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TECHNICAL AND INSTITUTIONAL CONSIDERATIONS IN
CONTROL OF FLOODING AT EDGERLY ISLAND

Purpose

This report has been prepared at the request of the Edgerly
Island Reclamation District (EIRD) to evaluate measures that the
District could take to ensure that privately owned levees within
the District are properly maintained to prevent flooding.

Scope of Work

The scope of work for this report is outlined in the letter
proposal made to the District dated March 31, 1983. A copy of
this letter proposal is attached as an appendix to this report.

Background

Edgerly Island was first diked off from the waters of the Napa
River and Mud Slough by Mr, Edgerly in approximately 1925. The
dikes or levees were constructed of excavated bay mud with only
minimal efforts made to control the quality or uniformity of the
materials used to build the Yevees. The levee system was not
engineered, nor was the lavee fill material compacted but rather
was allowed to compact and consolidate under its own weight. The
levees are constructed over a layer of Napa River alluvial
deposits consisting of clays with lenses of peat, silt, sand, and
unconsolidated gravel to depths of hundreds of feet. These
deposits are highly compressible and thus any structures built in
this area are subject to almost continuous slow settling,
particularly levees and homes.

The area was subdivided around 1945 into building sites and the

- primary use of the area when first settled was recreational with

most of the activity taking place on weekends.

The Edgerly Island community lies entirely within the
unincorporated area of the County of Napa. The County of Napa
assumes responsibility for land use planning, public road
maintenance, storm drainage facilities maintenance, etc. Special
County-wide districts having jurisdiction over the area include
the Mosquito Abatement-Distriet, Napa County-Flood Control and
Water District and the Bay Area Pollution Control District (?).
Two special districts directly involved are the Napa Flood and
Water District 2one 1 and the Edgerly Island Reclamation
District. The EIRD, which has been in existence for approximately

10 years, is the lead agency for the Edgerly Island area as
regards flood control.

The Napa River channel at 100 feet wide and 15 feet deep near
Edgerly Island has a capacity of 12,000 cubic feet per second
(cfs). Still, the flows of the Napa River have been such that
flooding has been a problem in the Edgerly Island area. The levee
system at Edgerly Island is almost totally privately owned. The
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Spread among so many people, the levees are sporadically main-
‘tained and have been subject to f£looding by high river flows and
even under high tide conditions. During 1955, 1958, and 1963 the
Napa River flooded in the Edgerly Island area because of high
flows but in more recently the river has flooded because of high
tides as in January of 1967and 1973, and January and December of
1983. This flooding potential is aggravated by three specific
conditions:

a) The Edgerly Island levees are gradually sinking or sesttling
because of the compressibility of the underlying bay mud;

b) The peak tides in the San Francisco Bay are gradually
increasing in height at the rate of about 1 foot per 100
years; and

c) Even with only a moderately high tide, if it is coupled with
strong winds rushing up the Napa Valley, the wind action
pushes water up the Napa River adding as much as 8 to 10
inches creating a tidal elevation of flood potential,

After the floods of 1967 and 1973, the County undertook several
surveys and preliminary studiés in an attempt at resolving the
flood control problems at Edgerly Island. Since it was at this
time that the EIRD was coming into being, ths County studies were
dropped and no further formal action was taken. The surveys of
the Edgerly Island levees showed an average elevation of 6.7 feet
(USGS datum) in 1972, with a minimum elevation of 5.5 and a
maximum of 8.1. The County also estimated that the highest tide
that could be expected at Bdgerly Island was 7.1 feet based on
the highest tide of record at that tims of 6.5 measured at Mare
Island on February 13, 1938. That tidal elevation was then assu-—
med to be the 100 year tide. By comparison, the 100 year flcod in
the Napa River was estimated to be 7.5 feet at Edgerly Island and
so this was the controlling elevation at that time for flood
control. With a 1 foot allowance for freeboard, the County was
recommending a levee elevation of 8.5 feet in 1973.

More recently, the Flood Insurance Study prepared for the Federal
Emergency Management Agency in 1979, noted that "the banks of the
Napa River are over-topped and considerable land inundated as far
north as Cuttings Whar£f-by the 100 year tide. This £looding is
aggravated during high flows in the Napa River and by wind waves
which can increase the [tidal] stage a significant amount because
of the long fetch (distance of travel of the wind over the water)
of the San Francisco and San Pablo Bays." The 100 year flood was
still estimated at an elevation of 7.5 feet.

Existing Conditions

A visual inspection of the levee under the jurisdiction of the
EIRD has shown that the levee is in general in good condition but
is of inadeguate elevation in many locations. After the two
floods of 1983, many residents have embarked on substantial levee
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coordination of this effort. A levee is no better than its
--weakest link. Some property owners have made no improvements;
some owners have made substandard improvements; and many owners
have made first class improvements.

Prior to 1974, the County had prime responsibility for the
enforcement of levee maintenance at Edgerly Island. The County
though was anxious to turn that responsibility over to the local
community as almost all of the levee was located on private
property with no easements for right of entry making it difficult
for a County agency to be responsible for protecting the area
from flooding.

The Edgerly Island Reclamation District was formed to have a
local agency responsible for the levees in the sEdgerly Island
area. The District however does not own or have maintenance
rights to any of the levees on the island. A Plan of Reclamation
could have been filed at the time of formation of the District
that would have defined the District's role and responsibilities
in levee maintenance but this was not done probably because the
District was uncertain as to the level of responsibility and thus
liability to which they would be exposed. The EIRD thus has taken
mainly an informational role locally regarding levee maintenance
and has coordinated flood control related activities with the
County. With the recent expansion of the District's powers to
include sewerage facilities, the District has become much more
active and prominent. The extensive flooding that occurred in
January and December of 1983 caused by high tides and wind condi-
tions (December mainly) the District is determined to address the
flooding issues to ensure that the residents of Edgerly Island
will be protected from future floods caused either by high tides
or high river flows.

Current levee maintenance is strictly at the discretion of the
property owner. Enforcement is restricted to peer pressure or
threat of potential liability by the County legal counsel. The
County waives grading permit requirements for levee work unless
the levee work impacts on existing drainage pathways or flood
plains. As a result there are no permits required or standards
enforced regarding levee maintenance. What is needed is a minimum
design standard for levee maintenance covering minimum height of
the levee system, acceptable methods of Taising levee heights,
how differing levee sections are joined together at property
lines, a method of ensuring minimum standards are being met, and
enforcement of minimum levels of levee maintenance.

Present methods of raising the height of the levee system consist
primarily of installing block walls or adding earth to the top of
the levee. Neither of these approaches though are following any
particular design standard, The block walls range in construction
from poured concrete footings with reinforcing steel extending
into the blocks to block walls held together simply by gravity.
Also, when levees are raised by adding earth on top no consistent
effort is made to ensure that the type of earth is suitable in
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sloughing of the levee fill is being prevented on the river sids,
‘or that a minimum levee section is being maintained.

The result is that some of the work currently being performed
will not be adequate in the future and will need to be replaced
or substantially modified. With proper design guidance, work
currently being performed to raise the levees at Edgerly Island
could be done without any significant increase in cost so that it
would allow safe future increases in levee height. This would
save a lot of money and effort in the future while providing
greater safety and flood protection.

Levee Settlement

One of the most important considerations in levee maintenance is
allowing for the settlement of levees when the levees are
underlain by very thick deposits of highly compressible bay muds
such as in the Edgerly Island area. The estimating of the amount
of settlement along any given section of levee is complicated by
the actual nature of the soils underlying that section as the
composition varies substantially and by the actual weight of the
leves itself which is controlled by its height, cross-section angd
density of materials used. In an attempt at establishing a
reasonable estimate of levee settlement at Edgerly Island several

sources of information were contacted. The sources contacted are
as follows:

1. The general opinion at Edgerly Island seems to bes that the
levee settles at perhaps the rate of 1 foot per decade.

2. Napa Sanitation District was able to provide some data
regarding settlement of their levee system between 1967 and
1974. This data showed settling of from 0 to 1 foot in 7
years but averaging about 0.4 feet, This would correspond to
0.6 feet in 10 years. :

3. Leslie Salt also provided a rule of thumb estimating method
that they use which is 1 foot per 10 years per 10 feet of
levee height. This is based on their experience and allows

for the size (weight actually) of the levee and how fast it
will settle. .

4, Lastly, Napa County nad surveyed the levee at Edgerly Island
in 1967 and 1972 but what with various levee improvements
during those years, the actual average elevation of the
levee went up by 0.2 feet from 6.5 in 1967 to 6.7 in 1972,
The only data that could be applied directly was the settle-
ment measured of a couple of bench marks. These 2 bench
marks settled by 0.2 feet in 5 years. This settlement rate
would correspond to 0.4 feet in 10 years.

Thus the consensus of the above estimates of levee settlement
would place the settling of levees at Edgerly Island at between
0.4 and 1 foot every 10 years. For lack of a more accurate
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which yields a levee settlement rate of 0.75 feet per decade.

In addressing the issue of raising of levees, this area of levee
settlement deserves special consideration because how a leves is
maintained has a material bzaring on how fast a levee settles. As
noted earlier, the heavier a leves is the faster it will settle.
Thus, simply piling earth on top of a levee will increase the
rate at which it settles. It can thus become something of a
catch-22 situation. Also, excessive weight on top of a levee can
accelerated the sloughing of levee material into the river by
pushing saturated soils out from under the levee. This will
result in levee subsidence in the area affected and lead to levee
breaching as occurred at 1788 Milton Road in 1973. Therefore, in
any levee maintenance program, consideration needs to be given to
the weight of materials to be used, the levee cross-section
needed, compatibility with existing structures, and future ease
of augmentation of levee height.

The 100 Year Flood

Generally design of flood control projects is based upon the 100
year flood, or that level of flood that would occur every 100
years using a statistical analysis of historical records. At
Edgerly Island, flooding can occur as a result of extremely high
flows in the Napa River or from extremely high tides. From flood
control studies done by the Corps of Engineers (1974) and from
the flood insurance study by the Federal Emergency Management
Agency (1979), the 100 year flood (42,000 cfs at Edgerly Island)
has been determined to be at an elevation of 7.5 feet using the
National Geodetic Vertical PDatum (NGVD) which is the same datum
as used by the County and in the construction of the sewer
system. This flood elevation is based on estimations of flood
water levels in the Napa River caused by extremely high out-flows
in the river. At the present time this is the best estimate of a
100 year flood elevation caused by the Napa River. :

But even a 10 year river flow is at elevation 7.0 and exceeds the
12,000 cfs capacity of the Wapa River. For example, the river
flows were 16,900 cfs in 1963, 15,800 cfs in 1367, 14,700 cfs in
1970 and 13,900 cfs in 1973, As previously discussed, flooding at
Edgerly Island occurred in all but one of these years.

Besides high river flows, flooding at Edgerly Island can also be
caused by high tide conditions as occurred in 1983, The Corps of
Engineers has now estimated that the peak tides of 1983 were
actually 100 year-tide levels, that is, tidal elevations that one
would expect to see only every 100 years. At the Presidio, the
peak tides of January and December were measured at an elevation
of 6.0 using the NGVD. Since the tide "at the Presidio is 1.5 feet
lower than on the Napa River at the Brazos Bridge according to
the tide tables, the actual tide elevation at Edgerly Island was
7.5 feet without any allowance for wind conditions. In the
January 1983 flood, the flood level was actually measured at a
distance of 3000 feet south of the Brazos Bridge to be approxi=-
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Allowing for levee settlement the actual flood elevation was
probably closer to 7.4. This agrees reasonably well with the tide

‘measured in the Bay and corrected for the Napa River as there was

no significant amount of wind during that January 1983 high tide.

For the flood that occurred during December 1983 however, there
was a considerable wind blowing out of the south which coincided
with the other peak tide of 1983. The elevation of the high tide
without wind should have been about 7.5 feet but in actual fact
was measured at an elevation of 8.2 feet about 4 months after the
fact. This means that the wind was responsible for approximately
0.7 feet or 8.5 inches of the high tide that caused so much flood
damage at Edgerly Island in December of 1983,

Based upon the above information, the 100 year tide level at
Edgerly Island is estimated to be 7.5 feet or the same level as
the 100 year Napa River flood level. In establishing freeboard
requirements, allowances need to be made for wind action, waves,
and future levee settlement and peak tide level incrzases.

A standard project period for permanent improvements such as
buildings or earthworks is to use a 40 to 50 year life-span and
to design accordingly. If a 50/ year period is selected then the
projection of freeboard requirements now and 50 years from now is
presented as follows:

1984 - 100 year tide/flood 7.5
wind + 0.8
wave + 0.5
settlement + 0.0
tidal increase + 0.0
freeboard margin + 1.0
Total elevation —_;?;_

2024 ~ 100 year tide/flood _ 7.5 .
wind ) + 0.8
wave - + 0.5
settlement + 3.0 )
tidal increase + 0.4
freeboard margin + 1.0
Total elevation -ISTE—
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Edgerly Island should be 9.8 feet. This compares to the general
existing levee elevation of about 7 feet, excluding block walls
that have been recently constructed. Forty years from now the
existing levee on average will have to be raised to the equiva=-
lent elevation of 13.2 feet or an increase of 6.2 feet over the
present elevation.

As just noted, the current minimum design leves elevation at
Edgerly Island should be 9.8 feet. This means that in order to
have the standard margin of safety of 1 foot of freeboard (as
defined by FEMA), the levees, prior to improvements made in 1983,
needed to be raised on the average almost 3 feet. Most levee
improvements were not raised this much., In addition, over the
next 40 years provision should be made for an eventual augmenta-—
tion of the existing levee of over 6 feet half of which will be
to compensate for settlement. The actual amount of settlement may

be more or less depending on the particular levee section and the
method used to raise-it.

Based on these minimum required elevations, it is likely that few
if any of the levee improvements currently completed or in pro-
gress meet the necessary standards or are compatible with the

size of block retaining wall or sarth £ill augmentation required
in the future. :

Recommended Levee Improvements

The augmentation of the levee system at Edgerly Island should be
based on recognized standards with some system for assurance of
quality control (inspection) and enforcement.

The approach to establishing standards has involved determining
the minimum levee height or elevation required under various
circumstance and projecting that elevation requirement out to a
reasonable time frame such as 40 years. The method of actually
augmenting the levee for both current and future protection
should be based on guidelines provided by the Corps of Engineers'
engineering and design manual "DESIGN AND CONSTRUCTION OF LEVEES"
published March 31, 1978. This design manual has a lot of
technical information in it on construction of levees under
varying conditions, but the most relevant section is fairly short
and has been copied and_attached to this report as Appendix A.
This section covers the two standard methods of enlarging levees,
earth—~levee enlargement and floodwall-levee enlargement (I-type
and T-type). The manual also provides guidance on how to handle
the junction of earth levees and concrete structures such as
floodwalls, and drainage control facilities such as drain_gates,
pumping plants, etc.

The enlargement of any given length of levee using earthwork can
be a gradual process once that part of the levee has been brought
up to some minimum standard elevation and cross-section. The
recommended elevation for the 100 year tide and flood based on
this report is currently 9.8 feet. The minimum cross~section for
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of the subsoil forming the levee foundation, the potential for
“'sloughing into the river, and the porosity and erosion potential
. of the levee fill material. Generally a minimum of 12 feet across
the top of levee is recommended (principally for vehicular
access) with side slopes no steeper than 2.5 or 3 (horizontal) to
1 (vertical). Actual minimum slope determinations should be veri-
fied by a reputable soils engineering firm knowledgeable in bay
mud levee construction. Once the levee is at both the minimum
elevation and cross-section, it is a routine maintenance matter
to add to the levees to compensate for settlement and rising tidal
levels. This process of adding earth to the levee must be done to
ensure that the enlargement maintains the proper levee cross-
section throughout as shown in Figure 8~3 of Appendix A.

Because adding fill to a levee requires the use of more land area
as the levee increases in height and accelerates the rate of
levee settlement (0.1 £t/yr/10ft of height) and because many of
the levees at Edgerly Island are somewhat inaccessible to trucks
and heavy equipment (except by barge at high tide), a generally
more economical and lighter load solution to flood control is by
the use of floodwalls. In particular, concrete block walls are
much lighter per unit of height than any corresponding earthen
levee section. This has been a’'commonly used approach at Edgerly
Island the last year to augment the levee elevation. The problem
though has been that the floodwalls have not been constructed to
any particular design standard. The result is that none of the
concrete block walls that have been built have foundations that
are adequate to support further courses of block to compensate
for the future levee settlement and increased tidal levels that
are projected.

What is recommended is that the District retain a structural
engineer and soils consultant to provide to the District a stan—
dard detail for floodwall construction that any property owner
could use to construct a floodwall that would be adeguate to add
to for up to 40 years hence. The County in 1973 designed a
- concrete flood wall consisting of a pyramid of concrete block
that would be easy to build and should be considered along with
the Corps designed floodwalls. Consideration will also need to be
made for design standards for access over or through such flood-
walls, particularly as they increase in height. Ideally, stair-
ways over the walls would be best to avoid the need for access
gates through the floodwalls; however, this may prove impracti-
cal, in which case if access gates are allowed to boat docks,
etc, then provision for flash boards to seal off these openings
should be mandatdry with measures for fail-safety incorporated.
Such measures perhaps could include high water sensors to sound
alarms to remind a resident to install the flash board or better
yet, to automatically trigger the closing of a flash board to

seal an opening before flo0od or tidal water levels rose to any
dangerous level,.

It should be noted that in general the "LOW COST SHORE
PROTECTION" manuals provided by the Corps of Engineers althougn
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are not suited to providing guidance in augmentation of levees
and should not be used for such purposes.

Institutional Approach

The Edgerly Island Reclamation District must take the role as
lead agency in setting and enforcing minimum levee maintenance
standards within its area of jurisdiction. Because almost all
levees within the District are privately owned, it is impractical
for the District to assume responsibility for direct maintenance
and repair of the levees., This power was not requested nor
granted at the time of the formation of the Reclamation District
and without special legislative action is not available.

It is also doubtful that having this power would even be
desirable for the District. The development within the District
has bee uncontrolled and as a result there are not even
provisions made for access to the levees for routine or emergency
repair of thes levee system. The resultant liability to the
District of having overall responsibility for the condition of
the levees without full easement and access to and along the
levee system would be unacceptable.
My recommendation would be for the District to adopt an ordinance
containing minimum standards and guidelines for levee maintenance
as outlined in the previous section. A voluntary committee should
be set up to assist property owners in establishing the types of
improvements needed to their levee system, providing standard
design details, coordinating with adjacent properties, and
inspection of improvements as constructed. The property owner
would have to sign appropriate disclaimers and waiver of
liability for these services which are meant as a public service
but not to abrogats the ultimate responsibility of each property
owner for the maintenance of their portion of the levee. In
addition, the District should obtain from each property owner
limited right of entry for the purposes of emergency repair of
their levee if that property owner was unavailable to make such
repairs himself.

In terms of enforcement, the simplest tool is peer pressure but
this can be combined with educational efforts where property
owners are informed of their responsibilities regarding levee
maintenance and the liability that goes along with it if their
property should be responsible for causing flood damage. This
informational effort should also include explicit descriptions of
the legal remedies available against property owners that are not
responsible in maintaining their levee adequately.

10
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adding material to the levee crown and slopes. The levee section should
never be reduced to accommodate & ramp.

Section III. Levee Enlargements

8-11. General. The term levee enlargement pertains to that addition o
an existing levee which raises the grade. A higher levee grade may be
required for several reasons after a levee has been constructed. Addi-
tional statistical information gathered from recent floodings or recent
hurricanes may establish a higher project flood elevation on a river
system or a higher elevation for protection from incoming tidal waves
produced by hurricane forces in low-lying coastal areas. The most
economical and practical plan that will provide additional protection is
normelly a levee enlargement. Levee enlargements are constructed either
by adding additional earth fill or by constructing & floodwall, "I"-type
or "inverted T"-type, on the crown.

8-12. Earth-Levee Enlargement.

a. The earth-levee enlargement is normally .preferred when possible,
since it is usually more econcmical. This type of enlargement is used
on both agricultural and urban levees where borrow sites exist nearby
and sufficient right-of-way is available to accommcdate a wider levee
section.

b. An earth-levee enlargement is accomplished by one of three
different methods:  riverside, straddle, or landside enlargment. A
riverside enlargement is accomplished by increasing the levee section
generally at the crown and on the riverside of the levee as shown in
figure 8-3a. A straddle enlargement is accomplished by increasing the
levee section on the riverside, at the crown, and on the landside of
the levee as shown in figure 8-3b. - A landside enlargement is accom-
plished by increasing the levee section, generally'at the crown and on
the landside of the levee as‘shown in figure 8-3c. Usually the river-
side levee enlargement affords the greatest economy, provided sufficient
and suiteble riverside borrow exists. A landside enlargement should
consist of material at least as pervious as the embankment and pref-
erably more pervious. Landside levee enlargements are usually the
least desirable from an economy standpoint, since additional right-of-
way often has to be purchased, Another possible economic advantage of
a riverside enlargement over a landside enlargement is less material may
be required tc construct the riverside enlargement. The reason is that
on some levee systems the riverside slope of the levee is steeper than
the landside slope, and the slope of the enlargement is normally made
equal to or flatter than the existing slope of the levee.

8-1h
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Figure 8-3. Enlargements

c. The modified levee section should be checked for through seep-
age end underseepage as discussed in Chapter 5 and for foundation and
embankment stability as discussed in Chapter 6. Sufficient soil berings
should be taken to determine the in situ soil-properties of the existing
levee embankment for design purposes,

- d. An eerth-levee enlargement should be made integrel with the
existing levee. -Every effort should be made such that the enlargement
has at least the same degree of compaction as the existing levee on
vwhich it is constructed. Preparation of the interface along the

8-15
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existing levee surface and upon the foundation should be made to ensure
good bond between the enlargement and the surfaces on which it rests.
The foundation surface should be cleared, grubbed, and stripped as
described in Chapter 6. The existing levee surface upon which the levee
enlargement is placed should also be stripped of all low-growing vegeta-
tion and organic topsoil. The topsoil that is removed should be stock-
piled for reuse as topsoil for the enlargement. Prior to constructing
the enlargement, the stripped surfaces of the foundation and existing
levee should be scarified before the first 1lifts of the enlargements

are plsced.

8-13. Floodwall-Levee Fnlergement.

a. A floodwall~levee enlargement is used, when additional right-of-
way is not available or is too expensive or if the foundastion conditions
will not permit an increase in the levee section. Economic justifica-
tion of floodwall-levee enlargement cannot usually be attained except
in urban areas. Two common types of floodwalls that are used to raise
levee grades are the I wall and the inverted T wall.

b. The I floodwall is & vertical wall partially embedded in the
levee crown. The stability of such walls depends upon the develcpment
of passive resistance from the soil. For stability reasons, I floodwalls
rarely exceed T ft above the ground surface. One common method of con-
structing an I floodwall is by combining sheet pile with a concrete cap
as shown in figure 8-L. The lower part of the wall consists of a row of
steel sheet pile that is driven into the levee embankment, and the upper
part is a reinforced concrete section capping the steel piling.

e¢. An inverted T floodwall is a reinforced concrete wall whose
members act as wide cantilever beams in resisting hydrostatic pressures
acting against the wall. A typical wall of this type is shown in fig-
ure 8-5. The inverted T floodwall is used to make floodwall levee
enlargements when walls higher than 7 ft are required.

d. The floodwall should possess adequate stability to resist all
forces which may act upon it. An I floodwall is considered stable if
sufficient passive earth resistance can be developed for a given pene-
tration of the wall into the levee to yield an ample factor of safety
against overturning. The depth of penetration of the I wall should be
such that adequate seepage control is provided. Normally the penetra-
tion depth of the I wall required for stability is sufficient to satisfy
the seepage requirements. For the inverted T floodwall, the wall should

have overall dimensions to satisfy the stability criteria and seepage -

-control as presented in EM 1110~2-2501 (ref. A-3a(11)).

8-16
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Figure 8-5. Inverted T-type floodwall-levee enlargement
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e. The existing levee section should be checked for through
seepage and underseepage as discussed in Chapter 5 and for embankment
and foundation stability as discussed in Chapter 6 under the additional
hydrostatic forces expected. If unsafe seepage forces or inadequate
embankment stability result from the higher heads, seepage control
methods as described in Chapter 5 and methods of improving embankment
stability as described in Chapter 6 may be used. However, some of these
methods of controlling seepage and improving embenkment stability may
require additional right-of-way for construction which could eliminate
the economic advantages of the floodwall in comparison with an earth
levee enlargement. As in earth levee enlargements, a sufficient number
of soil borings should be taken to determine the in situ soil properties
of the existing levee embenkment for design purposes.

Section IV. Junction with Conecrete Closure Structures

8-14. General. In some areas, a flood protection system mey be com-
posed of levees, floodwells, and drainage control structures (gated
structures, pumping plants, etc.). In such a system, a closure must be
made between the levee and the concrete stricture to complete the flood
protection. One closure situation occurs when the levee ties into a
concrete floodwall or a cutoff wall. In this closure situation the wall
itself is usually embedded in the levee embankmernt. In EM 1110-2-2501
(ref. A-3a({11)) a method of making a junction between a concrete flood-
wall and levee is discussed end illustrated. Another closure situation
occurs when the levee ties into a drainage control structure by abutting
directly against the structure as shown in figure 8-6. 1In this situa-
tion the abutting end walls of the concrete structure should be battered
10V on 1H to ensure a firm contact with the fill.

8-15. Design Considerations. When Jjoining a levee embankment with a
concrete structure, items that should be considered in the design of

the junction are differential settlement, compaction, and embankment

siope protection.

a. Differential Settlement. Differential settlement caused by
unequal consolidation of the foundation soil at the junction between a
relatively heavy levee embankment and a relatively light concrete

c¢lostire structure can be serious if foundation conditions are poor and
" the juncture is’ improperly designed. Preloading has been used success-
fully to minimize differential settlements at these locations. 1In
EM 1110-2-2501 (ref. A-3a(1l)) a transitioning procedure for a Junction
between a levee embankment and a floodwall is presented that minimizes
the effect of differential settlement.
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Figure 8-6. Junction of levee and drainage structure
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b. Compaction. Thorough compaction of the levee embankment at the
Junction of the concrete structure and levee is essential. Good compac-
tion decreases the permeability of the embankment material and ensures a
firm contact with the structure. Heavy compaction equipment such as
pneumatic or sheepsfoot rollers should be used where possible. In con-
fined areas such as those immediately adjacent to concrete walls, compac—-
tion should be by hand tampers in thin loose lifts as described in
BM 1110-2-1911 (ref. A-3a(10)).

¢. Slope Protection. Slope protection should be considered for
the levee embankment at all junctions of levees with concrete closure
structures. Turbulence may result at the junction due to changes in the
geometry between the levee and the structure. This turbulence will
cause scouring of the levee embankment if slope protection is not pro-

vided. Slope protection for areas where scouring is anticipated is
discussed in paragraph 7-6.
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ANNUAL PEAK DISCHARGES

THE NAPA RIVER

ON

184

. Gaging Station ‘
St. Helena Napa

Water - Peak Peak
Year (cfs) Date (cfs) Date
1930 4,480 12/15 4,840 12/15
1931 920 1/23 1,500 1/23

. 1932 5,980 12/27 11,600 12/27
1940 11,700 2/27
1941 7,870 4/4
1942 11,800 2/6
1943 - 7,600 1/21 R
1944 4,910 3/4 —
1945 4,560 2/1
1946 4,060 12/27
1947 2,890 2/12
1948 2,310 3/23
1949 4,820 3/11 -
1950 4,910 2/4
1951 7,680 12/3:
1952 4,480 2/1°
1953 8,950 12/7
1954 8,020 1/17
1955 670 11/15
1956 12,600 12/22 N
1957 3,110 2/24
1958 9,640 2/24
1959 4,890 2/17
1960 11,600 2/8 12,300 2/8
1961 2,160 1/31 3,350 1/31
1962 7,730 2/13 9,090 2/15
1963 12,300 1/31 16,900 1/31
1964 5,020 1/20 5,260 1/20
1965 11,800 1/5 14,300 1/5
1966 9,190 1/5 11,100 1/5
1967 11,100 1/21 15,800 1/21
1968 4,970 1/29 8,620 1/29
1969 6,600 1/13 8,760 1/13
1970 9,450 1/24 14,700 1/24
1971 9,700 12/3 12,200 "12/4
1972 1,120 12/27 1,430 12/27
1973 11,100 1/16 13,900 1/16
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TABLE 14

NAPA RIVER CHANNEL CAPACITY 155/

Approximate
- Capacity
Reach (cfs)
Northern Border of Basin to 3.5 miles . o
North of St. Helena ) 3,400
3.5 Miles North of St. Helena to .
Oakville Crossroad ’ . 6,000
Oakville Crossroad to Trancas Road : 7,500
Trancas Road to Imola Avenue 12,000
Imola Avenue to Soscol ) . 12,000
‘Soscol to Mare Island Strait 12,000
2.036 Figure 3 is a plot of the frequency of peak dis-

charges using the data presented in Table 13. From this curve,
it can be seen that the peak discharge of the Napa River near
Napa exceeds 12,000 cfs (the channel capacity) about once every
three years.

2.037 Floods result in damages to commercial, industrial,
residential, and agricultural areas. Roads, bridges, and city
streets are damaged and required repair and clean-up. Public
utilities suffer damages to inmstallations in the flood plain.
Floods cause production slowdowns or stoppages, wage losses,
and interruptions to traffic and the flow of goods. Floods
threaten human life and endanger the health of inhabitants of
the flood plain. Flooding of the Napa River has been responsible
for four deaths between 1913 and 1940. Considerable expense is
incurred in the evacuation of people from flooded areas. About
300 persons were evacuated from the City of Napa and vicinity
during the 1955 flood, about 25 persons during the 1958 flood,
and 203 persons during the 1963 flood 155/.

2.038 Records of damaging floods in the Napa River Basin
date back to 1862, but only recently has comprehensive data on
the extent of damages been obtained. Analysis of flood damage
data of the December 1955, February 1958, and January 1963 floods
andicate that of the $1,664,000 total damage of the three floods,

63

‘4





