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1 INTRODUCTION

This report presents the results of our geotechnical feasibility investigation for the proposed
Little Egbert Multi-Benefit Project (Project) in Solano County, California. A vicinity map
showing the approximate proposed location of the site is presented on Plate 1. A site plan
depicting the proposed project features is presented on Plate 2. The proposed project
consists of converting Little Egbert Tract into a variety of habitats. The Little Egbert Tract
will be converted into habitat by breaching existing levees and allowing the site to be tidally
inundated. The habitat types may include subtidal swales, subtidal flats, tidal wetlands,
riparian woodland / scrub, and grassland.

The proposed project is bounded by levees which are included in the National Levee
Database (NLD) developed by the United States Army Corps of Engineers (USACE). The
NLD includes both USACE Project Levees and levees that are not within the jurisdiction of
USACE. The locations of levees listed in the NLD are presented on Plate 3. For conciseness,
we will refer to the “RD 0536 — Egbert — Unit 2, South Levee” throughout the report as the
“RD 536 Levee”. The other levees in the report will be referred to by the names given in the
NLD (Mellin Levee, Mellin Levee Extension, Solano County Levee 44, and Solano County
Levee 28). The Mellin Levee, Mellin Levee Extension, and Solano County Levee 44 are
connected and currently share a continuous stationing alignment.

The project configuration is under development. Numerous alternatives are under
consideration for the proposed project. The current, conceptual configuration includes
breaching the restricted height levee for RD 2084 (Solano County Levee 28) on the southeast
side of Little Egbert Tract to allow water from Cache Slough to flow tidally into the parcel.
A degraded section of Solano County Levee 28 near the north end of Little Egbert Tract
would allow water to enter the site from the north when water in the adjacent slough is at
elevated flood levels, which would improve the flood conveyance of the Yolo Bypass
upstream of the project. The proposed project includes rehabilitating levees along the west
side of the project to reduce the flood risk to the neighboring parcels under tidal and flood
water levels. For all alternatives, the levee along the west side will need to meet current
levee design criteria. A new levee is planned to protect a residence (Baldwin residence)
adjacent to the southeast corner of the proposed project.

Some alternatives include a smaller tidal opening downstream of the south breach. To
create the opening, a bridge or culvert through California State Route 84 will be required to
allow water to flow in and out of the proposed project. Another feature of the proposed
project includes constructing a dual-purpose water control structure where the Watson
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Hollow Diversion Canal (Watson Hollow) crosses the western levee alignment. The new
water control structure may include culverts fitted with gates to allow water to flow
through Watson Hollow to and from neighboring parcels.

Extensive grading is planned to create habitat berms adjacent to exiting levees, interior
channels, and for construction of levee improvements.

We published a draft Geotechnical Data Report (GDR) on December 19, 2022, which
included logs of borings, test pits, and Cone Penetration Tests (CPTs) that were conducted
for this investigation and previous investigations near the site. We used data from the
December 19, 2022, draft GDR to produce this report. This report is intended to support the
feasibility level study for the proposed project. It is not intended to support the design. We
performed analysis to evaluate the feasibility of geotechnical engineering aspects of the
proposed project, including the existing levees. We believe that the results, based on the
data collected and analysis performed, demonstrate that the proposed project is feasible and
can be constructed.

2 EXISTING DATA, FIELD EXPLORATION AND
LABORATORY TESTING

We reviewed logs of previous subsurface explorations within the proposed project footprint
and surrounding vicinity. We explored subsurface conditions by drilling borings,
excavating test pits, and performing CPTs. The approximate exploration locations are
presented on the Exploration Location Map, Plate 4. A description of the data review and
field exploration is presented in the December 19, 2022 draft GDR. The logs of borings,
CPTs, and test pits are presented in the December 19, 2022 draft GDR along with the
laboratory test results. Data from pocket penetrometer, torvane, Atterberg limits, moisture
content, and density tests are presented in Appendix D along with (N1)eo Standard
Penetration Test (SPT) blow counts.

Elevations referred to in this report are referenced to the North American Vertical Datum of
1988 (NAVDS88) unless otherwise stated.
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3 SITE CONDITIONS

3.1 Regional Geology

The site is located near the foot of the Montezuma Hills, at the fringe of the Sacramento-San
Joaquin Delta. The United States Geological Survey (USGS) has published maps for the
Sacramento-San Joaquin Delta (Atwater 1982).

The Atwater geologic map that includes the site and the geologic descriptions of the map
units are presented on Plate 5. The map shows the landward margin of tidal wetland at low
river stages circa 1850. North of approximately Station 110+00 for the RD 536 Levee, the
historic landward margin of the tidal wetland is mapped at least 1,000 feet west of the
proposed project, indicating that the RD 536 Levee footprint and parcel interior north of
Station 110+00 are within an area that was tidal wetlands before the area was reclaimed in
the early 1900s. Between approximately Station 110+00 and the southern end of the RD536
Levee, the mapped landward margin of tidal wetland meanders near the current footprint
of the RD 536 Levee. Most of the parcel interior is located within the historic tidal wetland.

The Atwater geologic map indicates that a low ridge crosses the site near the southern
boundary of Little Egbert Tract. The ridge is approximately 2,500 feet wide. The footprint
of Solano County Levee 44 is mapped within this ridge. The margins of former tidal
wetland meander near the current footprint of the Mellin Levee and Mellin Levee Extension.
Multiple swales of tidal wetlands pass through the current footprint of the Mellin Levee and
Mellin Levee Extension.

The geology map indicates that areas mapped within the margins of tidal wetland are
generally covered by peat and mud of tidal wetlands and waterways (Qpm) and flood basin
deposits (Qb). The areas outside the margins of the tidal wetland are generally mapped as
older alluvium of the Montezuma Hills and vicinity (Qom), and possibly the Montezuma
Formation (Qmz).

The present configuration of the Sacramento-San Joaquin River Delta began to form after the
last ice age, about 10,000 to 13,000 years ago. During the ice age, sea levels were 200 to

300 feet below present levels. Sea levels rose rapidly for several thousand years then the
rate of sea level rise slowed. As sea levels rose, the Delta was inundated. The rise in sea
level was slow enough to allow for the accretion of marsh vegetation and sediments and
formation of a widespread inland delta covered by marsh deposits (mapped as Qpm).
Marsh deposits continued to accumulate as sea levels rose. The marsh formation was halted
upon reclamation of land in the late 1800’s and early 1900’s within the Delta. The flood
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basin deposits (Qb) were deposited along the outer edges of the Delta during periods of
increased runoff from the streams that feed into the Delta.

The Montezuma Hills are located southwest of the site and predate the present
configuration of the Sacramento-San Joaquin River Delta. Storm runoff from the hills
formed streams and eroded the soil, carrying it downstream as alluvium. The older alluvial
soils (Qom) were present prior to the sea level rise that occurred after the last ice age. The
querried portion of the map labeled as Montezuma Formation (Qmz) may be a remnant of a
ridgetop of one of the lower-lying Montezuma hills whose lower portions have since been
buried by alluvium, flood basin, or marsh deposits.

The United States Department of Agriculture (USDA) Natural Resources Conservation
Service (NRCS) develops soil survey maps of the upper five feet of soil across the United
States. The portion of the NRCS soil survey map that includes Little Egbert Tract is
presented on Plate 6. The NRCS map shows that most of the site is blanketed by Egbert
Clay, a high plasticity clay. The southern and western portions of the site are blanketed by a
variety of silt and clay soil with varying plasticity. The boundaries between soil units on the
NRCS maps generally agree with the boundaries shown on the Atwater geologic map.

The northern tip of Little Egbert Tract is included in the geomorphic assessment and
surficial geologic map of the California Department of Water Resources Non-Urban Levee
Evaluations (NULE) Project. The portion of the geologic map that includes Little Egbert
Tract and nearby delta islands is presented on Plate 7. The geology map shows that the
proposed project area is underlain by Holocene peat and muck (Hpm), Holocene marsh
deposits (Hs), Holocene overbank deposits (Hob), and recent and Holocene slough deposits
(Rsl and Hsl). The Hpm and Hs soils consist of peat and organic-rich silt and clay which
were at one time perennially or seasonally submerged and are mostly now leveed, drained
and farmed. The Hob, Rsl, and Hsl deposits consist of sand, silt and clay which are
deposited during high-stage, low energy water flow.

3.2 Construction History

According to the NULE reports and the Operations and Maintenance (O&M) Manual for the
levee, the RD 536 Levee was constructed in 1943 by USACE. As-built drawings indicate that
the levee was constructed from materials excavated from within Little Egbert Tract near the
levee. The borrow sites are located in areas mapped as Qpm, peat and mud, and Qb, flood
basin deposits on the Atwater Geologic Map. The means and methods used to construct the
levee are unknown. As-built drawings for the RD 536 and Mellin Levees are included in
Appendix G. According to the O&M Manual, the Mellin Levee was constructed in 1971.
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3.3 Levee Performance History

The Egbert Levee has a documented history of seepage, erosion, and cracking at multiple
locations. The levee is generally dry, as it is buffered from the Sacramento River and Cache
Slough by Solano County Levee 28 to the east. Solano County Levee 28 has overtopped
twice since 1968: in February 1986 and January 1997. During the 1997 to 1998 flood season,
significant levee safety issues were documented. Seepage in fields and boils were recorded
from Levee Mile (LM) 0 to 1.0. Wave wash damage was recorded with 4-foot-high vertical
faces from LM 0 to 3.4. The wave wash damage was later repaired. Cracking and burrows
were observed along the landward side of the levee slope near LM 1.03. Heavy seepage
along the landward side of the levee was documented from LM 2.57 to 3.30. Finally, a boil
in the landside irrigation ditch at least 60 feet from the levee was observed, with the bank of
the ditch caving at LM 3.4. The approximate locations of these documented seepage areas
are presented on Plate 8.

3.4 Surface Conditions

The site is bordered by levees. The western boundary of the site consists of the RD 536
Levee, Solano County Levee 44, Mellin Levee Extension, and Mellin Levee. The eastern
boundary of the site is formed by Solano County Levee 28, which is adjacent to Cache
Slough and the Sacramento River.

Along the western boundary of Little Egbert Tract, the elevation of the RD 536 Levee crest
ranges from 19 to 24.5 feet. The levee crest width is approximately 20 feet. The inclination
of the landside slope is between 2H:1V and 3H:1V (horizontal to vertical) and the inclination
of the waterside slope is between 2H:1V and 4H:1V. The elevations of the landside and
waterside levee toes range from -3 to 10 feet and -3 to 15 feet, respectively. From Stations
4+00 to 40+00, a relatively level bench, approximately 100 feet wide and 7 feet tall, is located
near the landside levee toe. A ditch, approximately 40 feet wide and 4 to 8 feet deep, runs
along the landside of the levee approximately 80 feet from the landside levee toe.

Watson Hollow is a man-made channel which enters the site on the west side of Little
Egbert Tract between the RD 536 Levee and Solano County Levee 44. The channel flows
south along the waterside toe of Solano County Levee 44 for approximately 3,000 feet before
turning eastward. The channel flows east and southeast and connects to Cache Slough
through multiple culvert pipes that flow beneath Highway 84. Watson Hollow forms a gap
between the RD 536 Levee and Solano County Levee 44.

Along the western boundary of Little Egbert Tract, the elevation of the Solano County Levee
44 crest ranges from 13 to 25 feet. The inclination of the landside slope is between 3H:1V
and 7H:1V and the inclination of the waterside slope is between 3H:1V and 8H:1V. The
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levee crest width varies from 13 to 18 feet. Watson Hollow flows north-south along the
waterside levee toe. An approximately 600-foot wide by 2,300-foot long by 15-foot-deep
excavation is located near the landside levee toe.

The elevation of the Mellin Levee and Mellin Levee Extension crests range from 10.5 to 19
feet and 10 to 21 feet, respectively. The inclination of the landside slope is between 2H:1V
and 8H:1V and the inclination of the waterside slope is between 2H:1V and 8H:1V for both
levees. The levee crest width generally varies from 15 to 30 feet for both levees. A short
segment of the Mellin Levee Extension, from approximately Stations 53+00 to 61+00, is
narrower, with a crest width of less than 7 feet. The elevation of the waterside toe varies
from approximately 5 to 10 feet. The elevation of the landside toe is irregular, as the land
west of the levee has been extensively regraded while in use as a soil and rock stockpile and
borrow site.

The elevation of the Solano County Levee 28 crest generally ranges from 10 to 15 feet. The
levee crest width is generally about 20 feet, with occasional wide sections up to 55 feet wide.
The inclination of the landside slope is between 4H:1V and 8H:1V. The elevation of the
landside toe ranges from -7 to 11 feet. Starting at the south end of the site, State Route 84
runs northeast along the levee crest before terminating at a ferry which crosses Cache
Slough. A home, referred to throughout this report as the Baldwin residence, is located on
the levee crest near Station 79+50.

The interior of Little Egbert Tract contains relatively level fields at various elevations
ranging from Elevation -8 feet to Elevation +10 feet. Generally, the fields in the south are
higher in elevation than the fields in the north. The fields were likely leveled as part of mass
grading operations to facilitate irrigation. Throughout the site, there are unpaved roads.
Water levels in the proposed project area are currently managed using a series of man-made
structures and pumps. A series of man-made channels and ditches traverse the site to
supply and drain fields. The ditches vary in depth and are generally 3 to 4 feet in depth
below the ground surface.

3.5 Subsurface Conditions

We have grouped the subsurface soils encountered at the proposed project site into five
geologic units which include levee fill, hydraulic dredge fill, marsh deposits, flood basin
deposits, and older alluvium. The units are described below. The subsurface conditions are
represented graphically for the western levee alignments on the idealized subsurface
profiles presented in Appendix A and the idealized subsurface cross sections shown in
Appendix B. Our interpretations of the surface geology based on our exploration are
presented on Plate 9. The main difference between Plate 9 and the Atwater Geologic Map
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on Plate 5 is the extent of the marsh soils on the southwestern part of the proposed project.
Field and laboratory test results, including (N1)e blow counts, pocket penetrometer and
torvane readings, moisture content, unit weight, Atterberg Limits, and percent passing the
Number 200 sieve, are summarized in Appendix D.

3.5.1 Soil Unifs
3.5.1.1 LeveeFill

Fill for the RD 536 Levee consists of high-plasticity fat clay. The fill is generally dry to moist
and very stiff to hard.

Fill for the Mellin Levee, Mellin Levee Extension, and Solano County Levee 44 mainly
consists of sand with variable fines content, plasticity, and density. The type of fines within
the sand ranged from silty to clayey. The density of the sand was generally medium dense
to dense with occasional loose zones. Occasional clay layers are present within the fill for
the Mellin Levee, Mellin Levee Extension, and Solano County Levee 44. The clay fills are
dry to moist, very stiff to hard, and range in plasticity from low to high.

Fill for Solano County Levee 28 consists primarily of high-plasticity fat clay, elastic silt, and
organic soil. The fill was generally dry to moist and stiff to very stiff, however, some of the
fill was soft to medium stiff near the bottom of the fill layer.

3.5.1.2 Hydraulic Dredge Fill

Hydraulic dredge fill is mapped by Atwater at the ground surface in the property on the
landside of Solano County Levee 44 and the Mellin Levee Extension. The hydraulic dredge
fill we encountered in test pits near Solano County Levee 44 and the Mellin Levee Extension
consisted of poorly graded sand, silty sand, silt, lean clay, and fat clay. Generally, the fine-
grained hydraulic dredge fills were dry to moist, medium stiff to stiff, and ranged in
plasticity from low to high. The sand hydraulic dredge fills were dry to wet and loose, to
medium dense. In some of the test pits, “clay balls” that ranged in size from gravel- to
cobble-sized were observed within the silty sand. We did not observe a clear pattern of
where the various soil types from the hydraulic dredge fill are located.

3.5.1.3 Marsh Deposits

Marsh deposits were encountered near the ground surface over most of the parcel interior
and beneath the levee fill in Solano County Levee 28 and long stretches of the RD 536 Levee,
Mellin Levee, and Mellin Levee Extension. The marsh deposits typically consist of peat,
organic clay, and organic silt. Marsh deposit soils were deposited in tidal waters and are
typically relatively weak and compressible. Near the ground surface, the marsh deposits
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are generally dry to moist and stiff to very stiff. Generally, the marsh deposits become wet
and soft to medium stiff between 3 and 8 feet below the top of the marsh deposit layer.

3.5.1.4 Flood Basin Deposits

Flood basin deposits in our exploration locations closely resemble the marsh deposits
described above. The flood basin deposits were deposited when large floods flowed
through the Yolo Basin north of the proposed project site. The basin deposits typically
consist of organic clay and organic silt with moderate to high plasticity. They are typically
stiffer than the marsh deposits.

3.5.1.5 Older Alluvium

The older alluvium soils consist of sand, silt, and clay. Throughout most of the site, the
older alluvium is buried below the marsh deposits and basin deposits. Near the southern
end of Little Egbert Tract, the older alluvium is present at the ground surface. Fine-grained
alluvium (clay and silt) was consistently encountered at the top of the older alluvium
deposit and in layers at greater depths. In between the layers of fine-grained alluvium, sand
alluvium was encountered.

The fine-grained older alluvium soils generally consist of low to medium plasticity lean
clay, with occasional zones of lower plasticity silt or higher plasticity fat clay. The
consistency of the fine-grained older alluvium typically ranges from stiff to very stiff, with
occasional zones of medium-stiff soil.

The sand alluvium is generally wet, dense to very dense, and of variable fines content.
Sieve analysis tests in the sand alluvium resulted in fines contents ranging from 4 to 49
percent. Generally, the fines content decreases with depth. The fines typically consist of

silt. The deeper sand layers contain gravel.

3.5.2 RD 536 Levee

The subsurface conditions below the centerline of the RD 536 Levee are depicted in
Appendix A on Plates A-2 through A-8. The levee fill ranges in thickness from
approximately 13 to 27 feet.

From approximately Stations 0+00 to 100+00, the levee fill is underlain by marsh deposits
which are described as organic clays and silts on Plates A-2 through A-8. The marsh
deposits range in thickness from 7 to 20 feet. The marsh deposits are underlain by clay
alluvium ranging in thickness from 7 to 21 feet. The bottom of the clay alluvium ranges
from 16 to 40 feet below the landside levee toe. Sand alluvium underlies the clay alluvium
and varies in thickness from 29 to 72 feet. The bottom of the sand alluvium ranges from 52
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to 111 feet below the landside levee toe. Another layer of clay alluvium is located beneath
the sand alluvium.

South of Station 100+00, the subsurface conditions are more variable. Marsh deposits are
present beneath the levee between approximately Stations 120+00 and 130+00, 149+00 and
154+00, and 176+00 and 182+00. The thickness of marsh deposits ranges from 4 to 14 feet.
Clay alluvium was typically encountered beneath the marsh deposits within these station
ranges. Outside of these station ranges, clay alluvium was generally encountered at the
ground surface. The thickness of clay alluvium ranges from 5 to 17 feet. The bottom of the
clay alluvium ranges from 8 to 20 feet below the landside levee toe. Sand alluvium
underlies the clay alluvium and ranges in thickness from 22 to 54 feet. The bottom of the
sand alluvium ranges from 41 to 62 feet below the landside levee toe. The sand alluvium is
underlain by clay alluvium.

3.5.3 Mellin Levee, Mellin Levee Extension, and Solano County Levee 44

The subsurface conditions below the Mellin Levee, Mellin Levee Extension, and Solano
County Levee 44 are depicted in Appendix A on Plates A-9 through A-13. The fill ranges in
depth from approximately 6 to 11 feet, 5 to 13 feet, and 7 to 14 feet in the Mellin Levee,
Mellin Levee Extension, and Solano County Levee 44, respectively. The levee fill is
underlain by marsh deposits between approximately Stations 13+00 to 37+00 and 49+00 to
53+00, which are up to 30 feet thick. Clay alluvium was typically encountered beneath the
marsh deposits within these station ranges. Outside of these station ranges, clay alluvium
was generally encountered at the ground surface. The thickness of clay alluvium ranges
from 5 to 18 feet. The bottom of the clay alluvium ranges from 6 to 40 feet below the
waterside levee toe of the Mellin Levee, Mellin Levee Extension, and Solano County Levee
44. The clay alluvium is underlain by sand alluvium. The bottom of the sand alluvium
ranges in depth from 24 to 94 feet below the levee waterside toe. The sand alluvium is
underlain by another layer of clay alluvium to the maximum depth encountered in our
borings and CPTs, up to 116 feet below the waterside levee toe.

The parcel west of Solano County Levee 44 between roughly Stations 70+00 and 93+13 has
been altered by an active borrow operation. The ground has been lowered to about
Elevation 0 feet. We anticipate that the large excavation near the landside levee toe in
Solano County Levee 44 between approximately Stations 70+00 and 93+13 removed the clay
alluvium at the ground surface on the landside of the levee. The width of the borrow
operation extends roughly 600 feet west of the levee.
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3.5.4 Solano County Levee 28

The subsurface conditions below Solano County Levee 28 generally consist of 3 to 23 feet of
levee fill underlain by marsh deposits. Between Stations 0+00 and 65+00, the marsh deposits
are of varying thickness from less than 4 feet thick to about 30 feet thick. The areas with
thicker marsh deposits tend to align with the areas mapped by Atwater (1982) as within the
margins of tidal wetland at low river stages circa 1850. The marsh deposits are underlain by
older alluvium with relatively variable sand, silt, and clay.

North of approximately Station 65+00, the marsh deposits increase in thickness and range
from 15 to 40 feet thick. The marsh deposits are typically underlain by older alluvium
consisting of clay and silt to the maximum depth explored.

3.5.5 Parcel Interior

The near-surface soil conditions are depicted on Plate 9. In the areas denoted with marsh
deposits and flood basin deposits within Little Egbert Tract, high plasticity and often
organic-rich soil was encountered near the ground surface. The thickness of the marsh
deposits generally increases from approximately 10 to 15 feet on the west side of the parcel
interior to 35 to 40 feet near the east side. The marsh deposits are generally underlain by
older alluvium that consists predominantly of clay and silt. The older alluvium is at least 10
feet thick. The clay alluvium is underlain by dense sand alluvium.

At the southern end of Little Egbert Tract, older alluvium is present near the ground surface
along an approximately 2,500-foot-wide ridge. Marsh soils were largely absent along this
ridge.

3.5.6 Levee Fill Borrow Area

Portions of the parcel interior near the south end of Little Egbert Tract and near the
waterside toe of the Mellin Levee Extension had little to no marsh deposit soils at the
ground surface. Older alluvium was present at the ground surface and continued to the
maximum depth explored. The area of the parcel interior with minimal marsh deposits will
be referred to throughout the remainder of this report as the Levee Fill Borrow Area because
this area contains soils at relatively shallow depths which meet USACE requirements for
levee fill. The USACE requirements are discussed in the Discussion and Conclusions
section of this report. The location of the Levee Fill Borrow Area is divided into three zones,
which are mapped on Plates C-1 through C-4 in Appendix C.

The soil in the Levee Fill Borrow Area generally consists of fat clay, underlain by lean clay,
underlain by sand. The top layer of the older alluvium was generally high plasticity fat clay
which was dry to moist and stiff to very stiff. The top layer typically ranged in thickness
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from 1 to 3 feet, with some test pits containing about 8 feet of surface fat clay and others
containing no fat clay. The depth to the bottom of the fat clay is indicated at various
exploration locations next to the exploration number on Plates C-1 through C-4 as the first
number in parenthesis. The liquid limits of the fat clay soils ranged from 50 to 58 and the
plasticity indices ranged from 30 to 41.

The second layer of the older alluvium was generally moist, medium stiff to very stiff, low
to medium plasticity lean clay and silt. Generally, the lean clay soils were encountered
below the fat clay soils described above, but in some locations, the lean clay soils were
encountered at the ground surface. The lean clay soils typically ranged in thickness from 5
to 8 feet. Not all test pits encountered the bottom of the lean clay soils while others
encountered no lean clay. The depth to the bottom of the lean clay is indicated on Plates C-1
through C-4 at various locations by the second number in parenthesis. The thickness of lean
clay can be calculated by subtracting the first number in parenthesis from the second. The
liquid limits of the lean clay soils ranged from 32 to 47 and the plasticity indices ranged
from 12 to 33.

The third layer of the older alluvium was generally moist, medium dense poorly graded
sand with silt and silty sand or stiff to very stiff non-plastic silt. The fines content in the
sands tested within this layer ranged from 8 to 41 percent.

3.6 Groundwater

Groundwater measurements were obtained during exploration for some of the borings and
test pits. Most of the borings were drilled using rotary wash methods that obscured the
groundwater level. Groundwater measurements from the borings and test pits are listed in
Exhibit 3-1 below. The borings and test pits were backfilled immediately after drilling and
stabilized water levels were not obtained.

18TP-1 4.2 -5.5 9.7 11/13/2018
18TP-2 4 -8 -12 11/13/2018
18TP-3 4 6 -10 11/13/2018
18TP-4 4 6 -10 11/13/2018
18TP-6 3.5 -0.5 -4 11/13/2018
18TP-7 3.8 6 98 11/13/2018
18TP-8 6 -5 -1 11/13/2018
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18TP-9 4 4 -8 11/14/2018
18TP-10 5 3 -8 11/14/2018
18TP-11 45 4 85 111412018
18TP-12 55 3 85 111412018
18TP-13 4 5 -9 11142018
18TP-14 5 55 105 11/14/2018
18TP-15 4 6 -10 11/14/2018
19TP-16 4 25 15 11/14/2018
19TP-17 7 35 35 71112019
19TP-20 9 95 05 71112019
19TP-22 6.5 58 0.7 7111/2019
19TP-23 5 -0.2 5.2 7111/2019
19TP-24 75 5.7 18 711212019
19TP-25 7 75 05 7122019
19TP-26 7 6.6 04 7122019
19TP-27 10 6.8 3.2 711212019
19TP-28 6 6.3 0.3 711212019
19TP-29 5 5.7 0.7 711212019
19TP-31 7 6.5 05 7122019
19B-1 8 3 5 5/8/2019
19B-2 1 3 -8 5/9/2019
19B-3 5 0 5 5/9/2019
21TP-1 1 4 7 10/12/2021
21TP-2 10 5 5 10/12/2021
21TP-4 8 6 2 10/12/2021
21TP-7 10 75 25 10/12/2021
21TP-8 6.5 6 05 10/12/2021
21TP-9 1 6 5 10/12/2021
21TP-10 9 10 1 10/12/2021
21TP-11 9 8 - 10/13/2021
21TP-12 1 5 -16 10/13/2021
21TP-13 4 y 5 10/13/2021
1TP-14 9 5 p 10/13/2021
21TP-16 8 5 3 10/13/2021

110214 / 907.03

July 27, 2023



Little Egbert Multi-Benefit Project
Geotechnical Feasibility Investigation

21TP-18 8 4 -4 10/13/2021
21TP-19 6 5 -1 10/13/2021
21TP-20 11 4 -7 10/13/2021
21TP-21 9 7 -2 10/13/2021
21TP-22 11 6 -5 10/13/2021
21TP-23 5 0.2 5.2 10/13/2021
21B-6 75 13 5.5 9/24/2021
21B-7 10.2 3 -1.2 9/27/2021
21B-11 9 6 -3 10/1/2021
21B-12 12.5 -1 -135 10/4/2021
21B-19 21 23 2 10/14/2021
21B-20 24 22 -2 10/15/2021
22B-5 25 21 -4 6/3/2022
22B-9 15 10 -5 6/8/2022
22B-13 6 -4.5 -105 7126/2022

Exhibit 3-1: Groundwater Elevations from Borings and Test Pits

Pore pressure dissipation tests were performed during select CPTs. Exhibit 3-2 below

summarizes the interpreted groundwater levels from the pore pressure dissipation tests.

The interpreted water levels are based on the assumption that hydrostatic water levels are

present and that aquifers are unconfined.

21C-1 14 3 44 10/04/2021
21C-2 05 2 25 10/04/2021
21C-3 49 15 -34 10/04/2021
21C-4 58 15 43 10/05/2021
21C-5 76 4 -36 10/05/2021
21C-6 96 0 96 10/05/2021
21C-8 85 12 35 10/06/2021
21C-9 59 7 11 10/06/2021
21C-10 37 15 5.2 10/07/2021
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21C-11 32 -2 5.2 10/07/2021
21C-12 59 05 6.4 10/07/2021
21C-13 28 05 23 10/07/2021
21C-15 8 5 3 10/08/2021
21C-16 35 4 05 10/08/2021
21C-17 127 8.5 42 10/08/2021
21C-18 08 -6 -6.8 10/11/2021
21C-19 29 -2 49 10/11/2021
21C-20 14 3 44 10/11/2021
21C-21 0.3 6 63 10/11/2021
21C-22 08 5 -5.8 10/11/2021
21C-23 1.3 8 33 10/11/2021
22C-1 26.2 22 4.2 05/16/2022
22C-2 25.1 205 46 05/16/2022
22C-3 277 21 67 05/16/2022
22C-4 278 24 38 05/17/2022
22C-5 272 22 5.2 05/17/2022
22C-6 28.4 23 54 05/17/2022
22C-7 27.9 22 5.9 05/17/2022
22C-8 29 24 5 05/18/2022
22C-9 285 23 55 05/18/2022
22C-10 27.1 21 6.1 05/18/2022
22C-11 25.7 215 42 05/18/2022
22C-12 256 21 46 05/19/2022
22C-13 8.7 6 27 05/19/2022
22C-14 9.4 7 24 05/19/2022
22C-15 8.3 45 -38 05/20/2022
22C-16 28 -2 48 05/20/2022
22C-17 19 -3 49 05/20/2022
22C-18 17.1 15 21 05/23/2022
22C-19 16.9 145 24 05/23/2022
22C-20 18.3 15 33 05/23/2022
22C-21 19.2 18 19 08/17/2022
22C-22 15.2 15 02 08/17/2022
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22C-23 133 15 17 08/17/2022
22C-24 8.7 10 13 08/17/2022
22C-25 12.1 145 24 08/18/2022
22C-26 5.2 6 0.8 08/18/2022

Exhibit 3-2: CPT Groundwater Elevation Interpretations

Westervelt Ecological Services installed 16 piezometers to measure groundwater levels in
the parcel interior and 8 data loggers in ditches on-site and sloughs adjacent to the property
to measure surface water levels. The instrumentation was installed in January and February
of 2020. The data from the piezometers and surface water level loggers are presented in
Appendix H.

The above descriptions of soil and groundwater conditions summarize observations at the
time of the investigations. Conditions are expected to vary across the site, with time, and
depend on several factors including changes in moisture content resulting from seasonal

precipitation and land use changes.

4 BASIS OF DESIGN

The following basis of design is specific to the RD 536 Levee, Mellin Levee, Mellin Levee
Extension, and Solano County Levee 44. The levees will be designed to meet current
USACE and CVFPB guidelines. The design standards and criteria are described below.

4.1 Design Documents

The USACE has a number of documents that pertain to design and analysis of levees. The
main documents used for our analysis include but are not limited to:

* Guidance Document for Geotechnical Analyses (DWR, 2015)
= EM 1110-2-1913 Design and Construction of Levees (USACE, 2000).

The Guidance Document for Geotechnical Analyses (Guidance Document (2015))
differentiates levees between intermittently-loaded and frequently-loaded. Frequently-
loaded levees are defined as levees that experience a water surface elevation of 1 foot or
higher above the elevation of the landside levee toe at least once per day for more than 36
days per year on average. We assumed for this study that after the proposed project is
constructed, the levees will meet the frequently-loaded definition.
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4.2 Freeboard

The design standard is 6 feet of freeboard above the design water surface elevation (DWSE).
The standard is consistent with levees within the Yolo Bypass.

In addition, the levee standard includes 1 foot of additional levee height to account for
uncertainty related to sea level rise and climate change.

The minimum height of the levee crest is 7 feet above the DWSE.

4.3 Settlement Allowance

To account for settlement of the levee, an allowance has been included in the levee. The
allowance ranges from 0.5 feet to 2.0 feet. The allowance will be height in addition to the 7
feet of freeboard.

The levees were designed with a settlement allowance (overbuild) which varied by station
according to Exhibit 4-1 and 4-2 below. The settlement allowance was based on preliminary
settlement analysis which analyzed a range of fill thicknesses, compressible layer
thicknesses, and organic soil compressiblities.

RD 536 Levee 35+00 2
RD 536 Levee 65+00 1
RD 536 Levee 95+00 1
RD 536 Levee 135+00 0.5
RD 536 Levee 175+00 0.5

Exhibit 4-1: Settlement Allowance for RD 536 Levee

Mellin Levee 6+00 0.5
Mellin Levee 21400 2
Mellin Levee Extension 41+00 0.5
Solano County Levee 44 66+00 1
Solano County Levee 44 83+00 0.5

Exhibit 4-2: Settlement Allowance for Mellin Levee, Mellin Levee Extension, and Solano County Levee 44
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4.4 Analysis Criteria
441 Seepage

The primary analysis criteria for underseepage is the average vertical gradient across a
landside blanket (surface clay layer) where a blanket exists. The average vertical gradient is
the total head drop across the blanket in the vertical direction divided by the thickness of
the blanket. The average vertical gradient criteria published in the Guidance Document
(2015) and used for this study is presented in Exhibit 4-3.

Landside Toe DWSE 0.5
150 feet from Landside Toe* DWSE 0.8
Landside Toe HTOL 0.6
150 feet from Landside Toe* HTOL 0.9

* For locations between the landside toe and 150 feet from the landside toe, use linear interpolation to determine maximum average vertical gradient criteria.

Exhibit 4-3: Average Exit Gradient Criteria

4.42  Slope Stability

The Guidance Document (2015) provides minimum factors of safety for different loading
conditions on the land- and waterside levee slopes. The minimum factors of safety for
frequently-loaded levees used for this study are presented in Exhibit 4-4.

Landside DWSE 1.5
Steady State Seepage Landside HTOL 1.3
Waterside Mean Tide Level (MTL) 15
Rapid Drawdown Waterside DWSE 1.2
End-of-Construction Landside and Waterside 5-f;>:|t dbgrlgnvnzxéitj_gcgf e 13

* 5 feet below the existing free-field ground surface was selected as a reasonable estimate for the water level after levee construction and before the site is

breached.

Exhibit 4-4: Allowable Factors of Safety for Slope Stability Analysis for Frequently Loaded Levees
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4.4.3  Analysis Cross Sections
4.4.3.1 Analysis Cross Sections For Feasibility Level Design

We selected ten cross sections (five for RD 536, two for Mellin Levee, one for Mellin Levee
Extension, and two for Solano County Levee 44) to represent the range of existing levee
geometry and geologic conditions for the feasibility study. The stations we selected are
presented in Exhibit 4-5. The idealized subsurface cross sections at each station are

presented in Appendix B.

35+00

65+00

RD 536 Levee 95+00
135+00

175+00

. 6+00

Mellin Levee 21400
Mellin Levee Extension 41+00
66+00

Solano County Levee 44 83100

Exhibit 4-5: Analysis Sections
4.4.3.2 Design Water Surface Elevations

The DWSE is defined in a technical memorandum prepared by MBK Engineers titled “Little
Egbert Multi-Benefit Project — Flood Hydrology & Hydraulics Analysis” and dated

April 7,2022. The DWSE is different for the RD 536 Levee and the Mellin Levee, Mellin
Levee Extension, and Solano County Levee 44. The DWSE for the RD 536 Levee is the
DWSE specified in the 1957 USACE “Levee and Channel Profiles, File Number 50-10-334”
(1957 DWSE). For the Mellin Levee, Mellin Levee Extension, and Solano County Levee 44,
the DWSE is the 100-year flood level. MBK Engineers provided both the 1957 DWSE and
the 100-year flood DWSE. Both are shown specifically on Plates 10 and 11.

We analyzed two water levels per analysis cross section, the DWSE and hydraulic top of
levee (HTOL). The HTOL is defined as the lower of the actual top of levee and 3 feet above
the DWSE.

The DWSE and HTOL elevations at each station are presented in Exhibit 4-6.
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RD 536 Levee— 35+00 1957 DWSE 18.6 216

RD 536 Levee— 65+00 1957 DWSE 18.4 214

RD 536 Levee— 95+00 1957 DWSE 18.0 21.0

RD 536 Levee— 135+00 1957 DWSE 17.6 20.6

RD 536 Levee— 175+00 1957 DWSE 171 20.1
Mellin Levee— 6+00 100-year flood 15.2 18.2*

Mellin Levee- 21+00 100-year flood 15.6* 18.6*

Mellin Levee Extension- 41+00 100-year flood 15.7 18.7*
Solano County Levee 44 — 66+00 100-year flood 16.2 19.2
Solano County Levee 44 — 83+00 100-year flood 16.4 19.4

*The existing levee is lower than this elevation. For runs modeling the existing conditions, the water surface was run at the top of the existing levee.

Exhibit 4-6: Water Surface Elevations for Analysis
4.4.3.3 Design Levee Geometry

The levee design geometry is a 20-foot-wide crest and 3H:1V slopes for new levee
construction. For raising existing levees, the design geometry is 2.5H:1V landside slopes
and 3H:1V waterside slopes.

4.4.4 Seismic

The Guidance Document (2015) includes criteria for analyzing the seismic vulnerability of
levees. Levees must be evaluated for seismic deformation and liquefaction.

4,441 Liguefaction

We evaluated liquefaction consistent with the Guidance Document (2015). We used the
computer program LiqSVs by GEOLOGISMIKI to perform an SPT-based liquefaction
evaluation. We used a peak ground acceleration (PGA) of 0.23g and an earthquake
magnitude of 6.57 based on the 200-year return period mapped for the proposed project site.

4.4.42 Seismic Deformation

The Guidance Document (2015) specifies that frequently-loaded levees meet the criteria for
seismic deformation if the amount of total displacement is less than 3 feet, the amount of
vertical displacement is less than 1 foot, and the amount of displacement would not cause
significant damage to internal structures.
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S DISCUSSION AND CONCLUSIONS

5.1 General Geotechnical Considerations

The intent of this report is to support the feasibility level design and help develop feasibility
level project cost estimates. The analysis for the proposed project is not sufficient to support
design but we consider it appropriate for evaluating the feasibilitity of project elements
related to geotechnical engineering. The considerations discussed in this section will be
analyzed in greater detail in subsequent design phases. The proposed project has several
geotechnical considerations which apply to mutliple facilities across the site. These

considerations are discussed below.

5.1.1 Seepage

Breaching Solano County Levee 28 and allowing tidal water inundation will create a large
body of water. Levees on the west side of the site (RD 536 Levee, Solano County Levee 44,
Mellin Levee Extension, and Mellin Levee) will experience more frequent and sustained
wetting than under current conditions.

Many of the remedial measures of the west levees are focussed on seepage concerns. The
Mellin Levee, Mellin Levee Extension, and Solano County Levee 44 were constructed
predominantly with poorly-compacted sand. Seepage through the sand is a high risk for
the levees. We have concluded that the sand fill should be removed. Most of Solano
County Levee 44 is adjacent to a soil borrow operation. The borrow operation has created a
depression adjacent to the levee and has exposed the alluvial sand. For this reach (Station
62+00 to 93+13) we are recomending installation of a cutoff wall.

For the RD 536 Levee, underseepage is a concern where the older alluvium is located at
shallow depths below the levee. Some of the reach from approximately Station 80+00 to
Station 185+44 of the RD 536 Levee is underlain by this alluvium. Where the alluvium is
present at shallow depths, the levee does not meet the underseepage criteria. For this reach
(Station 80+00 to 185+44), we conclude that both seepage berms and cutoff walls are
acceptable remedial measures.

A landside ditch is located typically between 100 to 150 feet from the landside levee toe of
the RD 536 levee. The seepage gradients into the ditch are relatively high for existing
conditions. The cutoff wall reduces the gradients to values that meet the criteria. For the
seepage berm alternative, some modifications or relocation of the ditch may be needed.

A concern for the project is the potential for seepage water flowing toward neighboring

properties. Raising the water level in the parcel interior may cause water to flow towards
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neighboring parcels. The amount of flow to adjoining parcels is difficult to quantify and
will depend on several factors including subsurface conditions, distance to the parcels,
existing water levels, and alternatives that are selected to improve levee safety.

We have not performed calculations to evaluate seepage impacts to neighboring parcels as
part of our current report. The specific risks and mitigation measures should be considered
in future phases of the project.

5.1.2 Erosion

Erosion can occur from a variety of factors. Levees and berms are subject to erosion from
rainwater running down their slopes. Channels and breaches are subject to erosion from the
flow of tidal water through the openings and around bends. Embankments and sills will be
subject to erosion from overtopping when floods pass through the site. Wind generated
waves are another cause of erosion. For the waterside face of levees and berms, waterside
faces derived from clay will be moderately erodible. Erosion protection features, such as
armoring, sacrificial fill, planting, and slope flattening may be needed to reduce the negative
impacts of erosion. Depending on the method of erosion protection selected, maintenance
may be required to restore areas which are damaged by erosion.

Wind generated waves can cause erosion from the repeated pounding of waves on
embankment slopes. The magnitude of the erosion depends on the wave height and
frequency. Wave height and frequency depend on water depth, wave fetch, wind direction,
and wind velocity. Exposing the parcel interior to daily tidal inundation will subject levees
and berms to frequent wind generated waves. The project interior is over one mile wide
and four miles long, which will provide long fetch for waves to develop. Intermediate
berms in the parcel interior could potentially shorten the wave fetch, provided they are
designed to withstand wind generated waves themselves. Openings in the Solano County
Levee 28 could increase the potential for wind generated waves that develop within the
project interior to impact neighboring islands. The design of the erosion protection is not
within our scope of work but we should review the design relative to levee reliability.

5.1.3 Seismic Considerations

The predominant seismic hazard for this site is strong ground shaking resulting from
earthquakes. Structures for the proposed project should be designed to accommodate such
ground shaking in accordance with existing codes. No known active faults pass through the
site and we conclude that the risk of fault rupture is low. We can provide seismic design
criteria for structures based on the California Building Code, Caltrans Acceleration
Response Spectrum, or other tools once the locations of the structures are better established.
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Soil liquefaction is a phenomenon in which a loose to medium dense saturated granular soil
undergoes reduction of internal strength as a result of increased pore water pressure
generated by shear strains within the soil mass. This behavior is most commonly induced
by strong ground shaking associated with earthquakes. The alluvium soils are older
deposits and generally dense to very dense. Both older deposits and dense deposits have
low risk of liquefaction. The soil conditions at the site generally consist of materials that do
not require an in-depth SPT- or CPT-based liquefaction triggering analysis according to the
Guidance Document (2015). We plotted the blow counts from the borings (Appendix D).
The blow counts indicate relatively dense materials. We do not expect that remedial
measures will be needed related to soil liquefaction.

Another consideration for embankments is the seismic deformation of the slope due to
earthquake loading. We analyzed seismic deformation of the levees using the simplified
procedure presented in the Guidance Document (2015). We describe our analysis procedure
in Appendix F. The Ky values range from 0.19 to 0.52. The results of our analysis indicate
that the deformation of the levee is not expected to damage the levee.

5.2 West Levees (RD 536 Levee, Mellin Levee, Mellin Levee Extension,
Solano County Levee 44)

The west levees were evaluated relative to the criteria previously noted. The levees require
remediation to meet freeboard requirements and for through and underseepage. The
recommend rehabilitation by station is presented in Exhibit 5-1, below. The rehabilitation
scheme, by stationing, is presented graphically in Plate 17.
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RD 536 Levee 0+00 to 80+00 Levee Raising Only NA NA NA
RD536Levee | 8040010 185+44 | L-6vee Raisingand 65 90 80
Cutoff/Berm
Mellin Levee 0+00 to 32+78 Rebuild Levee NA NA NA
Mellin Levee Extension | 32+78 to 61+02 Rebuild Levee NA NA NA
Solano Cij”ty Levee | 6140210 62+00 Rebuild Levee NA NA NA
Solano County Levee 62+00 o 93+13 Rebuild Levee and 70 90 10 95 80
44 Cutoff

Exhibit 5-1: Recommended Rehabilitation by Station

Ditches excavated near the west levees reduce the thickness of clay on the waterside of the
levees, making them more susceptible to underseepage. We conclude that ditches on the
waterside of the levee, including Watson Hollow, should be filled with clay soils where they
are located within 400 feet of the levee. The functionality of Watson Hollow can be
maintained by rerouting the outlet of Watson Hollow to the parcel interior, which will be
tidally connected to the delta when the project is constructed.

The levee geometries and layout described above do not include the planned habitat berms.
The configuration of the habitat berms is being developed by others. We understand that
the habitat berms are anticipated to be relatively flat slopes located near the lower half of the
waterside of the levee. The habitat berms are expected to provide benefits for seepage and
stability of the levees but are not included in the evaluation of levee performance.

5.2.1 Levee Rehabilitation — RD 536

The existing RD 536 Levee is composed of clay and will not require a complete rebuild. The
RD 536 Levee has settled since it was originally constructed and will need to be raised to
restore freeboard, meet the uncertainty criteria and allow for future settlement.
Approximately 8,000 feet of levee rehabilitation will include levee raising only as the
remedial measure. The remainder will need additional remedial measures to mitigate
concerns with underseepage. A typical detail for the levee raising is presented on Plate 12.
The configuration includes raising the levee with a 2.5H:1V landside slope and 3H:1V
waterside slope. The intent is to raise the levee toward the waterside of the existing levee
(toward Little Egbert Tract). The new fill should be benched into the existing fill. For
simplicity, the benching into the levee is not shown. The remainder of the RD 536 Levee
south of Station 80+00 to Watson Hollow requires a rehabilitation plan for underseepage.
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Both a cutoff wall and seepage berm are technically feasible. The cutoff wall has the added
benefit of reducing the potential for seepage developing into the landside fields relative to
the seepage berm. A typical detail for cutoff walls in the RD 536 Levee is presented on Plate
14. A typical detail for seepage berms is presented on Plate 16.

5.2.2 Levee Rehabilitation — Mellin Levee, Mellin Extension, and Solano County
Levee 44

The existing Mellin Levee, Mellin Levee Extension, and Solano County Levee 44 are
constructed primarily with sand. The sand appears to be poorly compacted and poses risks
for through seepage and seismic deformation. The rehabilitation plan for the Mellin Levee,
Mellin Levee Extension, and Solano County Levee 44 includes removing the existing fill,
constructing new levees with fill obtained from onsite borrow sites, and installing a cutoff
wall from Station 62+00 to Watson Hollow. A typical detail for the levee replacement is
presented on Plate 13. The configuration includes replacing the existing sand fill with clay
fill with 3H:1V landside and waterside slopes.

From Station 0+00 to Station 62+00, additional rehabilitation is not needed. From Station
62+00 to Station 93+13, a rehabilitation plan for underseepage is needed. Both cutoff wall
and seepage berm are technically feasible. We conclude that the cutoff wall is the preferred
solution. While a seepage berm can be designed to meet the underseepage levee design
criteria, the adjacent ground is below the tide levels. We anticipate that water will flow into
this area with the potential for sand boils developing, unless a cutoff wall is installed. We
recommend the use of a cutoff wall for this reach. A typical detail for cutoff walls in Solano
County Levee 44 is presented on Plate 15.

5.2.3 Levee Analysis
5.2.3.1 Seepage and Slope Stability

We performed analysis to evaluate seepage and slope stability through and below the levee.
We analyzed ten (10) cross sections. A discussion of the analysis and the results are
presented in Appendix E for seepage and Appendix F for slope stability.

5.2.3.1.1 Slope Stability

Our slope stability analysis indicates that the rehabilitation schemes outlined in this report
will meet the criteria for slope stability. Portions of the levees are underlain by marsh
deposits. Rapid loading on softer marsh deposits can overstress the soil and cause
deformation of the marsh deposits and the levees. To reduce risk, it may be prudent to
place fill in stages, with time between stages, to limit the stress to the ground and provide
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time for consolidation. The duration of each waiting period between stages will be
developed during design. The waiting period will likely be about three months.

We anticipate that the construction period for the proposed project is long enough to allow
for multiple stages of fill placement with a waiting period between stages, without
impacting the overall project schedule.

5.2.3.1.2 Seepage
5.2.3.1.2.1 Underseepage

Our analysis indicates seepage below the levees is a significant concern when the alluvial
material is located at shallow depths below the levee and where the adjacent borrow
operation created a depression adjacent the levee. Two remediation methods to mitigate the
risks of underseepage include constructing seepage berms or soil-bentonite cutoff walls. A
cutoff wall is highly effective in reducing the volume of water flowing through and below
the levee and reducing the water pressure at and beyond the landside toe. A seepage berm
is effective within the limits of the berm at reducing the exit gradient but does not reduce
the quantity of flow through and beneath the levee. Seepage berms may include drains. We
analyzed berms that did not include drains and conclude that undrained berms are
sufficient.

5.2.3.1.2.2 Cutoff Wall

The cutoff wall will extend to the cutoff tip elevations provided in Exhibit 5-1. The cutoff
wall should extend at least 5 feet into the clay layer located at depth. The tip elevations are
our estimate of this depth. We have a limited number of exploration points and some
variation in these depths are likely. A typical detail for a cutoff wall is presented on Plate 14
for the RD 536 Levee and on Plate 15 for Solano County Levee 44.

For the RD 536 Levee, the existing levee should be degraded to minimize the potential to
hydraulically fracture the levee and to provide room to construct the cutoff. The wall
should be at least 3 feet thick. The detail shows the wall capped with an 8-foot wide clay
layer. The wall should be capped with compacted clay.

5.2.3.1.3 Seepage Berm

This alternative consists of an undrained berm placed at the base of the landside levee slope
and extending beyond the levee toe. The intent is to provide resistance to underseepage
uplift forces near the levee toe. Plate 16 shows a typical detail of the seepage berm
alternative. The berm should extend 80 feet landward of the levee toe and should be at least
5 feet thick at the levee toe and at least 3 feet thick at the landward extent of the berm.
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5.2.4 Levee Settlement

Fill is needed to raise existing levees, create habitat berms, and for other non-structural
features. The marsh deposits will consolidate from the weight of new fills or structures,
resulting in settlement of fills, levees, and structures placed over the marsh soils. We
performed analysis to estimate settlement based on the theory of consolidation. Primary
consolidation occurs from compression of the marsh soils, beginning when weight is placed
on the soil. The initial weight is transferred to the water within the soil. The water builds
up pressure, causing flow to occur. As the water flows out of the soil, the soil structure
compresses and continues to compress until the water flow is complete and the water
pressure returns to hydrostatic levels.

We performed settlement analysis using Terzaghi’s theory of one-dimensional consolidation
to estimate the magnitude of settlement due to the weight of new fill. We used the data
observed from the borings, test pits, and CPTs to develop material properties. To estimate
the magnitude of settlement, we used the parameters in Exhibit 5-2, below.

New Fill Unit Weight 125 pcf*
Existing Fill Unit Weight 95 pcf
Marsh Soils Unit Weight 95 pcf
Marsh Soils Compression Ratio, Cc/ (1+ eo) 0.25t00.45
Groundwater Elevation -3 feet

*pcf is pounds per cubic foot

Exhibit 5-2: Soil Properties Used for Settlement Analyses

The settlement analysis assumes that the new levee will be overbuilt to accommodate
settlement. The amount of settlement will depend on where the new fill is placed in relation
to existing levees, the thickness of the new fill, and the thickness of the compressible soil

layer.

Secondary compression is deformation without flow of water. With most soils, the amount
of secondary compression is small relative to the primary consolidation and is not a concern.
With peat, and to a lesser extent, organic soil, secondary compression is a significant
phenomenon and will cause continued settlement of the levee and the loss of freeboard.

The secondary compression will continue for many years at a diminishing rate with time.

For feasibility planning and cost estimating purposes, we have provided a recommended
allowance for levee settlement by station in Exhibit 5-3. For planning, it should be assumed
that the levee crest finished grade will be the required freeboard, plus the uncertainty
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allowance, plus the settlement allowance. During the design phase, we will perform
additional analysis to support and refine the settlement allowances.

RD 536 Levee 0+00 to 50+00 20
RD 536 Levee 50+00 to 130+00 1.0
RD 536 Levee 130+00 to 185+44 0.5
Mellin Levee 0+00 to 12+00 0.5
Mellin Levee 12+00 to 28+00 2.0
Mellin Levee 28+00 to 32+78 0.5
Mellin Levee Extension 32+78 to 50+00 0.5
Mellin Levee Extension 50+00 to 61+02 1.0
Solano County Levee 44 61+02 to 70+00 1.0
Solano County Levee 44 70+00 to 93+13 0.5

Exhibit 5-3: Recommended Settlement Allowance by Station
5.3 Interior Grading

5.3.1 General Grading

The proposed project requires extensive cuts and fills to create the various marsh levels and
channels within the parcels and to construct habitat berms. Interior channels should have
side slopes that are 2H:1V or flatter. Much of the grading will create shallow, nonstructural
berms and wetlands. Fill for habitat berms and other non-structural fills may consist of the
marsh deposit, flood basin, and older alluvium soils.

Some of the material excavated from the site will be significantly wet of optimum moisture
content depending on the depth of excavation. The excavated soil may require drying prior
to placement, shaping, and compaction. Drying could occur at or near the borrow site or at
the fill site during construction provided there is time allowed for drying between lifts of
fill. A disk should be considered for use in breaking up and drying the wet materials.

The grading contractor should have experience with moving soft, saturated soils. The
bottom of the channel excavations will likely be below the groundwater level. The
contractor should be prepared to manage water that collects in the channel excavations and
process wet soil.

Our experience with similar soils near the proposed project site indicates that even with
disking, the soil could take multiple days or longer to dry before reaching a moisture
content that will allow for compaction and placement of additional lifts. Drying time will
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depend heavily on tide, weather conditions during construction, and the talent and
efficiency of the contractor. The soils will dry fastest in the summer months.

5.3.2 Levee Fill Materials

Levees and other structural fills require inorganic, low to moderate plasticity, fine-grained
soils to function as designed. Organic marsh deposit soils are not suitable for structural fills.
We evaluated areas within the site that might have material suitable for constructing levees.
We identified three areas with suitable materials: two on the Little Egbert property and a
third on the adjacent property. The locations of the site where suitable borrow materials for
levees and other structural fills are present near the ground surface are depicted on the
maps in Appendix C.

Levee fill for portions of the proposed project will be required to meet the requirements of
the USACE and Central Valley Flood Protection Board (CVFPB). The USACE typically
specifies that levee material should have a liquid limit less than 45, plasticity index between
8 and 40, and at least 30 percent fines (material passing the No. 200 sieve). The CVFPB
typically requires that levee material should have a liquid limit less than 50, a plasticity
index greater than 8, and at least 20 percent fines. The lean clay soils indicated within the
depth ranges shown in parenthesis on the maps in Appendix C will generally meet USACE
and CVFPB requirements.

Most of the area within the borrow zones will require some removal of surface soil to obtain
the lean clay soil which meets USACE and CVFPB requirements. Stripped material that
does not meet USACE and CVFPB requirements could be used for habitat berms, shoals,
undrained seepage berms, and other non-structural fills for the proposed project.

Within the three zones depicted in red on Plates C-1 through C-4, we have identified
preferred borrow limits which minimize the amount of surface soil stripping required above
the lean clay. The approximate acreage of these preferred areas and estimated quantities of
surface soil and lean clay are presented in Exhibit 5-4 below. The quantity estimates are
rough and should be refined by others using existing survey data.

1 81 1 100,000 to 150,000 5 600,000 to 700,000

2 24 3 100,000 to 150,000 8 250,000 to 350,000

3 42 2 100,000 to 150,000 5 300,000 to 400,000
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Exhibit 5-4: Estimated Borrow Area Quantities

The depths and quantities shown in Exhibit 5-5 and Plates C-1 through C-4 are based on
relatively widely spaced test pits. As the fill quantities and interior finish grade elevations
become better defined, additional test pits and laboratory testing will help to more
accurately define the limits and depths of interior borrow areas.

5.4 Solano County Levee 28

After the proposed project is constructed, Solano County Levee 28 will no longer function as
a levee because tidal water will be present on both sides of the embankment. We
understand that the proposed project plans to keep the embankment intact, with the
exception of degrading select segments for the inlet and outlet sills and some possible
smaller breaches. The embankment will function as a habitat area above the tidal range and
also as a wave break to protect neighboring islands east of the proposed project from wind
generated waves. Two concerns for the Solano County Levee 28 are erosion and settlement.

5.4.1 Erosion

The embankment will be subjected to erosion due to wind generated waves and
overtopping in floods. The embankment slopes will require some form of erosion
protection to withstand wind generated waves. Erosion protection measures could include
a combination of armoring, sacrificial berms, and planting. The levee currently overtops
during significant flood events. The project should consider raising the levees above the
flood level to eliminate future overtopping during flood events and the maintenance
associated with repairing the embankment after it overtops.

542 Settlement

Placement of fill on or adjacent to the Solano County Levee 28 embankment will cause
settlement of the embankment due to consolidation of the marsh deposit soils beneath the
embankment. The settlement should be considered when evaluating the elevation of the
crest.

5.5 Inlet Sills and Outlet Sills

The inlet sills and outlet sills will be subjected to erosion from water flowing over and
through the openings. We understand that the dimensions of the sills, including the width
and bottom elevation may be required to remain fixed. To maintain the fixed dimensions of
the sills, erosion protection such as pavement or armoring should be considered. The side
slopes should be inclined at 2H:1V or flatter.
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5.6 Watson Hollow

In the existing configuration, Watson Hollow flows through the gap between the RD 536
Levee and Solano County Levee 44. Watson Hollow currently provides drainage and water
supply for parcels upstream of Little Egbert Tract. For many of the alternatives, the RD 536
Levee and Solano County Levee 44 will be connected by a new levee across Watson Hollow
that closes the gap between the RD 536 Levee and Solano County Levee 44 and provides a
continuous levee along the western side of the proposed project. A new water control
structure will be needed to maintain the current functionality of Watson Hollow. The water
control structure will serve a dual purpose or dual function. To maintain drainage flow
through Watson Hollow, the new levee could include culverts with gate structures to allow
the flow of water through the levee. The second function is to take water from Little Egbert
Tract for irrigation. An intake, likely screened, will be needed to meet this function. The
culverts and penetrations should be designed using USACE criteria. A typical detail for
Controlled Low Strength Material (CLSM) backfill and drainage around the pipe

penetrations is presented in Plate 18.

The base of the existing canal likely contains soft materials. Before placement of fill for the
crossing, the soft material will need to be removed until a firm base is encountered.

5.7 State Route 84 Crossing

A bridge or culverts for State Route 84 will be required for the alternatives that include a
tidal connection to Cache Slough near the current outlet of Watson Hollow into Cache

Slough. The exact location and dimension of the crossing has not been developed.

We conclude that if a bridge is used, the bridge should be supported on deep foundations.
Practical foundation types include driven prestressed, precast concrete piles; driven steel
pipe piles; and drilled auger cast-in-place piles. For estimating purposes, the pile
foundations should be assumed to be 60 feet long. We can provide estimates of axial and

lateral capacity of the pile foundations during design.

If culverts are used, temporary cofferdams will need to be constructed on the Cache Slough
side of the culvert to isolate the area and provide dewatering. Depending on the location
and configuration of the culvert, a cofferdam may also need to be constructed on the project
interior. The culvert should include vertical keyway structure(s) to provide lateral support
for the culvert at both ends. It should be founded on a 24-inch thick layer of gravel soil to
provide a firm base during construction.
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5.8 Baldwin Residence

Additional levees will be required to protect the property around the Baldwin residence
from flooding after the proposed project is converted to tidal conditions. The configuration
of the levees around the Baldwin residence has not been established.

6 RECOMMENDATIONS

6.1 Levee Configuration

We recommend that the initial levee layout for the RD 536 Levee generally conform to the
details shown on Plate 12. We recommend that the levee layout for the Mellin Levee, Mellin
Levee Extension, and Solano County Levee 44 generally conform to the details shown on
Plate 13. All levee crests should be covered with 6-inches of aggregate base. We
recommend that in addition to the typical details shown in Plates 12 and 13, cutoff walls or
seepage berms should be added to the levees at the station ranges indicated in Plate 17 and
Exhibit 5-1.

Cutoff walls should conform to the details shown on Plates 14 and 15. Cutoff walls should
extend at least 5 feet into the clay layers below the sand and should be 3 feet wide. The
cutoff wall material and construction method will be selected during design. The levee crest
should be lowered before installing the cutoff wall for RD 536. For the Mellin Levee, Mellin
Levee Extension, and Solano County Levee 44, the entire levee should be completely
removed. After the levee is degraded, a clay cap should be installed (minimum 3 feet thick).
The slurry trench should be constructed through the clay cap. After installation of the cutoff
wall, the clay cap should be extended to above the flood level for the RD 536 levee. The clay
cap should meet the requirements for levee fill stated below.

Seepage berms should conform to the details shown on Plate 16. The berm should be at
least 5 feet thick at the levee toe and at least 3 feet thick at the landward extent of the berm.

6.2 Earthwork
6.2.1  Site Preparation

The footprint of fill areas, including levees and seepage berms, should be cleared and
grubbed of surface and subsurface deleterious matter including trees, grasses, other
vegetation and debris designated for removal. Levee and seepage berm footprints should
be stripped to sufficient depth to remove vegetation and soil containing roots. Tree roots
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greater than 1-inch in diameter should be removed. Stripped and grubbed materials should
be removed from the site and should not be used as fill.

If loose or soft materials are encountered, they should be excavated to expose firm soil and
placed in accordance with the recommendations presented below. Debris and deleterious
material encountered during grading should be removed from the site.

A keyway should be placed below the center of new levees and should be constructed from
levee fill meeting the requirements below. The keyway should be at least 3 feet deep and 10
tfeet wide at the base. The keyway slopes should extend up to the ground surface at 2H:1V
or flatter.

For planning, we recommend assuming a shrinkage factor of 15 percent.

6.2.2  Fill Material

Levees should be constructed of materials with low permeability and moderate plasticity.
The levee fill material should have at least 30 percent fines passing the No. 200 sieve and 100
percent passing the 2-inch sieve. The plasticity index of the fill should be between 8 and 40
and have a maximum liquid limit of 45. Fill meeting the above criteria may be obtained
from the borrow areas shown in Appendix C. Removal of surface soil may be required to
obtain fill meeting the criteria above.

The gradation for filter material for culverts will be specified in the next design phase after
additional subsurface data is collected.

Aggregate base should meet the requirements for Caltrans Class 2 aggregate base.

Controlled Low-Strength Material (CLSM) should conform to Section 19-3.02G of the Caltrans
2015 Standard Specifications. The 28-day compressive strength should be in the range of 50
to 100 psi.

6.2.3 Compaction

Surfaces within the footprint of the levees and berms should be scarified to a depth of at
least 8-inches. The scarified soil should be moisture conditioned to at least optimum
moisture content and compacted to at least 90 percent relative compaction. ASTM test
method D-1557 should be used to establish the reference values for computing optimum
moisture content and relative compaction.

Fill should be placed in lifts 8-inches or less in loose thickness and moisture conditioned to
at least optimum moisture content. Moisture conditioning should be performed prior to
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compaction. Each lift should be methodically compacted to at least 90 percent relative
compaction. Material that fails to meet the moisture or compaction criteria should be
loosened by ripping or scarifying, moisture conditioned, and then recompacted. Fill should
be placed on horizontal surfaces. At connections with adjoining slopes, the fill should be
benched into the existing levee slope to allow recompaction of some of the existing soil. The
horizontal bench width into the existing slopes should not exceed 5 feet.

In areas where traffic is anticipated, including the levee crest and ramps, the upper 6-inches
of subgrade should be compacted to at least 95 percent relative compaction and rolled to
provide a smooth, firm-yielding surface. Subgrade soils should be proof-rolled prior to
placing aggregate base. Soft or pumping areas should be aerated or excavated and
recompacted.

Aggregate base should be placed in thin lifts no greater than 6-inches in loose thickness and
in a manner that avoids segregation, moisture conditioned as necessary, and compacted to
at least 95 percent relative compaction.

6.2.4  Slopes

Fill slopes should be constructed fat and trimmed back to expose well-compacted fill.
Finished slopes should be trackwalked perpendicular to the slope face with a bulldozer after
completion. The slopes should be hydroseeded to promote vegetation. Vegetation should
be limited to grasses or other vegetation that can be mowed or disked to allow inspection of
the landside levee slope. Trees, bushes, and brush should not be allowed within the

footprint of the levee slopes.

6.3 Levee Penetration

Gravity drainage culverts or pipe penetrating the new levee embankment should follow the
backfill criteria presented in USACE EM 1110-2-1913. The backfill around the culverts
should generally conform to the configuration shown on Plate 18. The culverts through the
levee should be encased in CLSM to avoid the difficulty with placing bedding below the
pipe and compacting soil around and above the pipe. The downstream third of the culvert
should be surrounded by a layer of filter drainage material at least 18-inches thick. We can
provide recommendations for the gradation of the filter drainage material during design.

6.4 Culverts

The culvert should be underlain by 24-inches of imported material. A fabric should be
placed below the import. The import should consist of clean crushed %-inch aggregate
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placed over fabric. Cutoffs should be provided at both ends of the culvert. The cutoff
should be at least 5 feet deep. Concrete cutoffs should be at least 2 feet wide.

The cutoff should be tied into the base of the culvert. A temporary cofferdam will likely be
required. For planning purposes, sheet piles for the cofferdam should extend 50 feet below
grade.

6.5 Bridge Foundations

If a bridge is used to span a channel crossing beneath State Route 84, the bridge should be
supported by deep foundations. Steel pipe piles, prestressed concrete piles, and drilled
auger-cast piles are practical foundations that have been installed for similar structures in
the project region. In general, piles should be spaced at least 3 pile widths apart, center-to-

center.

For steel pipe piles, we recommend a minimum pile width of 16-inches. For prestressed
concrete piles, we recommend a minimum pile width of 14-inches. Vibration and noise
issues should be considered for driven piles. For auger-cast piles, typical diameters are 16-
to 24-inches, and the installers typically use “non-displacement” equipment that produces
significant drilling spoils to be removed from the site. For estimating purposes, we
recommend assuming the piles will be 60 feet long. We will provide axial and lateral

capacities for the piles during design.

Corrosion protection measures should be provided for piles, especially steel pipe piles. For
concrete piles, including prestressed concrete and auger cast piles, concrete mix design
details should be specified by the designer to address corrosion.
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Source: Natural Resources Conservation Service Web Soil Survey
Solano County, California Version 12, Sep 14, 2018

Eb: Egbert silty clay loam
Ec: Egbert silty clay loam
(occasionally flooded)
Va: Valdez silt loam
Dac: Diablo-Ayer clays
Tu: Tujunga fine sand
Td: Tidal marsh
On: Omni silty clay
Sd: Sacramento clay
AoA: Antioch-San Ysidro complex
(0 to 2 percent slopes)
AoC: Antioch-San Ysidro complex
(2 to 9 percent slopes)
Clear lake clay
Water
: Willows clay
Pescadero clay
Pescadero silty clay
Ryde clay loam
: Columbia silt loam
: Dumps
. Egbert clay
: Fluvaquents
: Gazwell mucky clay
: Guard clay loam
: Rindge mucky silt loam
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: Valpac sandy loam
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Shannon & Wilson, Inc. Project No. 907.03 Plate No. 6




Source: Final Geomorphology Technical Memoranda and Maps,
North NULE Area Geomorphic Assessments
URS Corporation, Sacramento, California, January 2011
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NULE Documented Seepage Areas
from 1997-1998

1. Boil in landside ditch near Levee Mile 3.40
located 60 feet or more from the levee toe.
Ditch bank caving into irrigation ditch.
Location shown on map by ().

2. Seepage in fields and boils in ditches between
Levee Mile 0.0 to 1.0. (Exact locations not known)

| Legend

=== RD 0536 - Egbert - Unit 2, South Levee N between Levee Mile 2.57 to 3.30. (Exact locations
’ : e I . not known)

3. Heavy seepage along landward side of levee

Mellin Levee

O

Source: Esti, Maxar, E@ﬁﬁh@@?,ﬂﬁiﬁlﬁh@@ﬂ@@@@?

0 2,000 Feet Little Egbert Multi-Benefit Project Seepage Location Map
—_— o
Solano County, California

1 inch = 2,000 feet
Shannon & Wilson, Inc. Project No. 907.03 Plate No. 8




=== Approximate Location of Levee Centerline

Flood Basin Deposits
Hydraulic Dredge Soils
Older Alluvium

Marsh Deposits
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A
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Little Egbert Multi-Benefit Project Preliminary Site Geology
Solano County, California

Shannon & Wilson, Inc. Project No. 907.03 Plate No. 9
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Elevation (ft-NAVD88)
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Mellin Levee, Mellin Levee Extension, Solano County Levee 44
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Notes:

el e\

Existing Levee

——| Varies |<—
DWSE

2 . 5 (approx)

1 3 feporen
Levee Fill (E) L| 1

Native Soil

Levee Raising

6" Aggregate Base
Levee Fill (N)

DWSE

Levee Fill (E)

Native Soil

Clear and grub vegetation prior to fill placement.

Fill should consist of levee fill from designated borrow areas.

The configuration shown above does not show the cutoff wall, seepage berms or habitat berms.
The new fill will be benched into the existing fill. Benching is not shown.

Typical Detail
Little Egbert Multi-Benefit Project Levee Raising
NOT TO SCALE Solano County, California RD 536 Levee

Shannon & Wilson, Inc. Project No. 907.03

Plate No. 12




Notes:

rpOND S

Existing Levee

i Varies
Varies — |<_ TR _>| - AV DWSE
! _——7. LeveeFil(E)
NN NN NI
NN

4

\¢
SN NI o
X2 \\///\\///\ Native Soil /\//\\///

New Levee
6" Aggregate Base
Levee Fill (N) \L 20 ft
S5

1 DWSE
| 7~

N A A AN NN N AR
A Native Soil LA K BT {\4\\ A Existing

N4 Native Soil SO Keyway SASNSSSNERAEAN 0

A AT A S NG VA SN R A
RO R R R R R

INNAN

"

Remove existing levee fill.

Excavate keyway at least 3 feet deep and 10 feet wide.

Fill should consist of levee fill from designated borrow areas.

The configuration shown above does not show cutoff wall, seepage berms, or habitat berms.

Typical Detail - Levee Reconstruction
Little Egbert Multi-Benefit Project Mellin Levee, Mellin Levee Extension,
NOT TO SCALE Solano County, California Solano County Levee 44

Shannon & Wilson, Inc. Project No. 907.03 Plate No. 13
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LGSR ooy

\//N /{\. NNV NONINNPNLNP NN NN //\.5 /f/\. /t/(. YN
otes: eet (min

Degrade levee before installing cutoff wall.

Install lower portion of clay cap. (3-foot minimum thickness)

Construct slurry trench through clay cap.

Clay cap should be at least 3 feet wide and extend at least 5 feet into clay layer.

After installation of slurry trench, install remainder of clay cap and levee fill. (8-foot minimum width)
Fill and clay cap should consist of levee fill from designated borrow areas.

oakswn~

Typical Detail
Little Egbert Multi-Benefit Project Soil Bentonite Cutoff Wall
NOT TO SCALE Solano County, California Zoned Embankment

Shannon & Wilson, Inc. Project No. 907.03 Plate No. 14




Existing Levee

Sand Levee Fill (E)

Final Configuration

Clay Cap Levee Fill (N)
727
3

Avd
v N 2t v NANANE T o AW
SRS W00,
3 feet
L )

2 /. ) »

// 3 PR T T o -.--..- -.u W /
5 feet Sy cutoff Wall S X
(min)
Notes:

1. Remove existing levee. 4. Cutoff wall should be at least 3 feet wide and extend at least 5 feet

2. Install clay cap. (3-foot minimum thickness) into clay layer.

3.  Construct slurry trench through clay cap. 5. Construct levee and levee fill from designated borrow areas.

Typical Detail
Little Egbert Multi-Benefit Project Soil Bentonite Cutoff Wall
NOT TO SCALE Solano County, California Homogenous Embankment

Shannon & Wilson, Inc. Project No. 907.03 Plate No. 15




Berm Fill

3
R R A AN AN AN AN AN AN AN AN N NN NN AN
(|
{

Notes:

1. Prior to placing fill, grade existing ground below seepage berm to a constant

slope.

2. Berm fill should be obtained from designated borrow areas.

NOT TO SCALE

Little Egbert Multi-Benefit Project
Solano County, California

Typical Detail
Seepage Berm

Shannon & Wilson, Inc.

Project No. 907.03

Plate No. 16




@0 Levee Raising Only
@D Levee Raising and Cutoff/Berm
@ | evee Rebuild and Cutoff

@» Rebuild Levee

.(ieology Unit
L__1 Flood Basin Deposits

L_ 1 Hydraulic Dredge Soils
L1 Older Alluvium

L__1 Marsh Deposits

Soures: E5, Ve, E@]ﬂh@@ﬁv@mﬁlfm@@ﬂ@@@@i’_

0 2,000 Feet
A

1 inch = 2,000 feet

Little Egbert Multi-Benefit Project Levee Remediation Map
Solano County, California

Shannon & Wilson, Inc. Project No. 907.03 Plate No. 17




Finished Grade

o

Graded Filter

New Levee Fill CLSM (Downstream Third)

Foundation Soil

1.5 ft (min) —f

Existing Grade

Notes:
1. Pipe should be encased in CLSM.
2. CLSM should be encased by 1.5-foot annular thickness graded filter in downstream (landside) third of the culvert.
3. Filter Gradation to be specified during design.

Little Egbert Multi-Benefit Project Typical Detail for

NOT TO SCALE Solano County, California CLSM and Drainage around Pipe Penetrations

Shannon & Wilson, Inc. Project No. 907.03 Plate No. 18
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Appendix A

ldealized Geologic Profiles

PLATES
Plate A-1 Geologic Profile Legend

Plates A-2 Idealized Geologic Profile: RD 536 Levee

through A-8
72
E Plates A-9 Idealized Geologic Profile: Mellin Levee
™ and A-10
@)
E Plate A-11 Idealized Geologic Profile: Mellin Levee Extension
© Plates A-12 Idealized Geologic Profile: Solano County Levee 44
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BORING LOG LEGEND

N
-—

1
Designation of Boring —___ M
N

WSE

Ground Surface
/

Landside Toe

Resistance in Blows/Foot or
Blows/Inches Driven (e.g., 50/6")

/—Waterside Toe

~

Indicates Push \P

Contact

SP-

SM ™ USCS Symbol
(see chart, right)

56

NOTES

1. The profiles are constructed from surface elevations based on the North
American Vertical Datum 1988 (NAVD88). The geology shown is derived from
borings conducted by Shannon & Wilson, Inc. for this study and from borings
conducted by Shannon & Wilson and others for previous studies. Elevations
and geologic contacts should be considered approximate. Contacts between
borings are based on local geologic experience; however, variations between
the profile and actual conditions are likely to exist.

2. Detailed logs of the current project explorations are presented in the data report.

Interpreted Geologic

CONE PENETRATION TEST (CPT) LEGEND

WSE

S
LN) ——— Designation of CPT
N

——— Ground Surface

Landside Toe
/—/\—K—Waterside Toe

Interpreted Geologic

____—  Contact

Interpretation of Soil Behavior

[ : (see chart, right)

SOURCES

1. This figure is based on surveys in the field and
on the sources listed below.

MAJOR DIVISIONS

GROUP NAMES

CLEAN GRAVELS

GRAVELS WITH LESS THAN 5% FINES

MORE THAN 50% OF

GW [e WELL GRADED GRAVEL

GP o POORLY GRADED GRAVEL

COARSE FRACTION IS
RETAINED ON NO. 4

SIEVE GRAVELS

WITH OVER 12% FINES

GM SILTY GRAVEL

GC CLAYEY GRAVEL

CLEAN SANDS

WITH LESS THAN 5% FINES
SANDS

50% OR MORE OF

SW WELL GRADED SAND

SP POORLY GRADED SAND

COARSE FRACTION
PASSES NO. 4 SIEVE
SANDS
WITH OVER 12% FINES

COARSE GRAINED SOILS
MORE THAN 50% RETAINED ON NO. 200 SIEVE

SM SILTY SAND

sC 21 CLAYEY SAND

SILTS AND CLAYS
LIQUID LIMIT LESS THAN 50

ML SILT

CL LEAN CLAY

7
oL % ORGANIC CLAY, ORGANIC SILT

SILTS AND CLAYS
LIQUID LIMIT 50 OR MORE

FINE GRAINED SOILS
50% OR MORE PASSES NO. 200 SIEVE

MH ELASTIC SILT

ORGANIC CLAY, ORGANIC SILT

_
CH FAT CLAY
; 2

7

OH

HIGHLY ORGANIC SOILS

Pt PEAT

UNIFIED SOIL CLASSIFICATION SYSTEM- ASTM D 2487

Qtn Chart (PKR 2009)

Qtn

1.0
Fr (%)

Zone Normalized Soil Behavior Type

sensttive fine grained
organic material
clay to silty clay
clayey silt to silty clay
silty sand to sandy silt
clean sands to silty sands
gravelly sand to sand
very stiff sand to clayey sand
very stiff fine grained

OCONDHDABEWN =
| |

Figure 4. Normalized Soil Behavior Type Chart using Qi (SBT Qtn)

Note: Interpretation of Soil Behavior Type is based on the charts described by Robertson et al (2009).

3. Project alignment and grades were adapted
from CAD files LE_PRofiles-Sections_2022,09.30 and
LE-M-Ext-44-Prf-Sect.dwg, provided by MBK,
received 9-30-2022 and 11-07-2022 respectively.

Little Egbert Multi-Benefit Project
Solano County, California

Geologic Profile Legend

Shannon & Wilson, Inc.

Project No. 907.03

Plate No. A-1
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Appendix B

|dealized Subsurface Cross Sections

PLATES

Plate B-1 Cross Section Legend

Plate B-2 Cross Section: RD 536: Station 35+00

Plate B-3 Cross Section: RD 536: Station 65+00

Plate B-4 Cross Section: RD 536: Station 95+00

Plate B-5 Cross Section: RD 536: Station 135+00

Plate B-6 Cross Section: RD 536: Station 175+00

Plate B-7 Cross Section: Mellin: Station 6+00

Plate B-8 Cross Section: Mellin: Station 21+00

Plate B-9 Cross Section: Mellin Extension: Station 41+00
Plate B-10 Cross Section: Solano County Levee 44: Station 66+00

Plate B-11 Cross Section: Solano County Levee 44: Station 83+00
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BORING LOG LEGEND
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Designation of Boring —___ M

Resistance in Blows/Foot or
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WSE

M

=]

Ground Surface
7 ‘/

Indicates Push

Interpreted Geologic
Contact

(see chart, right)

Bottom of Boring

NOTES

1. The profiles are constructed from surface elevations based on the North
American Vertical Datum 1988 (NAVD88). The geology shown is derived from
borings conducted by Shannon & Wilson, Inc. for this study and from borings
conducted by Shannon & Wilson and others for previous studies. Elevations
and geologic contacts should be considered approximate. Contacts between
borings are based on local geologic experience; however, variations between
the profile and actual conditions are likely to exist.

2. Detailed logs of the current project explorations are presented in the data report.
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Interpretation of Soil Behavior

[ : (see chart, right)

SOURCES

Project alignment and grades were adapted
from CAD files LE_PRofiles-Sections_2022,09.30 and

LE-M-Ext-44-Prf-Sect.dwg, provided by MBK,
received 9-30-2022 and 11-07-2022 respectively.

This figure is based on surveys in the field and
on the sources listed below.
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UNIFIED SOIL CLASSIFICATION SYSTEM- ASTM D 2487

Qtn Chart (PKR 2009)
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Figure 4. Normalized Soil Behavior Type Chart using Qi (SBT Qtn)

Note: Interpretation of Soil Behavior Type is based on the charts described by Robertson et al (2009).
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Appendix C

Borrow Area Maps

PLATES

Plate C-1 Borrow Area Map

Plate C-2 Borrow Area Map Zone 1
Plate C-3 Borrow Area Map Zone 2

Plate C-4 Borrow Area Map Zone 3
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APPENDIX D

Little Egbert Multi-Benefit Project
Geotechnical Feasibility Investigation

APPENDIX D
Analysis Parameter Selection

D-1 MATERIAL PROPERTIES
D-1.1 General

We developed material properties and parameters for analysis based on field data,
laboratory test results, the Guidance Document (2015), and our experience. This appendix
provides a discussion of the parameter selection methodology. We reviewed the data
collected in this investigation to evaluate the engineering properties of each unit and to
select parameters. After review and selection, we compared the selected parameters to
those provided in the Guidance Document (2015).

D-1.2  Soil Parameters for Seepage Analysis

The parameters used in the seepage analysis are presented in Table D-1. We present a

discussion of the selected soil parameters below.

Table D-1: Soil Parameters for Seepage Analysis

Unit 1: Clay Levee Fill (Existing) 1x105 4 4x10°5
Unit 2: Organic Soil 4x108 1 4x10°6
Unit 3: Clay Blanket 1x108 1 1x108
Unit 4: Sand (Upper) 6 x 104 9 54x10°3
Unit 5: Clay 1x10% 4 4x10°6
Unit 6: Sand (Lower) 6 x 104 9 54x10°3
Unit 7: Deep Clay 1x10% 4 4x10°6
Unit 8: Cutoff Wall 1x108 1 1x108
Unit 9: Clay Cap 1x108 4 4x10°6
Unit 10: Levee Fill (New) 1x108 4 4x10°6
Unit 11: Drain Rock 1x100 10 1x 10!
Unit 12: Sand Levee Fill (Existing) 1 x10+4 9 9x 104

The permeability values were estimated based on laboratory test data to evaluate soil type.

For reference, we have presented the Guidance Document’s recommended vertical

hydraulic conductivity (Figure A2-30) versus fines content plot on Plate D-2. We have

110214 / 907.03
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Geotechnical Feasibility Investigation

included Table A2-12 on Plates D-3 and D-4. We have included the values from Table D-1
on Plates D-3 and D-4 for reference. A summary of the fines content, material finer than the
number 200 sieve, of each soil unit is presented on Plate D-1. A summary of the fines
content by elevation is plotted on Plate D-5.

The permeability of the clay fill (Unit 1) was compared to the presumptive values for clay
tills placed in an uncontrolled manner.

The permeability of the organic soil (Unit 2) was selected at the high-permeability bound of
the range of presumptive values to reflect the effects of seasonal drying. We used an
anisotropic ratio of 1. The actual vertical permeability is likely higher than the horizontal
permeability where the ground has been desiccated (anisotropic value below 1).

The permeability of Units 3, 5 and 7 were selected near the high-permeability bound of the
presumptive values for natural, intact clays. We used an anisotropic ratio of 1 for Unit 3 for
same reason as noted above for Unit 2. We selected an anisotropic ratio of 4 for the deeper
clay deposits (Units 5 and 7).

We estimated the permeability of the native sand soils (Units 4 and 6) based on sieve
analysis test data and compared them to the presumptive values presented in the Guidance
Document (2015) for silty sands with less than 25 percent fines. The fines content of the
native sand soils (Units 4 and 6) varied from 4 to 49 percent with an average fines content of
14 percent. We used a permeability ratio of 9 for the sand units because the units are
alluvial and stratified.

The vertical conductivity and permeability ratio of the cutoff wall (Unit 8) was selected from
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the recommended vertical hydraulic conductivity from the Guidance Document (2015) for

soil-bentonite or soil-cement-bentonite cutoff walls.

The clay cap and new levee fill (Units 9 and 10) will be required to meet the requirements
for Central Valley Flood Protection Board (CVFPB) for levee fill. To meet this criteria, the
material will have at least 20 percent fines and 100 percent passing the 2-inch sieve. The
fines will have a plasticity index of at least 8 and less than 40, and a maximum liquid limit of

APPENDIX D

45. This material would classify as the controlled placement, clayey fines, under the
embankments group. We selected an anisotropic ratio of 4 for the deeper clay deposits
(Units 9 and 10).

We estimated the vertical permeability of drain rock (Unit 11) to be 1 cm/s.

We estimated the permeability of the existing sand fill (Unit 12) based on sieve analysis test
data and the presumptive values presented in the Guidance Document (2015) for

110214 / 907.03 July 27,2023
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uncontrolled embankments. The fines content of the sand fill varied from 3 to 45 percent
with an average fines content of 20 percent. We used a permeability ratio of 9 for the sand
till because the fill is stratified and non-uniform.

D-1.3  Soil Parameters for Slope Stability Analysis

The parameters used in the slope stability analysis are presented in Table D-2. We present a

discussion of the selected soil parameters below.

For reference, we have presented the Figure 5-1 in the Guidance Document (2015) which
categorizes non-free draining soils based on soil types groups on Plate D-6. For reference,
we included Tables 5-4 and 5-5 of the Guidance Document (2015), on Plates D-7 and D-8§,
respectively. We have included the units from Table D-2 on Plates D-7 and D-8 for
reference.

We estimated total unit weights of the units based on laboratory test results. Total unit
weight based on laboratory test data is plotted versus depth and is presented on Plate D-9.

We plotted the Liquid Limit and Plasticity Index laboratory test results with elevation on
Plates D-10 and D-11, respectively. We also plotted the Atterberg Limits test results
according to the soil groups defined on Figure 5-1 of the Guidance Document (2015) on
Plate D-12. The soil parameters used for the slope stability analysis are presented in Table
D-2. We present a discussion of the selected soil parameters below.
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Table D-2: Soil Parameters for Slope Stability Analysis

Unit 1: Clay
Levee Fill 100 100 32 140 19 1,800 0
(Existing)
=2 oy ; See
Un.|t 2: Organic 95 100 32 140 19 Discussion 0
Soil
— Below
(&) 4.
L oo Gy 125 100 32 140 19 2,500 0
-
LLl 4.
7] Unit 4: Sand 125 0 36 _ . - -
o (Upper)
L Unit 5: Clay 125 100 32 140 19 2,500 0
E Unit 6: Sand 125 0 40 _ . - -
—} (Lower)
< -
Et ggy Deep 125 100 32 140 19 2,500 0
0. Unit 8: Cutoff 120 50 30
N Wal - j } }
‘>’_3 Unit9: Clay Cap | 120 150 32 - - - -
- A,
= Unit 10: Levee 125 100 32 140 19 1,800
= Fill (New)
ﬁ ggg; 1: Drain 135 0 40 B - - -
Unit 12; Sand
Levee Fill 125 50 36 - - - -
(Existing)

We estimated the effective stress strengths of the fine-grained, mineral soils (Units 1, 3, 5,

=)
<
=)
=
LLi
o
o
<

and 7) using the boring and CPT data and the laboratory test results. We compared the
selected values to the value in Table 5-4 of the Guidance Document (2015).

We estimated the effective stress strengths of the organic soils (Unit 2) using results from
Isotropically-Consolidated Undrained Triaxial (TxCU) strength testing from this project site.
We compared the values with the limiting effective stress parameters in Table 5-4 of the
Guidance Document (2015) for Group 3 foundation soils.

110214 / 907.03 July 27,2023
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Effective stress strength parameters for the sand units (Units 4,6, and 12) are based on the
(N1)so-values encountered during subsurface exploration. We modified field penetration
resistance (blow counts) to (N1)e-values by correcting for sampler size (Cs), hammer energy
(Ce), borehole diameter (Cs) rod length (Cr), and overburden pressure (Cn). The (N1)eo-
values for sand soils are plotted by elevation on Plate D-13. We used averaged (N1)so-values
for each sand unit and estimated the effective friction angle using Hatanaka & Uchida
(1996). The average (N1)e-values and estimated effective friction angles are presented in
Table D-3. We assumed that the native sand soil (Units 4 and 6) does not have cohesion.
We assumed 50 psf cohesion for the sand fill.

Table D-3: Effective Friction Angle Correlation

Unit 4:

3-82 35 27 - 56 43 36
Sand (Upper)
Unit 6:

18-73 51 36 -53 48 40
Sand (Lower)
Uni.t 1.2: Sand Levee Fill 7_84 27 30— 56 40 36
(Existing)

For the Cutoff Wall, Clay Cap, New Levee Fill, and Drain Rock, (Units 8 through 11,
respectively) we reviewed the recommended strength values presented in Table 5-5 of the
Guidance Document (2015), which is presented on Plate D-8
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. We selected effective cohesion and friction angles similar to those presented on Plate D-§,

with the exception of the cutoff wall (Unit 8). The recommended effective stress strength
values for cutoff walls shown on Plate D-8 are undrained strengths, and we selected an
effective cohesion and friction angle of 50psf and 30 degrees for Unit 8.

We used undrained strengths for selecting the strength parameters for the rapid drawdown

APPENDIX D

and end-of-construction analyses. We developed undrained strengths for the fine-grained
soil materials (Units 1-3, 5, 7, 10). For the rapid drawdown analysis, we selected undrained
strength parameters based on site-specific, TxCU tests for the organic soil (Unit 2) and we
used the same values for Units 1, 3, 5, 7, and 10.

For the end-of-construction analysis, we selected strength parameters based on
Unconsolidated, Undrained Triaxial (TxUU) laboratory tests as well as pocket penetrometer
and torvane strengths measured during exploration. We also used the tip resistances from

CPTs to develop strength parameters for the end-of-construction analysis. We modeled the

110214 / 907.03 July 27,2023
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undrained shear strength of the organic soil assuming that the soils were normally
consolidated with a ratio of undrained shear strength (Su) to preconsolidation stress (p) of
0.3 (i.e., Su/p=0.3). For organic soils outside of the levee footprint, we modeled a 5-foot thick
soil crust with an undrained shear strength of 1000 psf. Below the 5-foot thick crust, we
modeled the organic soils as normally consolidated with the Su/p ratio described above.

D-1.4  Soil Parameters for Settlement Analysis

For the settlement analysis, we modeled the organic soil (Unit 2) as normally-consolidated
and compressible. We modeled the other soil units as relatively incompressible and ignored
them in our analysis. We used the soil unit weights presented in Table D-2 for the
settlement analysis. We assumed a range of compression ratios (Cc / (1+eo)) from 0.25 to 0.45
to estimate a range of settlement. The range of compression ratios is based on laboratory
consolidation testing. The laboratory consolidation test results are summarized in Table D-
4.

Table D-4: Summary of Consolidation Laboratory Tests
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TABLE A2-12

REYISED RECOMMENDATIONS FOR

PRESUMPTIVE VALUES OF HYDRAULIC CONDUCTIVITY

UNOFFICIAL GUIDANCE FOR DWR USE

Presumptive Hydraulic | Anisotropic
Soil Type/Group Conductivity (k) Ratio Comments
(cm/sec) kn/ky
Soil-Bentonite 1x10°® 1
Cut-off Walls Soil-Cement-Bentonite 1x10® 1
Cement-Bentonite 1x107 1
Clean Sands and Gravels: SP, GP, SW, GW
Fines Content (FC) = 5% 5x107to 1 x 107
0.06 <Dyg < 3mm
Silty Fines SP-SM, SW-SM If gradation data are available,
3x10%to 5x 107 1-4 use K-C equation or other
GP-GM, GW-GM correlation between Dy, and k
Sands and Gravels
5% <« FC =12% Plastic Fines
0.08 = Dyg < 3mm
SP-SC, SW-SC 5x10%t0 5 x 10
GP-GC, GW-GC
Silty Fines - less than 25% fines 2x10%to 1 x 107
Silty Fines - more than 25% fines 6x 10710 1 x 10°®
Natural Soils 1-4 Consider amount of cementation
Silty and Clayey Clayey Fines - less than 25% fines 1x10%to 1 x 10°
Sands and Gravels - - 5 =
(SM, SC, SM-SC, Clayey Fines - more than 25% fines 3x10°to 5x 10
GM, GC, GM-GC) Controlled Placement - silty fines 1% 10%t0 1% 10°
1-4
Embankments |Controlled Placement - clayey fines 1%x10%1t01x107
Uncontrolled 1%10%t01 %10 1 -4*
Natural Soils 3x10%t0 1 x10° 1 - 4% Consider amount of cementation
Sandy Silts g E
Controlled Placement 1%10%t01 %107 1-4
(ML, ML/SM) Embankments
Uncontrolled Placement 1x10*t01x10° 1- 4%
Note:

Recommended revisions are in bold type

Design Values

1 x 10°® (Unit 8)

6x10*
(Units 4,6)

1 x 10 (Units 9, 10)
1 x 10 (Unit 12)

Source: California Department of Water Resources (2015). Guidance Document for

Geotechnical Analyses, Urban Levee Evaluations Project, April 2015.

Little Egbert Multi-Benefit Project
Solano County, California

Table A2-12
Revised Recommendations for Presumptive
Values of Hydraulic Conductivity

Shannon and Wilson

Project No. 907.03

Plate No. D-3




PRESUMPTIVE VALUES OF HYDRAULIC CONDUCTIVITY

TABLE A2-12

REVISED RECOMMENDATIONS FOR

UNOFFICIAL GUIDANCE FOR DWR USE

Presumptive Hydraulic | Anisotropic
Soil Type/Group Conductivity (k,) Ratio Comments
(cm/sec) Kn/K,
Natural Soils 3x10°to 4x 10* 1-4
Silts (ML, MH) Controlled Placement 1x10%t0 1% 10”7 1-4
Embankments
Uncontrolled Placement 1x10%to 1x 10® 1-4
Intact 5x10°to 5x10° 1-4 Consider amount of cementation
Natural Soils
Clays (CL, CL-ML, Cracking Due to Desiccation Through Entire Layer 2x10°t02x10% 1-4
CH, CH) Controlled Placement 1%x10%t01x 10% 1-4
Embankments
Uncontrolled Placement 1x10*tc 1 x 107 1-4

Organic (OH, OL)

4x10%t0 4x10°

1-4

Peats

1x10%t0 1 x 10°

1- 4t

* This table is applicable to consistently uniform layers. When dealing with composite layers, analyst needs to determine the element to identify the
associated range. Stratification could result in Anisotropic Ratio (AR) values of up to 9 based on field conditions.

Note:

Recommended revisions are in bold type

Design Values

1x10°
(Units 3, 5, 7)

1 x 10 (Unit 1)
4 x 10°® (Unit 2)

Source: California Department of Water Resources (2015). Guidance Document for
Geotechnical Analyses, Urban Levee Evaluations Project, April 2015.

Little Egbert Multi-Benefit
Solano County, California

Project

Table A2-12 (continued)
Revised Recommendations for Presumptive
Values of Hydraulic Conductivity

Shannon and Wilson

Project No. 907.03

Plate No. D-4
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Table 5-4 Summary of Strength Relationships for Non-Free-Draining Soils for
Steady-State Conditions

Soil Type " Site-Specific Site-Specific Strength Related Data
Drained Strength Limited or Not Available
Related Data
Available OCR 22, or OCR<2,0r
Liquidity Index < 0.6 Liquidity Index > 0.6
Group 1 Soils c'+ @' as determined | ¢'=0.015x o', < 150 psf, if a'; is known | ¢c'=0

Foundation Layers

from strength tests
c'<200 psf
@' < 35 degrees

¢' <100 psf, if o, is not known
@' = 28 to 32 degrees
(Units 3, 5, 7)

@' =30 to 32 degrees

Group 1 Soils
Embankment Layers

c'+ @' as determined
from strength tests

c'<100 psf
@' < 32 degrees

¢'=0.01 x o', <100 psf, if o', is known
c' =50 psf, if o'y is not known

@' = 28 to 32 degrees @
(Unit 1)

c'=0
@' =27 to 30 degrees

Group 2 Soils
Foundation Layers

c'+ @' as determined
from strength tests

¢’ <200 psf (Unit 2)
@' < 32 degrees

¢'=0.02 o', < 100 psf, if o' is known
c' =75 psf, if o', is not known
@' = 27 to 30 degrees

c'=0
@' =27 to 30 degrees

Group 2 Soils
Embankment Layers

c'+ @' as determined
from strength tests,
but:

c'<100 psf
@' < 32 degrees

¢'=0.01x 0’ <75 psf, if o'y is known
¢' < 50 psf, if o' is not known

@' = 27 to 30 degrees @

c'=0

@' = 27 to 30 degrees @

Group 3
Soils/Organic Soils

Foundation Layers

¢'+ @' as determined
from strength tests

¢' <100 psf
@' < 32 degrees

¢'=0.02 o', = 75 psf, if o', is known
¢' <50 psf, if o'y is not known

@' = 27 to 31 degrees®*

c'=0
@' = 27 to 30 degrees?

Group 3
Soils/Organic Soils

Embankment Layers

c'+ @' as determined
from strength tests

c'< 75 psf
@' < 32 degrees

¢'=0.01 x o', =50 psf, if 0’y is known
¢' < 0 psf, if o, is not known

c'=0
' = 27 to 28 degrees?

, 3

Group 4 Soils
Foundation Layers

c'+ @' as determined
from strength tests

¢' < 150 psf
@' < 36 degrees

c'=0.015 o', = 75 psf, if o'y is known
c' < 50 psf, if o', is not known

@' = 31 to 34 degrees

c'=0
@' =30 to 34 degrees

Group 4 Soils
Embankment Soils

c'+ @' as determined
from strength tests

c' <100 psf
@' < 34 degrees

c'=0.01 0%, = 50 psf, if o', is known
c' =0 psf, if o', is not known

@' =30 to 33 degrees

c'=0
@' =28 to 32 degrees

Legend:
c' = effective cohesion

@' = effective friction angle

o'\vm = effective vertical maximum past pressure

1Notes:

See Figure 5-1 for definition of soil groups.

2

available tests when selecting parameters for slope stability.

3

4

ULE analysts must consider construction processes and potential variability that might not have been captured by

For embankment soils, ULE analysts should consider the effects of construction processes and potential variability of
the placement conditions when selecting conservative parameters for slope stability analysis.
For Group 1 soils used in a remediation effort, see recommendations in Section 5.8.3.2

Source: California Department of Water Resources (2015). Guidance Document for
Geotechnical Analyses, Urban Levee Evaluations Project, April 2015.

Little Egbert Multi-Benefit Project
Solano County, California

Summary of Strength Relationships for Non-
Draining Soils for Steady-State Conditions

Shannon and Wilson

Project No. 907.03

Plate No. D-7




Table 5-5 Recommended Material Properties1 for ULE Remedial Alternatives

Remedial Component of c’ @’ c 0] kn ky Total
Alternative Remedial Alternative Unit
Weight
(psf) | deg. | (psf) | deg | (cm/sec) | (cm/sec) (pcf)
Cutoff Wall/DSM Clay Cap/Fill  (Unit 9) 100 31 360 4 1.0E-06 2.5E-07 125
Wall -
sB  (Unit 8) 300 0 360 4 5.0E-07 5.0E-07 100
SCB 500 0 360 4 1.0E-07 1.0E-07 120
CB 500 0 1.0E-06 1.0E-06 70
Drained Stability Berm Fill Cohesionless 0 34 0 34 1.0E-03 2.5E-04 120
Berm/Toe Berm -
Cohesive 100 32 360 4 1.0E-06 3.0E-07 125
Berm Drainage Material 0 35 0 35 5.0E-02 5.0E-02 130
Berm Filter Material 0 34 0 34 1.0E-03 1.0E-03 120
Seepage Berm Berm Fill Cohesionless 0 34 0 34 1.0E-03 2.5E-04 120
Cohesive 100 32 360 4 1.0E-06 3.0E-07 125
(Unit 11) | Berm Drainage Material 0 35 0 35 5.0E-02 5.0E-02 130
Berm Filter Material 0 34 0 34 1.0E-03 1.0E-03 120
Combination Berm Fill Cohesionless 0 34 0 34 1.0E-03 2.5E-04 120
Seepage-Stability )
Berm Cohesive 100 32 360 4 1.0E-06 3.0E-07 125
Berm Drainage Material 0 35 0 35 5.0E-02 5.0E-02 130
Berm Filter Material 0 34 0 34 1.0E-03 1.0E-03 120
Rock Slope Launch Rock 0 40 0 40 1.0E+00 1.0E+00 135
Protection .
Sand Bedding 0 34 0 34 1.0E-03 1.0E-03 120
Replacement Clay Fill (Unit 10) 100 31 360 4 1.0E-06 2.5E-07 125
Levee
Geometry and Clay Fill 100 31 360 4 1.0E-06 2.5E-07 125
Freeboard Repairs
(Levee Raise/
Levee Widening)
Ditch Fill Locally available material assumed for fill
Relief Well Used in Marysville Study Area

' Local materials or conditions may warrant site-specific material properties

Source: California Department of Water Resources (2015). Guidance Document for
Geotechnical Analyses, Urban Levee Evaluations Project, April 2015.
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APPENDIX E
Seepage Analysis

E-1 SEEPAGE ANALYSIS

E-1.1 General

We performed analysis to evaluate seepage at the ten locations listed in the Basis of Design
section of this report. The subsurface conditions at these locations are described in the main
text and depicted in Appendix B. The details of the analysis and results are presented
below.

E-1.2 Analysis and Results

We performed seepage analysis using computer program SEEP/W. We analyzed seepage
for the design water surface elevation (DWSE) and the hydraulic top of levee (HTOL). The
DWSE and HTOL elevations at each station are presented in the Basis of Design section of
this report.

The seepage analyses assume steady state flow conditions. The seepage models and results
are shown for each section on Plates E-1 through E-60. The models include existing
conditions and a rehabilitated levee without a seepage berm or cutoff for all ten sections.
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For sections within station ranges where we recommend a seepage berm or cutoff, we also

modeled a rehabilitated levee with a cutoff and a rehabilitated levee with a seepage berm.

The model extends 2,000 feet landward and 1,000 feet on the waterside. The model includes
a high mesh density (1 foot by 1 foot to 2 feet by 2 feet) in and around the levee
embankment within approximately 150 to 450 feet from the levee centerline and a lower
mesh density (4 feet by 4 feet) outside of approximately 450 feet from the levee centerline.

APPENDIX E

The model includes a no-flow boundary condition along the vertical face of the waterside
boundary and the bottom of each model; the modeled water level (either DWSE or HTOL)
as a total head boundary condition applied to the surface of the waterside of the levee slope;
and a total head boundary condition along the vertical face of the landside boundary which
matched the landside ground surface elevation. Along the levee crown, landside slope and
landside ground surface, a no-flow boundary condition, the model includes the “potential
seepage face review” option in SEEP/W. At landside ditches, we modeled two cases, each
with a different boundary condition to represent the potential for the landside ditch to be
full of water or empty. We modeled the landside ditch as full by setting the faces of the
ditch to a total head boundary condition which matched the elevation of the top of the ditch.

We modeled the landside ditch as empty by setting the faces of the ditch to a no-flow

110214 / 907.03 July 27,2023
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boundary condition with the “potential seepage face review” option checked. No other
flows into or out of the system were modeled in the analysis, such as infiltration and evapo-
transpiration.

We calculated the average vertical exit gradient through the clay foundation at the landside
levee toe and in the bottom of landside ditches. Tables E-1 through E-4 present the average
vertical gradients (y-gradients) for the existing conditions and the rehabilitated levees. The
plates present additional data and the graphical output of the program SEEP/W, including

total head contours, localized gradients (xy-and y-gradients), flux and the resulting phreatic

surface.
Table E-1: Average Exit Gradients for Existing Levees
2.
n
>
-
< 35+00 0.16 0.19 0.32 0.35 0.17 0.19
E 65+00 0.26 0.29 0.56 0.6 0.3 0.34
LLI RD 536 95+00 0.11 0.17 1.37 1.5 0.57 0.71
(<D 135 +00 0.30 0.46 No Blanket in Landside Ditch
& 175+00 0.68 0.80 2.63 2.87 1.62 1.85
L 6+00 0.28 0.31 No Landside Ditch
n Mellin
.- 21+00 0.03 0.03 No Landside Ditch
m .
>< Melln 1 41s00 | 032 | o3 No Landside Ditch
E Extension
= Solano 66+00 0.23* 0.34* No Landside Ditch
L County
& Levee 44 83+00 No Clay Blanket No Landside Ditch
<< o . . .
*Existing Levee Crest is Lower than DWSE and HTOL. Water surface for this run was set at the existing levee crown
elevation.
**Seepage flows downward at levee toe (i.e.: negative gradient). Published exit gradient corresponds to location
approximately 150 feet from levee toe.
110214 / 907.03 July 27, 2023
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Table E-2: Average Exit Gradients for Rehabilitated Levees

35+00 0.16 0.18 0.32 0.34 0.16 0.18
65+00 0.25 0.29 0.55 0.59 0.29 0.33
RD 536 95+00 0.1 0.16 1.35 1.48 0.55 0.68
135 +00 0.29 0.46 No Blanket in Landside Ditch
175+00 0.66 0.77 2.58 2.8 1.57 1.8
6+00 0.20 0.29 No Landside Ditch
Mellin
21+00 0.07 0.09 No Landside Ditch
n Melin 1 41400 | 032 | o0a7 No Landside Ditch
(7) Extension
> Solano 66+00 0.32** 0.44* No Landside Ditch
- County
<ZE Lovee 44 | 83+00 No Clay Blanket No Landside Ditch
< *Existing Levee Crest is Lower than DWSE and HTOL. Water surface for this run was set at the existing levee crown
Ll
(D elevation.
m **Seepage flows downward at levee toe (i.e.: negative gradient). Published exit gradient corresponds to location
H approximately 150 feet from levee toe.
2 Table E-3: Average Exit Gradients for Rehabilitated Levees with Cutoff
.- g
Ll
<
Q
=
Ll
& 95+00 -0.13 -0.14 0.73 0.78 -0.06 -0.01
< RD 536 135+00 0.1 -0.19 No Blanket in Landside Ditch
175+00 0.05 0.07 0.67 0.69 0.26 0.28
Solano 66+00 <0.01 <0.01 No Landside Ditch
County
Levee 44 83+00 No Clay Blanket No Landside Ditch

Note- Negative exit gradients indicate downward flow. Positive Exit gradients indicate upward flow.

110214 / 907.03 July 27,2023
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Table E-4: Average Exit Gradients for Rehabilitated Levees with Seepage Berm

95+00 -0.16 -0.14 0.16 0.23 1.35 15 0.57 0.7
RD536 | 135+00 0.1 -0.08 -0.02 -0.02 No Blanket in Landside Ditch
175+00 -0.11 -0.11 0.37 0.43 1.25 1.36 0.72 0.82
Solano | 66+00 | <0.01 -0.02 0.21 0.1 No Landside Ditch
oy Tgas00 | <001 | <001 | NoClay Blanket No Landside Ditch

Note- Negative exit gradients indicate downward flow. Positive Exit gradients indicate upward flow.

Our analysis shows that the vertical exit gradients for RD 536 Levee Stations 35+00 and
65+00 meet the design criteria without a cutoff wall or seepage berm.

Our analysis for RD 536 Station 95+00 shows that this section meets the design criteria for
average exit gradient at the levee toe without a cutoff wall or seepage berm but does not
meet the design criteria in the landside ditch. The landside levee toe is higher at Station
95+00 than at other stations nearby, which tends to reduce the average vertical gradient at
the toe. If the toe was modeled at a lower elevation, the average vertical gradient at the toe
would be higher. With a cutoff wall, the average vertical exit gradients meet the design
criteria at the landside toe and in landside ditches. With a seepage berm, the average
vertical exit gradient meets the design criteria at the landside toe but not in the landside
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ditch. Modifications to the landside ditch would be required with a seepage berm.

Our analysis for RD 536 Station 135+00 meets the design criteria for average exit gradient at
the levee toe without a cutoff wall or seepage berm. As modeled, the landside ditch
penetrates through the clay blanket layer on the landside. With this configuration, the ditch
would be susceptible to piping and sand boils, which are not accounted for in the average

APPENDIX E

exit gradient calculation. If the ditch did not penetrate through the clay blanket layer, the
average vertical gradient at the toe would be higher. Based on these factors, we conclude
that seepage remediation such as a cutoff or berm is appropriate. A cutoff wall is highly
effective in both lowering the average vertical gradient at the levee toe and reducing the
flow beneath the levee, which reduces the tendency for piping and sand boils in the ditch.
A seepage berm lowers the average vertical gradient at the toe but does not reduce the
underseepage flow. Modifications to the landside ditch may be required with a seepage
berm to reduce the risk of boils in the ditch.

Our analysis for RD 536 Station 175+00 shows that this section does not meet the design
criteria for average exit gradient at the levee toe or in the landside ditch without a cutoff
wall. We conclude that seepage remediation, such as a seepage berm or cutoff wall, is

110214 / 907.03 July 27,2023
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appropriate. The model includes a thin clay blanket in the bottom of the landside ditch.
Even with seepage remediation, the analysis indicates that high gradients could be present
in the ditch for steady state seepage. These high uplift forces would cause cracking in the
ditch, which would significantly increase vertical permeability in the ditch. To account for
this increase, we modeled an anisotropic ratio (kn/kv) of (1/30) in the blanket soils within the
ditch footprint for runs with a cutoff wall or seepage berm. With a cutoff wall, the average
vertical exit gradients meet the design criteria at the landside toe and in landside ditches.
With a seepage berm, the average vertical exit gradient meets the design criteria at the
landside toe but not in the landside ditch. Modifications to the landside ditch may be
required with a seepage berm.

Our analysis shows that the vertical exit gradients for Mellin Levee Station 6+00, Mellin
Levee Station 21+00, and Mellin Extension Levee 41+00 meet the design criteria without a
cutoff wall or seepage berm.

Our analysis for Solano County Levee 44 Station 66+00 shows that this section meets the
design criteria for average exit gradient at the levee toe. The landside levee toe is higher at
Station 66+00 than at other stations nearby, which tends to reduce the average vertical
gradient at the toe. If the toe was modeled at a lower elevation, the average vertical
gradient at the toe would be higher. Based on this result, we conclude that seepage
remediation such as a cutoff or berm is required. Both the cutoff wall and the seepage berm
reduce the vertical exit gradients at the levee toe.
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Solano County Levee 44 Station 83+00 does not have a landside clay blanket and thus the
design criteria for average exit gradient do not apply. The ground surface on the landside is
below tide levels. We expect water will continue to flow below the levee into the
depression. We conclude that this is an unacceptable risk. We conclude that areas with no
landside blanket will also require remediation to reduce the risk of piping and boils at the

APPENDIX E

levee toe. A cutoff wall reduces both the flow quantity and upward gradient near the levee
toe. A seepage berm reduces the upward gradient near the levee toe but does not
significantly reduce the underseepage flow.
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COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
ky (cm/s) RATIO, ku/ky
Unit 1: Levee Fill (E) 4.0x10° 4
Unit 2: Organic Soil 4.0x10°® 1
I | Unit 3: Clay Blanket 1.0x10® 1
Unit 4: Sand (Upper) 5.4x10° 9
I | Unit 5: Clay 4.0x10° 4
Unit 6: Sand (Lower) 5.4x107 9
B | Unit 7: Deep Clay 4.0x10° 4
I | Unit 8: Cutoff Wall 1.0x10°® 1
I | Unit 9: Clay Cap 4.0x10° 4
I | Unit 10: Levee Fill (N) 4.0x10® 4
Unit 11: Drain Rock 1.0x10" 10
Unit 12: Sand Levee Fill (E) 9.0x10™ 9
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I | Unit 3: Clay Blanket 1.0x10® 1
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SEEPAGE MODEL MATERIAL PROPERTIES
LAYER HORIZONTAL | HORIZ./VERT.
COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
ky (cm/s) RATIO, ku/ky
Unit 1: Levee Fill (E) 4.0x10° 4
Unit 2: Organic Soil 4.0x10°® 1
I | Unit 3: Clay Blanket 1.0x10® 1
Unit 4: Sand (Upper) 5.4x10° 9
I | Unit 5: Clay 4.0x10° 4
Unit 6: Sand (Lower) 5.4x107 9
B | Unit 7: Deep Clay 4.0x10° 4
Unit 8: Cutoff Wall 1.0x10°® 1
I | Unit 9: Clay Cap 4.0x10° 4
I | Unit 10: Levee Fill (N) 4.0x10® 4
Unit 11: Drain Rock 1.0x10" 10
Unit 12: Sand Levee Fill (E) 9.0x10™ 9
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COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
ky (cm/s) RATIO, ku/ky
Unit 1: Levee Fill (E) 4.0x10° 4
Unit 2: Organic Soil 4.0x10°® 1
I | Unit 3: Clay Blanket 1.0x10® 1
Unit 4: Sand (Upper) 5.4x10° 9
I | Unit 5: Clay 4.0x10° 4
Unit 6: Sand (Lower) 5.4x107 9
L . I | Unit 7: Deep Clay 4.0x10° 4
Unit 8: Cutoff Wall 1.0x10°® 1
I | Unit 9: Clay Cap 4.0x10° 4
I | Unit 10: Levee Fill (N) 4.0x10° 4
Unit 11: Drain Rock 1.0x10" 10
71— ® Unit 12: Sand Levee Fill (E) 9.0x10* 9
. ——— Max Y-Gradient = 0.43 (empty ditch) / 0.11 (full ditch)

Max XY-Gradient = 0.52 (empty ditch) / 0.12 (full ditch)

Average Y- Gradient = 1.91 - (-7.00)= 0.56 (empty ditch)
16
Average Y- Gradient = 1.97 - (-2.8)= 0.30 (full ditch)

16
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VERTICAL GRADIENT CONTOURS

Little Egbert Multi-Benefit Project
Solano County, California

Seepage Analysis
RD 536 - Station 65+00
Existing Levee (DWSE)

Shannon & Wilson, Inc.

Project No. 907.03 Plate No. E-5




Water Surface Elevation: 21.4 feet

Digtance, feet
250 -200 -150 -100 50 0 50 100 150 200 250 300 350 400
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250 200 150 -100 50 0 50 100 150 200 250 300 350 400
Digtance, feet

Local Y-Gradient = 0.45

Local XY-Gradient = 0.533

Flux = 1.94 X 1072 gpm/ft

Average Y-Gradient = 3.02 - (-2.9) =0.29

20.1 Distance, feet

TOTAL HEAD CONTOURS

-250 -200 -150 -100 -50 0 50 100 150 200 250 300 350 400

SEEPAGE MODEL MATERIAL PROPERTIES
LAYER HORIZONTAL | HORIZ./VERT.
COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY

ky (cm/s) RATIO, ku/ky

Unit 1: Levee Fill (E) 4.0x10° 4

Unit 2: Organic Soil 4.0x10°® 1

I | Unit 3: Clay Blanket 1.0x10® 1

Unit 4: Sand (Upper) 5.4x10° 9

I | Unit 5: Clay 4.0x10° 4

Unit 6: Sand (Lower) 5.4x107 9

B | Unit 7: Deep Clay 4.0x10° 4

Unit 8: Cutoff Wall 1.0x10°® 1

I | Unit 9: Clay Cap 4.0x10° 4

I | Unit 10: Levee Fill (N) 4.0x10® 4

Unit 11: Drain Rock 1.0x10" 10

Unit 12: Sand Levee Fill (E) 9.0x10™ 9

Max Y-Gradient = 0.45 (empty ditch) / 0.13 (full ditch)
Max XY-Gradient = 0.53 (empty ditch) / 0.13 (full ditch)

Average Y- Gradient = 2.55- (-7.00)= 0.60 (empty ditch)
16

Average Y- Gradient = 2.6 - (-2.8)= 0.34 (full ditch)
16

-250 -200 -150 -100 50 0 50 100 150 200 250 300 350 400

Digtance, feet

VERTICAL GRADIENT CONTOURS

Little Egbert Multi-Benefit Project

Solano County, California

Seepage Analysis
RD 536 - Station 65+00
Existing Levee (HTOL)

Shannon & Wilson, Inc.

Project No. 907.03

Plate No. E-6




Water Surface Elevation: 18.4 feet

Digtance, feet
50 100 150 200 250 300 350 400

-250 -200 -150

Local Y-Gradient = 0.41
Local XY-Gradient = 0.50
Flux = 1.59 X 102 gpm/ft

Average Y-Gradient = 2.2 - (-2.9) =0.254

20.1

-250 -200 -150

-100

50

50 100 150 200 250 300 350 400
Digance, feet

TOTAL HEAD CONTOURS

Digtance, feet
50 100 150 200 250 300 350 400

SEEPAGE MODEL MATERIAL PROPERTIES
LAYER HORIZONTAL | HORIZ./VERT.
COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
ky (cm/s) RATIO, ku/ky
Unit 1: Levee Fill (E) 4.0x10° 4
Unit 2: Organic Soil 4.0x10°® 1
I | Unit 3: Clay Blanket 1.0x10® 1
Unit 4: Sand (Upper) 5.4x10° 9
I | Unit 5: Clay 4.0x10° 4
Unit 6: Sand (Lower) 5.4x107 9
B | Unit 7: Deep Clay 4.0x10° 4
Unit 8: Cutoff Wall 1.0x10°® 1
I | Unit 9: Clay Cap 4.0x10° 4
I | Unit 10: Levee Fill (N) 4.0x10® 4
Unit 11: Drain Rock 1.0x10" 10
Unit 12: Sand Levee Fill (E) 9.0x10™ 9

Max Y-Gradient = 0.43 (empty ditch) / 0.11 (full ditch)
Max XY-Gradient = 0.51 (empty ditch) / 0.11 (full ditch)

Average Y— Gradient = 1.82 - (-7.00)= 0.55 (empty ditch)
16

Average Y- Gradient = 1.88 - (-2.8)= 0.29 (full ditch)
16

VERTICAL GRADIENT CONTOURS

50 100 150 200 250 300 350 400
Digtance, feet

Little Egbert Multi-Benefit Project
Solano County, California

Seepage Analysis
RD 536 - Station 65+00
Rehabilitated Levee (DWSE)

Shannon & Wilson, Inc.

Project No. 907.03

Plate No. E-7




Water Surface Elevation: 21.4 feet
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-250 -200 -150 -100 -50 0 50 100 150 200 250 300

Distance, feet

Local Y-Gradient = 0.43

Local XY-Gradient = 0.52

Flux = 1.84 X 102 gpm/ft

Average Y-Gradient = 2.89 - (-2.9) =0.29
201

TOTAL HEAD CONTOURS

Distance, feet
100 150

8
8
g
8
8
8
8
8
g

8853838,

SEEPAGE MODEL MATERIAL PROPERTIES
LAYER HORIZONTAL | HORIZ./VERT.
COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
ky (cm/s) RATIO, ku/ky
Unit 1: Levee Fill (E) 4.0x10° 4
Unit 2: Organic Soil 4.0x10°® 1
I | Unit 3: Clay Blanket 1.0x10® 1
Unit 4: Sand (Upper) 5.4x10° 9
I | Unit 5: Clay 4.0x10° 4
Unit 6: Sand (Lower) 5.4x107 9
B | Unit 7: Deep Clay 4.0x10° 4
Unit 8: Cutoff Wall 1.0x10°® 1
I | Unit 9: Clay Cap 4.0x10° 4
I | Unit 10: Levee Fill (N) 4.0x10® 4
Unit 11: Drain Rock 1.0x10" 10
Unit 12: Sand Levee Fill (E) 9.0x10™ 9

350 400
350 400
T &
70
60
50
o

Bl o ©

|

40 \ | | | | | | | | | |

Max Y-Gradient = 0.44 (empty ditch) / 0.14 (full ditch)
Max XY-Gradient = 0.53 (empty ditch) / 0.15 (full ditch)

Average Y— Gradient = 2.45 - (-7.00) = 0.59 (empty ditch)
16

Average Y— Gradient = 2.51 - (-2.8) = 0.33 (full ditch)
16

-250 -200 -150 -100 -50 0 50 100 150 200 250 300
Distance, feet

VERTICAL GRADIENT CONTOURS

Little Egbert Multi-Benefit Project
Solano County, California

Seepage Analysis

RD 536 - Station 65+00
Rehabilitated Levee (HTOL)

Shannon & Wilson, Inc.

Project No. 907.03

Plate No. E-8




Water Surface Elevation: 18 feet

Distance, feet
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0 50 100 150 200 250 300 350 400

Local Y-Gradient = 0.22

Local XY-Gradient = 0.35

Flux = 2.09 X 102 gpm/ft

Average Y-Gradient =4.72 - (3.1) =0.11
15.1

Digtance, feet

TOTAL HEAD CONTOURS

N
o
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-200 -150 -100 50

Digtance, feet
0 50 100 150 200 250 300 350 400

a0 [ Flux %0
110 — — -110
420 (— —{ -120
430 (— —{ 130
140 | | | | | | | | | | | | 140
250 200 150 100 50 0 50 100 150 200 250 300 350 400
Digtance, feet

VERTICAL GRADIENT CONTOURS

SEEPAGE MODEL MATERIAL PROPERTIES
LAYER HORIZONTAL | HORIZ./VERT.
COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
ky (cm/s) RATIO, kn/ky
Unit 1: Levee Fill (E) 4.0x10° 4
Unit 2: Organic Soil 4.0x10° 1
I | Unit 3: Clay Blanket 1.0x10°® 1
Unit 4: Sand (Upper) 5.4x10° 9
I | Unit 5: Clay 4.0x10° 4
Unit 6: Sand (Lower) 5.4x107 9
B | Unit 7: Deep Clay 4.0x10° 4
Unit 8: Cutoff Wall 1.0x10° 1
I | Unit 9: Clay Cap 4.0x10° 4
I | Unit 10: Levee Fill (N) 4.0x10° 4
Unit 11: Drain Rock 1.0x10" 10
Unit 12: Sand Levee Fill (E) 9.0x10™ 9
Max Y-Gradient = 1.73 (empty ditch) / 0.65 (full ditch)
Max XY-Gradient = 2.14 (empty ditch) / 0.71 (full ditch)
Average Y— Gradient = 4.11 - (-5.2)= 1.37 (empty ditch)
Average Y— Gradient = 4.20 -Z(.§.3)= 0.57 (full ditch)
Seepage Analysis

Little Egbert Multi-Benefit Project
Solano County, California

RD 536 - Station 95+00
Existing Levee (DWSE)

Shannon & Wilson, Inc.

Project No. 907.03 Plate No. E-9




Water Surface Elevation: 21 feet

Digtance, feet
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0 50 100 150 200 250 300 350
Digance, feet

Local Y-Gradient = 0.26

Local XY-Gradient = 0.39

Flux = 2.44 X 102 gpml/ft

Average Y-Gradient = 5.71 - (3.1) =0.17
15.1

TOTAL HEAD CONTOURS

Digance, feet

-250 200 -150 -100 50
g0 \ \ \ \

0 50 100 150 200 250 300 350
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0 50 100 150 200 250 300 350
Digance, feet

VERTICAL GRADIENT CONTOURS

-140
400

SEEPAGE MODEL MATERIAL PROPERTIES
LAYER HORIZONTAL | HORIZ./VERT.
COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
ky (cm/s) RATIO, kn/ky
Unit 1: Levee Fill (E) 4.0x10° 4
Unit 2: Organic Soil 4.0x10° 1
I | Unit 3: Clay Blanket 1.0x10°® 1
Unit 4: Sand (Upper) 5.4x10° 9
I | Unit 5: Clay 4.0x10° 4
Unit 6: Sand (Lower) 5.4x107 9
B | Unit 7: Deep Clay 4.0x10° 4
Unit 8: Cutoff Wall 1.0x10° 1
I | Unit 9: Clay Cap 4.0x10° 4
I | Unit 10: Levee Fill (N) 4.0x10° 4
Unit 11: Drain Rock 1.0x10" 10
Unit 12: Sand Levee Fill (E) 9.0x10™ 9
Max Y-Gradient = 1.88 (empty ditch) / 0.80 (full ditch)
Max XY-Gradient = 2.30 (empty ditch) / 0.88 (full ditch)
Average Y- Gradient = 5.01 - (-5.2)= 1.50 (empty ditch)
Average Y— Gradient = 5.10 -: ('§.3)= 0.71 (full ditch)
Seepage Analysis

Little Egbert Multi-Benefit Project
Solano County, California

RD 536 - Station 95+00
Existing Levee (HTOL)

Shannon & Wilson, Inc.

Project No. 907.03 Plate No. E-10
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Water Surface Elevation: 18 feet

B
SEEP/W MODEL

8

> 388838338,

8858838

F 3

-110 —

Local Y-Gradient = 0.22
Local XY-Gradient = 0.36
Flux = 2.01 X 102 gpm/ft

Average Y-Gradient = 4.59 - (3.1) =0.10

Distance, feet

TOTAL HEAD CONTOURS

8

SEEPAGE MODEL MATERIAL PROPERTIES
LAYER HORIZONTAL | HORIZ./VERT.
COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
ky (cm/s) RATIO, kn/ky
Unit 1: Levee Fill (E) 4.0x10°
Unit 2: Organic Soil 4.0x10° 1
I | Unit 3: Clay Blanket 1.0x10°® 1
Unit 4: Sand (Upper) 5.4x10° 9
I | Unit 5: Clay 4.0x10° 4
Unit 6: Sand (Lower) 5.4x107 9
B | Unit 7: Deep Clay 4.0x10° 4
Unit 8: Cutoff Wall 1.0x10° 1
I | Unit 9: Clay Cap 4.0x10° 4
I | Unit 10: Levee Fill (N) 4.0x10° 4
Unit 11: Drain Rock 1.0x10" 10
Unit 12: Sand Levee Fill (E) 9.0x10™ 9

Max Y-Gradient = 1.72 (empty ditch) / 0.63 (full ditch)
Max XY-Gradient = 2.11 (empty ditch) / 0.69 (full ditch)

Average Y— Gradient = 3.98 - (-5.2)= 1.35 (empty ditch)
6.8

Average Y— Gradient = 4.06 - (0.3)= 0.55 (full ditch)

6.8
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VERTICAL GRADIENT CONTOURS

Little Egbert Multi-Benefit Project
Solano County, California

Seepage Analysis
RD 536 - Station 95+00
Rehabilitated Levee (DWSE)

Shannon & Wilson, Inc.

Project No. 907.03

Plate No. E-11




Water Surface Elevation: 21 feet
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Local Y-Gradient = 0.27

Local XY-Gradient = 0.40

Flux = 2.34 X 102 gpm/ft

Average Y-Gradient = 5.57 - (3.1) =0.16
15.1

Distance, feet
TOTAL HEAD CONTOURS
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38

SEEPAGE MODEL MATERIAL PROPERTIES
LAYER HORIZONTAL | HORIZ./VERT.
COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
ky (cm/s) RATIO, kn/ky
Unit 1: Levee Fill (E) 4.0x10° 4
Unit 2: Organic Soil 4.0x10° 1
I | Unit 3: Clay Blanket 1.0x10°® 1
Unit 4: Sand (Upper) 5.4x10° 9
I | Unit 5: Clay 4.0x10° 4
Unit 6: Sand (Lower) 5.4x107 9
B | Unit 7: Deep Clay 4.0x10° 4
Unit 8: Cutoff Wall 1.0x10° 1
I | Unit 9: Clay Cap 4.0x10° 4
I | Unit 10: Levee Fill (N) 4.0x10° 4
Unit 11: Drain Rock 1.0x10" 10
Unit 12: Sand Levee Fill (E) 9.0x10™ 9

8 8l5 88

3

-110 —
120 |—
130 —

0 | | \ |

Distance, feet
VERTICAL GRADIENT CONTOURS

Max Y-Gradient = 1.86 (empty ditch) / 0.78 (full ditch)
Max XY-Gradient = 2.28 (empty ditch) / 0.85 (full ditch)

Average Y— Gradient = 4.87 - (-5.2)= 1.48 (empty ditch)
6.8

Average Y— Gradient = 4.95 - (0.3)= 0.68 (full ditch)
6.8

Little Egbert Multi-Benefit Project
Solano County, California

Seepage Analysis

RD 536 - Station 95+00
Rehabilitated Levee (HTOL)

Shannon & Wilson, Inc.

Project No. 907.03

Plate No. E-12




Water Surface Elevation: 18 feet
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SEEP/W MODEL
Distance, feet
2 G o G © ° © " i o = © = @ SEEPAGE MODEL MATERIAL PROPERTIES
ol o LAYER HORIZONTAL | HORIZ./VERT.
ol 12 COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
o= 10 —® kn (Cm/S) RATIO, kn/ky
40 D 1° 2 Unit 1: Levee Fill (E) 4.0x10° 4
S al s e Unit 2: Organic Soil 4.0x10° 1
pa s I | Unit 3: Clay Blanket 1.0x10°® 1
Unit 4: Sand (Upper) 5.4x10° 9
I | Unit 5: Clay 4.0x10° 4
ol s Unit 6: Sand (Lower) 5.4x107 9
Wl L L L L L L L L i L i i L B | Unit 7: Deep Clay 4.0x10° 4
Local Y-Gradient = -0.12 Ditance, fect Unit 8: Cutoff Wall 1.0x10° 1
Local XY-Gradient = 0.21 TOTAL HEAD CONTOURS — 5
Flux = 9.41 X 10°° gpml/ft I | Unit 9: Clay Cap 4.0x10 4
Average Y-Gradient = -0.08 - (1.95) =-0.13 I | Unit 10: Levee Fill (N) 4.0x10° 4
15.1
Distance, feet Unit 11: Drain Rock 1.0x10' 10
o —— 71— T : T T T T & T T 7 Unit 12: Sand Levee Fill (E) 9.0x10™ 9
ol Max Y-Gradient = 0.97 (empty ditch) / -0.06 (full ditch)
0 Max XY-Gradient = 1.33 (empty ditch) / 0.07 (full ditch)
§ 10:

Average Y- Gradient = -0.23 - (-5.2)= 0.73 (empty ditch)
6.8

Average Y— Gradient = -0.09 - (0.3)=-0.06 (full ditch)
6.8

-80 80
0 — 2
Flux
-110 — — -110
0 — 120
0 — —{ 12
w0 | | | | | | | | | | | | w0
200 180 100 50 0 50 100 190 20 2 300 350
Distance, feet

VERTICAL GRADIENT CONTOURS

Seepage Analysis
Little Egbert Multi-Benefit Project RD 536 - Station 95+00
Solano County, California Rehabilitated Levee with Cutoff Wall (DWSE)

Shannon & Wilson, Inc. Project No. 907.03 Plate No. E-13




Water Surface Elevation: 21 feet
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Local Y-Gradient = -0.14

Local XY-Gradient = 0.31

Flux = 1.09 X 102 gpm/ft

Average Y-Gradient = 0.04 - (2.1) =-0.14
15.1
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TOTAL HEAD CONTOURS

Distance, feet
50 100 190

g
g
8

SEEPAGE MODEL MATERIAL PROPERTIES
LAYER HORIZONTAL | HORIZ./VERT.
COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
ky (cm/s) RATIO, kn/ky
Unit 1: Levee Fill (E) 4.0x10° 4
Unit 2: Organic Soil 4.0x10° 1
I | Unit 3: Clay Blanket 1.0x10°® 1
Unit 4: Sand (Upper) 5.4x10° 9
I | Unit 5: Clay 4.0x10° 4
Unit 6: Sand (Lower) 5.4x107 9
B | Unit 7: Deep Clay 4.0x10° 4
Unit 8: Cutoff Wall 1.0x10° 1
I | Unit 9: Clay Cap 4.0x10° 4
I | Unit 10: Levee Fill (N) 4.0x10° 4
Unit 11: Drain Rock 1.0x10" 10
Unit 12: Sand Levee Fill (E) 9.0x10™ 9

B85 3338

P 3

AAAAAAAA

110 —

— -110

50 100 180 20 2 300 30 40
Distance, feet

Max Y-Gradient = 1.03 (empty ditch) / -0.01 (full ditch)
Max XY-Gradient = 1.39 (empty ditch) / 0.02 (full ditch)

Average Y- Gradient = 0.07 - (-5.2)= 0.78 (empty ditch)
6.8

Average Y- Gradient = 0.20 - (.0.3): -0.01 (full ditch)
6.8

VERTICAL GRADIENT CONTOURS

Little Egbert Multi-Benefit Project
Solano County, California

Seepage Analysis
RD 536 - Station 95+00
Rehabilitated Levee with Cutoff Wall (HTOL)

Shannon & Wilson, Inc.

Project No. 907.03 Plate No. E-14




Water Surface Elevation: 18 feet
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Distance, feet

G i i * j © i id 0 = “ i SEEPAGE MODEL MATERIAL PROPERTIES
ol la LAYER HORIZONTAL | HORIZ./VERT.
ol 1a COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
0 |- 10 = ky (cm/s) RATIO, kn/ky
- ‘ ey -1 Unit 1: Levee Fill (E) 4.0x10° 4
Unit 2: Organic Soil 4.0x10° 1
I | Unit 3: Clay Blanket 1.0x10°® 1
2 Unit 4: Sand (Upper) 5.4x10° 9
ol 6 mpe I | Unit 5: Clay 4.0x10° 4
o e Unit 6: Sand (Lower) 5.4x107 9
w0 I |Unit 7: Deep Clay 4.0x10° 4
Local Y-Gradient = 0.03 Distance, feet Local Y-Gradient = 0.05 Unit 8: Cutoff Wall 1.0x107 1
Local XY-Gradient = 0.05 TOTAL HEAD CONTOURS | 5¢4| XY-Gradient = -0.20 Unit 9: Clay Cap 4.0x10° 4
Flux = -1.99 X 10 gpm/ft Average Y-Gradient = 4.25 - (2) =0.16 I : :
Average Y-Gradient = 44(_)_-8526 2-2 =-0.16 14 I | Unit 10: Levee Fill (N) 4.0x10° 4
' Distance, feet / Unit 11: Drain Rock 1.0x10' 10
W1 T 1 1 T E— — T T T ® Unit 12: Sand Levee Fill (E) 9.0x10™ 9
|- e Max Y-Gradient = 1.73 (empty ditch) / 0.65 (full ditch)
o a Max XY-Gradient = 2.13 (empty ditch) / 0.71 (full ditch)
cllin e A i Average Y- Gradient = 4.0 - (-5.2)= 1.35 (empty ditch)
= 20| - —H20 = 68
§ wi- Hw B Average Y- Gradient = 4.17 - (0.3)= 0.57 (full ditch)
5 ol & 6.8
2 - Flux - b
ol \ \ \ \ \ \ | | | | \ \ T
Distance, feet
Little Egbert Multi-Benefit Project RD 536 - Station 95+00
Solano County, California Rehabilitated Levee with Seepage Berm (DWSE)

Shannon & Wilson, Inc. Project No. 907.03 Plate No. E-15




Water Surface Elevation: 21 feet
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e i i * 3 © o i e e “ = SEEPAGE MODEL MATERIAL PROPERTIES
ol 1a LAYER HORIZONTAL | HORIZ/VERT.
ol o COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
0 |- 10 = ky (cm/s) RATIO, kn/ky
- ‘ ey -1 Unit 1: Levee Fill (E) 4.0x10° 4
Unit 2: Organic Soil 4.0x10° 1
I | Unit 3: Clay Blanket 1.0x10°® 1
2 Unit 4: Sand (Upper) 5.4x10° 9
ol 6 mpe I | Unit 5: Clay 4.0x10° 4
o e Unit 6: Sand (Lower) 5.4x10° 9
T T e S T [ 1 I | Unit 7: Deep Clay 4.0x10° 4
Local Y-Gradient = 0.56 Distance, feet Local Y-Gradient = 0.15 Unit 8: Cutoff Wall 1.0x10° 1
Local XY-Gradient = 0.59 TOTAL HEAD CONTOURS | 5¢4) XY-Gradient = 0.31 Unit 9: Clay Cap 2.0x10° 2
Flux =2.32 X 10 gpm/ft Average Y-Gradient = 5.25 - (2) =0.23 I
Average Y-Gradient = 5.7926 (2.6) =-0.136 14 I | Unit 10: Levee Fill (N) 4.0x10°® 4
' Distance, feet / Unit 11: Drain Rock 1.0x10' 10
-250 -200 -150 -100 -50 0 50 100 150 0 250 300 350 400 Unlt 12 Sand Levee FIII (E) 90X1 0_4 9

Max Y-Gradient = 1.88 (empty ditch) / 0.80 (full ditch)
Max XY-Gradient = 2.3 (empty ditch) / 0.88 (full ditch)

Average Y— Gradient = 5.0 - (-5.2)= 1.5 (empty ditch)
6.8

Average Y— Gradient = 5.08 - (-0.3)= 0.70 (full ditch)
6.8

-110 — — -110
-120 |— — 120
-130 — — -130

440 | | | | | | | | | | | | a0
-250 -200 -150 -100 -50 0 50 100 150 200 250 300 350 400

Distance, feet

Little Egbert Multi-Benefit Project RD 536 - Station 95+00
Solano County, California Rehabilitated Levee with Seepage Berm (HTOL)

Shannon & Wilson, Inc. Project No. 907.03 Plate No. E-16




Water Surface Elevation: 17.6 feet

Distance, feet

SEEP/W MODEL

-250 -200 -150 -100 -8 0

Local Y-Gradient = -0.04

Local XY-Gradient = 0.34

Flux = 2.12 X 10™ gpm/ft

Average Y-Gradient = 6.12 - (7.2) =-0.13 (empty ditch)
8.2

Average Y-Gradient = 9.62 - (7.2) = 0.30 (full ditch)
8.2

Distance, feet

TOTAL HEAD CONTOURS

distance, feet
100 150 20 20

- - - SEEPAGE MODEL MATERIAL PROPERTIES
| | o LAYER HORIZONTAL | HORIZ./VERT.
1, COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY

ky (cm/s) RATIO, ku/ky

Unit 1: Levee Fill (E) 4.0x10° 4

Unit 2: Organic Soil 4.0x10° 1

I | Unit 3: Clay Blanket 1.0x10° 1

Unit 4: Sand (Upper) 5.4x10° 9

I | Unit 5: Clay 4.0x10° 4

Unit 6: Sand (Lower) 5.4x10° 9

- - - B | Unit 7: Deep Clay 4.0x10° 4

[ [ Unit 8: Cutoff Wall 1.0x10°® 1

I | Unit 9: Clay Cap 4.0x10° 4

I | Unit 10: Levee Fill (N) 4.0x10° 4

Unit 11: Drain Rock 1.0x10" 10

- = o Unit 12: Sand Levee Fill (E) 9.0x10™ 9

on, feet (NAVDIB8)

Max Y-Gradient = 0.70 (empty ditch)
Max Y-Gradient = 0.37 (full ditch)
Max XY-Gradient = 0.93 (empty ditch)
Max XY-Gradient = 0.46 (full ditch)

Distance, feet

VERTICAL GRADIENT CONTOURS

Seepage Analysis
Little Egbert Multi-Benefit Project RD 536 - Station 135+00
Solano County, California Existing Levee (DWSE)

Shannon & Wilson, Inc. Project No. 907.03 Plate No. E-17




W?te[Sumrface Elevation: 20.6 feet

Distance, feet
50 0 50 100 150 200 250 300 350 400

50 0 50 100 150 200 250 300 350 400
Distance, feet

Local Y-Gradient =0.18
Local XY-Gradient = 0.38
Flux = 2.42 X 10" gpm/ft

TOTAL HEAD CONTOURS

Average Y-Gradient = 7.5 - (7.2) = 0.04 (empty ditch)
8.2

Average Y-Gradient = 10.9.7- (7.2) = 0.46 (full ditch)
8.2

©
5]
o
>
<
=
=
5]
2
c
o

SEEPAGE MODEL MATERIAL PROPERTIES
LAYER HORIZONTAL | HORIZ./VERT.
COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
ky (cm/s) RATIO, ku/ky
Unit 1: Levee Fill (E) 4.0x10° 4
Unit 2: Organic Soil 4.0x10° 1
I | Unit 3: Clay Blanket 1.0x10° 1
Unit 4: Sand (Upper) 5.4x10° 9
I | Unit 5: Clay 4.0x10° 4
Unit 6: Sand (Lower) 5.4x10° 9
B | Unit 7: Deep Clay 4.0x10° 4
[ [ Unit 8: Cutoff Wall 1.0x10°® 1
I | Unit 9: Clay Cap 4.0x10° 4
I | Unit 10: Levee Fill (N) 4.0x10° 4
Unit 11: Drain Rock 1.0x10 10
Unit 12: Sand Levee Fill (E) 9.0x10™ 9

Flux

|
8
on, feet (NAVES8)

Distance, feet

VERTICAL GRADIENT CONTOURS

Max Y-Gradient = 0.78 (empty ditch)
Max Y-Gradient = 0.45 (full ditch)
Max XY-Gradient = 1.01 (empty ditch)
Max XY-Gradient = 0.55 (full ditch)

Little Egbert Multi-Benefit Project
Solano County, California

Seepage Analysis
RD 536 - Station 135+00
Existing Levee (HTOL)

Shannon & Wilson, Inc.

Project No. 907.03 Plate No. E-18




Water Surface Elevation: 17.6 feet

Distance, feet
-250 -200 -150 -100 -50 0 50 100

SEEP/W MODEL

80

I I I I I I I
60 —
40 |

20

on, feet (NAVD[88)

-120 | —

240 \ | | | | | |

-140

-250 -200 -150 -100 -50 0 50 100
Distance, feet

Local Y-Gradient = -0.16

Local XY-Gradient = 0.36

Flux = 2.11 X 10" gpm/ft

Average Y-Gradient = 6.10 - (7.2) =-0.13 (empty ditch)
8.2

tance, feet
100

Average Y-Gradient = 9.6 - .(7.2) = 0.29 (full ditch)
8.2

TOTAL HEAD CONTOURS

350

400

400
80

o0 | | | | | | |

-140

-250 -200 -150 -100 50 0 50 100

Distance, feet

VERTICAL GRADIENT CONTOURS

350

400

SEEPAGE MODEL MATERIAL PROPERTIES
LAYER HORIZONTAL | HORIZ./VERT.
COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
ky (cm/s) RATIO, ku/ky
Unit 1: Levee Fill (E) 4.0x10° 4
Unit 2: Organic Soil 4.0x10° 1
I | Unit 3: Clay Blanket 1.0x10° 1
Unit 4: Sand (Upper) 5.4x10° 9
I | Unit 5: Clay 4.0x10° 4
Unit 6: Sand (Lower) 5.4x10° 9
B | Unit 7: Deep Clay 4.0x10° 4
[ [ Unit 8: Cutoff Wall 1.0x10°® 1
I | Unit 9: Clay Cap 4.0x10° 4
I | Unit 10: Levee Fill (N) 4.0x10° 4
Unit 11: Drain Rock 1.0x10 10
Unit 12: Sand Levee Fill (E) 9.0x10™ 9

Max Y-Gradient = 0.70 (empty ditch)
Max Y-Gradient = 0.37 (full ditch)
Max XY-Gradient = 0.93 (empty ditch)
Max XY-Gradient = 0.46 (full ditch)

Little Egbert Multi-Benefit Project
Solano County, California

Seepage Analysis
RD 536 - Station 135+00
Rehabilitated Levee (DWSE)

Shannon & Wilson, Inc.

Project No. 907.03 Plate No. E-19




Water Su“rface Elevation: 20.6 feet

B RTINS

. . N B 0 Detance, st . _ _ _ _ . SEEPAGE MODEL MATERIAL PROPERTIES
T | | | | | | | | | | D LAYER HORIZONTAL | HORIZ./VERT.
COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
kH (cm/s) RATlO, kH/kV
Unit 1: Levee Fill (E) 4.0x10° 4
Unit 2: Organic Soil 4.0x10° 1
I | Unit 3: Clay Blanket 1.0x10° 1
Unit 4: Sand (Upper) 5.4x10° 9
I | Unit 5: Clay 4.0x10° 4
o |- o Unit 6: Sand (Lower) 5.4x107 9
140250 20‘0 15‘;0 10‘0 6‘0 c‘> 5L 10‘0 15‘0 20‘0 25‘0 30‘0 35‘0 4001“0 _ Unlt 7: Deep Clay 4.0X10-6 4
Distance, feet
: iant = [ [ Unit 8: Cutoff Wall 1.0x10°® 1
Il:gg:: IYC:‘éarglgigtnt 33%8 TOTAL HEAD CON- Unit 9: Clav Ca 4.0x10°C 4
Flux = 2.41 X 10" gpm/t I ey ~ap e
Average Y-Gradient = 7.47 - (7.2) = 0.03 (empty ditch) I | Unit 10: Levee Fill (N) 4.0x10 4
8.2 — 3
Average Y-Gradient = 10.95 - (7.2) = 0.46 (full ditch) Unit 11: Drain Rock 1.0x10 10
8.2 e - - - w w »_ Unit 12: Sand Levee Fill (E) 9.0x10™ 9
I I I I I I

| {Max Y-Gradient = 0.78 (empty ditch)
° Max Y-Gradient = 0.44 (full ditch)

3 ~— » Max XY-Gradient = 1.01 (empty ditch)
o IR, | oo e e ereeerpeeegeeemes. | Max XY-Gradient = 0.55 (full ditch)

on, feet (NAVD88)

250 200 150 100 50 0 ;stame’ feet 100 150 200 20 300 360 400
Little Egbert Multi-Benefit Project RD 536 - Station 135+00
Solano County, California Rehabilitated Levee (HTOL)

Shannon & Wilson, Inc. Project No. 907.03 Plate No. E-20




Wate( Surface Elevation: 17.6 feet

-250 -200 -150 -100 50

NAVD]

Distance, feet

0 50 100 150 200

SEEP/W MODEL

80
I I I I
60 —

40

-120 —

0 | | | |

n, feet (NAVD|88)
8 o 3
I I I
I \;s
—
w

-250 -200 -150 -100 50

Local Y-Gradient = -0.82

Local XY-Gradient = 1.10

Flux = 6.82 X 10" gpm/ft

Average Y-Gradient = -3.66 - (0.06) = -
8.2

Average Y-Gradient = 3.21 - (4.03) = -0.10 (full ditch)

8.2

0.45 (empty ditch)

N . . - SEEPAGE MODEL MATERIAL PROPERTIES
| | ] L AVER HORIZONTAL | HORIZ./VERT.
1. COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
ky (cm/s) RATIO, ku/ky
.t _— e L Unit 1: Levee Fill (E) 4.0x10° 4
a0 % Unit 2: Organic Soil 4.0x10° 1
0 I | Unit 3: Clay Blanket 1.0x10°® 1
Unit 4: Sand (Upper) 5.4x10° 9
I | Unit 5: Clay 4.0x10° 4
| Unit 6: Sand (Lower) 5.4x10° 9
B wm m W BN | Unit 7: Deep Clay 4.0x10° 4
[ [ Unit 8: Cutoff Wall 1.0x10°® 1
TOTAL HEAD CONTOURS : =
I | Unit 9: Clay Cap 4.0x10 4
I | Unit 10: Levee Fill (N) 4.0x10° 4
Unit 11: Drain Rock 1.0x10 10
20 20 50 w0 Unit 12: Sand Levee Fill (E) 9.0x10™ 9

Max Y-Gradient = 0.09 (empty ditch)

Max Y-Gradient = 0.01 (full ditch)
Max XY-Gradient = 0.10 (empty ditch)
Max XY-Gradient = 0.01 (full ditch)

-250 -200 -150 -100 50

0 50 100 150 200

Distance, feet

VERTICAL GRADIENT CONTOURS

250 300 350 400

Little Egbert Multi-Benefit Project
Solano County, California

Seepage Analysis
RD 536 - Station 135+00
Rehabilitated Levee with Cutoff Wall (DWSE)

Shannon & Wilson, Inc.

Project No. 907.03

Plate No. E-21




Water Surface Elevation: 20.6 feet

(NAVDES)
»
Lo

S 2
g
>
®

>
p

>
|

>
>
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>
>
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>
>
>

Distance, feet

on, feet (NAVDSS)

-250 -200 150 -100 -50 0 50 100 150 200 250 300 350 400
80 80
T T T T T T T T T T T T
— 60
10 -4
1 2
t/ 3 ©
v >
1o =
-
4 8 2
o 2
c
— -120
140 | | | | | | | | | | | | 140
-250 -200 150 -100 -50 0 50 100 150 200 250 300 350 400
te, feet

A e Sy e e ey e ey e e e e e e —— A A

Local Y-Gradient =-0.88
Local XY-Gradient = 1.09
Flux = 7.85 X 10 gpm/ft

Average Y-Gradient = -3.57 - ( )

8.2

Average Y-Gradient = 3.26 - (4.79) = -0.19 (full ditch)

8.2

- (0.99) = -0.56 (empty ditch)

Max Y-Gradient = 0.09 (empty ditch)

TOTAL HEAD CONTOURS |Max Y-Gradient = 0.01 (full ditch)
Max XY-Gradient = 0.10 (empty ditch)

Max XY-Gradient = 0.01 (full ditch)

on, feet (NAVD88)

on, feet (NA\/ B38)

Distance, feet

SEEPAGE MODEL MATERIAL PROPERTIES
LAYER HORIZONTAL | HORIZ./VERT.
COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
ky (cm/s) RATIO, ku/ky
Unit 1: Levee Fill (E) 4.0x10° 4
Unit 2: Organic Soil 4.0x10° 1
I | Unit 3: Clay Blanket 1.0x10° 1
Unit 4: Sand (Upper) 5.4x10° 9
I | Unit 5: Clay 4.0x10° 4
Unit 6: Sand (Lower) 5.4x10° 9
B | Unit 7: Deep Clay 4.0x10° 4
[ [ Unit 8: Cutoff Wall 1.0x10°® 1
I | Unit 9: Clay Cap 4.0x10° 4
I | Unit 10: Levee Fill (N) 4.0x10° 4
Unit 11: Drain Rock 1.0x10 10
Unit 12: Sand Levee Fill (E) 9.0x10™ 9

VERTICAL GRADIENT CONTOURS

Little Egbert Multi-Benefit Project
Solano County, California

Seepage Analysis
RD 536 - Station 135+00
Rehabilitated Levee with Cutoff Wall (HTOL)

Shannon & Wilson, Inc.

Project No. 907.03

Plate No. E-22




Water Surface Elevation: 17.6 feet

e e e e N e e N e e R e e Ry R e e ey e e ey ey S e e e e e e e e e " — —

ton, feet (NAJBES)

=TT\

SEEP/W MODEL

» N . . . 0 Detance,feet N a N B . SEEPAGE MODEL MATERIAL PROPERTIES
| | | | | | | | | | | | | 1. LAYER HORIZONTAL | HORIZ./VERT.
COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
“ - 10 e ku (cm/s) RATIO, kp/ky
o - N 10 a1 _
g | B e 2 Unit 1: Levee Fill (E) 4.0x10° 4
2 ~ z : — n
2 o A Ho Z Unit 2: Organic Soil 4.0x10 1
& | 1 B | Unit 3: Clay Blanket 1.0x10°® 1
Unit 4: Sand (Upper) 5.4x10° 9
I | Unit 5: Clay 4.0x10° 4
= o Unit 6: Sand (Lower) 5.4x107 9
0 72(‘)0 —15‘0 —1(‘)0 5‘0 (l 5(‘) f 10‘0 15‘0 20‘0 25‘0 30‘0 35‘0 w0 _ Un|t 7 Deep Clay 40X10-6 4
nce, feet
Local Y-Gradient = -0.03 P | Unit 8: Cutoff Walll 1.0x10°® 1
Local XY-Gradient = 0.05 TOTAL HEAD CONTOURS : 5
Flux =2.11 X 10”" gpm/ft Max Y-Gradient = 0.70 (empty ditch) I | Unit 9: Clay Cap 4.0x10 4
Average Y-Gradient = 6.9 - (8.8) =-0.14 (empty ditch) Max Y-Gradient = 0.37 (full ditch) . . -6
13.7 Max XY-Gradient = 0.93 (empty ditch) M | Unit 10: Levee Fill (N) 4.0x10 4
Average Y-Gradient = 10.1183+7(1 1.68) =-0.11 (full ditch) / Max XY-Gradient = 0.40 (full ditch) Unit 11: Drain Rock 1.0x10" 10
. tance, feet
w ‘ ‘ . ‘ ” 170 0 x 2 o Unit 12: Sand Levee Fill (E) 9.0x10™ 9

Local Y-Gradient = -0.01
Local XY-Gradient = 0.12
Average Y-Gradient = 0.31 - (0.45) =-0.02 (empty ditch)

6.9
Average Y-Gradient = 5.57 - (5.74) =-0.02 (full ditch)
6.9
-250 200 -150 -100 50 0 SI; stance’ et 100 150 200 250 300 350 400
Little Egbert Multi-Benefit Project RD 536 - Station 135+00
Solano County, California Rehabilitated Levee with Seepage Berm (DWSE)
Shannon & Wilson, Inc. Project No. 907.03 Plate No. E-23




7 Water Surface Elevation: 20.6 feet

SEEP/W MODEL

. - - - - , Dstance.feet - - - - SEEPAGE MODEL MATERIAL PROPERTIES
Nl | | | | | | | | | | | | 1. LAYER HORIZONTAL | HORIZ./VERT.
COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
kH (cm/s) RATlO, kH/kV
Unit 1: Levee Fill (E) 4.0x10° 4
Unit 2: Organic Soil 4.0x10° 1
I | Unit 3: Clay Blanket 1.0x10° 1
Unit 4: Sand (Upper) 5.4x10° 9
I | Unit 5: Clay 4.0x10° 4
Unit 6: Sand (Lower) 5.4x10° 9
250 200 150 100 50 0 5I;t . t100 150 200 250 300 350 200 _ Unlt 7 Deep Clay 40X10-6 4
Local Y-Gradient = -0.03 [ [ Unit 8: Cutoff Wall 1.0x10° 1
Flux = 2.41 X 10" gpm/ft _ Local Y-Gradient = -0.07 [ - —ay Lap :
Average Y-Gradient = 11.6163-7(12.82) =-0.08 (empty ditch) Local XY-Gradient = 0.14 I | Unit 10: Levee Fill (N) 4.0x10° 4
Average Y-Gradient = 11.66 - (12.82) = -0.08 (full ditch) Average Y-Gradient = 0'866'91 Dd) =-0.02 Unit 11: Drain Rock 1.0x10' 10
A .
13.7 = = = Unit 12: Sand Levee Fill (E) 9.0x10™* 9

Max Y-Gradient = 0.78 (empty ditch)
Max Y-Gradient = 0.45 (full ditch)
Max XY-Gradient = 1.01 (empty ditch)
Max XY-Gradient = 0.48 (full ditch)

a0 \ \ \ \ \ \ \ \ \ \ \ \ 0

-250 -200 -150 -100 50 0 50 100 150 200 250 300 350 400
Distance, feet

Little Egbert Multi-Benefit Project RD 536 - Station 135+00
Solano County, California Rehabilitated Levee with Seepage Berm (HTOL)

Shannon & Wilson, Inc. Project No. 907.03 Plate No. E-24




Water Surface Elevation: 17.1 feet

SEEP/W MODEL

Distance, feet
2 = = i “ T © w = d = = ss‘o w0 SEEPAGE MODEL MATERIAL PROPERTIES
ol Ja LAYER HORIZONTAL | HORIZ./VERT.
o 1% COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
0 |- —2 kH (cm/s) RATlO, kH/kV
P ; e ———— o |Ynit T Levee R (E) 4.0x10° ‘
= % Unit 2: Organic Soil 4.0x10° 1
— I | Unit 3: Clay Blanket 1.0x10°® 1
Unit 4: Sand (Upper) 5.4x10° 9
I | Unit 5: Clay 4.0x10° 4
o o Unit 6: Sand (Lower) 5.4x107 9
o L L L L L ! L L L L L L L L B | Unit 7: Deep Clay 4.0x10° 4
Distance, feet Unit 8: Cutoff Wall 1.0x10°® 1
Local Y-Gradient = 0.75 TOTAL HEAD CONTOURS L] - =
Local XY-Gradier;t =0.75 I | Unit 9: Clay Cap 4.0x10 4
Flux = 1.23 X 10°2 gpm/ft — , 5
Average Y-Gradient = 7.8 - (1.4) = 0.68 I | Unit 10: Levee Fill (N) 4.0x10 4
9.4 Diserce ot Unit 11: Drain Rock 1.0x10 10
5 = T T 5 T T T - T T = e Unit 12: Sand Levee Fill (E) 9.0x10™ 9
oC 1a Max Y-Gradient = 2.74 (empty ditch) / 1.66 (full ditch)
0 - I Max XY-Gradient = 2.87 (empty ditch) / 1.70 (full ditch)
g 5 - 2 (:3.8)
S B e e e B~ Average Y— Gradient = 7.26 - (-3.8)= 2.63 (empty ditch)
. 1 4.2
= Average Y— Gradient = 7.41 - (0.6)= 1.62 (full ditch)
4.2

-110

-110

Distance, feet

VERTICAL GRADIENT CONTOURS

Little Egbert Multi-Benefit Project
Solano County, California

Seepage Analysis
RD 536 - Station 175+00
Existing Levee (DWSE)

Shannon & Wilson, Inc.

Project No. 907.03 Plate No. E-25




Water Surface Elevation: 20.1 feet

SEEP/W MODEL

Distarce, feet
e = = " - ° - ® = = = ™ i o, SEEPAGE MODEL MATERIAL PROPERTIES
ol a L AYER HORIZONTAL | HORIZ./VERT.
°r o COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
z B . :Z kH (cm/s) RATlO, kH/kV

el 1/ A [ | Unit 1: Levee Fill (E) 4.0x10° 4
= ; Unit 2: Organic Soil 4.0x10° 1
E I | Unit 3: Clay Blanket 1.0x10° 1
Unit 4: Sand (Upper) 5.4x10° 9
: _ I | Unit 5: Clay 4.0x10° 4
b b Unit 6: Sand (Lower) 5.4x107° 9
] S S S S M- - I | Unit 7: Deep Clay 4.0x10° 4

Distarce, feet H . -6
Local Y-Gradient = 0.86 [ [ Unit 8: Cutoff Wall 1.0x10 1
Local XY-Gradient = 0.86 TOTAL HEAD CONTOURS Unit 9: Clay Cap 4.0x10° 4

- - V. | . .UX

Flux = 1.51 X 102 gpm/ft S - Y - —
Average Y-Gradient = 8.9 - (1.4) =0.80 I | Unit 10: Levee Fill (N) 4.0x10 4
94 Disrce, ot Unit 11: Drain Rock 1.0x10' 10
o7 T T T | T T T T T T T Bl Unit 12: Sand Levee Fill (E) 9.0x10* 9

8885883
T T T 1T

. 3

10

-120

-130

40 | | | |
250 E R N

LN

Distance, feet

VERTICAL GRADIENT CONTOURS

Max Y-Gradient = 2.98 (empty ditch) / 1.90 (full ditch)
Max XY-Gradient = 3.11 (empty ditch) / 1.94 (full ditch)

Average Y— Gradient = 8.24 - (-3.8)= 2.87 (empty ditch)
4.2

Average Y— Gradient = 8.39 - (0.6)= 1.85 (full ditch)
4.2

Little Egbert Multi-Benefit Project
Solano County, California

Seepage Analysis
RD 536 - Station 175+00
Existing Levee (HTOL)

Shannon & Wilson, Inc.

Project No. 907.03

Plate No. E-26




Water Surface Elevation: 17.1 feet

SEEP/W MODEL

Distance, feet
& & i w o : g " E = = & = a0, SEEPAGE MODEL MATERIAL PROPERTIES
ol o LAYER HORIZONTAL | HORIZ./VERT.
o e COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
z B 10 :: kH (cm/s) RATlO, kH/kV
e | o [ | Unit 1: Levee Fill (E) 4.0x10° 4
Unit 2: Organic Soil 4.0x10° 1
I | Unit 3: Clay Blanket 1.0x10° 1
Unit 4: Sand (Upper) 5.4x10° 9
- I | Unit 5: Clay 4.0x10° 4
s Z Unit 6: Sand (Lower) 5.4x107 9
o I |Unit 7: Deep Clay 4.0x10° 4
Local Y-Gradient = 0.72 Dsenoofoct P | Unit 8: Cutoff Wall 1.0x10° 1
Local XY-Gradient = 0.72 TOTAL HEAD CONTOURS Unit 9 Clav C 2.0x10° 2
Flux = 1.14 X 10 gpm/ft I - Y- Ay Bap X
Average Y-Gradient = 7.579-41.4 =0.66 I | Unit 10: Levee Fill (N) 4.0x10° 4
' S Unit 11: Drain Rock 1.0x10" 10
o m T T T : 7 - a T T T e il Unit 12: Sand Levee Fill (E) 9.0x10™ 9

888883
T T T TTT

3

-

-110

TS et cccaaa
S

-110
-120
-130

Distance, feet
VERTICAL GRADIENT CONTOURS

Max Y-Gradient = 2.70 (empty ditch) / 1.61 (full ditch)
Max XY-Gradient = 2.82 (empty ditch) / 1.65 (full ditch)

Average Y- Gradient = 7.04 - (-3.8)= 2.58 (empty ditch)
4.2

Average Y- Gradient = 7.20 - (0.6)= 1.57 (full ditch)
4.2

Little Egbert Multi-Benefit Project
Solano County, California

Seepage Analysis
RD 536 - Station 175+00
Rehabilitated Levee (DWSE)

Shannon & Wilson, Inc.

Project No. 907.03 Plate No. E-27




Water Surface Elevation: 20.1 feet

Distance, feet
o -2‘7’ o i © j © o " = = “ = 0y SEEPAGE MODEL MATERIAL PROPERTIES
o 1 LAYER HORIZONTAL | HORIZ./VERT.
ol Te COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
z B 10 - :z kn (cm/s) RATIO, kn/ky
g o~ e 4| T, — 10 g
S " P | Unit 1: Levee Fill (E) 4.0x10° 4
< Unit 2: Organic Soil 4.0x10° 1
g BN | Unit 3: Clay Blanket 1.0x10° 1
Unit 4: Sand (Upper) 5.4x10° 9
: _ I | Unit 5: Clay 4.0x10° 4
i ﬁ #il;i Unit 6: Sand (Lower) 5.4x10° 9
ol w w o » ; - = = w0 = w - ™ I | Unit 7: Deep Clay 4.0x10° 4
Local Y-Gradient = 0.83 Dstroa foct P | Unit 8: Cutoff Wall 1.0x10° 1
Local XY-Gradient = 0.83 TOTAL HEAD CONTOURS — —
Flux = 1.38 X 10 gpm/t I | Unit 9: Clay Cap 4.0x10 4
Average Y-Gradient = 8.639-4(1.4[ =0.77 I | Unit 10: Levee Fill (N) 4.0x10° 4
: Diserce e Unit 11: Drain Rock 1.0x10' 10
T - T T T | - T T e 5 5 5 5 Unit 12: Sand Levee Fill (E) 9.0x10™ 9

888588
T T T 1T

. 3

feet (NAMIDSS)

-110

Max Y-Gradient = 2.92 (empty ditch) /
Max XY-Gradient = 3.05 (empty ditch)

4.2

1.84 (full ditch)
/ 1.88 (full ditch)

Average Y- Gradient = 7.98 - (-3.8)= 2.80 (empty ditch)
Average Y— Gradient = 8.14 - (0.6)= 1.80 (full ditch)
4.2

110
120
130
-140

Distance, feet

VERTICAL GRADIENT CONTOURS

Seepage Analysis

Little Egbert Multi-Benefit Project
Solano County, California

RD 536 - Station 175+00
Rehabilitated Levee (HTOL)

Shannon & Wilson, Inc.

Project No. 907.03 Plate No. E-28




- A

7 Water Surface Elevation: 17.1 feet

v S

Distance, feet
-250 200 -150 -100 -5 0 50 100 150

Distance, feet

Local Y-Gradient = -0.18 (empty ditch)/ 0.09 (full ditch)

Local XY-Gradient = 0.22 (empty ditch)/ 0.26 (full ditch)

Flux = 3.49 X 10 gpm/ft

Average Y-Gradient = -0.67 - (0.72) =-0.15 (empty ditch)
9.4

Average Y-Gradient = 1.91 - (1.4) = 0.05 (full ditch) ce, feet
9.4

Max XY-Gradient = 0.75 (empty ditch) / 0.26 (full ditch)

Average Y— Gradient = -1.0 - (-3.8)= 0.67 (empty ditch)
4.2

Average Y— Gradient = 1.7 - (d.6)= 0.26 (full ditch)
4.2

Distance, feet

VERTICAL GRADIENT CONTOURS

= m = > SEEPAGE MODEL MATERIAL PROPERTIES
| | | Ja LAYER HORIZONTAL HORIZ./VERT.
COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
ky (cm/s) RATIO, kn/ky
I | Unit 1: Levee Fill (E) 4.0x10° 4
Unit 2: Organic Soil 4.0x10°® 1
B | Unit 3: Clay Blanket 1.0x10® 1 (0.033 near ditch)
Unit 4: Sand (Upper) 5.4x107 9
I | Unit 5: Clay 4.0x10® 4
. Unit 6: Sand (Lower) 5.4x10 9
- > = ro B | Unit 7: Deep Clay 4.0x10® 4
[ | Unit 8: Cutoff Wall 1.0x10° 1
B | Unit 9: Clay Cap 4.0x10°° 4
B | Unit 10: Levee Fill (N) 4.0x10° 4
Unit 11: Drain Rock 1.0x10" 10
= = = %o Unit 12: Sand Levee Fill (E) 9.0x10™ 9
,: Max Y-Gradient = 0.66 (empty ditch) / 0.26 (full ditch)

Little Egbert Multi-Benefit Project
Solano County, California

Seepage Analysis
RD 536 - Station 175+00
Rehabilitated Levee with Cutoff Wall (DWSE)

Shannon & Wilson, Inc.

Project No. 907.03

Plate No. E-29




Water Surface Elevation: 20.1 feet

-250 -200 -150
80 T T

-100

Distance, feet
50 100 150

200 250 300 350 400

60 —

140 ‘ l

-250 -200 -150

-100

-50

0

50 100 150

Local Y-Gradient = -0.23 (empty ditch)/ 0.11 (full ditch)
Local XY-Gradient = 0.31 (empty ditch)/ 0.31 (full ditch)

Flux = 4.11 X 10 gpm/ft

Average Y-Gradient = -0.51 - (1.4) =-0.20 (empty ditch)
9.4

Average Y-Gradient = 2.03 - (1.4) = 0.07 (full ditch)
9.4

i=tance, feet

200 250 300 350 400

TOTAL HEAD CONTOURS

ance, feet
100 150

200 250 300 350 400
80

SEEPAGE MODEL MATERIAL PROPERTIES
LAYER HORIZONTAL HORIZ./VERT.
COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
kp (cm/s) RATIO, ki/ky
[ |[Unit 1: Levee Fill (E) 4.0x10° 4
Unit 2: Organic Soil 4.0x10°® 1
I | Unit 3: Clay Blanket 1.0x10°® 1 (0.033 near ditch)
Unit 4: Sand (Upper) 5.4x10° 9
Bl | Unit 5: Clay 4.0x10° 4
Unit 6: Sand (Lower) 5.4x10° 9
B | Unit 7: Deep Clay 4.0x10° 4
I | Unit 8: Cutoff Wall 1.0x10° 1
B | Unit 9: Clay Cap 4.0x10° 4
B | Unit 10: Levee Fill (N) 4.0x10° 4
Unit 11: Drain Rock 1.0x10" 10
Unit 12: Sand Levee Fill (E) 9.0x10™ 9

-250 -200 -150

50 100 150
Distance, feet

VERTICAL GRADIENT CONTOURS

200 250 300 350 400

Max Y-Gradient = 0.69 (empty ditch) / 0.28 (full ditch)
Max XY-Gradient = 0.78 (empty ditch) / 0.28 (full ditch)

Average Y- Gradient = -0.92 - (-3.8)= 0.69 (empty ditch)
4.2

Average Y— Gradient = 1.78 - (0.6)= 0.28 (full ditch)
4.2

Little Egbert Multi-Benefit Project
Solano County, California

Seepage Analysis
RD 536 - Station 175+00

Rehabilitated Levee with Cutoff Wall (HTOL)

Shannon & Wilson, Inc.

Project No. 907.03

Plate No. E-30




Water Surface Elevation: 17.1 feet

T T
1

strce, fot SEEPAGE MODEL MATERIAL PROPERTIES
Wy = i '17" 9 : i 0 - = = 3";’ = g LAYER HORIZONTAL HORIZ./VERT.
ol 1. COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
ky (cm/s) RATIO, ku/ky
Unit 1: Levee Fill (E) 4.0x10° 4
Unit 2: Organic Soil 4.0x10° 1
I | Unit 3: Clay Blanket 1.0x10°® 1 (0.033 near ditch)
Unit 4: Sand (Upper) 5.4x10° 9
I | Unit 5: Clay 4.0x10° 4
Unit 6: Sand (Lower) 5.4x10° 9
I | Unit 7: Deep Clay 4.0x10°® 4
o P | Unit 8: Cutoff Wall 1.0x10°® 1
ool X -Grationt = 0.00 (o ik 0.06 (full k) TOTAL HEAD CONTOURS BN | Unit9: Clay Cap 4.0x10° 4
Flux = 1.70 X 10°2 gpm/ft I | Unit 10: Levee Fill (N) 4.0x10° 4
Average Y-Gradient = 27%(;&)_ = -0.10 (empty ditch) Unit 11: Drain Rock 1.0x10’ 10
Average Y-Gradient = 4.711;1 (?.28) =-0.11 (full ditch) D oot ) ) ) ) ) ) Unit 12: Sand Levee Fill (E) 9.0x10™ 9
I I I I I I I &

Local Y-Gradient = 0.17 (empty ditch)/ 0.43 (full ditch)

Local XY-Gradient = 0.22 (empty ditch)/ 0.51 (full ditch)

Average Y-Gradient = 2.02 - (0.77) = 0.14 (empty ditch)
8.8

Average Y-Gradient = 4.06 ; (0.77) = 0.37 (full ditch)
8.8

Max Y-Gradient = 1.26 (empty ditch) / 0.73 (full ditch)
‘Max XY-Gradient = 1.34 (empty ditch) / 0.75 (full ditch)

Average Y— Gradient = 1.43 - (-3.8)= 1.25 (empty ditch)
4.2

Average Y— Gradient = 3.64 - (-0.6)= 0.72 (full ditch)
4.2

Distance, feet

Little Egbert Multi-Benefit Project RD 536 - Station 175+00
Solano County, California Rehabilitated Levee with Seepage Berm (DWSE)

Shannon & Wilson, Inc. Project No. 907.03 Plate No. E-31




_Water Sujrface Elevation: 20.1 feet

SEEPAGE MODEL MATERIAL PROPERTIES
250 200 150 100 50 0 S?Stance’ feetmo 150 200 250 300 350 400 LAYER HORIZONTAL HORIZ./VERT.
® \ \ I ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ o COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
o e ky (cm/s) RATIO, ku/ky
Unit 1: Levee Fill (E) 4.0x10° 4
Unit 2: Organic Soil 4.0x10° 1
I | Unit 3: Clay Blanket 1.0x10°® 1 (0.033 near ditch)
Unit 4: Sand (Upper) 5.4x10° 9
I | Unit 5: Clay 4.0x10° 4
Unit 6: Sand (Lower) 5.4x10° 9
B | Unit 7: Deep Clay 4.0x10° 4
- » [ | Unit 8: Cutoff Wall 1.0x10°® 1
-250 -200 -150 -100 50 0 50 100 150 200 250 300 350 400 K ] 6
Local Y-Gradient = 0.01 (empty ditch)/ 0.16 (full ditch) | " I | Unit 9: Clay Cap 4.0x10 4
Local XY-Gradient = 0.03 (empty ditch)/ 0.19 (full ditch) TOTAL HEAD CONTOURS I | Unit 10: Levee Fill (N) 4.0x10° 4
Flux = 1.77 X 102 gpm/ft — 3
Average Y-Gradient = 3.48 - (5.89) =-0.16 (empty ditch) Unit 11: Drain Rock 1.0x10 10
14.7 Unit 12: Sand Levee Fill (E 9.0x10™ 9
Average Y-Gradient = 5.34 - (5.89) =-0.10 (full ditch) Distance, feet ©)
147 50 100 150 200 250 300 350 40080 - - -
| | | | | | | Local Y-Gradient = 0.24 (empty ditch)/ 0.49 (full ditch)
o [~ e Local XY-Gradient = 0.31 (empty ditch)/ 0.57 (full ditch)
w0l = Average Y-Gradient = 2.59 - (0.77) = 0.21 (empty ditch)
8.8
Average Y-Gradient = 4.57 - (0.77) = 0.43 (full ditch)
8.8

Max Y-Gradient = 1.38 (empty ditch) / 0.84 (full ditch)
Max XY-Gradient = 1.46 (empty ditch) / 0.86 (full ditch)

Average Y— Gradient = 1.91 - (-3.8)= 1.36 (empty ditch)
4.2

" | | | | | | | | | | | | ‘2° Average Y— Gradient = 4.05 - (0.6)= 0.82 (full ditch)
140250 200 150 100 -50 0 50 100 150 200 250 300 350 400140 42
Distance, feet
Little Egbert Multi-Benefit Project RD 536 - Station 175+00
Solano County, California Rehabilitated Levee with Seepage Berm (HTOL)

Shannon & Wilson, Inc. Project No. 907.03 Plate No. E-32




Water Surface Elevation: 15.2 feet

SEEP/W MODEL

Distance, feet

-250 -200 -150 -100 -50 0 50 100 150 200 250 300 350 400
80
I

60 — — 60

40 — — 40

100 — — -100
-120 — — -120
140 | | | | | | | | | | | | 140

-250 -200 -150 -100 50 0 50 100 150 200 250 300 350 400
Distance, feet

Local Y-Gradient = 0.24
Local XY-Gradient = 0.27
Flux = 3.57 X 102 gpm/ft

TOTAL HEAD CONTOURS

Average Y-Gradient = 8.93 - (6.9) =0.28

10.9

Distance, feet
0 50 100 150

100 — — -100

120 — — -120

a0 | | | | | | | | | | | | o
-250 -200 -150 -100 -50 0 50 100 150 200 250 300 350 400

Distance, feet

SEEPAGE MODEL MATERIAL PROPERTIES
LAYER HORIZONTAL | HORIZ./VERT.
COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
ky (cm/s) RATIO, ku/ky
Unit 1: Levee Fill (E) 4.0x10° 4
Unit 2: Organic Soil 4.0x10° 1
I | Unit 3: Clay Blanket 1.0x10°® 1
Unit 4: Sand (Upper) 5.4x10° 9
I | Unit 5: Clay 4.0x10° 4
Unit 6: Sand (Lower) 5.4x107 9
B | Unit 7: Deep Clay 4.0x10° 4
Unit 8: Cutoff Wall 1.0x10°® 1
I | Unit 9: Clay Cap 4.0x10° 4
I | Unit 10: Levee Fill (N) 4.0x10° 4
Unit 11: Drain Rock 1.0x10" 10
Unit 12: Sand Levee Fill (E) 9.0x10™ 9

VERTICAL GRADIENT CONTOURS

Little Egbert Multi-Benefit Project
Solano County, California

Seepage Analysis
Mellin - Station 6+00
Existing Levee (DWSE)

Shannon & Wilson, Inc.

Project No. 907.03 Plate No. E-33




Water Surface Elevation: 16.1 feet

SEEP/W MODEL
Distance, feet
o T T T T T T T T T T T T o

100 — —-100
120 — — -120
140 | | | | | | | | | | | | 140
250 200 150 100 50 0 50 100 150 200 250 300 350 400
Distance, fest

Local Y-Gradient = 0.26

Local XY-Gradient = 0.29

Flux = 4.34 X 102 gpm/ft

Average Y-Gradient = 9.23 - (5.9) =0.31
10.9

TOTAL HEAD CONTOURS

Distance, feet

100 |— — -100
120 — — -120
w0 | | | | | | | | \ \ \ \ w0

-250 -200 -150 -100 -50 [ 50 100 150 200 250 300 350 400

Distance, feet

SEEPAGE MODEL MATERIAL PROPERTIES
LAYER HORIZONTAL | HORIZ./VERT.
COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
ky (cm/s) RATIO, ku/ky
Unit 1: Levee Fill (E) 4.0x10° 4
Unit 2: Organic Soil 4.0x10°® 1
I | Unit 3: Clay Blanket 1.0x10® 1
Unit 4: Sand (Upper) 5.4x10° 9
I | Unit 5: Clay 4.0x10° 4
Unit 6: Sand (Lower) 5.4x107 9
B | Unit 7: Deep Clay 4.0x10° 4
I | Unit 8: Cutoff Wall 1.0x10°® 1
B | Unit 9: Clay Cap 4.0x10°° 4
I | Unit 10: Levee Fill (N) 4.0x10® 4
Unit 11: Drain Rock 1.0x10" 10
Unit 12: Sand Levee Fill (E) 9.0x10™ 9

VERTICAL GRADIENT CONTOURS

Seepage Analysis
Mellin - Station 6+00

Little Egbert Multi-Benefit Project
Solano County, California

Existing Levee (HTOL)

Shannon & Wilson, Inc.

Project No. 907.03 Plate No. E-34




Water Surface Elevation: 15.2 feet

Distance, feet
0 50 100 150

SEEP/W MODEL

a0 | | | |

-250 -200 -150 -100 -50

Local Y-Gradient = 0.25

Local XY-Gradient = 0.35

Flux = 6.06 X 10 gpm/ft

Average Y-Gradient = 8.87 - (6.55) =0.20
11.4

0 50 100 150

Distance, feet

TOTAL HEAD CONTOURS

Distance, feet
0 50 100 150

Flux

= w0 - “ SEEPAGE MODEL MATERIAL PROPERTIES
| | | Ja LAYER HORIZONTAL | HORIZ./VERT.
1, COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
ky (cm/s) RATIO, ku/ky
Unit 1: Levee Fill (E) 4.0x10° 4
Unit 2: Organic Soil 4.0x10° 1
I | Unit 3: Clay Blanket 1.0x10°® 1
Unit 4: Sand (Upper) 5.4x10° 9
i I | Unit 5: Clay 4.0x10° 4
o Unit 6: Sand (Lower) 5.4x107 9
= - - ™ I | Unit 7: Deep Clay 4.0x10® 4
Unit 8: Cutoff Wall 1.0x10°® 1
I | Unit 9: Clay Cap 4.0x10° 4
I | Unit 10: Levee Fill (N) 4.0x10° 4
Unit 11: Drain Rock 1.0x10" 10
= = = oo Unit 12: Sand Levee Fill (E) 9.0x10™ 9

0 50

100

Distance, feet

VERTICAL GRADIENT CONTOURS

Seepage Analysis
Mellin - Station 6+00
Rehabilitated Levee (DWSE)

Little Egbert Multi-Benefit Project
Solano County, California

Project No. 907.03

Shannon & Wilson, Inc. Plate No. E-35




Water Surface Elevation: 18.2 feet

SEEP/W MODEL

Distance, feet

100 — — -100

120 — — -120

a0 | | | | | | | | | | | | o
-250 -200 -150 -100 -50 0 50 100 150 200 250 300 350 400

Distance, feet

Local Y-Gradient = 0.36

Local XY-Gradient = 0.46

Flux = 8.03 X 10” gpm/ft

Average Y-Gradient = 9.85 - (6.59) =0.29
11.4

TOTAL HEAD CONTOURS

Distance, feet

100 — — -100

120 — — -120

0 | | | | | | | | | | | | o
-250 -200 -150 -100 -50 0 50 100 150 200 250 300 350 400

Distance, feet

SEEPAGE MODEL MATERIAL PROPERTIES
LAYER HORIZONTAL | HORIZ./VERT.
COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY

ky (cm/s) RATIO, ku/ky

Unit 1: Levee Fill (E) 4.0x10° 4

Unit 2: Organic Soil 4.0x10°® 1

I | Unit 3: Clay Blanket 1.0x10® 1

Unit 4: Sand (Upper) 5.4x10° 9

I | Unit 5: Clay 4.0x10° 4

Unit 6: Sand (Lower) 5.4x107 9

B | Unit 7: Deep Clay 4.0x10° 4

Unit 8: Cutoff Wall 1.0x10°® 1

I | Unit 9: Clay Cap 4.0x10° 4

I | Unit 10: Levee Fill (N) 4.0x10® 4

Unit 11: Drain Rock 1.0x10" 10

Unit 12: Sand Levee Fill (E) 9.0x10™ 9

VERTICAL GRADIENT CONTOURS

Little Egbert Multi-Benefit Project
Solano County, California

Seepage Analysis
Mellin - Station 6+00
Rehabilitated Levee (HTOL)

Shannon & Wilson, Inc.

Project No. 907.03

Plate No. E-36




Water Surface Elevation: 15.4 feet

A ey i vy 9 S

e N———

SEEP/W MODEL

Distance, feet
o T T T T : T T T - - e
Er 2
s
:
w0 | | | | | \ \ \ \ \ w0
Distance, feet
Local Y-Gradient = 0.24 TOTAL HEAD CONTOURS
Local XY-Gradient = 0.35
Flux = 6.73 X 102 gpm/ft
Average Y-Gradient = 9.4 - (8.3) =0.03
38.6
Distance, feet

140 | | | | | | | |

-250 -200 -150 -100 -850 0 50 100 150

Distance, feet

VERTICAL GRADIENT CONTOURS

SEEPAGE MODEL MATERIAL PROPERTIES
LAYER HORIZONTAL | HORIZ./VERT.
COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
ky (cm/s) RATIO, ku/ky
Unit 1: Levee Fill (E) 4.0x10° 4
Unit 2: Organic Soil 4.0x10°® 1
I | Unit 3: Clay Blanket 1.0x10® 1
Unit 4: Sand (Upper) 5.4x10° 9
I | Unit 5: Clay 4.0x10° 4
Unit 6: Sand (Lower) 5.4x107 9
B | Unit 7: Deep Clay 4.0x10° 4
Unit 8: Cutoff Wall 1.0x10°® 1
I | Unit 9: Clay Cap 4.0x10° 4
I | Unit 10: Levee Fill (N) 4.0x10® 4
Unit 11: Drain Rock 1.0x10" 10
Unit 12: Sand Levee Fill (E) 9.0x10™ 9

Seepage Analysis

Little Egbert Multi-Benefit Project
Solano County, California

Mellin - Station 21+00
Existing Levee (DWSE)

Shannon & Wilson, Inc.

Project No. 907.03 Plate No. E-37




Water Surface Elevation: 15.4 feet

SEEP/W MODEL

Distance, feet

vo&is)

‘i

5
I

|

»

8
I
|

8

Elevation, f
=]
I
|
8

8
I
|

8

5

0 | | | | | | | |

Distance, feet

TOTAL HEAD CONTOURS

Local Y-Gradient = 0.24

Local XY-Gradient = 0.35

Flux = 6.73 X 10 gpm/ft

Average Y-Gradient=9.4 - (8.3) =0.03
38.6

Distance, feet

100 — — -100

120 — — -120

o \ \ \ \ \ \ \ \ \ \ \ \ o
-250 -0 -150 -100 -5 0 50 100 150 20 20 300 360 400

Distance, feet

8)

SEEPAGE MODEL MATERIAL PROPERTIES
LAYER HORIZONTAL | HORIZ./VERT.
COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY

ky (cm/s) RATIO, ku/ky

Unit 1: Levee Fill (E) 4.0x10° 4

Unit 2: Organic Soil 4.0x10°® 1

I | Unit 3: Clay Blanket 1.0x10® 1

Unit 4: Sand (Upper) 5.4x10° 9

I | Unit 5: Clay 4.0x10° 4

Unit 6: Sand (Lower) 5.4x107 9

B | Unit 7: Deep Clay 4.0x10° 4

Unit 8: Cutoff Wall 1.0x10°® 1

I | Unit 9: Clay Cap 4.0x10° 4

I | Unit 10: Levee Fill (N) 4.0x10® 4

Unit 11: Drain Rock 1.0x10" 10

Unit 12: Sand Levee Fill (E) 9.0x10™ 9

VERTICAL GRADIENT CONTOURS

Seepage Analysis
Mellin - Station 21+00

Little Egbert Multi-Benefit Project
Solano County, California

Existing Levee (HTOL)

Shannon & Wilson, Inc.

Project No. 907.03 Plate No. E-38




Water Surface Elevation: 15.6 feet

= A,
7 A A A A A 7 A A 7 7 A A A A A A A A A A A A A A A A, A A A A A A, A A A iy yphhe= = = ™=

s e TIANNS—
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SEEP/W MODEL

Distance, feet
2 -200 50 00 -50 0 o 0 " ™ = a ® o SEEPAGE MODEL MATERIAL PROPERTIES
I I I I I I I I I I I I
o o LAYER HORIZONTAL | HORIZ./VERT.
L i COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
kH (cm/s) RATlO, kH/kV
ﬂ-§ nis . Unit 1: Levee Fill (E) 4.0x10° 4
> 5
% Unit 2: Organic Soil 4.0x10°® 1
2 6 B | Unit 3: Clay Blanket 1.0x10° 1
- Unit 4: Sand (Upper) 5.4x10° 9
i i I | Unit 5: Clay 4.0x10° 4
w | w Unit 6: Sand (Lower) 5.4x10° 9
o P - - 5 ; s - - - - - - P I | Unit 7: Deep Clay 4.0x10° 4
Distance, feet . ) -6
Local Y-Gradient = 0.10 Unit 8: Cutoff Wall 1.0x10 1
L TOTAL HEAD CONTOURS : -
Local XY-Gradient = 0.23 I | Unit ©: Clay Cap 4.0x10° 4
Flux = 5.07 X 10” gpm/ft _ _ =
Average Y-Gradient = 9.37- (6.71) =0.07 I | Unit 10: Levee Fill (N) 4.0x10 4
38.6 _— Unit 11: Drain Rock 1.0x10’ 10
w0 = = = . : 2 = = = = = = e Unit 12: Sand Levee Fill (E) 9.0x10™ 9
g ---------------------
0 \ \ \ \ \ \ \ \ \ \ \ \ o
Distance, feet
Little Egbert Multi-Benefit Project Mellin - Station 21+00
Solano County, California Rehabilitated Levee (DWSE)
Shannon & Wilson, Inc. Project No. 907.03 Plate No. E-39




Water Surface Elevation: 18.6 feet

SEEP/W MODEL

Distance, feet

|
)%8)

Elevation, fegtf{NAV

0 | | | | | | | | | | | |
50 100

Distance, feet

TOTAL HEAD CONTOURS

Local Y-Gradient = 0.20

Local XY-Gradient = 0.33

Flux = 6.87 X 107 gpm/ft

Average Y-Gradient = 10.20 - (6.71) =0.09
38.6

Distance, feet

0 | | | | | | | |
5 100

Distance, feet

SEEPAGE MODEL MATERIAL PROPERTIES
LAYER HORIZONTAL | HORIZ./VERT.
COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
ky (cm/s) RATIO, ku/ky
Unit 1: Levee Fill (E) 4.0x10° 4
Unit 2: Organic Soil 4.0x10°® 1
I | Unit 3: Clay Blanket 1.0x10® 1
Unit 4: Sand (Upper) 5.4x10° 9
I | Unit 5: Clay 4.0x10° 4
Unit 6: Sand (Lower) 5.4x107 9
B | Unit 7: Deep Clay 4.0x10° 4
Unit 8: Cutoff Wall 1.0x10°® 1
I | Unit 9: Clay Cap 4.0x10° 4
I | Unit 10: Levee Fill (N) 4.0x10® 4
Unit 11: Drain Rock 1.0x10" 10
Unit 12: Sand Levee Fill (E) 9.0x10™ 9

VERTICAL GRADIENT CONTOURS

Seepage Analysis

Little Egbert Multi-Benefit Project
Solano County, California

Mellin - Station 21+00
Rehabilitated Levee (HTOL)

Shannon & Wilson, Inc.

Project No. 907.03 Plate No. E-40




Water Surface Elevation: 15.7 feet

SEEP/W MODEL

Distance, feet
-250 -200 -150 -100 -50 0 50 100 150 200 250 300 350 400

-250 -200 -150 -100 -50 0 50 100 150 200 250 300 350 400
Distance, feet

Local Y-Gradient = 0.32

Local XY-Gradient = 0.35

Flux = 1.89 X 10 gpm/ft

Average Y-Gradient = 15.58 - (9.62) =0.32
18.6

TOTAL HEAD CONTOURS

Distance, feet

Distance, feet

SEEPAGE MODEL MATERIAL PROPERTIES
LAYER HORIZONTAL | HORIZ./VERT.
COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
ky (cm/s) RATIO, ku/ky
Unit 1: Levee Fill (E) 4.0x10° 4
Unit 2: Organic Soil 4.0x10°® 1
I | Unit 3: Clay Blanket 1.0x10® 1
Unit 4: Sand (Upper) 5.4x10° 9
I | Unit 5: Clay 4.0x10° 4
Unit 6: Sand (Lower) 5.4x107 9
B | Unit 7: Deep Clay 4.0x10° 4
Unit 8: Cutoff Wall 1.0x10°® 1
I | Unit 9: Clay Cap 4.0x10° 4
I | Unit 10: Levee Fill (N) 4.0x10® 4
Unit 11: Drain Rock 1.0x10" 10
Unit 12: Sand Levee Fill (E) 9.0x10™ 9

VERTICAL GRADIENT CONTOURS

Little Egbert Multi-Benefit Project
Solano County, California

Seepage Analysis
Mellin - Station 41+00
Existing Levee (DWSE)

Shannon & Wilson, Inc.

Project No. 907.03

Plate No. E-41




Water Surface Elevation: 17.0 feet

SEEP/W MODEL

L - w w . : e w w - " - - SEEPAGE MODEL MATERIAL PROPERTIES
ol | | | | | | | | | | | | Ja LAYER HORIZONTAL | HORIZ./VERT.
L 1, COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
ky (cm/s) RATIO, ku/ky
Unit 1: Levee Fill (E) 4.0x10° 4
Unit 2: Organic Soil 4.0x10°® 1
I | Unit 3: Clay Blanket 1.0x10® 1
Unit 4: Sand (Upper) 5.4x10° 9
I | Unit 5: Clay 4.0x10° 4
Unit 6: Sand (Lower) 5.4x107 9
B | Unit 7: Deep Clay 4.0x10° 4
Local Y-Gradient = 0.34 peimee e Unit 8: Cutoff Wall 1.0x10° 1
Local XY-Gradient = 0.36 TOTAL HEAD CONTOURS Unit 9: Clav Ca 4.0x10°° 4
Flux = 3.24 X 102 gpm/ft ] y~ap
Average Y-Gradient = 15.94 - (9.62) =0.34 I | Unit 10: Levee Fill (N) 4.0x10°° 4
18.6 . Unit 11: Drain Rock 1.0x10' 10
Unit 12: Sand Levee Fill (E) 9.0x10™ 9

o \ \ \ \ \ \ \ \ \ \ \ \ 0
-250 -20 -150 -100 -5 0 50 100 150 200 250 300 360 400

Distance, feet

VERTICAL GRADIENT CONTOURS

Seepage Analysis
Mellin - Station 41+00

Little Egbert Multi-Benefit Project
Solano County, California

Existing Levee (HTOL)

Shannon & Wilson, Inc.

Project No. 907.03 Plate No. E-42




Water Surface Elevation: 15.7 feet

SEEP/W MODEL

P - " o o : oo © w - " w - SEEPAGE MODEL MATERIAL PROPERTIES
ol | | | | | | | | | | | | o LAYER HORIZONTAL | HORIZ./VERT.
e . COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
ky (cm/s) RATIO, ku/ky
Unit 1: Levee Fill (E) 4.0x10° 4
Unit 2: Organic Soil 4.0x10°® 1
I | Unit 3: Clay Blanket 1.0x10® 1
Unit 4: Sand (Upper) 5.4x10° 9
I | Unit 5: Clay 4.0x10° 4
» -1213 Unit 6: Sand (Lower) 5.4x10° 9
* » - - " B > w w - = = = o B | Unit 7: Deep Clay 4.0x10°® 4
Local Y-Gradient = 0.49 . Unit 8: Cutoff Wall 1.0x10° 1
Local XY-Gradient = 0.56 TOTAL HEAD CONTOURS Unit 9: Clay Ca 4.0x10°° 4
Flux = 1.06 X 10™* gpm/ft ] y~ap
Average Y-Gradient = 15.58 - (9.64) =0.32 I | Unit 10: Levee Fill (N) 4.0x10°° 4
18.4 i Unit 11: Drain Rock 1.0x10" 10
| Unit 12: Sand Levee Fill (E) 9.0x10™ 9

Distance, feet

VERTICAL GRADIENT CONTOURS

Little Egbert Multi-Benefit Project

Solano County, California

Seepage Analysis
Mellin - Station 41+00
Rehabilitated Levee (DWSE)

Shannon & Wilson, Inc.

Project No. 907.03 Plate No. E-43




Water Surface Elevation: 18.7 feet

B

Distance, feet
100

100
Distance, feet

TOTAL HEAD CONTOURS

Local Y-Gradient = 0.54

Local XY-Gradient = 0.62

Flux = 2.1 X 10 gpm/ft

Average Y-Gradient = 16.39 - (9.65) =0.37
18.4

Distance, feet

Distance, feet

SEEPAGE MODEL MATERIAL PROPERTIES
LAYER HORIZONTAL | HORIZ./VERT.
COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
ky (cm/s) RATIO, ku/ky
Unit 1: Levee Fill (E) 4.0x10° 4
Unit 2: Organic Soil 4.0x10°® 1
I | Unit 3: Clay Blanket 1.0x10® 1
Unit 4: Sand (Upper) 5.4x10° 9
I | Unit 5: Clay 4.0x10° 4
Unit 6: Sand (Lower) 5.4x107 9
B | Unit 7: Deep Clay 4.0x10° 4
Unit 8: Cutoff Wall 1.0x10°® 1
I | Unit 9: Clay Cap 4.0x10° 4
I | Unit 10: Levee Fill (N) 4.0x10® 4
Unit 11: Drain Rock 1.0x10" 10
Unit 12: Sand Levee Fill (E) 9.0x10™ 9

VERTICAL GRADIENT CONTOURS

Little Egbert Multi-Benefit Project
Solano County, California

Seepage Analysis
Mellin - Station 41+00
Rehabilitated Levee (HTOL)

Shannon & Wilson, Inc.

Project No. 907.03

Plate No. E-44




Water Surface Elevation: 16.2 feet

-A‘
T —————

SEEP/W MODEL

Distance, feet
-250 -200 -150 -100 -50 0 50 100 150 200 250 300 350 400

-250 -200 -150 -100 -50 0 50 100 150 200 250 300 350 400
Distance, feet

TOTAL HEAD CONTOURS

Local Y-Gradient = 0.12

Local XY-Gradient = 0.28

Flux = 2.64 X 102 gpm/ft

Average Y-Gradient = 11.05 - (12) =-0.08

Distance, feet
-250 -200 -150 -100 50 0 50 100 150 200 250 300 350 400

-250 -200 -150 -100 -50 0 50 100 150 200 250 300 350 400
Distance, feet

SEEPAGE MODEL MATERIAL PROPERTIES
LAYER HORIZONTAL | HORIZ./VERT.
COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
ky (cm/s) RATIO, ku/ky
Unit 1: Levee Fill (E) 4.0x10° 4
Unit 2: Organic Soil 4.0x10°® 1
I | Unit 3: Clay Blanket 1.0x10® 1
Unit 4: Sand (Upper) 5.4x10° 9
I | Unit 5: Clay 4.0x10° 4
Unit 6: Sand (Lower) 5.4x107 9
B | Unit 7: Deep Clay 4.0x10° 4
Unit 8: Cutoff Wall 1.0x10°® 1
I | Unit 9: Clay Cap 4.0x10° 4
I | Unit 10: Levee Fill (N) 4.0x10® 4
Unit 11: Drain Rock 1.0x10" 10
Unit 12: Sand Levee Fill (E) 9.0x10™ 9

VERTICAL GRADIENT CONTOURS

Little Egbert Multi-Benefit Project
Solano County, California

Seepage Analysis
Mellin - Station 66+00
Existing Levee (DWSE)

Shannon & Wilson, Inc.

Project No. 907.03

Plate No. E-45




Water Surface Elevation: 19.2 feetr

SEEP/W MODEL

L o o o . : oo » w " w w " SEEPAGE MODEL MATERIAL PROPERTIES
ol | | | | | | | | | | | | e LAYER HORIZONTAL | HORIZ./VERT.
COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
ky (cm/s) RATIO, ku/ky
Unit 1: Levee Fill (E) 4.0x10° 4
Unit 2: Organic Soil 4.0x10°® 1
I | Unit 3: Clay Blanket 1.0x10® 1
Unit 4: Sand (Upper) 5.4x10° 9
I | Unit 5: Clay 4.0x10° 4
Unit 6: Sand (Lower) 5.4x107 9
B | Unit 7: Deep Clay 4.0x10° 4
Local Y-Gradient = 0.07 e et Unit 8: Cutoff Wall 1.0x10°® 1
E?UCEL)EY_Q??TSBtg:p%,Zf? TOTAL HEAD CONTOURS mmm | Unit 9: Clay Cap 4.0x10° 4
Average Y-Gradient = 12.14 - (12) = 0.01 I | Unit 10: Levee Fill (N) 4.0x10°® 4
11.9 . Unit 11: Drain Rock 1.0x10' 10
Unit 12: Sand Levee Fill (E) 9.0x10™ 9

Distance, feet

VERTICAL GRADIENT CONTOURS

Little Egbert Multi-Benefit Project
Solano County, California

Seepage Analysis
Mellin - Station 66+00
Existing Levee (HTOL)

Shannon & Wilson, Inc.

Project No. 907.03 Plate No. E-46




Water Surface Elevation: 16.2 feet

Distance, feet

Local Y-Gradient = <0.01
Local XY-Gradient = <0.01
Flux = 1.04 X 102 gpm/ft

Average Y-Gradient = 10.97 -(10.98) = <0.01

11.8

Distance, feet

TOTAL HEAD CONTOURS

Distance, feet

B)

pin, feet (NAVI
5]
I

El

0 | | |

o B D g

Flux

-250 -200 160 \ -100

Distance, feet

8.05

Average Y-Gradient = 10.63 - (8.05) =

0.32

VERTICAL GRADIENT CON-

i SEEPAGE MODEL MATERIAL PROPERTIES
o LAYER HORIZONTAL | HORIZ./VERT.
. COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
ky (cm/s) RATIO, ku/ky
Unit 1: Levee Fill (E) 4.0x10° 4
Unit 2: Organic Soil 4.0x10°® 1
I | Unit 3: Clay Blanket 1.0x10® 1
Unit 4: Sand (Upper) 5.4x10° 9
I | Unit 5: Clay 4.0x10° 4
Unit 6: Sand (Lower) 5.4x107 9
B | Unit 7: Deep Clay 4.0x10° 4
Unit 8: Cutoff Wall 1.0x10°® 1
I | Unit 9: Clay Cap 4.0x10° 4
I | Unit 10: Levee Fill (N) 4.0x10® 4
Unit 11: Drain Rock 1.0x10" 10
o Unit 12: Sand Levee Fill (E) 9.0x10™ 9

8)

-
bn, feet (NAVI]

S

Little Egbert Multi-Benefit Project
Solano County, California

Seepage Analysis
Mellin - Station 66+00
Rehabilitated Levee (DWSE)

Shannon & Wilson, Inc.

Project No. 907.03 Plate No. E-47




Water Surface Elevation: 19.2 feet

Distance, feet

SEEP/W MODEL

20 |—

0 \ \ \ \

-250 200 -150 -100 -5

Local Y-Gradient = 0.01

Local XY-Gradient = 0.04

Flux = 1.42 X 102 gpml/ft

Average Y-Gradient = 12.04 - (11.9) =0.01
11.8

Distance, feet

TOTAL HEAD CONTOURS

Distance, feet
50 100 150 200 250

» SEEPAGE MODEL MATERIAL PROPERTIES
e LAYER HORIZONTAL | HORIZ./VERT.
i COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
ky (cm/s) RATIO, ku/ky
Unit 1: Levee Fill (E) 4.0x10° 4
Unit 2: Organic Soil 4.0x10°® 1
I | Unit 3: Clay Blanket 1.0x10® 1
Unit 4: Sand (Upper) 5.4x10° 9
I | Unit 5: Clay 4.0x10° 4
m Unit 6: Sand (Lower) 5.4x107 9
w* B | Unit 7: Deep Clay 4.0x10® 4
Unit 8: Cutoff Wall 1.0x10°® 1
I | Unit 9: Clay Cap 4.0x10° 4
I | Unit 10: Levee Fill (N) 4.0x10® 4
Unit 11: Drain Rock 1.0x10" 10
“ Unit 12: Sand Levee Fill (E) 9.0x10™ 9

-250 -200 -150 \ -100 -50

Average Y-Gradient = 11.59 - (8.05) = 0.44
8.05

50 100 150 200 250
Distance, feet

VERTICAL GRADIENT CONTOURS

Little Egbert Multi-Benefit Project
Solano County, California

Seepage Analysis
Mellin - Station 66+00
Rehabilitated Levee (HTOL)

Shannon & Wilson, Inc.

Project No. 907.03 Plate No. E-48




Water Surface Elevation: 16.2 feet

Distance, feet

SEEP/W MODEL

Distance, feet

TOTAL HEAD CONTOURS

Local Y-Gradient = <0.01

Local XY-Gradient = <0.01

Flux = 4.0 X 10 gpm/ft

Average Y-Gradient = 8.86 - (8.84) = <0.01
11.9

Distance, feet

Distance, feet

VERTICAL GRADIENT CONTOURS

SEEPAGE MODEL MATERIAL PROPERTIES
LAYER HORIZONTAL | HORIZ./VERT.
COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
ky (cm/s) RATIO, ku/ky
Unit 1: Levee Fill (E) 4.0x10° 4
Unit 2: Organic Soil 4.0x10°® 1
I | Unit 3: Clay Blanket 1.0x10® 1
Unit 4: Sand (Upper) 5.4x10° 9
I | Unit 5: Clay 4.0x10° 4
Unit 6: Sand (Lower) 5.4x107 9
B | Unit 7: Deep Clay 4.0x10° 4
Unit 8: Cutoff Wall 1.0x10°® 1
I | Unit 9: Clay Cap 4.0x10° 4
I | Unit 10: Levee Fill (N) 4.0x10® 4
Unit 11: Drain Rock 1.0x10" 10
Unit 12: Sand Levee Fill (E) 9.0x10™ 9

Seepage Analysis
Mellin - Station 66+00

Little Egbert Multi-Benefit Project
Solano County, California

Rehabilitated Levee with Cutoff Wall (DWSE)

Shannon & Wilson, Inc.

Project No. 907.03 Plate No. E-49




Water Surface Elevation: 19.2 feet

SEEP/W MODEL

- o - - o : R 150 - - - - - SEEPAGE MODEL MATERIAL PROPERTIES
® \ \ \ \ \ \ \ \ \ \ \ \ ®
ol Ja LAYER HORIZONTAL | HORIZ./VERT.
L 1, COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
kH (cm/s) RATlO, kH/kV
__H Unit 1: Levee Fill (E) 4.0x107 4
>
o 2 Unit 2: Organic Soil 4.0x10° 1
= I | Unit 3: Clay Blanket 1.0x10°® 1
Unit 4: Sand (Upper) 5.4x10° 9
I | Unit 5: Clay 4.0x10° 4
- Unit 6: Sand (Lower) 5.4x10° 9
" - = g . : 4 - - - - - - ) B | Unit 7: Deep Clay 4.0x10® 4
Distance, feet . A -6
Local Y-Gradient = <0.01 Unit 8: Cutoff Wall 1.0x10 1
, TOTAL HEAD CONTOURS - -
Local XY-Gradient = 0.01 I | Unit 9: Clay Cap 4.0x10® 4
Flux = 5.4 X 10 gpm/ft , . —
Average Y-Gradient = 9.21 - (9.16) = <0.01 I | Unit 10: Levee Fill (N) 4.0x10 4
1.9 o Unit 11: Drain Rock 1.0x10° 10
o = = - 2 : 2 2 2 2 2 2 = Za Unit 12: Sand Levee Fill (E) 9.0x10™ 9

L o T T3 Y PP

Distance, feet

VERTICAL GRADIENT CONTOURS

Seepage Analysis
Little Egbert Multi-Benefit Project Mellin - Station 66+00
Solano County, California Rehabilitated Levee with Cutoff Wall (HTOL)

Shannon & Wilson, Inc. Project No. 907.03 Plate No. E-50




Water Surface Elevation: 16.2 feet

SEEP/W MODEL

P T T S : T T T T T SEEPAGE MODEL MATERIAL PROPERTIES
ol | | | | | | | | | | | | Lo LAYER HORIZONTAL | HORIZ./VERT.
L . COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
ky (cm/s) RATIO, ku/ky
Unit 1: Levee Fill (E) 4.0x10° 4
Unit 2: Organic Soil 4.0x10°® 1
I | Unit 3: Clay Blanket 1.0x10® 1
Unit 4: Sand (Upper) 5.4x10° 9
I | Unit 5: Clay 4.0x10° 4
Unit 6: Sand (Lower) 5.4x107 9
B | Unit 7: Deep Clay 4.0x10° 4
enes. e Local Y-Gradient = <0.01 Unit 8: Cutoff Wall 1.0x10° 1
::ggg: ;-Y(?grilgigtn? =0 00.717 TOTAL HEAD CONTOURS IE?quL Y[)f%lggtg_p?ﬁ% | Unit 9: Clay Cap 200107 2
Average Y-Gradient = 10.797-7 (9.76) = 0.10 Average Y-Gradient = L—Sgﬂl = <0.01 I | Unit 10: Levee Fill (N) 4.0x10° 4
' Distance, fes - Unit 11: Drain Rock 1.0x10" 10
“X Unit 12: Sand Levee Fill (E) 9.0x10™ 9

Distance, feet

VERTICAL GRADIENT CONTOURS

Little Egbert Multi-Benefit Project
Solano County, California

Seepage Analysis
Mellin - Station 66+00
Rehabilitated Levee with Seepage Berm (DWSE)

Shannon & Wilson, Inc.

Project No. 907.03 Plate No. E-51




17.3

Water Surface Elevation: 19.2 feet

SEEP/W MODEL

o - w - . S o - o m » - SEEPAGE MODEL MATERIAL PROPERTIES
® \ \ \ \ \ \ \ \ \ \ \ ®
o LAYER HORIZONTAL | HORIZ./VERT.
. COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
kH (cm/s) RATlO, kH/kV
. W . N ———— Unit 1: Levee Fill (E) 4.0x107 4
>
s 2 Unit 2: Organic Soil 4.0x10° 1
1 I | Unit 3: Clay Blanket 1.0x10® 1
2 Unit 4: Sand (Upper) 5.4x10° 9
I | Unit 5: Clay 4.0x10° 4
- Unit 6: Sand (Lower) 5.4x10° 9
= w - w - . - - - = - - P I | Unit 7: Deep Clay 4.0x10°® 4
Distance, feet . -6
ot — Unit 8: Cutoff Wall 1.0x10 1
L Local Y-Gradient = -0.02
Local Y-Gradient = 0.2 TOTAL HEAD CONTOURS Local XY-Gradient = 0.04 0t Ciav Ca 200108 2
Local XY-Gradient = 0.31 Flux = 2.95 X 10 gpm/ft I - Llay Lap :
Average Y-Gradient = 11.78- 0.77) = 0.21 Average Y-Gradient = 12.11- (12.43) =-0.02 | SN | Unit 10: Levee Fill (N) 4.0x10° 4
. Unit 11: Drain Rock 1.0x10' 10
Distance, feet
= = ‘1“\ il 2 i < = = = = = ™ Unit 12: Sand Levee Fill (E) 9.0x10™ 9

VERTICAL GRADIENT CONTOURS

Distance, feet

Seepage Analysis
Mellin - Station 66+00
Rehabilitated Levee with Seepage Berm (HTOL)

Little Egbert Multi-Benefit Project
Solano County, California

Shannon & Wilson, Inc. Project No. 907.03 Plate No. E-52
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Distance, feet
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Water Surface Elevation: 16.4 feet

SEEP/W MODEL
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Local Y-Gradient = <0.01
Local XY-Gradient = 0.01
Flux = 3.82 X 102 gpm/ft
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Distance, feet

TOTAL HEAD CONTOURS

Distance, feet
0 50 100 150

300 350 400

300 350 400

60 —

40 |—

on, feet (NAVD88)

0 50 100 150

Distance, feet

VERTICAL GRADIENT CONTOURS

300 350 400

bton feet (NAVDES)

SEEPAGE MODEL MATERIAL PROPERTIES
LAYER HORIZONTAL | HORIZ./VERT.
COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
ky (cm/s) RATIO, ku/ky
Unit 1: Levee Fill (E) 4.0x10° 4
Unit 2: Organic Soil 4.0x10° 1
I | Unit 3: Clay Blanket 1.0x10° 1
Unit 4: Sand (Upper) 5.4x10° 9
I | Unit 5: Clay 4.0x10° 4
Unit 6: Sand (Lower) 5.4x10° 9
B | Unit 7: Deep Clay 4.0x10° 4
[ [ Unit 8: Cutoff Wall 1.0x10°® 1
I | Unit 9: Clay Cap 4.0x10° 4
I | Unit 10: Levee Fill (N) 4.0x10° 4
Unit 11: Drain Rock 1.0x10" 10
Unit 12: Sand Levee Fill (E) 9.0x10™ 9

Little Egbert Multi-Benefit Project
Solano County, California

Seepage Analysis
Mellin - Station 83+00
Existing Levee (DWSE)

Shannon & Wilson, Inc.

Project No. 907.03

Plate No. E-53




Water Surface Elevation: 19.4 feet

SEEP/W MODEL
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Local Y-Gradient = <0.01
Local XY-Gradient = 0.01
Flux = 6.23 X 102 gpm/ft

Distance, feet

TOTAL HEAD CONTOURS

ion, feet (NAVID88)
8

)

ion, feet (NAVI

Distance, feet

VERTICAL GRADIENT CONTOURS

Fton, feet (NAPDE8)

A
e A2

SEEPAGE MODEL MATERIAL PROPERTIES
LAYER HORIZONTAL | HORIZ./VERT.
COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY

ky (cm/s) RATIO, ku/ky

Unit 1: Levee Fill (E) 4.0x10° 4

Unit 2: Organic Soil 4.0x10° 1

I | Unit 3: Clay Blanket 1.0x10° 1

Unit 4: Sand (Upper) 5.4x10° 9

I | Unit 5: Clay 4.0x10° 4

Unit 6: Sand (Lower) 5.4x10° 9

B | Unit 7: Deep Clay 4.0x10° 4

[ [ Unit 8: Cutoff Wall 1.0x10°® 1

I | Unit 9: Clay Cap 4.0x10° 4

I | Unit 10: Levee Fill (N) 4.0x10° 4

Unit 11: Drain Rock 1.0x10" 10

Unit 12: Sand Levee Fill (E) 9.0x10™ 9

Little Egbert Multi-Benefit Project
Solano County, California

Seepage Analysis
Mellin - Station 83+00
Existing Levee (HTOL)

Shannon & Wilson, Inc.

Project No. 907.03

Plate No. E-54




Water Surface Elevation: 16.4 feet

SEEP/W MODEL

- - - - : Sl - w “ - SEEPAGE MODEL MATERIAL PROPERTIES
ol | | | | | | | | o LAVER HORIZONTAL | HORIZ./VERT.
L ) COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
» ky (cm/s) RATIO, kn/ky
2 il 10 3 — Unit 1: Levee Fill (E) 4.0x10° 4
%i o » % Unit 2: Organic Soil 4.0x107 1
“ °r . “ I | Unit 3: Clay Blanket 1.0x10° 1
E E Unit 4: Sand (Upper) 5.4x10° 9
ol I | Unit 5: Clay 4.0x10° 4
o . Unit 6: Sand (Lower) 5.4x10° 9
o g - = . - - - - - - B | Unit 7: Deep Clay 4.0x10°® 4
ptenee, e W | Unit 8: Cutoff Wall 1.0x10° 1
TOTAL HEAD CONTOURS I | Unit 9: Clay Cap 4.0x10°® 4
Local Y-Gradient = <0.01 . - =
Local XY-Gradient = <0.01 I | Unit 10: Levee Fill (N) 4.0x10 4
Flux = 2.7 X 10 gpm/f N Unit 11: Drain Rock 1.0x10’ 10
7 - "T\ o : 2 = = & = . Unit 12: Sand Levee Fill (E) 9.0x10™* 9

0 —

40 —

Flux

ion, feet (NAV

ton, et (NAYDES)

Distance, feet

VERTICAL GRADIENT CONTOURS

Seepage Analysis
Mellin - Station 83+00
Rehabilitated Levee (DWSE)

Little Egbert Multi-Benefit Project
Solano County, California

Shannon & Wilson, Inc. Project No. 907.03 Plate No. E-55




Water Surface Elevation: 19.4 feet

SEEP/W MODEL

Distance, feet

140 | | | | | | | | | | | |

Distance, feet

TOTAL HEAD CONTOURS

Local Y-Gradient = <0.01
Local XY-Gradient = 0.01
Flux = 3.24 X 10 gpm/ft

Distance, feet
-250 -200 -150 -100 -8 0 50 100 150 20 20 300 30 400

Flux

ion, feet (NAVD88)
8

Distance, feet

AL
(e
rhok asAYS >

SEEPAGE MODEL MATERIAL PROPERTIES
LAYER HORIZONTAL | HORIZ./VERT.
COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
ky (cm/s) RATIO, ku/ky
Unit 1: Levee Fill (E) 4.0x10° 4
Unit 2: Organic Soil 4.0x10° 1
I | Unit 3: Clay Blanket 1.0x10° 1
Unit 4: Sand (Upper) 5.4x10° 9
I | Unit 5: Clay 4.0x10° 4
Unit 6: Sand (Lower) 5.4x10° 9
B | Unit 7: Deep Clay 4.0x10° 4
[ [ Unit 8: Cutoff Wall 1.0x10°® 1
I | Unit 9: Clay Cap 4.0x10° 4
I | Unit 10: Levee Fill (N) 4.0x10° 4
Unit 11: Drain Rock 1.0x10" 10
Unit 12: Sand Levee Fill (E) 9.0x10™ 9

VERTICAL GRADIENT CONTOURS

Seepage Analysis
Mellin - Station 83+00
Rehabilitated Levee (HTOL)

Little Egbert Multi-Benefit Project
Solano County, California

Shannon & Wilson, Inc. Project No. 907.03 Plate No. E-56




Water Surface Elevation: 19.2 feet

s 1<)

SEEP/W MODEL
Distance, feet
= m o 0 @ o © w ® 20 %0 2 ® o SEEPAGE MODEL MATERIAL PROPERTIES
I I I I I I I I I I I I
o ) LAYER HORIZONTAL HORIZ./VERT.
ol s COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
10 kH (cm/s) RATlO, kH/kV
g 3 & Unit 1: Levee Fill (E) 4.0x10° 4
> >
g ol 4 Ho 2 Unit 2: Organic Soil 4.0x10° 1
N 8 1° 2 I | Unit 3: Clay Blanket 1.0x10° 1
L 1 I | Unit 5: Clay 4.0x10° 4
w | . Unit 6: Sand (Lower) 5.4x10° 9
o P - - - ; . - - - - - - P I | Unit 7: Deep Clay 4.0x10° 4
petance, et W | Unit 8: Cutoff Wall 1.0x10° 1
TOTAL HEAD CONTOURS Unit 9: Clay C 4.0x10° 2
Local Y-Gradient = <0.01 I TS ey ap X
Local XY-Gradient = <0.01 I | Unit 10: Levee Fill (N) 4.0x10° 4
Flux = 4.46 X 10" gpm/ft , , ;
Distance, fet Unit 11: Drain Rock 1.0x10 10
o > i o “ : : = = » = = = i Unit 12: Sand Levee Fill (E) 9.0x10™ 9
o \ \ \ \ \ \ \ \ \ \ \ \ o
Distance, feet
Little Egbert Multi-Benefit Project Mellin - Station 83+00
Solano County, California Rehabilitated Levee with Cutoff Wall (DWSE)
Shannon & Wilson, Inc. Project No. 907.03 Plate No. E-57




Water Surface Elevation: 16.4 feetm

htion, feet (NAYBES)

SEEP/W MODEL

Distance, feet
= - - w : o w w w » »_ SEEPAGE MODEL MATERIAL PROPERTIES
I I I I I I I I I
ol o LAYER HORIZONTAL | HORIZ./VERT.
L . COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
kH (cm/s) RATlO, kH/kV
P 10 Za
8 3 Unit 1: Levee Fill (E) 4.0x10° 4
> >
g ol 2 2 Unit 2: Organic Soil 4.0x10° 1
" 1 1° e I |Unit 3: Clay Blanket 1.0x10° 1
ol B I | Unit 5: Clay 4.0x10° 4
ol = Unit 6: Sand (Lower) 5.4x107 9
o = - - : p - p - - o I | Unit 7: Deep Clay 4.0x10® 4
petence = e | Unit 8: Cutoff Wall 1.0x10° 1
Local Y-Gradient = <0.01 TOTAL HEAD CONTOURS — —
Local XY-Gradient = <0.01 I | Unit 9: Clay Cap 4.0x10 4
Flux = 5.34 X 10 gpm/ft I | Unit 10: Levee Fill (N) 4.0x10° 4
. ) : 1
\ Bstance, e Unit 11: Drain Rock 1.0x10 10
o = N " : 7 7 b = & o Unit 12: Sand Levee Fill (E) 9.0x10™ 9

Distance, feet

VERTICAL GRADIENT CONTOURS

Seepage Analysis
Mellin - Station 83+00

Little Egbert Multi-Benefit Project
Solano County, California

Rehabilitated Levee with Cutoff Wall (HTOL)

Shannon & Wilson, Inc.

Project No. 907.03 Plate No. E-58




Distance, feet

Water Surface Elevation:

16.4 feet

SEEP/W MODEL

Local Y-Gradient = 0.02
Local XY-Gradient = 0.03

Distance, feet

TOTAL HEAD CONTOURS

Distance, feet

Local Y-Gradient = <0.01

Local XY-Gradient = 0.01

Flux = 2.68 X 102 gpm/ft

Average Y-Gradient = 1.78 - (1.78)
55

= <0.01

Distance, feet

VERTICAL GRADIENT CONTOURS

I
SEEPAGE MODEL MATERIAL PROPERTIES
LAYER HORIZONTAL | HORIZ./VERT.
COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
ky (cm/s) RATIO, ku/ky
Unit 1: Levee Fill (E) 4.0x10° 4
Unit 2: Organic Soil 4.0x10° 1
I | Unit 3: Clay Blanket 1.0x10° 1
Unit 4: Sand (Upper) 5.4x10° 9
I | Unit 5: Clay 4.0x10° 4
Unit 6: Sand (Lower) 5.4x10° 9
B | Unit 7: Deep Clay 4.0x10° 4
[ [ Unit 8: Cutoff Wall 1.0x10°® 1
I | Unit 9: Clay Cap 4.0x10° 4
I | Unit 10: Levee Fill (N) 4.0x10° 4
Unit 11: Drain Rock 1.0x10" 10
Unit 12: Sand Levee Fill (E) 9.0x10™ 9

Little Egbert Multi-Benefit Project
Solano County, California

Seepage Analysis
Mellin - Station 83+00
Rehabilitated Levee with Seepage Berm (DWSE)

Shannon & Wilson, Inc.

Project No. 907.03

Plate No. E-59




Distance, feet

Water Surface Elevation: 19.2 feetr

SEEP/W MODEL

Local Y-Gradient = 0.02
Local XY-Gradient = 0.04

Distance, feet

TOTAL HEAD CONTOURS

Distance, feet

bton, feet (NAYDES)
T (—
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ion, feet (NAVID88)

Distance, feet

VERTICAL GRADIENT CONTOURS

= = = o SEEPAGE MODEL MATERIAL PROPERTIES
| | | Lo LAYER HORIZONTAL | HORIZ./VERT.
. COLOR MATERIAL TYPE CONDUCTIVITY, | CONDUCTIVITY
ky (cm/s) RATIO, kn/ky
Unit 1: Levee Fill (E) 4.0x10° 4
Unit 2: Organic Soil 4.0x10° 1
I | Unit 3: Clay Blanket 1.0x10° 1
Unit 4: Sand (Upper) 5.4x10° 9
Lo I | Unit 5: Clay 4.0x10° 4
o Unit 6: Sand (Lower) 5.4x107 9
= 30L = o B | Unit 7: Deep Clay 4.0x10° 4
Local Y-Gradient = <0.01 [ [ Unit 8: Cutoff Wall 1.0x10°® 1
IE?UC)?I:@SC;ri%igngp=m</g-01 I | Unit 9: Clay Cap 4.0x10': 4
Average Y-Gradient = 1.98 - (1.98) = <0.01 I | Unit 10: Levee Fill (N) 4.0x10° 4
56 Unit 11: Drain Rock 1.0x10' 10
= i 2 S Unit 12: Sand Levee Fill (E) 9.0x10™ 9

Seepage Analysis
Mellin - Station 83+00

Little Egbert Multi-Benefit Project
Solano County, California

Rehabilitated Levee with Seepage Berm (HTOL)

Shannon & Wilson, Inc.

Project No. 907.03 Plate No. E-60
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Appendix F

Slope Stability Analysis
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APPENDIX F
Slope Stability Analysis

F-1  SLOPE STABILITY ANALYSIS
F-1.1 General

We performed analysis to check the factors of safety for the landside and waterside slopes
for steady state seepage and rapid drawdown loading conditions before and after the levee
rehabilitation. We also analyzed the factor of safety for the landside and waterside slopes
for the end-of-construction condition. The stability analysis was performed on the same
cross sections that were analyzed for seepage. We used the computer program SLOPE/W
and Spencer’s method of analysis. We presented the parameters we used in the slope
stability analysis in Appendix D. We used effective stress strength parameters for analyzing
the factors of safety under steady-state seepage conditions. We analyzed the stability of the
landslide slope for steady state seepage conditions for the DWSE and HTOL by importing
pore water pressures calculated in the seepage analysis. We analyzed the stability of the
waterside slope for steady state seepage conditions by assuming a phreatic surface in the
levee corresponding to a water level at the mean tide level. For the rapid drawdown
analysis, we used the feature in SLOPE/W that used the Staged Rapid Drawdown Analysis
option based on the Duncan et al., 1990 procedure and both the effective stress and
undrained strength envelopes. For the end-of-construction analysis we used undrained
strength parameters. We modeled a 5-foot tension crack in the levee fill for the end-of-
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construction case.

The results of our slope stability analysis are summarized in Tables F-1 and F-2 and
presented on Plates F-1 through F-71. The factors of safety meet the required factor of safety
criteria described in the Basis of Design section of this report.

APPENDIX F
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Table F-1 — Factors of Safety for Landside Slopes

Existing Levee Rehabilitated Levee
End of :
Construction Effective Strength
Station I
ndraine
Strength DWSE HTOL
35+00 1.97 1.78 2.38 2.15 2.00
65+00 1.39 1.28 1.97 1.51 142
RD 536 95+00 1.70 1.54 3.09 1.85 1.71
135+00 2.19 1.95 5.78 2.37 2.19
175+00 1.67 1.51 447 1.81 1.68
Meli 6+00 2.96 2.88 5.50 2.26 2.16
ein 21400 213 213 161 2.00 193
Mellin 3.23 3.34 7.40 2.08 1.98
Extension 41+00
Solano 66+00 2.02 1.86 7.29 2.79 2.63
County 2.50 248 3.61 2.39 2.39
Levee 44 83+00

Table F-2 — Factors of Safety for Waterside Slopes
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Existing Levee Rehabilitated Levee
Co:sr:(rju?::ion Effective Strength
Station Rapid Drawdown
Stongih T Lovel P Drawdown

35+00 2.96 1.98 1.72 1.97 1.46

65+00 2.41 1.56 2.21 2.06 1.47
RD 536 95+00 248 1.57 2.75 2.14 1.50

135+00 2.25 1.44 419 2.40 1.62

175+00 2.1 1.66 4.72 2.34 1.66
Melin 6+00 3.43 2.48 5.95 2.76 1.90

21+00 2.80 1.95 1.46 217 1.50
Mellin 41+00 4.06 2.90 6.69 2.79 1.87
Extension
Solano 66+00 3.44 3.02 5.86 2.95 217
County 83+00 2.94 2.31 412 2.37 1.78
Levee 44

F-1.2 Pseudo-Static Loading and Seismic Deformation

We performed a pseudo-static slope stability analysis for the existing levee and the

rehabilitated levee for both landside and waterside slopes. We used the feature in

110214/ 907.03 July 27, 2023
F-2
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SLOPE/W that used the Staged Pseudo-Static Analysis option based on the Duncan et al.,
1990 procedure and both the effective stress and undrained strength envelopes. The
pseudo-static analysis applies a horizontal force at the center of gravity to model an
earthquake force. The yield coefficient is the value of the force resulting in a factor of safety
of 1.0. The analysis assumes that materials do not lose strength during earthquake shaking.
Table F-3 presents the yield coefficients (Ky).

We analyzed seismic deformation using the simplified procedure presented in the Guidance
Document (2015). The analysis is based on an earthquake with a 200-year return period and
moment magnitude of 7.0. We estimate that peak horizontal acceleration (PHA) along these
levee reaches is 0.23g. Deformations can be estimated based on the ratio of the yield
acceleration (Ky) to the maximum seismic coefficient (Kmax). We estimate that Kmax is 0.16,
based on site location and levee geometry for landside and waterside slopes. The Ky/Kmax
ratio is greater than 0.5 for the landside and waterside slopes for all stations analyzed. If the
Ky/Kmax ratio is greater than 0.5 then “minimal or negligible seismic displacements are
anticipated” (URS Guidance Document, 2015). The results of the analysis indicate that the
slopes will experience minor slope deformation of likely less than 0.1 ft of deformation
under the design level earthquake.

Table F-3 - Yield Coefficients (K,) from Pseudo-Static Loading
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LL 35+00 0.29 0.30 0.20 0.20
P 65+00 0.30 0.30 0.19 0.23
% RD 536 95+00 0.38 0.38 0.26 0.26
] 135+00 0.46 0.40 0.40 0.33
& 175+00 0.42 043 0.28 0.30
< Vel 6+00 0.34 0.34 0.30 0.30
21+00 0.28 0.28 0.25 0.23
Mellin
Evonsion | 4100 0.44 0.38 0.40 0.36
Solano 66+00 0.52 0.48 0.46 042
County
Levee 44 83+00 0.45 0.45 0.35 0.35
110214 / 907.03 July 27, 2023
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STABILITY MODEL MATERIAL PROPERTIES

EFFECTIVE UNDRAINED END OF
UNIT STRENGTH STRENGTH CONSTRUCTION
UNIT | LAYER MATERIAL WEIGHT
NO. | COLOR TYPE (e | comesion FRICTION copesion | FRICTION| conesion | FRET2M
(psf) (degrees) (psf) (degrees) (psf) (degrees)
1 Clay Levee Fill (E) 100 100 32 140 19 1,800 0
2 Organic Soil 95 100 32 140 19 See Note Below 0
3 | Clay Blanket 125 100 32 140 19 2,500 0
4 Sand (Upper) 125 0 36 -- -- -- --
5 | I Clay 125 100 32 140 19 2,500 0
6 Sand (Lower) 125 0 40 -- -- -- --
7 I Deep Clay 125 100 32 140 19 2,500 0
8 Cutoff Wall 120 50 30 -- - - -
9 | I Clay Cap 120 150 32 -- - - -
10 | Clay Levee Fill (N) 125 100 32 140 19 1,800 -
11 Drain Rock 135 0 40 -- -- -- --
12 Sand Levee Fill (E) 125 50 36 -- -- -- --
Note: For the End of Construction case, we modeled the undrained shear strength of the organic soil assuming that the soils were nor-

mally consolidated with a ratio of undrained shear strength (S,) to preconsolidation stress (p) of 0.3 (i.e., Su/p=0.3). For organic
soils outside of the levee footprint, we modeled a 5-foot thick soil crust with an undrained shear strength of 1,000 psf. Below the 5-
foot thick crust, we modeled the organic soils as normally consolidate with the S, /p ratio described above.

Little Egbert Multi-Benefit Project
Solano County, California

Soil Parameters for Slope Stability Analysis

Shannon & Wilson, Inc.

Project No. 907.03

Plate No. F-1
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* See Plate F-1 for material (soil unit) properties of stability model

** Design water surface elevation (DWSE) and mean-tide-level (MTL) were used in landside

(LS) and waterside (WS) slope stability analyses, respectively.

Little Egbert Multi-Benefit Project
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Slope Stability Results - Steady State Seepage
RD 536 - Station 35+00
Existing Levee - DWSE / MTL

Shannon & Wilson, Inc.

Project No. 907.03 Plate No. F-2
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* See Plate F-1 for material (soil unit) properties of stability model
** Hydraulic Top of Levee (HTOL) water surface was used in landside (LS) slope stability analysis.

Slope Stability Results - Steady State Seepage
RD 536 - Station 35+00
Existing Levee - HTOL

Little Egbert Multi-Benefit Project
Solano County, California

Shannon & Wilson, Inc. Project No. 907.03 Plate No. F-3
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Distance, feet

* See Plate F-1 for material (soil unit) properties of stability model
** Design water surface elevation (DWSE) and mean-tide-level (MTL) were used for the rapid drawdown
(RDD) slope stability analysis.

Slope Stability Results - Rapid Drawdown
Little Egbert Multi-Benefit Project RD 536 - Station 35+00
Solano County, California Existing Levee

Shannon & Wilson, Inc. Project No. 907.03 Plate No. F-4
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* See Plate F-1 for material (soil unit) properties of stability model
** Groundwater surface approximately 5 feet below slope toe was used in both landside (LS)
and waterside (WS) slope stability analyses.

Slope Stability Results - End of Construction
Little Egbert Multi-Benefit Project RD 536 - Station 35+00
Solano County, California Rehabilitated Levee

Shannon & Wilson, Inc. Project No. 907.03

Plate No. F-5
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* See Plate F-1 for material (soil unit) properties of stability model
** Design water surface elevation (DWSE) and mean-tide-level (MTL) were used in landside
(LS) and waterside (WS) slope stability analyses, respectively.

Little Egbert Multi-Benefit Project RD 536 - Station 35+00

Solano County, California

Slope Stability Results - Steady State Seepage

Rehabilitated Levee - DWSE / MTL

Shannon & Wilson, Inc. Project No. 907.03

Plate No. F-6
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* See Plate F-1 for material (soil unit) properties of stability model
** Hydraulic Top of Levee (HTOL) water surface was used in landside (LS) slope stability analysis.

Slope Stability Results - Steady State Seepage
Little Egbert Multi-Benefit Project RD 536 - Station 35+00
Solano County, California Rehabilitated Levee - HTOL

Shannon & Wilson, Inc. Project No. 907.03 Plate No. F-7
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* See Plate F-1 for material (soil unit) properties of stability model
** Design water surface elevation (DWSE) and mean-tide-level (MTL) were used for the rapid drawdown
(RDD) slope stability analysis, respectively.

Slope Stability Results - Rapid Drawdown
Little Egbert Multi-Benefit Project RD 536 - Station 35+00
Solano County, California Rehabilitated Levee

Shannon & Wilson, Inc. Project No. 907.03 Plate No. F-8
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* See Plate F-1 for material (soil unit) properties of stability model
** Design water surface elevation (DWSE) and mean-tide-level (MTL) were used in landside
(LS) and waterside (WS) slope stability analyses, respectively.

Slope Stability Results - Steady State Seepage
RD 536 - Station 65+00
Existing Levee - DWSE / MTL

Little Egbert Multi-Benefit Project
Solano County, California

Shannon & Wilson, Inc.

Project No. 907.03 Plate No. F-9
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* See Plate F-1 for material (soil unit) properties of stability model
** Hydraulic Top of Levee (HTOL) water surface was used in landside (LS) slope stability analysis.

Slope Stability Results - Steady State Seepage
RD 536 - Station 65+00

Little Egbert Multi-Benefit Project
Existing Levee - HTOL

Solano County, California

Shannon & Wilson, Inc. Project No. 907.03 Plate No. F-10
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* See Plate F-1 for material (soil unit) properties of stability model
** Design water surface elevation (DWSE) and mean-tide-level (MTL) were used for the rapid drawdown
(RDD) slope stability analysis.

Slope Stability Results - Rapid Drawdown
Little Egbert Multi-Benefit Project RD 536 - Station 65+00
Solano County, California Existing Levee

Shannon & Wilson, Inc. Project No. 907.03 Plate No. F-11
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Distance, feet
* See Plate F-1 for material (soil unit) properties of stability model
** Groundwater surface approximately 5 feet below slope toe was used in both landside (LS)
and waterside (WS) slope stability analyses.
Little Egbert Multi-Benefit Project Slope Stability Results - End of Construction

Solano County, California RD 536 - Station 65+00

Shannon & Wilson, Inc. Project No. 907.03 Plate No. F-12
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* See Plate F-1 for material (soil unit) properties of stability model
** Design water surface elevation (DWSE) and mean-tide-level (MTL) were used in landside

(LS) and waterside (WS) slope stability analyses, respectively.

Slope Stability Results - Steady State Seepage

Little Egbert Multi-Benefit Project RD 536 - Station 65+00
Solano County, California Rehabilitated Levee - DWSE / MTL

Shannon & Wilson, Inc. Project No. 907.03 Plate No. F-13
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* See Plate F-1 for material (soil unit) properties of stability model
** Hydraulic Top of Levee (HTOL) water surface was used in landside (LS) slope stability analysis.

Slope Stability Results - Steady State Seepage
Little Egbert Multi-Benefit Project RD 536 - Station 65+00

Solano County, California Rehabilitated Levee - HTOL

Shannon & Wilson, Inc. Project No. 907.03 Plate No. F-14
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* See Plate F-1 for material (soil unit) properties of stability model
** Design water surface elevation (DWSE) and mean-tide-level (MTL) were used for the rapid drawdown
(RDD) slope stability analysis.

Slope Stability Results - Rapid Drawdown
Little Egbert Multi-Benefit Project RD 536 - Station 65+00
Solano County, California Rehabilitated Levee

Shannon & Wilson, Inc. Project No. 907.03 Plate No. F-15
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* See Plate F-1 for material (soil unit) properties of stability model

** Design water surface elevation (DWSE) and mean-tide-level (MTL) were used in landside

(LS) and waterside (WS) slope stability analyses, respectively.

Little Egbert Multi-Benefit Project
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Slope Stability Results - Steady State Seepage
RD 536 - Station 95+00
Existing Levee - DWSE / MTL

Shannon & Wilson, Inc.

Project No. 907.03 Plate No. F-16
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* See Plate F-1 for material (soil unit) properties of stability model

** Hydraulic Top of Levee (HTOL) water surface was used in landside (LS) slope stability analysis.

Little Egbert Multi-Benefit Project
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Slope Stability Results - Steady State Seepage
RD 536 - Station 95+00
Existing Levee - HTOL

Shannon & Wilson, Inc.
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* See Plate F-1 for material (soil unit) properties of stability model
** Design water surface elevation (DWSE) and mean-tide-level (MTL) were used for the rapid drawdown
(RDD) slope stability analysis.

Slope Stability Results - Rapid Drawdown
Little Egbert Multi-Benefit Project RD 536 - Station 95+00
Solano County, California Existing Levee

Shannon & Wilson, Inc. Project No. 907.03 Plate No. F-18
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* See Plate F-1 for material (soil unit) properties of stability model

** Groundwater surface approximately 5 feet below slope toe was used in both landside (LS)

and waterside (WS) slope stability analyses.
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Slope Stability Results - End of Construction
RD 536 - Station 95+00
Rehabilitated Levee
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* See Plate F-1 for material (soil unit) properties of stability model
** Design water surface elevation (DWSE) and mean-tide-level (MTL) were used in landside
(LS) and waterside (WS) slope stability analyses, respectively.
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* See Plate F-1 for material (soil unit) properties of stability model
** Hydraulic Top of Levee (HTOL) water surface was used in landside (LS) slope stability analysis.
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Slope Stability Results - Steady State Seepage
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Shannon & Wilson, Inc.

Project No. 907.03 Plate No. F-21




Distance, feet

-250 -200 -150 -100 -5 0 50 100 150 200 20 300 350 400
® \ \ \ \ \ \ \ \ \ \ \ \ ®

-250 -200 -180 -100 -80 0 50 100 150 200 20 300 350 400

Distance, feet

* See Plate F-1 for material (soil unit) properties of stability model
** Design water surface elevation (DWSE) and mean-tide-level (MTL) were used for the rapid drawdown
(RDD) slope stability analysis.

Slope Stability Results - Rapid Drawdown
Little Egbert Multi-Benefit Project RD 536 - Station 95+00
Solano County, California Rehabilitated Levee

Shannon & Wilson, Inc. Project No. 907.03 Plate No. F-22
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* See Plate F-1 for material (soil unit) properties of stability model
** Design water surface elevation (DWSE) and mean-tide-level (MTL) were used in landside
(LS) and waterside (WS) slope stability analyses, respectively.

Slope Stability Results - Steady State Seepage
Little Egbert Multi-Benefit Project RD 536 - Station 135+00
Solano County, California Existing Levee - DWSE / MTL

Shannon & Wilson, Inc. Project No. 907.03 Plate No. F-23
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* See Plate F-1 for material (soil unit) properties of stability model
** Hydraulic Top of Levee (HTOL) water surface was used in landside (LS) slope stability analysis.

Slope Stability Results - Steady State Seepage
Little Egbert Multi-Benefit Project RD 536 - Station 135+00

Solano County, California Existing Levee - HTOL

Shannon & Wilson, Inc. Project No. 907.03 Plate No. F-24
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* See Plate F-1 for material (soil unit) properties of stability model
** Design water surface elevation (DWSE) and mean-tide-level (MTL) were used for the rapid drawdown
(RDD) slope stability analysis.

Slope Stability Results - Rapid Drawdown
Little Egbert Multi-Benefit Project RD 536 - Station 135+00
Solano County, California Existing Levee

Shannon & Wilson, Inc. Project No. 907.03 Plate No. F-25
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* See Plate F-1 for material (soil unit) properties of stability model

** Groundwater surface approximately 5 feet below slope toe was used in both landside (LS)
and waterside (WS) slope stability analyses.

Slope Stability Results - End of Construction
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* See Plate F-1 for material (soil unit) properties of stability model
** Design water surface elevation (DWSE) and mean-tide-level (MTL) were used in landside
(LS) and waterside (WS) slope stability analyses, respectively.

Slope Stability Results - Steady State Seepage
Little Egbert Multi-Benefit Project RD 536 - Station 135+00
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Shannon & Wilson, Inc. Project No. 907.03 Plate No. F-27




Distance, feet

-250 -200 -150 -100 -50 0 50 100 150 200 250 300 350 400
80 80
\ \ \ \ \ \ \ \ \ \ \ \

60 — *% ' FS =219 —| 60
HTOL Soil Unit No.*

40 — / /10 —1 40

-120 -120

o | | | | | | | | | | | | o
-250 -200 -150 -100 -50 0 50 100 150 200 250 300 350 400

Distance, feet

* See Plate F-1 for material (soil unit) properties of stability model
** Hydraulic Top of Levee (HTOL) water surface was used in landside (LS) slope stability analysis.

Slope Stability Results - Steady State Seepage
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* See Plate F-1 for material (soil unit) properties of stability model
** Design water surface elevation (DWSE) and mean-tide-level (MTL) were used for the rapid drawdown
(RDD) slope stability analysis.

Slope Stability Results - Rapid Drawdown
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* See Plate F-1 for material (soil unit) properties of stability model
** Design water surface elevation (DWSE) and mean-tide-level (MTL) were used in landside

(LS) and waterside (WS) slope stability analyses, respectively.
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* See Plate F-1 for material (soil unit) properties of stability model
** Hydraulic Top of Levee (HTOL) water surface was used in landside (LS) slope stability analysis.

Slope Stability Results - Steady State Seepage
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* See Plate F-1 for material (soil unit) properties of stability model
** Design water surface elevation (DWSE) and mean-tide-level (MTL) were used for the rapid drawdown
(RDD) slope stability analysis.

Slope Stability Results - Rapid Drawdown
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* See Plate F-1 for material (soil unit) properties of stability model
** Groundwater surface approximately 5 feet below slope toe was used in both landside (LS)
and waterside (WS) slope stability analyses.

Slope Stability Results - End of Construction
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* See Plate F-1 for material (soil unit) properties of stability model
** Design water surface elevation (DWSE) and mean-tide-level (MTL) were used in landside

(LS) and waterside (WS) slope stability analyses, respectively.
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* See Plate F-1 for material (soil unit) properties of stability model
** Hydraulic Top of Levee (HTOL) water surface was used in landside (LS) slope stability analysis.

Slope Stability Results - Steady State Seepage
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* See Plate F-1 for material (soil unit) properties of stability model
** Design water surface elevation (DWSE) and mid-tide-level (MTL) were used for the rapid drawdown
(RDD) slope stability analysis, respectively.

Slope Stability Results - Rapid Drawdown
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* See Plate F-1 for material (soil unit) properties of stability model
** Design water surface elevation (DWSE) and mean-tide-level (MTL) were used in landside
(LS) and waterside (WS) slope stability analyses, respectively.
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Little Egbert Multi-Benefit Project Mellin - Station 6+00
Solano County, California Existing Levee - DWSE / MTL

Shannon & Wilson, Inc. Project No. 907.03 Plate No. F-37




Distance, feet

-250 -200 -150 -100 -50 0 50 100 150 200 250 300 350 400
80 80
\ \ \ ‘ ‘ \ \ \ \ \ \ \

60 |— Soil Unit No.* — 60

HTOL **

-120 — — -120

140 | | | | | | | | | | | | 140
-250 -200 -150 -100 -50 0 50 100 150 200 250 300 350 400

Distance, feet

* See Plate F-1 for material (soil unit) properties of stability model
** Hydraulic Top of Levee (HTOL) water surface was used in landside (LS) slope stability analysis.

Slope Stability Results - Steady State Seepage
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* See Plate F-1 for material (soil unit) properties of stability model
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** Design water surface elevation (DWSE) and mean-tide-level (MTL) were used for the rapid drawdown

(RDD) slope stability analysis.
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* See Plate F-1 for material (soil unit) properties of stability model
** Groundwater surface approximately 5 feet below slope toe was used in both landside (LS)
and waterside (WS) slope stability analyses.

Slope Stability Results - End of Construction
Little Egbert Multi-Benefit Project Mellin - Station 6+00
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* See Plate F-1 for material (soil unit) properties of stability model
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** Design water surface elevation (DWSE) and mean-tide-level (MTL) were used in landside

(LS) and waterside (WS) slope stability analyses, respectively.
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* See Plate F-1 for material (soil unit) properties of stability model
** Hydraulic Top of Levee (HTOL) water surface was used in landside (LS) slope stability analysis.
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* See Plate F-1 for material (soil unit) properties of stability model
** Design water surface elevation (DWSE) and mean-tide-level (MTL) were for the rapid drawdown (RDD)

slope stability analysis.
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* See Plate F-1 for material (soil unit) properties of stability model

** Elevation of the physical top of the levee (PTOL) and mean-tide-level (MTL) were used in

landside (LS) and waterside (WS) slope stability analyses, respectively.
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* See Plate F-1 for material (soil unit) properties of stability model

** Elevation of the physical top of the levee (PTOL) was used in landside (LS) slope stability analysis.
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* See Plate F-1 for material (soil unit) properties of stability model

** Elevation of the physical top of the levee (PTOL) and mean-tide-level (MTL) were used for the rapid

drawdown (RDD) slope stability analysis.
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* See Plate F-1 for material (soil unit) properties of stability model
** Groundwater surface approximately 5 feet below slope toe was used in both landside (LS)
and waterside (WS) slope stability analyses.

Slope Stability Results - End of Construction
Little Egbert Multi-Benefit Project Mellin - Station 21+00
Solano County, California Rehabilitated Levee

Shannon & Wilson, Inc. Project No. 907.03 Plate No. F-47




Distance, feet

-250 -200 150 -100 -50 0 50 100 150 200 250 300 350 400
80 ‘ ‘ 80
\ \ \ \ \ \ \ \ \ \
. . .
60 — Soil Unit No. FS =217 DWSE ** — 60
40 |— — 0
) ©
© 20— —20 X
; YRR SN N S N S S S N N S S N S S S S SN S N SN SN N N N S S S N N NN SN K SN SN NN SN SN SN S NN NN S S S 2 A N A *g* ]
0|— —To
< <
Z Z
= L | =
_5~
QL 40 14 £
= 6 =
O 60— — 60 .2
= =
Fant Fant
S >
D -0 80 @
L L
100 |— — 100
120 |— — 120
o | | | | | | | | | | | | o
-250 -200 150 -100 -50 0 50 100 150 200 250 300 350 400

Distance, feet

* See Plate F-1 for material (soil unit) properties of stability model
** Design water surface elevation (DWSE) and mean-tide-level (MTL) were used in landside
(LS) and waterside (WS) slope stability analyses, respectively.

Slope Stability Results - Steady State Seepage
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* See Plate F-1 for material (soil unit) properties of stability model
** Hydraulic Top of Levee (HTOL) water surface was used in landside (LS) slope stability analysis.

Little Egbert Multi-Benefit Project
Solano County, California

Mellin - Station 21+00
Rehabilitated Levee - HTOL

Slope Stability Results - Steady State Seepage

Shannon & Wilson, Inc. Project No. 907.03

Plate No. F-49




-250
80

Distance, feet
-100 -50 0 50 100 150 200 250 300 350 400

60 —

40 —

80
\ \ \ ‘ ‘ ‘ \ \ \ \ \ \

DWSE **

FS =1.50

MTL ** 1%
— / —
g 20 — —20 X
R e e / a
0 —0 =
< 3 <
=z =z
< L iy <
_5—
L la 2
c 6 c
S 60— — 60 .2
=
Fand Fant
> >
D -80 |— —-80 @
L L
-100 |— — -100
-120 — — -120
-140 \ \ \ \ \ \ \ \ \ \ \ \ 140
-250 -200 -150 -100 -50 0 50 100 150 200 250 300 350 400

Distance, feet

* See Plate F-1 for material (soil unit) properties of stability model
** Design water surface elevation (DWSE) and mean-tide-level (MTL) were used for the rapid drawdown
(RDD) slope stability analysis.
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* See Plate F-1 for material (soil unit) properties of stability model
** Design water surface elevation (DWSE) and mean-tide-level (MTL) were used in landside
(LS) and waterside (WS) slope stability analyses, respectively.
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* See Plate F-1 for material (soil unit) properties of stability model
** Elevation of the physical top of the levee (PTOL) was used in landside (LS) slope stability analysis.
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* See Plate F-1 for material (soil unit) properties of stability model
** Design water surface elevation (DWSE) and mean-tide-level (MTL) were used for the rapid drawdown
(RDD) slope stability analysis.
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* See Plate F-1 for material (soil unit) properties of stability model
** Groundwater surface approximately 5 feet below slope toe was used in both landside (LS)
and waterside (WS) slope stability analyses.
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* See Plate F-1 for material (soil unit) properties of stability model
** Design water surface elevation (DWSE) and mean-tide-level (MTL) were used in landside
(LS) and waterside (WS) slope stability analyses, respectively.
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* See Plate F-1 for material (soil unit) properties of stability model
** Hydraulic Top of Levee (HTOL) water surface was used in landside (LS) slope stability analysis.
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* See Plate F-1 for material (soil unit) properties of stability model
** Design water surface elevation (DWSE) and mean-tide-level (MTL) were used for the rapid drawdown
(RDD) slope stability analysis.
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* See Plate F-1 for material (soil unit) properties of stability model
** Design water surface elevation (DWSE) and mean-tide-level (MTL) were used in landside
(LS) and waterside (WS) slope stability analyses, respectively.
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* See Plate F-1 for material (soil unit) properties of stability model
** Hydraulic Top of Levee (HTOL) water surface was used in landside (LS) slope stability analysis.
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** Design water surface elevation (DWSE) and mean-tide-level (MTL) were used for the rapid drawdown

(RDD) slope stability analysis.
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* See Plate F-1 for material (soil unit) properties of stability model
** Groundwater surface approximately 5 feet below slope toe was used in both landside (LS)
and waterside (WS) slope stability analyses.
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* See Plate F-1 for material (soil unit) properties of stability model
** Design water surface elevation (DWSE) and mean-tide-level (MTL) were used in landside
(LS) and waterside (WS) slope stability analyses, respectively.
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* See Plate F-1 for material (soil unit) properties of stability model
** Hydraulic Top of Levee (HTOL) water surface was used in landside (LS) slope stability analysis.
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* See Plate F-1 for material (soil unit) properties of stability model
** Design water surface elevation (DWSE) and mean-tide-level (MTL) were used for the rapid drawdown
(RDD) slope stability analysis.
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* See Plate F-1 for material (soil unit) properties of stability model

** Design water surface elevation (DWSE) and mean-tide-level (MTL) were used for the rapid drawdown
(RDD) slope stability analysis.
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* See Plate F-1 for material (soil unit) properties of stability model
** Groundwater surface approximately 5 feet below slope toe was used in both landside (LS)
and waterside (WS) slope stability analyses.
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* See Plate F-1 for material (soil unit) properties of stability model
** Hydraulic Top of Levee (HTOL) water surface was used in landside (LS) slope stability analysis.
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* See Plate F-1 for material (soil unit) properties of stability model

** Design water surface elevation (DWSE) and mean-tide-level (MTL) were used for the rapid drawdown

(RDD) slope stability analysis.
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Appendix H

Groundwater and Surface Water
Level Data

PLATES

Plates H-1 Groundwater and Surface Water Level Data
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® Approximate Location of Water Level Logger
——= Approximate Location of Levee Centerline
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Little Egbert Multi-Benefit Project Water Level Logger Map
Solano County, California
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Groundwater Elevation, feet (NAVD88)
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Groundwater Elevation, feet (NAVD88)

Piezometer Data ‘WL 1-4=.xlsx 7/27/2023

91-H 'OId

WL2
15
10
5
0
-5
-10
-15
o — N (@] <
N N N N N
o o o o o
a o o Q o
Date
® Piezometer Data —=2020 Ground Surface Elevation
NOTES
1. Approximate Ground Surface Elevation = 13.21 Little Egbert Multi-Benefit Project
2. Data Received From Westervelt Ecological Services on June 19, 2023. Solano County’ California
PIEZOMETRIC DATA
WL2
July 2023 907.03
SHANNON & WILSON, INC. FIG. H-16

Geotechnical and Environmental Consultants
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A= S Attachment to and part of Report: ~ 110214/90703R02
=[1) SHANNON &WILSON

GEOTECHNICAL AND ENVIRONMENTAL CONSULTANTS Date: July 27, 2023

To: Mr. Mark Young

Westervelt Ecological Serivces, LLC

Important Information About Your
Geotechnical/Environmental Report

CONSULTING SERVICES ARE PERFORMED FOR SPECIFIC PURPOSES AND FOR SPECIFIC CLIENTS.

Consultants prepare reports to meet the specific needs of specific individuals. A report prepared for a civil
engineer may not be adequate for a construction contractor or even another civil engineer. Unless indicated
otherwise, your consultant prepared your report expressly for you and expressly for the purposes you indicated.
No one other than you should apply this report for its intended purpose without first conferring with the
consultant. No party should apply this report for any purpose other than that originally contemplated without
first conferring with the consultant.

THE CONSULTANT'S REPORT IS BASED ON PROJECT-SPECIFIC FACTORS.

A geotechnical/environmental report is based on a subsurface exploration plan designed to consider a unique set
of project-specific factors. Depending on the project, these may include the general nature of the structure and
property involved; its size and configuration; its historical use and practice; the location of the structure on the
site and its orientation; other improvements such as access roads, parking lots, and underground utilities; and the
additional risk created by scope-of-service limitations imposed by the client. To help avoid costly problems, ask
the consultant to evaluate how any factors that change subsequent to the date of the report may affect the
recommendations. Unless your consultant indicates otherwise, your report should not be used (1) when the
nature of the proposed project is changed (for example, if an office building will be erected instead of a parking
garage, or if a refrigerated warehouse will be built instead of an unrefrigerated one, or chemicals are discovered
on or near the site); (2) when the size, elevation, or configuration of the proposed project is altered; (3) when the
location or orientation of the proposed project is modified; (4) when there is a change of ownership; or (5) for
application to an adjacent site. Consultants cannot accept responsibility for problems that may occur if they are
not consulted after factors that were considered in the development of the report have changed.

SUBSURFACE CONDITIONS CAN CHANGE.

Subsurface conditions may be affected as a result of natural processes or human activity. Because a
geotechnical/environmental report is based on conditions that existed at the time of subsurface exploration,
construction decisions should not be based on a report whose adequacy may have been affected by time. Ask the
consultant to advise if additional tests are desirable before construction starts; for example, groundwater
conditions commonly vary seasonally.

Construction operations at or adjacent to the site and natural events such as floods, earthquakes, or groundwater
fluctuations may also affect subsurface conditions and, thus, the continuing adequacy of a
geotechnical/environmental report. The consultant should be kept apprised of any such events and should be
consulted to determine if additional tests are necessary.

MOST RECOMMENDATIONS ARE PROFESSIONAL JUDGMENTS.

Site exploration and testing identifies actual surface and subsurface conditions only at those points where
samples are taken. The data were extrapolated by your consultant, who then applied judgment to render an
opinion about overall subsurface conditions. The actual interface between materials may be far more gradual or
abrupt than your report indicates. Actual conditions in areas not sampled may differ from those predicted in
your report. While nothing can be done to prevent such situations, you and your consultant can work together to
help reduce their impacts. Retaining your consultant to observe subsurface construction operations can be
particularly beneficial in this respect.
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A REPORT'S CONCLUSIONS ARE PRELIMINARY.

The conclusions contained in your consultant’s report are preliminary, because they must be based on the
assumption that conditions revealed through selective exploratory sampling are indicative of actual conditions
throughout a site. Actual subsurface conditions can be discerned only during earthwork; therefore, you should
retain your consultant to observe actual conditions and to provide conclusions. Only the consultant who
prepared the report is fully familiar with the background information needed to determine whether or not the
report’s recommendations based on those conclusions are valid and whether or not the contractor is abiding by
applicable recommendations. The consultant who developed your report cannot assume responsibility or
liability for the adequacy of the report’s recommendations if another party is retained to observe construction.

THE CONSULTANT'S REPORT IS SUBJECT TO MISINTERPRETATION.

Costly problems can occur when other design professionals develop their plans based on misinterpretation of a
geotechnical/environmental report. To help avoid these problems, the consultant should be retained to work
with other project design professionals to explain relevant geotechnical, geological, hydrogeological, and
environmental findings, and to review the adequacy of their plans and specifications relative to these issues.

BORING LOGS AND/OR MONITORING WELL DATA SHOULD NOT BE SEPARATED FROM THE
REPORT.

Final boring logs developed by the consultant are based upon interpretation of field logs (assembled by site
personnel), field test results, and laboratory and/or office evaluation of field samples and data. Only final boring
logs and data are customarily included in geotechnical/environmental reports. These final logs should not, under
any circumstances, be redrawn for inclusion in architectural or other design drawings, because drafters may
commit errors or omissions in the transfer process.

To reduce the likelihood of boring log or monitoring well misinterpretation, contractors should be given ready
access to the complete geotechnical engineering/environmental report prepared or authorized for their use. If
access is provided only to the report prepared for you, you should advise contractors of the report’s limitations,
assuming that a contractor was not one of the specific persons for whom the report was prepared, and that
developing construction cost estimates was not one of the specific purposes for which it was prepared. While a
contractor may gain important knowledge from a report prepared for another party, the contractor should
discuss the report with your consultant and perform the additional or alternative work believed necessary to
obtain the data specifically appropriate for construction cost estimating purposes. Some clients hold the mistaken
impression that simply disclaiming responsibility for the accuracy of subsurface information always insulates
them from attendant liability. Providing the best available information to contractors helps prevent costly
construction problems and the adversarial attitudes that aggravate them to a disproportionate scale.

READ RESPONSIBILITY CLAUSES CLOSELY.

Because geotechnical/environmental engineering is based extensively on judgment and opinion, it is far less exact
than other design disciplines. This situation has resulted in wholly unwarranted claims being lodged against
consultants. To help prevent this problem, consultants have developed a number of clauses for use in their
contracts, reports, and other documents. These responsibility clauses are not exculpatory clauses designed to
transfer the consultant’s liabilities to other parties; rather, they are definitive clauses that identify where the
consultant’s responsibilities begin and end. Their use helps all parties involved recognize their individual
responsibilities and take appropriate action. Some of these definitive clauses are likely to appear in your report,
and you are encouraged to read them closely. Your consultant will be pleased to give full and frank answers to
your questions.

The preceding paragraphs are based on information provided by the GBA, Silver Spring, Maryland
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