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1.0

INTRODUCTION

1.1

Purpose and Organization

Sediment Source Control & Management Plan
in the Phoenix Lake basin. This sediment
assessment and budget for Sullivan Creek was
largely a desktop‐based analysis, using existing
spatial data and Geographic Information System
(GIS) mapping to predict sediment production
in the watershed. The Foothill Assessment
included a road‐based field reconnaissance of
the watershed to characterize hillslope
sediment sources and channel morphology at
road crossings.

This chapter represents a key component of the
overall PLPRP, describing the watershed
processes
that
contribute
to
lake
sedimentation, and providing recommendations
and strategies to reduce sediment delivery to
Phoenix Lake.
This chapter is organized as follows:

This current investigation builds on the Foothill
Assessment by characterizing channel sediment
sources and further identifying and evaluating
hillslope sediment sources. Taken together, the
2007 Foothill Assessment and this study provide
a relatively comprehensive description of
sediment sources in the Phoenix Lake basin.

Section 1 ‐ Introduction
Section 2 ‐ Physical Setting
Section 3 ‐ Watershed and Channel
Descriptions
Section 4 ‐ Sediment Sources
Section 5 ‐ Sediment Reduction Approaches
Section 6 ‐ Sediment Management Strategy

2.0

Section 7 ‐ Summary & Conclusions

The Phoenix Lake watershed (or basin)1
encompasses 15,339 acres or 24.0 square miles
(mi2) of land situated in the foothill region of
the Sierra Nevada (Figure 2‐1). Elevations in the
watershed range from 2,380 feet (ft) at Phoenix
Lake to 4,875 ft at Elizabeth Peak. The Phoenix
Lake watershed is located between the much
larger Stanislaus River watershed to the north
and the Tuolumne River to the south. The
Phoenix Lake watershed sits as a “perched”
basin, between these two larger river systems
(Figure 2‐2).

Section 8 ‐ References & Glossary
Words and terminology included in the glossary
are underlined the first time they appear in this
chapter.

1.2

Previous Assessments

Previous investigations conducted in the
Phoenix Lake basin relevant to this chapter
include: the Tuolumne County Foothill
Watershed Assessment (ESA, 2007a), Tuolumne
County Foothill Water Quality Plan (ESA,
2007b), and the Phoenix Lake Task Force’s
“Mapping of Seasonal Water and Sediment
Flows into the Northeastern Area of Phoenix
Reservoir” (PLTF, 2010b).

1

PHYSICAL SETTING

A watershed is an area of land that drains to a common
outlet. The Phoenix Lake watershed comprises all the land
that drains into the lake. The term “basin”, or more
precisely “drainage basin”, is synonymous with watershed,
but should not be confused with structural geologic basins
or groundwater basins occurring below the surface.
Watersheds are comprised of smaller units, called sub‐
watersheds or sub‐basins, which are smaller drainage
areas nested within the larger watershed.

The Tuolumne County Foothill Watershed
Assessment (Foothill Assessment) included a
sediment source assessment and sediment
budget for Sullivan Creek, the principal drainage
2‐1
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province.
The stages of the Sierra Nevada
orogeny (mountain building) sequence is briefly
described below. These processes resulted in
the surface lithology (rocks) observed in the
Phoenix Lake basin.

The major drainages in the basin include
Sullivan, Power and Chicken creeks. There are
two, smaller unnamed watersheds that drain to
the southern side of Phoenix Lake. In this
chapter, these unnamed watersheds are
referred to as Ridgewood and Phoenix Lake
Park (Figure 2‐1).

In the Triassic Period [250‐200 million years
before the present (ybp)] tectonic movements
brought an eastward traveling island‐arc into
contact with the proto‐North American
continent. This resulted in the subsidence of
the arc complex and it’s carried oceanic
sediments beneath the continental plate. In the
Jurassic Period (200‐145 million ypb) heat and
pressure from the subduction process created
molten magmatic plumes that rose as igneous
batholiths into the surrounding continental
crust. Uplift and mountain building continued
through the Cretaceous Period (145‐65 million
ybp). In the early Cenozoic Era (~50 million
ybp), erosion of these previously uplifted
mountains formed large rivers that carried
great sediment loads, including sediment rich in
gold, to former deltas, embayments, and
coastlines. In the Miocene Period (~20 million
ybp), crustal extension began in the Sierra
region resulting in crustal thinning and volcanic
intrusions to the surface. More recently, about
5 million ybp (Late Miocene and Pliocene
periods), the modern uplift of the Sierra Nevada
range occurred with tilt‐block faulting raising
the mountain block toward the east. The
Quaternary Period (last 2 million years) included
periods of glaciation and inter‐glacial warming
and the continued erosion of the Sierra
landscape.

Figure 2‐3 provides an oblique aerial view of the
Phoenix Lake basin. The vertical exaggeration
(ratio of vertical scale to horizontal scale) of
Figure 2‐3 highlights the watershed’s
topography. The basin is somewhat “bowl
shaped”, with steep slopes descending from the
rim of the watershed. Particularly steep slopes
are seen in the northern headwaters of Power
Creek, and the northern and eastern
headwaters of Sullivan Creek. The Ridgewood
area descends steeply in the southern
watershed toward the lake. Also noteworthy in
Figure 2‐3 are the lower gradient valley
bottomlands that transition from the lower
reaches of Chicken, Power, and Sullivan creeks
toward Phoenix Lake.
Downstream of Phoenix Lake, Sullivan Creek
flows southeasterly across the volcanic
tableland south of Sonora and Jamestown and
enters the northern arm of Don Pedro
Reservoir.
This section continues with a description of the
primary regional factors that influence
sediment production, transport and storage
including geology, climate, hydrology, soils, and
land use. More detailed and site‐specific
descriptions of watershed and channel
conditions are provided in Section 3.

2.1

The geologic map (Figure 2‐4) and rocks of the
Phoenix Lake watershed reflect the history
described above. The dominant lithologic group
is intrusive igneous rocks derived from the
granitic and mafic plutons formed beneath the
crust during the Jurassic subduction process.

Geology

Though covering a relatively small area, the
Phoenix Lake basin is geologically diverse and
representative of the central Sierra Nevada
2‐4
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The granitic and mafic rocks of the Phoenix Lake
watershed formed under tremendous heat and
pressure as batholiths slowly rise and cool.
When overburden is removed and these
intrusive rocks are exposed to lower pressures,
temperatures, and oxygen/air of the surface –
they weather rapidly.

the crustal extension/volcanism described
above (~20 million ybp). During the
Miocene/Pliocene periods (23 to 2.5 million
ybp) much of the central to northern Sierra
Nevada was completely buried by volcanic
flows. The Phoenix Lake basin roughly marks
the southern extent to which the volcanic
activity buried the landscape. The Tuolumne
River, which lies just south of the Phoenix Lake
basin, is the northernmost of the major rivers
draining the west slope of the Sierra Nevada
whose course is not totally disrupted by
volcanic flows. Whereas, the course of the
paleo‐Stanislaus River, which lies just north of
the Phoenix Lake basin, was greatly altered by
the volcanic activity in the region (ESA, 2007a).
The Foothill Assessment (ESA, 2007a)
speculates that in the past the Mehrten
formation may have been more extensive in the
Phoenix Lake basin, but has since eroded away
due to fluvial activity.

During weathering of the granitic rock cohesion
between grains is lost, leaving the material as a
mass of separate grains ranging in size from fine
sand to small pebbles (often referred to as
grus). Due to the lack of particle cohesion,
decomposed granite (DG) is highly susceptible
to dry ravel, rill and gully erosion, debris slides,
and debris torrents (North Coast RWQCB,
2005). Disturbance of the surface, or an
increase in the degree of slope, such as a road
cut, can accelerate these processes. The
widespread distribution of granitic and mafic
rock in the basin (Figure 2‐4) sets the stage for
the high sediment production rates throughout
the watershed.

2.2

Climate and Hydrology

The Phoenix Lake basin, like most of California,
experiences
a
Mediterranean
climate
characterized by warm, dry summers and cool,
wet winters. However, with an average
elevation of approximately 3,000 ft, the
watershed experiences a more montane
Mediterranean climate than coastal California.
The basin experiences a mixed rain‐snow
precipitation regime. Formation of an extended
snowpack in the basin is uncommon, except at
the highest elevations. Precipitation is greatest
between November through April, though
summer and early autumn monsoonal storms
can generate measurable rainfall. Total annual
precipitation in Sonora averages approximately
32.5 inches, though the high elevations in the
basin receive significantly higher annual average
precipitation due to orographic effects.

The Shoo Fly and Calaveras complexes exposed
along the northern rim of the basin (Figure 2‐3)
are considerably older than the granitic rocks
that dominate the basin’s landscape. The Shoo
Fly complex contains the oldest rock in the
Sierra Nevada, consisting of metamorphosed
sedimentary rock largely derived from
continental sources during the early Paleozoic
(542 to 251 million ybp) (Palmer, 2004). This
group of rocks is thought to be exotic (i.e.,
formed elsewhere) and carried here by plate
tectonics. The younger Calaveras Complex is a
mixture of rocks, including shale, siltstone and
chert that are derived largely from oceanic
sources.
The Mehrten Formation, exposed along the
southern boundary of the basin near Twain
Harte, contains volcanic rocks formed during
2‐7
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Unregulated (i.e., no major dams or flow
control structures) streams in California with
rainfall
dominated
hydrology
typically
demonstrate a rapid runoff response to rainfall
events. This is particularly true in steep,
headwater drainages such as those in the
Phoenix Lake basin. This rapid runoff response
is often exacerbated by land development,
which creates impervious surfaces such as
roads and roofs. Impervious surfaces increase
the magnitude of runoff and reduce the time of
concentration for precipitation. This alteration
in basin hydrology can manifest in stream
channels by inducing excessive erosion. This
process is referred to hydromodification (See
Section 4.2).

communities of Sonora, Jamestown, Scenic
View and Mono Village.

2.3

Soils

Soil resources in the Phoenix Lake basin have
not been formally mapped or characterized.
The Natural Resource Conservation Service
(NRCS) is in the process of completing a soil
survey for Tuolumne County. Data from the
NRCS soil survey are expected to be available in
late 2014 (Pers. Comm. Scott, 2012).
Two distinct soil types were observed during
field surveys conducted for this study. The first
being hillslope soils, which were characterized
as generally shallow (1‐2 ft), weakly developed
sandy loam over highly weathered bedrock
(Photo 2‐1). In many areas of the watershed
underlain by granite, surface soils are
sandy/gravelly grus (decomposed granite) with
low organic content. These soils often support
mixed chaparral vegetation, and can be highly
erodible on steep slopes or where flows are
channelized.

The TUD maintains stream gauges on Sullivan
Creek upstream of Phoenix Lake at Paseo de Los
Portales, and downstream of the lake at
Meadow Brook Drive. The creek stage data for
these gauges extends back to 2010. Rating
curves for these stream gauges are discussed in
Technical Appendix I of the PLPRP.
In addition to direct precipitation, the Phoenix
Lake watershed receives an out‐of‐basin
diversion from the South Fork Stanislaus River.
Water is transferred from Lyons Reservoir on
the South Fork Stanislaus via the Main
Tuolumne Canal to a penstock that connects to
PG&E’s Phoenix Powerhouse. Between 4 to 30
cfs is regularly passed through the powerhouse
and discharged to Power Creek. The TUD is able
to divert a portion of the additional water
released to Power Creek to its water supply
treatment and distribution system through a
system of canals and pipes that bypass Phoenix
Lake. The water remaining in Power Creek is
discharged to Phoenix Lake. The TUD has an
intake tower in Phoenix Lake that transfers
water to four treatment plants that supply the

Photo 2‐1: Shallow soils over highly weathered bedrock
in the headwaters of Chicken Creek.

Alluvial soils occurring along valley bottoms and
low gradient floodplains are deeper, with more
developed soil horizons, and demonstrate
richer humus development and organic content.
2‐8
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The valley bottom soils may include higher fines
(clay and silt) content than the hillslope soils.
However, both hillslope and valley bottom soil
types appeared well‐drained, non‐cohesive and
highly erodible.

2.4

Vegetation

Figure 2‐5 provides a map of the vegetation
community types in the Phoenix Lake basin
based on the California Department of Fish and
Game’s Wildlife Habitat Relationship (CWHR)
system. The basin lies in the foothills ecoregion,
which is a large ecotone between the Great
Valley to the west and the Sierra Nevada to the
east. Within this ecotone hardwood woodlands
(primarily oaks) intermix with coniferous forest.
Elevation, aspect, slope, soil, moisture, and
geologic
conditions
influence
species
composition.

Photo 2‐2: Chaparral vegetation on shallow granite soils.

Common manzanita (Arctostaphylos manzanita)
and buck brush (Ceanothus cuneatus) are
dominant species in this community type.
Because most of the drainages in the basin are
steep with minimal floodplain, riparian
vegetation is generally confined to a narrow
corridor that bounds the watercourse. Only the
Sullivan Creek delta has extensive floodplain
formation and widespread riparian vegetation.
Dominant species in the riparian areas include
white alder (Alnus rhombifolia) in the overstory
and Himalayan blackberry (Rubus discolor) in
the understory. Willow (Salix spp.) and big leaf
maple (Acer macrophylum) are also common
components of the overstory. Phoenix Lake
itself supports freshwater emergent wetlands
dominated
by
hardstem
bulrush
(Schoenoplectus [=Scirpus] acutus).

The Montane Hardwood community type,
which includes blue oak (Quercus douglasii),
black oak (Q. kelloggii), interior live oak
(Q.wislizeni) and foothill pine (Pinus sabiniana)
is present around the lake and stretches into
the upper reaches of the Power Creek
watershed. The lower Sullivan Creek watershed
has a considerable amount of developed land,
but native oaks and conifers are interspersed
among the homes. At higher elevation in the
Sullivan Creek watershed, conifer species
become a more significant component of the
vegetation community; ponderosa pine (Pinus
ponderosa) and incense cedar (Calocedrus
decurrens) become dominant in the overstory.
The vegetation communities discussed above
generally have poorly developed shrub stratum
and a sparse herbaceous layer.
Mixed
chaparral, a shrub dominated community, is
widely dispersed throughout the basin,
primarily occurring on shallow granitic soils
(Photo 2‐2).
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constructed in 1854, but was destroyed in an
1862 storm event (PLTF, 2010a). The
contemporary dam was completed in 1880
(California Division of Safety of Dams, 2012).

Land Use

Pre‐Historical and Historical Land Use
Cultural resources surveys indicate that Central
Sierra Miwok were active in the Phoenix Lake
basin; pre‐historic sites have been identified in
the area around the Phoenix Powerhouse
(Stewardship Council, 2007), and Twain Harte
(Twain Harte Chamber of Commerce, 2011).
Although the Miwok may have used fire as a
land management tool, it is unlikely that this
land use altered the environment in a manner
which would affect present day watershed
processes or geomorphology.

As the abundance of gold decreased, timber
harvest, orchards, grazing and summer
recreation became prevalent land uses in the
County (ESA, 2007a; Twain Harte Chamber of
Commerce, 2011). Phoenix Lake became a
popular destination for swimming and fishing
(Photo 2‐3).

Significant land use change began in the mid
1800s. Gold was discovered in Tuolumne
County in 1848 and placer mining became
widespread in the region, with some of the
most intense mining activity occurring in the
communities surrounding the basin (e.g.,
Jamestown, Columbia). In 1853, placer mining
in Columbia began yielding vast amounts of
gold and Columbia became one of the largest
cities in the state (California Division of Mines
and Geology, 1970). Some of the largest gold
pieces recovered during the gold rush were
found in Sullivan Creek, including a 28‐pound
nugget and a 360‐ounce oblong smooth piece
(California Division of Mines and Geology,
1970). It is unknown whether these pieces
were recovered upstream or downstream of
Phoenix Lake.

Photo 2‐3: Fishing on Phoenix Lake, 1893.

In 1924, a subdivision was planned in Twain
Harte, which is believed to be the first private
recreational subdivision in the Sierra Nevada
(Twain Harte Chamber of Commerce, 2011).
While some development may have been taking
place in the area around Twain Harte, a
historical aerial photo from 1944 (Figure 2‐6)
indicates very little development had taken
place around Phoenix Lake and in the lower
watershed. In the 1944 photo it is also evident
that the hillslopes were forested, though not as
densely as present day conditions. This may be
indicative of the period of second (or third)
growth recovery from historic logging and/or
wildfire.

The intense gold mining activity was intimately
connected with timber harvest and water
resources development, as lumber and water
were needed to support mining operation and
camps. Sketches and photographs of
contemporary mining settlements depict barren
environments (ESA, 2007a).
The PLTF Phoenix Lake Dredging report notes
that original dam impounding Phoenix Lake was
2‐11
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Activity around Phoenix Lake increased with the
establishment of the Phoenix Lake Park in the
mid 1920s (Holton, 2011). The Phoenix Lake
Park was very popular with residents of Sonora
as well as out of town visitors. The Park
included camping, fishing and a pavilion for
music and dancing (Holton, 2011).

3.0

WATERSHEDS & CHANNEL
DESCRIPTIONS

The Phoenix Lake basin is comprised of five
primary watersheds, including: Sullivan Creek,
Power Creek, Chicken Creek, Ridgewood and
Phoenix Lake Park (Figure 2‐1). Table 2‐1
provides the drainage area for the each of the
primary watersheds.

Existing Land Use
Widespread housing and associated road
development in the lower Phoenix Lake basin
began in the 1960s with planned developments
around Phoenix Lake. Development in the lower
basin continued through the 60s and 70s with
the construction of the Phoenix Lake County
Club and early phases of the Apple Valley
Estates, followed by Ridgewood subdivision in
the 80s. Developments in the upper basin,
including Crystal Falls, Brentwood Park and
expansion of Twain Harte, also occurred during
this period. In several locations, development in
the upper basin also included road
development or expansion, with accompanied
roadside drainage features. The pace of
development has slowed in recent decades, but
subdivisions and homes continue to be added
within the basin. Other contemporary land uses
in the basin include two golf courses, orchards,
small grazing pastures, turkey farming, power
generation (Phoenix Powerhouse), light
commercial development around Twain Harte,
and open space.

Table 2‐1. Watersheds of the Phoenix Lake Basin
Watershed

Drainage Area
(mi2)

Sullivan Creek

15.95

Power Creek

4.52

Chicken Creek

2.15

Ridgewood

1.13

Phoenix Lake Park

0.22

This chapter provides descriptions of these
primary watersheds, their sub‐watersheds, and
the stream channels within the watersheds.
The locations of the photographs presented in
this section are shown on the figures associated
with their respective watersheds (Figures 2‐8
through 2‐11). Throughout this section stream
channels are characterized according to the
Montgomery‐Buffington stream classification
system (Montgomery and Buffington, 1993,
1997). The basis of this classification system is
presented in tabular and graphical formats in
Figure 2‐7. The purpose of this section is to
provide a detailed understanding of the
watershed areas to serve as a basis for
identifying sediment sources (Section 4) and
developing management approaches to reduce
erosion and sedimentation (Section 5).
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Peak joins Sullivan Creek. Downstream of
Brentwood Park, Sullivan Creek flows through a
small alluvial valley that parallels South Fork
Road. The creek is incised in the valley floor
and streambank erosion is considerable (Photo
2‐5).

Sullivan Creek Watershed

The Sullivan Creek watershed is the largest in
the Phoenix Lake basin, comprising 67% of the
total basin area. The Sullivan Creek watershed
includes five sub‐watersheds, as depicted in
Figure 2‐8. These sub‐watersheds are referred
to in this chapter as: Elizabeth Peak, Twain
Harte, Big Hill Road West, Big Hill Road East,
and
Lower
Mainstem
sub‐watersheds.
Descriptions of the sub‐watersheds and
channels follow.
Elizabeth Peak Sub‐watershed
The Elizabeth Peak sub‐watershed is the largest
of Sullivan Creek sub‐watersheds. Sullivan Creek
originates in the Elizabeth Peak sub‐watershed
(Figure 2‐8). In this headwaters region the
mainstem of Sullivan Creek is primarily a
cascade or step‐pool (Figures 2‐7 and 2‐8),
boulder dominated channel that is confined by
hillslopes (Photo 2‐4).

Photo 2‐5: Streambank erosion in upper Sullivan Creek.

Downstream of this valley, the creek traverses
relatively steep terrain; a major tributary enters
from the north before the creek descends
Crystal Falls (Photo 2‐6). Downstream of Crystal
Falls Lake, Sullivan Creek is joined by Twain
Harte Creek, which marks the transition to the
Lower Mainstem sub‐watershed (Figure 2‐8).

Photo 2‐4: Upper Sullivan Creek in Elizabeth Peak Sub‐
Watershed.

Several small, unnamed drainages join Sullivan
Creek in the headwaters region. Near the
Brentwood Park community, an unnamed
tributary that drains the south face of Elizabeth

Photo 2‐6: Crystal Falls

2‐15

Elizabeth Peak
(4,875 ft)

Photo 2-9
Photos
2-4 and 2-5

Photo 2-7
Photo 2-6

Good Shepherd Road

Photo 3-5

Photos 2-12 though
2-14

Photo 2-10
Phoenix Lake Road
crossing & Photo 2-11

Notes: The channel classification was performed as a watershed-scale
mapping effort which utilized a digital elevation model (DEM) to calculate
slope and extensive ground-truthing to verify channel type. Classification type
at the reach-scale may deviate from that shown in the figure.
Base map from USGS seamless server.
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generated in the sub‐watershed. Lake depth,
trap efficiency and sedimentation delivery rates
to Crystal Falls Lake are unknown (i.e., it is
uncertain how effective Crystal Falls Lake is at
storing sediment). Sediment not trapped by the
Crystal Lake passes downstream into the lower
Sullivan Creek watershed.

Twain Harte Sub‐watershed
Twain Harte Creek originates just east of the
village of Twain Harte. Just downstream of the
village the creek flows through the Twain Harte
Golf Club then into Twain Harte Lake (Figure 2‐
8, Photo 2‐7).

Photo 2‐7: Twain Harte Creek upstream of Twain Harte
Lake.

Photo 2‐8: Crystal Falls Lake

The lake is formed by a dam which was
completed in 1929 (Twain Harte Village, 2011).
Downstream of the dam the creek flows
through a steep, confined valley that parallels
Good Shepherd Drive (Figure 2‐8). Midway
through this valley there is a 10‐15 ft bedrock
step (i.e., drop or waterfall) that controls the
grade of the stream.

Big Hill Road East and West Sub‐watersheds
These sub‐watersheds are the steepest in the
Sullivan Creek watershed. The channels within
these sub‐watersheds are predominately
cascades with slopes that exceed 20% for nearly
their entire length (Figure 2‐8). Consequently,
these channels readily transport sediment
received from hillslope erosion. In the upper
reaches of the sub‐watersheds the channels
appeared stable (i.e., no evidence of rapid
incision), but private property limited the extent
to which the channels could be assessed. Some
bank erosion was noted at the Big Hill Road
crossing (Photo 2‐9).

Downstream of the bedrock step the creek is
deeply incised with considerable bank erosion
for several hundred yards. Bank heights
gradually reduce as the creek approaches the
steep, granitic outcrop that is generally
contiguous with the Crystal Falls landform. The
creek appears stable from this point
downstream to its confluence with Sullivan
Creek, but sections were difficult to observe
because of limited access.
Near the outlet of the Twain Harte sub‐
watershed is Crystal Falls Lake (Photo 2‐8),
which traps some portion of the sediment
2‐17
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Photo 2‐10: Bank erosion in the lower Big Hill Road West
channel.

Lower Mainstem Sub‐watershed

Photo 2‐9: Main channel in the Big Hill Road West sub‐
watershed. Note the minor bank erosion on the left side
of the photo.

The lower mainstem of Sullivan Creek receives
drainage and sediment from all the sub‐
watersheds described above, as well as small
local drainages in the lower watershed (Figure
2‐8). This section of Sullivan Creek has
considerably lower gradient than the
headwater streams described above, with the
exception of a prominent bedrock/step‐pool
reach immediately downstream of the Phoenix
Lake Road crossing (Figure 2‐8).

Midway through the Big Hill Road East drainage
there is a small dam on the creek. This dam
appears to have trapped a considerable amount
of sediment as evidenced by the dense
vegetation growing along the margins of the
pond/lake created by the dam. Similarly, in the
lower portion of the Big Hill Road West drainage
the stream flows through a pond on the
Phoenix Lake Golf Course (Figure 2‐8). This
pond was not inspected on the ground, but
aerial photos indicate that it receives a high
sediment load, as evidenced by sediment
deposits at the pond inlet.

Upstream of the Phoenix Lake Road crossing the
creek is pool riffle/plane bed and moderately
sinuous. The bed material is typically gravel and
cobble with sand deposited on bars and in small
pools. In sections where the channel flows
through deep, fine alluvium the banks are tall
and erosion is considerable. In sections with
shallow bedrock the banks are generally stable.

At its confluence with Sullivan Creek the Big Hill
Road West channel is deeply incised with severe
bank erosion (Photo 2‐10). Bank erosion at this
location provides an uncontrolled supply of
sediment to the stream; fine, unconsolidated
sediment in the streambed was 2 to 3 feet deep
at the time of survey.

Immediately downstream of the Phoenix Lake
Road crossing Sullivan Creek flows through a
series of large (10‐15 feet in height), bedrock
steps (Photo 2‐11).
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Between the Paseo de los Portales and Potato
Ranch Road crossings there is considerable bank
erosion along the creek (Photo 2‐13).

Photo 2‐11: A bedrock step on Sullivan Creek
downstream of Phoenix Lake Road crossing.

The creek then transitions to step–pool
morphology for approximately 1,200 to 1500 ft.
Toward the lower portion of the step‐pool
reach there is considerable sand deposited in
the bed among large boulders.

Photo 2‐13: Severe bank erosion downstream of Paseo
de los Portales.

Several hundred feet of riprap has recently
been placed along the left bank to protect
homes adjacent to the channel (Photo 2‐14)

Downstream of the step‐pool reach the creek
transitions to plane bed morphology and there
is abundant deposition of sand in the creek,
with accumulations of 3 to 4 feet in depth in
many locations (Photo 2‐12).

Photo 2‐14: Riprap place along lower Sullivan Creek.

Importantly, moving downstream toward
Phoenix Lake, sediment deposition becomes
more widespread with evidence of a long
history of deposition. In the Sullivan Creek‐
Phoenix Lake transition zone, floodplain
vegetation depicts a chronosequence of the
depositional history of the creek delta. At the
upstream (proximal) end of the delta there are
many large, sawed tree stumps buried several

Photo 2‐12: Deposition of sand along lower Sullivan
Creek.

Floodplain features also showed recent
evidence of sand and silt deposition. This
condition generally persists to Phoenix Lake.
2‐19
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feet in alluvial sediment. It is hypothesized that
these trees were deposited in this location
shortly after the dam was built and the
watershed was first logged ‐ possibly in the mid
to late 1800s. Mature cottonwoods (Populus
fremontii) grow on top of the thick alluvial
deposits. Progressing downstream, vegetation
gradually transitions to willow, then bulrush,
marking more recent and lower elevation
floodplain deposits. The active “sandbar” in
Phoenix Lake marks the distal end of the delta.
If left unchecked, the sandbar would extend
further into the lake and aggrade to an
elevation that supports wetland vegetation.

3.2

Photo 2‐15: Power Creek at the Phoenix Powerhouse

This discharge generates sustained baseflow in
Power Creek that greatly exceeds that which
would occur under normal hydrologic
conditions. The supplemental flow from the
powerhouse also increases the flood discharge
during storm events. The Phoenix Powerhouse
has been in operation since 1898. The
morphology of Power Creek has largely
adjusted to the modified hydrology associated
with the out‐of‐basin diversion, but baseflows
appear capable of sustaining chronic erosion of
unstable streambanks along the creek (Photo 2‐
16).

Power Creek Watershed

The Power Creek watershed is the second
largest in the Phoenix Lake basin, comprising
19% of the total basin area. The headwaters of
Power Creek are characterized by steep,
forested hillslopes with minimal land
development (Figure 2‐9). Pacific Gas and
Electric’s (PG&E) Phoenix Powerhouse is
situated at the base of the steep hillslopes of
the upper watershed. The Phoenix Powerhouse
generates hydroelectric power via an out‐of‐
basin water diversion from the South Fork
Stanislaus River. Water is transferred from
Lyons Reservoir on the South Fork Stanislaus via
the Main Tuolumne Canal to a penstock that
connects to the powerhouse. Between 4 to 30
cfs is regularly passed through the powerhouse
and discharge to Power Creek.

Photo 2‐16: Streambank erosion along Power Creek
upstream of TUD diversion.
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Approximately 1 mile downstream of the
Phoenix Powerhouse, TUD maintains a
diversion on Power Creek (Figure 2‐9). This
diversion can be used to bypass Phoenix Lake
via a ditch and pipeline system. TUD uses this
diversion when Phoenix Lake water quality is
degraded to the point that it causes problems
for operations at TUD’s water treatment plants.
Approximately 300 ft downstream of the TUD
diversion there is a steep section of Power
Creek that is experiencing substantial bank
erosion (Photo 2‐17).

3.3

Chicken Creek Watershed

The Chicken Creek watershed has similar
physical characteristics to the Power Creek
drainage. The upper portion of the watershed
(upstream of Lyons Bald Mountain Road) is
comprised of moderate to steep terrain (Figure
2‐10). The headwater drainages that form
Chicken Creek flow through friable soils and
highly weathered bedrock (Photo 2‐1). Natural
sediment production via streambed and bank
erosion appears high in the headwaters area.
Channel gradient decreases downstream of
Lyons Bald Mountain Road crossing. Chicken
Creek alternates between step‐pool and plane‐
bed morphology; some low gradient sections
have floodplain benches that trap overbank
sediment and flood debris (Photo 2‐18).

Photo 2‐17: Bank erosion downstream of TUD diversion

This condition persists for several hundred feet
until the gradient decreases substantially as the
channel enters an unconfined, alluvial valley
(Figure 2‐9). Power Creek flows for
approximately 4,000 ft through the valley that is
cultivated with apple orchards before
discharging to Phoenix Lake. The channel in this
section is essentially straight (Figure 2‐9). It
appears that the natural configuration of the
creek was modified to accommodate
agriculture and the supplemental flow from the
out of basin water transfer.

Photo 2‐18: Chicken Creek just downstream of Lyons Bald
Mountain Rd. Note the high watermark on sapling
adjacent to channel.

Near the entrance to Apple Valley Estates there
is a check dam and boulder chute on Chicken
Creek that establishes grade control (Photo 2‐
19). The purpose of this structure is not known,
but it was most likely constructed to create a
water diversion/impoundment or control
streambed erosion.
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channel capacity and cause flooding in adjacent
low lying areas.

Photo 2‐19: Placed boulders protect the downstream end
of a check dam on Chicken Creek.

Immediately downstream of the check dam
there is substantial bank erosion along the
channel (Photo 2‐20), a condition which persists
for approximately 500 ft.

Photo 2‐21: Fine sediment recently deposited on in‐
channel bars covers the base of riparian trees.

3.4

Ridgewood Watershed

This is a relatively small watershed that drains
to the southeastern portion of Phoenix Lake,
into the “boot” area (Figure 2‐11). This
watershed is referred to here as Ridgewood
watershed after the residential development
that began in the 1980s (PLTF, 2010b). The
principal drainage in the watershed is a small,
unnamed stream that parallels Ridgewood
Drive (Figure 2‐11). This drainage originates
near the junction of Ridgewood Drive and
Parkridge Avenue then descends the relatively
steep terrain of the watershed. There are a few,
small in‐line detention ponds on the stream
(Photo 2‐22). The drainage discharges to a wet
meadow in the vicinity of the “boot” in Phoenix
Lake (Figure 2‐11).

Photo 2‐20: Streambank erosion along lower Chicken
Creek.

As gradient decreases in the lower reaches of
Chicken Creek it is evident that significant
deposition is occurring and that the channel is
storing substantial quantities of sediment
delivered from the upper watershed and local
bank erosion (Photo 2‐21). Most of this
sediment is available for transport to Phoenix
Lake, but some fraction is stored in overbank
floodplain areas and in‐channel bars, and may
be stabilized by growth of riparian vegetation.
This aggradation has the potential to reduce
2‐24
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SEDIMENT SOURCES

4.1

Overview and Approach

Sediment sources in the Phoenix Lake basin can
be divided into two broad classes: hillslope
sources and channel sources. Sediment inputs
from aeolian (wind) transport can be ignored
for the purposes of this assessment. Hillslope
sources include mass wasting and surface
erosion. Channel sources include the erosion
and transport of sediment from local channel
bed and bank locations, as well as the passing of
sediment that originates in upstream or up‐
watershed locations and is conveyed
downstream through the channel network.

Photo 2‐22: Small detention pond along Ridgewood
drainage.

3.5

4.0

Phoenix Lake Park Watershed

Phoenix Lake Park is the smallest watershed in
the Phoenix Lake basin (Figure 2‐11). This
watershed is developed with low‐density
residential housing. Drainage from the basin
collects in a small channel and is routed in
culverts under Phoenix Lake Road, then
discharges to Phoenix Lake at the end of Lori
Lane in the Phoenix Lake Park community
(Photo 2‐23).

This section describes how and where these
sources contribute to sedimentation in Phoenix
Lake. Figure 2‐12 shows the areas within the
basin that were assessed during the field
reconnaissance. While much of the basin was
covered on foot or by vehicle, portions of the
watershed were not field surveyed due to
project or access constraints. Non‐visited areas
were evaluated using aerial and other mapping
information. The locations of the photographs
presented in this section are shown on Figure 2‐
12.

4.2

Hillslope Sources

Mass Wasting
Mass wasting is erosion and downward
movement of earth materials induced by gravity
and includes features such as landslides, earth
slumps, rock slides, dry ravel, soil creep, and
debris/earth flows. In the Sierra Nevada this
type of erosion can be responsible for a
significant portion of a watershed’s total
sediment production (Curtis et al., 2005).
Evidence of mass wasting is often identified
with the aid of aerial photos and geologic maps.

Photo 2‐23: Mouth of the stream that drains the Phoenix
Lake Park watershed.
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outside of streams channels such as on natural
slopes, roads and trails (Photo 2‐24). Evidence
of surface erosion includes small rills where
eroded material is carried. Rills typically lead to
larger gullies, which lead to tributary channels,
as described in the channel erosion section
below.

The Foothill Assessment did not include mass
wasting contributions in the sediment budget
for Sullivan Creek “because of the limitations of
the available aerial photography to recognize
landslide scars and general absence of landslide
units identified in available geologic maps.”
However, the Foothill Assessment did note that
field observations in the Sullivan Creek
watershed did not identify significant landslides
including on Mehrten Formation outcrops,
which are notable for occurrences of landslides
elsewhere in the Sierra Nevada (ESA, 2007a).
For this assessment, aerial photos from 2005
(USDA, 2005) and Google Earth (multiple
imagery dates) were studied for landslide scars
and other evidence of mass wasting such as
bare slopes and irregular disturbances in
vegetation cover or terrain. No evidence of
active mass wasting was noted from aerial
photos or during field reconnaissance of
channels and watershed terrain. This analysis
suggests that mass wasting is not currently a
significant sediment source in the Phoenix Lake
basin.

Photo 2‐24: Surface erosion along a utility corridor in the
Elizabeth Peak sub‐watershed.

The principal factors that influence the
erodibility of hillslopes are: slope, geology, soils,
vegetation cover and land use. Sediment source
assessments and sediment budgets evaluate
these parameters and assign erodibility ratings
to watershed terrain. For example, a flat,
forested area with good canopy cover, a layer
of forest litter (duff), and high infiltration would
typically be assigned a low erodibility rating,
while steeper terrain with minimal vegetation
cover and poorer infiltration capacity would
generally have a high erodibility rating.

It is noted that in the Sierra Nevada region,
some ancient landslides dating from the earlier
Holocene and Pleistocene epochs that were
previously active are now somewhat stable or
inactive under present conditions. However,
such ancient landslides are vulnerable to being
“reactivated.” Typically, this occurs when new
surface water sources drain into the old
landslide area or earth loads are shifted at the
head or toe of the slide that alter the balance of
forces toward instability.

The Foothill Assessment developed a sediment
budget to estimate surface erosion potential in
the Phoenix Lake basin. In that assessment, the
basin
was
categorized
into
Hillslope
Geomorphic Units (HGUs) based on geology,
vegetation cover, and slope. Each of the HGUs
was assigned an erodibility rating (low,
moderate or high) based on scaling and
weighting of the geology, vegetation cover and

Surface Erosion
Surface slope erosion is the entrainment and
transport of soil, rock, or sediment caused by
rainfall impact or surface flows under the
influence of gravity. This is erosion that occurs
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slope parameters. Land use was then overlaid
on the erodibility classes to account for the
road network in the basin.
Through this procedure the Foothill Assessment
estimated that development has increased
surface erosion and sediment production over
11 times and sediment delivery to streams by
24 times over the undeveloped condition (ESA,
2007a). The increase in sediment delivery rate is
more than two times that of sediment
production because the road network provides
an efficient conduit for sediment to be
transported to drainages. The Foothill
Assessment also notes that “observed erosion
was primarily associated with human
disturbance and the two primary disturbances
identified were associated with roads (road
cuts, road side ditches, road embankments,
native or gravel surface roads) and home sites
(unpaved driveways, pastures, corrals, and
unvegetated portions of the lot) (ESA, 2007a).”

Photo 2‐25: This relatively small road cut in the
Ridgewood watershed generates a substantial amount of
sediment that is readily transported to nearby drainages.

Several studies have linked roads and road
density to increased sediment production and
the degradation of aquatic habitat (Matthews,
1999; MacDonald et al., 2004; North Coast
RWQCB, 2005; Stillwater Sciences, 2010). Figure
2‐13 shows the road network within the basin
and road densities by watershed. The road
network shown on the figure represents only
the roads which are in the County GIS database.
This map does not include several unpaved
private roads and driveways, which are known
to produce high sediment loads (McDonald, et
al., 2004). Road densities in the basin range
from 2.8 mi/mi2 in the Chicken Creek watershed
to 12.0 mi/mi2 in the Twain Harte sub‐
watershed, and average 6.4 mi/mi2 for the
entire basin. For perspective, the U.S. Forest
Service (USFS) characterized road densities in
forested watersheds in the Columbia River
basin greater than 1.7 mi/mi2 as “High” and
greater than 4.7 mi/mi2 as “Extremely High”
(Haynes et al., 1996).

Field investigations conducted for this sediment
source assessment largely support the
conclusions of Foothill Assessment with regard
to surface erosion sediment sources. We did
not observe significant surface erosion in
undeveloped or undisturbed areas, even on
steep terrain within the basin. However,
surface erosion was evident in all types of
developed areas including agricultural pastures,
utility corridors, and homes sites, but was
particularly severe along roads cuts.
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2007a). Extrapolated to the entire 15,339‐acre
Phoenix Lake basin, the sediment delivery rate
to streams would be 1,932 tons per year or
approximately 1,300 cy per year2. Some fraction
of this sediment load would be stored in stream
channels and not necessarily delivered to the
lake.

While the USFS’ classification of the Columbia
River basin may not serve as a direct analog to
the Phoenix Lake watershed, it does provide
perspective on the density of roads in the basin.
Sediment production from the roadway system
is ubiquitous throughout the basin. The road
system produces sediment via road cuts,
embankments, side cast material, road‐side
ditches, and unpaved roads. Of these source
types, erosion of road cuts appears to be the
most significant source of sediment production.
Road cut erosion was noted as being
particularly severe in the Ridgewood watershed
(Photo 2‐25), along Big Hill Road (Photo 2‐26),
and portions of Phoenix Lake Road.

Recent bathymetric surveys in Phoenix Lake
suggest that the average annual sedimentation
rate exceeds 4,500 cubic yards per year (See
Technical Appendix II of the PLPRP). As this
sedimentation rate is derived from physically
based measurements, it represents a more
accurate estimate of watershed sediment yield
than the rate previously reported in the Foothill
Assessment.
It is important to note that sediment production
rates from roads and road cuts are highly
sensitive to climate patterns. Coe (2006)
measured sediment production rates from
unpaved roads in the Sierra Nevada over three
consecutive years and reported inter‐annual
sediment production rates varied by nearly a
factor of four. Differences in inter‐annual
sediment production were primarily due to the
magnitude and type of precipitation (snowfall
has minimal erosive energy compared to
rainfall) (Coe, 2006). This study highlights how
annual variations in hydrology and climate can
influence sediment production. Moreover, in
steep and moderately impacted watersheds like
the Phoenix Lake basin high erosion and
sediment yields are often associated with
higher‐magnitude, lower frequency hydrologic
events.

Photo 2‐26: Example of road cut erosion and sediment
production along Big Hill Road (Mile Marker 4.4).

Approaches to control or manage sediment
production from road cuts and other portions of
the roadway are discussed in Section 5.
It was evident from field surveys that surface
erosion from road cuts and non‐paved surfaces
is a major source of sediment in the basin.
However, its relative contribution to the overall
sediment load to Phoenix Lake is difficult to
quantify. The Foothill Assessment estimated
annual sediment delivery to streams due to
surface erosion sources in the upper Sullivan
Creek watershed to be 0.126 tons per acre (ESA,

2

Assumes a conversion factor of 1.5 tons per cubic
yard of sediment.

2‐31

Chapter 2

Sediment Source Control & Management Plan

Wildland Fire and Sediment Production

4.2

In addition to the factors described above,
wildland fire can play a significant role in
watershed sediment production. Wildfires can
increase sediment production by increasing
water yield, removing vegetation cover, burning
the forest litter/duff layer, and creating
hydrophobic soil conditions. These processes
can episodically increase erosion and sediment
yield such that post‐fire erosion rates can
exceed 10 times average annual (non‐fire)
rates.

Channel sediment sources refer to sediment
derived from erosion and transport within the
channels of a watershed’s drainage network.
There are three main channel sources of
sediment in the basin: (1) streambank erosion,
(2) transport of sediment previously deposited
and stored in natural channels, and (3) erosion
associated with culverts. Descriptions of these
sediment sources follow.

Channel Sources

Streambank Erosion
The field assessment included visual inspection
of channel conditions for the main drainages in
the basin (Figure 2‐12). No instances of severe
streambed instability (as differentiated from
moderate bed erosion or streambank erosion)
were observed. Active headcuts or migrating
bed knickpoints that could cause significant
erosion and sediment yields along the channel
bed profile were not observed during the field
assessments for this study.

CAL FIRE and several other land management
agencies jointly maintain a wildland fire
perimeter GIS database that includes significant
fires (e.g., timber fires greater than 10 acres)
dating back to 1878 (CAL FIRE, 2011). The only
wildfire mapped in the watershed is the 2004
Diestel Fire in the Power Creek watershed,
which covered 8.7 acres (See Chapter 6, Figure
6‐1). The database also notes a 23‐acre
prescribed fire in 1991 in the Elizabeth Peak
sub‐watershed. The database does not include
the Phoenix Lake fire of 2008. This is likely
because grass fires are typically not included in
the database unless they exceed 300 acres.

Some degree of natural streambed and bank
erosion occurs in all alluvial channels. The
morphology of a natural stream is dynamic, and
adjusts over time in response to changes in land
use, discharge, and sediment supply, as well as
biological factors such as vegetation structure
and composition. In undisturbed conditions,
channels will generally maintain a “stable”
morphology where erosion and deposition rates
are in equilibrium with a given water and
sediment regime. Natural (e.g., landslides) or
anthropogenic modification of water or
sediment supply can disrupt the equilibrium
state and cause excessive erosion or
aggradation. Although a stream may enter a
disequilibrium state in the absence of human
activity (Ward and Trimble, 2004), the severe
bank erosion noted in several locations in the

The database indicates that the extent of
wildland fire in the Phoenix Lake basin has been
minimal, and thus not likely responsible for high
sediment production rates. However, CAL FIRE
maps the entire basin as “very high” for fire
hazard severity potential (See Chapter 6, Figure
6‐1). The high fire risk not only carries with it
the potential for property loss, but also the
potential for significant increases in erosion
rates following fire. Additional information
regarding wildfire hazard and mitigation
strategies is provided in Chapter 6 of the PLPRP.
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As noted in Section 2.2, land use activities
which reduce infiltration and vegetation cover
(e.g., roads, housing) can alter stream hydrology
by increasing the volume and rate of runoff.
This alteration in hydrology can induce
excessive erosion in streams by increasing
hydraulic force (stream power). The effects of
land development on channel morphology are
most evident in highly urbanized watersheds,
but even low density residential development
can be enough to destabilize stream channels,
particularly in basins such as Phoenix Lake
where streambed and banks are composed of
non‐cohesive materials that are highly
susceptible to erosion.

watershed is likely associated with human
activity.
Several types of land use activities can induce
channel instability and cause streambank
erosion. The Phoenix Lake basin has a complex
land use history, making it difficult to discern or
assign specific cause and effect relationships to
erosion observed in the channels. As noted in
Section 2.5, the Phoenix Lake basin was likely
subject to intense land use during the gold rush
era. Any number of activities that took place
during that period had the potential to
destabilize streams and induce widespread
erosion and sedimentation. The Foothill
Assessment notes that common mining
practices in the area involved cutting channels
and tunnels from streams to divert flow so that
streambeds could be mined (ESA, 2007a). Direct
mining of streambeds and banks is capable of
destabilizing entire drainage systems and
causing erosion in areas that were not directly
mined.

Simon and Hupp (1986) provide a channel
evolution model (CEM) that characterizes the
response of natural channels to channelization
(Figure 2‐14). This CEM has been applied to
describe channel response to other types of
watershed disturbances such as urbanization.
As shown on Figure 2‐14, following a
perturbation such as channelization or
urbanization, a stream will incise (deepen) and
bed slope will decrease (Stage 3). This typically
continues until the channel reaches equilibrium
slope or resistant bed material such as bedrock.
As the rate of incision declines, the stream
begins to dissipate energy through lateral
erosion (Stages 4 and 5). As the stream widens
through bank or floodplain erosion, its ability to
transport sediment decreases and aggradation
occurs (Stages 5 and 6).

If channels were spared from mining, they may
have been channelized (straightened) for
irrigation and agriculture, which was common
practice at that time (SNEP, 1996). Construction
of dams and impoundments may have
destabilized streams through bed modification
and trapping of sediment, which can induce
downstream erosion. Intensive timber harvest
would have increased sediment and water
yields, which can cause both aggradation and
erosion in channels. Although some of these
activities occurred more than 150 years ago,
stream channels may still be adjusting to
historical legacies that produce ongoing, lagged
geomorphic responses (Ward and Trimble,
2004).

The main channels in the lower Phoenix Lake
basin are best represented by Stage 5 of the
CEM. For Sullivan Creek, it is hypothesized that
the main channel was destabilized by
hydromodification associated with watershed
development in the 1960s and 70s.

More recent land uses also have the potential
to destabilize streams and cause bank erosion.
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For Chicken Creek, which has a largely
undeveloped upper watershed, channel
destabilization was more likely the result of
agricultural practices and/or timber harvest. In
both circumstances, the channels flow through
highly erodible alluvium where even small
disturbances can result in dramatic changes to
channel morphology and function. Stage 5 of
the CEM suggests that streams in the basin are
trending toward a state of recovery, but
excessive bank erosion will continue to occur
until adequate floodplain is restored for the
stream to dissipate energy.
Culverts Crossings
Some of the most severe channel erosion and
resultant sediment production was noted at
culvert crossings. In most cases where erosion
was observed the culverts appeared to be
improperly designed, particularly with respect
to the culvert outfall. Many culverts lack proper
energy dissipation at the outfall. This has
resulted in the formation of gullies in channels
and hillslopes3 (Photo 2‐27).

Photo 2‐27: Gully erosion along Longeway Road (Mile
Marker 1.48) caused by a culvert without proper energy
dissipation.

Instream Sediment Transport
A large volume of sediment is stored in the
drainages network. Instream sediment is
typically stored in low gradient reaches such as
lower Chicken Creek (Photo 2‐21) and lower
Sullivan Creek (Photo 2‐28).

Sediment production associated with failed
culverts represents a significant sediment
source that is highly controllable because it is
localized and can be remediated with
appropriate engineering. Approaches to control
sediment production from failed culverts are
discussed in Section 5.

3

For the purposes of this assessment, hillslope erosion
induced by culvert drainage is classified as a “channel
erosion” sediment source.

Photo 2‐28: Sand stored in the bed of lower Sullivan
Creek.
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During winter storm events sediment is
mobilized and transported as bedload or
suspended load. Much of this sediment is
eventually deposited in Phoenix Lake or other
smaller ponds and impoundments in the basin.

5.0

SEDIMENT REDUCTION
APPROACHES

5.1

Overview

This section describes techniques that can be
used to reduce erosion and manage sediment
within the basin. The sediment reduction
approaches are organized by source type (i.e.,
hillslope or channel). The body of literature and
application of erosion control and sediment
management techniques is extensive. This
section focuses on those techniques that are
best suited to erosion and sedimentation
management in the Phoenix Lake basin. The
locations of the photographs presented in this
section are shown on Figure 2‐12.

Opportunities to control or manage sediment
once it is stored within the channel network are
more limited than controlling erosion at its
source locations. Capturing and storing channel
sediment prior to it entering Phoenix Lake can
be achieved at certain locations. This sediment
management approach is discussed in Section 5.

5.2

Hillslope Sediment Reduction

As noted in Section 4, road cut erosion appears
to be the most significant hillslope‐based
sediment source in the basin. The volume of
sediment derived from road cuts can be
reduced by decreasing erosion rates (i.e.,
source control), or managing the delivery of
sediment to the drainage network. These two
sediment reduction strategies are discussed
below.
Source Control
Several source control techniques can be
applied to road cuts including: mulching
revegetation, biotechnical and structural
methods. The appropriate erosion control
technique is determined by considering several
factors including slope, soils, aspect, access,
maintenance practices and cost. Slope will
often be the most critical factor for selecting an
erosion control method. Figure 2‐15
summarizes the efficacy of vegetation planting
as an erosion control measure per varying slope
declivities. Mulching and revegetation work
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research used to develop the Sediment Source
Control Handbook was conducted in the Lake
Tahoe area, and is applicable to the conditions
in the Phoenix Lake basin. It is recommended
that this resource be consulted for the design
and implementation of road cut revegetation
projects.

well on gentler slopes, but for steeper slopes
more
structural
approaches
(including
biotechnical methods) are likely necessary.

While revegetation or mulching may be suitable
to stabilize some road cuts in the basin, most
existing road cuts exceed angles that are
suitable for mulching or revegetation. While
steep slopes could be re‐graded, and then
revegetated, this would entail additional land
disturbance and prohibitively expensive
earthwork. Thus, biotechnical and structural
methods are more likely to be suitable for
source control on steep road cuts in the basin.

Figure 2‐15: General guidelines for the application of
stabilization techniques for hillslope erosion
(TahoeBMP.org, 2011).

Mulching is an economical technique to provide
source control for gently sloping or flat areas.
Mulching helps reduce surface erosion by
providing a protective cover from rain drop
impact which dislodges soil particles. Suitable
mulch materials include pine needles, wood
chips, weed‐free straw, and various commercial
hydromulch products. Mulching alone will
generally provide erosion protection for bare
slopes for one or two wet seasons, but can be
combined with revegetation to provide more
long‐term erosion control.

Biotechnical methods incorporate vegetation
with structural elements such as wood, rock or
cellular confinement materials. The appropriate
approach is a function of site specific conditions
(e.g., slope angle, access), engineer’s
preference, and cost. Structural methods such
as rock slope protection or rock walls may be
effective techniques to control erosion
(Appendix A), particularly on steep slopes.
However, structural methods such as rock walls
are costly.

Revegetation is often a preferred technique for
erosion control because it tends to be less
costly than structural solutions, and has several
environmental benefits such as the use of
native vegetation and no loss of infiltration
capacity. Revegetation is typically suitable for
slopes equal to or less than 3:1 (e.g., slope
shown in Photo 2‐15). The decomposed granite
soils on cut slopes throughout the basin tend to
be challenging to revegetate because they have
low nutrient and organic matter content, and
lack soil structure. The Sierra Business Council’s
Sediment Source Control Handbook (Hogan and
Drake, 2009) provides detailed guidelines for
revegetation of disturbed slopes. Much of the

Specific treatment recommendations for select
erosion hotspots in the watershed are provided
in Section 6. Site stabilization details would
need to be determined in consultation with
County road engineers and/or private
landowners.
Management Techniques
Various techniques may be used to control the
delivery of sediment from road cuts to
drainages. Field reconnaissance conducted for
this assessment suggests that culvert inlet
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where standard engineering practices were not
implemented during design and/or construction
of road drainage features. This is, in part,
because many of the roads in the basin pre‐
date the road design standards now required in
Tuolumne County (York, Pers. Comm., 2011).
The most common problem noted was the lack
of appropriate energy dissipation at the
downstream end of culverts. Energy dissipation
typically includes appropriate sized rock placed
at the culvert outlet. In several locations within
the basin culvert outlets are perched with no
energy dissipation placed to prevent erosion.
This condition has led to extensive gully erosion
in several locations (Photos 2‐27 and 2‐30) and
the subsequent production of sediment.

sediment traps (CIST) would be a highly
effective means of controlling sediment. A
diagram of a CIST is provided in Appendix A. A
CIST is a small basin used to trap sediment
before it enters a culvert. CISTs are relatively
simple to construct, operate and maintain.
Photo 2‐29 shows a location where a CIST
would be effective in controlling sediment
delivery to the main drainage network.

Photo 2‐29: Potential location for a culvert inlet sediment
trap along Kewin Mill Road. The red arrow indicates the
existing culvert inlet; the yellow arrow indicates
unconsolidated sediment eroded from an up‐gradient
utility corridor.

As shown in Photo 2‐29, a large volume of
sediment can flow freely into the drainage
culvert. A CIST at this location to would trap
sediment until it can be removed by a road
maintenance crew. Other techniques to
manage sediment in roadways include sediment
bags, drop inlets and vaults (Appendix A).
Sediment bags, drop inlets and vaults are
considered less appropriate for the roads in the
basin because they are likely to require more
frequent maintenance.

5.3

Photo 2‐30: Gully erosion at a culvert crossing on Phoenix
Lake Road (Mile Marker 4.1). Bank to the left has been
severely eroded from high velocity flows leaving the
culvert seen to right.

Appendix A includes a diagram for appropriate
design of energy dissipation for culvert outlets.
This
engineering
practice
should
be
implemented at all culvert crossings without
existing or adequate energy dissipation. For
instances where gully erosion has already been
initiated, more extensive erosion control
practices will be necessary (See Gully
Stabilization below).

Channel Sediment Reduction

Drainage Engineering
Field reconnaissance conducted for this
assessment documented numerous instances
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Engineering elements would likely include road‐
side ditch armoring, energy dissipation,
retention/detention basins, and drainage
swales. The design of roadway drainage would
need to be developed in consultation with the
County and the sub‐division association.

In several locations within the Ridgewood
watershed it was apparent that existing
drainage engineering is inadequate, and has led
to significant erosion. For example, several
drainage problems were noted at the
intersection of Ridgewood Road and Parkridge
Avenue. Culverts and roadside drainage
discharge over unprotected hillslopes which has
causes significant erosion (Photos 2‐31 and 2‐
32).

Gully Stabilization
As noted above, several gullies have formed at
the outlets of unprotected culverts. Unstable
gullies can deliver sediment to the drainage
network at rates that are orders of magnitude
above undisturbed conditions. Stabilization of
gullies typically requires stabilizing the
longitudinal profile of the gully (i.e., grade
control) through placing structures such as sills,
weirs or check dams, as well as re‐grading of
over‐steepened
embankments.
Gully
stabilization typically requires site specific
engineering analysis that considers topography,
hydrology, hydraulic, and geotechnical issues. In
certain cases it may be necessary to re‐route
drainage to stabilize a gully. Priority gully
stabilization sites are identified in Section 6.

Photo 2‐31: Roadway drainage discharges over an
unprotected hillslope causing severe surface and sub‐
surface erosion.

Streambank Erosion Control
There are several locations throughout the
watershed where streambank stabilization can
be used to enhance stream conditions and
control sedimentation. Historically, the most
common type of bank stabilization has been
placement of riprap (Photo 2‐14). While this
approach is effective in controlling bank
erosion, it reduces the extent of riparian habitat
and can induce secondary erosion effects
upstream or downstream of the site.
Consequently, placing riprap and other hard
structures (e.g., gabions) has lost favor with
river engineers, biologists and resources
agencies in recent years (MacArthur et al.,
2005). Biotechnical approaches that utilize rock
combined with woody vegetation to stabilize
streambanks are now standard practice.

Photo 2‐32: Road drainage is routed to an unprotected
swale has caused gully erosion (Photo near Ridgewood
Rd and Parkridge Ave intersection).

Redesigning the road drainage in this area, or
applying erosion control treatments would
reduce the potential for further erosion.
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can periodically be removed to maintain
capacity and trap efficiency.

Appendix A contains several templates for
biotechnical
bank
stabilization.
Priority
streambank stabilization sites are identified in
Section 6.

While sediment source control (i.e., erosion
control) is generally considered to be a
preferred approach to address sedimentation
problems in watersheds (NRCS, 2010), sediment
basins may be one of the more practical and
cost‐effective
solutions
to
address
sedimentation problems in the Phoenix Lake
watershed. This is due to the morphology of the
watershed, as well as the diffuse nature of the
sediment sources.

Streambank erosion can also be reduced
hydrologically by using detention/retention
basins to reduce watershed runoff. Existing
impoundments in the basin, as well as new
detention/retention ponds could be managed
to store water during storm events and reduce
the peak discharge of flood flows to some
degree. Evaluating the feasibility and efficacy of
this sediment reduction approach would
require hydrologic and hydraulic analyses that
are beyond the scope of this assessment.

Much of the Phoenix Lake watershed is steep
terrain that naturally functions as a zone of
sediment production. While there are
intermediate impoundments throughout the
watershed (See existing impoundments in
Figures 2‐8 through 2‐11), the trap efficiency of
these impoundments is not sufficient to control
sediment delivery to downstream resources.
This is because the impoundments are relatively
small and have short residence times.

Stream Restoration
As mentioned previously, several of the
drainages that flow into Phoenix Lake have
been channelized (straightened) for agriculture.
Channelization has disconnected the streams
from their historic floodplains (i.e., the alluvial
valley floor in the lower portion of the basin).
The streams are now readily transport sediment
into the lake, rather than storing sediment in
channel bars or on the floodplain. Restoring the
geomorphic form and function (e.g., floodplain
connectivity, appropriate meander pattern) of
the drainages that flow into lake would help
control lake sedimentation and improve habitat
and water quality. Potential stream restoration
sites are identified in Section 6.

The lower reaches of the main valley drainages
and Phoenix Lake itself are the principal
depositional zones within the watershed. These
valley drainages collect sediment that deposits
as stream slopes lessen and flow velocities
decrease moving out of the headwater areas.
Phoenix Lake is an artificial impoundment that
is very effective in capturing sediments because
it creates a calm backwater (and deltaic)
environment where the principal tributaries
enter the lake. This is the fundamental reason
that Phoenix Lake is filling with sediment. Since
the lake serves as a water storage facility, it is
undesirable to retain sediment in the lake.
Therefore, constructing sediment basins in the
low gradient portions of the watershed
upstream of the lake is a practical means of

Sediment basins
Sediment basins are impoundments or
excavated areas that trap sediment by retaining
or detaining sediment‐laden water for a
sufficient duration to allow for deposition.
Schematic drawings of typical sediment basins
are provided in Appendix A. Permanent
sediment basins are designed so that sediment
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identifying events smaller than the 10‐yr
discharge event, including the 2‐yr or annual
event as key in managing runoff conditions and
stream health.
Apart from just runoff
magnitude, the timing of runoff delivery and
the shape of the post‐project hydrograph are
also under increasing scrutiny as methods to
avoid and reduce potential impacts such as
sedimentation and erosion.

managing lake sedimentation. Potential
sediment basin sites are identified in Section 6.

5.4

Watershed Management, Planning,
and Policy Approaches

In addition to the physical treatments described
above, watershed management, planning and
policy approaches can be used effectively to
reduce erosion and sediment yields.
Consistent with this current effort, watershed
management approaches typically include
watershed and stream assessments used to
identify and prioritize erosion control actions
within an overall treatment workplan.
Used more proactively to reduce erosion, local
planning, development, grading ordinances
and/or road design standards direct how land
disturbing projects shall be implemented. Low
impact development (LID) approaches can be
used to reduce runoff generation and protect
surface water erosion and streams. Local
agencies with discretionary project review
authority can include plan check steps to ensure
erosion control practices are specifically
targeted for site specific conditions. Too often,
standardized erosion control plans (ECPs) or
template style treatments are included as Best
Management Plans (BMPs) for projects. Often
such standard approaches don’t understand,
assess, or identify the key conditions at the
specific site.
Finally, cities and counties can establish policies
as standards to reduce erosion and sediment
yields. One such policy is a “no net runoff
increase” policy whereby developments
(typically established for a certain size
threshold) shall not generate more runoff than
the baseline land use condition (pre‐project) for
designated storm events (typically the 10‐yr or
25‐yr events). Increasingly, regulators are
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SEDIMENT MANAGEMENT
STRATEGY

6.1

Overview

Sediment Source Control & Management Plan
first project listed in Table 2‐2 is a basin‐wide
assessment of road‐based erosion. The
Tuolumne County Water Quality Plan (ESA,
2007b) recommended a Roadway Drainage and
Erosion Survey Program (Roads Program) that
would:

This section describes a management strategy
to reduce excessive sediment production in
Phoenix Lake and its watershed. The
management
strategy
consists
of
recommendations for treating site‐specific
watershed erosion problems and managing lake
sedimentation by constructing sediment basins.
Prioritization and monitoring of sediment
management actions are also addressed.








Table 2‐2 provides a list of priority erosion
control and sediment management projects.
The locations of the projects are shown on
Figure 2‐16, and Appendix B provides
photographs of each site. The priority sites were
selected based on several criteria including:
scale and severity of erosion, general stability of
the site, and connectivity/sediment delivery to
the drainage network. These criteria help value
projects that will have a higher likelihood to
successfully control erosion and sediment.
Table 2‐1 also provides brief descriptions of the
recommended treatments and estimated costs
for planning and implementing the treatments.
Maintenance costs to support the projects are
not included. In all instances, planning and
implementing erosion control treatments will
require additional site‐specific assessment,
design and environmental compliance (as
necessary).

6.2

Inventory road drainage and erosion
features;
identify problems;
provide treatment recommendations;
develop a treatment priority system;
implement treatments based on the
priority system; and
establish a tracking and monitoring
program.

The sediment source assessment conducted for
this study accomplished portions of the work
outlined in the Roads Program, but was not
intended to be a comprehensive inventory of
road‐based erosion, nor to be developed as a
system to track and monitor projects. Due to its
size, location, and nature of the issues, we
recommend that the Phoenix Lake basin be
used as a pilot project for implementing the
Roads Program as proposed in the Tuolumne
County Water Quality Plan.
In the absence of a comprehensive road
assessment and prioritization plan, the projects
listed in Table 2‐2 are a good starting point for
addressing road‐based erosion problems.
Priority projects include drainage engineering
and revegetation in the Ridgewood watershed,
and installation of CISTs at several locations
throughout the watershed (Figure 2‐16).

Erosion Control and Local Sediment
Management

Hillslope Erosion
Table 2‐2 lists seven priority hillslope erosion
control and sediment management projects
which range in scope, cost and complexity. The
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Table 2‐2. Priority Erosion Control & Sediment Management Projects for the Phoenix Lake Basin
Watershed/ Project ID
Planning
Area
Basin‐Wide

PHX‐HE‐1

Sullivan ‐
Elizabeth Peak

SEP‐ HE‐1

Sullivan ‐
Elizabeth Peak

SEP‐ HE‐2

Power Creek

Project Type

Hillslope/ Road
erosion
(Assessment)
Hillslope/
Road erosion

General Description

Estimated
1
Cost

Potential Project
Partners

NA

Moderate Tuolumne County DPW,
Tuolumne County RCD

Revegetate road cut; Construct culvert inlet
sediment trap

Kewin Mill Road (Mile Marker
unknown);
(38° 3'25"N, 120°15'55"W)

Low‐
Tuolumne County DPW,
Moderate Tuolumne County RCD,
PG&E (for utility corridor)

Hillslope/
Road erosion

Construct culvert inlet sediment trap

PC‐HE‐1

Hillslope/
Road erosion

Construct culvert inlet sediment trap

Kewin Mill Road MM 6.57 (East
Side);
(38° 3'25"N, 120°15'55"W)
Big Hill Road MM 5.17
(38° 2'28"N, 120°19'19"W)

Power Creek

PC‐HE‐2

Construct culvert inlet sediment trap

Ridgewood

RW‐HE‐1

Hillslope/
Road erosion
Hillslope Erosion
(includes
drainage
engineering &
gully erosion)

Ridgewood

RW‐HE‐2

Hillslope/
Road erosion

Mulching and revegetation of low angle
road cuts throughout watershed.

Sullivan‐
Twain Harte

STH‐GS‐1

Gully
Stabilization

Stabilization of a gully at culvert outlet.
Stabilization may require re‐routing of
drainage, slope grading and grade control.
Erosion at this location needs further
investigation.

Phoenix Lake Preservation and Restoration Plan
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Evaluate and prioritize road erosion
throughout basin.

Location

Re‐design and construct drainage features
including rocked swales, energy dissipation
and erosion repair.

Low

Tuolumne County DPW,
Tuolumne County RCD

Low

Tuolumne County DPW,
Tuolumne County RCD

Big Hill Road MM 5.57
(38° 2'26"N, 120°18'58"W)
Intersection of Ridgewood and
Parkridge Road
(38° 0'00"N, 120°16'51"W)

Tuolumne County DPW,
Tuolumne County RCD
Moderate‐ Ridgewood Homeowners
High
Association, Tuolumne
County DPW

Sites include:
38° 0'0"N, 120°16'57"W;
38° 0'2"N, 120°17'47"W

Low‐
Ridgewood Homeowners
Moderate Association, Tuolumne
County DPW, Tuolumne
County RCD

Longeway Road MM 1.48
(38° 0'48"N, 120°15'37"W)

Low

Moderate‐ Tuolumne County DPW,
High
Tuolumne County RCD

Table 2‐2. Priority Erosion Control & Sediment Management Projects for the Phoenix Lake Basin
Watershed/ Project ID
Planning
Area

Project Type

General Description

Location

Estimated
1
Cost
Low

Potential Project
Partners

Sullivan‐Twain
Harte

STH‐GS‐2

Gully
Stabilization

Stabilization of a gully at a culvert outlet on
Good Shepherd Drive (Mile marker not
known). Provide energy dissipation.

38° 1'34.02"N, 120°14'58.96"W

Sullivan‐
Lower
Mainstem

SLM‐GS‐1

Gully
Stabilization

Stabilization of a gully that has formed
between Phoenix Lake road and Sullivan
Creek. Gully appears to have formed
recently and is highly unstable. Gully banks
are near vertical and 8‐15 in height. There is
2‐3 foot knickpoint that appears unstable.
Evidence of sediment delivery to Sullivan
Creek was noted in field assessment.

Phoenix Lake road
(38° 0'32"N, 120°17'52"W)

Sullivan ‐
Elizabeth Peak

SEP‐ BS ‐1

Bank
Stabilization

Streambank stabilization in alluvial valley.
Near intersection of South Fork
Stream is entrenched for several hundred
Road and Little Fuller Road
feet. Several eroding banks from 8 to 12
(38° 2'19"N; 120°14'44"W)
feet in height. Stabilization may require
several hundred feet of riparian restoration.
Good construction access.

High

Tuolumne County RCD,
Landowner

Sullivan‐
Lower
Mainstem
Sullivan‐
Lower
Mainstem
Sullivan‐
Big Hill Road
West

SLM‐BS‐1

Bank
Stabilization

Major erosion, tall banks, difficult access.
Property potentially at risk.

High

Homeowners, Tuolumne
County RCD

SLM‐BS‐2

Bank
Stabilization

Bank stabilization may be accomplished with
rock toe protection and woody vegetation.

SBHW‐BS‐1 Bank
Stabilization

Stabilization of 25‐foot high streambank;
bank is delivering large amount sediment
directly to channel. Challenging construction
access.
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Downstream of Paseo De Los
Portales
(38° 0'29"N, 120°18'13"W)
Phoenix Lake Country Club
(38° 0'25"N, 120°18'34"W)
Near confluence with Sullivan
Creek
(38° 0'35"N, 120°18'3"W)

Tuolumne County DPW

Moderate ‐ Tuolumne County DPW,
High
Tuolumne County RCD

Low ‐
Phoenix Lake Country Club,
Moderate Tuolumne County RCD
Moderate‐ Phoenix Lake Country Club,
High
Tuolumne County RCD

Table 2‐2. Priority Erosion Control & Sediment Management Projects for the Phoenix Lake Basin
Watershed/ Project ID
Planning
Area

Project Type

General Description

Location

Estimated
1
Cost
High

Potential Project
Partners

Power Creek

PC‐BS‐1

Bank
Stabilization

Design and construct approximately 300‐500
feet of bank stabilization. Challenging
construction access.

Approximately 500 feet
downstream of TUD diversion
(38° 0'55"N, 120°19'22"W)

Chicken Creek

CC‐BS‐1

Bank
Stabilization

Design and construct approximately 200‐400
feet of bank stabilization; may be completed
with larger riparian restoration/
enhancement project. Good access.

Downstream of boulder check
dam
(38° 0'34"N, 120°19'55"W)

Power Creek

PC‐SR‐1

Stream
Restoration

Two reaches with high potential for
restoration. Reach 1 (upstream of covered
bridge) 900 feet channel and floodplain
restoration; Reach 2 (downstream of
covered bridge) 2,300 feet channel and
floodplain restoration.

Upstream and downstream of
covered bridge (38° 0'42"N,
120°19'20"W)

High

Tuolumne County RCD,
Landowner

Chicken Creek

CC‐SR‐1

Stream
Restoration

Evaluate potential for channel and
floodplain restoration between Apple Hill
drive and Phoenix Lake (~2,300 ft).

Downstream of Apple Hill Drive
(38° 0'27"N, 120°19'49"W)

High

Apple Valley Homeowners
Association, Tuolumne
County RCD

Sullivan Creek‐
upper
watershed

PHX‐SB‐1

Sediment Basin Evaluate the potential of using existing
(Assessment)
impoundments for sediment basins and
reduction of peak run‐off to reduce
downstream bank erosion.

Sullivan‐
Lower
Mainstem

SLM‐SB‐1

Sediment Basin Design and construct sediment basin or
Phoenix Lake Country Club (38°
floodplain bench along Sullivan Creek.
0'25"N, 120°18'36"W)
Basin/floodplain would trap sediment during
flood events.
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Sullivan Creek watershed;
evaluate impoundments such as
Twain harte Lake, Crystal Falls
Lake, and pond on Elizabeth
Lane.

Tuolumne County RCD,
Landowner

Moderate‐ Apple Valley Homeowners
High
Association, Tuolumne
County RCD

Moderate Tuolumne County DPW,
Tuolumne County RCD

Moderate Phoenix Lake Country Club,
Tuolumne County RCD

Table 2‐2. Priority Erosion Control & Sediment Management Projects for the Phoenix Lake Basin
Watershed/ Project ID
Planning
Area
Sullivan‐
Lower
Mainstem

SLM‐SB‐2

Project Type

General Description

Potential Project
Partners

Location

Estimated
1
Cost

Sediment Basin Design and construct sediment
basin/forebay on left bank/floodplain at
transition to Phoenix Lake.

38° 0'25"N; 120°18'36"W

High

Landowner, Tuolumne
County RCD

High

Landowner, Tuolumne
County RCD

Chicken Creek

CC‐SB‐1

Sediment Basin Design and construct sediment basin on left
bank/floodplain near mouth of Chicken
Creek. Basin may be in‐line or a flood
overflow basin. Potential to use old dredged
materials pond.

38° 0'19"N, 120°19'37"W
(Approximate)

Ridgewood
"Boot"

RW‐SB‐1

Sediment Basin Design and construct sediment basin in the
toe of the "boot" or upstream adjacent to
riparian area. Basin may be in‐line or a flood
overflow basin. Identify suitable access for
maintenance.

38° 0'00"N, 120°19'02"W
(Approximate)

NOTES:
1. Cost Classes:
Low: less than $25,000
Moderate: $25,000 to $150,000
High: greater than $150,000

Phoenix Lake Preservation and Restoration Plan
Sediment Source Control and Management Plan

Moderate Landowner, Tuolumne
County RCD

Phoenix Lake Preservation & Restoration Plan

Notes: Base map courtesy of Bing Maps

Priority Erosion Control and Sediment Management Sites
July 2012

Created By: LA
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Chapter 2

Sediment Source Control & Management Plan

Gully Stabilization

6.3

Three gully stabilization projects are included in
the priority projects list (Table 2‐2). The gully on
Longeway Road MM 1.48 (Figure 2‐16, STH‐GS‐
1) was the largest single erosional feature
identified in this assessment. While it is clear
that this gully is highly unstable and capable of
yielding large quantities of sediment, its
connectivity to the drainage network was not
assessed due to access constraints. Further
investigation of sediment delivery from this
gully is warranted.

Two stream restoration projects are identified
in Table 2‐2. These include projects in the low
gradient reaches of Power and Chicken creeks
near Phoenix Lake. In both locations there is an
opportunity to restore channel meander
pattern and floodplain connectivity, which
would improve sediment storage in the system.
Stream restoration may also include creation of
more complex habitat such as pools and
instream structure (e.g., woody debris) to
benefit fish and other wildlife. Restoration of
Power Creek is particularly attractive because a
long stretch of the stream (more than 3,000 ft)
is bounded by orchards, whereas, restoration of
Chicken Creek is more constrained by existing
housing and infrastructure.

A considerably smaller, yet significant, gully was
identified along Good Shepherd Road (Figure 2‐
16, STH‐GS‐2). This gully could be stabilized with
appropriate energy dissipation. Finally, the
culvert crossing at Phoenix Lake Road MM 4.1
(Figure 2‐16, SLM‐GS‐1) has caused severe gully
erosion in a small tributary to Sullivan Creek.
Gully erosion at this location produces a high
sediment load that is delivered directly to
Sullivan Creek. Gully stabilization and drainage
engineering at the culvert outlet is highly
recommended as a sediment control project.

Stream Restoration

Assessments, design and regulatory compliance
requirements for stream restoration projects
are similar to bank stabilization projects. As
such, the cost to plan and implement these
projects is likely to be high. Grant funding may
be available for stream restoration projects.

Bank Stabilization

6.4

Sediment Basins

Six streambank stabilization projects are
identified in Table 2‐2. All of these projects are
situated in highly erodible alluvial soils. As
mentioned in the previous section, bank
stabilization in these locations should utilize
biotechnical engineering methods (Appendix A)
to the greatest extent feasible. In several
instances it may be feasible to incorporate
riparian and floodplain restoration into the
project designs. Design and implementation of
streambank stabilization will require site
specific geomorphic assessment, hydrology and
hydraulic calculations, civil engineering,
revegetation planning, and environmental
permitting. As such, the cost to plan and
implement these projects is likely to be high.

Upper Phoenix Lake Sediment Basin
The entire Phoenix Lake watershed was
assessed for suitable locations for sediment
basins. Suitable sites for sediment basins
generally include areas with minimal
development constraints (e.g., homes, utilities),
yet are accessible for maintenance. While a few
sites in the upper Sullivan Creek watershed
were considered as potentially feasible for
constructing basins, they were not selected as
priority locations for sediment basins due to
land use constraints (e.g., adjacent roads and
homes),
land
acquisition
costs,
and
questionable effectiveness for trapping
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or backwatering effects. As such, these areas
are generally better suited for capturing and
storing sediment than sites in the upper
watershed.

significant quantities of sediment compared to
lower valley options.
In the absence of new basin construction in the
upper watershed, it is possible that the trap
efficiency of existing impoundments (Figures 2‐
8 through 2‐11) could be improved by
increasing storage capacity and/or increasing
residence time through management of water
level in the impoundments. Water levels in the
impoundments could be lowered prior to the
wet season so that residence time is increased
during early runoff events. The impoundments
could continue to be managed throughout the
wet season by releasing water between large
storms, thereby maintaining low water levels
which would increase residence time and
trapping efficiency. Further study is needed to
evaluate the feasibility of this sediment
management approach (Table 2‐2, PHX‐SB‐1).
At minimum, the additional analysis would need
to evaluate the feasibility of regularly removing
sediment
from
these
impoundments,
evaluation of outlet control structures,
hydrologic (rainfall‐runoff) modeling, and
bathymetric survey of the impoundments.

Four potential sediment basin sites are listed in
Table 2‐2 and shown on Figure 2‐16. Conceptual
designs for two basins along lower Sullivan
Creek have been developed as part of the
PLPRP. The conceptual designs for these basins
are discussed below. These concepts may be
applied to other locations in the lower
watershed, such as lower Chicken Creek or the
lower Ridgewood drainage. It is important to
note that the basin designs presented below
are concepts; further engineering evaluation of
the concepts would require analysis of stream
hydrology and hydraulics, sediment transport,
and basin trap efficiency. In addition,
coordination with landowners is needed to
determine if they are amenable to locating the
basins on their proprieties.
(1) Sullivan Creek at Phoenix Lake Country Club
Figure 2‐17a shows a schematic drawing for an
off‐channel sediment basin in the Phoenix Lake
Country Club. This would be a small basin
(approximately 3,000 square feet) excavated
adjacent to the main channel. A small weir
would be constructed at the upstream end of
the basin at approximately bankfull elevation.
The basin would be activated when streamflow
exceeds the weir height. With a wider hydraulic
radius and gentler slope, flow velocity in the
basin would be less than the main channel,
resulting in deposition. Sediment accumulated
in the basin would need to be removed after
large storm events or following the wet season.
Depending on its quality and texture, this
sediment could be disposed of, or re‐used
locally for grading, landscaping, or other
commercial purposes (e.g., golf course
maintenance).

The management of existing impoundments as
detention/retention basins also has the
potential to reduce peak runoff rates, which
may reduce downstream streambank erosion
rates. Evaluation of this erosion control strategy
would require hydrologic and hydraulic
modeling. Such modeling would be used to
assess the reduction in peak runoff rates, and
its resultant effects on streambank erosion
rates.
Lower Phoenix Lake Basin Opportunities
As mentioned previously, portions of the lower
watershed (e.g., Phoenix Lake, lower Sullivan
and Chicken Creeks) function as natural
depositional zones due to their gentle gradients
2‐49

Phoenix Lake Preservation & Restoration Plan

Notes:

Sediment Management Concept at Phoenix Lake County Club
(Basin Alternative)
July 2012

Created By: KF

Figure 2-17a
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strategies would benefit greatly from the
following activities:

Figure 2‐17b shows an alternative concept for
trapping sediment along lower Sullivan Creek.
This concept involves excavating a floodplain
bench adjacent to the main channel. The
floodplain bench would function similarly to the
sediment basin in that it would be a
depositional area during high flow events.
Both concepts have potential benefits and
constraints. The benefits of the floodplain
alternative are that it would be simpler to
construct than the sediment basin, and would
restore natural floodplain function. Whereas,
the basin concept may be more straight‐
forward to maintain as it would clearly
delineate an area for sediment removal. Both
concepts would need to be evaluated for their
potential effects on stream hydraulics and
changes in channel alignment.

Measuring sediment transport rates
throughout the watershed to determine
sediment loads at the primary
watershed and sub‐watershed level,
including measurements at outflow of
culverts during storms events.



Installing erosion plots to determine
erosion rates at road cuts (evaluate
variables such as slope and soil type);



Quantification of sediment delivery
rates from major hillslope erosion
sources; and



Quantification of streambank erosion
rates and thresholds.

Monitoring erosion control and sediment
management actions will also be important to
refine the sediment management strategy.
Monitoring activities may include:

(2) Sullivan Creek at Phoenix Lake
A larger sediment basin is proposed near the
mouth of Sullivan Creek (Figure 2‐16, SLM‐SB‐
2). This basin would occupy approximately 4.5
acres of land adjacent to Sullivan Creek, and
would essentially function as a sediment
forebay for Phoenix Lake. The basin would be
constructed on the south side of Sullivan Creek.
Sediment accumulated in the basin would need
to be excavated after the wet season. Details of
this sediment basin (forebay) are provided in
Chapter 3 of the PLPRP.

6.5









Installing erosion plots in treated and
untreated areas;
Establishing monumented channel
cross‐sections
at
streambank
stabilization and restoration sites;
Quantifying sediment removal volumes
from CISTs and sediment basins;
Repeating bathymetric surveys of
existing impoundments.

A formal monitoring plan should be developed
in coordination with implementing erosion
control and sediment management actions.

Prioritization & Monitoring of
Sediment Management Actions

The projects listed in Table 2‐2 have all been
identified as priority management actions.
Further prioritization of these projects will be
dependent on several factors including
availability of funding sources, property access,
and participation of project partners. Technical
prioritization of sediment sources management
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7.0 SUMMARY AND CONCLUSIONS

7.2

7.1

This report provides several recommendations
for controlling erosion and managing sediment
in the Phoenix Lake watershed. In general,
erosion control should be the focus of any
sediment management strategy because these
actions treat the source of the problem.
However, due to the diffuse distribution of
erosion problems in the basin, sediment
management actions such as the construction
of sedimentation basins in the lower watershed
will likely be necessary to substantially curtail
sedimentation rates in Phoenix Lake.

Sediment Sources

This report identifies significant sediment
sources in the Phoenix Lake basin. It is evident
from observing erosion in the basin and
sediment character in Phoenix Lake that both
hillslope and channel erosion are major sources
of sediment to the lake. Erosion of disturbed
hillslopes, particularly along roadways, is
widespread in the basin. Inadequate drainage
engineering at numerous culvert crossings has
led to gully formation and the destabilization of
small tributary channels. Severe streambank
erosion is concentrated in the alluvial soils of
the lower watershed.

Erosion Control & Sediment
Management

Finally, additional analyses will be required to
implement nearly all of the sediment
management actions discussed in this report.
The TUD and other stakeholders can utilize the
findings of this report to focus financial
resources and guide the development of grant
applications to fund the implementation of the
watershed management strategies outlined
here.

A substantial quantity of coarse sediment
(predominantly medium to coarse sand) is
stored in streambeds in the lower basin and has
recently been deposited in Phoenix Lake. This
coarse sediment appears to be derived
primarily from hillslope, gully and headwater
channel erosion. Whereas, the mainstem bank
erosion observed in the lower valleys of the
watershed primarily yield finer textured
sediment. In general, existing impoundments
and sediment basins will have high trapping
rates for coarse material and substantially lower
capture rates for finer sediment. This suggests
that controlling finer sediment erosion nearer
to the erosion sources is an important
approach, as this finer material is less
effectively trapped in basins. Whereas,
management of coarse sediment loads may be
feasible with the use of sedimentation basins.
However, Phoenix Lake itself appears to be an
effective sediment trap for even fine sediments
(silt and mud) as evidenced by the sediment
deposits of fine sediment in several portions of
the lake.

An effective erosion control and sediment
management
plan
integrates
several
approaches and scales.
We recommend
undertaking the planning studies and projects
shown in Table 2‐2 as feasible to reduce erosion
and sediment yields in the Phoenix Lake
watershed. Reducing erosion and sediment
yields will help improve water quality and
maintain storage capacity in Phoenix Lake. An
integrated approach that targets both hillslope
and channel erosion sources in the watershed,
employs sediment trapping basins, and
monitors/maintains Phoenix Lake itself to be
relatively clear of accumulating sediment will all
contribute to meeting the water quality and
capacity objectives of the PLPRP.
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erosion control, surficial slope stability and road
construction applications
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Channel erosion: Erosion of streambed,
streambanks, floodplain or terrace features
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Channel morphology: The physical form or
shape of a stream channel.

Alluvial: of or relating to alluvium

Ecoregion: an area defined by its environmental
conditions, especially climate, landforms, and
soil characteristics

Alluvium: sediment deposited by rivers,
streams, and other non‐marine surface water

Ecotone: the transition zone between two
different vegetation or ecological communities

Anthropogenic: Originating in, or caused by,
human activity

Energy dissipation: A mechanism to break up
the energy of a flowing liquid, used in streams
and channels to prevent erosion typically from
the terminus of a pipe, culvert, or other
channelized flow structure where higher
velocity flows empty into slower water
conditions. .

8.2

GLOSSARY

Bankfull: An elevation point on a streambank
that notes incipient flooding, which is typically
indicated by scour marks, break in stream bank
slope, vegetation type, and/or rock. Bankfull
discharge (streamflow) generally has a
recurrence interval of once every year to two
years.

Geomorphology: The study of landforms, their
history, and the processes which shape the
earth’s surface

Baseflow: Discharged sustained seasonally or
annually beyond the immediate influence of a
specific storm. Shallow groundwater, deeper
groundwater, or snowmelt may support
baseflows seasonally.

Gully erosion: erosion process whereby run‐off
accumulates in narrow, deep channels and
removes soil to considerable depths
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Time of concentration: the time required for a
drop of water to travel from the most
hydrologically remote point in the watershed to
the point of measurement, or watershed outlet.

Hillslope erosion: Upland soil erosion that
includes sheet, interill and rill erosion. Erosion
that occurs outside channels.
Hydrology: The study of water throughout its
forms in the hydrologic cycle, notably including
the generation of runoff from rainfall and the
translation of runoff to channelized discharge.

Trap efficiency: The ratio of sediment trapped
in a reservoir versus the amount that is passed
through the reservoir, typically expressed as a
percentage.

Hydromodification:
Changes
in
runoff
characteristics from a watershed caused by
changes in land use conditions that alter the
magnitude, timing, and delivery of runoff as
expressed in the shape of the hydrograph.

Weathering: the physical, chemical, and
biological processes whereby rock is weakened
toward decomposition or disintegration.

Hydrophobic: the property of being water‐
repellent; tending to repel and not absorb
water.
Igneous: Having solidified from lava or magma
Island‐arc: an island chain of volcanoes which
alignment is arc shaped, and which are situated
parallel and close to a boundary between two
converging tectonic plates.
Orographic effect: Meteorological (weather)
influences of mountains or mountain ranges
Perched: An elevated place for resting or sitting
Sediment Forebay: an impoundment, basin,
floodplain, wetland or other flow or sediment
storage feature designed to dissipate the
energy of incoming runoﬀ, and detain the
runoﬀ for initial settling of coarse sediments.
Sediment: Solid
fragmental
material
transported and deposited by the actions of
water, wind or ice.
Suspended load: Sediment that moves in a
channel without coming in contact with the
streambed

2‐57

Phoenix Lake Preservation & Restoration Plan

Chapter 2
Appendix A

Appendix A. Erosion Control and Sediment Management Techniques

Hillslope/Roadway Erosion: Culvert Inlet Sediment Trap (CIST)

Phoenix Lake Restoration and Preservation Project
Sediment Source Control and Management Plan

Appendix A. Erosion Control and Sediment Management Techniques

Hillslope/Roadway Erosion: Sediment Bags

From: SiltSack®
(http://www.acfenvironmental.com/PDFs/SiltSack/Siltsack%20sell%20sht.pdf)
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Appendix A. Erosion Control and Sediment Management Techniques

Hillslope/Roadway Erosion: Rock Wall
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Appendix A. Erosion Control and Sediment Management Techniques

Hillslope/Roadway Erosion: Energy Dissipation
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Appendix A. Erosion Control and Sediment Management Techniques

Streambank Stabilization: Encapsulated Fabric Soil Lifts
Bury and stake erosion control fabric
Seed and install woody cuttings

Compacted soil lifts; use native soil

Live willow/alder cuttings

100% jute erosion control fabric (greater
than 800 g/m3)

Rock fill

Modified from:
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Streambank Stabilization: Brush packing
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Appendix B. Photographs of Priority Erosion Control and Sediment Management Sites.

Site: SEP‐HE‐1. Construct culvert inlet sediment basin.

Site: SEP‐HE‐1. Revegetate utility corridor with herbaceous species

Site: SEP‐HE‐2. Construct CISP.

.
Site: SEP‐HE‐2. Construct culvert inlet sediment basin.
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Appendix B. Photographs of Priority Erosion Control and Sediment Management Sites.

Site: PC‐HE‐1. Construct CISP. Note bare slope from PG&E maintenance.

Site: PC‐HE‐1. Construct CISP. Note partially blocked culvert.

Site PC‐HE‐2 (left). Sediment source to site PC‐HE‐2 (above).
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Appendix B. Photographs of Priority Erosion Control and Sediment Management Sites.

Site: RW‐HE‐1. Redesign drainage. Provide erosion control.

Site: RW‐HE‐1. Redesign drainage. Provide erosion control.

Site: RW‐HE‐2a. Revegetate/mulch.

Site: RW‐HE‐2b. Revegetate/mulch.
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Appendix B. Photographs of Priority Erosion Control and Sediment Management Sites.

Site: STH‐GS‐1. Stabilize gully erosion.

Site: SLM‐GS‐1. Stabilize gully erosion.
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Site: STH‐GS‐3. Stabilize gully erosion.

Site: SLM‐GS‐1. Stabilize gully erosion.

Appendix B. Photographs of Priority Erosion Control and Sediment Management Sites.

Site: SEP‐BS‐1. Bank stabilization/stream restoration.

Site: SEP‐BS‐1. Bank stabilization/stream restoration.

Site: SLM‐BS‐1. Bank stabilization

Site: SLM‐BS‐1. Bank stabilization
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Appendix B. Photographs of Priority Erosion Control and Sediment Management Sites.

Site: SLM‐BS‐2. Bank stabilization

Site: SLM‐BS‐2. Bank stabilization

Site: SBHW‐BS‐1. Bank stabilization

Site: SBHW‐BS‐1. Sediment on channel.
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Appendix B. Photographs of Priority Erosion Control and Sediment Management Sites.

Site: PC‐BS‐1. Bank stabilization

Site: PC‐BS‐1. Bank stabilization

Site: CC‐BS‐1. Bank stabilization

Site: CC‐BS‐1. Bank stabilization
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Appendix B. Photographs of Priority Erosion Control and Sediment Management Sites.

Site: SLM‐SB‐1. Construct sediment basin or floodplain bench on left bank.

RW‐SB‐1. Potential site for sediment basin on left side of photo.
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Site: SLM‐SB‐2. Potential site for sediment basin/forebay

RW‐SB‐1. Potential site for sediment basin in boot area

