12), with the narrowest and
deepest pools controlled by bedrock canyon wall outcrops in the bed along outside bends (e.g., near
Station 15+50 ft, Station 50+00 ft, and Station 69+00).

Table 3-12
Average Pool Width, Depth, and Substrate Distribution, Upper Sacramento River
Areal Percentage of Substrate in Pool
Bed

Station Elevation .
Pool | at Top at Top of Mag:rrmm A\\ll\ﬁ‘rﬁﬁe BR| Bo| Co | Gr | Sa | Si | Org | Total
No. | of Pool Pool b (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%)

(ft) (ft)

(ft) (ft)
1 00+96 1,064.91 6.0 40 50 | 40 | 10 100
2 15+65 1,079.49 12.0
3 50+31 1,092.19 18.4 25 40 | 20| 5 35 100
4 69+76 1,103.06 7.5 11 20 | 60 | 20 100
5 81+34 1,114.09 4.0
6 91+12 1,115.35 9.9 80 20| 20 | 15 | 45 100
7 96+59 1,118.42 5.0 40 | 30| 20 | 10 100

Notes: *BR=bedrock, Bo=boulders, Co=cobbles, Gr=gravel, Sa=sand, Si=silt, Org=organic material

Boulders and cobbles dominated channel bed materials in riffles and runs, comprising 67 percent and
16 percent of the dominant substrate materials in the study reach, respectively (Figure 3-29).
Bedrock dominated the channel bed in 11 percent of the study reach, primarily in pools forced by
bedrock outcrops along outside channel bends. The typical size distribution of channel bed
framework materials was between 25 mm and 300 mm. The pebble count measurement on the
channel bed at Cross-Section 6 appears to be representative of typical channel bed framework
materials and frequently mobilized bedload materials in the study reach. The Dsg of this bed material
sample was 75 mm (Table 3-13). The measured median grain size of submerged channel bed
materials averaged 76 mm and varied from 27 mm to 122 mm throughout the study reach, reflecting
material size differences between mid-channel and channel margin locations and longitudinal position
of the samples (i.e., in riffles or runs). The size distribution of exposed near-channel point bar
materials varied from 15 mm to 318 mm, with an average median grain size of 123 mm, 62 percent
greater than submerged channel bed materials. This difference is probably explained by the presence
of frequently mobile bedload materials as matrix materials on the channel bed and general absence of
these materials within or on the point bar framework materials. That is, while both point bar and
channel bed framework materials are emplaced by larger, less frequent floods, submerged channel
bed materials also contain a shallow veneer of matrix materials that are emplaced by average annual
peak flows and lower magnitude, longer duration flows. Channel bed substrate present in pools
largely reflected the overall size distribution in the study reach as well as the increased presence of
bedrock substrates due to bedrock-forced pools along outside channel bends (Table 3-12). Most
pools in the study reach were virtually devoid of appreciable sand and fine-grained sediment deposits
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as near-bed flow velocities were evidently great enough during summer low-flow conditions to
transport fine materials through typical pool habitats. Exceptions were the very deep pool at a tight
channel bend near Station 50+00 ft, and a particularly long, deep pool near Station 90+00 feet The
very deep pool at Delta forms where the flow path attacks the left bank canyon wall at an acute angle,
causing both very deep pool conditions and non-uniform flow conditions and hydraulic shadows
within the pool. The very long, deep pool near Station 90+00 ft is controlled by bedrock outcrops
upstream near Station 94+00 ft and downstream nr Station 80+00 feet Flow through this pool was
uniform but exceptionally slow and deep during low-flow conditions.

Table 3-13
Summary of Channel Bed Material and Gravel Deposit Observations and Pebble Count Measurements,
Upper Sacramento River
October 3-4, 2003
River . Material/ Material/ Deposit
Station El\l/lesvft('f?; Deposit Deposit Area (n??;) (rli?g) (r?ig) ferggg(;;
(ft) Type Location (sq ft)
11447 | 1,081 ps‘t'[‘f;g?r (Pcbla)lr" bk na 246 | 159 | 56 | low-mod
36+97 1,092 ;:Srfg?:i (Pﬁjr)gritnbk na 220 80 38 | low-mod
59+34 | 1,105 oh bed (Pﬁjr)g'itnbk na 31 | 122 | 32 | low-mod
75439 | 1,118 ps‘t'[‘f;g?r (PC‘LAa)r It bk na 318 86 | 20 | low-mod
75+39 1,115 ;:Srfg?:i (P(r:n‘;?g);ilr: bk na 105 27 12 | low-mod
80+75 | 1,120 pomt bar | (PC 5) rtbk na 307 | 125 | 15 | low-mod
+ , mid-c na OW-mo
93+93 1,118 ;';‘rfgi‘i PC 6) mid-ch 223 75 25 | | d

Figures 3-30 through 3-35 illustrate channel and bar form, dimensions, general substrate, and riparian
vegetation conditions at six cross-sections surveyed throughout the study reach. Annual flood scour
generally limits establishment of near-channel riparian vegetation on point and lateral bars (e.g.,
Photo USR-1). However, primarily sedge and Indian rhubarb and to a lesser degree young willow
trees cover a significant portion of near-channel exposed bar area and associated shallow edgewater
habitats (e.g., Photo USR-2), particularly in lower-gradient shallow run habitats such as the bedrock-
controlled deep and shallow run complex between Station 27+75 ft (elevation 1,091 ft msl) and
Station 47+57 ft (1,094 ft msl). Frequent flood scour and elevation above alluvial groundwater table
also appear to limit establishment of mature riparian trees on upper bar surfaces. Medium-density
stands of trees dominated by 3-4-year old willows and younger trees have colonized large percentages
of lower elevation boulder-cobble bars, including the patchy alluvial cover overlying shallow bedrock
and forming extensive backwater pool habitats along the left bank in the lower-gradient run complex
(see Figure 3-31), and stringers along top of elevated boulder-cobble bars in the reach between
Station 50+00 ft and Station 75+39 ft at the head of the bar (see, e.g., Figure 3-32 and Figure 3-33).
Dense stands of young vegetation dominated by willow have also colonized low elevation mid-
channel bars, such as at Cross-Section 4 at Station 80+75 ft (Figure 3-34).
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Mature riparian trees appear to be generally limited to isolated stable areas protected from high flows
such as stable rip-rap slopes at the base of the right bank railroad embankment and rather steeply-
sloped sandy overbank areas along bedrock protected canyon walls, particularly along inside bends
and in straight, wide reaches. A railroad embankment fill prism contains rip-rap that encroaches on
the right bank floodplain and channel area along the entire study reach (see Figures 3-30 through 3-
35). In most places, the largely stable rip-rap slope is vegetated by mature riparian trees, including
cottonwood, although large portions of the rip-rap slope are exposed by frequent scour along outside
channel bends.

The entire Upper Sacramento River study reach would be classified as “C2” according to the Rosgen
channel classification scheme (Rosgen 1996) and “pool-riffle” according to the Montgomery-
Buffington classification scheme (Montgomery and Buffington 1993).

Middle Salt Creek

Middle Salt Creek watershed (Figure 3-36) drains an approximately 17.8-square-mile area and enters
the Sacramento River Arm of Shasta Lake about 15 miles north of Shasta Dam (see Atlas, Vol. IV, 1-
26). The watershed, including the study reach, is underlain by the Paleozoic Bragdon shale and
greywacke metasedimentary rocks with minor conglomerate.

The study reach for this assessment (Figure 3-36) extended from the confluence of Middle Salt Creek
and Shasta Lake on July 28, 2003 (elevation 1,033.33 ft msl) upstream to Station 48+72 ft (elevation
1,090 ft msl) (Table 3-14). The measured discharge of Middle Salt Creek within the ESL (at Station
13+90 ft) was 3.74 cfs at 13:30 on July 28, 2003 (Table 3-1).

Table 3-14
Benchmark and Turning Point Marker Location and Elevations, Middle
Salt Creek July 28-29, 2003
Turning Point Station from Reservoir Elevation Above
Number Surface MSL
(ft) (ft)
RES WSE 0+00 1,033.33
TP1 10+48 1,045.32
TP2 14+38 1,051.38
TP3 18+58 1,054.43
TP4 24+48 1,059.79
TP5 29+23 1,065.06
TP6 34+32 1,069.51
BM-68 40+80 1,078.76
TP8 45+12 1,083.64
TP9 48+72 1,089.92
Reservoir Water Surface Elevation 1,033.33

Note: Downloaded from: http://cdec.water.ca.gov/cgi-progs/queryDailySHS
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Middle Salt Creek in the study reach is a relatively low-gradient (1.0 to 1.4 percent slope), single-

thread plane-bed channel, dominated by shallow boulder-bed riffle and run habitats downstream, and

deep, slow runs, pools, and short bedrock and boulder cascades in the slightly steeper and less alluvial
upstream section (Figure 3-37). Shallow riffle and run habitats made up about 46 percent of the

study reach length, and pools made up 40 percent (Figure 3-38). Cascades made up 13 percent, and
step-run and step-pool habitats made up only about 1 percent of the study reach length. Pools were
typically 15 to 25 ft wide and about 3 ft deep, with maximum depths varying from 1.6 ft to 8.7 ft in
upstream bedrock cascade plunge-pool habitats (Table 3-15). Boulder and cobble substrates

dominated 64 percent of the reach length, and bedrock substrate dominated 11 percent (Figure 3-39).

Table 3-15
Average Pool Width, Depth, and Substrate Distribution, Middle Salt Creek
Areal Percentage of Substrate in Pool

Bed
Station
at Top Elevation
of Pool at Top of | Maximum | Average | BR | Bo | Co | Gr | Sa | Si | Org | Total
Pool # (ft) Pool (ft) Depth (ft) | Width (ft) | (%) | (%) | (%) | (%) | (%) | (%) | (%) (%)
1 4+21 1,033 51 30 30 40 30 100
2 9+66 1,039 3.9 25 30 40 20 5 5 100
3 10+73 1,042 3.3 25 50 20 30 100
4 20+05 1,054 1.6 20 80 10 10 100
5 25+67 1,060 13 nd
6 28+08 1,061 2.0 25 30 10 60 100
7 28+88 1,062 2.1 25 30 20 50 100
8 31+37 1,065 1.8 20 70 | 20 | 10 100
9 35+15 1,066 3.7 35 25 25 | 10 | 40 100
10 36+32 1,072 24 20 50 | 20 | 30 100
11 37+30 1,074 1.8 15 20 50 15 15 100
12 39+41 1,074 1.6 25 10 60 20 10 100
13 40+49 1,075 1.7 nd
14 43+73 1,081 6.0 15 30 30 20 20 100
15 44+79 1,082 25 15 60 20 20 100
16 46+20 1,083 2.0 15 10 50 20 20 100
17 48+31 1,088 8.7 25 30 40 20 10 100

Note: *BR=bedrock, Bo=boulders, Co=cobbles, Gr=gravel, Sa=sand, Si=silt, Org=organic material

The grain size distribution of channel bed and bar framework materials in the inundated portion of the

study reach appeared representative of bedload materials mobilized every 2 to 3 years, with median

diameters ranging from 70 to 120 mm and averaging about 80 to 90 mm (Table 3-16). The grain size

distribution of bed framework material was relatively uniform throughout the study reach, although

substantially more mixed and less embedded with sand- and silt-sized sediments in the upstream

portion of the study reach. Although there were few deposits of well-sorted gravel-sized sediment in

the study reach, frequently mobilized bedload materials present on the bed generally fell into two
distinct median-diameter classes, 50 mm and 15 mm. Dominant pool substrates were mixed and

variable throughout the study reach with few obvious trends (Table 3-15).
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Table 3-16
Summary of Channel Bed Material and Gravel Deposit Observations and Pebble Count Measurements,
Middle Salt Creek
July 28-29, 2003

River . Material/ Materia/ Deposit
Station El\l/lesvft('f?; Deposit Deposit | Area(sq (r??r‘;) (2?;) (r?i;) ferggig;
(ft) Type Location ft)
5+50 1,038 cobble bar rt bk na 130 95 - high
pool
10+20 1,043 tailout rt bk 120 -- 50 -- mod
splay
14+60 1,050 bed mid-ch in na - 70 - mod
surface riffle
17+00 1,052 bed mid-ch in na - 120 - na
framework riffle
ocket mid-ch in na
17+00 1,052 P : (numero - 13 - mod-high
gravels riffle us)
24+00 1,058 bed mid-ch na 170 -- -- na
surface
pool
27+44 1,061 tailout It bk 50 20 3 -- mod
splay
bed .
32+30 1,067 mid-ch na 110 - - na
surface
32430 1,067 pocket mid-ch 90 . 12 - low
gravels
35+47 1,071 bed (PC 1) na 238 67 6 na
surface mid-ch

The Middle Salt Creek study reach can be divided into two representative geomorphic subreaches.
Reach 1 is a 1.0 percent slope plane-bed reach extending from the creek-lake interface through a
portion of zone that is periodically inundated by the lake to Station 11+00 ft (elevation 1,046 ft msl).
Reach 1 is dominated by shallow, boulder-bedded riffle-run habitats (Photo MSC-1) and short
bedrock cascade—plunge pool sections near Station 3+50 ft and Station 10+50 ft (Figure 3-63).
Typical bed and bar framework materials had an estimated median diameter of about 95 mm and
were extensively embedded with silt- and sand-sized materials. Numerous small, poorly sorted and
highly embedded gravel deposits were observed. One relatively well-sorted, moderately embedded
gravel deposit was documented on the right bank immediately downstream from the bedrock plunge
pool near Station 10+20 feet Pools in Reach 1 are controlled by locally steep bedrock cascades, and
the low-flow discharge was sufficient to minimize fine sediment in pool substrates. There was almost
no riparian vegetation in Reach 1. The channel was slightly entrenched, with a moderate width-to-
depth ratio. Reach 1 would be classified as both “C2” according to the Rosgen channel classification
scheme (Rosgen 1996) and “plane-bed” according to the Montgomery-Buffington classification
scheme (Montgomery and Buffington 1993).

Reach 2 of the Middle Salt Creek study reach is a 1.0 percent slope plane-bed reach extending from
Station 11+00 ft upstream to Station 28+38 feet This reach is similar in channel dimensions but more
alluvial than Reach 1 and contains a limited number of shallow boulder- and sand-bedded pools, and
a significantly greater density of early successional riparian vegetation (Photo MSC-2, Photo MSC-
3). Cross-Section 1 surveyed at Station 14+46 ft (Figure 3-40) shows the typical form and
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dimensions of channel, bar, floodplain, and lake inundation terrace surfaces in Reach 2. Although
Reach 2 has a slightly greater entrenchment and width-to-depth ratios, it shares the classifications of
Reach 2 as “C2” and “plane-bed.”

Reach 3 of the Middle Salt Creek study reach is a 1.4 percent slope, 25- to 30-ft-wide bedrock and
boulder-bed channel dominated by shallow boulder-cobble riffles and runs, short bedrock and boulder
cascades and long, slow pools (Photo MSC-4). Cross-Section 3 surveyed at Station 35+47 ft shows
typical channel bed and floodplain form in shallow boulder-cobble runs in Reach 3 (Figure 3-41).
Pebble count 1 measured the grain size distribution of channel bed framework and matrix materials
present at Cross-Section 3. The Dg4 was 238 mm and the Dsy was 67 mm. The riparian corridor was
narrow in Reach 3, with mixed conifer vegetation adjacent to the channel. This reach was moderately
entrenched with a moderate width-to-depth ratio and would be classified as “B1c” and “plane-bed.”

Salt Creek

The Salt Creek watershed (Figure 3-42) drains an approximately 9.6-square-mile area and enters the
Sacramento River Arm of Shasta Lake (see Atlas, Vol. 1V, 1-18) about 9 miles NNE of Shasta Dam..
The watershed, including the study reach, is almost entirely underlain by the Paleozoic Bragdon shale
and greywacke metasedimentary bedrock with minor conglomerate. The study reach for this
assessment extended 5,376 river ft upstream from the downstream end of free-flowing Salt Creek,
where it flows into an impoundment immediately upstream from the Interstate 5 fill prism (Photo
STC-1). Using orthophoto-generated elevation data provided by Reclamation, the water surface
elevation of the spillway-controlled impoundment was estimated to be 1,060 ft for the purposes of
this assessment, or approximately 45.7 ft above the Shasta Lake water surface on October 2, 2003
(elevation 1,014.29 ft msl) (Table 3-17).

The study reach is a uniformly low-gradient (0.6 percent slope), single-thread, 30- to 50-ft wide pool-
riffle channel that is primarily gravel bedded, transitioning into a wider cobble- and small boulder-
bedded pool-riffle reach and then into a narrower bedrock and boulder-bed plane-bed channel near
the U.S. Forest Service boundary near Station 47+00 ft (elevation 1,085 ft msl) and upstream (Figure
3-43). Almost half of the study reach length is made up of pool habitats and the other half is split
between riffle and run habitats; the pool-riffle-run ratio was about 5:3:2 (Figure 3-44). There were
no step-run, step-pool, cascade, or falls/step habitats in the study reach. Gravel- and sand-sized
substrates dominated about 65 percent of the study reach, and only 32 percent was dominated by
boulder and cobble substrates and 5 percent by bedrock (Figure 3-45), in approximately the same
distribution as the representative geomorphic subreaches. Pool substrates were dominated by gravel
and sand in the downstream half of the study reach and were increasingly coarse-bedded upstream
from Station 39+00 ft (Table 3-18).
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Table 3-17

Benchmark and Turning Point Marker Location and Elevations, Salt Creek

October 5, 2003

Station from Impoundment
Water Surface Approximate Elevation
Turning Point Number (ft) (ft)
Impoundment WSE 0+00 1060.00
TP1 17+32 1072.76
TP2 21+00 1073.22
TP3 23+59 1074.05
TP4 27+55 1077.94
TP5 33+87 1078.34
TP6 37+52 1080.86
TP7 42+10 1083.76
TP8 45+06 1085.63
TP9 49+11 1086.72
TP10 53+86 1093.07
Reservoir Water Surface Elevation 1,014.29

Note: Downloaded from: http://cdec.water.ca.gov/cgi-progs/queryDaily SHS

Table 3-18
Average Pool Width, Depth, and Substrate Distribution, Salt Creek
Area Percentage of Substrate
in Pool Bed
Station .
Pool at Top ie_l\_/::)'%? Maximum | Average | BR | Bo | Co | Gr | Sa Si (z; T;It
i 0, 0, 0, 0, 0, 0,

# of(l;’tt))ol Pool Depth (ft) | Width (ft) | (%) | (%) | (%) | (%) | (%) | (%) %) | (%)

1 3+76 1,056.79 3.3 18 60 | 20 5 15 100

2 6+11 1,058.44 2.7 12 60 | 20 10 10 100

3 6+99 1,058.83 1.3 9 85 15 100

4 8+60 1,060.55 2.2 15 65 | 20 | 10 10 100

5 9+60 1,060.48 2.8 15 70 | 20 10 100

6 10+10 1,061.02 15 14 75 15 10 100

7 10+73 1,062.52 3.0 15 75 15 10 100

8 11432 1,062.76 2.3 11 70 20 10 100

9 11481 1,063.00 1.8 13 70 20 10 100
10 13+08 1,063.45 1.8 11 70 20 10 00
11 14+59 1,064.04 3.4 16 45 35 10 5 5 [100
12 16+49 1,064.85 11 12 75 | 25 100
13 17430 1,065.91 2.6 15 45 35 15 5 [100
14 18491 1,066.83 2.8 25 20 | 80 100
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Table 3-18
Average Pool Width, Depth, and Substrate Distribution, Salt Creek
(Continued)
Area Percentage of Substrate
in Pool Bed
Pool # S;ta;f: i?:g%? Maximum Ayerage BR | Bo | Co Gr Sa Si (;r T&gt
of(l;’tc))ol Pool Depth (ft) | Width (ft) | (%) | (%) | (%) | (%) | (%) | (%) %) | ()
15 20+18 1,063.74 5.1 25 20 10 70 100
16 21+87 1,066.69 35 20 10 | 30 60 100
17 24+29 1,067.82 3.6 25 20 60 20 100
18 26+25 1,069.57 15 20 10 | 50 | 40 100
19 28+82 1,069.49 2.7 30 5 15 60 20 100
20 33+07 1,070.78 3.0 25 5 15 60 20 100
21 36+55 1,073.66 2.7 25 10 10 70 10 100
22 39+31 1,075.48 3.3 20 35 25 | 35 5 100
23 41+05 1,075.72 1.7 20 5 70 5 15 5 100
24 44+13 1,078.29 2.0 20 40 | 20 20 10 10 100
25 46+75 1,079.56 5.7 nd 25 |15 | 45 10 | 5 100

Note: *BR=bedrock, Bo=boulders, Co=cobbles, Gr=gravel, Sa=sand, Si=silt, Org=organic material

Bedrock pools were only partially covered with alluvial materials near the upstream end of the study
reach. The bed was dominated by frequently mobilized bedload materials downstream from about
Station 30+00. The median grain size of bed materials in riffles downstream from Station 30+00
ranged from 11 mm to 60 mm with a slight downstream fining trend, and averaged 29 mm (Table 3-
19).

The study reach can be divided into three distinct and representative geomorphic subreaches. Reach
1is a 0.6 percent slope gravel-bedded pool-riffle channel slightly to moderately incised within a wide
floodplain evidently influenced by fluctuating water levels in the I-5 impoundment in conjunction
with the fluctuating water-surface level of Shasta Lake. The downstream 376-ft-long reach was
essentially flat-water habitat controlled by a functional beaver dam near Station 0+90 ft (Photo STC-
2). With distance upstream from Station 3+76 ft, the bed is increasingly coarser and less embedded.
The width and relative elevation of gravel bars increase markedly near Station 12+30 (Photo STC-3)
(near elevation 1,069 ft msl), where there is evidence of distributary flood scour channels debouching
onto the wide right-bank floodplain, presumed to be a function of the hydraulic control of the
Interstate 5 impoundment. This appears to be one of the broadest areas of contiguous riparian habitat
within the riverine reaches described in this report. Reach 1 is slightly entrenched, with a low width-
to-depth ratio, and would be classified as an “E4” channel according to the Rosgen scheme and a
“pool-riffle” stream using the Montgomery-Buffington system.

Reach 2 is a 0.6 percent slope pool-riffle reach that begins near Station 30+51 ft, where the median
size of bed materials increases markedly and the valley width is more restricted than downstream
(Photo STC-4). The channel in Reach 2 is moderately entrenched, with a moderate width-to-depth
ratio and would be classified as a “B3” and “pool-riffle” stream reach. Reach 3 is a 0.6 percent slope
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Table 3-19
Summary of Channel Bed Material and Gravel Deposit Observations and Pebble Count
Measurements, Salt Creek
October 5, 2003
River Approximate Materla}ll Matenql/ DTS Dss Dso Dig Embed-
Station (ft) | Elevation (fty | DEPOSIt | Deposit | Area | ooy |y | mm) | dedness

Type Location (sq ft)
ch bed

4+00 1061.32 surface riffle na - 55 -- mod-high
ch bed

4+31 1061.28 surface riffle na -- 11 -- mod-high
ch bed

4+91 1061.23 surface riffle na -- 15 -- mod
ch bed

5+35 1061.23 surface riffle na -- 13 -- mod
ch bed

6+72 1062.85 surface riffle na -- 18 -- mod
ch bed

7+18 1063.34 surface riffle na -- 25 -- mod
ch bed

7+78 1065.46 surface riffle na -- 25 -- mod
ch bed

7+95 1065.56 surface riffle na -- 22 -- mod
ch bed

8+85 1064.01 surface riffle na -- 20 -- mod
ch bed

9+79 1066.21 surface riffle na -- 24 -- mod
ch bed

10+27 1065.52 surface riffle na -- 27 -- mod
ch bed

10+88 1067.06 surface riffle na -- 28 - mod
ch bed

11+52 1067.31 surface riffle na -- 28 -- mod
ch bed

12+27 1068.56 surface riffle na -- 30 -- mod
ch bed

13+68 1067.06 surface riffle na -- 14 - mod
ch bed

15+50 1069.42 surface riffle na -- 50 -- mod
ch bed

16+68 1070.88 surface riffle na -- 45 -- low-mod
ch bed

25+03 1073.51 surface riffle na -- 60 -- low-mod
ch bed top of

28+00 1073.01 surface riffle (PC1) 118 60 25 low-mod
ch bed

29+40 1074.76 surface riffle na -- 50 -- low-mod
ch bed

38+93 1077.41 surface run na -- 110 -- low-mod

na
pocket gr (numero
38+93 1077.41 in run mid-ch us) -- 8 - low-mod

boulder- and increasingly bedrock-bedded reach. It is increasingly confined along the right bank
canyon wall and elevated forested terraces along the left bank (Photo STC-5). Reach 3 would be
classified as “B1” and“B2” under the Rosgen classification scheme and “plane-bed” under the
Montgomery-Buffington scheme.
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Nosoni Creek

The Nosoni Creek watershed (Figure 3-46) drains an approximately 13.0-square-mile area and enters
the McCloud River Arm of Shasta Lake (see Atlas, Vol. V, 1-17) about 17 miles northeast of Shasta
Dam. The western portion of the watershed, including the study reach, is underlain by middle
Pliocene tuffaceous mudstone and sandstone of the Nosoni Unit. The central portion of the watershed
is underlain by mafic flows and tuff and lesser amounts of mudstone of the middle Pliocene Dekkas
Unit. The entire upper watershed is underlain by Tertiary shale and siltstone and lesser amounts of
limestone of the Pit Unit. A small outcropping of Pliocene quartz diorite occurs near the mouth of
Nosoni Creek where it enters the McCloud River Arm of Shasta Lake downstream from the study
reach. The study reach for this assessment (Figure 3-46) extended from Shasta Lake at 10:00 a.m. on
July 20, 2003 (elevation 1,039.38 ft msl) to a permanent benchmark (BM-90) installed at Station
22+09 ft (Table 3-20). The measured discharge of Nosoni Creek within the ESL was 4.28 cfs on July
20, 2003 (Table 3-1).

Table 3-20
Benchmark and Turning Point Marker Location and Elevations, Nosoni Creek
July 20, 2003
Station from Reservoir .
Turning Point Number Su(rfftz;lce Elevatlon(ﬁ)bove MSL
RES WSE 0+00 1,039.38
TP1 7+06 1,056.54
TP2 10+27 1,065.52
TP3 13+12 1,071.20
TP4 15+43 1,078.49
TP5 17+69 1,087.10
TP6 20+21 1,095.28
BM-90 22+09 1,104.70
Reservoir Water Surface Elevation 1039.38

Note: Downloaded from http://cdec.water.ca.gov/cqgi-progs/queryDaily SHS

In the study reach, Nosoni Creek is a 2.3 to 4.0 percent slope single-thread bedrock and boulder-bed
channel confined within a 100- to 150-ft-wide moderately steep-sided canyon with narrow lateral
boulder bars and narrow floodplains, where present (Figure 3-47). Bedrock and boulder-bedded
cascades and runs and gravel-bedded pools form the majority of the channel bed. Overall, 37 percent
of the study reach is cascade habitat and 33 percent is pool habitat (Figure 3-48). Riffles, step-runs,
and step-pools make up less than 1 percent of the study reach. Twenty-one percent of the study reach
is dominated by bedrock substrate, and 68 percent is dominated by boulders and cobbles (Figure 3-
49). Fourteen percent of the channel bed is dominated by gravel, primarily in pool habitats. The
wetted channel at low-flow is less than 10 ft wide in bedrock cascade reaches and 15- to 35-ft wide in
many long shallow pools in the upstream bedrock-dominated portion of the reach (Table 3-21).
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Table 3-21
Average Pool Width, Depth, and Substrate Distribution, Nosoni Creek
Areal Percentage of Substrate in Pool
Bed
SEton Elevation | Maximum | Average .
Pool | at Top at Top of Depth Width BR | Bo | Co | Gr | Sa Si | Org | Total
# | o Pool | pogl (i) s q | 0| 6 | ) | ©6) | ) | %) | (%) | (%)
1 3+03 1,045.40 35 nd
2 6+96 1,053.73 4.1 nd
3 9+16 1,058.08 2.7 nd
4 10+88 1,062.18 4.0 nd
5 14+15 1,070.24 3.6 nd
6 15+35 1,074.53 4.0 nd
7 16+56 1,080.70 4.2 25 20 40 40 100
8 17+49 1,084.44 2.0 35 30 30 40 100
9 20+21 1,091.33 3.9 14 50 30 20 100
10 21+60 1,097.97 5.9 nd

Note: *BR=bedrock, Bo=boulders, Co=cobbles, Gr=gravel, Sa=sand, Si=silt, Org=organic material

The grain size distribution of channel bed framework materials was generally mixed and extremely

variable in the study reach. Bed framework materials in the inundated portion of the study reach were
uniformly sized and appeared representative of bedload materials mobilized every 2 to 3 years, with
median diameters ranging from 80 to 150 mm and averaging about 95 to 100 mm (Table 3-22). The
presence of numerous very large colluvial boulders, bedrock outcrops, or very irregular bedrock bed
boundaries generally controls the location and size of alluvial materials. Cascade habitats were

generally bedrock bedded with large boulder substrates and numerous pocket gravels deposited in
boulder lees and as pool tailout splays along channel margins. Run habitats were generally small

boulder and cobble bedded and interspersed with very large colluvial boulders and numerous pocket

gravel deposits along irregular channel margin boundaries. Field observations indicated that pools
were almost entirely gravel-bedded with well-sorted gravel-sized substrates upstream from Station

9+66 ft and poorly-sorted and grading to sand-sized sediments with sand-sized veneers in pools
within the inundated reach. Pools in the upstream portion of the study reach were primarily bedrock
and boulder-bedded with partial coverage by clean gravel substrates as tailout deposits and splays on
either channel margin (Table 3-21). The size distribution of well-sorted gravels in the upstream
pools was similar to the size distribution of pocket gravels (Table 3-22), and appeared representative

of frequently (i.e., annually) mobilized bedload materials. Photo NC-1 shows a shallow pocket gravel
deposit near Station 11+35 ft (elevation 1,067 ft msl) composed of the two distinct populations.
Pebble Count 1 estimated that the median diameter (Dso) of the finer bedload population was about 19
mm, similar to the size of materials dominating pool substrates (Table 3-22). Pebble Count 2
estimated that the Dso was about 43 mm, similar to the size of perched pocket gravels along channel
margins elsewhere in the study reach. Nosoni Creek appeared to have the greatest amount of pocket
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gravels and well-sorted gravel-sized bed sediment of all of the riverine reaches assessed in this study,
probably reflecting greater overall supply of gravel-sized sediment.

Table 3-22

Summary of Channel Bed Material and Gravel Deposit Observations and Pebble Count Measurements,

Nosoni Creek

July 20, 2003
River
Station | Elevation Material/Deposit | Material/Deposit Deposit Dgs Dso Dis Embed-
(ft) MSL (ft) Type Location Area(sqft) | (mm) | (mm) | (mm) | dedness
4+80 1,051 bed framework mid-ch in run na -- 100 -- high
4+80 1,051 pocket gravel mid-ch in run numerous -- 25 -- high
8+90 1,059 bed surface mid-ch in pool ~1800 -- 6 -- high
9+80 1,062 pocket gravel rt bk bar 120 -- 15 -- low-mod
9+70 1,062 pocket gravel It bk ch margin 60 - 15 -- low-mod
10+25 1,062 bed surface mid-ch in pool ~3000 45 25 6 low-mod
10+50 1,063 pocket gravel rt bk ch margin 920 45 25 10 low
10+60 1,063 pocket gravel rt bk ch margin 80 35 20 10 low
11+00 1,066 pocket gravel It bk bar 170 75 35 20 low
11+35 1,067 pocket gravel It bk bldr lee 60 40 22 8 low
14+00 1,072 pocket gravel rt bk bldr lee 150 75 45 20 low
(PC 1) rt bk bidr
16+20 1,082 pocket gravel lee 120 33 19 8 low
(PC 2) rt bk bidr
16+20 1,083 pocket gravel lee 90 77 43 22 low
19+70 1,095 pocket gravel It bk ch margin 130 60 35 15 low

The study reach can be delineated into three representative geomorphic subreaches. Reach 1 is an
inundated reach with a 2.3-percent-slope ch extending upstream to Station 13+66 feet Reach 1 is a
20- to 25-ft wide plane-bed reach dominated by long, shallow boulder-bedded runs and short riffles,
with narrow boulder bars composed of similar sized materials (Photo NC-2). Although low-flow
discharge was sufficient to transport fine materials from the center of the channel, channel bed
margins, and boulder bar surfaces, extensive embeddedness was observed on the alluvial features
along the channel margins. Cross-Section 1 surveyed at Station 4+81 ft illustrates channel form and
dimensions in the downstream portion of Reach 1 (Figure 3-50). Reach 1 is virtually devoid of
woody riparian vegetation downstream from about Station 5+50 ft (elevation 1,052 ft msl). Figure 3-
51 and Figure 3-52 illustrate channel form and dimensions in the upper portion of Reach 1. Photo
NC-3 shows highly embedded pool substrate conditions near Cross-Section 3 at Station 8+94 ft
(elevation 1,059 ft msl). Upstream from about Station 9+66 ft (elevation 1,063 ft msl), substrate
embeddedness decreases significantly, and the density and maturity of riparian vegetation increase
significantly. Reach 1 would be classified as both “B2” according to the Rosgen channel
classification scheme (Rosgen 1996) and “plane-bed” according to the Montgomery-Buffington
classification scheme (Montgomery and Buffington 1993).
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Reach 2 is a 4.0-percent-slope bedrock and boulder-bed cascade reach interspersed with relatively
shallow plunge pools and runs (Photo NC-4). Cross-Section 4 surveyed at Station 18+80 ft shows
representative channel form and dimensions in a section of Reach 2 extending from about Station
18+00 to about Station 20+00 that is locally wider and contains extensive and recently scoured
boulder bar deposits (Figure 3-53). A lack of low-gradient plane-bed conditions and long pool
habitats limits the presence of gravel-sized sediments to numerous pocket gravel deposits in boulder
lees and channel margins (Table 3-22). Reach 2 would be classified as “Bla” according to the
Rosgen channel classification scheme and “cascade” according to the Montgomery-Buffington
scheme.

Dekkas Creek

The Dekkas Creek watershed (Figure 3-54) drains an approximately 3.8-square-mile area and enters
the McCloud River Arm of Shasta Lake (see Atlas, Vol. V, 1-13) about 15.5 miles northeast of Shasta
Dam. The majority of the watershed, including the study reach, is underlain by middle Pliocene
tuffaceous mudstone and sandstone of the Nosoni unit, and the upper eastern portion of the watershed
is underlain by mafic flows and tuff and lesser amounts of mudstone of the Dekkas Unit of the same
age. There are small portions of quartz diorite and McCloud limestone on the western side of the
watershed where Dekkas Creek enters the McCloud River Arm of Shasta Lake. The study reach for
this assessment (Figure 3-54) extended from Shasta Lake on July 19, 2003 (elevation 1,039.91 ft
msl) to a permanent benchmark (BM-92) installed at Station 13+38 ft (Table 3-23). The measured
discharge of Dekkas Creek within the ESL at Station 8+30 ft was 0.86 cfs at 14:30 July 19, 2003
(Table 3-1).

Table 3-23
Benchmark and Turning Point Marker Location and Elevations, Dekkas Creek
July 19, 2003
Station from Reservoir
Turning Point Number Surface Elevation Above MSL (ft)
(ft)
RES WSE 0+00 1,039.91
TP1 5+26 1,059.06
TP2 7+33 1,068.81
TP3 8+66 1,073.80
TP4 9+73 1,081.11
TP5 11+81 1,093.99
BM-92 13+38 1,103.16
Reservoir Water Surface Elevation 1,039.91

Note: Downloaded from: http://cdec.water.ca.gov/cgi-progs/queryDaily?SHS

Dekkas Creek in the study reach is a 3.7 to 6.4 percent slope 25- to 35-ft wide bedrock and boulder-
bed channel dominated by shallow boulder-bedded riffle-run sequences in the moderately steep
downstream reach and bedrock cascade-plunge pool sequences in the steep upper reach (Figure 3-
55). The channel is confined throughout the lower reach by fine-grained terrace deposits resulting
from Shasta Lake inundation and backwater effects, and throughout the upper reach by bedrock
canyon walls and debris-flow lag deposits. Fifty-three percent of the study reach is made up of
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cascade and falls/step habitat (Figure 3-56). Thirty-seven percent of the bed is dominated by bedrock
substrates (Figure 3-57). Together, cascade/falls/step and pool habitats make up 85 percent of the
study reach. The lower 541-ft-long section of the study reach was dry, and aquatic habitat was not
delineated for this reach or included in the habitat distribution results. Most pools were associated
with steep bedrock cascade-plunge pool sequences in the upper portion of the study reach (Table 3-
24). Pool substrates were strongly dominated by clean bedrock, averaging more than 60 percent of
pool substrate area in the upstream portion of the study reach, with only patchy coverage by boulders
and lesser amounts of cobble and gravel. Bed framework materials were dominated by medium-sized
boulders with a median diameter (Dsp) of about 130-160 mm throughout the study reach (Table 3-
25). Pocket gravel deposits were numerous but very small, with the largest deposits of gravel-sized
sediment at the point bar deposit near Station 8+15 ft (elevation 1,072 ft msl), which is influenced by
lake sedimentation, and a channel margin pocket gravel deposit near Station 10+54 feet.

Table 3-24
Average Pool Width, Depth, and Substrate Distribution, Dekkas Creek
Areal Percentage of Substrate in Pool
Bed
S Elevation | Maximum | Average .

Pool | at Top at Top of Depth Width BR | Bo | Co | Gr | Sa Si | Org | Total
# Of(?tt;ol Pool (ft) (ft) (ft) (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%)
1 6+79 1,064.20 1.3 12
2 7+61 1,067.99 1.5 nd
3 8+36 1,070.16 1.9 nd
4 9+24 1,072.84 1.9 nd
5 9+72 1,078.35 2.8 13 50 50 100
6 9+90 1,080.44 1.3 12 50 30 20 100
7 10+18 1,080.95 1.3 10 80 20 100
8 10+60 1,082.59 2.1 8 80 10 10 100
9 11+33 1,086.11 3.6 20 90 5 5 100

10 12+34 1,094.17 1.9 12 30 50 20 100

Note: *BR=bedrock, Bo=boulders, Co=cobbles, Gr=gravel, Sa=sand, Si=silt, Org=organic material

Table 3-25
Summary of Channel Bed Material and Gravel Deposit Observations and Pebble Count Measurements,
Dekkas Creek
July 19, 2003
RIV.EI' Elevation Material/ Materle}ll el Dg4 Dso Dis Embed-
SEE MSL (ft) Deposit Type Depo§|t A7E) (mm) (mm) | (mm) | dedness
(ft) Location (sq ft)
4+00 1,052 bed framework ch bed na -- 130 -- high
8+15 1,072 point bar left bank ~1300 - 60 -- low
numerous
9+50 1,076 pocket gravels ch bed x 5-10 -- 8 -- low
numerous
10+25 1,081 pocket gravels ch bed x 5-10 -- 10 -- low
It bk ch
10+45 1,083 pocket gravel margin 50 -- 30 -- low
14+50 ~1,115 bed framework ch bed na -- 160 -- na
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The study reach can be divided into two representative geomorphic subreaches. Reach 1isa 3.7
percent slope 25- to 35-ft wide boulder-bed channel extending from Shasta Lake upstream to about
Station 8+66 ft near elevation 1,072 ft (Photo DC-1). In the downstream 550-ft portion of Reach 1,
Dekkas Creek is plane-bed and cut in a broad deposit of coarse gravel- and sand-dominated materials
resulting from periodic inundation by Shasta Lake, creating elevated terraces flanking the channel on
both sides (Photo DC-2). Cross-Section 1 shows channel bed, bar, and terrace form and dimensions
at Station 3+72 ft (Figure 3-58), where Dekkas Creek is moderately entrenched in the lake delta
deposits and has a low width-to-depth ratio. The channel bed was dry on July 19 up to approximately
Station 5+40 ft, upstream from which young woody riparian vegetation (primarily willows) was
established on boulder bar surfaces near the water's edge and young willows and alders and a few
mature alders were established on the higher channel banks and on top of fine-grained terraces on
both sides of the channel. Cross-Section 2 surveyed upstream at Station 7+94 ft transects the broad
fine-grained right bank terrace near its upstream end (Figure 3-59). The Dekkas Creek canyon
begins to narrow rapidly upstream from the area of Cross-Section 2 (Photo DC-1) and becomes
extremely confined by a nearly vertical bedrock canyon wall along the right bank and debris flow
deposits and resulting forested elevated terraces and irregular near-channel lag materials along the left
bank. Cross-Section 3 surveyed at Station 8+15 ft (Figure 3-60) illustrates channel and bar form and
dimensions at the upstream end of Reach 1, where a broad, stable, moderately embedded gravel-
dominated point bar is established that has been colonized by a dense, uniform-age stand of alders.
Reach 1 is moderately entrenched with an average ratio of 1.8. Recognizing that the moderate
entrenchment ratio is the result of lake sedimentation effects, Reach 1 is classified in this assessment
as a “G2” and “plane-bed” stream reach.

Reach 2 is a 6.4 percent slope 25- to 35-ft-wide bedrock and boulder-bed channel dominated by long
bedrock cascade-plunge pool sections and shorter intervening shallow plane-bed boulder-bed pool-
riffle-run sequences with exposed boulder bars and numerous but small pocket gravel deposits (Photo
DC-3). Cross-Section 4 surveyed at Station 9+52 ft (Figure 3-61) shows typical channel bed form
and confinement in Reach 4, with confinement by a near-vertical bedrock canyon wall along the right
bank and by scoured debris flow deposits and resulting forested elevated terraces and irregular near-
channel lag materials along the left bank. The percentage coverage and depth of coarse debris flow
lag materials and resulting dominance of boulder-cascade and step-pool habitats increase dramatically
upstream from the study reach (Photo DC-4).

Campbell Creek

The Campbell Creek watershed (Figure 3-62) drains an approximately 4.8-square-mile area situated
immediately to the south of Dekkas Creek in the central portion of the ESL and enters the McCloud
River Arm of Shasta Lake (see Atlas, Vol. V, 1-10) about 15 miles northeast of Shasta Dam). Nearly
the entire watershed, including the study reach, is underlain by tuffaceous mudstone and sandstone of
the middle Pliocene Nosoni Unit. A small area of McCloud limestone outcrops along the
southwestern watershed boundary.. The study reach for this assessment (Figure 3-62) extended from
Shasta Lake on July 21, 2003 (elevation 1,038.66 ft msl) to Station 17+57 ft (Table 3-26). The
measured discharge of Campbell Creek within the ESL was 0.85 cfs on July 21, 2003 (Table 3-1).
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Table 3-26
Benchmark and Turning Point Marker Location and Elevations,
Campbell Creek
July 21, 2003
Turﬁ&r:gblz?int Station from R((;:ts;ervoir Surface Elevation Above MSL (ft)

RES WSE 0+00 1,038.66
TP1 4+00 1,055.26
TP2 7+16 1,060.92
TP3 10432 1,069.99
TP4 12499 1,077.82
TP5 14494 1,082.17
TP6 16+26 1,087.97
TP7 17+57 1,092.53
TP8 19+78 1,101.25
BM-84 22+86 1,111.00
Reservoir Water Surface Elevation 1,038.66

Note: Downloaded from: http://cdec.water.ca.gov/cgi-progs/queryDaily SHS

The study reach is an almost uniformly 3.6 percent slope 40- to 50-ft-wide bedrock and boulder-bed
stream dominated by cascade-plunge pool and shallow riffle-run sequences (Figure 3-63, Photo CC-
1). Forty-percent of the study reach aquatic habitat was cascade and falls/step, twenty-six percent
pool, and 34 percent riffle-run, with no step-run or step-pool habitats identified (Figure 3-64).
Bedrock substrates dominated 11 percent of the study reach length, and boulders and cobbles 75
percent, with the remaining eight percent gravel substrates (Figure 3-65). Pools were typically 12- to
15-ft wide and relatively shallow, not exceeding 3.0 ft, with mixed substrates from clean bedrock to
gravel-sized sediment (Table 3-27). There were no significant trends in dimensions or substrate
evident along the study reach length.

Table 3-27
Average Pool Width, Depth, and Substrate Distribution, Campbell Creek
Areal Percentage of Substrate in Pool
Bed
S Elevation | Maximum | Average .
Pool | at Top at Top of Depth Width BR | Bo | Co | Gr | Sa Si | Org | Total
0, 0, 0, 0, 0, 0, 0, 0,
# | of (l;’tc)ml Pool (ft) (ft) (ft) (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%)
1 7+96 1,057.32 3.0 nd
2 11+33 1,068.97 1.0 nd
3 11+79 1,070.20 1.0 11 30 20 10 40 100
4 12+82 1,073.72 25 13 10 40 50 100
5 13+45 1,076.55 1.3 nd
6 17+37 1,088.66 2.3 17 10 40 30 20 100
7 19+18 1,097.03 2.0 15 50 20 30 100
8 19473 1,099.57 15 nd
9 20+38 1,100.45 2.8 12 60 10 30 100
10 21+10 1,104.55 2.2 13 10 40 20 30 100

Note: *BR=bedrock, Bo=boulders, Co=cobbles, Gr=gravel, Sa=sand, Si=silt, Org=organic material
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Alluvial bed and bar framework deposits were nearly continuous and contained mixed grain sizes
dominated by medium boulders with 84th percentile and median grain sizes ranging from 120 to 280
mm and 75 to 105 mm, respectively (Table 3-28). These materials were not significantly colonized
by riparian vegetation and appeared to be mobilized about every 2 to 3 years. Deposits of annually
mobilized bedload materials appeared to be composed of two distinct size classes, with median
diameters of 8 to 10 mm and 40 to 50 mm. Pocket gravel deposits were both more numerous and
substantially less embedded upstream from Station 8+97 ft near a steep riffle habitat occurring
between elevation 1,061 and 1,068 ft msl (Figure 3-63).

Table 3-28
Summary of Channel Bed Material and Gravel Deposit Observations and Pebble Count Measurements,
Campbell Creek
July 30, 2003
SFt{;\t/i%rn Elevation Material/ '\éz';)eélsﬁlt/ Dzﬁg;'t Dsa Dso D16 Embed-
() MSL (ft) Deposit Type Location (sq ft) (mm) (mm) | (mm) | dedness
3+50 1,051 bed framework ch bed na 280 105 -- high
4+00 1,053 pocket gr ch bed few x 5-10 -- 8-10 -- high
numerous
5+75 1,060 pocket gr ch bed x5 -- <4 -- mod
8+00 1,061 bed framework ch bed na 120 75 25 high
mid-ch in
10+00 1,067 bed framework riffle na -- 95 -- low
10+00 1,068 bar framework point bar 180 -- 85 -- low
10+00 1,068 pocket gr on bar 30 -- 15 -- low
10+00 1,068 pocket gr on bar 20 -- 40 -- low
numerous
10+50 1,069 pocket gr ch bed x 10-20 -- 20 -- low
rt ch

12+55 1,072 pocket gr margin 60 28 18 8 low
18+50 1,095 boulder bar mid-ch ~5000 170 95 -- low

By virtue of its nearly uniform slope and canyon width, Campbell Creek in the study reach could
reasonably be considered one indivisible geomorphic subreach. Notably, there were two stream
sections with distinct geomorphic conditions that would not be considered individual subreaches
because they were not substantially longer than 5 to 7 channel widths. These were the 285-ft-long 0.1
percent slope shallow pool habitat between Station 6+12 ft and 8+97 ft evidently affected by Shasta
Lake inundation and backwater effects (Rosgen channel type “B1c”), and the 112-ft-long boulder bar
emplaced between Station 17+56 ft and 18+68 feet However, for the purposes of this assessment, the
study reach can be divided into two geomorphic subreaches to reflect the significant difference in
riparian vegetation density and bed substrate embeddedness downstream and upstream from Station
8+97 near a range of elevations between 1,061 ft and 1,067 ft msl (Figure 3-63). Accordingly, Reach
1 is a 3.6 percent bedrock and boulder-bed stream reach extending from Shasta Lake upstream to
Station 8+97 ft, with partially eroded elevated fine-grained terrace deposits flanking the channel on
the left bank downstream from Station 6+12 ft (Photo CC-2) and a section of flat shallow pool habitat
with wide overbank areas (Photo CC-3) between Station 6+12 ft and 9+87 ft (elevation 1,061 ft).
Cross-Section 1 surveyed at Station 3+38 ft shows channel bed, bar, and terrace form and dimensions
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in the lower portion of Reach 1 (Figure 3-66). The terrace remnant forming the left bank was
evidently eroded at least 10 lateral ft between the Reclamation orthophoto flight date and the July
2003 field survey, suggesting that the channel width in Reach 1 is cyclic in response to periodic lake
sedimentation. The channel in Reach 1 was entrenched with a low width-to-depth ratio and can be
classified “G1” or “G2” using the Rosgen classification and “plane-bed” using the Montgomery-
Buffington classification.

Reach 2 is a 3.6 percent slope boulder-bed stream reach that appears representative of pre-Shasta
Lake conditions in the entire study reach (Photo CC-1). Cross-Section 2 surveyed at Station 13+32
illustrates typical channel bed and bar form in Reach 2 (Figure 3-67). A local bedrock-controlled
valley constriction near Station 17+56 ft produces an elevated mid-channel boulder bar deposit
immediately upstream and extending up to Station 18+68 feet Mature alders on the boulder bar
deposit indicate that it was completely scoured and emplaced several decades ago (Photo CC-4).
Campbell Creek is dry upstream from the permanent benchmark established at the upstream end of
the survey at Station 22+68 ft (elevation 1,111.00 ft msl), with all of the flow (about 0.85 cfs)
contributed by a narrow steep tributary on the right (north) bank. The channel in Reach 2 was
entrenched with a low width-to-depth ratio and can be classified “G2” using the Rosgen classification
and “plane-bed” using the Montgomery-Buffington classification.

Squaw Creek

The Squaw Creek watershed (Figure 3-68) drains a 57.8-square-mile area and enters the Squaw
Creek Arm of Shasta Lake about 17 miles ENE of Shasta Dam (see Atlas, Vol. VI, 1-8). There are
six major geologic units underlying the Squaw Creek watershed trending north to south. The middle
Pliocene Dekkas unit underlies the western edge of the watershed. To the east, the Triassic Pit
metasedimentary shale and siltstone outcrops in the channel bed and canyon walls throughout the
study reach. Further east, Squaw Creek intersects two thin units of Triassic age: a fossiliferous
Hosselkus limestone and the Brock argillite. Upstream and to the east of these units, the stream
dissects andesitic, volcaniclastic, and pyroclastic rocks of the Modin unit, also of Triassic age. The
most eastern geologic unit consists of the Jurassic metasedimentary Potem unit composed of argillite
and tuffaceous sandstone. The study reach for this assessment (Figure 3-69) extended from Shasta
Lake on July 14, 2002 (elevation 1,025.79 ft msl) upstream to river Station 64+42 ft at elevation
1,096.23 ft msl (Table 3-29).

The study reach is a 1.1 percent slope 30- to 50-ft wide channel confined within a narrow bedrock
canyon (Figure 3-69). The majority of the study reach is dominated by long, deep, slow sand-bedded
pools between short bedrock steps and cascades. Fifty-two percent of the study reach is made up of
pool habitat (Figure 3-70), and 39 percent of the bed is dominated by sand-sized substrates (Figure
3-71). Virtually all sand-dominated substrates were found in pools. Pool widths ranged from 16 to
62 ft and averaged about 35 ft, and Pool depths ranged from 2 to 8 ft and averaged 5 ft (Table 3-30).
Maximum pool depths ranged from 2.5 to 15 ft and averaged about 8 feet. Sand-sized substrates
dominated an average of 48 percent of all pool substrates, with silt and organic materials at 6 and 1
percent, respectively. Coarser materials and bedrock (3 percent) made up the balance of pool
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Table 3-29
Benchmark and Turning Point Marker Locations and Elevations, Squaw Creek
July 14-16, 2002
Turning Point Number | Station from Reservoir Surface Elevation Above MSL
(ft) (ft)
RES WSE 0+00 1,025.79
TP1 na na
TP2 4+38 1,028.23
TP3 8+20 1,027.50
TP4 11+06 1,028.33
TP5 18+78 1,036.31
TP6 20+86 1,036.08
TP7 27+42 1,048.97
TP8 31+15 1,049.04
TP9 34+32 1,057.85
TP10 34+68 1,057.93
TP11 38+58 1,066.45
TP12 41+41 1,073.33
TP13 na na
TP14 46+23 1,078.88
TP15 49+94 1,080.68
TP16 56+07 1,088.48
TP17 59+57 1,092.38
TP18 64+32 1,098.68
Reservoir Water Surface Elevation 1,025.79

Notes: Downloaded from: http://cdec.water.ca.gov/cqgi-progs/queryDaily SHS

substrates. Long sand-bedded step-pool reaches are mixed with boulder-bedded riffle-run, cascade-
run, and step-run reaches with lateral bars. Locally, coarse colluvial materials and lag deposits create
short cascades and irregular channel bank surfaces. The lag deposits create narrow, relatively stable
benches along canyon edges in straight reaches that trap large cobble and smaller alluvial material,
and support mature woody riparian vegetation above the reservoir-influenced zone. Colluvial lag
near the water surface elevation creates complex edgewater “boulder garden” habitat with dense
cover provided by sedge (Carex spp.). Pool tailouts and riffle heads were often dominated by
medium to fine gravel and provided what appeared to be suitable spawning habitat at low-flow
discharge (Table 3-31). A natural bedrock step at long profile station 39+58 ft (elevation 1,065 ft)
creates a 10-ft high cascade reach that appears to be an obstacle to upstream fish migration. Salt
Creek enters Squaw Creek at Station 59+07 ft (elevation 1,091 ft msl), about 50 ft upstream from the
1,090-ft-ESL boundary.

By virtue of its relatively uniform slope, punctuated by short bedrock falls/step elevation drops, this
reach could reasonably be considered one indivisible geomorphic subreach classified as a “G1c”
channel using the Rosgen classification scheme. However, for the purposes of this assessment and
considering the gradient of riparian vegetation, bed alluviation, and substrate embeddedness present
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in the study reach as a result of cyclic inundation by Shasta Lake, the study reach can be divided into
five subreaches (Figure 3-69). All of the subreaches are entrenched with low width-to-depth ratios
and could be classified as “G1c” channel types, except Reach 4, with its local 2.5 percent slope.
Furthermore Reach 5 could reasonably be considered a “G2c” channel type as well as “G1c” with its
increased presence of boulder-bedded step-run and riffle-run-pool sequences between isolated
bedrock outcrops.

Reach 1 is a 0.4 percent slope bedrock and boulder-bedded channel extending from Shasta Lake up to
Station 12+94 feet The entire 35- to 45-ft wide active channel width in the lower 400- to 500-ft long
section of Reach 1 (photo SQC-1) is alluviated and mildly sinuous with shallow plane-bed conditions,
alternating bars, and highly embedded substrates typical of conditions suggested in a review of the
digital orthophotographs of Squaw Creek used in the Atlas. A pebble count of the bar surface at
Station 1+30 ft shows some similarity to other pebble counts measured throughout the reach. The
exception was the addition of fine sediments dominating the surface matrix and veneer (Table 3-31).
Massive alluviation in the downstream portion of Reach 1 accounts for its locally decreased channel
bed slope compared to likely pre-Shasta Lake conditions. Cross-Section 1 (Figure 3-72) and Cross-
Section 2 (Figure-73) illustrate channel form and dimensions in Reach 1 (Photo SQC-2). There was
no riparian vegetation present in Reach 1, and the bed and bar materials were moderately to highly
embedded with fine matrix and veneer materials. Reach 2 is a 1.3 percent slope bedrock and colluvial
boulder-dominated reach extending upstream to a massive colluvial boulder deposit and resulting
cascade-pool section near Station 22+96 feet Cross-Section 3 and Cross-Section 4 (Figure 3-74)
illustrate channel form and dimensions in Reach 2. There was no riparian vegetation present in Reach
2, and bar materials were moderately to highly embedded with fine matrix and veneer materials.

Reach 3 is a 0.4 percent slope reach composed entirely of a sequence of deep, slow sand-bedded
pools. A broad gravel-bedded pool tailout near the downstream end is controlled by colluvial boulder
deposits at the upstream end of Reach 2. Pebble count results on the bed surface at a pool tailout-
riffle head section near Station 27+10 ft (elevation 1,045 ft msl) were similar to other deposits
throughout the study reach, but with the addition of a moderate amount of fine sediments dominating
the surface matrix and veneer (Table 3-31).

Reach 4 is a 2.5 percent slope reach made up of long, deep, slow sand- and gravel-bedded pools and
relatively long, steep boulder-cascade sections situated within two prominent channel bends with
point bars along inside bends. Cross-Section 6 (Figure 3-75) shows channel bed and bar conditions
at a bend and point bar in Reach 4. Exposed bar surfaces in Reach 4 were colonized nearly uniformly
by sparse stands of young, even-aged willows. Pebble count results showed that the median diameter
of coarse alluvial materials on the point bar surface at Cross-Section 6 (elevation 1,059 ft msl) was
about 162 mm, with low embeddedness by fine sediments and no presence of a fine sediment veneer
(Table 3-31). Another pebble count measurement in Reach 4 at a pool tailout-riffle head deposit at
Station 42+00 ft (elevation 1,071) determined that the 84th, 50th, and 16th percentile diameters were
195 mm, 106 mm, and 43 mm, respectively.

Reach 5 is a 1.0 percent slope reach dominated by long sand- and gravel-bedded bedrock pools in the
downstream portion of the reach, transitioning to more boulder-dominated step-run and riffle-run
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Table 3-30
Average Pool Width, Depth, and Max Pool Width and Depth, Squaw Creek
Areal Percentage of Substrate in Pool Bed
coors | atTop | Elevation | aximum | average | Averase | wetes | sR | Bo | Co | G | Sa | Si | org | Toua
of(Ithc)mI Pool (ft) (M) (M) () V\/(Ift:)th (%) %) | ) | %) | (W) | (W) | (%) (%)
1 5+90 1,025.78 2.5 2.0 26 33 5 40 30 10 100
2 11+07 1,025.53 7.5 5.0 33 33 5 50 25 5 100
3 16+24 1,032.44 4.0 3.0 33 33 0 25 20 20 15 20 0 100
4 21+21 1,033.39 5.0 3.0 39 46 0 30 15 40 0 100
5 22+41 1,037.69 4.8 4.0 39 48 5 60 15 5 0 100
6 25+33 1,042.60 7.0 3.5 52 59 0 5 40 45 5 0 100
7 30+70 1,043.80 12.0 7.5 42 65 0 20 10 50 15 0 100
8 32+94 1,042.29 7.5 7.5 30 40 0 10 5 5 70 10 0 100
9 39+33 1,053.79 14.0 8.0 39 52 0 20 25 30 10 0 0 100
10 47+42 1,073.98 15.0 7.5 39 52 0 0 5 20 65 0 0 100
11 48+82 1,064.93 14.0 6.5 62 72 0 0 5 25 70 0 0 100
12 50+87 1,077.88 25 25 26 26 5 25 5 10 55 0 0 100
13 56+57 1,085.28 7.5 4.8 34 52 10 10 5 15 60 0 0 100
14 58+97 1,083.88 6.0 3.0 37 37 5 25 5 55 0 0 100
15 60+82 1,088.28 7.0 5.0 30 33 20 0 75 0 0 100
16 61+82 1,090.28 4.0 2.5 16 16 30 5 10 55 0 0 100
17 63+42 1,090.03 9.0 55 31 33 10 25 5 10 50 0 0 100
18 64+22 1,085.63 8.0 4.8 20 35 5 30 10 5 50 0 0 100

Note: BR=bedrock, Bo=boulders, Co=cobbles, Gr=gravel, Sa=sand, Si=silt, Org=organic material
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Table 3-31
Summary of Channel Bed Material and Gravel Deposit Observations and Pebble Count Measurements,
Squaw Creek
July 14-16, 2003

RIV.EI' Elevation Material/ Materle}ll DRl Dg4 Dso Dis Embed-
SIEUE MSL (ft) Deposit Type Deposit Area (mm) (mm) | (mm) | dedness
(ft) Location (sq ft)
(PCrt
1+30 1,024 lateral bar bk na 126 56 <8 high
(PC3)rt
13+20 1,029 lateral bar bk na 185 102 <8 mod
(PC4) It
19+70 1,032 lateral bar bk na 91 <8 <8 high
(PC 5) mid
27+10 1,045 ch bed ch in riffle na 138 47 9 mod
(PC6) It
34+30 1,056 point bar bk na BR 162 57 low
(PC7)
mid-ch in
42+00 1,071 ch bed riffle na 195 106 43 low
(PC 8)
mid-ch in
47+90 1,078 ch bed riffle na 179 72 22 low

pool habitats in the relatively straight upper section of the reach, terminating upstream from the ESL
boundary. Cross-Section 8 (Figure 3-76) shows channel bed and bar conditions in a partially gravel-
bedded pool in the downstream section of the reach, and Cross-Section 10 (Figure 3-77) shows
channel bed and bar conditions in a run habitat immediately downstream from the Salt Creek tributary
inlet near the upstream end of Reach 5. The presence of nearly continuous boulder- and cobble-
dominated bars lining both canyon walls in the upstream, straight portion of Reach 5 coincides with a
significantly increased presence of dense mature riparian vegetation, dominated by alder, ash, and
maple.

Flat Creek

Flat Creek watershed (Figure 3-78) drains an approximately 5.5-square-mile area situated in the
eastern portion of the ESL and enters the Pit River Arm of Shasta Lake about 20.5 miles ENE of
Shasta Dam (see Atlas, Vol. VII, 19). The entire central and eastern portion of the watershed
including the study reach is underlain by the Modin andesitic volcaniclastic and pyroclastic rocks and
lesser amounts of conglomerate. The upper watershed bordering the Squaw Creek basin to the west is
underlain by the Hosselkus limestone. The study reach for this assessment (Figure 3-78) extended
from Shasta Lake on July 17, 2003 (elevation 1,041.38 ft msl) to Station 15+25 ft at elevation
1,092.80 ft msl (Table 3-32). The measured discharge of Flat Creek within the ESL was 0.58 cfs on
July 17, 2003 (Table 3-1).

Flat Creek in the study reach is a uniformly 2.3 percent slope channel dominated by shallow boulder-
bed riffle and run habitats with narrow, stable lateral boulder bars and shallow bedrock pools
punctuated by very steep bedrock falls and cascade-plunge pool reaches. (Figure 3-79).
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Table 3-32
Benchmark and Turning Point Marker Location and Elevations, Flat Creek
July 17, 2003
Station from Reservoir
Turning Point Surface Elevation Above MSL
Number (ft) (ft)

RES WSE 0+00 1,041.38
TP1 6+08 1,056.17
TP2 7+87 1,059.74
TP3 10+33 1,064.23
TP4 11+26 1,065.15
TP5 12+24 1,067.38
TP6 13+01 1,069.46
TP7 14+41 1,078.02
TP8 15+56 1,094.93
Reservoir Water Surface Elevation 1,041.38

Note: Downloaded from: http://cdec.water.ca.gov/cgi-progs/queryDaily?SHS

Twenty percent of the study reach is made up of cascade and falls/step habitat and 78 percent by
shallow pool-riffle-run sequences (Figure 3-80). The pool-riffle-run ratio was approximately 7:4:5.
Bedrock was overwhelmingly the dominant substrate in the study reach, making up about 61 percent

of the study reach length (Figure 3-81). Boulders and cobbles dominated 23 percent of the study
reach length. Gravel and silt dominated 16 percent of the study reach, almost entirely in the
downstream portion of the reach. Pools were typically 10- to 20-ft wide and very shallow with the

exception of the 5.1-ft-deep plunge pool at the base of the upstream bedrock cascade section (Table

3-33). Maximum pool depths downstream from the 5.1-ft-deep pool ranged from 0.4 to 2.1 ft and

averaged about 1.5 feet

Table 3-33
Average Pool Width, Depth, and Substrate Distribution, Flat Creek
Areal Percentage of Substrate in Pool
Bed

Pool | atTop | Elevation | Maximum | Average | g | o | co | Gr | sa | i |org | Tota
# Of(I:IC)wl Pool (ft) (ft) (ft) (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%)
1 0+60 1,040.13 1.3 nd

2 0+90 1,042.88 11 nd

3 2+40 1,047.28 15 nd

4 5+30 1,052.43 0.5 nd

5 5+55 1,053.23 0.4 nd

6 5+80 1,053.88 0.7 nd

7 6+64 1,055.76 0.9 nd

8 10+11 1,061.12 2.1 20 80 5 15 100
9 10+74 1,063.26 1.8 15 80 15 5 100
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Table 3-33
Average Pool Width, Depth, and Substrate Distribution, Flat Creek
(Continued)
Areal Percentage of Substrate in Pool
Bed
Station . .
Pool | at Top EI{QTVSS%? MaD>:g1tzm A\\/’V?&Etlﬁe BR | Bo | Co | Gr | Sa Si | Org | Total
0, 0, 0, 0, 0, 0, 0, 0,
# Of(I:IC)ml Pool (ft) (ft) (ft) (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%)
10 11+49 1,064.28 1.2 10 60 25 15 100
11 12+72 1,066.88 0.6 nd
12 13+02 1,066.93 17 10 85
13 13+55 1,069.94 17 nd
14 14+27 1,069.19 51 nd
15 15+25 1,092.83 11 11 40 60 100

Note: *BR=bedrock, Bo=boulders, Co=cobbles, Gr=gravel, Sa=sand, Si=silt, Org=organic material

Bar framework materials in the downstream portion of the Flat Creek study reach were cobble-
dominated with a typical median diameter (Dso) of about 60 mm (Table 3-34). These materials were
highly embedded with fine sediment and organic material in the upper surface of the bar. There were
numerous small, reasonably well-sorted pocket gravel deposits on downstream bar surfaces that
averaged 6 to 10 mm in median diameter. Throughout the study reach, there were no gravel-sized
sediment deposits large enough in area or median diameter to be measured using the pebble count
method (Wolman 1954).

Table 3-34
Summary of Channel Bed Material and Gravel Deposit Observations and Pebble Count Measurements,
Flat Creek
July 17, 2003
SFt{;\t/i?)rn Elevation Material/ '\égfé';;lt/ Di?(e):'t Dsa Dso D16 Embed-
() MSL (ft) Deposit Type Location (sq ft) (mm) (mm) | (mm) | dedness
numerous
1+50 1,044 pocket gravel It bk bar x 20 -- 6-10 -- low-mod
3+30 1,051 bar framework rt bk bar na 95 60 15 high
9+40 1,061 pool tailout ch margin 30 -- 6 -- low-mod
11+40 1,064 pool tailout ch margin 90 - 18 -- low

The study reach can be divided into two representative geomorphic subreaches (Figure 3-79). Reach
1 is a uniformly 2.3 percent slope channel dominated by shallow plane-bed boulder- and cobble-bed
riffle and run habitats with numerous infrequently mobilized colluvial boulders and narrow, stable
lateral boulder bars (Photo FC-1). Upstream from about Station 7+00 ft, there were numerous
shallow bedrock pools with limited and patchy alluvial coverage dominated by sand and fine gravel
(Photo FC-2). Gravel- and sand-sized materials were also present in bed framework matrix materials
in shallow riffle-run habitats, but pocket gravel deposits were restricted to numerous but very small
patches of fine gravel. The only well-sorted gravel deposits larger than about 20 square ft were
located on wide cobble bars in the downstream portion of Reach 1, downstream from Station 2+50 ft
near elevation 1,048 ft msl. Cross-Section 1 surveyed at Station 3+30 ft (Figure 3-82) illustrates
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channel and bar form and dimensions in the wider alluvial downstream portion of Reach 1 (Photo
FC-3). The channel in the vicinity of Cross-Section 1 has a moderate width-to-depth ratio and would
be classified “F2” or “F3” using the Rosgen scheme.

Similar to the transition seen in Rip Gut Creek, as one moves upstream through the study reach,
riparian vegetation remains limited to a few isolated willows and annual growth of sedge until the
canopy rapidly closes and becomes very dense and dominated by California dogwood beginning near
Station 7+50 feet The canyon floor loses its alluvial character near Station 7+50 feet Cross-Section 2
surveyed at Station 11+82 ft illustrates typical Reach 1 conditions upstream from Station 7+50 ft
(Figure 3-83), with a bedrock and boulder-dominated bed with narrow stable bars and a dense low-
hanging riparian canopy (Photo FC-1). Dense vegetation limited access and the ability to photograph
the reach. The channel in the vicinity of Cross-Section 2 was entrenched with a low width-to-depth
ratio and would be classified as “G1” or “G2” using the Rosgen classification. Overall, Reach 1
would be classified as an “F2” or “G2” channel type using the Rosgen classification scheme and
“plane-bed” using the Montgomery-Buffington classification, and could arguably be split between
Reach 1a “F2” downstream from Station 7+50 ft (elevation 1,056 ft msl) and “G2” upstream.

Reach 1 terminates upstream at Station 13+95 at the downstream end of a bedrock cascade plunge
pool section where Reach 2 begins (Figure 3-79). Reach 2 is a 105-ft-long 21 percent slope bedrock
falls/cascade-plunge pool reach (Photo FC-4) that would be classified as an “A1” channel section
using the Rosgen classification scheme and “bedrock” using the Montgomery-Buffington
classification.

Rip Gut Creek

The Rip Gut Creek watershed (Figure 3-84) drains an approximately 5.3-square-mile area and drains
into the Pit River Arm of Shasta Lake about 21 miles ENE of Shasta Dam (see Atlas, Vol. VII, 1-19).
The entire watershed, including the study reach, is underlain by the Modin andesitic volcaniclastic
and pyroclastic rocks and lesser amounts of conglomerate, similar to the Flat Creek watershed. The
study reach for this assessment (Figure 3-84) extended from Shasta Lake on July 18, 2003 (elevation
1,040.71 ft msl) upstream to permanent benchmark BM-94 established at Station 17+38 ft at
elevation 1,111.35 ft msl (Table 3-35). The measured discharge of Rip Gut Creek within the ESL
was 1.03 cfs on July 18, 2003 (Table 3-1).

Rip Gut Creek in the study reach is primarily a 2.7 to 3.7 percent slope channel confined within a
steep-sided bedrock canyon, and dominated by shallow, partially alluviated boulder-bed riffle and run
habitats with intervening 10 to 17 percent slope bedrock cascade plunge-pool reaches (Figure 3-85).
Twenty-eight percent of the study reach is made up of cascade and falls/step habitat and 72 percent by
shallow pool-riffle-run sequences (Figure 3-86). The pool-riffle-run ratio was approximately 7:3:5.
Bedrock was overwhelmingly the dominant substrate in the study reach, making up about 49 percent
of the study reach length (Figure 3-87). Boulders and cobbles dominated 28 percent of the study
reach length. Gravel and organic materials dominated 23 percent of the study reach, almost entirely
in pools and along the downstream lake sedimentation-impacted portion of the reach. Pools were
typically 6- to 20-ft wide with the exception of the 50-ft-wide plunge pool at the base of the upstream
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bedrock cascade section (Table 3-36). Maximum pool depths, including the bedrock plunge pools,
ranged from 1.6 to 6.0 ft and averaged about 3.4 feet

Table 3-35
Benchmark and Turning Point Marker Location and Elevations, Ripgut Creek
July 18, 2003
Turning Point SEUE gL?rTaEeeserVOir Elevation Above MSL
Number () (ft)
RES WSE 0+00 1,040.71
TP1 1+67 1,058.95
TP2 4+40 1,066.15
TP3 6+03 1,071.54
TP4 8+70 1,084.94
TP5 10+13 1,104.52
TP6 10+80 1,107.61
BM-94 12+65 1,111.35
Reservoir Water Surface Elevation 1,040.71

Note: Downloaded from: http://cdec.water.ca.gov/cgi-progs/queryDaily SHS

Table 3-36
Average Pool Width, Depth, and Substrate Distribution, Ripgut Creek
Areal Percentage of Substrate in Pool
Bed
Pool iia'lt'lc?; i{e.l\./:g%? ManeiIrJr:Em A\\//v?(rj&tlﬁe BR | Bo | Co | Gr | Sa Si | Org | Total
# | o Pool | pogi (i) i d | 0| 8 | ) | ©6) | ) | (%) | (%) | (%)
1 0+20 1,043.46 3.1 20 40 30 30 100
2 0+40 1,049.21 2.1 6 100 100
3 1+73 1,057.07 3.1 15 10 10 60 20 100
4 5+62 1,068.26 13 15 30 20 50 100
5 7+37 1,070.98 6.0 50 40 30 10 10 10 100
6 8+52 1,078.63 54 17 45 30 25 100
7 9+82 1,097.07 4.6 nd 60 10 30 100
8 11+43 1,106.90 3.0 nd 100 100
9 12+28 1,108.20 1.6 nd 80 20 100

Note: *BR=bedrock, Bo=boulders, Co=cobbles, Gr=gravel, Sa=sand, Si=silt, Org=organic material

Bed framework materials in alluviated sections of the study reach were dominated by small boulders
with typical median diameters (Dsp) of about 75 mm (Table 3-37). The upper surface matrix
materials were moderately to minimally embedded with fine sediment and organic materials.. There
were numerous very small, reasonably well-sorted pocket gravel deposits on the channel bed surface
throughout the study reach, probably representative of frequently mobilized bedload materials,
averaging about 5 to 10 mm in median diameter. In the downstream portion of the reach, there were
two to three larger pocket gravel deposits along channel margins with a typical median diameter of 8
to 15 mm. Upstream, there were numerous and larger pocket gravel deposits with somewhat coarser
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materials in the upstream portion of the study reach. These deposits had a typical median diameter of
20 to 30 mm (Table 3-37).

Table 3-37
Summary of Channel Bed Material and Gravel Deposit Observations and Pebble Count Measurements,
Ripgut Creek
July 18, 2003
SI?;¥iirn E,\I/Ievation Material/ hlgaeféis,a}L/ Di?g:it Dsa Dso D16 Embed-
() SL (ft) Deposit Type Location (sq ft) (mm) (mm) | (mm) | dedness
1+50 1,057 gravel bar It bk 200 16 8 4 mod
1+80 1,060 pocket gravel It bk 60 - 15 -- low-mod
2+50 1,062 bed framework mid-ch na 110 75 25 low
3+75 1,064 pocket gravel numerous 5-10 -- 11 -- low
5+10 1,067 pocket gravel numerous 5-10 -- 15 -- low
10+10 1,100 pocket gravel numerous 20-40 -- 25 -- low
10+70 1,106 gravel bar It bk 150 -- 30 -- low
11+00 1,108 gravel bar rt bk 100 -- 25 -- low

Rip Gut Creek in the study reach can be divided into four representative geomorphic subreaches, two
steep bedrock cascade reaches and two moderately steep bedrock and boulder-cobble riffle-run
reaches with limited shallow pools. Reach 1 is a very steep 17 percent slope bedrock cascade plunge-
pool reach extending from Shasta Lake upstream to Station 0+97 ft near elevation 1,057 ft msl (Photo
RC-1). Reach 1 is an “Al” reach according to the Rosgen classification scheme and a “cascade” or
“bedrock” channel type according to the Montgomery-Buffington system.

Reach 2 is a 2.7 percent slope primarily bedrock channel nearly completely covered with a shallow
veneer of alluvial materials dominated by small boulders and cobbles and numerous large and
infrequently mobilized colluvial boulders (Photo RC-2). Gravel- and -sand-sized materials were
present in bed framework matrix materials, but pocket gravel deposits were small, yet numerous
patches. The only well-sorted gravel deposits larger than about 20 square ft were located in the
downstream portion of Reach 2, downstream from Station 1+80 ft near elevation 1,060 ft msl (Photo
RC-3). Cross-Section 1 surveyed at Station 1+50 ft (Figure 3-88) transects the only pool deeper than
1.3 ftin Reach 2. The left bank is stabilized by the narrow bedrock constriction in Reach 1, and was
colonized by mature alders.

Similar to the transition seen in Flat Creek as one moves upstream through the study reach, riparian
vegetation remains limited to a few isolated willows and annual growth of sedge until the canopy
rapidly closes and becomes very dense and dominated by California dogwood beginning near Station
3+50 feet. The canyon floor also becomes somewhat less alluvial near Station 3+50 feet Dense
vegetation limited access and the ability to photograph the reach. Overall, the transition in canyon
alluviation and riparian vegetation density probably reflects impacts of cyclic inundation by Shasta
Lake operations. The wider, more alluvial section of Reach 2 between Station 0+97 ft and
approximately Station 3+50 ft could alternatively be classified an “F2” channel type. Cross-Section 2
surveyed at Station 5+24 ft (Figure 3-89) illustrates channel and narrow bar conditions in the upper
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portion of Reach 2, which could be classified “G1” or “G2” and “plane-bed.” Reach 3 is a 330-ft-
long 10 percent slope bedrock cascade channel that would be classified as an “Al” reach according to
the Rosgen classification scheme and a “cascade” or “bedrock” channel type according to the
Montgomery-Buffington system (Photo RC-4). Reach 4 is a 3.7 percent slope primarily bedrock
channel nearly completely covered with a shallow veneer of alluvial materials dominated by small
boulders and cobbles and numerous large and infrequently mobilized colluvial boulders. Reach 4 is
similar to Reach 2 overall, but not as straight and with a variable and locally wider canyon width.
There was also abundant woody debris in Reach 4, contributing to increased overall channel
complexity and more abundant and diverse pocket gravel deposits on shallow bedrock channels.
Reach 4 is entrenched with a relatively low width-to-depth ratio and would be classified as “G1” or
“G2” using the Rosgen classification scheme and “plane-bed” using the Montgomery-Buffington
system.

Potem Creek

Potem Creek watershed (Figure 3-90) drains an approximately 11.9-square-mile area and drains into
the Pit River Arm of Shasta Lake about 24 miles ENE of Shasta Dam (see Atlas, Vol. VII, 1-22). The
entire central portion of the watershed, including the study reach, is underlain by the Arvison
volcaniclastic and pyroclastic rocks of Jurassic age. The upper watershed to the west of the study
reach is underlain by the Triassic-aged Modin unit of andesitic, volcaniclastic, and pyroclastic rocks.
The Modin unit is continuous throughout the Rip Gut Creek and Flat Creek study reaches. The study
reach for this assessment (Figure 3-90) extended from the right bank of the Pit River, which was
free-flowing on October 2, 2003 (elevation 1,028.10 ft msl), to a permanent benchmark (BM-53)
established immediately below Potem Falls at Station 28+81 ft and elevation 1,135.36 ft msl (Table
3-38). The measured discharge of Potem Creek within the ESL was 4.78 cfs on October 2, 2003
(Table 3-1).

Table 3-38
Benchmark and Turning Point Marker Location and Elevations, Potem Creek
July 2, 2003
Turning Point Number Station fr(()frt'n; Pit River EIevation(,fOt\;)ove MSL
PIT RIVER WSE 0+00 1,028.07
TP1 3+39 1,035.88
BM-57 5+51 1,044.09
TP2 5+99 1,046.24
TP3 10+24 1,058.31
BM-56 10+89 1,061.06
TP4 14+10 1,072.55
TP5 17+71 1,085.51
BM-55 18+15 1,087.61
TP6 19+79 1,093.00
BM-54 19+79 1,093.00
TP7 23+20 1,107.32
TP8 26+19 1,120.79
BM-53 28+81 1,135.36
Benchmark Elevation 1,033.00
Note: Benchmark elevation from orthophoto
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The study reach is a 3.5 to 5.7 percent slope channel dominated by shallow boulder-bed riffle and run
habitats in the downstream portion of the reach and bedrock and sandy gravel bedded pools and
bedrock-boulder cascades in the upstream portion of the reach (Figure 3-91). Twenty-six percent of
the study reach length is made up of cascade habitat, most of which was located upstream from
Station 24+50 ft, and forty-three percent of the study reach length was made up of riffle habitat
(Figure 3-92). Bedrock dominated the channel bed along about 20 percent of the study reach, and
boulder-cobble substrates dominated 51 percent (Figure 3-93).

Table 3-39
Average Pool Width, Depth, and Substrate Distribution, Potem Creek
Areal Percentage of Substrate in Pool
Bed
S Elevation Maximum Average
Pool | at Top at Top of Depth Widtﬁ BR | Bo | Co | Gr Sa Si | Org | Total

0, 0, 0, 0, 0, 0, 0, 0,
# of(Ithc))oI Pool (ft) () (f) (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%)
1 9+82 1,052.47 2.1 nd
2 17+04 1,079.06 1.3 25 15 15 10 20 40 100
3 20+08 1,089.70 2.3 15 15 20 15 10 40 100
4 23+84 1,107.37 2.0 14 70 30 100
5 25+12 1,109.46 4.5 38 25 5 35 35 100
6 29+81 1,109.20 25.0 85

Note: *BR=bedrock, Bo=boulders, Co=cobbles, Gr=gravel, Sa=sand, Si=silt, Org=organic material

Gravel and sand materials made up fully 29 percent the study reach substrate materials, almost
entirely in bedrock pools. Pools were typically 14- to 25-ft wide in the study reach (Table 3-39) and
38-85 ft wide in the upstream bedrock cascade/falls-plunge pool section of the study reach (Reach 4).

Bar framework materials in the downstream portion of the Potem Creek study reach were cobble- and
gravel-dominated with a typical median diameter (Dso) of about 40 mm (Table 3-40), and were
moderately embedded with fine sediment. There were numerous small and not well-sorted pocket
gravel deposits along channel margins, probably representative of frequently mobilized bedload
materials, averaging about 6 to 8 mm or less in median diameter. Only one gravel-sized sediment
deposit was large enough to apply the pebble count method (Wolman 1954). This feature was in the
upstream end of the reach near Station 26+50 ft (Table 3-40).

The study reach can be divided into four representative geomorphic subreaches. Reach 1isa 0.3
percent slope shallow boulder- and sand-bedded reach cut in the lake sedimentation-affected Pit River
floodplain extending 250 ft from the Pit River right bank to the Pit River’s right bank canyon wall
(Photo PC-1). Reach 2 is a 3.5 percent slope shallow boulder- and cobble-bedded riffle-run reach
extending from Station 2+50 ft to about Station 9+82 ft (bed elevation 1,053 ft msl). Cross-Section 1
surveyed at Station 7+00 illustrates channel and floodplain form and dimensions in Reach 2, with its
wide left bank floodplain with frequently scoured multiple flood scour channels and mixed grain size
bars and levees with uniformly young woody riparian trees dominated by willow (Figure 3-94). The
wetted channel was about 12 to 15 ft wide at low-flow discharge and the bankfull channel is about 40
to 50 ft wide.
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Table 3-40
Summary of Channel Bed Material and Gravel Deposit Observations and Pebble Count Measurements,
Potem Creek
October 2, 2003
RIV.EI' Elevation Material/ Materle}ll LEsesl Dgs Dso Dis Embed-
Station | “yis) ity | Deposit Type | DEPOSIt Area mm) | (mm) | (mm) | dedness
(ft) Location (sq ft)
5+35 1,043 pocket gravel rt bk bar 400 65 40 11 mod
rt ch
7+01 1,048 pocket gravel margin 10 -- 30 -- low
It ch
9+90 1,052 pocket gravel margin 40 16 8 4 low
16+50 1,080 bed framework ch bed na 700 220 -- na
rt ch
17+90 1,084 pocket gravel margin 20 -- 6 -- mod-high
22+90 1,103 pocket gravel numerous 5-10 - 6 -- mod-high
rt ch
26+50 1,121 pocket gravel margin 30 18 8 3 low-mod

The channel in Reach 2 is slightly entrenched with a low width/depth ratio and would be classified as
a “E2” channel using the Rosgen scheme and a “plane-bed” channel using the Montgomery-
Buffington system.

Reach 3 is also a 3.5 percent slope bedrock and boulder-bed channel that begins near Station 9+82
where the bedrock canyon narrows abruptly from about 200 ft to between 90-100 ft and extends
upstream to about Station 24+68 ft (elevation 1,112 ft msl). The bedrock bed in Reach 2 is variably
and partially covered by a shallow lag of boulders and large cobbles forming shallow riffle and step-
run habitats and narrow lateral boulder bars and limited floodplains dominated by mature alders and
California dogwood (Photo P