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I. Purpose of Manual
The purpose of the “Levee Operations and Maintenance Manual for the San
Carlos Airport” is to document the procedures for monitoring, inspection,
operations, and maintenance of the perimeter levee improvements constructed
by the City of Redwood City to protect the Redwood Shores peninsula from
potential coastal flooding.
This manual serves as a guide for operating procedures before, during, and after
a flood emergency, as well as for regularly scheduled maintenance. Operations
and maintenance activities and responsible parties are identified in the manual
for reference.
This manual is intended to be reviewed and updated on a regular basis with the
latest revision date provided on the lower right-hand corner.
II. Background
The Federal Emergency Management Agency (FEMA) is updating and digitizing
their Flood Insurance Rate Maps (FIRMs) for communities in San Mateo County.
The new FIRMs will identify areas in the County that do not meet FEMA’s new
levee height requirements, which will trigger mandatory flood insurance for
homeowners with federally backed mortgages within those communities.
Redwood Shores is one of the communities that would currently be placed in a
flood zone under FEMA’s new criteria. The city of Redwood City (City) has land
use authority over the community and is working to upgrade the entire levee
system surrounding the Redwood Shores peninsula, which includes the section
of levee at the San Carlos Airport (Airport).
The levee at the Airport is owned by the County and is located within Redwood
City limits and is also located inside the Redwood City General Improvement
District 1-64 (GID-64), which was formed to finance the maintenance of levees
within the district. The City has historically funded and constructed all of the
levee improvements to the levee system protecting the Redwood Shores that are
within its city limits and inside GID-1-64. The Airport has maintained the levee
adjacent to the facility for several decades.
A small portion of the levee at the Airport is also within the Federal Aviation
Administration (FAA) protected airport safety areas and cannot be raised at its
existing location for flight safety reasons. The County is working with the FAA to
study, design, and pursue funding for a more extensive long-term permanent
solution that will reposition this portion of the levee away from the runway and
into the adjacent slough in order to raise the height of the levee. These
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improvements are expected to take many years to complete and will take place
only if environmental and technical concerns can be met, and outside funding for
the environmental studies, design, and construction of the improvements can be
provided by the FAA. The County and City understand that the removable
WaterGate Water Barrier is a permanent removable water closure device to be
used on the levee until such time that a long-term permanent solution may be
constructed.
Because of the FAA restrictions in the protected airport safety areas, the City
initially planned to construct a bypass floodwall along Pico Boulevard between
the Airport and Redwood Shores Parkway in order to meet the new FEMA flood
requirements. However, the City later abandoned this approach and instead
decided to pursue raising the levee protecting the Airport. City staff met with
County staff in May 2009 and requested that the County allow the City to take the
lead on the construction of a short-term interim improvement project. The shortterm airport levee improvement project, which the City believed would be less
difficult and less expensive to construct than the bypass floodwall, would include
a removable barrier solution within the airport safety areas, which could be
deployed in the event that a storm event was forecasted to top the levee. The
County agreed to work cooperatively with the City towards the completion of the
levee improvements.
The City’s requirements related to the Levee Operations and Maintenance
Manual at the San Carlos Airport are as follows:
• Purchase and provide the WaterGate Water Barrier and the required
ancillary equipment necessary to maintain the WaterGate Water Barrier.
• Obtaining FEMA levee certification and ensuring that any future or ongoing FEMA requirements are met, as may be needed to exclude
Redwood Shores from the requirement of paying for flood insurance.
• Obtaining written FEMA approval for the use of WaterGate Water Barrier
as an approved removable closure device if and when such time a
permanent solution is constructed.
• Complete the construction of Airport levee improvements.
• County acceptance of the City’s improvements to the Airport levee.
III. Location
The San Carlos Airport levee is located at the eastern side of the San Carlos
Airport at the southeast corner of the Redwood Shores Peninsula. The levee is
located within the city limits of the City of Redwood City and inside GID I-64.
This Manual is intended to provide guidance only for the County-owned levee
located at the San Carlos Airport. Refer to Appendix B for the location.
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IV. Flood Emergency Operations and Procedures
The operations and maintenance of the County-owned airport levee during
periods of expected flood emergency is separated into three phases as follows:
A. Initial Response Phase
B. Full Response Phase
C. Post Storm Phase
Activities for each phase are described in the following paragraphs.
operations and procedures of the WaterGate Water see Appendix A.

For

A. Initial Response Phase:
The Initial Response Phase occurs whenever the National Weather
Service forecasts heavy rainfall of more than 4.0 inches within a 24-hour
period and water levels are expected to be within 6” of the top of the
levee. For further information, the National Weather Services can be
reached at (831) 656-1727.
Rainfall readings can be viewed at
www.cnrfc.noaa.gov/mtr/rainfall.php. The major activities during this phase
may include the following:
Mobilization - Mobilization is required as is necessary to carry out the
operations under this phase and the WaterGate Water Barrier should be
ready for deployment.
Patrolling and Preparation - During the Initial Response Phase, the
facilities should be patrolled to inspect its condition. Preparation may
include:
1. Checking that the WaterGate Water Barrier is ready for deployment
and confirm that the appropriate vehicle is on standby.
2. Checking the availability of additional resources with agencies and
private suppliers. Potential sources of equipment and supplies are
listed in Appendix C.
Reporting – Memorandum reports, telephone, or verbal reports to the
Public Works Director regarding condition of facilities and availability of
equipment and supplies will be made when necessary and as conditions
warrant or permit.
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B. Full Response Phase:
The Full Response Phase should be initiated if the intensity of the storm
as determined in the initial response phase presents a significant risk to
levee protection. The major operations during this phase may include the
following:
Mobilization – Full mobilization of all necessary equipment, supplies, and
personnel. The WaterGate Water Barrier shall be deployed in this phase.
Patrolling and Response– During the full response phase, the levee
should be patrolled and the appropriate safety precautions taken. Patrols
may include:
1. Photographing Damage: Photographs locations where damage is
occurring or has occurred, where damage has been repaired, where
any unusual conditions are or have been encountered. Camera shall
be available to the patrol or other personnel.
2. Resources: Contact agencies and private suppliers to obtain additional
resources. Potential sources of equipment and supplies are listed in
Appendix C.
3. Other activities: Any condition endangering flood control structures
should be corrected as soon as possible.
4. Deploy the WaterGate Water Barrier.
Reporting – No written reports are necessary at this time. Radio,
telephone, and verbal communications will be used where necessary.
The Public Works Director will be advised of the condition of facilities
when necessary and as conditions warrant or permit.
C. Post Storm Phase:
The Post Storm Phase begins when available hydrologic data indicates
decreasing rainfall and slough are not anticipated to increase. The phase
ends after rainfall has abated and after all the major operations indicated
in the following subparagraphs have been completed.
Demobilization – Full demobilization is permitted during this phase. .
Patrolling and Repairs – During the Post Storm Phase the levees should
be checked. The responsibility of the patrols may include the following:
1. Locating, Recording, and Photographing Damage: Damaged flood
control facilities should be located, recorded, and photographed.
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2. Initiating Repairs: Applicable temporary or permanent repair of
damaged flood control facilities should be initiated and this phase shall
include obtaining all necessary authorization for such repairs.
3. Inventorying equipment and materials: The WaterGate Water Barrier
should be inspected and stored for subsequent storm periods.
Reporting – A report shall be made to the Public Works Director, including
but not limited to a description of the various phases of the flood damage
to flood control facilities, damage to public and private property, and any
other pertinent data as necessary.
The report shall also contain
photographs showing high flows and any damage to project facilities.

V. Request for Flood Emergency Assistance
The levee improvements were constructed by the City of Redwood City to protect
the Redwood Shores peninsula from potential coastal flooding. The City of
Redwood City has an obligation, and has agreed to, provide resources to the
County of San Mateo in the event that the WaterGate Water Barrier or the levee
itself fails or is overwhelmed.

VI. Flood Fighting Methods
The main causes which may contribute to levee failure during periods of high
water or flood flows are: seepage through or under the dikes of sufficient
magnitude to cause a “boil”, leaks through the levees caused by burrowing
animals, erosion of the levees due to current or wave action, and overtopping as
a result of adjacent water surface or wave elevations in excess of levee height.
The various methods used to prevent levee failure are known as flood fighting
methods. The flood fighting methods described in the following paragraphs are
consistent with the practices by the California State Department of Water
Resources and the U.S. Army Corps of Engineers. A copy of the Flood Fighting
Methods, dated August 2003, by California State Department of Water
Resources is attached as Appendix D for reference.
A. Boils
A boil is a condition whereby enough pressure is produced by a high water
stage so that water is piped through or under the levee with sufficient
velocity to carry earthen material to the landward side. These danger
spots are serious if sand and other material are being carried in
suspension by the discharging water. If not controlled, these particles of
earthen material will be eroded from within the levee at an accelerated
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pace, thus causing a local subsidence of the levee section. The
continuation of this process will eventually result in a break in the levee by
allowing the flood waters to flow directly over the crest or through the
levee.
The common method of controlling boils consists of building up a
watertight sack ring around the boil to a height necessary to reduce the
velocity of flow in which earth material is no longer discharged from the
boil. The flow of water should never be stopped completely, because this
may cause the boil to “break out” in an area adjacent to the existing sack
ring. The sack ring around the boil should be large enough to effectively
encompass the defective area immediately surrounding the discharge
spot. If several boils of sufficient force to displace sand or earth are
observed, a sack sub-dike may be built around the entire nest of boils to
such a height that none of the boils will discharge with enough velocity to
move sand or other material from the levee foundation. If the boil is close
to the levee, a U-shaped chimney may be built around the boil and sealed
into the levee slope. This method may also be used to control flow
through a rodent hole which is discharging water from the levee slope.
B. Wave Wash
Though this segment of levee does not exhibit wave action the potential
for future improvements to create a fetch for waves to develop exists.
Therefore wave wash flood fighting methods are presented here for future
reference.
All levees adjacent to wide stretches of water should be watched during
periods of high wind to detect the starting of wave wash. If the slope is
protected by riprap revetment or is well sodded, a high wind of a limited
duration should cause little damage. During periods of high wind and high
water, ample labor should standby, and experienced personnel should
observe where the washouts are beginning. If the current is slow and the
slope not steep, the wave wash can be detected by wading along the
submerged slope. During periods of high wave action, the wave wash
may have to be located by sounding the dike face. A moveable type of
wave wash protection consists of wood panels which can be built rapidly
at any convenient place and easily installed. Another method of wave
wash protection is the use of sections of cotton bagging adequately
weighted and placed over the washed areas. A third method is the
placement of sandbags directly in the eroded area. The bags should
extend to sufficient height to give protection above the anticipated rise in
water surface.
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C. Current Scouring
A careful observation should be made of the bay-side slopes of levees to
detect possible erosion due to current action. Trouble spots may occur at
any location subjected to heavy wave action, road crossing ramps and
locations where pipes and other structures penetrate the levees or
obstruct the channel. If any indication of scour is observed, soundings
should be taken to measure the amount and progress of the scour. An
effective method to check scour on slopes or at the end of levees is to
construct deflection dikes using brush, tree tops, or lumber. An effective
deflection dike can be constructed by driving pairs of long stakes, wiring
together and filling in between the stakes with brush and filled sacks or
stone. Levee scour can also be alleviated by the use of the methods
employed for wave wash prevention, if care is taken to see that scour
does not take place under the protection thus afforded. In general,
velocities within the Steinberger Slough are not expected to cause
significant scouring.
D. Levee Topping
If any reach has an elevation lower than the anticipated high water
elevation, steps should be taken to provide emergency topping to raise the
levee grade to forecasted flood heights. The following is a brief
description of the various methods that may be used to increase dike
height.
1. Sack Topping – Sack topping may be used to raise the crown of the
levee about three feet. The sacks should be laid stretch-wise or along
the levee crest for the first layer, crosswise for the second layer, and
so on. Sacks should be lapped at least one-third either way and well
mauled into place. When properly sacked and tamped, one sack will
give about three to four inches of topping.
2. Lumber and Sack Topping – A common method of raising low reaches
during emergencies is by the use of lumber and sack topping. This
method utilizes wooden panels on the watershed side of the levee
crown. The panels are reinforced on the landward side of sandbags.
Stakes, 2”x4”x6’ and spaced 6 feet apart, should be driven into the
levee on the bayside of the crown. Panels shall then be attached to
the side of the stakes facing away from the channel. The wall should
then be backed with a sufficient number of sand bags to support the
panels against the anticipated high water. In extreme cases, a threefoot topping may be provided if properly braced behind with sacks and
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earth. In some instances, it may be practical to back up the panels
with tamped earth, obtained in the vicinity, in lieu of sandbags.
VII. Operation and Maintenance
A. Maintenance
Maintenance activities for the levees are described here, while
maintenance for the WaterGate Water Barrier are provided in Appendix A.
All structural repairs shall be made upon consultation with an engineer
and in accordance with standard engineering practice. No significant
change or alteration shall be made to the levee which would adversely
affect its stability and operational integrity without prior evaluation by a
licensed engineer and authorization by the County.
B. Inspections
Levee inspections will include the following:
1. Levees will be visually inspected at a minimum every six months for
signs of erosion, or settlement.
2. Levee tops will be inspected for areas requiring maintenance to ensure
safe access for emergency vehicles and maintenance vehicles.
Other inspections may be made following each major high water period
and at such intermediate times as may be necessary to ensure the best
possible care of the levees.
Inspection of the levees may include signs of the following:
1. Unusual settlement, sloughing, or material loss of grade..
2. Caving has occurred on either the landward or the riverward of the
levee which might affect the stability of the levee section.
3. Seepage or saturated areas are occurring.
4. Drainage system is in good working condition and that such facilities
are not becoming clogged.
5. Crown of levee is shaped to drain readily.
6. Unauthorized vehicle on the levees.
7. Rodent damage along the levees.
C. Operation
During flood periods the levees shall be patrolled per Section V. Flood
Emergency Operations and Procedures to locate possible sand boils,
unusual wetness of the landward slope, or levee breaches. The inspector
may look for indications of sliding or sloughing, that wave wash or
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scouring action is not occurring, that no low reaches of levees exist which
might be overtopped, and that no other conditions exist which might
endanger the integrity of the structure.

VIII. Items to Look for During Inspection Activities
A. Erosion
1. Types of Erosion:

There are several types of erosion that affect the levees. For example,
the slopes of any embankment can become eroded from rain runoff, as
shown in Figure 1 or by embankment overtopping, as in Figure 2.
Depending on the extent of the erosion, the level of protection provided
by the levee can be significantly reduced. In cases of embankment
overtopping during a flood, there may be a total failure of the structure.
A second type of erosion often observed on embankments is wave
wash. Under high water conditions, wave action can form long terraces
along the length of the embankment slopes. If additional material or
bank protection is not provided, the embankment will continue to cave
as the waves work their way farther into the slope.
A third type of embankment erosion is caused by the flow of water
within a river or channel. These flows can erode a channel bank or
levee, or undermine other flood control structures and cause them to
cave into the water. Bank caving or stream bank erosion can be a very
serious threat to the stability of a levee. It’s critical that the riverward
bank be inspected for bank caving or erosion. If the river or stream
bank erosion or caving is observed to be moving in the direction of a
levee or floodwall, immediate action should be taken to stabilize the
banks.
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Figure 1 UNACCEPTABLE erosion of levee slope. (TX)

Figure 2 Flood damage. (WA)

B.

Slope Stability

Some earthen materials tend to become saturated with water very easily.
When this happens, they loosen stability and can’t support their own
weight. If a stream or river embankment is composed of these materials,
the embankment will slump off and move down the slope into the river,
causing a bulge at the base of the slope. When river banks break down
such as in Figure 3, they are said to have slope stability problems and
need to be repaired. Slope failures can lead to serious problems,
especially if the failure occurs near a levee or floodwall. Levees, like
riverbanks, are subject to the same soil saturation effects during a flood or
period of heavy rainfall. Levees are generally less susceptible to slope
stability problems because of the materials they are made of and because
of their shallow slopes. However, slope failures have occurred during
prolonged periods of high water or heavy rainfall. Figure 4 shows an
earthen embankment that failed as floodwaters receded. While slope
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failures will generally occur on the riverward slope of a levee, be aware
that slope failures on landward slopes are also possible. A levee should
be carefully inspected for slope stability problems after these events. A
related slope failure/stability problem involves trees growing on or near the
levee slopes. It’s very important to prevent tree growth near levee
embankments, because when the roots of these trees decay they leave
voids in the soil, which allow water to quickly saturate the slope and cause
a slope failure. Trees can also be uprooted and deflect flood flows into the
embankment, accelerating the erosion of the bank. The classic signs of
slope stability problems are listed below, and you should watch for these
signs during routine inspections.
a.
b.

c.

Wide deep cracks that parallel the levee crest. These cracks
may also extend down the slope of the levee.
Vertical movement of the material along the crack.
Remember that this movement may be very obvious or very
subtle if the stability problem is just starting to develop.
If the slope has slumped or is starting to slump, examine the
area along the toe of the embankment. In many cases there
will be a noticeable bulge in the slope. Deep seated sliding
often requires the removal and replacement of that section of
the levee, and the stabilization of the area with a soil or rock
berm.

Figure 3 Slope failure on bank protection project. (WA)
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Figure 4 UNACCEPTABLE earthen embankment failure. (MN)

C.

Animal Control
Close attention must be given to the presence of burrowing animals, since
they may not be readily detected without a thorough inspection. Burrows
created by gophers, muskrats, opossums, badgers, and other animals can
lead to rapid levee failures during floods. Inspections to detect the
presence of burrowing animal activity are generally most effective
immediately after the levee has been mowed. Animal burrows that are
identified should be thoroughly excavated and inspected, backfilled with
compacted soil that is similar to material of the levee, and reseeded. This
will avoid the possibility of water piping through unfilled portions of the
burrows during a flood.

D.

Cracking
It’s important to closely monitor and evaluate all visible areas of cracking
on a levee, to ensure they don’t develop slope stability problems. Cracks
in a levee develop when the levee material is saturated with water and
when it is overly dry. Clay, like most impervious materials, will shrink as it
dries and re-expand when wet. Clay levee surfaces tend to shrink and
expand slightly, and some cracks in the surface of the levee are to be
expected. Shrinkage cracks are generally narrow and shallow, not
extending more than a few inches into the levee, but during long periods
of drought they may extend as much as two feet into the levee. These
cracks can run longitudinally or transverse to the levee or may appear as
blocks. If the cracking becomes excessive, it needs to be reviewed even if
the levee appears to be stable.
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E.

Ruts and Depressions
Ruts and other depressions often develop along levees or patrol roads as
a result of pedestrian or vehicular traffic, settlement, or because of an
inadequate crown slope. Ruts and depressions are a problem because
they allow water to pond on the levee crest or access road. If left
uncorrected, the ponded water will seep into the levee’s interior or into
roadway embankment, saturating the foundation material, and making the
levee more susceptible to failure during a flood. The levee should be
inspected for ruts, pot holes, and areas of standing water after it rains.

F.

Seepage/ Sand Boils
Sand boils and seepage problems are not generally identified during
routine inspections because these problems typically only appear under
high water conditions. However, if sand boils or continuously saturated
soils (not caused by ponding water or poor drainage) are observed on the
landward side of the levee or floodwall under low water conditions,
regardless of their size, they will likely become serious problems under
high water conditions. Sand boils and under-seepage is a serious
problem.

IX. Safety Precautions
Personnel working at or on any portion of the levees, channel, and/or
appurtenance shall at all times take all possible measures to ensure their
safety. Specifically, all personnel shall observe the following:
1. Determine and observe all precautions in the use of any chemicals.
2. All work on any structure or appurtenance shall be done with
necessary safely devices; i.e., ropes, cables, ladders, safety harness.
3. All debris removal from levee during flood stage shall be performed
with assistance of at least one other person.
4. Proper instructions and training shall precede the operation of all
equipment.

X. WaterGate Water Barrier
Maintenance and operation of the WaterGate Water Barrier shall be in
accordance with the latest version of Appendix A.
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