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Levee Cutoff Wall Construction Considerations
Natomas Levee Improvement Program
July 28, 2009

Background

The Natomas Levee Improvement Program (NLIP), sponsored by the Sacramento Area Flood
Control Agency (SAFCA) with support from the California Department of Water Resources, has
the ultimate goal of providing 200-year flood protection for the Natomas Basin by improving the
basin's surrounding levees. The proposed project includes levee improvements along the
Sacramento River East Levee (SREL), the Natomas Cross Canal (NCC) South Levee, the
American River North Levee, the Pleasant Grove Creek Canal (PGCC) West Levee and the
Natomas East Main Drainage Canal (NEMDC) West Levee. Proposed NLIP improvements
include raising and strengthening the existing levee or the construction of a new adjacent levee,
supplemented with cutoff walls, seepage berms, and relief wells as needed.

The Natomas Basin levees protect a population of over 80,000 people, 24,000 residences, major
commercial and industrial centers, major highways and freeways, the Sacramento International
Airport, and many other significant facilities. The proposed levee improvements are urgent from
two perspectives: public safety and economic impacts. SAFCA is making every effort to
expedite the completion of the required levee improvements.

Most normal levee construction activities are typically carried out during daylight hours for a
number of reasons, such as quality control, personnel costs, safety, and impacts on sensitive
receptors. However, given the critical importance of completing the NLIP as soon as possible,
and especially of restoring each levee section to full functional readiness at the beginning of each
flood season, around-the-clock-construction is warranted for certain construction elements such
as cutoff wall construction, water well drilling and development, and to address emergencies
which may arise.

SAFCA has concluded that to meet the project timelines and provide a competent cutoff wall
with a minimum of construction and flood risk, construction of cutoff walls on a twenty-four hour
per day seven days per week (24/7) basis will be required, particularly where the cutoff wall will
be constructed deeper than about 30 feet below the construction working platform. The 24/7
construction will provide the operational flexibility to complete the construction as rapidly as
feasible, to optimize efficiency and contain costs, to minimize the risk of trench failures, and to
provide the best quality cutoff wall. This memorandum describes and discusses the factors which
affect the cost, quality, pace of construction, and impacts associated with cutoff wall construction.
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Levee Construction Process Overview

The construction season for most levee projects, including the NLIP, extends from April 15 to
November 1. The nesting and/or hibernating activities of State and Federally listed endangered
species pose additional constraints, further reducing the construction season on a reach-by-reach
basis. At the end of the construction season, the flood protection system must be brought back to
at least the same level of flood protection as existed before the start of that season.

The construction of levee improvements that include cutoff walls typically involves several
operations, including:

1. Clearing and grubbing of the levee footprint;

2. Stripping and stockpiling the near surface soils that have high concentrations of organic
material;

3. Degrading the levee to create a working platform, or building up the lower portion of the
adjacent levee to create the working platform;

4. Constructing the cutoff wall;

5. Allowing the cutoff wall to cure/consolidate (typically a four week period during which
no other construction activity takes place over the wall);

6. Reconstructing the levee to the new cross section;

7. Re-spreading the stockpiled organic soils over the new levee section to provide an
improved planting medium; and

8. Hydro-seeding the disturbed areas to establish erosion control vegetation.

Cutoff wall construction is typically the most time consuming levee construction component,
with construction rates dependent upon field conditions, depth of wall, and equipment needed.

Cutoff Wall Locations and Alignment

Although the SREL is used for this memorandum's discussion of cutoff walls, the processes and
considerations are applicable to the other Natomas Basin levees that will be improved by the
construction of cutoff walls. Figures 1 and 2 show the locations of the proposed cutoff walls
along the SREL, along with the expected methods to be used. The cutoff walls along the SREL
will usually be built on a working platform that will also serve as the base for the adjacent levee.
This platform will be built at an elevation that is lower than the top of the existing levee. Figure
3 shows a typical cross section of the working platform compared to the top of the levee.

Cutoff Wall Construction Methods

As identified above, Figures 1 and 2 show the locations of the proposed cutoff walls along the
SREL, along with the expected methods to be used. On the figures, walls deeper than 75 feet are
classified as Deep Cutoff Walls and walls shallower than 75 feet are classified as Shallow
Cutoff Walls. Deep walls are shown in red and shallow walls are shown in yellow to
differentiate the two.

Although various construction methods are available to install cutoff walls, three methods are
anticipated to be used for wall construction along the SREL. The methods are generally chosen
based on the wall depth, access limitations and economics. The three methods anticipated for the
SREL and their production rates are described below.
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Deep Cutoff Walls
Two methods for constructing deep cutoff walls have been investigated for the NLIP. These
include Deep Soil Mix Method and Trench Remixing and Cutting Deep Wall Method.

Deep Soil Mix Method (DSM). DSM uses a large crane-mounted set of augers that drill down into
the existing soil to the desired wall depth while thoroughly mixing the soil with a bentonite slurry
and/or cement mix, which is injected through the hollow shafts of the augers as they drill into the
levee and continue to rotate while being pulled out of the levee towards the surface. This method
is very good for deep cutoff walls because there is no trench to hold open, and the mixing process
is thorough and well controlled. Dry bentonite, in powder form, is trucked to a mixing plant
adjacent to the levee. The bentonite slurry is produced in a mixing plant set up adjacent to the
levee and is pumped to the DSM rig via flexible pipelines. The production rate for the DSM
method is 30 to 40 linear feet per 12-hour shift, or 60 to 80 linear feet per 24 hours of continuous
operation, depending on depth.

Trench Remixing and Cutting Deep Wall Method (TRD). TRD uses a large continuous chain
bucket similar in appearance to a large chainsaw. The soil is mixed in place with bentonite and/or
cement as the TRD machine moves along the alignment to form a continuous low permeability
barrier. Dry bentonite, in powder form, is trucked to a mixing plant adjacent to the levee. The
bentonite slurry is produced in a mixing plant set up adjacent to the levee and is pumped to the
mixing trench via a flexible pipeline. The production rate for the TRD Method is 20 to 30 feet per
12-hour shift, or 40 to 60 linear feet per day of continuous operation, depending on depth.
Although TRD is somewhat slower than DSM, it typically can accommodate lower overhead
clearances than DSM.

Figures 1 and 2 show the reaches in which deep cutoff walls will be constructed. Table 1 shows
the approximate number of days that it will take to complete each reach based on single shift
(daytime) and double shift (24/7) construction schedules.

Shallow Cutoff Walls

Shallow cutoff walls (75 feet deep or less) are typically constructed using the conventional slurry
trench method, excavated using an excavator with a long boom capable of digging to a maximum
depth of about 75 feet. The excavator digs the soil from a 3-foot-wide trench and stockpiles it
next to the trench. Dry bentonite, in powder form, is trucked to a mixing plant adjacent to the
levee. The bentonite is mixed with water in a mixing pond, then the resultant water-bentonite
slurry is pumped through flexible pipe into the trench. The bentonite slurry holds the deep trench
open by the hydrostatic pressure of the fluid pressing against the walls of the trench. The slurry is
also mixed with the excavated soil, which may include sand that is trucked to the site to provide
the required backfill mix consistency, to create the bentonite-soil cutoff wall material. The
mixing is accomplished by a bulldozer or front-end loader, which drives back and forth through
the stockpiled soil as bentonite is added to create the right mix. Temporary berms on the working
platform adjacent to the trench contain the bentonite and soil while it is being mixed to the right
uniform consistency. Once the mixing is completed, the backfill mix is placed into the trench
from one end, displacing the slurry in the trench towards the excavation end. This method is
typically only suitable for shallower walls due to the reach limitations of the excavator. The
production rate varies from 75 to 200 feet per 12-hour shift, or 150 to 400 feet per day of 24/7
operation, depending on depth.
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Hence, for shallow cutoff walls, conventional cutoff wall construction will proceed at rate of
approximately 150 feet to 400 feet per day. Figures 1 and 2 show the reaches in which shallow
cutoff walls will be constructed and the approximate number of days that it will take to complete
each reach. Table 1 provides more detailed information regarding cutoff wall construction
duration for each reach.

Benefits of 24/7 Cutoff Wall Construction

SAFCA has made the decision to provide for 24/7 cutoff wall construction in order to allow the
operational flexibility to complete the construction as rapidly as feasible, to optimize efficiency
and contain costs, to minimize the risk of trench failures, and to provide the best quality cutoff
wall. The following sections describe and discuss the factors which affect the cost, quality, pace
of construction, and impacts associated with cutoff wall construction.

Production Rate and Construction Cost

SAFCA is mandated to accomplish its mission as rapidly and cost effectively as possible, while
complying with applicable laws, regulations, and standards, as set forth in the NLIP
environmental documentation and construction documents.

All project levee improvements, including cutoff wall construction, must be constructed
considering the need to complete the NLIP as soon as possible, and to incrementally improve the
level of flood protection for the Basin during each construction season. Construction schedules
must consider scheduling constraints due to the flood season, endangered species habitats, and
effects on irrigation facilities for agricultural lands.

As shown on Figures 1 and 2, significant reaches of cutoff wall need to be constructed along the
SREL. Table 1 summarizes the expected duration of the cutoff wall construction activities for
each reach, assuming one heading for both single (12-hour) and double (24/7) shifts.

Nationally and regionally, there are limitations on the numbers of equipment and qualified
personnel available, especially for the deeper wall methods. Each contractor bidding on one of
SAFCA'’s levee construction contract may have a different construction strategy, depending on
the equipment and operators available, past construction experience and technical expertise. For
example, one contractor may opt to achieve the target production goals by employing multiple
wall construction headings which will require multiple sets of equipment, whereas another may
employ 24/7 construction with fewer sets of equipment to accomplish the same goal. By
permitting a 24/7 construction schedule and defining the available construction period, SAFCA
provides the contractor with the flexibility to accomplish the work at the desired pace with the
most cost-effective approach.

Cutoff Wall Quality

In general, continuous slurry wall construction will result in a higher quality cutoff wall with
minimum reworking of the slurry trench. Interruptions in wall construction can result in
conditions where the quality of the cutoff wall backfill material may vary.

In conventional slurry cutoff wall construction, bentonite slurry is used to keep the excavated
trench open. The slurry in the trench is composed of water and bentonite (a clay), along with
some of the excavated soil (typically sand). However, the sand particles which have been
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suspended in the turbulence resulting from excavation or backfill operations may settle out over
time after agitation by the excavator stops. If this occurs, the coarse-grained sand particles that
are suspended in the slurry may settle to the bottom of the open trench and on the slope of the
backfill.

Once backfill operations resume, this layer of coarse-grained material could be buried and
sandwiched between the successive layers of cutoff wall backfill material. This would result in a
lense of higher permeability material that may impact the performance of the cutoff wall.

While SAFCA’s construction specifications allow an interruption of up to 48 hours without
taking remedial action to break-up or remove such a sandy layer, higher cutoff wall quality is
obtained with a continuous operation of backfill placement and the associated agitation of the
bentonite slurry.

Clearing such a sandy layer from the sloping face of the cutoff wall fill zone can be
accomplished, but involves additional equipment, time, and expense. It also increases the risk of
trench collapse.

Improved Cutoff Wall Trench Stability

During cutoff wall construction, the stability of the open slurry trench is always of concern and is
therefore closely monitored. Collapse of the slurry trench along the SREL could result in
slumping of a portion of the Garden Highway embankment into the trench during construction. If
this were to occur, a portion of the levee adjacent to the slump would need to be removed and re-
built.

As discussed above, the bentonite slurry in the trench keeps the trench open by providing fluid
pressure against the trench walls. A concern with the bentonite slurry is variability in the slurry
density. The higher the density of the slurry, the better it will perform in keeping the trench open
and stable. Similarly to the sand settling issue, if the trench is left open with no agitation, the
density of the upper portion of the slurry can decrease by as much as 15%. Constant circulation
and agitation of the slurry during 24/7 excavation and backfill operations are the best ways to
prevent this variability and preserve trench stability during cutoff wall construction.

The increased risk of trench collapse associated with interrupted construction translates to
potential or actual costs, which must be considered in the bidding process. Recovery from a
major trench collapse is expensive and time-consuming, with potential impacts on the completion
of work in any given construction season.

Impacts and Mitigation: 24/7 Cutoff Wall Construction

Nighttime Noise

Noise levels are measured in decibels. The lower range of human hearing begins at zero while at
the upper end, a jet plane taking off 150 feet from the listener will register 140 decibels. The
sound intensity increases tenfold for every ten points on the scale. Cutoff wall construction
typically generates noise on the order of 90 to 100 decibels (similar to a big diesel truck) within
thirty feet of the equipment. This level of noise exceeds the nighttime noise thresholds
established by most local noise ordinances. However, the intensity of a noise decreases rapidly
with distance. Experience obtained in similar construction at other locations in the Sacramento
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area indicates that the noise level drops to 65 decibels or less at 500 feet or more from the
equipment. For comparison, conversational speech registers 60 decibels, while a vacuum cleaner
at three feet registers 70 decibels. Noise propagation to the water side of the levee along the
Garden Highway will be further attenuated because the working platform will be six to seven feet
below the current top of the existing levee (see Figure 3). Thus the existing levee will absorb and
deflect a significant portion of the sound generated by the excavator, bulldozers, and other
equipment involved in the cutoff wall construction.

Nighttime Lighting

The construction zone will be illuminated with high-intensity, trailer-mounted lights, as well as
by lights on the operating equipment. The lighting will be directed at the work area, and shielded
to minimize light impacts on adjacent homes.

Impact Duration and Mitigation

Cutoff wall construction will be constantly progressing along the Garden Highway, so the amount
of time any single resident or business may be affected will be based upon the typical cutoff wall
production rates, as shown in Table 1. Those residents whose homes are within a 500 foot radius
of the construction operation may request that SAFCA reimburse them for actual, reasonable
accommodation costs for the duration of noise impacts above the acceptable threshold.
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Table 1. Cutoff Wall Construction Duration per Reach of Sacramento River East Levee

Time to Time to
Complete Complete
Shallow Wall Deep Wall Reach - Reach -
Shallow Wall | Deep Wall | Production Rate | Production Rate | Single Shift | Double Shift
Reach Length (ft) Length (ft) Length (ft) (ft/day) (ft/day) (days)* (days)*
1 4,800 4,600 0 200 NA 23 12
2 5,200 5,200 0 100 NA 52 26
3 1,000 1,000 0 150 NA 7 4
4A 8,000 8,000 0 150 NA 54 27
4B 3,800 2,400 0 150 NA 16 8
5A 3,500 2,500 850 100 40 47 24
5B 1,700 1,700 0 100 NA 17 9
6A 2,300 1,000 1,300 75 30 57 29
6B 2,700 0 2,700 NA 30 90 45
7 3,200 0 3,200 NA 30 107 54
8 4,000 0 4,000 NA 35 115 58
9A 500 0 500 NA 35 15 8
9B 6,100 0 5,600 NA 35 160 80
10 2,700 0 0 NA NA NA NA
11A 4,000 0 0 NA NA NA NA
11B 10,000 0 0 NA NA NA NA
12A 2,000 500 0 75 NA 7 4
12B 1,200 1,200 0 75 NA 16 8
13 3,300 1,650 0 75 NA 22 11
14 3,200 3,200 0 75 NA 43 22
15 4,800 100 0 75 NA 2 1
16 5,200 0 0 NA NA NA NA
17 1,000 0 0 NA NA NA NA
18A 600 0 0 NA NA NA NA
18B 900 0 0 NA NA NA NA
19A 1,800 0 0 NA NA NA NA
19B 5,000 0 5,000 NA 30 167 84
20A 50 USACE 0 NA NA NA NA
20B 3,450 USACE 0 NA NA NA NA

“NA” - not applicable to that reach.

*Assumes one cutoff wall heading (i.e., one DSM rig or conventional slurry excavator)
per reach

"USACE" = has been or will be constructed by the U.S. Army Corps of Engineers
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