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B.1 Introduction

B.1 Introduction
B.1.1 Purpose
The purpose of this appendix is to describe the geotechnical assessment for the final array of
structural alternatives identified in the Knights Landing Small Community Flood Risk Reduction
Feasibility Study (Feasibility Study). As discussed in the Feasibility Study, thirteen different
structural alternatives were identified, evaluated qualitatively, and screened down to a final array
of six alternatives which are identified as Alternatives 1, 3, 6, 11, 12, and 13, as shown in Figure
B-1. The alternatives proposed in the Feasibility Study are intended to provide 100-year level of
flood protection to the community of Knights Landing. Detailed descriptions of these
alternatives are provided in the Feasibility Study report. These alternatives consider structural
repairs and improvements to existing levees and construction of a new cross-levee. The
geotechnical assessment considered the existing conditions of existing levees and foundation
conditions of various cross-levee alignments. An understanding of the existing levee and
foundation conditions is essential to identify conceptual remedial alternatives and facilitate
comparative costs assessment for the final array of structural alternatives considered in this
Feasibility Study.
B.1.2 Background
The community of Knights Landing is located in the northeastern portion of Yolo County. The
town is adjacent to levees on three sides, Knights Landing Ridge Cut left bank levees, Colusa
Basin Drainage Canal right bank levees, and Sacramento River right bank levees. As seen in
Figure B-1, the town and agricultural lands to the southeast are protected as part of a leveed
basin which includes levees along:
•
•
•
•

Knights Landing Ridge Cut left bank
Colusa Basin Drainage Canal right bank
Sacramento River right bank
Yolo Bypass right bank

In general, the levees were initially constructed by local interests and later improved by the
United States Army Corps of Engineers (USACE) as part of the Sacramento River Flood Control
Project in the 1900s. The Knights Landing Ridge Cut is a man-made drainage canal. It
accommodates overflow from the Colusa drain and conveys that flow south to the Yolo Bypass.
The Knights Landing Ridge Cut channel was excavated from a barge, using a clamshell dredge.
The dredged material was deposited in piles along the levee alignment without grubbing or
removal of surficial organic matter. The Sacramento River right bank levees are understood to
primarily be constructed of sandy dredged material from the river or borrowed silty natural levee
material in areas where the levees are setback from the river. The Yolo Bypass levee in the
Knights Landing basin is understood to have been initially constructed by local interests using
clamshell dredges. (URS, 2011a and 2014a).
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Figure B-1. Knights Landing Final Array Structural Alternatives to Reduce Flood Risk
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B.2 Levee Improvements for Existing Levees
An important component of comparing structural alternatives considered for flood risk reduction
in the Feasibility Study is understanding the improvement needs for the existing levees included
in the alternatives. Based on the levee improvements identified, costs can be estimated for
comparative assessment of the alternatives. To evaluate the geotechnical conditions of the
existing levees in the Knights Landing levee system, existing levee evaluation studies completed
by the California Department of Water Resources (DWR) and USACE were utilized.
Specifically, the DWR Division of Flood Management program for the evaluation of non-urban
levees in the California Central Valley, the Non-Urban Levee Evaluation (NULE), and the MidValley Levee Reconstruction project conducted by USACE.
Information on these studies, including their scope and a summary of their finding for the levees
in the Knights Landing levee basin, is provided below. The approach for using this available data
and conclusions drawn for the Feasibility Study are presented later in this section along with cost
estimates for some of the levee improvements.
B.2.1 DWR NULE Study Existing Levee Conditions Information
DWR’s Levee Evaluation Program was initiated in 2006 and concluded in spring 2015. As part
of this program, the NULE project addressed StateFederal Project (Project) levees protecting
populations of fewer than 10,000 people. NonStateFederal Project (nonProject) levees that
were considered appurtenant and were also included, as appropriate, when these levees protect
part of a basin partially protected by Project levees, or when non-urban non-Project levees may
impact the performance of Project levees. All of the levees surrounding the community of
Knights Landing were a part of the NULE study.
The NULE evaluation was broken into two phases, as depicted in Figure B-2. Phase 1 was
completed in 2011 with the publication of the Geotechnical Assessment Reports (GARs) and the
Remedial Alternatives and Cost Estimate Reports (RACERs). Phase 2 assessment built on
Phase 1 results (as reported in the GAR) in DWR selected study areas by adding targeted field
exploration, laboratory testing, and analyses to identify levee areas not meeting criteria.
Remedial alternatives and cost estimates were developed for levees not meeting these criteria.
The Phase 2 work was summarized in Geotechnical Data Reports (GDRs) and Geotechnical
Overview Reports (GORs). Where NULE Phase 2 assessments were completed they superseded
the NULE Phase 1 assessment conclusions. Only a portion of the Knights Landing levee system
was included in the NULE Phase 2 assessment. Figure B-3 depicts the Knights Landing levee
system and the portions of the levees that were a part of the NULE Phase 2 assessment. For this
Feasibility Study, NULE Phase 2 assessment results were used where available and NULE Phase
1 results were used elsewhere, as described further in Section B.2.3.
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Figure B-2. NULE Phases and Resulting Reports
Source: Adapted from Figure 1-2 of URS Geotechnical Overview Report, Knights Landing Study Area (URS, 2014a)
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Figure B-3. Knights Landing Study Area as included in DWR NULE Studies
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NULE Phase 1 Assessments and Remedial Alternative Cost Estimates

Phase 1 assessment, covering all NULE levees including the levees surrounding the community
of Knights Landing, was based on non-intrusive studies and readily available data. Assessment
data such as historical reports, site interviews with representatives from local agencies (such as
levee maintenance personnel or reclamation district representatives), construction records, levee
performance records, and other data provided by relevant agencies was collected and reviewed.
Geomorphic studies and topographical surveys were also completed. This collection of
information was used to characterize the existing condition of the non-urban levees. The
assessment results were presented in the NULE GAR and the potential levee deficiencies
identified in the NULE GAR were used to develop remedial alternatives and order-of-magnitude
cost estimates in the NULE RACER.
The NULE GAR assessment was performed at a single WSE (assessment WSE). The assessment
WSE was typically the 1955/57 design WSE. Phase 1 assessments were discretized based on
levee segments (typically, levee maintenance units). The levees surrounding the community of
Knights Landing were broken into three NULE Segments as shown in Figure B-3 and described
in Table B-1.
Table B-1. NULE Segments Surrounding the Community of Knights Landing
Length
(ft)

Length
(miles)

Knights Landing Ridge Cut Left Bank

33,175

6.28

Colusa Basin Drainage Canal Right Bank
(eastern portion)

1,693

0.32

Sacramento River Right Bank

30,533

5.78

162

Colusa Basin Drainage Canal Right Bank
(western portion)

1,050

0.20

172

Yolo Bypass Right Bank

13,805

2.61

80,256

15.20

Segment

217

Segment Description

Total:

Each segment assessed was assigned a hazard category. The GAR defines the hazard categories
as follows:
•

Hazard Level A. When water reaches the assessment water surface elevation (WSE), there
is a low likelihood of either levee failure or the need to flood-fight to prevent levee failure.

•

Hazard Level B. When water reaches the assessment WSE, there is a moderate likelihood
of either levee failure or the need to flood-fight to prevent levee failure.

•

Hazard Level C. When water reaches the assessment WSE, there is a high likelihood of
either levee failure or the need to flood-fight to prevent levee failure.
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•

Lacking Sufficient Data (Category LD). The segment is currently lacking sufficient data
about past performance or hazard indicators to assign a hazard level, or there is poor
correlation between past performance and hazard indicator scores.

Hazard categories were first assigned for four geotechnical failure mechanisms:
•
•
•
•

Underseepage
Slope Stability
Through Seepage
Erosion

The hazard categories assigned for each of the four failure mechanisms listed above were then
evaluated collectively to assign an overall hazard level category to each segment. Phase 1
assessments also included a review of levee geometry, freeboard, and the segment’s history of
overtopping.
The potential levee deficiencies identified in the GAR were used to develop remedial alternatives
and order-of-magnitude cost estimates in the NULE RACER. The order-of-magnitude cost
estimates presented in the RACER are stated to be Class 4 estimates as defined by the
Association for Advancement of Cost Engineering International. Class 4 estimates are based
upon limited project definition and are suitable for feasibility studies and evaluations where data
is limited. The cost estimates provided in the RACER were intended to provide DWR one of the
cost data sets needed for the Central Valley Flood Management Planning (CVFMP) Program to
develop the 2012 Central Valley Flood Protection Plan (CVFPP).
The NULE Phase 1 conclusions for the Knights Landing levee system are summarized in Tables
B-2 and B-3. For the portions of the Knights Landing levee system that were not evaluated
further in the NULE GOR, the NULE GAR and RACER provide the most current NULE levee
evaluation data.
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Table B-2. Summary of NULE GAR Assessment Results - Knights Landing Levee System
Results by Individual Failure Mechanism

NULE
Segment

Segment
Location

Assessment
WSE

Overall
Segment
Categorization

217

Knights Landing
Ridge Cut Left
Bank and
Colusa Basin
Drainage Canal
Right Bank
(eastern portion)

1957 Design
WSE

Hazard
Level C

Hazard
Level A

Hazard
Level A

Hazard
Level C

Hazard
Level C

162

Sacramento
River Right Bank
and
Colusa Basin
Drainage Canal
Right Bank
(western portion)

1957 Design
WSE

Hazard
Level B

Hazard
Level B

Hazard
Level B

Lacking
Sufficient
Data
(A or B)

Hazard
Level B

172

Yolo Bypass
Right Bank

1957 Design
WSE

Hazard
Level B

Lacking
Sufficient Data
(A or B)

Hazard
Level A

Hazard
Level B

Hazard
Level B
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Table B-3. NULE Phase 1 Conceptual Remedial Alternatives and Costs for Existing Levee Improvements

Potential Failure Mode

GAR
Categorization

Estimated
Hazard Extents
(% of total segment
length)

Remedial Alternative

Remediation
Length
(ft)

Segment 217 - Knights Landing Ridge Cut Left Bank and Colusa Basin Drainage Canal Right Bank (eastern portion)
Underseepage
Hazard Level A
n/a
---

Remediation
Cost
(2011 dollars)

--

Through Seepage

Hazard Level A

n/a

--

--

--

Stability

Hazard Level C

100

Drained Stability Berm

34,868

$35,447,000

Erosion

Hazard Level C

60

Erosion Repair

21,000

$34,482,000

n/a

30

Freeboard/Geometry Repair

10,500

$4,673,000

Combination Seepage-Stability
Berm (for 80% of length)
and
Drained Stability Berm
(for additional 10% of length)

24,400

$44,680,000

3,050

$2,810,000

Freeboard/Geometry

Segment 162 - Sacramento River Right Bank and Colusa Basin Drainage Canal Right Bank (western portion)
Underseepage

Hazard Level B

80

Through Seepage

Hazard Level B

90

Stability

LD (A or B)

90

Erosion

Hazard Level B

30

Erosion Repair

9,150

$14,023,000

n/a

30

Freeboard/Geometry Repair

9,150

$3,467,000

LD (A or B)

70

Through Seepage

Hazard Level A

n/a

Stability

Hazard Level B

80

Combination Seepage-Stability
Berm (for 70% of length)
and
Drained Stability Berm
(for additional 10% of length)

Erosion

Hazard Level B

30

Erosion Repair

1,400
4,150

$1,410,000

n/a

100

Freeboard/Geometry Repair

13,805

$8,831,000

Freeboard/Geometry

Segment 172 - Yolo Bypass Right Bank
Underseepage

Freeboard/Geometry
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NULE Phase 2 Assessments and Remedial Alternative Cost Estimates

For study areas selected by DWR, NULE Phase 2 assessments built on Phase 1 efforts by adding
targeted field exploration, laboratory testing, and screening-level analysis for existing conditions
and remediated conditions. Remediation cost estimates were developed for levees not meeting
criteria for existing conditions analysis. Approximately 1.9 miles of levees closest to the Knights
Landing community were included in a NULE Phase 2 assessment.
As shown in Figure B-3 the NULE Phase 2 study for the Knights Landing Study area included:
•
•
•
•

0.9 miles of NULE Segment 162 along the right bank of the Sacramento River
0.2 miles of NULE Segment 162 on the right bank of the Colusa Basin Drainage Canal
0.3 miles of NULE Segment 217 on the right bank of the Colusa Basin Drainage Canal
0.5 miles of NULE Segment 217 along the left bank of the Knights Landing Ridge Cut

The field exploration program of the Knights Landing NULE Phase 2 study area included Cone
Penetration Test (CPT) and mud-rotary boring explorations through the levee crest and at the
levee toe. Table B-4 summarizes the explorations completed. Index tests were performed on
selected samples from the exploration program, including grain-size distribution tests, moisture
content and density tests, and Atterberg limit tests.
Table B-4. Summary of NULE Phase 2 Knights Landing Explorations
NULE
Segment

Mud-Rotary Explorations

CPT Explorations

Crest

Toe

Crest

Toe

Strength
Borings

217

2

1

7

3

0

162

1

1

3

1

1

Totals

3

2

10

4

1

After the field exploration program was completed, levees in the NULE Phase 2 study area were
subdivided into “reaches” of discrete lengths deemed reasonably similar based on levee
composition, subsurface conditions, geometry, past performance, existing mitigations, and
hydraulic loading conditions. Representative cross-sections were chosen within each reach or
sub-reach. To evaluate the overall performance of the reaches, cross-sections were analyzed for
several failure mechanisms, including freeboard and geometry, erosion, seepage (underseepage
and through seepage), static steady-state landside slope stability, and waterside slope stability
(rapid drawdown). The Knights Landing Phase 2 study area levees were divided into Reaches A
through F, as shown in Figure B-4. Remedial alternatives and cost estimates were developed for
levee reaches found to not meet criteria for the 1955/57 design WSE.
Table B-5 provides the summary of NULE Phase 2 findings along with the NULE cost estimate
for the remedial alternatives identified. Cost estimates were prepared conforming to Class 4
estimates as defined by the Association for the Advancement of Cost Engineering. NULE Phase
2 selected remediations are also shown in Figure B-4.
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Figure B-4. NULE Phase 2 Reaches and Selected Remediation for Knights Landing Study Area
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Table B-5. NULE Phase 2 Remedial Alternatives and Costs
Cost (2013 Dollars)

Existing Conditions
Deficiencies Identified
for Remediation

Selected Remedial
Alternative

Reach

Length
(ft)

Freeboard

Geometry

Erosion

Seepage/
Stability

Total

A

1,199

Underseepage
Through Seepage
Landside Slope Stability

Combination SeepageStability Berm and Ditch
Fill

-

-

-

$5,300,000

$5,300,000

B

1,011

Through Seepage

Drained Stability Berm

-

-

-

$600,000

$600,000

C

2,623

Underseepage
Freeboard

Cutoff Wall and
Freeboard Repair 1

$570,000

-

-

$7,700,000

$8,270,000

D

2,475

--

None

-

-

-

-

-

E

1,513

Freeboard

Freeboard Repair 1

$33,000

-

-

-

$33,000

F

1,241

Freeboard

Freeboard Repair 1

$33,000

-

-

-

$33,000

$636,000

-

-

$13,600,000

$14,236,000

Total

10,062

1 - Freeboard repair for limited portions of reach.
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B.2.2 USACE Mid-Valley Reconstruction Project Levee Information
In 1989, the USACE performed an initial geotechnical study to determine the potential
geotechnical recommendations for levee remediations in the Mid-Valley study area that included
over 250 miles of flood control levees in the Sacramento River Flood Control System. The work
was performed in three phases. The first phase compiled and evaluated available data for the
levees included in the study. The second phase was an investigation program that included
drilling 20 borings and 55 CPTs as well as laboratory tests. Phase 3 evaluated the levees to
identify levee reaches that required remediation. The evaluation focused on levee stability and
potential for seepage (primarily reviewing for levee through seepage and shallow foundation
seepage). The study is summarized in the Geotechnical Assessment of Levees in the Mid-Valley
Area report prepared by Roger Foott Associates, Inc. (Roger Foott, 1989). The study found
approximately 38 miles in need of seepage remediation, 21 miles needing stability remediation,
and 23 miles needing crest raising to provide required freeboard. Following this assessment,
USACE prepared an initial appraisal report in 1991 (USACE, 1991).
In the mid-1990s USACE completed further evaluation of the Mid-Valley Area, completing a
Basis of Design – Geotechnical Evaluation of Levees for the Mid-Valley Area report in 1994
(USACE, 1994) and a Design Memorandum for Mid-Valley Area, Phase III report in 1995
(USACE, 1995). The effort included drilling 33 additional auger borings at sites where
remediation needs were identified in the 1991 initial appraisal report. The 1994 geotechnical
evaluation identified twenty-nine sites considered to be “weakest links” – having “significant
risk of levee failure during future high river stages” (USACE, 1994). Design recommendations
were identified for most sites. Four of the sites identified for remediation are along the levees
protecting the Knights Landing Basin, three along the Sacramento River and one along the
Knights Landing Ridge Cut.
Along the Sacramento River the three USACE Mid-Valley sites recommended for remediation
were Site 9 (Levee Mile [LM] 2.5 to 2.7), Site 10 (LM 3 to 3.2), and Site 11 (LM 4.3 to 5.4), as
shown in Figure B-5. Design recommendations for these sites in the 1994 geotechnical
evaluation report and 1995 design memorandum were for stability berms, potentially including a
toe drain. Additional explorations, including 40 borings and 30 CPTs were completed by
GENTERRA/Hultgren-Tillis/Taber, LLC (GHT2) for USACE in 2010 or 2011. Incorporating
the new data, the recommendations for Sites 9, 10, and 11 were reviewed, updated, and analyzed
in 2012 and the results were presented in the Evaluation of Results and Remediation Method
Development, Geotechnical Engineering Report for Mid-Valley Area, Phase III Area 3, Sites 9,
10, and 11 (GHT2, 2012a). The analysis included assessment of two options for Sites 9 and 11: a
cutoff wall and a berm. For Site 10 only a shallow cutoff wall was evaluated. Analysis included
evaluation of through seepage, underseepage, static slope stability, and seismic liquefaction
potential and deformation potential. Existing conditions analysis for the upstream portion of
Site 11 did not meet underseepage criteria. Two remediation options were evaluated to remediate
the underseepage and through seepage concerns for this portion of Site 11, a deep cutoff wall and
a combination seepage-stability berm. Both options were found to meet criteria.
In 2012, USACE prepared design drawings (GHT2, 2012b) for cutoff wall remediations as
follows (depths are below an approximately half levee degrade):
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•
•
•

Site 9 – 793 feet of cutoff wall with depth of 22 feet to address through seepage concerns
Site 10 – 878 feet of cutoff wall with depth of 19 feet to address through seepage
concerns
Site 11 – cutoff wall with varying depths as follows:
o Downstream 2,400 feet with depth of 19 feet to address through seepage concerns
o Upstream 3,157 feet with depth of 110 feet to address through seepage and
underseepage concerns

The 100-foot deep wall would require deep mixing method construction. For this Feasibility
Study the combination seepage-stability berm which also met analysis criteria in the USACE
analysis (GHT2, 2012a) will be considered as it is more cost effective.
The USACE Mid-Valley project also identified one extent for remediation along the Knights
Landing Ridge Cut. This location was identified as Site 24 in the 1994 geotechnical evaluation
but later identified as Sites 12, 12A, and 13. Over 3.5 miles of the left bank levee, landside
stability remediations were recommended. Specifically, the 1994 USACE geotechnical
evaluation recommended the following repairs based on stability analysis factors of safety from
analysis:
•
•
•
•

Relocating the adjacent irrigation ditch (where present),
Constructing a berm such that the height of the levee above the berm is no more than 15
feet,
Slope flattening to a landside slope of 3H:1V, and
Surface material to a depth of 4 feet be improved with lime stabilization.

As part of the DWR Early Implementation Program, the Knights Landing Ridge Drainage
District (KLRDD) prepared designs and constructed stability repairs based on the USACE
recommendations. The repairs included landside slope flattening to a 3H:1V slope, a spoils berm,
and ditch relocation where applicable. The constructed improvements extent from the southern
end of the wastewater ponds downstream approximately 18,200 feet to a location downstream of
Country Road 16. The KLRDD reported this approximately 3.5-mile repair cost approximately
seven million dollars in 2015 dollars (approximately two million dollars per mile).
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Figure B-5. Locations of USACE Mid-Valley Sites 9, 10, and 11
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B.2.3 Levee Improvement Conclusions
The levee improvement needs identified in the DWR NULE and USACE Mid-Valley Project
studies described above were reviewed considering the reported past performance in the Knights
Landing basin and the maintaining agencies input and found to be reasonable for the purposes of
this Feasibility Study. Using these available studies, specific levee improvements were identified
for the existing Knights Landing levee lengths included in each of the six final array alternatives.
The overall approach is described below followed by resulting details for each of the six final
array alternatives.
Where USACE Mid-Valley sites were included in an alternative, remediations identified by
USACE were included in the levee improvements. For Site 11, the alternative remediation option
identified by USACE of a combination seepage-stability berm was included for the downstream
3,157 feet instead of the deep cutoff wall based on anticipated costs. The resulting remediations
are:
•
•
•

Site 9: 793 feet of cutoff wall
Site 10: 878 feet of cutoff wall
Site 11: 2,400 feet of cutoff wall and 3,157 feet of combination seepage-stability berm.

Where NULE Phase 2 study conclusions were available they were utilized directly, only scaling
on length for any reach extents that were only partially within an alternative. Overall, based on
NULE Phase 2 evaluation, 1,199 ft of combination berm and ditch fill, 1,011 feet of drained
stability berm, and 2,623 feet of cutoff wall is identified on the upstream portion of the right
bank of Sacramento River protecting the community of Knights Landing. NULE Phase 2 study
also identified some freeboard repairs along the Knights Landing Ridge cut levee relative to the
1957 design WSE but they are not applicable to this Feasibility Study as the 100-year WSE on
the Knights Landing Ridge Cut is lower than the 1957 design WSE evaluated by NULE. There
were no freeboard deficiencies identified along the left bank of the Knights Landing Ridge Cut
relative to the 100-year WSE.
For the remaining extents of existing levee not covered by the NULE Phase 2 study or USACE
Mid-Valley Sites 9, 10, and 11, NULE Phase 1 study levee improvements conclusions were
utilized. As shown in Table B-3, NULE Phase 1 conclusions were on a segment level with
remedial measures considered over percentages of the segment. Based on information in the
NULE reports, along with study team understanding of levee system, performance history, and
freeboard assessment for the 100-year WSE, the NULE identified remediation lengths were
distributed along segment as described below. Then with the understanding of how the
remediation are distributed along the segment, the appropriate lengths of remediations could be
identified for each alternative based on the portion of levee included in the alternative.
For the Knights Landing Ridge Cut levee the NULE Phase 1 study identified the need for a
drained stability berm to address stability along the full length of the segment. As noted above,
since the NULE study, the KLRDD completed approximately 3.5 miles of landside slope
stability repair (including slope flattening, a spoils berm, and landside toe ditch relocation where
applicable) along the left bank of the Knights Landing Ridge Cut levee. The improvements
extend from the southern end of the wastewater ponds downstream approximately 18,200 feet to
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a location downstream of Country Road 16. Based on this recently completed improvement,
additional levee improvements to address stability are only considered in the levee extents not
covered by the district repair. Landside stability improvements similar to the district repairs is
assumed for this Feasibility Study. Additionally, for the Knights Landing Ridge Cut levee the
NULE Phase 1 study identified approximately 60% of the segment for waterside rock slope
protection for erosion repair. This extent is along the northern portion of the segment, beginning
generally downstream of town. As noted above, no freeboard deficiencies were identified along
the left bank of the Knights Landing Ridge Cut for the 100-year WSE, therefore freeboard repair
identified along the Knights Landing Ridge Cut in the NULE Phase 1 study for the 1957 design
WSE were not applicable to the Alternatives in this study.
For the Sacramento River levee the NULE Phase 1 study identified the need for a combinationseepage stability berm over approximately 80% of the levee and a drained stability berm over
approximately 10% of the segment. No significant refinement was available at this level of study
for the location of the remediations, so these percentages were applied to lengths of Sacramento
River levee in each alternative that were not covered by NULE Phase 2 study or USACE MidValley Sites 9, 10 and 11. Based on the NULE Phase 1 study, approximately 30% of the
Sacramento River segment was identified for erosion repair with waterside rock slope protection.
Freeboard/geometry repairs was also identified for 30% of the segment based on the 1957 design
WSE, however additional freeboard deficiencies were identified along the Sacramento River a
for the 100-year WSE and freeboard repair lengths were increased for this Feasibility Study.
The Yolo Bypass levee extent within the Knights Landing levee system is only applicable to
Alternative 11 were the whole segment is included. For this segment of the Yolo Bypass levee,
based on the NULE Phase 1 study, levee improvements include a combination seepage-stability
berm for 70% of the segment, a drained stability berm for 10% of the segment, and waterside
rock slope protection for erosion repair for 30% of the segment. Based on a six-foot freeboard
requirement for bypass levees, freeboard repairs were also identified for a portion segment based
on the 1957 design WSE, however additional freeboard deficiencies were identified along the
Yolo Bypass for the 100-year WSE and freeboard repair lengths were increased for this
Feasibility Study.
Based on this, levee improvements were identified for each alternative, as described below and
depicted in Figures B-6 to B-11.
Alternative 1

The Alternative 1 cross-levee configuration includes approximately 9,320 feet (1.75 miles) of
existing levees in the Alternative. The Alternatives also incorporates improvements to the
existing embankments surrounding the wastewater treatment ponds, including 3,595 feet of
existing levee on the south-west side of the ponds.
Of the approximately 9,320 feet of existing levees surrounding the community of Knights
Landing 8,090 feet of these levees were evaluated in detail during the NULE Phase 2 study and
the remaining 1,230 feet of levees were evaluated only in the NULE Phase 1 study. In addition,
the 3,595 feet along the Knights Landing Ridge Cut (south-west) side of the wastewater
treatment ponds were also evaluated only in the NULE Phase 1 study.
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Based on the existing evaluation information and the approach discussed above, the following
remediations were estimated, for evaluation purposes:
•

Right Bank of Sacramento River (based on NULE Phase 2)
o 240 feet of drained stability berm
 From LM 0.67 to 0.71
 To address through seepage concerns
o 2,620 feet of cutoff wall
 From LM 0.13 to 0.67
 To address through seepage concerns
o Applicable freeboard/geometry repairs

•

Left Bank of Knights Landing Ridge Cut (based on NULE Phase 1 and recent KLRDD
stability repairs)
o 4,825 feet of drained stability berm and waterside rock slope protection for
erosion repair from approximately LM 4.9 to 5.8 (1,230 feet upstream of crosslevee and 3,595 feet along wastewater treatment ponds)

Figure B-6 shows the features of Alternative 1.
Alternative 3

The Alternative 3 cross-levee configuration includes approximately 13,980 feet (2.65 miles) of
existing levees in the alternative. Of the approximately 13,980 feet of existing levees
surrounding the community of Knights Landing, approximately 9,155 feet of these levees were
evaluated in detail during the NULE Phase 2 study and the remaining 4,825 feet of levees on the
Knights Landing Ridge Cut were evaluated only in the NULE Phase 1 study.
Based on the existing evaluation information and the approach discussed above, the following
remediations were estimated, for evaluation purposes:
•

Right Bank of Sacramento River (based on NULE Phase 2)
o 290 ft of combination berm and ditch fill
 From LM 0.86 to 0.9
 To address underseepage, through seepage, and landside stability concerns
o 1,010 feet of drained stability berm
 From LM 0.67 to 0.86
 To address through seepage concerns
o 2,620 feet of cutoff wall
 From LM 0.13 to 0.67
 To address through seepage concerns
o Applicable freeboard/geometry repairs
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•

Left Bank of Knights Landing Ridge Cut (based on NULE Phase 1 and recent KLRDD
stability repairs)
o 4,825 feet of landside stability improvements and waterside rock slope protection
for erosion repair from approximately LM 4.9 to 5.8

Figure B-7 shows the features of Alternative 3.
Alternative 6

The Alternative 6 cross-levee configuration includes approximately 43,615 feet (8.25 miles) of
existing levees surrounding the community of Knights Landing in the Alternative. Alternative 6
also includes the remainder of Mid-Valley Site 11 that is beyond the cross-levee. Within this
length are USACE Mid-Valley Sites 9, 10, and the upstream portion of Site 11. Levee
improvements for the remainder of Mid-Valley Site 11 are also included in Alternative 6 (an
additional 3,350 feet of existing levee).
Of the total 46,965 feet of existing levees identified for levee improvements in Alternative 6,
approximately 10,060 feet of these levees were evaluated in detail during the NULE Phase 2
study, 7,228 feet are a part of USACE Mid-Valley Sites 9, 10, and 11, and the remaining 29,677
feet of levees (14,715 feet on Knights Landing Ridge Cut and 14,962 feet on the Sacramento
River) were evaluated only in the NULE Phase 1 study.
Based on the existing evaluation information and the approach discussed above, the following
remediations were estimated, for evaluation purposes:
•

Right Bank of Sacramento River next to the community (based on NULE Phase 2)
o 1,200 ft of combination berm and ditch fill
 From LM 0.86 to 1.1
 To address underseepage, through seepage, and landside stability concerns
o 1,010 feet of drained stability berm
 From LM 0.67 to 0.86
 To address through seepage concerns
o 2,620 feet of deep cutoff wall
 From LM 0.13 to 0.67
 To address through seepage concerns
o Applicable freeboard/geometry repairs

•

Right Bank of Sacramento River downstream of the community
o Mid-Valley Sites:
 793 feet of cutoff wall at Site 9
• Between LM 2.7 to 2.9
• To address through seepage concerns
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878 feet of cutoff wall at Site 10
• Between LM 3.0 to 3.2
• To address through seepage concerns
 2,400 feet of shallow cutoff wall to address through seepage concerns and
3,157 feet of combination seepage-stability berm to address underseepage
and through seepage concerns at Site 11 (between LM 4.3 to 5.4)
o Other extents between approximately LM 1.1 and 4.3 (based on NULE Phase 1)
 Approximately 12,000 feet of combination seepage-stability berm to
address underseepage, through seepage, and landside stability concerns
 Approximately 1,500 feet of drained stability berm to address through
seepage and landside stability concerns
 Approximately 5,650 feet of waterside rock slope protection for erosion
repair
 Applicable freeboard/geometry repairs


•

Left Bank of the Knights Landing Ridge Cut levee (based on NULE Phase 1 and recent
KLRDD stability repairs)
o 4,825 feet of landside stability improvements from approximately LM 4.9 to 5.8
o 14,715 feet of waterside rock slope protection for erosion repair between
approximately LM 3 and 5.8

Figure B-8 shows the features of Alternative 6.
Alternative 11

Alternative 11 does not include a cross-levee but corresponds to applicable levee improvements
for the entire levee system of approximately 80,260 feet (15.2 miles) of existing levee
surrounding the Knights Landing Basin. This includes approximately:
•
•
•
•

33,175 feet of levee along Knights Landing Ridge Cut,
30,535 feet of levee along the Sacramento River,
2,745 feet of levee along the Colusa Basin Drainage Canal, and
13,805 feet of levee along the Yolo Bypass.

Of these existing levees surrounding the community of Knights Landing, approximately 10,060
feet of these levees were evaluated in detail during the NULE Phase 2 study, 7,228 feet are a part
of USACE Mid-Valley Sites 9, 10, and 11, and the remaining approximately 62,970 feet of
levees were evaluated only in the NULE Phase 1 study.
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Based on the existing evaluation information and the approach discussed above, the following
remediations were estimated, for evaluation purposes:
•

Right Bank of Sacramento River next to the community (based on NULE Phase 2)
o 1,200 ft of combination berm and ditch fill
 From LM 0.86 to 1.1
 To address underseepage, through seepage, and landside stability
concerns
o 1,010 feet of drained stability berm
 From LM 0.67 to 0.86
 To address through seepage concerns
o 2,620 feet of deep cutoff wall
 From LM 0.13 to 0.67
 To address through seepage concerns
o Applicable freeboard/geometry repairs

•

Right Bank of Sacramento River downstream of the community
o Mid-Valley Sites:
 793 feet of cutoff wall at Site 9
• Between LM 2.7 to 2.9
• To address through seepage concerns
 878 feet of cutoff wall at Site 10
• Between LM 3.0 to 3.2
• To address through seepage concerns
 2,400 feet of shallow cutoff wall to address through seepage concerns and
3,157 feet of combination seepage-stability berm to address underseepage
and through seepage concerns at Site 11 (between LM 4.3 to 5.4)
o Other extents (based on NULE Phase 1)
 Approximately 15,000 feet of combination seepage-stability berm to
address underseepage, through seepage, and landside stability concerns
 Approximately 1,800 feet of drained stability berm to address through
seepage and landside stability concerns
 Approximately 9,150 feet of waterside rock slope protection for erosion
repair
 Applicable freeboard/geometry repairs

•

Left bank of Knights Landing Ridge Cut (based on NULE Phase 1 and recent KLRDD
stability repairs)
o 12,320 feet of landside stability improvements
o 20,000 feet for waterside rock slope protection for erosion repair
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•

Right bank of the Yolo Bypass (based on NULE Phase 1)
o Approximately 9,600 feet of combination seepage-stability berm to address
underseepage and landside stability concerns
o Approximately 1,400 feet of drained stability berm to address landside stability
concerns
o Approximately 4,150 feet of waterside rock slope protection for erosion repair
o Applicable freeboard/geometry repairs (6 feet of freeboard required for bypass
levees)

Figure B-9 shows the features of Alternative 11.
Alternative 12

Alternative 12 is a combination of Alternative 3 (a cross-levee near the community along with
levee improvements as needed on the approximately 13,980 feet of existing levees) and levee
improvements for USACE Mid-Valley Sites 9, 10, 11.
Of the approximately 21,210 feet (4 miles) of existing levees in Alternative 12, approximately
9,155 feet of these levees were evaluated in detail during the NULE Phase 2 study, 7,228 feet are
a part of USACE Mid-Valley Sites 9, 10, and 11, and the remaining 4,825 feet of levees on the
Knights Landing Ridge Cut were evaluated only in the NULE Phase 1 study.
Based on the existing evaluation information and the approach discussed above, the following
remediations were estimated, for evaluation purposes:
•

Right Bank of Sacramento River (based on NULE Phase 2)
o 290 ft of combination berm and ditch fill
 From LM 0.86 to 0.9
 To address underseepage, through seepage, and landside stability concerns
o 1,010 feet of drained stability berm
 From LM 0.67 to 0.86
 To address through seepage concerns
o 2,620 feet of deep cutoff wall
 From LM 0.13 to 0.67
 To address through seepage concerns
o Applicable freeboard/geometry repairs

•

Right Bank of Sacramento River downstream of the community (Mid-Valley Sites)
o 793 feet of shallow cutoff wall at Site 9
 Between LM 2.7 to 2.9
 To address through seepage concerns
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o 878 feet of shallow cutoff wall at Site 10
 Between LM 3.0 to 3.2
 To address through seepage concerns
o 2,400 feet of shallow cutoff wall to address through seepage concerns and 3,157
feet of combination seepage-stability berm to address underseepage and through
seepage concerns at Site 11 (between LM 4.3 to 5.4)
•

Left Bank of Knights Landing Ridge Cut (based on NULE Phase 1 and recent KLRDD
stability repairs)
o 4,825 feet of landside stability improvements and waterside rock slope protection
for erosion repair from approximately LM 4.9 to 5.8

Figure B-10 shows the features of Alternative 12.
Alternative 13

Alternative 13 is a combination of Alternative 1 (a cross-levee near the community along with
levee improvements as needed on the existing levees northwest of the cross-levee and
improvements to the embankments surrounding the existing wastewater treatment ponds) and
levee improvements for USACE Mid-Valley Sites 9, 10, 11.
Of the approximately 20,145 feet (3.8 miles) of existing levees in Alternative 13, 8,090 feet of
these levees were evaluated in detail during the NULE Phase 2 study, 7,228 feet are a part of
USACE Mid-Valley Sites 9, 10, and 11, and the remaining 4,825 feet of levees were evaluated
only in the NULE Phase 1 study.
Based on the existing evaluation information and the approach discussed above, the following
remediations were estimated, for evaluation purposes:
•

Right Bank of Sacramento River (based on NULE Phase 2)
o 240 feet of drained stability berm
 From LM 0.67 to 0.71
 To address through seepage concerns
o 2,620 feet of cutoff wall
 From LM 0.13 to 0.67
 To address through seepage concerns
o Applicable freeboard/geometry repairs

•

Right Bank of Sacramento River downstream of the community (Mid-Valley Sites)
o 793 feet of shallow cutoff wall at Site 9
 Between LM 2.7 to 2.9
 To address through seepage concerns
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o 878 feet of shallow cutoff wall at Site 10
 Between LM 3.0 to 3.2
 To address through seepage concerns
o 2,400 feet of shallow cutoff wall to address through seepage concerns and 3,157
feet of combination seepage-stability berm to address underseepage and through
seepage concerns at Site 11 (between LM 4.3 to 5.4)
•

Left Bank of Knights Landing Ridge Cut (based on NULE Phase 1 and recent KLRDD
stability repairs)
o 4,825 feet of drained stability berm and waterside rock slope protection for
erosion repair from approximately LM 4.9 to 5.8 (1,230 feet upstream of crosslevee and 3,595 feet along wastewater treatment ponds)

Figure B-11 shows the features of Alternative 13.
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Figure B-6. Alternative 1 with Potential Levee Improvements
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Figure B-7. Alternative 3 with Potential Levee Improvements
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Figure B-8. Alternative 6 with Potential Levee Improvements
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Figure B-9. Alternative 11 with Potential Levee Improvements
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Figure B-10. Alternative 12 with Potential Levee Improvements
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Figure B-11. Alternative 13 with Potential Levee Improvements
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B.2.4 Levee Improvement Costs
For comparative analysis, costs were developed for the specific levee improvements included in
each of the six alternatives considered in the final screening. The identification of the
improvements for these alternatives is discussed above in Section B.2.3. The cost estimate
approach was based on the information available. For remediations based on USACE MidValley project information, USACE cost estimates were not available to the Feasibility Study
team so detailed cost estimating had to be completed. That cost estimating is discussed in the
Cost Estimate Development Appendix of this Feasibility Study.
NULE provided costs for all selected remedial alternatives included in the Phase 1 and Phase 2
studies as shown in Tables B-3 and B-4 (presented in Section B.2.2). Costs were scaled based on
original length of remediation and the lengths identified for the remediation included in the
alternative. Costs were in 2011 dollars (Phase 1) and 2013 dollars (Phase 2) which were
escalated to December 2018 using the 20 cities average from the Engineering News-Record
Construction Cost Index, which resulted in an escalation factor of 1.23 for 2011 dollars and 1.17
for 2013 dollars. NULE costs are stated to be Class 4 estimates as defined by the Association for
Advancement of Cost Engineering International. The NULE estimates included 30%
contingency.
As discussed above, for the Knights Landing Ridge Cut levee, where landside stability
remediations were not already constructed, landside stability improvements similar in design to
those constructed by the KLRDD based on USACE recommendations were assumed. To
estimate the cost of these levee improvements, the KLRDD Cost of approximately two million
dollars per mile (in 2015 dollars) was used. Based on uncertainty of several factors, including
constructability logistics for the levee adjacent to the existing wastewater treatment ponds, a
contingency of 30%, typical for feasibility study estimates, was considered appropriate.
Escalated to December 2018 using an escalation factor of 1.12 based on the 20 cities average
from the Engineering News-Record Construction Cost Index and incorporating the 30%
contingency, results in a cost of three million dollars per mile.
Feasibility level scaled and escalated costs for improvements to the exiting levees, aside from
Mid-Valley Sites are presented in Table B-6. The purpose of these costs is to support
comparative assessment of the final array of structural alternatives evaluated in the Feasibility
Study. The Cost Estimate Development Appendix completes the costs assessment for the
Feasibility Study, see the appendix for complete alternative cost comparison.
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Table B-6. Levee Improvement Costs for Existing Levees (excluding Mid-Valley Site 9, 10, and 11 improvements)
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B.3 Cross-Levee Foundation Review
The other key component of evaluating the structural alternatives in the Feasibility Study is the
cost for the various cross-levee options. The concept level design and costing of the cross-levees
considers the need for remediation of potential underseepage. The process for evaluating the
need for underseepage remediation is discussed below. The overall approach to the cross-levees
and their cost estimates are described in the Cost Estimate Development Appendix of this
Feasibility Study.
B.3.1 Foundation Understanding
For design level evaluation, the need for underseepage remediation would be based on detailed
site-specific subsurface explorations and geotechnical analysis. The results of this would then be
compared against required criteria. For this Feasibility Study, available information was limited
and geotechnical assessment was based on screening criteria. Screening was completed
considering the net head on the levee (100-year WSE minus the landside toe elevation) compared
to the existing fine-grained blanket thickness.
A minimum blanket thickness that would result in the underseepage gradient meeting criteria
was estimated based on the net head, assuming 2 feet of head loss in the aquifer for horizontal
seepage from the waterside entry point to the base of the blanket at the landside toe, and a factor
of safety of 1.6 for underseepage. A factor of safety of 1.6 corresponds to a required average exit
gradient of 0.5 for an assumed saturated unit weight of soil equal to 112.5 pounds per cubic foot.
The exit gradient is calculated as the head at the base of the blanket (net head minus an assumed
2 feet of head loss) divided by the blanket thickness. Based on this relationship and an exit
gradient criteria of 0.5 the estimated required blanket thickness:
Estimated required blanket thickness = (Net Head – 2 ft) / 0.5
If available information indicates that the blanket thickness is less than the estimated required
blanket thickness, it assumed for this Feasibility Study that underseepage remediation is needed
for the cross-levee.
The available information utilized for the review of foundation conditions at the cross-levee
locations included existing subsurface explorations identified through document review and
geomorphology that was collected for the DWR NULE study. Available subsurface explorations
are described for each cross-levee alignment below. NULE study geomorphology for the
northern portion of the Knights Landing basin is shown in Figure B-12.
For the six alternatives in the final array of structural alternatives identified in the Feasibility
Study, there are three cross-levee alignments, as shown in Figure B-1. Each of these alignments
is discussed individually below. Alternatives 3 and 12 cross-levee alignment had the most
available subsurface exploration data and is discussed first below.
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Figure B-12. NULE Geomorphology for Northern Portion of Knights Landing Basin
Source: Excerpt from Plate 1 Sheet 1 from the Technical Memorandum on Level 2-II Geomorphic Assessment and Surficial Mapping of Sacramento River below Tisdale Weir and Adjoining Areas
presented in the URS Geotechnical Data Report, North NULE Project Study Area (URS, 2012)
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Alternatives 3 and 12 Cross-Levee Alignment
Alternatives 3 and 12 share the same cross-levee alignment, as shown in Figure B-1. The crosslevee begins in the north at LM 0.9 on the right bank of the Sacramento River and runs
approximately 6,800 feet southerly to LM 4.9 of the left bank of Knights Landing Ridge Cut.
This cross-levee option is consistent with the alignment of the preferred alternative identified in
the Lower Sacramento-North Delta Regional Flood Management Plan, dated July 2014.
As seen in Figure B-13, the available geomorphology along the Alternatives 3 and 12 cross-levee
alignment indicates it primarily overlies Holocene basin deposits (Hn). Near the Sacramento
River end some historical overbank deposits (Rob) are mapped, and a narrow area where a
veneer (probably less than 5-feet thick) of historical overbank deposits (Rob) are mapped over
holocene meander scroll deposits (Hms). The Rob and Hcs deposits are expected to be coarser in
nature than the Hn deposits. Wider areas of Rob and Rob over Hms are mapped just downstream
of the alignment. It should be noted that the map boundaries are approximate in nature.
As the RFMP preferred alternative alignment, explorations along the alignment were completed
in November 2014 by DWR under the NULE contract and published in a NULE GDR
Addendum dated April 2015. Explorations included 8 CPTs and 4 borings (3 of which were colocated at 2 CPT locations), as shown in Figure B-13. These explorations were used to estimate
blanket thicknesses which are summarized in Table B-7.
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Table B-7. Estimated Blanket Thicknesses Along Alternative 3 & 12 Cross-Levee
Approximate
Location
(Distance from
Knights Landing
Ridge Cut, feet)

Existing
Exploration

Estimated
Blanket
Thickness
(feet)

0

WCRYS6_020C

>45

820

WCRYS6_021C

43

1585

WCRYS6_022C

41

2480

WCRYS6_023C

40

WCRYS6_008B

44.5

WCRYS6_024C

40

WCRYS6_025C

16

WCRYS6_009B

17

WCRYS6_011B

>13.5

WCRYS6_026C

18

6840

WCRYS6_010B

23.5

6840*
*downstream ~700 ft

WCRYS6_001C

8 to 15

6840*
*upstream ~300 ft

WCRYS6_002C

40

3185
4035

4830

Notes
Blanket material appears to be
present to bottom depth of CPT

Exploration only to depth of 13.5 feet
(drilled or Shelby tube collection).
Did not identify bottom of blanket.
Silty Clayey Sand with 37% fines for
upper 5 feet.

Based on an identified WSE of 42.5 feet and varying existing ground surface elevations the
estimated net head for the proposed Alternatives 3 and 12 cross-levee ranges from approximately
12 feet to 18.5 feet. Based on the net head, calculations to estimate the required blanket resulted
in a required thickness ranging from approximately 20 to 33 feet.
Comparing the identified blanket thickness to the estimate of required blanket thickness at the
same location finds:
•

For the southern 3,200 feet of the alignment, explorations found blanket thicknesses
greater than the estimated required blanket thickness. Blankets were found to be
approximately 40 to 45 thick compared to required thicknesses of approximately 29 to
33 feet.

•

In the northern portion of the alignment existing blanket thickness were found to be less
than the required thicknesses. Required thickness were approximately 20 to 29 feet in
this area. Most of the borings identified thinner blankets. Including a NULE Phase 2
CPT (WCRYS6_001C) through the Sacramento River levee downstream of the
Alternatives 3 and 12 cross-levee which identified a blanket thickness of only 8 to 15
feet.
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Figure B-13. NULE Knights Landing Supplemental Exploration Locations
Source: Adapted from Figure 3-1 of URS Geotechnical Data Report Addendum, Knights Landing Study Area (URS, 2015)

July 2019

B-51

Appendix B Knights Landing Geotechnical Assessment for Final Array Structural Alternatives

This page left blank intentionally.

B-52

July 2019

B.3 Cross-Levee Foundation Review

Notably, the Sacramento River levee at the northern tie-in is within Reach A of the NULE Phase 2
study where a Combination Berm is identified to address underseepage, though seepage, and
landside slope stability. The NULE Phase 2 study did not consider a cutoff wall because a suitable
underlying aquitard layer was not encountered.
Based on the available information, foundation remediation is assumed to be needed for the
northern 3,340 feet of the Alternative 3 and 12 cross-levee alignment. The required wall depth
cannot be determined along this northern most portion of the alignment as a suitable aquitard
was deeper than explorations performed. For the Feasibility Study a seepage berm is proposed.
Along this alignment the average levee height is approximately 18 feet. Following the NULE
Phase 1 approach for a ten- to twenty-foot-high levee, a seepage berm width of five times the
levee height was considered, resulting in a 90-foot-wide seepage berm assumed for evaluation
purposes.
Alternatives 1 and 13 Cross-Levee Alignment
Alternatives 1 and 13 share the same cross-levee alignment, as shown in Figure B-1. It is
immediately downstream of the community of Knights Landing and begins in the north from LM
0.7 on the right bank of the Sacramento River and runs approximately 5,500 feet southerly
towards LM 5.6 of the left bank of Knights Landing Ridge Cut.
As shown in Figure B-12, the available geomorphology along the Alternatives 1 and 13
cross-levee alignment indicates it primarily overlies Holocene basin deposits (Hn). Near the
Sacramento River end there some historical overbank deposits (Rob) mapped.
Available subsurface exploration data for the Alternative 1 and 13 cross-levee alignment was
limited to levee explorations completed by the NULE Phase 2 Study and the additional NULE
drilling completed in 2014. The 2014 NULE drilling included an additional 6 CPTs and one
co-located boring along the Knights Landing Ridge Cut levee downstream of the NULE Phase 2
study extents, as shown in Figure B-13. The available explorations closest to the Alternatives 1
and 13 cross-levee alignment were used to estimate the existing blanket thicknesses which are
summarized in Table B-8.
Table B-8. Estimated Blanket Thicknesses Along Alternative 1 & 13 Cross-Levee
Approximate Location

Existing Exploration

Estimated Blanket
Thickness
(feet)

Knights Landing Ridge Cut Levee
(approximately at tie-in location)

WCRYS6_016C

41

Sacramento River Levee
(roughly 300 feet upstream of tie-in location)

WCRYS6_002C

40

Sacramento River Levee
(roughly 800 downstream of tie-in location)

WCRYS6_003C

45

Based on an identified WSE of 42.5 feet and varying existing ground surface elevations the
estimated net head for the proposed Alternatives 1 and 13 cross-levee generally ranges from
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approximately 9 feet to 14.5 feet. Based on the net head, calculations to estimate the required
blanket resulted in a thickness ranging from approximately 14 to 25 feet.
As summarized in Table B-8, existing explorations near either end of the Alternatives 1 and 13
cross-levee alignment found blanket layers approximately 40 to 45 feet thick, which is greater
than the maximum estimated required blanket thickness. However, for the middle extent of the
Alternatives 1 and 13 cross-levee alignment, nearby existing explorations completed along part
of the Alternatives 3 and 12 cross-levee alignment should be considered. Both areas are mapped
over Hn deposits and are relatively close in proximity. As discussed above, the explorations
between the levees along the Alternatives 3 and 12 cross-levee alignment found blanket
thickness ranging from approximately 16 to 18 feet or approximately 40 to 45 feet. Specifically,
two locations out of six explored between the existing levees found blanket thickness lower than
most of the estimated critical blanket thicknesses for the middle portion of the alignment.
Based on the resulting uncertainty of the limit site-specific data, foundation remediation is
assumed to be needed along the full Alternative 1 and 13 cross-levee alignment. Required wall
depths cannot be determined from the limited information available, therefore a seepage berm
was proposed for the Feasibility Study. Along this alignment the average levee height is 15 feet.
Following the NULE Phase 1 approach for a ten- to twenty-foot-high levee a seepage berm
width of five times the levee height was considered, resulting in a 75-foot-wide seepage berm
assumed for evaluation purposes.
Alternative 6 Cross-Levee Alignment
The cross-levee for Alternative 6 is the furthest downstream in the basin and begins in the north
from levee mile 4.7 on the right bank of the Sacramento River and runs approximately 2,200 feet
southerly towards levee mile 3.0 of the left bank of Knights Landing Ridge Cut, as shown in
Figure B-1.
As shown in Figure B-12, the available geomorphology along the Alternative 6 cross-levee
alignment indicates it primarily overlies Holocene overbank deposits (Hob). Two thin fingers of
Holocene marsh deposits (Hs) are also mapped along/near the alignment. Near the Knights
Landing Ridge Cut end, Hn is mapped to pinch out just downstream of the alignment.
Available subsurface exploration data for the Alternative 6 cross-levee alignment was limited to
levee explorations completed by USACE. Near the cross-levee alignment one CPT and two
borings were identified on the Sacramento River levee and one boring on the Knights Landing
Ridge Cut levee. These explorations were used to estimate blanket thicknesses which are
summarized in Table B-9.
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Table B-9. Estimated Blanket Thicknesses Along Alternative 6 Cross-Levee

Approximate Location

Existing
Exploration

Estimated
Blanket
Thickness
(feet)

Notes
Appears shallow sand for
approximately 2-3 feet at top of
foundation.
USACE Mid-Valley 2010 or 2011
CPT. Stratigraphy based on profile
interpretation (GHT2, 2012a)

Sacramento River Levee
(approximately at tie-in location)

CF-10-48

10

Sacramento River Levee
(slightly upstream of tie-in
location)

2F-93-18

6

Sacramento River Levee
(slightly downstream of tie-in
location)

2F-93-19

No Blanket

9 feet of sand below approximate
landside levee height. Clay below
the sand.

>23

Bottom of blanket not identified.
Boring terminates in Silty Clay at
approximately 23 feet below
landside toe.

Knights Landing Ridge Cut

2F-89-11

The interior basin borings available along the Alternatives 3 and 12 cross-levee alignment are
located too far away and the geomorphic conditions are too different for them to add relevant
information between the two levees at the Alterative 6 cross-levee alignment.
Based on any identified WSE of 42.5 feet and varying existing ground surface elevations the
estimated net head for the proposed Alternative 6 cross-levee ranges from approximately 12 feet
to 21.5 feet. Based on the net head, calculations to estimate the required blanket resulted in a
thickness ranging from 19.5 to 39 feet.
Comparing the identified blanket thickness to the estimated require blanket thickness at the same
location finds:
•

The explorations along the Sacramento River near the cross-levee alignment do not
provide the estimated required blanket thickness.

•

The exploration on Knights Landing Ridge Cut levee near the cross-levee alignment
identified at least 23 feet of blanket compared to a required blanket of approximately
19.5to 22.5 feet in that area. However, the required blanket increases to greater than 23
feet a few hundred feet from Knights Landing Ridge cut levee. Additionally, based on the
geomorphic mapping, the conditions encountered by the exploration are probably limited
to the area near the levee.

Based on this limited available information, foundation remediation is assumed to be needed
along the full Alternative 6 cross-levee alignment. Required wall depths cannot be determined
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from the limited information available, therefore a seepage berm was proposed for the Feasibility
Study. Along this alignment the average levee height is approximately 18 feet. Following the
NULE Phase 1 approach for a ten- to twenty-foot-high levee, a seepage berm width of five times
the levee height was considered, resulting in a 90-foot-wideseepage berm assumed for evaluation
purposes.
B.3.2 Cross-Levee Foundation Conclusion Summary
The following underseepage remediations were identified for the final array structural alternative
cross-levees. They are used as inputs in the cross-levee costs estimate process which is
summarized in the Cost Estimate Development Appendix of this Feasibility Study:
•

Alternatives 3 and 12 cross-levee – underseepage remediation of the northern 3,340 feet
of the cross-levee using a 90-foot wide seepage berm.

•

Alternatives 1 and 13 cross-levee - underseepage remediation of the full cross-levee
length using a 75-foot wide seepage berm.

•

Alternative 6 cross-levee - underseepage remediation of the full cross-levee length using
a 90-foot wide seepage berm.
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