





BOSC 2 February 13, 2008

(1) Does the Board concur with the approach, method, and findings of the engineering
analyses?

(2) Does the Board concur with the following design elements:
e Depths and lateral extent of the cutoff walls
e  Width and lateral extent of the stability berms
* Locations and extent of berms proposed to mitigate for potential effects of
differential settlement

(3) Does the Board concur with the approach and arrangement proposed for the tie-ins with
the Feather River levee?

(4) Is the Board satisfied with the way the design team has addressed comments on the 60%
design?

(5) Does the Board concur with the approach to repairing the Segment 3 cutoff wall cave-in
area?

Please call me at 510-350-2908 or Dan Wanket at 510-350-2916 if you have any questions.

Sincerel

for

Alberto Pujol, P.E.
Project Manager

Ceo; Paul Brunner, TRLIA
Ric Reinhardt, TRLIA/MBK
Larry Dacus, TRLIA/MBK
Doug Handen, TRLIA/The Handen Company
Daniel Fischer, RD 784
Thomas Platter, RD 784
Mark Ellis, Corps of Engineers
Ed Ketchum, Corps of Engineers
Henri Mulder, Corps of Engineers
Rod Mayer, DWR
Steve Mahnke, DWR
Eric Koch, DWR
Joe Royer, DWR
George Qualley, DWR
Arnold Sanchez, DWR
Claudio Avila, DWR
Jay Punia, Central Valley Flood Protection Board
Dan Fua, Central Valley Flood Protection Board
Mark Herold, Central Valley Flood Protection Board
Steve Dawson, Central Valley Flood Protection Board
Bob Morrison, Bender Rosenthal
Tom Neely, Bender Rosenthal




Donald H. Babbitt Faiz I. Makdisi

Consultant Geomatrix Consultants, Inc.
3860 West Land Park Drive 2101 Webster Street, 12" Floor
Sacramento, CA 95822 Oakland, CA 94612

February 25, 2008

Mr. Raymond D. Hart
Bookman-Edmonston

10860 Gold Center Drive, Suite 350
Rancho Cordova, CA 95670

Dear Mr. Hart:

Subject: Phase 4 Feather River Levee Repair Project, Setback Levee
February 19, 2007 Meeting of Board of Senior Consultants

At your request, we attended a meeting of the Board of Senior Consultants for the Phase
4 Feather River Levee Repair Project on February 19, 2008. The purpose of the meeting
was to review the design submittal for the setback levee, which comprises Levee
Segment 2. The meeting was held at Bookman-Edmonston offices in Rancho Cordova.
A preliminary agenda was included in Alberto Pujol’s February 13, 2008 letter to us.
Prior to the meeting we had received the following documents that apply to the setback
levee:

e Technical Specifications — Issued for Approval

e Drawings - Issued for Approval

e Design Report, including hydraulic/hydrologic, seepage, stability and settlement
evaluations

e Geotechnical Data Report

At the meeting, we were provided a more detailed agenda, drawings showing areas where
construction can be started before Corps permits are issued, and a plan, a profile and
sections of a cutoff wall slurry trench cave-in during the repairs at Levee Segment 3.

The meeting was attended by members of the project team and representatives of the U.S.
Army Corps of Engineers, California Department of Water Resources, TRLIA,
Reclamation District 784, and Handen Company. A list of attendees is attached to this
letter, as is the agenda.

The meeting began with briefings on the status of design, funding, permitting and
construction. Completion of plans and specifications is scheduled for late March, and
State funding is expected at that time. The Corps of Engineers has decided that an EIS
must be prepared before 404 and 408 permits can be issued. Those permits are needed to
work in wetlands and to construct the tie-ins to the existing levee. The EIS preparation
will delay permit issuance until about August. The plan is to start work in mid-April in
areas not affected by the permits. The alignment of the setback levee has undergone only
one minor change since our August 2007 meeting. The next topic discussed was the
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design of the setback levee and related features. The final item was the Segment 3 cutoff
wall slurry trench cave-in in the vicinity of Station 627+00.

The February 13, 2008 letter posed five questions that were discussed and addressed
during the meeting. The following is a summary of our responses and comments that we
provided orally during the meeting. Other minor comments were provided orally to the
project team, but are not included in this letter.

Question 1. Does the Board concur with the approach, method, and findings of the
engineering analyses?

The engineering analyses presented in the Design Report dated January 2008 include
hydrology and hydraulic analyses, erosion potential and erosion protection assessments,
freeboard estimates due to flood and wave action, underseepage analyses, embankment
and foundation stability, and foundation settlement under the levee, berms, and Pump
Station 3 assessments. Our review did not address the hydrology and hydraulic analyses.

The analyses presented in the design report and its appendices are well documented and
were performed using accepted state-of-practice methods and procedures that are in
accordance with Corps of Engineers Guides and Manuals. We concur with the
approaches and methods used in the analyses and in the general findings.

Seepage Analyses

Analyses were performed using closed form solutions as outlined in EM 110-2-1913,
Case 6, for semi pervious landside top strata and no riverside top stratum. Computed
uplift gradients at the toe of the levee of 0.5, and 0.5 to 0.8 in the landside drainage ditch
were used as thresholds for including seepage mitigation measures in the form of cutoff
walls and/or relief wells. Both the 1:200 — year flood and top of levee water surface
elevations were evaluated. The hydraulic conductivity values were the same as those used
for the design of Segments 1 and 3 repairs.

Cut-off walls were included in the design where uplift or exit gradients exceeded the
allowable 0.5 value. In one levee reach, where the computed values were still in excess of
0.5 in spite of the inclusion of the cutoff, relief wells were included in the design.

Additional seepage evaluations included: “end around” conditions where cutoff walls end
or step up, potential “seepage blocks” in the foundation, and the effects of borrow
excavations on the existing levee. Two dimensional finite element seepage analyses were
used to confirm the results of the closed form solution on a number of the setback levee
design sections and to estimate exit gradients at the toes of the sections.

It was recommended during the meeting that gradients at the toe-drainage ditch in the
vicinity of the Plumas Canal be evaluated, because the invert of the ditch is well below
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the toe of the levee. It was also recommended that gradients at borrow pit excavations
within 400 feet of the existing levee be evaluated for the 1957 design water level as well
as the 100-year flood level.

At the North tie-in with the existing levee, a suggestion was made to evaluate the
thickness of the seepage blanket between the existing levee and the setback levee to
address the “seepage block” effect of the cutoff wall in the setback levee. We concur
with these recommendations.

The design calls for installing vibrating wire piezometers to measure seepage pressures
(in the pervious strata at the landside toe of the setback levee) in reaches where the cutoff
wall was not considered necessary. It is recommended that consideration be given to
installing piezometers at specific reaches of the levee that will include cutoff walls, but
that exhibited uncertainty in the depth and extent of deep pervious layers. The purpose of
these piezometers is to assess the effectiveness of the cutoff walls in reducing the seepage
gradients to acceptable levels.

Stability Analyses

Stability analyses were performed using guidelines of the US Army Corps of Engineers
Manuals for slope stability and design and construction of levees. End of construction,
steady-state seepage, and rapid draw-down conditions were evaluated. Type B berms
were added where the analyses showed inadequate end of construction stability. The
phreatic surface was assumed to be at the ground surface for the end of construction
condition. Two dimensional finite element seepage analyses were used to determine the
steady-state phreatic surfaces and pore pressures for the long term stability analysis. Pore
pressures for the steady-state condition corresponded to the 1:200-year flood water
surface.

The rapid draw-down evaluations used two-staged analyses with two specified
piezometric surfaces. The first piezometric surface represents the steady-state seepage
water level at the 1-in-200 year flood. The second piezometric surface represents the
post-drawdown water surface, and was assumed to be located at the base of the
embankment. It is recommended that the second-stage water level for rapid drawdown
analyses be assumed as shown below (Section 5.0 of the DWR Guidance Document).

FPhreatis Line "y
" qITer efraardewt ",
- S .
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Shear strengths and unit weights were selected by considering the results of the
geotechnical investigations, including using empirical correlations with standard
penetration test (SPT) values and plasticity indices. It is recommended that shear
strength parameters for non-plastic fine-grained soils be estimated using correlations with
SPT data.

In all stability analyses performed, searches were made using circular slip surfaces to
compute the minimum factors of safety. It is recommended that analyses be performed
for selected critical sections using wedge-shaped slip surfaces (passing through soft low
strength layers) to confirm that the circular surface would still provide the lowest factors
of safety at these locations.

Settlement

Settlement analyses were performed for the various levee design sections to estimate the
long term settlements of the foundation due to the embankment loads. These estimates
were made to allow for overbuild of the levee crest (camber) to accommodate the long
term settlements. The estimated post-construction settlement of the levee crown ranged
from less than 1 inch to about 13 inches. The larger settlements were estimated to occur
at the southern end of the levee alignment where the thickest and softest recent alluvial
deposits were encountered. The levee was designed with camber generally consistent
with the estimated post-construction settlement but not less than 0.3 ft.

Variation in foundation conditions over relatively short distances are expected where the
levee alignment crosses from soft recent alluvium deposits to the stiff deposits of the
Modest Formation. It is stated that differential settlements, when concentrated over short
horizontal distances, could cause transverse cracking in the relatively stiff and cohesive
embankment soils. Such cracking could permit seepage and the potential for internal
erosion during periods of flooding or high river flows. Post-construction differential
settlements were estimated along the levee alignment to define reaches where mitigation
of the potential for transverse embankment cracking would be considered. The variation
of angular distortion (which is usually used as a criterion to limit cracking and damage in
structure due to differential settlement) was computed along the levee alignment. A
conservative angular distortion value of 1/1,000 (specified to prevent cracking in
sensitive structures) was adopted as a threshold to determine the reaches that would
require mitigation. Settlement mitigation measures were proposed for two reaches of the
levee embankment (Stations 0+00 to 11+00, and 41+00 to 53+00). Mitigation for the
potential of transverse cracking consisted of placement of a filtered drainage blanket and
berm on the landside slope of the embankment. While we consider the adopted criterion
above to be conservative, we consider the proposed mitigation measures a prudent
approach for addressing the cracking potential.
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It should be noted that during construction of the Bear River setback levee, at the location
of the tie-in with the existing Feather River Levee, longitudinal cracks developed in the
crest of the existing Feather River levee due to settlement of the foundation under the
load of the new setback levee embankment. Similar conditions may exist at the tie-in
locations of the Segment 2 setback levee. It is recommended that the crest of the existing
levee at the tie-in locations be carefully monitored during construction of the new
embankments.

Question 2. Does the Board concur with the following design elements?
e Depths and lateral extent of the cutoff walls
e Width and lateral extent of the stability berms
e Locations and extent of berms proposed to mitigate potential effects of differential
settlement

We concur with the designed depths and lateral extents of the cutoff walls, with the
understanding that they and the depth of the inspection trench may be adjusted during
construction and that the wall or the trench will be extended in one area if reconsideration
of apparently conflicting geotechnical data indicates a need to do so.

We concur with the width and lateral extent of the stability berms, noting that the recent
alluvium is not strong enough to support the levee as it is being constructed and for some
time afterward.

We concur with the locations and extent of the berms proposed to mitigate the potential
adverse effects of differential settlement. The design, while conservative, is considered
prudent and necessary due to the varying depth and thickness of the soft recent alluvium
near the Plumas Lake Canal and the proximity to the reach underlain by the very stiff
Modesto formation.

Question 3. Does the Board concur with the approach and arrangement proposed for
the tie-ins with the Feather River levee?

We concur with the approach and arrangement proposed for the tie-ins with the existing
Feather River levee, including the interim fill at the north tie-in. The thickness of that fill
is being reevaluated, per a discussion during the meeting.

Question 4. Is the board satisfied with the way the design team has addressed
comments on the 60% design?

We are satisfied with the way that our comments on the 60% design (Issued for
Reclamation Board Approval) have been addressed. The alignment of the setback levee
remains essentially as described at our last meeting. The additional geotechnical
exploration, laboratory testing and analyses have been completed and their results were
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included in the documents that we received. Designs of the seepage control and stability
elements have been revised to reflect the results of that work. Seepage analyses have
been conducted to demonstrate that a 400-foot distance between the existing levee and
the waterside borrow pits is adequate to protect the levee for a year or two before it is
removed. The tie-ins to the Feather River levee have been reconfigured to address
concerns raised during review of the 60% design.

Question 5. Does the Board concur with the approach to repairing the Segment 3
cutoff wall cave-in area?

The design team described the cave-in of what was described as loose soil layers into the
bottom of the slurry trench. This resulted in settlement and tension cracks at the crest of
the degraded levee. As a result the construction was halted, the trench was backfilled with
a soil-cement-bentonite backfill, and a stability berm was constructed on the landside
slope of the levee. The cause of the trench failure is not known. Two approaches were
presented by the design team to complete the construction of the cutoff wall at the failed
trench location. The first consisted of constructing a soil-cement-bentonite wall (3 feet
wide) immediately landside of the failed trench to attempt to stabilize the caved-in zone.
The slurry trench will then be excavated and backfilled using the same method specified
for the original construction. It was noted that this approach would not prevent the
potential for additional cave-in of loose soils on the river-side wall of the trench. The
second approach involves the use of cement deep soil mixing (CDSM) methods to
complete the construction of the cutoff wall. This latter approach while being more
costly, allows for constructing the cutoff wall without the risk of further cave-ins.

We appreciate the efforts of the project team in providing the technical information and
conducting the meeting. The active participation of other meeting attendees was also
very helpful.

Respectfully submitted,

Donald H. Babbitt, P.E. Faiz 1. Makdisi, P.E.
Senior Board of Consultants Senior Board of Consultants
Attachments:

- Meeting Agenda
- List of Attendees
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