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EXECUTIVE SUMMARY

The existing EBMUD Mokelumne Aqueducts within the Sacramento-San Joaquin Delta (Delta)
are known to be at risk of catastrophic failure due to flooding, seismic, and/or long term
settlement hazards. EBMUD, in its 2007 report titled “Strategy for Protecting the Aqueducts in
the Delta” (SPAD), recommended a tunnel across the Delta as the preferred long-term mitigation
approach to these hazards. A conceptual design for replacing the existing aqueducts through the
Delta area with a deep tunnel was developed for this study. Additionally, several pipeline
alternatives were evaluated for a five mile reach of the tunnel.

The proposed Delta Tunnel is envisioned to be approximately 16.5 miles long, beginning west of
Interstate 5 and ending at EBMUD’s Bixler Maintenance Yard. The tunnel depth and profile
were developed to position the tunnel to avoid adverse impacts to piles supporting the existing
aqueducts and at a depth where differential settlement from liquefaction can be accommodated
by the carrier pipes. Based on these criteria, the target position of the tunnel invert was
determined to be at elevation -125 ft. msl, but with variations to avoid flat segments and the
western-most reach which rises to elevation -79 ft. msl. Due a range of factors and uncertainties
inherent in this level of design development (conceptual phase), the actual tunnel vertical profile
may vary either up or down by as much as 31 feet from this base position. As such a tunnel band
is presented within which the tunnel is expected to be positioned in accordance with future
geotechnical investigations and design development. The factors and uncertainties are geologic
conditions, engineering properties of the soil materials, specifics of the liquefaction analyses, the
need to slope each tunnel segment for construction to mine each heading uphill for drainage, and
to slope each pipeline segment to facilitate dewatering during operation if necessary. Seven
shafts are positioned along the Project to facilitate tunnel construction, contract packaging, and
to provide future access for operations, maintenance, and repairs. Construction of the shafts is
expected to be with structural slurry walls and reinforced concrete base slabs placed with tremie
methods.

EBMUD’s existing aqueduct system uses three pipelines to convey water through the Delta. Two
tunnel configurations were evaluated as part of this study: a single tunnel with two carrier pipes
and a single tunnel with a single carrier pipe. To maintain separation of the source flows for
water quality and treatment reasons, one alternative for the Delta Tunnel is designed to have two
carrier pipes each 87 inches 1.D.; one for the combined flows from Aqueducts 1 and 2, and one
for the flow from Aqueduct 3. Preliminary calculations show that 0.625 inch thick steel carrier
pipe is adequate to withstand internal and external loading. Based on this pipe in tunnel
configuration and with allowances for pipe separation and tolerances, a segmental lined tunnel
with an outside diameter of 21 feet was developed. The second configuration for the Delta
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Tunnel, based on combined source flow arrangement, was also developed and consists of a 13.75
foot outside diameter segmental lined tunnel with a single 111 inch diameter carrier pipe.
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1.0 INTRODUCTION

1.1 Purpose of Study

The East Bay Municipal Utility District (EBMUD) services the east side of the San Francisco
Bay Area, providing water to over 1.3 million people. Water from the Mokelumne River is
collected in the Pardee Reservoir on the western slope of the Sierra Nevada (Figure 1-1) and
accounts for almost 90% of the raw water delivered to the East Bay Area (10% comes from the
Sacramento River via the Freeport Diversion) through the 82-mile long Mokelumne Aqueduct
System, which consists of three (3) large-diameter steel pipelines. The aqueducts are at risk of
failure within the Sacramento-San Joaquin Delta (Delta) due to flooding, seismic hazards, and
long term settlement. The purpose of the EBMUD Delta Tunnel Study is to develop a conceptual
design and profile for the proposed tunnel to replace the existing aqueduct, and to evaluate
potential impacts of the proposed Bay Delta Conservation Plan (BDCP) tunnels on the existing
EBMUD aqueducts as well as the proposed Delta Tunnel.

The scope of the study is:

e Review existing geotechnical data (TM 1: Preliminary Geologic
Characterization).

e Develop conceptual designs of a long tunnel, with either two or a single carrier
pipe(s) to replace the Mokelumne Aqueduct System within the Delta between the
San Joaquin Surge Control (Interstate 5) and the Bixler Maintenance Yard (TM 2:
Delta Tunnel Study Conceptual Design)*

0 Develop a deep Delta Tunnel alternative for the full length with two
carrier pipes.

0 Develop a deep Delta Tunnel alternative for the full length with a single
carrier pipe.

e Prepare a responses and comments to the Bay Delta Conservation Plan (BDCP)
EIR/EIS, for the proposed BDCP dual conveyance tunnels, relative to anticipated
impacts to both the existing Mokelumne Aqueducts and the proposed Delta
Tunnel (TM 3: Review of BDCP EIR/EIS)

! Originally this task also included a tunnel/pipeline alternative with a deep tunnel for the west segment of the
alignment and a shallow pipeline from Stockton to Holt (eastern). This was alternative was later deleted.
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e Develop a scope of work and budget estimates for preliminary and final design,
including geotechnical investigations for the proposed Delta Tunnel (TM 4:
Proposed Planning, Geotechnical Investigations and Design)

e Develop a shallow concept for the aqueducts as an alternative to the deep tunnel.
This concept is for two shallow-buried piles supported on piles with twin
microtunnels for each of the river crossings. (TM 5: Shallow Aqueduct Concept).

This study includes developing concepts for the following project components:

e Horizontal alignment for the all tunnel and tunnel/pipeline alternatives including
the proposed location of the shafts.

o Vertical profile of the tunnel; positioning the tunnel in favorable ground based on
geological and hydraulic conditions, construction considerations, and other factors
e.g., O&M.

e Tunnel support and lining system designs.
e Shaft design.

e Pipeline design.

e Piping and valves for connections.

This technical memorandum also addresses construction related approaches and issues, and
presents the opinion of probable construction costs for a base concept and one tunnel alternative
as part of this study. The following sections present the basis for the study with design and
construction assumptions, the conceptual design, and the opinion of probable construction cost.

1.2 Mokelumne Aqueducts Delta Tunnel

EBMUD’s 2007 report, Strategy for Protecting the Aqueducts in the Delta (SPAD),
recommended a tunnel across the Delta as the preferred long-term mitigation for earthquake and
flood hazard risks to the existing aqueducts within the Delta. This report, along with several
geotechnical reports and recent CPT investigations were used as the basis for geologic
evaluations presented in TM-1: Preliminary Geologic Characterization. The tunnel designs
presented herein are based on geologic conditions presented in TM-1, and engineering and
construction considerations.

Conceptual design development focused on a base design case for a single Delta Tunnel with
two carrier pipes over the full crossing of the Delta which is presented in this TM. As
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modifications to the base design, one alternative concept was advanced for comparison. This
alternative was not developed to the same level as the base case, but was sufficiently advanced
for comparison of design concepts and probable construction cost. This alternative is discussed
in Sections 8 and 11 only.

The base design case for the proposed Delta Tunnel is an approximately 16.6 miles long (Figure
1-2) single 19 foot inside diameter (ID) tunnel excavated with a tunnel boring machine (TBM)
and using precast concrete segments for initial support. Water is to be conveyed with two 87-
inch ID steel carrier pipes constructed within the tunnel. The annular space between the carrier
pipes and tunnel segmental concrete lining (initial tunnel support), will be filled with cellular
concrete.

The preliminary criteria for locating and optimizing the Delta tunnel’s vertical profile were to: 1)
to avoid the existing aqueduct pile foundations and limit adverse impacts on those foundations,
and 2) limit differential settlements from liquefaction such that the resulting strain in the
pipelines is within accepted design criteria. The horizontal alignment for the proposed Delta
Tunnel follows the existing Mokelumne Aqueduct ROW as much as practicable to control the
cost of new property or easement acquisitions.

Shafts are to be located at both ends of the tunnel, with a shaft on the west side of the Delta at
Bixler and on the east side of the Delta near I-5 on the edge of Stockton. Five other shafts are
placed along the alignment at approximately three mile intervals to facilitate tunneling pipe
placement, and to provide future access to the carrier pipelines.

MWH developed an understanding of the ground conditions along the proposed Delta Tunnel
alignment by compiling the subsurface data, soil property data and stratigraphy information
which led to the development of a geologic profile based on information contained in the SPAD
report, as well as multiple other geotechnical reports based on investigations along the existing
aqueduct. A summary of the geologic conditions anticipated are presented in the TM-1:
Preliminary Geologic Characterization. Based on these geological conditions, the current tunnel
study develops the tunnel design to a conceptual level. This study presents the proposed
conceptual design with the proposed alignment and profile, tunnel cross section and piping, and
provides an opinion of probable construction cost.

1.3 Limitations of Study

This report has been prepared by MWH Americas, Inc. The interpretations of data, findings,
recommendations, or professional opinions presented are within the limits prescribed by
available information at the time of conceptual design development when this report was
prepared. In general, for this report, the geologic data are largely based on information obtained
by others along the existing Mokelumne Aqueduct, which was made available for this study.
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Limited new geotechnical data were obtained for this study and included twelve new CPT
borings. In addition, the study excluded confirmation of the system hydraulics and the
development of hydraulic criteria.

A listing of the data and reports utilized in the development of this study are included in Section
12.0, References. In the event that there are any changes in the nature, design or location of the
project, or if additional subsurface data are obtained or any future additions are planned, the
conclusions and recommendations contained in the report will need to be reviewed and updated.
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2.0 PROJECT DATA

2.1 Existing Facilities
The existing Mokelumne Aqueduct System consists of three pipelines as follows:

e Aqueduct No. 1: 65-inch diameter built in 1929,
e Aqueduct No. 2: 67-inch diameter built in 1949 and
e Aqueduct No. 3: 87-inch diameter built in 1963.

The segment that is proposed to be replaced extends for approximately 16.6 miles across the
Sacramento-San Joaquin Delta area. The delta reach presently consists of approximately 6 miles
of buried pipeline, 10 miles of elevated pipelines, and three (3) major river crossings with about
0.5 miles of submerged pipeline. From east to west, the various reaches of the existing pipelines
are described as follows:

From Stockton to the San Joaquin River, the buried pipes are in a greenway under a golf course
and adjacent residential areas (Figure 1-2). At the east bank of the San Joaquin River, the San
Joaquin waterway vault can be accessed via either a gate from a subdivision or from the top of a
levee. The vault structure has an entry door, and houses all three (3) aqueducts within a common
structure. The structure also contains flow meter panels and water sample sinks.

Upon crossing the west side of the San Joaquin River, the pipelines remain buried, continuing
across Roberts Island through rural agricultural lands at an elevation of roughly 5 feet below sea
level. West of the San Joaquin River, before Inland Drive, Aqueduct No. 3 has a vault structure
that contains a manhole and a removable spool piece for entry and maintenance. This facility is
one of three such structures (one for each pipeline) installed across Roberts Island as part of the
Seismic Upgrades Project. The other two access structures are located off Jacobs Road and near
the Holt Anchorage.

The pipes turn west at the Holt Anchorages at an overall angle of approximately 45 degrees, but
incorporating an approximately 90 degree bend. In this area, Aqueduct No. 3 is encased in a
large concrete anchor throughout the entire sweep angle. Smaller anchors support Aqueduct Nos.
land 2.

The pipelines are elevated across Trapper Slough, which is a short waterway. Aqueduct No. 1 is
on concrete bents set upon timber piles. Aqueduct Nos. 2 and 3 are supported on steel bents
bearing on concrete caps and piles. After Trapper Slough the pipes continue on elevated supports
across Upper Jones Tract.
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West of the City of Holt in the Upper Jones Tract, the ground level averages 10 feet below sea
level. The existing pipelines are elevated along this portion of the alignment as follows:

e Aqueduct No. 1 is shown to be supported on concrete bents that replaced the
original timber bents in the mid-1940s. The piles are timber. The concrete bents
were embedded and fixed on concrete pile caps in 1990 following the Loma
Prieta earthquake. The pipes rest on a saddle. Also, a few of the concrete bents
were found to be cracked beyond repair and were reported to be replaced with
steel bents.

e Aqueduct No. 2 is also supported on bents bolted to the pile caps.

e Aqueduct No. 3 is also shown to be on steel bents, with concrete caps and piles.
The steel bents were seismically retrofitted in 2004 as part of the Seismic
Upgrade — Elevated Project.

At the western edge of the Upper Jones Tract, all three of the aqueducts are buried as they cross
beneath the Middle River. Aqueduct Nos. 1 and 2 are buried in a trench and supported on
submerged timber piles installed in 1928. Aqueduct No. 3 is buried in a trench without piles
under the Middle River.

The elevated system in place across the Upper Jones Tract for the aqueducts is also present
across Woodward Island. At the western edge of Woodward Island, the system crosses the Old
River in the same way it passes under the Middle River.

The system is elevated as it runs through the Orwood Tract, utilizing a system similar to that in
the Upper Jones Tract. The final water crossing is over a short waterway named Indian Slough.
Aqueduct No. 1 is on timber bents while Aqueduct Nos. 2 and 3 are on steel bents bearing on
concrete caps and piles. Indian Slough Waterway Nos. 1 and 2 serve the Mokelumne Aqueduct
Nos. 1 and 2. These facilities consist of concrete structures to housing isolation valves. The
valves are activated by high flow/low pressure and drain the upstream reach of the pipeline to
protect the downstream pipeline.

After the Indian Slough, the aqueducts transition from elevated supports to a buried system at the
Bixler Maintenance Yard. The Bixler Low-Head Pumping Plant is located adjacent to Indian
Slough. The purpose of the facility is to pump water from Indian Slough during a severe drought
or following a complete outage of the pipelines crossing the Delta. MWH understands that this
facility has been decommissioned.
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2.2 Site Geology

The subsurface conditions at the site are divided into five different geologic strata. The overall
description of each of the five strata identified is explained below, from youngest to oldest, and
in more detail in TM 1: Preliminary Geologic Characterization. The subsurface conditions were a
key consideration in identifying the vertical alignment for the proposed Delta Tunnel. The near
surface geologic stratigraphy is comprised of the following:

e Artificial fill is found along much of the alignment, mainly along the roads and
levees, and ranges from thin (less than a foot) to up to about 15-feet-thick. The fill
mainly consists of mixed fine sands, silts and clays.

e Marsh deposits are derived primarily from the San Joaquin River as floodplain
and flood basin deposits and minor natural levee deposits overlying the alluvial
deposits. These deposits are interlayered with the organic peat deposits, and can
be found above or below the organic layer. The marsh deposits are mainly
comprised of silty clays, sandy silts, and clay silts.

e Peat and Organic deposits blanket much of the area, within the zone of tidal
influence and alluvial deposits above tidal influences. In general, the organic
deposits consist of compressible peat with varying amounts of silts and clays.

e Holocene Alluvial deposits are typically floodplain/basin and stream channel
deposits that are loose to medium dense micaceous sand with low organic content;
and soft to medium dense stiff micaceous silt, silty clay, clayey silt, and silt,
commonly with carbonate, and locally with oxide nodules. Based on available
field data reviewed during this study, these deposits are typically found between
El. -20 to El. -70 ft msl and can be encountered to an elevation of -100 ft msl.

e Pleistocene Alluvial deposits are comprised of the Modesto and/or Riverbank
Formations, which are generally characterized as dense to very dense silty sand,
sand with gravel and very stiff to hard silty clay and clayey silt with gravel that
can be slightly cemented and/or indurated.

For the purposes of tunnel evaluations, the upper three strata are combined into one unit.
Although these three strata are geologically distinct and have different soil characteristics, they
are all relatively soft or loose, unfavorable, and above the tunnel horizon, and do not directly
affect the tunnel. The Holocene and Pleistocene Alluvial deposits are similar in composition, and
vary primarily in geologic age, the density of the sands and consistency of the clays. Based on
current data, a distinct interface between the two units was not identified. Therefore, these two
strata are combined into one unit for the purpose of tunnel evaluations.
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2.3 Agueduct System Requirements
The aqueduct system criteria developed for this study are summarized below:
e Desired long-term raw water delivery capacity of 325 MGD.

e Desired interim raw water delivery, with Agqueduct No. 3 in service (pumped
state) of 172 MGD.

e Aqueduct system capable of continuing operation during flood events.

e Aqueduct system capable of continuing service during and after a seismic event
with only minor damage.
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3.0 GEOTECHNICAL CONDITIONS

3.1 Soils and Soil Properties

The engineering properties of the soils were compiled from available data resulting from
previous investigations in the project area (CWDD, 1981; ESA, 1992). This data was used to
evaluate ground conditions, behavior, and loads, the stability of the soils in a seismic event, and
to assist with setting the vertical alignment for the proposed Delta tunnel. The properties
identified in TM-1: Preliminary Geologic Characterization are average values and do not
incorporate the wide range of properties that are anticipated for the varied soil layers within each
geologic unit. The soil properties listed are based primarily on correlations with general soil
descriptions and blow counts obtained during previous field explorations as documented in
various reports (ESA, 1992). Ranges of the engineering properties of the soils for the geologic
strata encountered along the Stockton to Bixler aqueduct alignment are summarized in TM 1:
Preliminary Geologic Characterization, Table 2.

The following ranges of soil properties summarized in Table 3-1, which were compiled from
previous investigations at the project site (ESA, 1992), are:

Table 3-1: Approximate Ranges of Soil Properties

- Shear Strength @
l\L\Ia}tural Wet Unit Unsdr:amed - Compression
Stratum @ oisture Weight Bl @ Effective Effective Ratio @
Content (pcf) Strength Cohesion | Friction Angle (%)
(%) (psf) (psf) ©)
. 24+14 100+14 )
Fill (36 tests) (36 tests) N/A N/A N/A N/A
Marsh 5019 102+16 649+639 310-680 30-34 2014
(69 tests) (69 tests) (14 tests) (12 tests) (12 tests) (3 tests)
Peat & 23(2114{321 73+18 532+391 | 240-660 27.29 53:9
Organics tests) (145 tests) (16 tests) (24 tests) (34 tests) (10 tests)
Holocene 3&“‘“7126 118415 | 1,3104¢897 | 0-200 33-40 20+7
Alluvium tests) (672 tests) (54 tests) (31 tests) (31 tests) (5 tests)
Pleistocene 24+6 12648 1,304+589
Alluvium (89 tests) (89 tests) (17 tests) N/A N/A N/A
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Notes:
@ See stratum description in the Site Geology section.
@ Undrained shear strength equal to one-half of unconfined compressive strength.

® Shear strength from triaxial compression consolidated-undrained (CU) with pore water pressure
measurement and consolidated-drained (CD) tests.

@ Compression ratio from one-dimensional consolidation tests.
Source: ESA (1992).

3.2 Seismicity

The potential seismicity that could impact the site has been evaluated in several previous studies
based on probabilistic methods using return periods. As part of the present work associated with
the conceptual design for the proposed Delta Tunnel, MWH reviewed the previous probabilistic
methods to determine the likely seismic hazard and peak ground acceleration associated with
earthquakes, and the results are presented in TM 1: Preliminary Geologic Characterization.

A seismic study relevant to the project area (URS/IBA, 2007) identified four categories of active
and potentially active seismic sources. The four seismic sources are the crustal faults underlying
the Delta and San Francisco Bay area, thrust faults underlying the Delta, hypothetical seismic
zones and the Cascadia subduction zone, as presented in TM-1: Preliminary Geologic
Characterization.

The results of PSHA indicate that ground shaking hazards in the Delta area are not sensitive to
the assumed recurrence model (whether a time-dependent or time-independent model is used),
and have roughly similar results for both methods because the local hazards are dominated by the
Delta seismic sources rather than other major faults in the region. Probabilistic analysis
(EBMUD, 2007) undertaken indicate that most delta levees around the islands are expected to
fail with a PGA of 0.1 g, which implies a catastrophic levee failure for a 100-year return period
earthquake event. For the 500-year return period earthquake, levee failure is almost certain. The
vulnerability of levees to fail under the 100-year and 500-year return period earthquakes was
taken into account to assess the liquefaction hazards along the aqueducts alignments (EBMUD,
2007). In the vicinity of the aqueducts in the Delta, PGA values for the 100-year return period
event range from 0.11 to 0.17 g and for the 500-year return period event, from 0.20 to 0.37 g.
Due to the influence of Bay Area faults, the hazard decreases from west to east at these short
return periods (McLeod, 2013).

3.3 Liquefaction

Liquefaction is a process in which strong ground shaking causes loose and saturated sediments to
lose strength and to behave as a viscous fluid. This phenomenon can cause excessive ground
deformations, failures, and temporary loss of soil bearing capacity, resulting in damage to
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structures. Ground failures can take the form of lateral spreading, excessive differential and/or
total densification or settlement, and slope failure. Generally the liquefaction and associated
ground deformation is a shallow soil profile phenomena that does not occur at depth due to
higher stresses.

Liquefaction-induced ground deformation was reported during the 1906 San Francisco
earthquake (M = 7.9) in three locations within and in the vicinity of the aqueducts in the Delta.
Settlements of as much as 11 feet were reported south of Fairfield, along the Southern Pacific
Railway through the Suisun Marsh; ground settlement of several inches was reported at the
Southern Pacific Bridge Crossing over the San Joaquin River in Stockton approximately 4 miles
from the east end of the proposed tunnel alignment; and settlement of 3 feet was reported at a
bridge crossing over Middle River approximately 10 miles west of Stockton (Youd and Hoose,
1978). No liquefaction-induced ground deformations were reported in the Delta and Suisun
Marsh during the 1989 Loma Prieta earthquake (M = 6.9) (California Department of Water
Resources, 2013a).

Previous seismic studies indicate that vertical settlement is predicted due to dissipation of
earthquake-induced pore-water pressures in zones where liquefaction occurs or excess pore
pressures develop. Based on previous studies, the estimated seismic settlement is expected to
range between 1 and 6 inches within the island tracts and between 2 and 12 inches in areas closer
to (and within) the slough and river crossings (EBMUD, 2007). The seismic settlements between
Holt and Stockton are estimated to be approximately 4 to 12 inches, and differential seismic
settlements of 5 to 7 inches over short distances (120 feet) are possible.

The Delta and Suisun Marsh are underlain at shallow depths by various channel deposits and
silty and sandy alluvium. Where saturated, these soils may locally be susceptible to liquefaction
during earthquakes (California Department of Water Resources, 2013). In general, most soils
within the upper two strata (artificial fill and marsh deposits) are liquefiable. The peat and
organic soils (Stratum 3) are unlikely to be liquefiable, but could undergo significant strength
loss and seismic deformation. The Holocene alluvial soils (Stratum 4) are variable, and include
both liquefiable and non-liquefiable layers. Similarly, the Pleistocene alluvial soils (Stratum 5)
are variable with a range of liquefaction susceptibilities, and although the sands are commonly
more dense than in the Holocene they are still potentially liquefiable. For this study the Holocene
and the Pleistocene were not differentiated, and liquefaction evaluations were based on soil
characteristics without association to their geologic strata.

Liquefaction potential and settlement for this study were based on data obtained from twelve
CPT probes conducted by Gregg Drilling in 2014 along the aqueduct alignment. The post-
carthquake settlements were computed by Gregg Drilling and EBMUD using the geotechnical
software CLiq (GeoLogismiki, 2014). MWH reviewed the calculations including: 1) an assessment of
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the applicability of the methods, 2) cross checks to the data provided by Gregg Drilling who
performed the CPT probes, and 3) QC spot checks with manual calculations using equations
presented in Youd et al. (2001), Zhang (2001), Zhang et al. (2002), Robertson (2009) and Robertson
and Cabal (2012). The method is based on CPT data interpretation to compute the factor of safety
against liquefaction triggering (FS), liquefaction potential index (LPI) and post-earthquake vertical
settlements and lateral displacements. The CLiq calculations assumed an earthquake magnitude
(Mw) of 7.0 and a peak hotizontal acceleration at the ground surface (amax) of 0.2g and 0.4g. The
results of these analyses were used to estimate ground differential movements, and associated
strain in the tunnel and interior pipes as the primary factor in setting the tunnel depth profile as
presented later in section 4.4 — Vertical Profile.

34 Subsidence

Subsidence was evaluated as part of the alternative study for shallow pipelines along the Holt to
Stockton segment only. Subsidence for the remainder of the study area is not a factor for this
study and was not evaluated because the depth of the proposed Delta Tunnel is below the
susceptible soils. The magnitude of subsidence and differential subsidence are risk factors for the
existing aqueducts and on several of the proposed shallow alternatives for new aqueducts
through the eastern area of the Delta.

For more than 7,000 years, a balance existed between sediment influx to the Delta, production of
organic sediment in the Delta, and export of sediment to San Francisco Bay. The equilibrium
conditions promoted the development of peat to depths up to approximately 30 feet in some
areas (California Department of Water Resources, 2013b). This equilibrium was first disrupted
when large volumes of sediment influx occurred from hydraulic mining in the mid-1800s, then
by subsequent reclamation of the Delta Tule marsh islands that took place from the late 1800s
through about 1930. With passage of the Swamp and Overflow Act of 1850, the marshlands
began to be drained for agricultural use. Levees were constructed around Delta islands to prevent
floods and tidal overflow. Following levee construction, Tule marshes on island interiors began
to die and were burned, drainage ditches were constructed at the perimeter of levees, and pumps
were installed to transfer drainage water from the island interiors into the adjacent waterways.
Most of the Delta cultivation was in 1922, and the Delta’s present form dates from the 1930s.

The primary cause of land subsidence in the Delta is decomposition of organic carbon in the peat
deposits. When the Delta islands were drained, the formerly saturated soils became oxygen rich
and conditions favored microbial oxidation. When organic carbon is oxidized from peat soils, it
is emitted as CO, gas to the atmosphere, thereby reducing the soil carbon pool and soil volume.
Two other key processes that are contributing to subsidence in the Delta are: 1) soil densification
caused by compaction from farm equipment, and 2) lowering of the water table which increases
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effective stresses. Additionally, wind erosion has been estimated to result in removal of 0.25 to
0.5 inch of topsoil per year (California Department of Water Resources, 2013b).

The rate of organic soil decomposition is related to temperature and moisture conditions.
Historical subsidence rates in the Delta have been found to strongly correlate with the organic
matter content of the soil and the age of the reclaimed island and have ranged from 1.8 to 4.6
inches per year, with higher rates in the central Delta. Areas that are at elevations lower than -5
feet can be assumed to have subsided. Long-term average rates of subsidence are 1 to 3 inches
per year (California Department of Water Resources, 2013b). The subsidence rate between Holt
and Stockton is estimated to be 1 to 3 inches/year and the differential subsidence over short
distances (120 feet) could be approximately 1 to 2 inches/year.
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4.0 ALIGNMENT AND PROFILE

4.1 Alignment and Shaft Siting Considerations

Selection of the proposed Delta Tunnel horizontal alignment and vertical profile is an exercise in
addressing multiple factors. There is often a tradeoff and it is commonly not possible to fulfill all
of the desirable factors. This subsection presents brief descriptions of the factors considered
when setting the tunnel alignment and profile. Factors considered for the alignment include the
existing ROW, the need for curves and/or angle points, and shaft locations with associated use
and impacts at the ground surface. In determining both the alignment and the profile,
construction and contracting were also major considerations.

4.1.1 Right of Way

EBMUD owns the Right of Way (ROW) within which the existing three aqueducts are situated.
A primary consideration is to position the proposed Delta Tunnel within the existing ROW
wherever this is practical. Use of the existing ROW reduces acquisition of land and easements,
and associated complications with tunnel construction and aqueduct operation.

The existing ROW and alignment of the three aqueducts are shown on the tunnel plans (Figure
4-1). The ROW varies in width from 66 to 160 feet. The three aqueducts are in general centrally
located within the ROW with Aqueduct 3 situated to the north, Aqueduct 2 to the south, and
Aqueduct 1 in the center. The spacing between the aqueducts is typically between 15 and 25 feet,
but is often greater especially at river crossings. The buffer between the aqueducts and the ROW
limits varies from 15 to 50 feet based on aqueduct centerlines.

4.1.2 Operational Factors — Curves and Angle Points

The ROW and aqueducts are relatively straight in plan except for an angle of approximately 45
degrees at Holt. In addition to this directional change; there are also several shallow-angle bends
in the ROW.

The two criteria related to the horizontal alignment are: 1) each angle point shall have a shaft for
future access and to allow for tunneling; and 2) curves must have a radius of at least 1000 feet to
facilitate tunneling. See the subsection to follow on horizontal alignment for discussions on the
chosen alignment and each shaft locations.

4.1.3 Ground Surface Considerations at Shafts

Land use at the ground surface is a factor mainly for choosing shaft locations. In general, the
proposed Delta Tunnel is expected to have little or no impact at the ground surface except at the
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proposed permanent shaft locations. A construction site larger than required for permanent
access is needed at each shaft, both for the shaft and to stage tunnel construction. Each of the
shafts has been located to be within or close to the existing ROW and the three existing
aqueducts to minimize additional easement acquisition for the District. Additionally, a
permanent tunnel access structure is required at each shaft location. Land use considerations at
shaft locations included the following factors:

Development: In choosing shaft locations, sites with substantial development
such as residential houses, golf courses, and marinas were avoided to the degree
practicable.

Existing Aqueducts: Although a goal for setting the tunnel horizontal alignment
is to stay within the existing ROW, the existing aqueducts are situated within this
ROW and must remain operational throughout the construction period. Two
approaches were used to work around the existing aqueducts at shaft locations
consisting of: 1) setting the shaft between the aqueducts, and 2) offsetting the
shaft from the existing aqueducts and acquiring new ROW. The temporary
relocation of one or more of the aqueducts to accommodate a shaft was
considered, but was not included as an option due to the complications with
aqueduct relocation. Note that in some locations the aqueducts are supported on
piles installed with a batter, and that the shafts need to avoid not only the
aqueducts but also the pile foundations.

Access for Construction: Each shaft location will be a major construction site
needed to support shaft and tunnel construction, and it is desirable to be in close
proximity to well established roads. Although this factor was considered in
choosing shaft locations, in some situations shafts had to be sited in remote
locations to avoid excessively long tunnel reaches.

Temporary Utilities: Each shaft will need to be supported by electric power and
water for construction including electricity, water, and communications. At many
of the shaft sites, power lines would need to be extended and/or upgraded to
support construction. See subsection 9.6 for estimated power requirements.

Social Impacts: This item includes interference or disruptions to the normal
social activities such as farming and ranching, use of roads and trails, and noise
and other construction impacts at the shafts during construction. See subsection
4.1.4 to follow for details of these impacts.
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e Environmental Impacts: Avoid placing shafts in wetlands or adjacent to
waterways that may be affected by construction activities.

e Manholes: A permanent manhole is required for future pipeline access at each
shaft. Therefore, the suitability of each site for a manhole was considered.

41.4 Construction Considerations

Several factors are considered in the identification of shaft locations and include its suitability as
a construction staging area, with consideration of the availability of support facilities and
potential impediments to construction, tunnel lengths between shafts, avoidance of the existing
aqueducts pile supported foundations, and contracting strategies. Construction considerations for
the shafts and overall project included the following factors:

e Tunnel Reaches: For long tunnel projects, there is a tradeoff of costs and
schedule based on the tunnel length between shafts, short versus long tunnel
drives. Although a sensitivity study of different tunnel drive lengths was not part
of this study, review of other projects and common practice in the underground
industry were used as a guideline. The efficiency and risks for tunnel construction
typically increase with long tunnel drives. Long drives result in less efficient
operations for muck hauling, water removal, transportation of personnel, segment
delivery to the advancing face, and ventilation. Additionally, the TBM and
supporting equipment need maintenance and repairs including cutter replacement,
and these requirements and risks are magnified for long drives. To reduce these
factors, it is desirable to limit each tunnel drive to about 15,000 feet (3 miles) or at
a maximum 20,000 feet (3.75 miles) long. Future studies and design development
should include a sensitivity study of the costs of shafts and optimum tunnel drive
lengths to determine the most cost effective arrangement.

e Existing Piles: Sections of the aqueducts, both elevated and buried, are pile
supported, and construction of shafts through the piles is impractical. Shaft
construction using structural slurry wall methods is an option providing both
structural support and a hydraulic cut-off. Slurry walls are constructed in panels
with a clam shell or similar excavation equipment. Such equipment is not well
suited to excavate through obstructions such as piles — including timber,
concrete, and steel piles. The piles for the existing aqueducts are battered at
between 1:12 and 1:3; therefore, the shafts need to avoid not only the footprint of
the aqueducts, but also a buffer zone to the side to account for the pile batter.
Depending on the aqueduct and associated pile batter, an offset of 25 or 30 feet
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was used, which includes a buffer of at least 10 feet to account for variations in
pile length and batter.

e Construction Access: As a general rule well established roads are needed to
access each shaft site during construction. One of the prime factors will be
transportation of the TBMs, either to the shafts or from the shafts. Each shaft
location will also have frequent equipment and material deliveries (e.g., precast
segments), personnel, and muck haulage (at least for shaft construction).
Additionally, entrance shafts will have muck haulage for the tunnel throughout
tunnel construction. In some instances, the existing roads will need to be
upgraded, or roads will need to be constructed to provide suitable access. Existing
bridges will need to be checked for load capacities and if unsatisfactory will also
need to be upgraded. See subsection 4.3 and Table 4-1 for detailed information
and requirements for each shaft.

e Tunnel Construction Considerations: To allow for flexibility in tunnel staging
and contracting as the project develops through design, all the shaft locations
except at the west end at Shaft 7, are assumed to be useful as either an entrance or
launch shaft with tunnel construction staging, or an exit only for TBM retrieval.
Note that access at Shaft 4 is difficult, and it is preferable to use this as an exit
shaft thereby minimizing the work at this location. Due to the higher tunnel invert
elevation and desire to drive the tunnel uphill, Shaft 7 is expected to be an exit,
not entrance, shaft.

e Contracting: Due to the overall length of the proposed Delta Tunnel project,
anticipated construction schedule duration, and total construction cost using a
single construction contract is not desirable. It is envisioned that multiple
construction contracts which would allow more contractors to bid on the work for
greater competition, potentially shorten the overall construction schedule and
provide better flexibility in obtaining bonding. In selecting shaft locations and the
tunnel vertical profile, consideration was given to the sequencing of construction
for the tunnel reaches, and the likely need for some of the shafts to be in different
tunnel construction contracts.

4.2 Horizontal Alignment

Many variations in the horizontal alignments are possible including a straight, linear tunnel, a
tunnel that generally follows the EBMUD ROW, and an alignment that strictly follows the ROW
with only minor deviations. Consistent with the direction provided by the District, the tunnel
alignment and shaft locations presented in this study follows the existing EBMUD ROW and
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stays within the ROW with minor exceptions (e.g., Holt). The horizontal alignment is dictated
primarily by the shaft locations, with each reach between shafts being straight or for some
reaches, containing minor or gentle curves to follow the existing ROW to the extent practicable.
The proposed tunnel alignment is presented in a series of 18 sheets.

At Holt, the existing aqueducts and the ROW have an angle point with an approximately 45
degree deflection. The horizontal alignment for the proposed tunnel at the change the ROW from
a NE-SW to E-W trending can be accommodated with either an angle point at the shaft or with a
large radius curve, and both alternatives are practical. The conceptual design uses a curve with a
1,300-foot radius. A curve layout was used at this location primarily to avoid a large and
complex shaft that would have been necessary to accommodate tunneling from the shaft in
obtuse directions (not in-line with each other). A 1,300-foot radius curve can be easily
accommodated and is suitable for construction with a tunnel boring machine (TBM). The main
detriment to using a curve is that the tunnel alignment deviates from the existing ROW requiring
the acquisition of additional surface and subsurface ROW. See the following sections on shaft
locations and proposed ROW acquisition requirements for details.

4.3 Shaft Locations and Tunnel Reaches

The two end shafts and the Holt shaft are based on the aqueduct and ROW geometry. A shaft is
located at the directional change in the alignment at Holt — although the tunnel is presently
configured as a curve rather than an angle point to accommodate the change in direction, siting a
shaft at this location allows for flexibility as the design develops. The spacing of the shafts is
dictated by tunnel construction practicalities such as for muck haulage, ventilation, power, and
access of personnel to the TBM; essentially optimizing construction efficiencies and schedule.
These factors limit the practical distance for tunnel drives to approximately three miles. Using
this as a guideline, approximately seven shafts are needed, and the spacing works well with one
shaft between the east end of the proposed tunnel alignment and Holt, and three shafts between
Holt and the west end of the proposed tunnel alignment.

Individual shafts are positioned to stay within the ROW where practical, avoid piles supporting
the existing aqueducts, reduce impacts, and provide for construction support as presented
previously.

The two end shafts are assumed to be exit shafts since the tunnel profile rises and is shallowest at
the end points, and there is a preference for tunnels to be excavated up gradient. For the purposes
of this conceptual design study, the five other shafts were assumed to be useful for either
entrance or exit points for tunneling to allow for staging and contracting flexibility. Shaft
locations are shown in detail in a Figure 4-2 (7 sheets) and are summarized with pertinent
information in Table 4-1.
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Table 4-1 Proposed Construction Shaft Summary
Shaft Location Station® ROW (ft.) Aqueduct Position and Support Function and Comments
All three aqueducts buried Exit shaft
Aqueduct No. 1 on piles (1:12 Located west (downstream) of
1 East end near I-5 1840+75 160 batter) interconnect facility
Located between the aqueducts
Roberts Island All three aqueducts buried Entrance or Exit
T Aqueduct No. 1 on piles (1:12 Offset to south to avoid aqueduct
2 \é\ll\?:: g‘;sla; i.llé)aqum 1990+00 160 batter) relocations
All three aqueducts buried Entrance or Exit
Aqueduct No. 1 on piles (1:12 Realignment with curve to replace
3 Holt 2126+00 100 batter) angle points
Transition to all three elevated and
on piles at 2130+00
Middle of Jones All three aqueducts elevated and o Exit (difficult access for Entrance)
4 Tract 2292+00 100 on piles o Offset south of aqueducts to avoid
aqueduct relocations
West end of Jones Uncertain — likely Aqueduct Nos. 1 and 2 elevated Entrance or Exit
5 Track at Middle 2443+75 | 66 with >100 at and on piles Offset north of aqueducts at ROW
River river crossing Aqueduct 3 buried and not on piles width transition
_ All three aqueducts elevated and Entrance or Exit
6 | Orwood East o578+50 | Vares—100to on piles Offset south of aqueducts near
125 angle point
West end at the N/A — shaft in All three aqueducts buried and not Exit shaft
. . e on piles
7 | Bixler Maintenance | 2715+70 | EBMUD Bixler P Located east (upstream) of
vard Maint. Yard interconnect facilities
ar aint. Yar Offset from aqueducts
Note:

@ Stationing is the existing aqueduct stationing and is not adjusted for the revised tunnel alignment.
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Shaft 1: This shaft is situated immediately to the west/downstream of the
interconnect facility. Because it is an exit shaft and there is a wide spacing
between the aqueducts, it fits between the aqueducts and the Kinder Morgan
pipeline without relocations. Space is provided to allow for the piping to connect
to the existing aqueducts at 45 degree angles and for combining Aqueduct Nos. 1
and 2 before entering the shaft. No permanent land acquisition is needed.

Access is relatively easy with the proximity to Interstate 5, and from Brookside
Road and W March Lane. However, there may be sensitivities to construction and
construction traffic in the residential neighborhood and near the school.

Shaft 2: This shaft is situated on Roberts Island approximately equal distances
from the entrance and the directional change at Holt. Because the ROW at this
location is 160 feet wide, there is room to locate the shaft within the ROW.
However this would require relocation of one or more of the aqueducts during
construction which is not practical. All three (3) aqueducts are buried with
Aqueduct Nos. 1 and 2 pile supported. Relocating Aqueduct 3 would not be
beneficial since the remaining piles would still interfere with the shaft. Therefore,
the shaft is located south of the aqueducts and will require permanent acquisition
of land for the shaft and manhole, and the tunnel. Land in this area is agricultural.

Access is moderately easy using rural roads from Highway 4 to the south and
potentially the San Joaquin River and Burns Cutoff (slough connected to the
river), along with rural roads. The existing rural roads will likely need to be
upgraded for construction traffic. The site is also two miles from a railroad and
less than a mile from port facilities on Rough and Ready Island to the southeast.

Shaft 3: This is the site of the directional change in the existing aqueducts near
Holt, and a horizontal curve (rather than an angle point) is assumed as discussed
above. The shaft is situated at the east end of the curve so that tunneling out of the
shaft can be straight in one direction which is to the east. At this location, the
roads would not need relocation, and there would be no interference with the
existing aqueducts. Although the choice of a curve and a shaft at this location is
relatively free from construction complications, it will require the acquisition of
several acres of land since the new alignment deviates from the existing ROW.
This shaft as configured would be available for use as an entrance shaft for
tunneling in both directions. This configuration allows the greatest flexibility for
tunnel staging and contracting.
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Access is moderately easy using rural roads from Highway 4 one half mile to the
south and rural roads. The existing rural roads will likely need to be upgraded for
construction traffic. Since the existing aqueducts are elevated to the west, access
from that direction is complicated by the need to pass over or under the pipelines.
The shaft is also 200 yards from a railroad to the south.

e Shaft 4: This shaft is situated on Jones Tract approximately three miles from the
Holt shaft. Because the ROW at this location is only 66 feet wide and all three
aqueducts are pile supported, it is impractical to locate the shaft within the
existing ROW. Therefore, the shaft is situated outside the exiting ROW to the
south and as close as possible to Aqueduct 2. An offset to the north would have
complications with a ditch and the railroad tracks, and was therefore not used.
Using an offset from the aqueducts avoids the need to relocate aqueducts, but
requires the permanent acquisition of land for the shaft and manhole, and the
tunnel.

Jones Tract is a relatively isolated region of agricultural land, and the shaft is
located in the middle of that area. Therefore, access is difficult since it is
approximately three miles from Highway 4 without direct connection with paved
roads although there are farm roads nearby. It is expected that the roads would
need substantial upgrades to sustain construction traffic. Although the railroad is
within 100 yards, it is on the other side of the elevated aqueducts making access
difficult. Due to difficult access, it is assumed that this would be an exit shaft
rather than an entrance shaft for tunneling.

e Shaft 5: This shaft is situated at the west side of Jones Tract adjacent to the
Middle River. The ROW at this location increases to over 100 feet wide as the
aqueducts change from elevated to trenched for the river crossing. A crucial factor
is that Aqueduct Nos. 1 and 2 are elevated and on piles up to the river crossing,
and that Aqueduct 3 is buried and not on piles within 1,000 feet of the river
crossing. Shaft 5 is strategically located to the north of the existing aqueducts to
take advantage of the angle and offset in the Aqueduct 3 alignment. No aqueduct
relocations are needed. Note that West Bacon Island Road provides access to the
construction site and it goes over the aqueducts at this location. A small
permanent land acquisition will be necessary; however it appears from satellite
images that this land is not developed.

Jones Tract is a relatively isolated region of agricultural land, and the shaft is
located on the western edge approximately three miles from Highway 4. Access is
moderately difficult since it is without direct access from major roads. West
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Bacon Island Road provides access, but would likely need to be upgraded for
construction traffic. It may be possible to utilize the railroad or the Old River
which are both within a few hundred yards.

e Shaft 6: This shaft is situated at Orwood East approximately 2.6 miles east of
Bixler. This location is preferred over a site farther east because of a marina at the
Old River. Additionally, the site chosen avoids interference with the road crossing
over the existing aqueducts immediately to the west. In this area all three
aqueducts are elevated and supported on piles, and the aqueducts and ROW go
through a minor angle point. The piles do not allow siting the shaft at or near the
aqueducts. Because of the angle point, the construction shaft can be located on the
inside of the bend without requiring aqueduct relocations, and with only a small
permanent land acquisition.

Access is moderately easy using Orwood Road, and other rural roads from
Highway 4 and Byron Highway to the south and west. Orwood Road is paved but
may still require upgrade for construction traffic. It may also be possible to utilize
the railroad which is within a couple hundred yards.

e Shaft 7: This shaft is situated in EBMUD’s Bixler maintenance yard and
immediately to the east/upstream of the interconnect facility. The shaft is offset
from all three aqueducts. Space is provided to allow for the piping to connect to
the existing aqueducts at a 45 degree angle and for combining Aqueduct Nos. 1
and 2 after exiting the shaft. The shaft is located east of the existing (and
abandoned) pump building. No permanent land acquisition is needed.

Access is relatively easy using Bixler and Orwood Roads to Highway 4 and
Byron Highway to the south and west. Orwood Road and Bixler Roads are paved
but may still require upgrade for construction traffic. It may also be possible to
utilize the railroad which is within a couple hundred yards.
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Based on these shaft locations, the tunnel is divided into six reaches as summarized in Table 4-2.

Table 4-2: Tunnel Reach Summary

Length
Reach Shafts - Comments
(feet) (miles)
I 1-2 14,925 2.8 Goes beneath San Joaquin River
Il 2-3 13,600 2.6
I 3.4 16.250% 31® Curve at east end (1,300 feet radius and 53
’ : degrees) )
v 4-5 15,175 2.9
Woodward Island below Middle and Old Rivers

v 56 13,475 2.6 Crosses path of proposed BDCP Tunnels
\ 6-7 13,720 2.6

Totals | 87,145 16.5%

Note:
@ The curve decreases the reach length by 350 feet relative to the existing aqueduct alignment and stationing.

4.4 Vertical Profile

The vertical profile for the proposed Delta Tunnel was determined considering the minimum
depth along the alignment needed to provide for suitable long term stability of the tunnel and to
avoid impacts to the existing aqueducts during tunnel construction. With this minimum as a base,
the two additional factors of 1) tunnel operation and maintenance, and 2) tunnel construction,
staging and contracting were evaluated to determine the tunnel profile. The following
subsections describe the various factors used to determine the tunnel depth and profile.

4.4.1 Minimum Depth Criteria

The minimum depth of the proposed Delta Tunnel is based on situating the tunnel in stable
ground for long term performance and avoiding settlement induced impacts to the existing
pipelines during tunnel construction, with consideration of construction factors such as
settlement and construction staging. The minimum depth uses the tunnel crown as a baseline
with consideration of the following factors:

e Liquefaction: To reduce the potential for damage to occur during a seismic
event, the tunnel needs to be positioned such that liquefaction and associated
settlements do not impact the integrity of the tunnel and the fully encapsulated
pipelines. Liquefaction potential and settlements were evaluated using the recent
CPT data and soil liquefaction assessment software (CLiq) by EBMUD and
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Gregg Drilling, which was reviewed and back checked by MWH using hand
calculations as described above in Section 3.

Evaluations were based on PGA’s of 0.2 g and 0.4 g, approximately
corresponding to recurrence interval events of 100 and 500 years, respectively.
For the 0.4 g evaluations, calculated ground surface settlements range from 3.0 to
13.25 inches. Settlements decrease with depth in an irregular random fashion
corresponding to the different soil types present. In accordance with allowable
strain calculations (see section 7.4 — Pipe Settlement and Distortions) a guideline
of two to three inches of settlement was used to set the vertical position of the
pipe. Due to the variability of the geology and potential discontinuous nature of
liquefaction, it was assumed that the differential settlement was equal to the total
settlement. For a settlement of 2 to 3 inches, the calculated depths typically range
from 65 to 115 feet (20 to 35 m) below the ground surface (typically at -10 ft
ms.). There is one exception at CPT-12 (east end of the proposed tunnel) in which
the calculated settlement occurs at a depth of 130 feet (40 m), but the ground
surface is higher resulting in approximately the same elevation. Based on these
evaluations the tunnel invert was set at an elevation of -125 feet, placing the
springline approximately at the 2- to 3-inch settlement position.

e Tunnel Excavation in Stable Ground: To facilitate tunnel excavation and
reduce complications during tunneling, it is beneficial to locate the tunnel in
dense stable ground, while avoiding loose and/or soft soils such as peat. Although
it would be possible to excavate the tunnel through soft soils, tunnel excavation
would require that ground improvement techniques be employed to stabilize the
ground which would be costly. The tunnel vertical alignment is situated in the
Holocene or Pleistocene deposits, in somewhat denser materials, avoiding the
recent organic and unconsolidated soils.

e Settlement of Piles and Aqueducts: Tunnel construction is expected to result in
some lost ground and there is an expected zone of settlement extending above the
tunnel. Settlement estimates within this zone attenuate and are distributed over a
wider zone of influence for higher elevations above the tunnel. For an evaluation
of the lost ground and settlement see the Construction Considerations section of
this TM.

Piles support one or more of the aqueducts for the majority of the approximately
17 mile segment of the existing aqueducts to be replaced by the proposed Delta
Tunnel. Although some reaches of the aqueducts are not pile supported, these are
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intermittent and relatively short. In general, depths of the pile tips reportedly
range from 20 to 60 feet below the ground surface. The maximum reported pile
tip depths were identified and presented previously and are depicted as the thick
orange line on the Geologic Profile (TM-1: Preliminary Geological
Characterization and Figure 4-3 herein).

Settlement of the piles and resulting damage to the aqueducts is based on: 1) the
distribution and attenuation of settlement resulting from ground loss, 2) the
behavior of existing piles and aqueducts, and 3) the structural tenacity of the
pipelines. There are many variables and unknowns associated with these factors.
See the subsection titled Ground Loss and Settlement for additional information.
Based on existing information and at this stage of design development it would be
impractical to develop a definitive assessment of settlement effects. Regardless,
using our understanding of ground behavior, a buffer of one to two tunnel
diameters between the piles and the tunnel was determined to be a reasonable
estimate for planning purposes and this study. The proposed Delta Tunnel shown
is designed to be at least two diameters (42 feet) below the reported pile tips, and
the top of the tunnel band is at least one diameter (21 feet) below that.

In summary, the tunnel profile indicated herein is approximate and to account for
uncertainties and future design development, a tunnel band is shown within which the
final vertical alignment of the proposed Delta Tunnel is expected to be situated. This
band accounts for several factors including: 1) system hydraulics (not included with
this study), 2) sloping of each tunnel reach for construction and pipe drainage, and 3)
optimization of the vertical alignment or profile of the project based on the results of
future geotechnical investigations and analysis.

4.4.2 Pipeline Operational Considerations

For operation, inspection, maintenance and repair (O&M) of the pipeline, high points and low
points in the profile must be accessible and occur only at manholes. Placing a manhole at the
high points allows for blow-off assemblies to be located at the high points. With low points at
manholes, sediment trapped at low points can be relatively easily accessed for removal, and the
pipelines can be completely drained for inspection, maintenance, and repair. Although the
pipeline shown is flat, each reach will actually be sloped — and the tunnel band shown is
included, in part, to allow for this requirement. For a 20 foot elevation difference in a 3-mile long
reach between shafts, the slope would be approximately 0.125 percent.
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4.4.3 Tunnel Construction and Staging

Tunnel excavation is facilitated by tunneling in the uphill direction where possible, and limiting
the depth to within the technology limits for TBMs. These factors affect the depth and profile of
the tunnel, and are discussed in detail in Section 5 — Tunnel Conceptual Design and
Construction.

444 Costs

In general, the cost of tunnels increases with depth due to higher costs for the deeper shaft
construction, difficulty with pressures and ground control, and lower efficiencies such as for
muck removal and materials delivery. To reduce costs, shallower shafts and tunnels are
beneficial.

445 Depth and Profile Summary

The deepest of the depth criteria factors presented above, ground and tunnel differential
movement, within stable ground, and avoidance of existing piles, was used to set the minimum
tunnel depth (maximum tunnel elevation). The controlling criterion is generally placement of the
tunnel such that differential movements are within acceptable limits. In a few locations, one or
both of the other two criteria result in a similar minimum tunnel depth.

Several different scenarios can be used to stage tunnel construction, with variations in the
number of construction contracts, which shafts are entrance or exit points, and the direction of
tunneling. Similarly, incorporation of O&M requirements (high points, low points, and slopes)
can be accomplished in several different profile configurations. Note that the construction and
O&M requirements are complimentary, and both can be accommodated with the same tunnel
profile. However, there are multiple tunnel vertical profiles that could be used to fulfill these
requirements. Because of the limited geotechnical investigations conducted to date, the level of
design development (conceptual), and likely variations in the approach to tunnel contracting and
staging, it would be premature to develop a single tunnel profile. Therefore, to cover the range of
potential profiles, the vertical alignment is represented by an envelope or band is presented as the
tunnel profile. The profile will likely be optimized in future studies based on additional
geotechnical investigations while allowing for a range of staging options. The tunnel can be
positioned anywhere within this band allowing for flexibility in construction, staging, and
contracting of the tunnel construction. The profile band is presented in Table 4-3 and on Figure
4-3 (2 sheets). Within this band, a single tunnel profile is shown representing an average position
for the tunnel with an invert elevation of -125 feet for reaches | through V, and rising to
elevation —80 feet at the west end of reach VI. This tunnel profile is used in this study as the
basis of the OPCC. Note that the shafts will need to be deeper than the tunnel invert, as discussed
in Section 6 herein.
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Table 4-3: Tunnel Band / Profile Summary ®
: Approximate Depth to
Tunne(lfeEé(ta)vatlon Grofund Tunnel Ir(%ert
Shaft Location Station Surface (feet)
- — Elevatl(%n
Maximum | Minimum | (feet) Minimum | Maximum
Crown Invert
1 East end near I-5 1840+75 -65 -136 4 90 140
2 Roberts Island 1990+00 -84 -136 -3 102 133
3 Holt 2126+00 -84 -136 2 107 138
4 Middle of Jones Tract | 2292+00 -84 -136 -8 97 128
West end of Jones
5 Tract at Middle River 2443+75 -89 -141 -8 102 133
6 Orwood East 2578+50 -89 -141 -10 100 131
7 | Westend at Bixler 2715+70 |  -48 -89 15 84 104
Maintenance Yard

Notes:
@ See Table 6-1 for shaft depths.

@ Tunnel band is greater than tunnel diameter (21’) to accommodate for geologic uncertainties and constructability
considerations, e.g., slopes between shafts for construction and O&M factors.

® This is the existing ground surface elevation. The ground surface will be raised during construction.
“ Does not include allowance for buildup of ground surface for flood protection.

4.5 Right of Way, Easements and Property Acquisitions

A key consideration in setting the tunnel horizontal alignment was to utilize the existing
aqueduct ROW and existing EBMUD land to the extent practicable. Permanent land acquisition
will be necessary at several locations since the shafts and manholes installed in the shafts are
outside existing EBMUD ROW. Land acquisition will be necessary not only for the shafts and
manholes, but also to transition the tunnel from these shafts to the existing ROW.

Shaft and tunnel construction will require staging areas at each shaft location. The staging area
includes the shaft with additional space for construction support and laydown area. The
additional room is needed for one or two cranes, and site access roads, and room for office
trailers, worker facilities, materials laydown, temporary muck storage, and miscellaneous work
areas. As a guideline, EBMUD should plan on acquiring temporary construction easements of
approximately three to five acres at each shaft location. If this is not practical a construction site
as small as one acre can be used, but with a reduction in construction efficiency. The minimum
work areas at each shaft are shown in Figure 4-2 (a - g) and the pertinent data for each is
summarized in Table 4-4. For planning and budgeting purposes MWH recommends that five
areas be assumed for each work site.
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Additionally for each contract, a construction site area for offices, laydown of materials,
equipment, parking, and maintenance is needed. Ideally these areas would be adjacent to the
main shaft construction site, but remote areas nearby can be used. For land area estimates, it is
assumed that three contracts would be running simultaneously with five acres needed for each
construction site area for each contract. In addition, each construction contract would need to
arrange for manufacture and storage of precast concrete segments. The precast segment plants
would likely be located offsite and this operation may be established at an existing precast
concrete plant or be set-up as a standalone temporary plant. Due to the size of the project, it is
anticipated that the precast plant will be established in the region rather than using an existing
plant at a more distant location in California and transporting the segments over great distances.

Table 4-4 summarizes approximate land needs, property acquisition requirements, as currently
envisioned for the project. See section 11 for the costs of land acquisition.
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Table 4-4: Land Requirements at Shafts

Pean;:r&ent Construction
Location Description o Easement Comments
Acquisition
(acres)
(acres)
Main area for 3 contracts at 5 Asgumed to be in V'Cm'ty. of
Base Areas None project, but not necessarily at
Contractor acres each
any one shaft.
Several likely needed .
Segment | Soncrete 5t010® v ) .
Segment None : Could be any industrial area in
Plants . (offsite) P
Manufacturing the northern California.
Tight construction site with
Shaft 1 East end near I-5 None None nearby school and residences,

and potentially difficult road
access.

Shaft in-line with aqueducts.
Shaft 2 Roberts Island 1 3.5t05.0 Requires temporary relocation of
Aqueduct Nos. 2 and 3.

Some overlap of permanent and
Shaft 3 Holt 4.5 3.5t05.0 construction areas. Lower Jones
Road crosses alignment.

Middle of Jones Shaft slightly offset from existing

Shaft 4 Tract 1 3.5t05.0 aqueducts.
West end of Shaft offset from aqueducts but
Shaft 5 Jones Tract at 15 3.5t05.0 uses geometry to maintain
Middle River tunnel mostly in existing RoW.

Shaft offset from aqueducts but
Shaft 6 Orwood East 1 3.5t05.0 uses geometry to maintain
tunnel mostly in existing RoW.

Located in EBMUD’s Bixler

West end at Bixler

Shaft 7 . None None Maintenance Yard with a large
Maintenance Yard .
tract to the south for staging.
Totals 9 32 5 10 40 There is substantial overlap of

the areas.

Notes: ) Not included in area total.

@ Multiple plants may be needed depending on whether contractors all procure the precast segments from the
same supplier.
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5.0 TUNNEL CONCEPTUAL DESIGN AND CONSTRUCTION

Tunnel construction considerations focus on several factors: 1) depth and profile to facilitate
tunnel excavation, and 2) tunnel cross section to accommodate excavation and support methods,
and final piping configuration.

5.1 Tunnel Staging, Depth and Profile Considerations

Practical tunnel construction involves tunneling in the uphill direction where possible, and
limiting the depth to within the technology limits for TBMs as discussed below:

e Tunnel Uphill: Tunnel excavation for each tunnel reach is preferable in the uphill
direction for water control, muck removal, and safety of the workers in the event
of large water inflow. With consideration of the very long and relatively low
gradient of the tunnel, a slope of 0.125 percent is used as the minimum desirable
grade. The direction of tunneling, and therefore the vertical profile of each reach,
is dependent on which shafts are used for launching the TBMs (entrances) and
which are used for reception or exits. In some instances, the shaft and tunnel
depths may be deeper than the minimum to achieve the required minimum slope
for the tunnel and to tunnel in an uphill direction.

e Depth for TBM Operation: The proposed Delta Tunnel is expected to be
excavated with a pressurized face or closed face TBM, which may be either slurry
(STBM) or an earth pressure balance (EPB) machine (Appendix A). With the
anticipated maximum tunnel depth of approximately 125 to 150 feet to the tunnel
invert the tunnel depth is within the practical range of both pressurized face
TBMs, slurry and EPB machines.

Also see Tunnel Excavation Methods in Section 9 — Construction Considerations.

5.2 Tunnel Cross Section

In the development of a conceptual design for the proposed Delta Tunnel, a two-pass tunnel
excavation method is considered to be the favored approach in order to maintain the underground
opening and install the pipelines. In a two-pass approach, the tunnel is excavated with
installation of initial support, the precast segmental lining system. After completion of the
excavation and initial lining system, the carrier pipes and backfilling of the annulus between the
carrier pipes and segmental lining would be performed. A two-pass system is necessary to
accommodate two pipes in a single tunnel and because of the high pressures in the pipelines.
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The precast concrete segmental lining would be bolted or doweled together into a ring with
gasketed joints. Design is based on a compression ring, which must be retained during tunnel
operation. As an alternative to a two-pass system, a one-pass system was considered. However,
the internal design pressure is up to 300 psi (692 feet of water head), which would exceed the
external pressure from ground and water loads, thereby placing the lining in tension. Tension in
the lining would result in structural problems and would not be watertight. Therefore, a
secondary or final lining, utilizing carrier pipes inside the tunnel, are designed to transmit the
water and withstand the high internal water pressure.

The use of two carrier pipes in the tunnel is a practical and common approach to conveyance
systems, and in this instance, required to maintain separation of the water sources. The tunnel
cross section consists of two 87-inch 1.D. permanent carrier pipes installed within the
segmentally lined tunnel. A clearance of 18 inches is provided for separation of the pipes.
Additionally, 18 inches is provided between the pipes and the initial support/lining system on
each side which allows for a minimum clearance of 12 inches and a pipe tolerance of 6 inches to
correct for alignment and grade variations. The initial tunnel support system, the precast
segmental liner, is expected to be approximately 10 to 12 inches thick which results in a tunnel
outside diameter (O.D.) of approximately 21 feet as shown in Figure 5-1.

5.3 Tunnel Initial Support

A segmental concrete lining installed behind a TBM is envisioned to be the initial support
system for the tunnel. Design of the segmental liner incorporates evaluation of ground and water
loads on the completed ring, thrust from the TBM, and handling loads. TBM segments typically
vary from 10 to 12 inches thick for this tunnel diameter. Theoretical calculations based on 100-
feet of overburden and 90 feet hydrostatic pressure were performed to assess the required
segment size. They indicate that segments in this range could generate the required structural
strength. Reinforcing is included in the segments for structural capacity, to handling stresses, and
to control cracking. Both fiber-reinforced and steel rebar cage designs are used in practice. For
many segment designs for tunnels of a similar diameter, current practice in the industry has been
to use fiber reinforcing.

Several different segment geometries and configurations are possible and have previously been
used on similar sized projects: Variations include, trapezoidal, rhomboidal, and tapered,
segments; with some using universal segments. A likely configuration for the proposed Delta
Tunnel is five main segments plus a key near the crown. Each ring of segments is rotated left or
right from the previous ring to offset the joints. Bolts and/or dowels would connect segments
across the joints.
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Design of the segments, the initial support system, is the responsibility of the contractor(s) as the
design can vary based on its means and methods to be employed on a particular project. The
design engineer prepares the design of the initial support system for determining project cost and
to establish the minimum requirements to be specified. Design factors include: 1) ground, water,
and handling loads, 2) the TBM type, thrust loads, and jack positions, 3) joint design including
gaskets and bolts, and 4) geometry/configuration of the segments in each ring for both straight
tunnel reaches and curves.

The concrete segments are commonly manufactured at precast plant in the vicinity of the project,
but not necessarily onsite, such as within the Stockton and Sacramento area. These precast plants
could even be located anywhere in the northern California area, but with an increase in
transportation costs. Existing concrete precast plants could be used, or project-specific plants and
yards could be developed. Each contractor is responsible for design and fabrication of their own
segments. However, with several tunnel contracts for the Delta Tunnel Project, one supplier may
ultimately supply segments for all contracts, thus providing schedule and cost benefits to the
overall program.

5.4 Ground Loss and Settlement

Ground loss and ground settlement commonly occurs as a result of tunnel excavation. A
preliminary evaluation of ground loss at the tunnel crown was estimated for this study based on 1
percent face loss, 1 inch overcut of the cutter beyond the shield, and 1 inch ground loss at the end
of the shield as the ground moves onto the segments. Annulus grouting is performed at the tail
shield between the ground and the liner to replace some ground and reduce settlements, however
grouting is not completely effective in preventing ground loss. Based on these assumptions and
preliminary calculations, the total ground loss is estimated to be 4 percent of the face which
equates to 8 inches across the tunnel at the crown. With careful tunnel excavation, primarily the
diligent use of pressurized slurry outside the TBM and immediate complete annulus grouting
outside of the concrete segments, these ground losses can be substantially reduced or eliminated,
resulting in a combined ground loss of approximately 1 percent. However, these practices are
dependent on the contractor’s means and methods, and cannot be relied upon for each contract
and at every location along all tunnel reaches. Therefore a conservative estimate of 4 percent is
used as the basis for comparison in this study.

Note that this lost ground is for routine tunneling and does not include complicating factors such
as tunnel curves and work stoppages, nor does it include excessive ground loss such as from over
excavation or loss of face pressure. These additional factors can result in substantial ground loss
several times the magnitude of ground loss in controlled conditions. Ground settlement will need
to be evaluated in detail in future design phases based on actual TBM type, tunneling methods,
and details of TBM operation (face pressure), which affect the actual settlement experienced.
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Some of these factors can be controlled with a tight design and careful construction, but other
factors are unavoidable. Therefore, actual ground loss and settlement could be substantially
different from these preliminary estimates.

Several factors are in play to reduce the magnitude of settlement and effects of the settlement
experienced at the ground surface and at the pile tips. These include: 1) a settlement trough that
becomes wider above the tunnel, thereby distributing lost ground over a wider area and reducing
settlement at each location, 2) bulking of soil material to a less-dense state which attenuates
ground loss, and 3) a lag factor in which the settlement occurs gradually behind the TBM as the
tunnel advances, similar to a wave traveling behind the tunnel face, and eliminates abrupt ground
movements. Finally, the effects of settlement vary with the structures being impacted and the
depths of the foundations for those structures. Therefore, MWH recommends that ground
movements, and the effects of those movements on structures be evaluated in future design
development. These evaluations should include not only settlement in normal operating
conditions, but also unexpected conditions, which may result in localized large settlements and
even sinkholes.

55 Tunnel Backfill

After installation of the carrier pipes, the tunnel (space outside the pipes and inside the segmental
concrete lining) is designed to be backfilled to fill the void and provide uniform support for the
pipes. Cellular concrete is almost universally the material of choice due to its flowability,
durability, and low cost. The unconfined strength is commonly between 150 and 500 psi,
although the properties can vary outside this range as needed to meet project requirements.

The carrier pipes will need to be securely supported and anchored in the tunnel during
backfilling to avoid movement and floatation during the backfilling operation. Multiple lifts of
backfill are often used to reduce floatation problems and to control the temperature rise from the
heat of hydration of the cement. The backfill is commonly introduced through ports in the carrier
pipe. Backfill placement is tracked and verified with several systems including return flows,
truthing pipes (free air flow is blocked by the backfill), inferred sensing, and verification of the
volume placed. MWH recommends that the cellular concrete backfill properties and installation
procedures be determined and specified during detailed design.

After backfilling, voids can be present at the crown due to backfill placement methods,
settlement and shrinkage, and immediately outside the carrier pipe due temperature changes and
backfill shrinkage. Contact grouting is used to fill the crown void which often remains due to
settlement and shrinkage of the backfill. Similarly, skin grouting is used to provide intimate
contact around the perimeter of the pipe and fill the small gap remaining after backfilling and
curing. Both of these grouting programs are conducted from ports in the carrier pipes. Grouting
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after backfilling is not always necessary, and the need and specifics of these programs should be
determined in subsequent design phases.
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6.0 SHAFT DESIGN AND CONSTRUCTION

Shafts are necessary for tunnel construction and to install permanent manholes for pipeline
O&M. The size of the shafts are dictated by construction requirements, primarily tunnel and
TBM diameter and the need to move trains through the shafts and efficiently access them for
muck removal. Shaft sizing and design is commonly the responsibility of the contractor. The
following information is provided to support conceptual design. Some shafts will be launch or
entrance shafts used to insert the TBM and to support tunneling such as muck removal, personnel
and materials access, utilities and future staging for carrier pipe installation. Exit or reception
shafts are used to remove the TBM and can also be used to stage pipe installation and backfilling
the tunnel outside the pipes. Based on requirements for similar projects, shafts can be circular or
rectangular in plan. For the entrance shafts, rectangular shafts are assume and they are expected
to have internal clear dimensions of 80 feet by 32 feet, while exit shafts are expected to be
circular and at least 32 feet in diameter.

6.1 Support and Lining

Shaft construction presents a challenge due to the depths required and the presence of granular
saturated alluvium. Several methods were considered in evaluating shaft design and construction
including conventional structural slurry walls, arched/cellular structural slurry walls, tangent pile
walls, ground freezing, and jet grouting. Other methods that could be considered but are not
applicable include sunken caissons, conventional ring beams and lagging, and sheet piles. MWH
recommends that arched/cellular slurry walls be used as the basis for this conceptual design due
to the system’s applicability to the difficult ground conditions for these shafts and its successful
use on other recent projects. The system of arched/cellular structural slurry walls is a relatively
new concept that has been used successfully on several projects. The concept is to construct the
slurry walls as a series of arches or intersecting circular cells with internal slurry walls as internal
bracing as shown in Figures 6-1 and 6-2. Cutouts at the bottom of the internal slurry walls are
used to allow for insertion of the TBM and passage of tunnel support trains.

The base for the shaft is a reinforced concrete slab pinned to the slurry walls and poured with
tremie methods. The slab is structural and needs to be several feet thick to provide the necessary
restraint to uplift. The base slab is commonly set below tunnel elevation by several feet to
facilitate tunneling activities. The slurry walls extend some distance below the bottom of the
base slab to reduce uplift and provide passive resistance from lateral ground loads during
construction when the interior is excavated but before the base slab is in place. Extension of the
slurry walls also improves ground stability and increases the seepage path for groundwater
moving up into the bottom of the shaft. Actual shaft design details are commonly the
responsibility of the contractor. For planning purposes it is assumed that the base slab is two feet
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below the tunnel invert, the slab is eight feet thick, and the slurry walls extend 30 feet below the
bottom of the slab which is 40 feet below tunnel invert.

6.2 Earthwork

The ground surface at five of the seven shafts is below the assumed flood elevation, and
earthwork will be required to construct an elevated platform for flood protection, both for safety
during construction and to provide for future access at each permanent manhole. The permanent
pad elevation should be determined during subsequent design phases. For the purposes of shaft
construction, the Contractor will need to determine the design flood level which may be either
higher or lower than the permanent pad. The pad elevation will likely be based on the 100 or 200
year event plus an appropriate freeboard. Additionally, each shaft will require a waterproof
extension several feet above the pad for additional freeboard. For a dry staging area during a
flood, a preliminary minimum area of 25,000 square feet estimated, although the Contractor may
choose to construct a larger area to facilitate construction, especially at entrance shafts.

6.3 Shaft Depths

Shaft invert depths are dictated by the tunnel profile and the top of the working pads which are
necessary for flood protection. Table 6-1 presents the range of shaft depths based on the tunnel
profile band, and approximate ground surface elevations to mitigate against flooding. The table
also presents the required depths of excavation inside the shafts which are estimated to be 10 feet
below tunnel invert, and the total depths of the slurry walls which are estimated to be 18 feet
below tunnel invert.
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Table 6-1: Shaft Depth Summary
Range of Tgnne(ll)lnvert Current Raised Approximate Dep(’g? Maximum @ Maximum &9
Elevations Ground to Tunnel Invert .
. Ground Excavation Slurry Wall
Shaft Location (feet) Surface Surface @ (feet) Debth Debth
] Elevation f . ] f P f P
Highest Lowest (feet) (feet) Minimum | Maximum (feet) (feet)
1 East end near I-5 -86 -136 4 +3 93 143 153 183
2 Roberts Island -105 -136 -3 +10 112 143 153 183
3 Holt -105 -136 2 +5 112 143 153 183
4 Middle of Jones Tract -105 -136 -8 +15 112 143 153 183
West end of Jones
5 Tract at Middle River -110 -141 -8 +15 117 148 158 188
6 Orwood East -110 -141 -10 +17 117 148 158 188
7 |Westend atthe Bixler -69 -89 15 - 84 104 114 144
Maintenance Yard
Notes:
@) Based on tunnel band.
@ Based on elevated platform elevation of +7' msl to account for a design flood water level at elevation of +4 msl and 3 feet of freeboard (except for shaft 7
which is at elev. + 15’ msl).
© Based on lowest tunnel invert within tunnel band.
@ Assumes slurry walls are 30 feet below bottom of excavation which is 40 feet below tunnel invert.
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6.4 Permanent Access and Manholes

To provide access for inspection, maintenance and repairs, a manhole is required at each shaft
location. The manholes are required to be suitable for access by personnel and small equipment
up to approximately four feet across. It is expected that the access manholes would be used
infrequently for inspections during operation. As such it is assumed that it is more cost effective
to use temporary equipment brought in for each entry use, rather than have dedicated equipment
such as hoists, pumps, lighting, and ventilation installed permanently.

The dual carrier pipe configuration within the proposed Delta tunnel results in an unusual and
moderately complex situation for access. The concept for access consists of a five foot I.D.
vertical manhole with a 16 foot square chamber at the bottom encompassing both pipes as shown
in Figure 6-3. Each pipe has a 36 inch access manway with a blind flange. Personnel and
equipment can be lowered down the shaft and stage work on the platform at the top of the pipes.
It is expected that groundwater will slowly seep into the accesses and the chamber thereby filling
the manholes with water over time, and requiring the accesses to be dewatered for each use.
Although it would be possible to design the accesses with tight water controls, there would still
be some seepage and maintaining an open access would require dedicated pumping systems.

Most of the accesses are in semi-remote locations that are 