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4.1  INTRODUCTION4.1  INTRODUCTION4.1  INTRODUCTION4.1  INTRODUCTION4.1  INTRODUCTION

This Master Plan defines the range of bank stabilization and revegetation
techniques that are most appropriate for San Francisquito Creek.  The
Master Plan emphasizes minimizing structural approaches or adapting
them to include revegetation techniques (non-native species removal,
native planting), where possible.

The comprehensive stabilization and revegetation plan set forth in the
Master Plan builds upon an Existing Conditions Report1  that details the
current state of San Francisquito Creek, and is based upon systematic
documentation and analyses of existing conditions.

Bank stabilization and revegetation techniques in this Master Plan are
described at a conceptual level of detail.  A landowner who elects to
implement one of the techniques would also need to conduct a site-
specific, detailed study to verify the appropriateness and suitability of a
technique to adapt the treatment to conditions specific to the property.
The detailed design could be developed by a team of professionals hired
by the landowner.  The final design team may include a professional civil
engineer, geomorphologist, geotechnical engineer, revegetation specialist,
and fish/wildlife biologist.  The design would then be reviewed and
subject to approval by the entity administering the Master Plan.

4.2  OBJECTIVES4.2  OBJECTIVES4.2  OBJECTIVES4.2  OBJECTIVES4.2  OBJECTIVES

The primary goal of the Master Plan is to develop stabilization schemes
for eroding banks that allow vegetation establishment for habitat develop-
ment, streamside shading, and fisheries enhancement.  Where bank
protection currently exists, the plan provides a range of approaches, from
complete removal and replacement to partial vegetation cover establish-
ment using planting collars and other plant installation techniques.  Where
bank erosion is severe and close to existing structures, fewer approaches
generally apply and tend to be less habitat-friendly.

Given the urbanized nature of the stream corridor, there are many
constraints to bank stabilization and enhancement of riparian habitat.
The guiding principles of the Master Plan are:

• To preserve and/or enhance the natural character of the urbanized

1 It is not necessary to have a copy of the Existing Conditions Report to understand
and use the Master Plan.  However, the Existing Conditions Report does provide
additional background data useful for revegetation and bank stabilization design.  A copy
of the Existing Conditions Report is available for review at the main libraries of the
Cities of  Menlo Park, Palo Alto, and East Palo Alto, on city web pages
(www.menlopark.org or www.city.palo-alto.ca.us/sfcreek), and at the Peninsula
Conservation Center library.
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San Francisquito Creek by increasing the presence of native vegeta-
tion.  This will improve overall habitat value and stabilize banks - while
protecting or improving creek conditions for state- and federally-listed
species.

• To stabilize banks to protect property without reducing floodwater
conveyance of the creek.

• To enhance the value of the creek as a community amenity through
access to public areas, interpretation and educational opportunities,
and improved visual connections.

• To develop a unified approach to implementation of the plan within the
project area as a means of creating consistency across jurisdictions,
and to streamline the permitting process for participating
landowners.

4.3  EXISTING CONDITIONS4.3  EXISTING CONDITIONS4.3  EXISTING CONDITIONS4.3  EXISTING CONDITIONS4.3  EXISTING CONDITIONS

The natural habitats along the creek in the study area are mostly de-
graded.  Bank instability is driven in large part by the predominant high
banks, which range between 15 to 30 vertical feet in the study reach.
Steep banks are a natural condition for a “deep arroyo” cut into an
alluvial fan (Palou, P., 1926).  The high banks are primarily a matter of
concern due to their instability, coupled with the presence of nearby
buildings and infrastructure.  High banks that we see today are a result
of this geomorphic setting, as well as anthropogenic changes in the
watershed within the last century.

Bank conditions range from stable and well vegetated to nearly vertical
and eroding.  Most of the existing banks in the project reach are partially
to mostly vegetated with native and non-native species, with the excep-
tion of those reaches with bank protection.  Many sparsely vegetated
banks are failing, either partially or completely.

Bank protection has generally been the responsibility of the individual
landowner, except where large channel modifications were implemented.
Agencies and individual property owners have responded with a variety
of engineered and non-engineered bank protection schemes, some of
which are failing or are incompatible with the upstream and downstream
bank protection structures (see Existing Conditions Report data).

4.4  METHODS4.4  METHODS4.4  METHODS4.4  METHODS4.4  METHODS

4.4.1  GEOMORPHIC APPROACH
In the development of this Master Plan, a geomorphic approach to river
management was adopted.  This approach applies a holistic view of the
watershed and river system, and interprets channel change in relation to
basin-wide processes.  This perspective was employed in the Existing
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Conditions report to develop the context for bank instability in the study
reach.  In a more natural stream environment, the geomorphic approach
could be applied through the Master Plan stage to characterize and
predict at-risk banks based on existing and likely future geomorphic
processes.

However, due to the superimposition of human development on the
geologic context, bank stability cannot be easily predicted based on
current fluvial processes alone.  Instead, future bank instability will be a
result of the interplay of the patchwork of bank stabilization projects in
time and space, fluvial processes, and existing and future land uses.
Therefore, the bank stabilization methods suggested in this Master Plan
are based primarily upon existing bank conditions and adjacent land uses
rather than long-term geomorphic processes.  This decision-making
process was selected for the following reasons:

1) Bank stabilization structures currently line most of the areas where
the most extreme bank instability was observed in the 1950s (CRMP,
1998), including along the outside of meander bends in the study
reach.  Therefore, many of these areas actually are well protected
and overall less prone to erosion.

2) Banks are so steep and high that bank erosion potential is pronounced
along the majority of the study reach, rather than simply concentrated
in areas where hydraulic forces are maximized.

3) City and County representatives requested specific help in identifying
priority sites for bank stabilization and revegetation for existing
conditions, given the current pronounced bank erosion problems.

4) Erosion risks in the future will depend strongly on the interrelation of
individual projects implemented along the study reach.  Because it is
unknown which methods of bank stabilization and revegetation
projects ultimately will be implemented and in what order, it is impos-
sible to project where risks will increase with time in a meaningful
way.

4.4.2  FIELD WORK
The existing geomorphic and vegetation conditions of the banks were
documented during field inventories of bank, channel, and vegetation
conditions.  Using extensive site investigation and detailed field mapping,
the following items were recorded by location on the topographic maps:
1) geomorphic conditions of the creek banks and bed, 2) existing bank
stabilization projects, eroded areas, and sediment types, and 3) existing
vegetation along the banks, including habitat types, dominant native and
non-native, invasive species.
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Maps displaying key observations appear in the Existing Conditions
Report.  The record of existing physical and vegetation conditions laid the
groundwork for bank stabilization and revegetation recommendations
made in this Master Plan report.

4.5  RESUL4.5  RESUL4.5  RESUL4.5  RESUL4.5  RESULTSTSTSTSTS

Ten bank stabilization and revegetation treatment alternatives are pre-
sented in this Master Plan.  The treatments are adapted to the conditions
found within the project reach to address the current range of physical
and biological constraints.  The treatments are at the conceptual level of
detail.  The treatments are described in order of increasing structural
complexity and grading requirements.  In general, costs increase as well.
To the extent possible, a treatment should consider the establishment of
some riparian habitat in the design.  A description of the structural and
vegetation components of each alternative is provided in Section 4.5.1.
These treatment alternatives include the following:

•  No Action
•  Vegetation Only
•  Repair Protection
•  Vegetate Structure
•  Remove Structure
•  Regrade and Replant
•  Terrace
•  Riprap Toe
•  Vegetated Riprap
•  Vegetated Wall

The Master Plan also identifies: 1) those areas where bank stabilization is
a priority (Section 4.5.2), and 2) which of the 10 stabilization techniques
are possible at each site given the existing land use and topography
(Section 4.5.2).
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4.5.1  TREATMENT ALTERNATIVES

“NO ACTION” ALTERNATIVE (A)

Conceptual Description
This treatment alternative includes leaving existing vegetation and/or
structural bank protection in place with no revegetation.  While in general
the removal of exotics is recommended along San Francisquito Creek,
there may be certain mature, well-established species that are not
invasive, provide moderate habitat, and help to stabilize the existing
banks.  For these reasons, in some locations existing vegetation should be
retained even if composed of non-native species.

Where Appropriate
This alternative is appropriate where: 1) bank erosion is not sufficiently
serious and threatening to adjacent property to warrant bank improve-
ments or changes, 2) existing structural bank protection does not readily
permit revegetation and 3) replacement of existing structural bank
protection would be too costly, and/or 4) certain mature, well-established
species are not invasive, provide good habitat, or stabilize banks.

The prioritization of bank stabilization projects is based upon the erosion
severity rating given for segments of the study reach, as outlined in
Appendix E.  Specifically, those 200-foot sub-reaches of the study reach
that received low erosion severity ratings from “3” to “5” were assigned
this no-action alternative as a possibility.

How to Implement
No action will be taken.  Existing vegetation and structural bank protec-
tion will be left in place.  Non-native species will not be removed if they
are deemed not invasive or provide limited wildlife habitat.

Advantages
No short-term costs.  Preserves existing habitat.  No disturbance to soil,
thus preventing erosion.  Special access is not required.

Disadvantages
Does not actively improve bank stability.  Eroded areas may worsen with
time.

Additional Considerations
Obviously, if funding is available, it would be possible to replace any
existing structures with types permitting native vegetation growth.  In
addition, as structures degrade with time or as funding becomes avail-
able, existing structures can be replaced, preferably with treatment
alternatives that incorporate native vegetation.
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 “VEGETATION ONLY” ALTERNATIVE (B)

Conceptual Description
This treatment alternative includes removal of non-native species and/or
revegetation with native species according to restoration guidelines
(Section 5.0).  This is a purely vegetative treatment and widely recom-
mended where structural bank protection is unnecessary.

Where Appropriate
This alternative would be implemented in those reaches where banks are
stable and erosion is not a serious problem (such as along the Stanford
Golf Course).  In many areas, this effort will be at the top of bank to
provide shade, rather than along the face of the bank.

How to Implement
Specific non-native removal and revegetation approaches are described
in detail in “Vegetation Restoration Guidelines,” Section 5.0.

The removal of non-native vegetation will need to be designed cautiously
so as not to result in a large-scale reduction of channel shading or
increase erosion potential.  For example, phased removal of non-native
vegetation (e.g., staggered over several seasons) and concurrent replant-
ing with native species, as appropriate, would minimize the reduction in
shade levels over the creek which is important to maintaining steelhead
habitat.

Advantages
Reduces non-native vegetation populations.  Relatively inexpensive
provided that the native plantings can be collected within the vicinity of
the site and contract grown by a native plants nursery.  Straightforward.
Most operations can be carried out by hand.  The use of live materials
ensures a long-lasting effectiveness with generalized habitat benefits.

Disadvantages
This alternative is only feasible in areas with good access when slopes
are safe to work upon.  May initially reduce bank stability following non-
native removal; not viable where bank stability is expected to worsen
considerably.

Common Reasons for Failure
Lack of maintenance to control non-native species re-establishment or
native plant establishment.

Additional Considerations
Although much revegetation under this alternative is aimed at the top of
the channel bank, some planting should also be placed along the face of
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the slope and close to the wetted channel, if possible, so as to increase
the amount of shading and vegetation.  However, because extensive
revegetation (large tree and shrub plantings) may reduce the transport
capacity of the channel by slowing and thereby deepening flow, care
should be taken in the planting design to minimize these adverse effects
on channel conveyance or allow for additional conveyance by increasing
the channel cross-sectional area.
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 “REPAIR PROTECTION” ALTERNATIVE (C)

Conceptual Description
Existing structural bank protection would be repaired.  This approach is
strictly structural and recommended only in local problem zones.  It does
not include non-native species removal or native revegetation as vegeta-
tion is not typically present at these sites.  If not addressed, these erosion
hotspots may significantly reduce the lifetime of the existing structure.

Where Appropriate
This treatment would be applied in those areas where existing structural
bank protection is in good condition overall but small erosion problems
have developed along the upstream or downstream end or toe of the
existing revetment.

How to Implement
In these cases, the existing revetment can be fixed by reforming the
damaged area and extending the structure an adequate distance back
into the bank or bed to prevent repeated, local problems.  Because no
significant change will occur to the structure’s position and form, reveg-
etation and non-native species removal is typically not feasible with this
type of treatment.  However, in some cases it may be feasible to com-
bine this alternative with the “Vegetate Structure” alternative.

Advantages
Extends lifetime of existing structure.  Requires only local labor.

Disadvantages
May require complex implementation techniques.

Common Reasons for Failure
Structure not securely keyed into banks and bottom or adjacent struc-
tures.  Incompatible techniques juxtaposed.

Additional Considerations
Where local erosion hotspots are proposed to be fixed along existing
bank protection that otherwise appears stable, the installation of in-
stream structures such as wing deflectors is discouraged.  Modifying
channel characteristics along such reaches may further compromise the
integrity of bank protections that are already prone to erosion.
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 “VEGETATE STRUCTURE” ALTERNATIVE (D)

Conceptual Description
This treatment alternative includes leaving existing bank protection in
place and revegetating using planting collars or cuttings inserted between
existing bank protection near the toe of the slope, if possible.  This
treatment is a cost-effective approach to providing some vegetation
cover and creek shading without removing the existing bank protection.

Where Appropriate
This treatment is appropriate where sacked concrete (or some other
articulated structural bank stabilization) currently exists, provided that the
structure would remain stable if altered.

How to Implement
The existing bank protection (riprap, sacked concrete, etc.) is removed at
a specific location, a planting collar is inserted and backfilled, and vegeta-
tion is planted.

Planting collars are described in the section entitled “Vegetation Restora-
tion Guidelines” (Section 5).  They can be designed from a variety of
materials including wooden beams and concrete boxes.  Specific collars
should be tailored to each individual site based on the unique needs and
conditions of that site.  However, only small trees and shrubs will be
planted within the planting collars to minimize disturbing the existing bank
protection.

Where possible, planting areas up to 6-feet long, 3-feet wide, and 2-feet
deep are preferable over smaller planting areas to encourage the devel-
opment of larger habitat pockets.  Soil addition and/or decompaction and
scarification of the edges of the planting area should be performed to
foster vegetation establishment.  Some type of irrigation, as outlined in
the “Vegetation Restoration Guidelines” (Section 5.0), would be initially
required.  Cuttings may be planted along the upstream and downstream
edges of sacked concrete to prevent erosion along the existing structure.
Installation may be difficult, and equipment (backhoe, crane) may be
needed to remove sections of the existing bank protection.

Advantages
Provides a means of incorporating vegetation in pre-existing structure.

Disadvantages
This is considered a very constrained revegetation technique, for a
number of reasons.  The planting collar site is unlikely to be naturally
colonized by desirable native trees after the eventual death of the original
planting.  Replanting of the collars from time to time would thus be
necessary.  The alteration of existing structural bank protection could
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compromise the stability of the protection.  This treatment is more likely
to be successful where there is no filter or geotextile fabric underlying
existing structural bank protection that would prevent root penetration
into the soil below.  Where riprap forms a thick layer, this method is not
advisable since planting would be difficult.  As a result of these numerous
limitations, this treatment is not preferable and may not be possible in
most situations.

Common Reasons for Failure
Vegetation mortality.

Additional Considerations
As with the “Vegetation Only” Alternative, placing plantings close to the
wetted part of the channel would be preferable if the structural integrity
of the existing bank protection or flow conveyance is not compromised in
the process.
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“REMOVE STRUCTURE” ALTERNATIVE (E)

Conceptual Description
This alternative includes removal (and replacement) of existing structural
bank protection.  In general, this will be a more expensive option than
previous replanting approaches.  It would involve the extensive use of
some hard labor and heavy equipment (backhoes, cranes, etc.) to remove
the structures.

Where Appropriate
This alternative would be implemented where an alternative form of bank
protection is strongly preferred and/or existing structural bank protection
is in poor condition or has failed.  In all cases, this alternative is recom-
mended along with another treatment to replace the existing structure.

How to Implement
The existing structural bank protection would be removed manually and/
or by heavy equipment.

Advantages
Maximizes opportunities for revegetation.

Disadvantages
Labor-intensive.  May require dumpsite for materials that cannot be
recycled or reused.

Additional Considerations
Revegetation and non-native species removal can also be performed
concurrently if non-native species removal does not require extensive
phasing.  If existing material is suitable (high quality riprap, for instance),
it can be reused elsewhere on the project for bank or channel work.
Other types of material (sackrete, broken concrete, etc.) would be
hauled offsite.  The type of alternative bank treatment chosen would be
based on the constraints posed by each site.
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“REGRADE AND REPLANT” ALTERNATIVE (F)

Conceptual Description
This alternative uses regrading and biological techniques to provide bank
stabilization.  Existing vertical or near-vertical banks would be modified
to a moderate (3H:1V or less) angle and replanted with native species.
Roots of riparian vegetation, rather than structural measures, would
provide bank stability.  This regrading will disturb some existing vegeta-
tion, but will provide a more stable long-term riparian setting and will
improve local hydraulic conveyance.  This method is considered a
preferred method for enhancing aquatic and terrestrial habitat.

Where Appropriate
Where sufficient right of way exists, a regraded bank is desirable.
Regrading and replanting is most appropriate on higher portions of the
banks, less frequently affected by high flows, or along lower banks
where the water velocities are sufficiently low (less than 5 to 7 feet per
second) during the design flow event.  Regrading would be necessary
where existing slopes are too steep (>3H:1V) to allow vegetation to
become established.

How to Implement
Banks will be regraded, so that the top of bank is located back from the
current top of bank.  In no cases, should the toe of the regraded slope
extend into the existing channel.

Vegetation re-establishment can be accomplished using fabrics, cuttings,
seed material, or planting containers as per the “Vegetation Restoration
Guidelines” in Section 5.0.  Plastic netting, which can trap birds and other
animals, is not to be used.

Advantages
Provides extensive aesthetically pleasing revegetation and habitat
enhancement opportunities.  Future root growth will perpetuate slope
stability.

Disadvantages
Disturbance of existing vegetation and soil.  Only feasible in areas with
good access.  Lag time between implementation and stability from
established root networks.

Common Reasons for Failure
Occurrence of large flood before vegetation is well-colonized.  Inad-
equate maintenance of plantings which can lead to plant mortality.

Additional Considerations
Regrading stream banks to achieve a less steep angle and replanting
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native riparian vegetation is a preferred stabilization alternative with
regards to aquatic and terrestrial habitat as it avoids the use of fixed
structures.   Less steeply graded banks allow for the establishment of a
more natural riparian zone.  Stabilizing the banks with the roots of
riparian vegetation also allows for naturally undercut banks, which
provide important steelhead habitat without compromising the overall
integrity of the bank.  Thus, this stabilization alternative will have benefi-
cial impacts on aquatic habitats in itself.
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“TERRACE” ALTERNATIVE (G)

Conceptual Description
This alternative includes stabilizing banks by creating one or more
terraces—wide benches cut into the streambank.  The slope will be
excavated and backfilled, as appropriate, to form the terraces.  Reveg-
etation techniques will be used to provide habitat and stability to the new
bank surface.  During floods, water will inundate the terrace(s) and
interact with vegetation.  This method is considered a preferred
method for enhancing aquatic and terrestrial habitat.

Where Appropriate
Where sufficient right-of-way exists, a terraced bank is desirable.
Terraces are often preferred over the creation of a smooth slope to the
toe of bank as described in the “Regrade and Replant” alternative.
Terraces are constructed without disturbing the lowest portion of the
bank, which is often desirable for habitat reasons.

How to Implement
One or more terraces are created at increasing elevations above the
channel bed, each one supporting a different mix of vegetation species
suited to the corresponding inundation frequency, physical setting, and
biological conditions.  The existing channel is not disturbed below a 1.5-
to 2.0-year flow event, thereby maintaining a more confined low flow
channel.  During floods of greater magnitude, waters flows over the bank
onto a wide terrace.  The toe of the created terrace must not extend into
the existing active channel or impinge upon the 1.5 to 2-year flow.  The
terrace should be gently sloped (e.g., 2% grade) to drain to the main
channel.

Riparian vegetation shall be planted on all terraces, including the lowest
one, in order to increase shading and the penetration of root masses into
the low-flow channel.  These features can increase the value of the
creek for aquatic and terrestrial wildlife species by providing habitat and
mitigating water temperatures.

Advantages
Long lasting protection.  Permits maximum interaction between high
flows and riparian vegetation.  Mimics channel shape likely in a less
incised stream and can facilitate access for maintenance.

Disadvantages
Labor-intensive.  Terrace design constrained by available setback
distance.

Common Reasons for Failure
Mobilization of terrace materials by high flow before vegetation is well
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established.  Inadequate sizing of terrace.

Additional Considerations
If necessary, terrace slopes can be stabilized by large rock, vertical walls
(rock, timber, concrete) or logs.

If sufficiently long and wide, terraces often provide benefits in terms of
flood conveyance and revegetation opportunities.  Hydraulic roughness
due to revegetation can be offset by the additional conveyance of
terraces cut into the pre-existing banks.
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“RIPRAP TOE” ALTERNATIVE (H)

Conceptual Description
This technique combines a biotechnical approach to bank stabilization
with toe placement of sufficiently large rocks to prevent bank washout
and toe scour.  This alternative includes backfilling of the slope and
revegetation within and above the riprap.

Where Appropriate
This technique is recommended where erosion problems are pronounced
at the toe of the bank and may compromise overall bank stability if not
addressed.  It may also be a suitable approach to reducing potential
damage due to borrowing of mitten crabs.

How to Implement
Excavate portions of bank, as necessary.  Regrade lower portion of bank
to consistent slope.  Slopes of 1.5H:1V are acceptable only if rock is
placed meticulously to achieve three-point contact between each rock
(not dumped); otherwise, more gradual grading is required.  The stones
should be at the same angle as the slope of the designed streambank, and
the total thickness of the stone layer should be at least the thickness of
two times the rock diameter, with design diameter depending on the
velocity of the design flow event at that location.

If desired, the riprap can be extended up the bank to the elevation of the
design flow event.  The riprap should extend below the predicted scour
level and be on a solid foundation. The rock is underlain with filter layer
or geotextile fabric, which also extends below the scour level and is
secured around the lowest rocks.  The entire installation should be keyed
into the bank at each end to prevent upstream and downstream scour.

Vegetation should be planted on the top of the bank, as well as among the
riprap.  During rock placement, cuttings are placed between the rock
close to the stream channel as per the “Vegetation Restoration” (Section
5.0) and earth backfill is used to fill voids between the rocks.  The riprap
would be carefully fitted with planting collars during installation to
establish suitable areas for later planting of larger plant materials.  The
planting collars would provide a barrier between the rock riprap to allow
the plants to access native soils below the riprap.  Cutting can also be
placed between the riprap.  Biodegradable erosion control fabric and
plantings extend above the rock to the elevation of the 100-year flood
level.

Advantages
Immediate stabilizing effect.  Does not involve more rock than necessary
for stabilization.
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Disadvantages
Could be expensive if rock is not available locally.  Labor-intensive;
requires use of machinery for rock placement.

Common Reasons for Failure
Rock too small.  Not securely keyed into banks and bottom or adjoining
structures.  Rocks dumped, not placed.  Rocks impinge upon pre-
construction channel.  Poor maintenance of plantings leading to vegeta-
tion mortality.

Additional Considerations
A number of variations of this alternative are feasible.  The rock along
the banks can be continued into the channel at some locations to create
riffle-pool sequences or form scour pools for resting fish, where condi-
tions on the opposite bank permit.  In addition, where the cost of access
or slope stability issues make the removal of existing bank protection
works impractical or inadvisable, a steep section of large rock could be
used to build a wall, which could then be backfilled and planted.  Planting
collars and/or the selective removal of the underlying bank protection
could be used to introduce vegetation.  Since bank erosion is generally
more extensive, this option was recommended only at one location along
the Stanford Golf Course, given existing conditions.  Additional locations
may become appropriate for this treatment with time.

It should be noted that the placement of large rocks at the toe of a bank
is considered generally nonbeneficial to aquatic habitats, as it does not
generally allow for bank undercutting or other natural variations in bank
structure.    However, large rock can provide cover and hiding for some
fish species.  As discussed in Section 6.0, it may be possible to incorpo-
rate cover structures to provide some protected pools in underbank
areas.
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“VEGETATED RIPRAP” ALTERNATIVE (I)

Conceptual Description
This alternative involves placing large riprap along the streambank to
stabilize the bank surface, backfilling, and revegetating.  The technique is
effective in immediately securing a bank, and it provides stability while
plants become established.

Where Appropriate
This alternative can also be applied where open space at the top of bank
permits regrading of the channel banks to a slope of less than 1.5H:1V
and steeper than 3H:1V.  (For banks at 3H:1V or less, other, more
desirable treatments are appropriate.)

In locations where banks are steep (up to 1.5H:1V) and the proximity of
existing buildings/roads precludes the wider corridor necessary for
regrading at a milder slope or terracing, this alternative represents the
preferred methods of structural bank protection.

In addition, where flow strongly impinges upon an eroding bank, riprap
can be used to minimize erosion hazards by directly armoring the bank.

How to Implement
Excavate portions of bank, as necessary for construction surface and to
maintain flow conveyance.  Regrade bank to consistent slope.  Slopes of
1.5H:1V are possible only if rock is placed meticulously for three-point
contact between rocks.  Dumping of rock is not recommended.  The
stones should be at the same angle as the slope of the designed
streambank, and the total thickness of the stone layer should be at least
the thickness of two times the design rock diameter, with design diameter
depending on the velocity of the design flow event at that location.

The uppermost riprap should reach above the elevation of the design
flow event.  The riprap should extend to the bottom of the bank and be
on a solid foundation. The rock is underlain with filter or geotextile fabric,
which also extends below the scour level and is secured around the
lowest rocks.  The entire installation should be inserted into the bank at
each end to prevent upstream and downstream scour.

Vegetation should be planted on the top of the bank, as well as among the
riprap.  During rock placement, cuttings are placed between the rock
close to the stream channel as per the “Vegetation Restoration Guide-
lines” (Section 5.0) and earth backfill is used to fill voids between the
rocks.  The riprap would be carefully fitted with planting collars during
installation to establish suitable areas for later planting of larger plant
materials.   The planting collars would provide a barrier between the rock
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riprap to allow the plants to access native soils below the riprap.  Erosion
control fabric and plantings extend above the rock to the elevation of the
100-year flood level.

Advantages
Immediate stabilizing effect.

Disadvantages
Poor aesthetics.  Could be expensive if rock is not available locally.
Labor-intensive; requires use of machinery for rock placement.

Common Reasons for Failure
Rock too small.  Not securely keyed into banks and bottom or adjoining
structures.  Rocks dumped, not placed.  Rocks impinge upon pre-
construction channel.  Poor maintenance of plantings leads to plant
mortality.

Additional Considerations
Long-term habitat restoration under this scenario would be somewhat
difficult due to the limited surface soil available for the plants to root in.

The placement of large rocks at the toe of a bank is considered generally
nonbeneficial to aquatic habitats, as it does not allow for bank undercut-
ting or other natural variations in bank structure.  As discussed in Section
5.0, it may be possible to incorporate cover structures to provide some
overhanging features at the toe of the bank.
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“VEGETATED WALL” ALTERNATIVE (J)

Conceptual Description
This alternative involves stabilizing near-vertical to vertical banks using
planted cribwall, planted gabion baskets, or vertical retaining wall.  The
slope would be backfilled to the design grade, structural elements con-
structed, and then soil areas revegetated.

A planted cribwall is a rectangular framework of logs or other columnar
members and woody cuttings designed to protect an eroding streambank.

Gabions are large, rock-filled wire cages that can be used to stabilize
steep, badly eroding streambanks.  Gabions are constructed from wire,
filled with rock and interspersed soil, and embedded into the streambank.

Vertical retaining walls are constructed of grouted rock blocks, stacked
and anchored timber beams, or concrete.  A wall can consist of one
feature or several offset, smaller walls.

Each of these alternatives would incorporate non-native species removal
and revegetation, where possible, to promote local habitat enhancement.
Plant selection would have to consider available planting and bank
locations and abiotic conditions.  Of the three wall approaches de-
scribed here, the planted cribwall is considered a preferred method
for enhancing aquatic and terrestrial habitat.

Where Appropriate
Steep banks caused by erosion, slumping or undercutting by the current
will require additional stabilizing elements before planted vegetation can
become firmly established.  In locations where banks are exceptionally
steep (>1.5H:1V) and the available setback distance is limited, these
more intensive structural elements should be applied to protect the banks.
High vertical walls should be avoided, except where an important feature
(e.g., road or home) is located directly on the edge of the creek bank.

Of the three types of walls described here, vegetated cribwalls are
generally preferred due to their greater aesthetic value, inclusion of
adequate soil for plant growth, and habitat value.  A timber or log cribwall
may deteriorate more rapidly than walls constructed using metal or
concrete materials.  However, during this time period, planted riparian
vegetation may become established, leaving a bank stabilized primarily by
roots.

How to Implement: Cribwalls
Cribwalls would be constructed using timber or redwood logs, with
openings between logs backfilled with soil and planted.  Logs should be
selected for soundness, durability, uniformity of size, and ease of handling
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and delivery.  Timber can be interlocked progressively up the designed
elevation along the bank.  Concrete cribbing is also available, though less
aesthetically pleasing than logs.

Cribbing should be embedded below the streambed.  The cribwall base is
dug parallel to the bank and below the existing streambed.  The base
log(s) (or other appropriate materials) are placed within this toe trench
below stream grade to prevent undercutting of the structure.  Base logs
should be as long as can be manipulated while conforming to the contour
of the stream bank.  A good base log is necessary to ensure stability and
durability of the treatment.

The next series of logs (“tieback logs”) is placed at right angles to the
first log.  The ends of each log overlap the right angle log below.  Each
log is secured in place by cutting notches in the wood.  Holes can be
drilled through the overlapping logs, and steel pins are used to hold them
securely.  The openings are filled with cuttings and soil.

Tieback logs are embedded into the slope 4 to 6 feet, at grade with the
base log.  There should be at least two tiebacks per base log.  Tiebacks
can be secured to the base log using threaded rebar.  Approximately
halfway up the backside of the base log, geotextile fabric is stapled every
six inches, and placed to seal the bedding of the structure.  Once the first
row of logs has had tiebacks and geotextile fabric installed, and has been
backfilled to the top of the log, a second face log is placed on top of the
tiebacks.  This log is set back approximately 6 inches.  The same proce-
dure is repeated until desired height is reached.  Stacked face-logs used
in cribbing must be secured together.

A live vegetated cribwall can be built as either single or double walled
structures.  The double crib wall has far greater resistance to flows.  As
with most stabilization methods, cribwall works best when used with
vegetation.  As each lift of the crib wall is installed, long cuttings of
riparian plants are inserted on top of each fill layer.  The live branches
must reach through the crib and into the soil of the bank to ensure
rooting. The tips of the branches should protrude from the crib wallface.
The tips should stick out from the wall no more than one quarter of the
cuttings total length.  They must not be packed too closely and bedded in
soil for their total length in the crib in order to facilitate rooting over their
whole length.   The live plants function to replace the crib logs as they
decay with time.  Riparian plants can grow very rapidly and provide
stream shade canopy and wildlife habitat during their first growing
season.

How to Implement: Gabions
Gabion baskets should be filled with a mixture of soil and rock, and then
planted with planting collars installed between gabions.  Gabion backets
that do not incorporate vegetation are discouraged.  Implementation of
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gabion baskets should follow manufacturer specifications.

How to Implement: Vertical Retaining Wall
While generally undesirable due to habitat considerations, in some
locations vertical walls are the necessary or preferred form of bank
stabilization.  In general, a series of low walls are preferred to a single
high wall, as shown in the schematic cross section.  Vertical retaining
walls can be stepped progressively so that areas between walls could be
backfilled and planted.  The walls can be constructed of rock, timber
beams, or concrete.  Concrete walls can (and should where cost permits)
be faced with stone or textured to look like rock.  This can improve
aesthetics and provide more roughness to slow erosive flood flows.

Each of these treatments should be installed during the stream’s low
water periods to prevent disturbance to the stream and simplify construc-
tion logistics.  Each treatment must include keying the bottom and ends
of the structure into the bed and banks.

Advantages
Provides immediate protection from erosion.  Reinforcing action when
plants take root results in the formation of a stable rows of mixed
vegetation.

In some cases of the timber cribwall, ultimately the established vegeta-
tion will completely replace the function of the crib wall when after many
years, it finally decays.  However, where the banks are nearly vertical,
the stability provided by root systems may be insufficient to secure the
bank alone.

Disadvantages
Long-term habitat establishment under this alternative may be difficult
depending upon the amount of soil available for plant establishment with
the treatment chosen.  Provision of extensive vegetation cover after
completion is almost impossible.

Vegetated walls can be expensive if materials (rock, timber) are not
available locally.  Creating and installing vertical walls can be expensive,
complicated, and labor-intensive.

Compared with previous alternatives, this approach has a “hard” or
developed appearance, and is more appropriate where a more urbanized
look is acceptable.  Of the three types of vegetated walls suggested here,
the vegetated timber cribwall offers the best aesthetics.

Gabion baskets are prone to overall breakage once the structure is locally
disturbed.  Over time, the wire from gabions may corrode and fall apart.
Once broken, the smaller rock inside the wire baskets is subject to
washout.  In addition, where wire mesh breaks, hazardous conditions
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may exist for fish, other wildlife species, and children.

In general, vertical retaining walls do not enhance aquatic or riparian
habitat and can create redirected flows and excessive water velocities.
Therefore, vertical retaining walls are not preferred.

Common Reasons for Failure
Not securely keyed into banks and bottom.  For timber walls, poor quality
wood used.  Poor maintenace of installed plantings can lead to plant
mortality.

Additional Considerations
In each case, cover structures may be incorporated to provide some
protected areas for use by fish.
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4.5.2  MASTER PLAN MAPS
These detailed maps were developed to illustrate the recommended
application of the conceptual treatment alternatives.  Suggested treat-
ment alternatives are shown superimposed on the existing topography of
the project reach and listed by letter.  In cases where erosion is not
extreme, the “No Action” alternative is listed generally along with one or
more other alternatives.  These areas are considered relatively low-
priority bank stabilization sites.  The worst erosional hotspots have
generally been assigned as the “Vegetated Riprap” and/or “Vegetated
Wall” alternatives with the “No Action” alternative not listed as a
possibility.  These areas are high priority bank stabilization sites.

The Master Plan uses existing and potential slope conditions and native
and non-native vegetation cover to outline appropriate revegetation
alternatives, such as non-native species removal, by location.  A detailed
description of the step-by-step process by which appropriate treatments
were selected is provided in Appendix E.  As creek conditions change in
the future, it may be necessary to re-evaluate which treatments are
appropriate at a given location.

It should be noted that in-channel structures can also be used in combina-
tion with the bank stabilization methods presented in this Master Plan.  In
San Francisquito Creek, the main fisheries concern is that of migration
(Section 6.0).  Wing deflectors are commonly used in-channel structures
that act to narrow and deepen flow locally.  Stream reaches where bank
stability and riparian habitat are sound enough to leave untreated also
may be appropriate areas to install wing deflectors in the channel,
primarily because it is unlikely that they will cause significant changes to
the channel.  Wing deflectors would help concentrate low flows into a
narrower channel that would facilitate steelhead smolt migration.  The
structures are discussed in more detail in Section 6.0.  As with any
structure, wing deflectors would need to be designed and installed with
caution so as to avoid creating new erosion problems or exacerbating
existing ones.
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4.5.3  GENERAL OBSERVATIONS
In the Existing Conditions report, the study reach was divided into four
sections of generally similar physical condition.  Those reaches are
summarized in Table 4A.

Restoration and Bank Stabilization Treatments and Plans

Sub-
reach

Extent of Sub-reach
(in feet by station notation)

Downstream Extent
Description

Upstream Extent
Description

A Station 80+00 to 178+00 Upstream face of U.S.
Highway 101

Upstream face of
Pope/Chaucer Street
Bridge

B Station 178+00 to 244+00 Upstream face of Pope/Chaucer
Street Bridge

Downstream of a
pedestrian bridge over
the Creek

C Station 244+00 to 372+00 Downstream of a pedestrian
bridge over the Creek.

Downstream of Sand
Hill Road

D Station 372+00 to 404+00 Downstream of Sand Hill
Road.

Just downstream of
USGS gage along
Stanford Golf Course

Table 4A.  Subreach
categories

The maps showing treatment recommendations (Section 4.5.2) show
similar patterns at the sub-reach spatial scale.

In Sub-reach A, it is generally recommended that either the “No Action”
alternative or an alternative emphasizing revegetation or non-native
species removal (“Vegetation Only” or “Vegetate Structure”) be applied
at present.  This is due to the prevalence of sacked concrete along the
majority of the streambanks, and the assumption that stabilization of less
stable banks will have a higher priority than replacement of existing bank
structures.  As the sacked concrete deteriorates in the future, other
alternatives will also be appropriate.  Sufficient funding could permit the
complete replacement of sacked concrete with a more habitat-friendly
alternative at any time.

In Sub-reach B, bank conditions are highly variable.  Most banks are not
currently protected and are very steep and eroded, with insufficient
setback to allow regrading.  In the absence of regrading, vegetation is
unlikely to re-establish along the entire bank.  However, where dense
vegetation is present, banks are secured by networks of roots and do not
currently require structural stabilization.  As a result, the “No Action” and
“Vegetated Wall” alternatives are recommended at different locations
along the banks.  The creek is at its greatest sinuosity in this sub-reach,
which may also contribute to the highly variable conditions.

In Sub-reach C, the following alternatives are the most commonly
recommended: “No Action,” “Vegetation Only,” and “Vegetated Wall.”
In addition, from STA 278+00 to 344+00, the absence of adjacent
development currently permits regrading or terracing of the right bank
(“Regrade and Replant” and “Terrace” alternatives).  However, future
development along the creek in this area could pose additional constraints
on bank stabilization alternatives.  Alternatively, if the property is de-
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clared open space, it would be appropriate to take “No Action” and allow
erosion natural erosion processes to continue.

In Sub-reach D, there are no areas urgently requiring bank stabilization.
There are zones where removal of non-native species could be under-
taken to improve habitat conditions.

4.6  OPPORTUNITIES4.6  OPPORTUNITIES4.6  OPPORTUNITIES4.6  OPPORTUNITIES4.6  OPPORTUNITIES

Given the existing conditions of the study reach, there are several
locations that should first be targeted for bank stabilization and revegeta-
tion and offer the greatest opportunity to preclude future erosion hazards.

4.6.1  REGRADING
The right bank of San Francisquito Creek from Station 278+00 to STA
344+00 poses the greatest opportunity to enhance physical processes and
reduce bank erosion.  The left bank (when facing downstream) along this
stretch is very steep and eroded.  The Master Plan calls for regrading
and/or terracing the right bank in this area.  This would stabilize the right
bank, enhance riparian vegetation, improve the conveyance of the
channel in these sections, and diminish shear stresses along the adjacent
banks.  The feasibility of regrading the bank will depend in part upon the
future land use and stewardship of this area, and the potential to remove
mature, non-native eucalyptus trees from the top of the bank.  As such,
there are alternate recommendations for this bank if regrading and/or
terracing are not feasible.

4.6.2  REVEGETATION
Because revegetation will frequently occur in tandem with bank stabiliza-
tion, it is difficult to predict the top priority areas for revegetation.  In
general, revegetation priority should be given to large, contiguous areas
where adequate space at the top-of-bank enables steep, eroding banks to
be laid back and a gentler, planting slope created (“Regrade and Replant”
and “Terrace” alternatives).  Revegetation efforts could then occur on
the resulting large, planting surface.  Opportunities for this type of
revegetation work exist along areas upstream of El Camino Real.
Specifically, the area between stations 278+00 and 292+00 and between
316+00 and 344+00 on the right bank facing downstream offer the best
opportunities for this type of large-scale habitat restoration.  The portion
of San Francisquito Creek traversing the Stanford Golf Course also
presents high revegetation opportunities on both banks.  These areas are
between stations 382+00 to 404+00.

4.6.3 NON-NATIVE SPECIES REMOVAL
The San Francisquito Creek project area has a high component of
invasive, non-native species.  Generally, non-native species removal
efforts should be prioritized starting from upstream locations and moving
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downstream since dispersal of non-native seeds, stems, and roots occurs
in that direction.  In addition, priorities should be set with the aim of
minimizing the total, long-term workload and preserving existing high
quality habitat.  Non-native management actions are most cost-effective
when efforts are focused on detecting and eradicating small colonies of
invaders before they alter ecosystem function and degrade native
communities.  Eradication of islands of noxious, non-native species
occurring within areas dominated by native species should be the first
priority.
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