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1.0 Introduction

The California High-Speed Train (HST) Project includes approximately 800 miles of new HST guideway
and numerous related heavy maintenance and station facilities. The Merced to Fresno Section of the HST
Project includes HST guideway, two HST stations, and, potentially, a heavy maintenance facility (HMF).
This Merced to Fresno Section Hydraulics and Floodplains Technical Report provides important
information related to the waterbody and floodplain crossings between the cities of Merced and Fresno
that would result from the project. The term waterbodly includes relatively stationary water features, such
as ponds and reservoirs; and flowing water features, such as streams, irrigation canals, major drainage
ditches, piped conduits, and defined features such as channels that are wet only periodically. A
waterbody does not include broader habitat, such as wetlands and vernal pools. Waterbody is
distinguished in this report from floodplains, which are areas generally characterized by infrequent
shallow flooding.

Section 2 of this report describes the HST Project between Merced and Fresno. The Merced to Fresno
Section High-Speed Train Project EIR/FIS (Draft Project EIR/EIS) evaluates three HST alternatives. The
HST alternatives are based on two primary north-south alignments and a hybrid combination of those
alignments that extend between proposed HST stations in Merced and Fresno. The UPRR/SR 99
Alternative is generally adjacent to the existing transportation corridor defined by the UPRR railway and
State Route (SR) 99. The BNSF Alternative is essentially the same as the UPRR/SR 99 Alternative at the
northern and southern ends of the alignment, but veers to the east to follow the BNSF Railroad corridor
in the middle. Each of these two major alignments includes two alternative wye configurations for
guideways to and from the San Francisco Bay Area (Bay Area), as well as design options for alignment
subalternatives. The Hybrid Alternative combines the UPRR/SR 99 Alternative alignment north of the City
of Chowchilla and the BNSF Alternative alignment beginning north of Madera and extending farther
south. The Hybrid Alternative also has two potential wye connection alternatives. Figure 1-1 shows these
three primary HST alternative alignments (UPRR/SR 99, BNSF, and Hybrid), associated wyes, and design
options. Figure 1-1 also shows an optional access guideway that extends north from the Downtown
Merced Station to the Castle Commerce Center HMF site, should that site be selected.

The study area for this report includes the Merced to Fresno Section, the upstream drainage basins that
contribute hydrologically; the various channel reaches and floodplains that may be affected hydraulically;
existing hydraulic structures, such as bridges and levees that affect hydraulic conveyance; and
downstream reaches that affect or are affected by hydraulic performance. The study area generally has
low gradients of less than 1%. Because of these low gradients, the potential hydraulic impacts due to a
project water crossing that constricts a river, stream, or canal could, in some cases, extend several
thousand feet upstream and downstream. The study area includes the area approximately defined by the
City of Merced to the north, the City of Fresno to the south, the lower San Joaquin River to the west, and
the Sierra Nevada Mountain foothills and reservoirs to the east.

1.1 Report Objectives and Organization

This report has been prepared to develop information for inclusion in the Draft Project EIR/EIS and to
provide engineering guidance for use in the preliminary design of the project. The report also identifies
additional surveying, hydrologic assessments, and hydraulic modeling needed to complete permit
applications related to waterbody and floodplain crossings.

Section 1 of this report provides an introduction. Section 2 is the project description for the Merced to
Fresno Section of the California HST Project. Section 3 described applicable regulations, requirements,
and design criteria. Section 4 describes analysis of floodplains in the study area, and Section 6 provides
analysis of water bodies that cross the HST alignment. Section 6 describes additional hydraulic and
hydrologic assessments required for permitting. Sections 7 and 8 list references cited in the document
and describe the qualifications of the preparers, respectively.
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1.2 Engineering Considerations and Constraints in the
Routing of a High-Speed Train Alignment

The project would follow existing transportation corridors, where practical, to minimize impacts on
existing land uses. The HST alignment must safely accommodate an HST speed of up to 220 miles per
hour (mph). It is important to isolate the guideways from animals, pedestrians, and vehicles to avoid
collisions. There must be a grade separation from intersecting roads, railroads, walkways, trails, and
throughways. Elevated sections of the guideway would typically be 15 feet above the ground surface or
higher. Curves in the horizontal and vertical alignments must be gradual to maintain the target speed and
provide a comfortable ride. Because of the high design speed, the curve radii are much longer than for
conventional railroad tracks or highways. Limitations on at-grade crossings and curve radii prevent the
horizontal and vertical alignments from being constructed exactly parallel to existing transportation
features at some locations. These constraints limit how and where floodplains and waterbodies are
crossed.

It is generally impractical to reroute the alignment to reduce the skewing (degree of deviation from
perpendicular) of crossings and avoid impacts on waterbodies and sensitive habitats adjacent to
waterbodies, or to change whether guideway approaches to waterbodies are elevated or at grade for a
single crossing. Because of requirements for grade separation at track crossings and the space required
for the train embankment, at-grade portions of the track generally result in a larger permanent footprint
for the HST Project due to an increased number of overpasses, road modifications and right-of-way
corridors.

Section 5.2.3 provides a summary of waterbody crossings.
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2.0 Project Description

The purpose of the Merced to Fresno Section of the HST Project is to implement the California HST
System between Merced and Fresno, providing the public with electric-powered high-speed rail service
that provides predictable and consistent travel times between major urban centers and connectivity to
airports, mass transit systems, and the highway network in the south San Joaquin Valley, and to connect
the northern and southern portions of the HST System. The approximately 65-mile-long corridor between
Merced and Fresno is an essential part of the statewide HST System. The Merced to Fresno Section is the
location where the HST would intersect and connect with the Bay Area and Sacramento branches of the
HST System; it would provide a potential location for the heavy maintenance facility (HMF) where the
HSTs would be assembled and maintained, as well as a test track for the trains; it would also provide
Merced and Fresno access to a new transportation mode and would contribute to increased mobility
throughout California.

2.1 No Project Alternative

The No Project Alternative refers to the projected growth planned for the region through the 2035 time
horizon without the HST Project and serves as a basis of comparison for environmental analysis of the
HST build alternatives. The No Project Alternative includes planned improvements to the highway,
aviation, conventional passenger rail, and freight rail systems in the Merced to Fresno project area. There
are many environmental impacts that would result under the No Project Alternative.

2.2 High-Speed Train Alternatives

As shown in Figure 2-1, there are three HST alignment alternatives proposed for the Merced to Fresno
Section of the HST System: the UPRR/SR 99 Alternative, which would primarily parallel the UPRR railway;
the BNSF Alternative, which would parallel the BNSF railway for a portion of the distance between Merced
and Fresno; and the Hybrid Alternative, which combines features of the UPRR/SR 99 and BNSF
alternatives. In addition, there is an HST station proposed for both the City of Merced and the City of
Fresno, there is a wye connection (see text box on page 2-3) west to the Bay Area, and there are five
potential sites for a proposed HMF.

The Authority and FRA have identified the Hybrid Alternative as their preferred alternative for the north-
south alignment between Merced and Fresno. The Hybrid Alternative would connect to San Jose to the
west along one of three wye design options. The San Jose to Merced Section Project EIR/EIS will fully
evaluate the east-west alignment alternatives and wye configurations, including the Ave 24 Wye, the
Ave 21 Wye, and another wye design option, the SR 152 Wye, which has not been reviewed in this
document. A decision regarding the preferred east-west alignment, including the preferred wye design
option, will take place after circulation of the San Jose to Merced Section Project EIR/EIS; that decision
will finalize the alignment and profile of the Hybrid Alternative. In addition, the Authority and FRA have
identified the Mariposa Street Station Alternative as their preferred alternative for an HST station in
Downtown Fresno.

2.2.1 UPRR/SR 99 Alternative

This section describes the UPRR/SR 99 Alternative, including the Chowchilla design options, wyes, and
HST stations.

2.2.1.1 North-South Alighment

The north-south alignment of the UPRR/SR 99 Alternative would begin at the HST station in Downtown
Merced, located on the west side of the UPRR right-of-way. South of the station and leaving Downtown
Merced, the alternative would be at-grade and cross under SR 99. Approaching the City of Chowchilla,
the UPRR/SR 99 Alternative has two design options: the East Chowchilla design option, which would pass
Chowchilla on the east side of town, and the West Chowchilla design option, which would pass Chowchilla
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3 to 4 miles west of the city before turning back to rejoin the UPRR/SR 99 transportation corridor. These

design options would take the following routes:

o East Chowchilla design option: This design option would transition from the west side of the
UPRR/SR 99 corridor to an elevated structure as it crosses the UPRR railway and N Chowchilla
Boulevard just north of Avenue 27, continuing on an elevated structure away from the UPRR corridor
along the west side of and parallel to SR 99 to cross Berenda Slough. Toward the south side of
Chowchilla, this design option would cross over SR 99 north of the SR 99/SR 152 interchange near
Avenue 2372 south of Chowchilla. Continuing south on the east side of SR 99 and the UPRR corridor,
this design option would remain elevated for 7.1 miles through the communities of Fairmead and
Berenda until reaching the Dry Creek Crossing. The East Chowchilla design option connects to the
HST sections to the west via either the Ave 24 or Ave 21 wyes (described below).

o West Chowchilla design option: This design option would travel due south from Sandy Mush
Road north of Chowchilla, following the west side of Road 1134. The alignment would turn southeast
toward the UPRR/SR 99 corridor south of Chowchilla. The West Chowchilla design option would cross
over the UPRR and SR 99 east of the Fairmead city limits to again parallel the UPRR/SR 99 corridor.
The West Chowchilla design option would result in a net decrease of approximately 13 miles of track
for the HST System compared to the East Chowchilla design option and would remain outside the
limits of the City of Chowchilla. The West Chowchilla design option connects to the HST sections to

the west via the Ave 24 Wye, but not the Ave 21 Wye.

The UPRR/SR 99 Alternative would continue toward Madera along the east side of the UPRR south of Dry
Creek and remain on an elevated profile for 8.9 miles through Madera. After crossing over Cottonwood
Creek and Avenue 12, the HST alignment would transition to an at-grade profile and continue to be at-
grade until north of the San Joaquin River. After the San Joaquin River crossing, the HST alignment
would require realignment (a mostly westward shift) of Golden State Boulevard and of a portion of SR 99

to create right-of-way adjacent to the UPRR railroad that would
not preclude future expansion of these roadways. After crossing
the San Joaquin River, the alternative would rise over the UPRR
railway on an elevated guideway, supported by straddle bents,
before crossing over the existing Herndon Avenue and again
descending into an at-grade profile and continuing west of and
parallel to the UPRR right-of-way. After elevating to cross the
UPRR railway on the southern bank of the San Joaquin River,
south of Herndon Avenue, the alternative would transition from
an elevated to an at-grade profile. Traveling south from Golden
State Boulevard at-grade, the alternative would cross under the
reconstructed Ashlan Avenue and Clinton Avenue overhead
structures. Advancing south from Clinton Avenue between Clinton
Avenue and Belmont Avenue, the HST guideway would run at-
grade adjacent to the western boundary of the UPRR right-of-way
and then enter the HST station in Downtown Fresno. The HST
guideway would descend in a retained-cut to pass under the San
Joaquin Valley Railroad spur line and SR 180, transition back to
at-grade before Stanislaus Street, and continue to be at-grade
into the station. As part of a station design option, Tulare Street
would become either an overpass or undercrossing at the station.

2.2.1.2 Wye Design Options

The following text describes the wye connection from the San
Jose to Merced Section to the Merced to Fresno Section. There
are two variations of the Ave 24 Wye for the UPRR/SR 99
Alternative because of the West Chowchilla design option. The

What is a “Wye”?

The word “wye” refers to the “Y”-like
formation that is created where train tracks
branch off the mainline to continue in
different directions. The transition to a wye
requires splitting two tracks into four tracks
that cross over one another before the wye
‘legs” can diverge in opposite directions to
allow bidirectional travel. For the Merced to
Fresno Section of the HST System, the two
tracks traveling east-west from the San
Jose to Merced Section must become four
tracks—a set of two tracks branching to the
north and a set of two tracks branching to
the south.

Northbound

Transition
Tracks
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Ave 21 Wye does not connect to the West Chowchilla
design option and therefore does not have a variation.

Ave 24 Wye

The Ave 24 Wye design option would travel along the
south side of eastbound Avenue 24 toward the

UPRR/SR 99 Alternative and would begin diverging onto
two sets of tracks west of Road 11 and west of the City of
Chowchilla. Under the East Chowchilla design option, the
northbound set of tracks would travel northeast across
Road 12, joining the UPRR/SR 99 north-south alignment
on the west side of the UPRR right-of-way just north of
Sandy Mush Road. Under the West Chowchilla design
option, the northbound set of tracks would travel
northeast across Road 12 and would join the UPRR/SR 99
north-south alignment just south of Avenue 26. The
southbound HST guideway would continue east along
Avenue 24, turning south near SR 233 southeast of
Chowchilla, crossing SR 99 and the UPRR railway to
connect to the UPRR/SR 99 Alternative north-south

alignment on the east side of the UPRR near Avenue 21Y-.

Under the West Chowchilla design option, the southbound
tracks would turn south near Road 16 south of Chowchilla,
crossing SR 99 and the UPRR to connect to the UPRR/SR
99 north-south alignment on the east side of the UPRR
adjacent to the city limits of Fairmead.

Figure 2-2a shows the wye alignment for the East
Chowchilla design option and Figure 2-2b shows the
alignment for the West Chowchilla design option.
Together, the figures illustrate the difference in the wye
triangle formation for each design option connection. The
north-south alignment of the West Chowchilla design

UPRR/SR 99 Alternative
East Chowchilla Design Option
— Al-Grade === Elevated

Connecting Wye (Ave 24)
At-Grade Elevated

.
&

4-Tracks Area (Turnouts
with Elevated Crossover)
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2 ‘airmead

N

N

(a) Ave 24 Wye with the East Chowchilla
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with Elevated Crossover)
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66°4S/HYdN

Ave 24 Wye
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(b) Ave 24 Wye with the West Chowchilla
Design Option

Figure 2-2aand b
Ave 24 Wye and Chowchilla Design
Options

option between Merced and Fresno diverges along Avenue 24 onto Road 12, on the north branch of the
wye, allowing the HST alternative to avoid traveling through Chowchilla and to avoid constraining the city

within the wye triangle.

Ave 21 Wye

The Ave 21 Wye would travel along the north side of Avenue 21. Just west of Road 16, the HST tracks
would diverge north and south to connect to the UPRR/SR 99 Alternative, with the north leg of the wye
joining the north-south alignment at Avenue 23%2 and the south leg at Avenue 1975.

2.2.1.3 HST Stations

The Downtown Merced and Downtown Fresno station areas would each occupy several blocks, to include
station plazas, drop-offs, a multimodal transit center, and parking structures. The areas would include the
station platform and associated building and access structure, as well as lengths of platform tracks to
accommaodate local and express service at the stations. As currently proposed, both the Downtown
Merced and Downtown Fresno stations would be at-grade, including all trackway and platforms,
passenger services and concessions, and back-of-house functions.

Downtown Merced Station

The Downtown Merced Station would be between Martin Luther King Jr. Way to the northwest and
G Street to the southeast. The station would be accessible from both sides of the UPRR, but the primary
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station house would front 16th Street. The major access points from SR 99 include V Street, R Street,
Martin Luther King Jr. Way, and G Street. Primary access to the parking facility would be from West 15th
Street and West 14th Street, just one block east of SR 99. The closest access to the parking facility from
the SR 99 freeway would be R Street, which has a full interchange with the freeway. The site proposal
includes a parking structure that would have the potential for up to 6 levels with a capacity of
approximately 2,250 cars and an approximate height of 50 feet.

Downtown Fresno Station Alternatives

There are two station alternatives under consideration in Fresno: the Mariposa Street Station Alternative
and the Kern Street Station Alternative. The Authority and FRA have identified Mariposa Street Station as
their preferred alternative.

Mariposa Street Station Alternative (Preferred Alternative)

The Mariposa Street Station Alternative is located in Downtown Fresno, less than 0.5 mile east of SR 99.
The station would be centered on Mariposa Street and bordered by Fresno Street on the north, Tulare
Street on the south, H Street on the east, and G Street on the west. The station building would be
approximately 75,000 square feet, with @ maximum height of approximately 60 feet. The two-level
station would be at-grade, with passenger access provided both east and west of the HST guideway and
the UPRR tracks, which would run parallel with one another adjacent to the station. Entrances would be
located at both G and H Streets. The eastern entrance would be at the intersection of H Street and
Mariposa Street, with platform access provided via the pedestrian overcrossing. The main western
entrance would be located at G Street and Mariposa Street.

The majority of station facilities would be located east of the UPRR tracks. The station and associated
facilities would occupy approximately 18.5 acres, including 13 acres dedicated to the station, bus transit
center, surface parking lots, and kiss-and-ride accommodations. A new intermodal facility would be
included in the station footprint on the parcel bordered by Fresno Street to the north, Mariposa Street to
the south, Broadway Street to the east, and H Street to the west. The site proposal includes the potential
for up to 3 parking structures occupying a total of 5.5 acres. Two of the three potential parking structures
would each sit on 2 acres, and each would have a capacity of approximately 1,500 cars. The third parking
structure would have a slightly smaller footprint (1.5 acres), with 5 levels and a capacity of approximately
1,100 cars. Surface parking lots would provide approximately 300 additional parking spaces.

Kern Street Station Alternative

The Kern Street Station Alternative for the HST station would also be in Downtown Fresno and would be
centered on Kern Street between Tulare Street and Inyo Street. This station would include the same
components and acreage as the Mariposa Street Station Alternative, but the station would not encroach
on the historic Southern Pacific Railroad depot just north of Tulare Street and would not require
relocation of existing Greyhound facilities. Two of the 3 potential parking structures would each sit on 2
acres and each would have a capacity of approximately 1,500 cars. The third structure would have a
slightly smaller footprint (1.5 acres) and a capacity of approximately 1,100 cars. Like the Mariposa Street
Station Alternative, the majority of station facilities under the Kern Street Station Alternative would be
east of the HST tracks.

2.2.2 BNSF Alternative

This section describes the BNSF Alternative, including the Le Grand design options and wyes. It does not
include a discussion of the HST stations, because the station descriptions are identical for each of the
three HST alignment alternatives.

2.2.2.1 North-South Alighment

The north-south alignment of the BNSF Alternative would begin at the proposed Downtown Merced
Station. This alternative would remain at-grade through Merced and would cross under SR 99 at the
south end of the city. Just south of the interchange at SR 99 and E Childs Avenue, the BNSF Alternative
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would cross over SR 99 and UPRR as it begins to curve to the east, crossing over the E Mission Avenue
interchange. It would then travel east to the vicinity of Le Grand, where it would turn south and travel
adjacent to the BNSF tracks.

To minimize impacts on the natural environment and the community of Le Grand, the project design
includes four design options:

¢ Mission Ave design option: This design option would turn east to travel along the north side of
Mission Avenue at Le Grand and then would elevate through Le Grand adjacent to and along the
west side of the BNSF corridor.

¢ Mission Ave East of Le Grand design option: This design option would vary from the Mission
Ave design option by traveling approximately 1 mile farther east before turning southeast to cross
Santa Fe Avenue and the BNSF tracks south of Mission Avenue. The HST alignment would parallel the
BNSF for a half-mile to the east, avoiding the urban limits of Le Grand. This design option would
cross Santa Fe Avenue and the BNSF railroad again approximately one-half mile north of Marguerite
Road and would continue adjacent to the west side of the BNSF corridor.

e Mariposa Way design option: This design option would travel 1 mile farther than the Mission Ave
design option before crossing SR 99 near Vassar Road and turning east toward Le Grand along the
south side of Mariposa Way. East of Simonson Road, the HST alignment would turn to the southeast.
Just prior to Savana Road in Le Grand, the HST alignment would transition from at-grade to elevated
to pass through Le Grand on a 1.7-mile-long guideway adjacent to and along the west side of the
BNSF corridor.

¢ Mariposa Way East of Le Grand design option: This design option would vary from the Mariposa
Way design option by traveling approximately 1 mile farther east before turning southeast to cross
Santa Fe Avenue and the BNSF tracks less than one-half mile south of Mariposa Way. The HST
alignment would parallel the BNSF to the east of the railway for a half-mile, avoiding the urban limits
of Le Grand. This design option would cross Santa Fe Avenue and the BNSF again approximately a
half-mile north of Marguerite Road and would continue adjacent to the west side of the BNSF
corridor.

Continuing southeast along the west side of BNSF, the BNSF Alternative would begin to curve just before
Plainsburg Road through a predominantly rural and agricultural area. One mile south of Le Grand, the
HST alignment would cross Deadman and Dutchman creeks. The alignment would deviate from the BNSF
corridor just southeast of S White Rock Road, where it would remain at-grade for another 7 miles, except
at the bridge crossings, and would continue on the west side of the BNSF corridor through the
community of Sharon. The HST alignment would continue at-grade through the community of Kismet
until crossing at Dry Creek. The BNSF Alternative would then continue at-grade through agricultural areas
along the west side of the BNSF corridor through the community of Madera Acres north of the City of
Madera; in the vicinity of Madera Acres, the HST Project would provide a grade separation of Road 26
and Road 28, which would cross over both the existing BNSF tracks and the new HST guideway. South of
Avenue 15 east of Madera, the alignment would transition toward the UPRR corridor, following the east
side of the UPRR corridor near Avenue 9 south of Madera, then continuing along nearly the same route
as the UPRR/SR 99 Alternative over the San Joaquin River to enter the community of Herndon. After
crossing the San Joaquin River, the alignment would be the same as for the UPRR/SR 99 Alternative

2.2.2.2 Wye Design Options

The Ave 24 Wye and the Ave 21 Wye would be the same as described for the UPRR/SR 99 Alternative
(East Chowchilla design option), except as noted below.

Ave 24 Wye

As with the UPRR/SR 99 Alternative, the Ave 24 Wye would follow along the south side of Avenue 24 and
would begin diverging into two sets of tracks (i.e., four tracks) beginning west of Road 17. Two tracks
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would travel north near Road 202, where they would join the north-south alignment of the BNSF
Alternative on the west side of the BNSF corridor near Avenue 26%2. The two southbound tracks would
join the BNSF Alternative on the west side of the BNSF corridor south of Avenue 21.

Ave 21 Wye

As with the UPRR/SR 99 Alternative, the Ave 21 Wye would travel along the north side of Avenue 21.
Two tracks would diverge, turning north and south to connect to the north-south alignment of the BNSF
Alternative just west of Road 21. The north leg of the wye would join the north-south alignment just
south of Avenue 24 and the south leg would join the north-south alignment just east of Frontage
Road/Road 26 north of the community of Madera Acres.

2.2.3 Hybrid Alternative (Preferred Alternative)

This section describes the Hybrid Alternative, which generally follows the alignment of the UPRR/SR 99
Alternative in the north and the BNSF Alternative in the south. It does not include a discussion of the HST
stations because the station descriptions are identical for each of the three HST alternatives. The
Authority and FRA have identified the Hybrid Alternative as their preferred alternative.

2.2.3.1 North-South Alighment

From north to south, generally, the Hybrid Alternative would follow the UPRR/SR 99 alignment with either
the West Chowchilla design option with the Ave 24 Wye or the East Chowchilla design option with the
Ave 21 Wye. Approaching the Chowchilla city limits, the Hybrid Alternative would follow one of two
options:

¢ In conjunction with the Ave 24 Wye, the HST alignment would veer due south from Sandy Mush
Road along a curve and would continue at-grade for 4 miles parallel to and on the west side of
Road 1134. The Hybrid Alternative would then curve to a corridor on the south side of Avenue 24 and
would travel parallel for the next 4.3 miles. Along this curve, the southbound HST track would
become an elevated structure for approximately 9,000 feet to cross over the Ave 24 Wye connection
tracks and Ash Slough, while the northbound HST track would remain at-grade. Continuing east on
the south side of Avenue 24, the HST alignment would become identical to the Ave 24 Wye
connection for the BNSF Alternative and would follow the alignment of the BNSF Alternative until
Madera.

e In conjunction with the Ave 21 Wye connection, the HST alignment would transition from the west
side of UPRR and SR 99 to an elevated structure as it crosses the UPRR and N Chowchilla Boulevard
just north of Avenue 27, continuing on an elevated structure along the west side of and parallel to
SR 99 away from the UPRR corridor while it crosses Berenda Slough. Toward the south side of
Chowchilla, the alignment (with the Ave 21 Wye) would cross over SR 99 north of the SR 99/SR 152
interchange near Avenue 237> south of Chowchilla. It would continue to follow along the east side of
SR 99 until reaching Avenue 21, where it would curve east and run parallel to Avenue 21, briefly. The
alignment would then follow a path similar to the Ave 21 Wye connection for the BNSF Alternative,
but with a tighter 220 mph curve. The alternative would then follow the BNSF Alternative alignment
until Madera.

Through Madera and until reaching the San Joaquin River, the Hybrid Alternative is the same as the BNSF
Alternative. Once crossing the San Joaquin River, the alignment of the Hybrid Alternative becomes the
same as for the UPRR/SR 99 Alternative, including the westward realignments of Golden State Boulevard
and SR 99.

2.2.3.2 Wye Design Options

The wye connections for the Hybrid Alternative follow Avenue 24 and Avenue 21, similar to those of the
UPRR/SR 99 and BNSF alternatives.
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Ave 24 Wye

The Ave 24 Wye is the same as the combination of the UPRR/SR 99 Alternative with the West Chowchilla
design option, and the Ave 24 Wye for the BNSF Alternative.

Ave 21 Wye

The Ave 21 Wye is similar to the combination of the UPRR/SR 99 Alternative with the Ave 21 Wye on the
northbound leg and the BNSF Alternative with the Ave 21 Wye on the southbound leg. However, the
south leg under the Hybrid Alternative would follow a tighter, 220 mph curve than the BNSF Alternative,
which follows a 250 mph curve.

2.2.4 Heavy Maintenance Facility Alternatives

The Authority is studying five HMF sites (see Figure 2-1) within the Merced to Fresno Section, one of
which may be selected. (The sponsor of the Harris-DeJager site withdrew its proposal from the
Authority’s consideration of potential HMF sites [Kopshever 2011]. However, to remain consistent with
previous analysis and provide a basis of comparison among the HMFs, evaluation of the site continues in
this document.)

¢ Castle Commerce Center HMF site — A 370-acre site located 6 miles northwest of Merced, at the
former Castle Air Force Base in northern unincorporated Merced County. It is adjacent to and on the
east side of the BNSF mainline, 1.75 miles south of the UPRR mainline, off of Santa Fe Drive and
Shuttle Road, 2.75 miles from the existing SR 99 interchange. The Castle Commerce Center HMF
would be accessible by all HST alternatives.

e Harris-DeJager HMF site (withdrawn from consideration) — A 401-acre site located north of
Chowchilla adjacent to and on the west side of the UPRR corridor, along S Vista Road and near the
SR 99 interchange under construction. The Harris-DeJager HMF would be accessible by the UPRR/SR
99 and Hybrid alternatives if coming from the Ave 21 Wye and the UPRR/SR 99 Alternative with the
East Chowchilla design option and the Ave 24 Wye.

¢ Fagundes HMF site — A 231-acre site, located 3 miles southwest of Chowchilla on the north side of
SR 152, between Road 11 and Road 12. This HMF would be accessible by all HST alternatives with
the Ave 24 Wye.

¢ Gordon-Shaw HMF site — A 364-acre site adjacent to and on the east side of the UPRR corridor,
extending from north of Berenda Boulevard to Avenue 19. The Gordon-Shaw HMF would be
accessible from the UPRR/SR 99 Alternative.

¢ Kojima Development HMF site — A 392-acre site on the west side of the BNSF corridor east of
Chowchilla, located along Santa Fe Drive and Robertson Boulevard (Avenue 26). The Kojima
Development HMF would be accessible by the BNSF Alternative with the Ave 21 Wye.
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3.0 Applicable Regulations, Requirements
and Design Criteria

This section provides an overview of federal, state, and local regulations that pertain to HST floodplain
encroachments and waterbody crossings. This section also presents the project design criteria applicable
to waterbody crossings.

3.1 Applicable Regulations

A complex set of federal, state, and local regulations govern floodplain and waterbody crossings in the
study area. This section discusses these regulations and associated project review processes. This
technical report does not discuss stormwater, groundwater, water quality, or other broader water
resource regulations governing the project. Stormwater regulations are addressed in the Stormwater
Data Report (Authority and Federal Railroad Administration [FRA] 2011a) and the Stormwater
Management Plan (Authority and FRA 2011b).

3.1.1 Federal Regulations
3.1.1.1 Rivers and Harbors Act

Protection of Improvements to Navigable Waters (Title 33 Section 10 of U.S.C Section 401)

Section 10 of the Rivers and Harbors Act (Title 33 United States Code [U.S.C.] Section 401), administered
by the U.S. Army Corps of Engineers (USACE), requires permits for all structures constructed in navigable
waters of the United States including pilings, docks, and bridges. Excavation or fill activities such as
dredging and placement of fill or riprap in the waterways also require permits. Navigable waters include
waters that are subject to the ebb and flow of the tide and rivers used as a means of interstate transport
or foreign commerce. USACE grants or denies permits based on the impacts on navigation. Section 404
of the Clean Water Act (CWA) also covers most of these activities (see below).

Use of Harbor or River Improvements (Title 33 U.S.C. Section 408)

Title 33 of the U.S.C. Section 408 defines the responsibilities of USACE for regulating modifications to
federal flood-control projects. Modifications, such as realignments, changes in flood capacity or structural
impacts to levees, require USACE approval via a Section 408 permit. Section 408 specifies the technical
and risk analyses that must be submitted to USACE by any non-federal sponsor of a project that may
adversely affect the capacity or structural integrity of a federal flood control facility. The types of
information required include detailed structural information, hydraulic data (e.g., water surface profiles),
and geotechnical evaluations (e.g., levee seepage and stability). A memorandum, Clarification Guidance
on the Policy and Procedural Guidance for the Approval of Modifications and Alterations of Corps of
Engineers Projects (USACE 2008), provides detailed information.

Local Flood Protection Works (Title 33 CFR Section 208.10)

Title 33 of the Code of Federal Regulations (CFR) Section 208.10 defines the responsibilities of USACE for
maintenance of flood channels, levees, and other flood protection features constructed by the federal
government. Section 208.10.a.5 defines the responsibility for assuring that projects or other
improvements are constructed in a manner that does not reduce the capacity or functionality of any
federal flood control project.

USACE approval may be granted under Section 208.10 for alternations or improvements that have little or
no impact on the authorized level of protection (capacity) and structural integrity of a federal flood
protection project. The Central Valley Flood Protection Board (CVFPB), which is part of the California
Department of Water Resources (DWR) (formerly the California Reclamation Board), administers

Section 208.10 in the Central Valley. CVFPB administers permits for encroachments on state and state—
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federal flood control projects. USACE provides a concurrent review of the technical aspects of
encroachment permit applications, and provides to CVFPB a list of technical requirements to satisfy
USACE responsibilities under Section 208.10.

3.1.1.2 Clean Water Act

Section 404 Permit for Fill Material in Waters and Wetlands

The CWA Section 404 regulates the discharge of dredged and fill materials into waters of the

United States, which include oceans, bays, rivers, streams, lakes, ponds, and wetlands. Emphasis is
placed on protection of water quality and conservation of marine and aquatic habitat. Projects are
encouraged to avoid impacts on waterbodies or to minimize impacts where a waterbody cannot be
avoided. Projects mitigate for lost habitat, typically by providing replacement habitat at a different
location. A 404 permit application must be submitted to USACE. Nationwide 404 permits exist for a large
number of activities that have been determined to cause generally minor impacts. A single application
typically covers the requirements of both Section 10 (Rivers and Harbors Act) and Section 404 (CWA).

Section 401 Clean Water Quality Certification

Under CWA Section 401, applicants for a federal license or permit to conduct activities that may result in
the discharge of a pollutant into waters of the United States must obtain certification from the state in
which the discharge would originate, or, if appropriate, from the interstate water pollution control agency
with jurisdiction over affected waters at the point where the discharge would originate. Therefore, all
projects that have a federal component and may affect the quality of state waters (including projects that
require federal agency approval, such as issuance of a Section 404 permit) must also comply with CWA
Section 401. Section 401 certification or waiver is under the jurisdiction of the applicable regional water
quality control board.

3.1.1.3 Executive Order 11988 — Floodplain Management (U.S. Department of
Transportation Order 5650.2)

Executive Order (EO) 11988 directs all federal agencies to (1) avoid to the extent practicable and feasible
all short-term and long-term adverse impacts associated with floodplain modification and (2) avoid direct
and indirect support of development within 100-year floodplains when there is a reasonable alternative.
Additional specific information must support projects that encroach on 100-year floodplains. The

U.S. Department of Transportation Order 5650.2, Floodpl/ain Management and Protection, prescribes
“policies and procedures for ensuring that proper consideration is given to the avoidance and mitigation
of adverse floodplain impacts in agency actions, planning programs and budget requests.” The order
does not apply to Zone C (areas of minimal flooding) as shown on Federal Emergency Management
Agency (FEMA) Flood Insurance Rate Maps (FIRMs). Environmental review documents should indicate
potential risks and impacts from proposed transportation facilities.

3.1.14 Flood Disaster Protection Act (Title 42 U.S.C. 4001 et seq.)

The purpose of the Flood Disaster Protection Act is to identify flood-prone areas and provide insurance.
The act requires the purchase of insurance for buildings in special flood-hazard areas. The act is
applicable to any federally assisted acquisition or construction project in an area identified as having
special flood hazards. Projects should avoid construction in, or develop a design to be consistent with,
FEMA-identified flood-hazard areas.

FEMA oversees the National Flood Insurance Program (NFIP). NFIP offers federally backed flood
insurance to homeowners, renters, and business owners in communities that choose to participate in the
program. Typically, each county has a flood insurance study (FIS). Within the study area, the latest FISs
include Merced County (FEMA 2008a), Madera County (FEMA 2008b), and Fresno County (FEMA 2009).

FEMA and participating communities work together to develop FIRMs. The FIRMs delineate flood hazard
zones. Flood hazard zones are areas inundated by the base flood, which has a 100-year recurrence
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interval (i.e., 1% chance of annual flooding and 26% chance of flooding over a 30-year period). Flood
hazard zones are further classified by the hydraulic modeling approach and the level of detail used in
delineating the base flood boundaries and elevation. Flood hazard zone classifications are defined in
Table 3-1, and indicated for stream crossings, by alignment, in Section 6 (refer to Tables 6-3

through 6-5.

Table 3-1
Flood Hazard Zones

Zone Description

A Areas with a 1% annual chance of flooding and a 26% chance of flooding over the life of a
30-year mortgage. Because detailed analyses are not performed for such areas, no depths or
BFEs are shown within these zones.

AE The base floodplain where BFEs are provided. AE zones are now used on new format FIRMs
instead of A1-A30 zones.

Al through A30 | These are known as numbered A zones (e.g., A7 or A14). This is the base floodplain where the
FIRM shows a BFE (old format).

AH Areas with a 1% annual chance of shallow flooding, usually in the form of a pond, with an
average depth ranging from 1 to 3 feet. These areas have a 26% chance of flooding over the life
of a 30-year mortgage. BFEs derived from detailed analyses are shown at selected intervals within
these zones.

AO River or stream flood hazard areas and areas with a 1% or greater chance of shallow flooding
each year, usually in the form of sheet flow, with an average depth ranging from 1 to 3 feet.
These areas have a 26% chance of flooding over the life of a 30-year mortgage. Average flood
depths derived from detailed analyses are shown within these zones.

AR Areas with a temporarily increased flood risk due to the building or restoration of a flood control
system (such as a levee or a dam). Mandatory flood insurance purchase requirements apply, but
rates do not exceed the rates for un-numbered A zones if the structure is built or restored in
compliance with zone AR floodplain management regulations.

A99 Areas with a 1% annual chance of flooding that will be protected by a federal flood control
system where construction has reached specified legal requirements. No depths or BFEs are
shown within these zones.

BFE = base flood elevation

In some reaches (zone AE), hydraulic modeling has been used to determine the inundation limits of the
base flood on the FIRM, and the FIRM shows within these limits the boundaries of a floodway. The
floodway is that portion of the 100-year floodplain in which, based on prior modeling, encroachment
cannot be extended without causing more than a 1-foot water surface elevation rise at any location.
Encroachments are excluded within the floodway unless modeling can demonstrate that the BFE will not
rise.

To be eligible for federally backed flood insurance, a community must participate in the NFIP.
Participating communities must adopt and enforce floodplain management ordinances (refer to

Section 3.1.3) that meet or exceed FEMA requirements for reducing the risk of future flood damage.
FEMA has set a minimum national standard, allowing no more than a 1-foot increase in BFEs (whether
mapped or not mapped) because of the cumulative impact of local development. The participating FEMA
communities in the study area are discussed later in this section. Each of those communities has adopted
the FEMA 1-foot-maximum-rise criteria.

If a project will substantially alter the extent or depth of the base flood, the project owner must submit
supporting documentation and modeling. If FEMA approves the development proposal, they issue a
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Conditional Letter of Map Revision. After construction is complete, as-built construction plans and
modeling are submitted to FEMA, and they issue a Letter of Map Revision, which officially updates the
FIRM.

3.1.2 State Regulations

3.1.2.1 Central Valley Flood Protection Board (California Code of Regulations Title
23, Division 1)

California Code of Regulations (CCR) Title 23 details regulatory authority for the CVFPB. In cooperation
with USACE, the CVFPB provides policy direction and coordination for the flood control efforts of state
and local agencies along the Sacramento and San Joaquin Rivers and their tributaries. CVFPB cooperates
with federal, state, and local government agencies in establishing, planning, constructing, operating, and
maintaining flood control works. By issuing permits for encroachments, CVFPB also exercises regulatory
authority to maintain the integrity of the existing flood control system and designated floodways.

CVFPB has mapped designated floodways along more than 60 streams and rivers in the Central Valley.
CVFPB designated floodways are different from FEMA floodways. CVFPB-designated floodways are within
the designated flood boundaries for the designated project flow rate and are similar in meaning to the
FEMA base flood boundaries shown on FIRMs. In addition to designated floodways, Table 8.1 in Title 23
CCR lists several hundred stream reaches and waterways as regulated streams. Projects that would
encroach on a designated floodway or regulated stream, or come within 10 feet of the toe of a state—
federal flood control structure (e.g., a levee), require an application (with an associated environmental
assessment questionnaire) for an encroachment permit.

Title 23 (Waters), Volume 32 of the CCR provides CVFPB regulations and detailed lists of standards that
must be met for an encroachment permit. USACE (at the district level) reviews encroachment permits to
monitor conformance with 33 CFR Section 208.10. Title 23 restricts CVFPB jurisdiction to crossings of an
adopted plan of flood control. Title 23 defines an adopted plan of flood control as a flood control or
reclamation strategy for a specific area that has been adopted by CVFPB or the California Legislature. The
term typically applies to the area between adopted flood boundaries, such as a designated floodway, the
channel and floodplain inundation area for a non-leveed state-federal flood control project, or the area
between the outer boundaries of state-federal flood-control project levees.

In 2011, CVFPB indicated that its jurisdiction is broader than that described in Title 23, and extends to all
tributaries and distributaries of the San Joaquin and Sacramento Rivers; and that all named tributaries
require an encroachment permit (Taras and Tice 2011). The CVFPB also indicated that all canals that
carry flood flows are now jurisdictional and require an encroachment permit (Taras 2011a). A new state
tool can be used to help identify canals with designated flood flows: http://gis.bam.water.ca.gov/bam/.

This inclusion of all named tributaries and flood-carrying canals as jurisdictional crossings is based on the
California Water Code Section 8710. Note that this expanded list of jurisdictional crossings is a recent
change to previous direction, and has not been fully formalized in writing by the CVFPB. At this time, the
final interpretation of which crossings require an encroachment permit is not known.

CVFPB reviews applications for an encroachment permit for completeness and works with the applicant to
ensure that all required application content is submitted (Taras 2010; Larson 2010). CVFPB provides a
copy of the application to USACE for concurrent review. In general, USACE focuses on technical
engineering requirements, such as hydraulic modeling, geotechnical studies, and performance
requirements to fulfill its obligations under Section 408 and Section 208.10 (refer to Section 3.1.1.1);
CVFPB focuses on environmental compliance and Title 23 standards to ensure compliance under the
California Environmental Quality Act (CEQA) and Title 23. USACE develops a list of requirements and
restrictions (e.g., maximum rise criteria demonstrated through hydraulic modeling), which append the
permit. CVFPB may also develop a list of requirements and restrictions for the permit and either issue the
permit with requirements and restrictions or deny the permit based on their collaborative review with
USACE.
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3.1.2.2 California Department of Fish and Game (California Code of Regulations
Sections 1601-1603 — Streambed Alteration)

The California Department of Fish and Game (CDFG) is responsible for, among other things, preserving
and protecting aquatic and marine habitats. Under Sections 1601-1603 of the California Fish and Game
Code, agencies are required to notify CDFG prior to implementing a project that would substantially
divert, obstruct, or change the natural flow of any river, stream, or lake. The project proponent must
notify CDFG about any action that would substantially alter the channel or streambed or deposit material
within the channel. The project proponent must submit a Notification of Lake or Streambed Alteration. If
CDFG determines that the project may adversely affect an existing fish and wildlife resource, they will
issue a Lake or Streambed Alteration Agreement that lists measures that adequately protect the resource.

3.1.2.3 Central Valley Flood Protection Act

DWR and CVFPB (which is part of DWR) are currently collaborating with local governments and planning
agencies to prepare and adopt the Central Valley Flood Protection Plan (CVFPP) by mid-2012.

The objective of CVFPP is to create a system-wide approach to flood management and protection
improvements in the Central Valley (Sacramento Valley and San Joaquin Valley).

The CVFPP is a requirement of the Central Valley Flood Protection Act of 2008, which establishes the
200-year flood event as the minimum level of flood protection in urban and urbanizing areas. An urban
area is any contiguous area in which more than 10,000 residents are protected by project levees (Public
Resources Code 5096.805), but DWR has not yet delineated the boundaries of either urban areas or
areas considered “urbanizing”. Applicable cities and counties must amend their general plans accordingly
within 24 months of the CVFPP adoption; zoning ordinances must be amended within 36 months.
Consequently, the 200-year flood event must be incorporated into city and county design standards by
January 1, 2015 for new residential and nonresidential construction within flood hazard zones. By 2025,
all urban areas protected by flood-control project levees must be protected from a 200-year flood event.

Under its FloodSAFE program, DWR is responsible for developing and making available maps for the
200-year floodplain (DWR 2008c). At this point, DWR has only released estimated boundaries for the new
200-year floodplain based on a preliminary study (DWR 2008d). CVFPB collaborates with cities and
counties to develop policies for implementing amended general plans.

3.1.3 Local Implementation of Federal and State Floodplain
Programs

All of the cities and counties in the study area participate in the NFIP (refer to Section 3.1.1). Merced,
Madera, and Fresno counties, and the cities of Merced and Fresno have adopted ordinances into their
respective municipal codes that implement the community requirements for NFIP participation. In
addition, Madera County flood-related ordinances address the cities of Madera and Chowchilla, and the
Community of Le Grand. Table 3-2 summarizes local ordinances with minimum floor elevation,
floodproofing, and floodway encroachment for new construction.

Table 3-2
Key Components of Local Flood Ordinances

Minimum Minimum
City or Municipal Elevation Elevation Nonresidential | Encroachment
County |Code Section| Residential Nonresidential | Floodproofing | into Floodways
Chapter 18.34  |Constructed above |All construction Allowed Allowed only if no
flood elevation below the flood increase occurs in
elevation to be flood elevation
floodproofed

Federal Railroad

High-Speed Rail Authority Administration
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Minimum Minimum
City or Municipal Elevation Elevation Nonresidential | Encroachment
County |Code Section| Residential Nonresidential | Floodproofing | into Floodways
City of Chapter 17.48 |Constructed above |Constructed above |Allowed Allowed only if no
Merced flood elevation flood elevation increase occurs in

flood elevation

Madera Title 14, Constructed above |Constructed above |Allowed Allowed only if no
County Chapter IV flood elevation flood elevation increase occurs in
flood elevation

City of See Merced

Madera County

Fresno Chapter 15.48 |Constructed Constructed Allowed Allowed only if no

County 12 inches above 6 inches above flood increase occurs in
flood elevation elevation flood elevation

City of Chapter 11.6 Constructed Constructed Allowed Allowed only if no

Fresno 6 inches above flood |6 inches above flood increase occurs in
elevation elevation flood elevation

In general, the finished floor elevation for nonresidential structures must be at or above the BFE.
However, the finished floor can be constructed below flood elevation if it is floodproofed. Floodproofing is
generally achieved if the structure is watertight, with walls substantially impermeable to the passage of
water. In addition, the structural components must be capable of resisting hydrostatic and hydrodynamic
loads and effects of buoyancy.

As indicated in the previous section, by the year 2015 DWR will require local ordinances to reflect a
higher standard in urban and urbanizing areas than required by FEMA, effectively requiring local
implementation of floodplain regulations for the 200-year base flood rather than the 100-year base flood
required by FEMA.

3.14 Location Hydraulic Studies

Chapter 804 of the Highway Design Manual (Caltrans 2009) addresses the topic of floodplains;
Section 804.7.2.e states that the results of /ocation hydraulic studies must be summarized in the
environmental document prepared for the project. A location hydraulic study is the preliminary
investigation of the degree of floodplain encroachment by a project (Caltrans 2009). The study must
address the following:

Flood risks associated with the project.

Impacts on natural and beneficial floodplain values.

Identification of probable incompatible floodplain development.

Measures to minimize floodplain impacts.

Measures to restore and preserve the natural and beneficial values affected by the project.
Evaluation of the practicality of alternatives to significant floodplain encroachment.

In the same document, a significant floodplain encroachment is determined by one or more of the
following:

e A significant potential for interruption or termination of a transportation facility that is an emergency
vehicle route or a community’s only evacuation route.

Federal Railroad

High-Speed Rail Authority Administration
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e A significant risk to life or property.
e A significant adverse impact on the natural and beneficial floodplain values.

Section 804.7 of the Highway Design Manual states that the location hydraulic studies can be
documented in a floodplain evaluation report attached to the project’s environmental documentation. The
timing of location hydraulic studies may depend in part on whether a state highway is being modified
under Caltrans jurisdiction. Caltrans is not a direct reviewing agency for this project except where the
project impacts state highways (such as SR 99); however, the California High-Speed Rail Authority
(Authority) has generally agreed to comply with Caltrans requirements and templates, when practical.

3.2 Hydraulic Design Criteria
3.2.1 General

The hydraulic basis of design can be broadly divided into the following categories; other regulations and
categories may also apply:

e Design flow

e Flood capacity

e Protection of flood control structures
e Channel stability and scour control

e Borrow and excavation

e Pipelines, conduits, and utility lines
o Access

e Seasonal construction restrictions

e Other studies

Various agencies have regulatory responsibility to review HST project designs to ensure they adequately
satisfy design requirements in these areas. Table 3-3 summarizes selected design requirements, and
Figure 3-1 illustrates the requirements. The following sections explain design requirements more fully,
including a sampling of design requirements in CCR Title 23. Title 23 should be reviewed for the full set
of requirements. In some cases, variances to the design standards may be granted for good cause.

Table 3-3
Summary of Selected Hydraulic Design Requirements

Local
Floodplain DWR
Design Ordinances | Urban | Irrigation
Consideration (FEMA) Areas Districts | Authority
1 Basis of Minimum Project or Project or | 100-year 200-year® | Design 100-year or
design flow Authorized | Updated® max

regulatory

2 Minimum residual 3.0 3.0 - - 1.0to 2.0 2.0 or max

freeboard (ft) regulatory

Federal Railroad

High-Speed Rail Authority Administration
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Local
Floodplain DWR
Design Ordinances | Urban | Irrigation
Consideration USACE CVFPB (FEMA) Areas Districts | Authority
3 Minimum clearance Negotiable: -- -- -- Negotiable: --
above embankment 0 to 18 ft; 0 to 16+ ft
(ft) see Note ¢
4 Minimum setback 10to 20 or 10+ -- -- Right-of-way 15
from embankment Zero; see
toe (ft) Note d
5 Minimum clearance -- -- -- -- 8 --

above bottom of
channel (ft)

6 Maximum flood water 0.1 0.1 1.0; 0.0 in 1.0 - -
surface rise (ft) floodway

7 Minimum crossing Consult Consult -- -- 30 --
turnaround width (ft)® Agency Agency

8 Detour distance Consult Consult -- -- 2.0 --
requiring through Agency Agency
access (miles)’

9 Flood season -- Yes -- -- Yes --
construction
restrictions

Notes:

@ CVFPB has recently indicated that it expects updated hydrology for design flows, rather than original, authorized flood-control
project design flows.

b Effective 2015 in urban and urbanizing areas. Timing may depend on completion of studies by DWR and USACE.

¢ The USACE originally indicated that 18 feet of clearance would be required above federal project levees. More recently, they have
suggested that zero clearance (to eliminate all maintenance needs) or around 6 feet of clearance (to allow human access during
inspection and maintenance) may be adequate in some situations (USACE 2011). Final requirements remain unresolved, and subject
to negotiation between USACE, the CVFPB, the local levee maintenance agency and design consultants.

4 However, the USACE and CVFPB recently suggested that it may be preferable to armor the crossed section of levee or replace it
with a concrete abutment and completely fill in behind the levee to form a solid, armored levee abutment. This is not settled, and
remains subject to negotiation and final determination (USACE 2011).

¢ See Figure 3-1.

fIf a detour exceeding a certain distance is required to access an irrigation channel on the other side of the HST Project barrier, a
through-access, such as a tunnel, should be provided to allow a ditch rider to access the other side directly.

Federal Railroad

High-Speed Rail Authority Administration
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(Negotiable)

Right-of-Way
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e | e
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+ Access ———————————
Tunnel
At-Grade Canal Culvert/Bridge
Plan View — Turn-Around
Figure 3-1

Representative Minimum Design Dimensions at Crossings

(Clearance Requirements at Elevated Crossings are Under Negotiation and May be Reduced.)

This section provides a sample of Title 23 requirements. Title 23 should be reviewed for the full list of
requirements. In some cases, variances to the design standards may be granted for good cause.

Floodplain design requirements are intended to prevent the following outcomes (Title 23, Section 15):

Directly or indirectly jeopardize the physical integrity of levees or other works.

Obstruct, divert, redirect, or raise the surface level of design floods or flows, or the lesser flows for
which protection is provided.

Cause significant adverse changes in water velocity or flow regime.
Impair the inspection of floodways or project works.
Interfere with the maintenance of floodways or project works.

Interfere with the ability to engage in flood fighting, patrolling, or other flood emergency activities.
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e Increase the damaging effects of flood flows.

e Be injurious to or interfere with the successful execution, functioning, or operation of adopted plans
of flood control.

3.2.2 Design Flow

If an adopted plan of flood control includes a state—federal flood control project, CVFPB, USACE, and
FEMA all have jurisdiction (refer to Section 3.1). The minimum required design flow depends on the type
of crossing and the regulation under consideration. When more than one regulatory or project flow rate
pertains, the largest design flow rate for the crossing should be used. Section 6, Tables 6-3 through 6-5
list applicable design flow rates for each crossing. The categories of flow rates that require consideration
include the following:

o State-federal flood control project authorized flow rate — This flow rate is project specific and
fixed by the original authorizing legislation. This authorized project flow rate can have any return
period, although it is typically based on the calculated 100-year flow rate at the time the project is
authorized. Alternative or updated calculations of the 100-year flow rate, such as those by FEMA, do
not alter the state—federal flood control project authorized flow rate.

e However, recent communication by the CVFPB has suggested that, regardless of what the official
project flow rate is, original hydrology should be developed to establish a new design flow rate
consistent with current and projected future hydrologic conditions (Taras 2011a). In general,
legislated project flow rates are 40 or more years old.

e FEMA 100-year base flood — The FEMA base flood is the peak 100-year flow rate. This 100-year
flow rate can change over time as the watershed is developed, additional hydrologic information
becomes available, and hydrologic models are updated. When available, the approved base flood flow
rate is defined in the most recent FIS; however, on smaller or rural waterways, the base flood flow
rate may not have been determined previously.

e 200-year base flood — Beginning in 2015, DWR will require municipal floodplain ordinances for
urban and urbanizing areas (refer to Sections 3.1.2 and 4.1.2) to manage to the 200-year base flood,
rather than the current, standard FEMA base flood. Urban and urbanizing areas in the Merced to
Fresno Section that exceed a population of 10,000 include Atwater, Merced, Chowchilla, Madera, and
Fresno in the Merced to Fresno Section.

e Canal design flows - Irrigation canals and natural waterways between Merced and Fresno typically
convey irrigation water and municipal stormwater pumped from detention basins. The natural
waterways also transport watershed runoff and floodwater from upstream impoundments. Frequent
diversions and interconnections complicate tracking of the source of these waters. In most cases,
irrigation districts can refuse to accept stormwater in their system of canals and ditches after those
features reach their design capacity. Therefore, the listed design flows for the irrigation channels are
adequate for both normal peak operations and flood conditions.

o Best new hydrology — Notwithstanding authorized project flow rates, recent communication by the
CVFPB has suggested that original hydrology should be developed to establish a new design flow rate
consistent with current and projected future hydrologic conditions (Taras 2011b).

e Authority project minimum design flood — The Authority has selected minimum design flood
freeboard and return-period objectives for natural waterway crossings based on goals to protect the
high-value HST facilities from flood-induced closures, delays or damage. Technical Memorandum
2.6.5 Hydraulics and Hydrology Design Guidelines (TM 2.6.5; Parsons Brinkerhoff 2011) summarizes
current project design standards.

o Design flow — The highest applicable flow rate from this bullet list, determined on a case-by-case
basis for each waterbody crossing.
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3.2.3 Maximum Rise and Minimum Freeboard

The minimum flood capacity at waterbody crossings must accommodate the design flow while
maintaining the required freeboard and not exceeding maximum rise criteria for the water surface
elevation (WSE). Freeboard is intended to allow floating debris to pass without forming a blockage or
debris dam, and to accommodate potential waves and hydrologic and hydraulic uncertainty. The specific
hydraulic criteria depend on the crossing classification and the regulation under consideration. Section 6,
Tables 6-6, 6-7, and 6-8 list applicable waterway classifications for each crossing. When more than one
set of regulatory criteria applies, the most stringent criteria should be used for design. Flood capacity
criteria for design include the following:

o State-federal flood control projects — The required freeboard between the design floodplain
WSE and the lowest member of a bridge is normally 3 feet (CCR Title 23, Sect. 128.a.10.A), but can
be reduced to 2 feet at trivial creeks where debris issues are minimal. Where the bridge crosses a
levee, 4 feet of freeboard is normally required because (a) the normal 3 feet minimum freeboard to
the top of a levee must be increased by 1 foot “within 100 feet of a bridge” unless there is an
approved risk-based analysis (Section 120.a33.A), and (b) there must be “no depression in the crown
of the levee” (Sect. 128.a.17).

e Where a levee is a state-federal flood control project levee, USACE should be consulted for required
clearance above the levee itself. Preliminary guidance was 18 feet required clearance above the
levee, but subsequent direction has indicated that zero clearance, 6 feet of clearance, or other
clearance metrics may be acceptable on a case-by-case basis.

e USACE requires that flow restrictions from the encroachment of piers, culverts, abutments, or other
project elements cause no more than a 0.1-foot rise in the project flood water-surface elevation at
any location. Exceptions to these requirements would likely require a Section 408 permit (refer to
Section 3.1.1.1).

¢ Floodplain boundaries — CVFPB, USACE, FEMA, DWR and other parties have mapped floodplain
boundaries using best-available information, but in many cases mapped boundaries are approximate,
without actual WSEs. If WSEs are not provided, hydraulic modeling is generally required to determine
WSEs and final areas of inundation. Hydraulic modeling is also required to assess incremental rise
impacts resulting from the project.

¢ CVFPB-designated floodway versus regulated stream — In the case of a CVFPB-designated floodway,
the project flood elevation is determined by hydraulic modeling, and the inundation limits are defined
on flood encroachment maps (refer to Figures 4-1 and 4-2). In the case of CVFPB regulated streams
without a designated floodway, CVFPB previously indicated that the project WSE is assumed to be at
or below the top of the channel (no floodplain flow). Modeling would be required to demonstrate an
elevation lower than the top of the streambank. More recent direction requested original hydrology
and hydraulic models (Taras 2011a).

e FEMA regulatory floodplain — The FEMA regulatory floodplain is defined by the inundation limits of
the base flood (100-year flood). It is similar in concept to the CVFPB-designated floodway, but it is
based on FEMA's accepted estimate of the current 100-year flood, which may differ from the project
floods legislated or required for CVFPB flood control projects. Section 4 provides the width of the
FEMA regulatory floodplains for the UPRR/SR 99, BNSF, and Hybrid alignments, respectively (refer to
Tables 4-1, 4-2, and 4-3); Figures 4-1 and 4-2 show each crossing.

e At most locations in the study area, the elevation of the FEMA base flood has not been established
and should be determined through hydraulic modeling. Section 6 provides the status of the FEMA
regulatory floodplain for each crossing (refer to Tables 6-3 through 6-5).

e FEMA requires restricting floodplain encroachments such that they do not cause more than a 1-foot
rise in the BFE over existing conditions at any location. Counties and cities administer the FEMA
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floodplain management program through local floodplain ordinances. In some cases, a local
floodplain ordinance may be more restrictive than required by FEMA; however, for floodplains in the
Merced to Fresno Section, local floodplain ordinances are consistent with the FEMA 1-foot-rise
criteria.

e FEMA floodway — A zero rise criterion applies to FEMA floodways where they have been mapped.
The FEMA floodway is different from a CVFPB designated floodway. As previously stated, the CVFPB
floodway is the entire floodplain inundated by the project flood. In contrast, the FEMA floodway is
that portion of the FEMA regulatory floodplain that must generally remain free from encroachment to
prevent exceedance of the 1-foot-rise criterion if the remaining portions of the floodplain are
developed. The zero rise criterion within the floodway is to prevent the cumulative effects of multiple
projects from eventually resulting in more than a 1-foot rise in the base flood.

e FEMA floodways are not delineated for most waterways, but when present, they provide a potential
guide for allowable encroachment in the absence of modeling or more stringent restrictions.
Appendix A includes the width of the FEMA floodway for locations that have been modeled for FEMA.

¢ 200-year floodplain — As previously indicated, the 200-year floodplain will replace the FEMA
100-year floodplain as the regulatory standard by 2015 in urban and urbanizing areas. The
preliminary 200-year floodplain has been mapped under the direction of DWR and is shown on
Figures 4-1 and 4-2. Section 4 provides the width of the 200-year floodplains (refer to Tables 4-1, 4-
2, and 4-3).

o Irrigation canals - Irrigation districts along the alignment require between 1 and 2 feet of
freeboard for bridges and box culverts. If a canal is also regulated for flood control by CVFPB, a
minimum of 2 feet of freeboard may be required, under the assumption that the debris load will be
limited. If the crossing design causes a rise in the canal WSE, a minimum of 1 foot of freeboard
should be provided along the length of the canal. In addition, a minimum of 8 feet of vertical
clearance is required from the bottom of the canal to allow for maintenance access for bridges. The
section of canal that passes under the HST right-of-way should be concrete-lined to minimize
maintenance requirements.

3.24 Other Requirements

¢ Piped conveyance - Irrigation conveyance should be piped under the HST right-of-way for smaller
design flows (typically less than 100 cubic feet per second [cfs]) and in a trapezoidal open canal
when flows are larger. The exact design flow cutoff for piped conveyance should be discussed with
the irrigation districts for each crossing. Based on preliminary discussions with the irrigation districts,
they generally consider the minimum practical pipe size for inspection and maintenance to be
42 inches, and they generally prefer a minimum pipe size of 48 inches where a pipe would pass
under the HST alignment and surface access for pipe replacement would be limited. Where surface
access may be retained and irrigation ditches are relatively small (for example, where the permanent
project footprint provides a new access road to a farmer’s field and the new access road crosses a
small irrigation ditch), culverts smaller than 42 inches may suffice. Also, a siphon pipe beneath the
track could potentially be downsized if design velocities would result in excessive sediment deposition
within the pipe.

e Bridges (Title 23) — Some sample regulations from Title 23 that pertain to bridges include the
following:

e Bridge piers and bents within the floodway must be constructed parallel to the direction of
streamflow, and if widening a portion of an existing bridge, constructed in line with existing bents
and piers.

e Drainage from a bridge may not be discharged onto a levee section or streambank.
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e All construction facilities (such as temporary staging, cofferdams, and falsework) must be designed to
prevent bank erosion during normal flows and to maintain maximum channel capacity during the
flood season. If construction facilities remain in a floodway during flood season, plans must be
submitted to CVFPB for approval prior to installation.

e Bridge replacements and new bridges shall be built at an elevation so that there is no depression in
the crown of the levee.

e Locate abutments such that they minimize channel constrictions.
e Design for proper scour depth.

e Access must be provided to maintain the bridge site free of accumulated debris.

3.2.5 Flood Control Structures
3.2.5.1 Culverts

Culvert inlets and outlets should be protected at crossings. Wing walls, riprap, or similar protection should
be placed to protect the guideway embankment and outlet channel from possible erosion. The culvert
design must meet hydraulic conveyance requirements, provide for collection of trash via a trash rack or
adequate capacity to pass the anticipated debris, and have adequate room for inspection and
maintenance when dry. When irrigation flows or runoff cannot be conveyed by a culvert pipe, open box
culverts or a bridge are required.

3.2.5.2 Clearance and Offset from Levees and Embankments

When crossing an existing flood control structure, such as a levee, there are minimum requirements for
vertical clearance, horizontal setback, and access. The specific requirements depend on whether the
structure is part of a state-federal flood control project (i.e., a project levee) or part of a local or
irrigation improvement, such as a canal embankment (i.e., @ non-project levee). Appendix A identifies
crossings over project and non-project levees. The only project levee crossed by the HST alternatives is
the Owens Creek Diversion Canal (Waterbody Crossings #1126 and #1156 under the BNSF Alternative;
refer to Figure 5-1). Clearance requirements for crossings at structures include the following:

o State-federal flood control project structures — If a bridge spans a state-federal flood control
project structure, such as a levee, USACE originally stated that they require a minimum 18-foot
clearance above the levee to provide access for emergency and maintenance equipment. After
investigating further, and discussing challenges by the CVFPB, the USACE has determined that the
18-foot clearance requirement pertained to powerlines and that a lower clearance may be negotiated
in some cases. Final requirements remain under discussion and subject to ongoing negotiations
(USACE 2011). Piers or abutments must be set back a minimum of 10 feet from the outer levee toe
and up to 20 feet in some cases (Title 23). A 15-foot setback is recommended in most cases so that
clearance requirements are adequately satisfied. Recently, the USACE clarified that instead of a
setback, the levee could be hardened or replaced to minimize maintenance concerns, and the area
completely filled in behind the hardened levee section (USACE 2011). Exceptions to these
requirements would likely require a Section 408 permit (refer to Section 3.1.1.1). The HST project
design intends to minimize impacts on flood control projects and thereby allow permitting under
Section 208.10 (i.e., CVFBP Encroachment Permit) without a Section 408 permit.

¢ Non-project levees — CVFPB does not have a minimum clearance requirement above levees;
therefore, the minimum clearance above non-project levees is generally 3 feet above the design
WSE, with the caveats that (1) the bridge soffit must be high enough to avoid depression of the levee
crown (refer to Section 3.2.3) and (2) local levee maintenance agency requirements for maintenance
access are satisfied. Clearance requirements at each crossing should be evaluated, with input from
local levee maintenance agencies and adjacent landowners. Because a clearance requirement for
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operation o maintenance equipment is typically only practical where the HST guideway is elevated,
there is an alternative at-grade approach (refer to the last bullet below).

o Irrigation canals and non-regulated streams - Irrigation districts along the alignment have
variously indicated that they require between 1 and 2 feet of clearance for bridges or culverts above
open channels. Where there are levee-like channel embankments at an open-channel crossing, the
irrigation districts prefer that piers be set back to the legal right-of-way beyond the outer
embankment toe. This distance varies by irrigation district and location. For elevated crossings,
vertical clearance of the canal embankment generally should be treated as a non-project levee and
exceed 16 feet.

¢ At-grade approach to non-project levees and canals — As an alternative to spanning the levee
with full clearance, which is typically practical only if the HST is already elevated, a spanned section
of a non-project levee may be replaced with a low-maintenance, at-grade structure, such as a
concrete box culvert or concrete bridge abutment. Integration of the existing levee embankment and
engineered structural crossing should be properly designed to prevent levee failure or maintenance
issues and satisfy requirements of the local levee maintenance agency. Use or design of an at-grade
crossing of a state—federal flood control project levee should be negotiated with USACE to avoid
triggering the need for a Section 408 permit.

The preliminary list of requirements is under consideration by the irrigation districts.
3.2.6 Channel Stability and Scour Control

Erosion control may be required on the channel banks or levee slopes upstream and downstream from a
proposed bridge to stabilize channel banks and bridge piers. Scour requirements defined in Title 23
include the following:

e Quarry stone, cobblestone, or their equivalent may be used for erosion control along rivers and
streams if the materials meet the gradations specified in Table 3-4. Channel protection must include
natural measures such as vegetation plantings.

Table 3-4
Required Gradations of Cobblestones and Quarry Stones for Erosion Control

Cobblestone Quarry Stone
(inches) Passing (inches) Passing
15 100 15 100
10 55to 95 10 80 to 95
8 35 to 65 8 45 to 80
6 10 to 35 6 15 to 45
3 1to5 3 0to 15

e Bedding materials must be placed under the stone erosion control materials at locations where the
underlying soils require stabilization because of streamflow velocity.

e Cobblestone protection must be placed on prepared slopes of 3 feet horizontal to 1 foot vertical (H:V)
and may be used where streamflow velocities 10 feet from the bank do not exceed 8 feet per second.
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e Quarry stone protection must be placed on prepared slopes steeper than 3H:1V and may be used
where streamflow velocities 10 feet from the bank do not exceed 12 feet per second.

e Where streamflow velocities 10 feet from the bank exceed 12 feet per second, special cobble or
quarry stone gradation is required. Flow-retarding structures, such as retards, wing dams, and rock
groins may be permitted at these sites. CVFPB may permit the use of alternative bank protection
materials. Possible alternatives include but are not limited to sacked concrete; broken concrete free
of projecting steel, reinforced concrete, precast concrete jibbing, and stone-filled gabion baskets.
Broken concrete used for levee revetment may be no larger than 16 inches in its maximum
dimension.

e Asphalt or other petroleum-based products may not be used for fill or erosion control on a levee
section or within a floodway.

e Graded cobblestone and quarry stone must be placed in a way that avoids segregation.

e The minimum thickness of revetment is 18 inches perpendicular to the bank or levee slope below the
usual water surface and 12 inches above the usual surface.

Stabilization of channel banks with stone alone may not be acceptable to CDFG and should be
complimented with native riparian plantings or other natural stabilization alternatives that restore and
maintain a more natural riparian corridor, where acceptable. However, Title 23 requires that “the area in
and around a bridge site must be kept clear to maintain the design flow capacity. Trees, brush, sediment,
and other debris must be kept cleared from the bridge site.” In addition, where project levees abut
bridges, large woody vegetation (e.g., trees) is generally prohibited under USACE guidelines because it
could be a potential levee failure mechanism and a hindrance to levee inspection and maintenance.

3.2.7 Borrow and Excavation
Regulations restricting borrow and excavation activities defined in Title 23 include the following:

e Storage of borrow material is not permitted on a levee section, within 10 feet of a levee toe, or within
30 feet of the top bank of a river.

e Excavation is not permitted within 100 feet of a levee toe or property line within the floodway, within
50 feet of the toe of any spur levee (a levee that protrudes into the floodway to direct the flow of
floodwater), or within a leveed floodway where there is active erosion unless an engineering study
demonstrates that the borrow will not exacerbate the erosion.

e The side slopes of a borrow area may not exceed 3H:1V.

e If connected to a low-water channel, a borrow area must transition smoothly at the upstream and
downstream ends and drain smoothly toward the channel.

e The bottom elevation of any berm excavation may not be lower than the adjacent channel bottom
without adequate setback from the channel (typically 500 feet).

e Any proposed borrow operation within 1 mile of a state highway bridge must be approved by
Caltrans.

e A geotechnical investigation is required before initiating any borrow activity within a leveed floodway.
The investigation must determine if the proposed borrow activity would increase seepage beneath
levees, or expose soils susceptible to erosion.

e Any excavation within the levee section or near bridge supports within the floodway must be
backfilled in 4- to 6-inch layers with approved material. Levee sections must be compacted to a
relative compaction of not less than 90% in accordance with American Society of Testing and
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Materials (ASTM) D1557-91, dated 1991, and above optimum moisture content. Compaction within
the floodway must be to the density of the adjacent undisturbed material. Compaction tests by a
certified soils laboratory may be required to verify compaction.

e Waivers may be granted for borrow and excavation activities if supported by detailed studies that
justify the waiver.

3.2.8 Pipelines, Conduits, and Utility Lines

Title 23 defines regulations governing linear conduit features, especially where they penetrate a project
levee, and include the following:

3.2.8.1 General

e Appurtenant structures are generally not permitted within 10 feet of the levee toes to prevent
interference with levee maintenance or flood fighting activities.

e Appropriate, visible markers acceptable to the local maintaining agency may be required to identify
the location of buried pipelines, conduits, and utility lines.

e Buried high-voltage lines of greater than 24 volts are required to be protected with Schedule 40 PVC
conduit or equivalent.

e Overhead electrical and communication lines must have a minimum vertical clearance above the
levee crown and access ramps of 21 feet for lines carrying 750 volts or less, and 25 feet for lines
carrying higher voltage.

e Low-voltage electrical or communication lines of 24 volts or less may be installed parallel to a levee
and within 10 feet of the levee toe when it is demonstrated to be necessary and to not interfere with
the integrity of levee, levee maintenance, inspection, or flood fighting activities.

3.2.8.2 Within the Floodway

e A minimum cover of 5 feet beneath the low-water channel and a minimum of 2 feet in the remaining
area of the floodway are required. A thicker cover may be required, depending on channel hydraulics.

e Open-trench backfill using suitable material compacted to the density of adjacent undisturbed
material is required. Compaction tests by a certified soils laboratory may be required.

e All debris that accumulates around utility poles and guy wires within the floodway must be completely
removed after the flood season and immediately after major accumulations.

3.2.8.3 Through a Levee

e Pipelines, conduits, and utility lines must be installed through a levee as nearly at a right angle to the
levee centerline as practical, and must have a location marker on the levee slope adjacent to either
shoulder. Buried pipelines, conduits, and utility lines that do not surface near the levee toes must
have location markers near both levee toes.

e The minimum cover for pipelines, conduits, and utility lines installed through the levee crown is
24 inches, or a concrete or other engineered cover is required. The minimum cover within the levee
slope is 12 inches.

¢ When practical, pipelines, conduits, and utility lines installed within a levee section must be separated
from parallel pipelines, conduits, and utility lines by a minimum of 12 inches, or the diameter of the
largest pipeline, conduit, or utility line, whichever is larger, to a maximum of 36 inches.
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e A siphon breaker with a protective housing may be required and must be installed off the levee
crown roadway.

e Electrical and communication lines installed through a levee or within 10 feet of a levee toe must be
encased in Schedule 40 polyvinylchloride (PVC) conduit or equivalent. Low-voltage lines (24 volts or
less) and fiber optic cables may be allowed without conduit if properly labeled.

e A standard reinforced concrete U-wall for levee erosion protection is required at the outlet end of a
pipeline or conduit discharging within 10 feet of a levee toe (Title 23 provides design figures).

e Excavations within the levee or within 10 feet of levee toes for the installation of a pipeline, conduit,
or utility line must be backfilled in 4- to 6-inch layers with approved material and compacted to a
relative compaction of not less than 90% in accordance with ASTM D1557-91, dated 1991, and above
optimum moisture content; or 97% in accordance with ASTM D698-91, dated 1991. Compaction tests
by a certified soils laboratory will be required to verify compaction of backfill within a levee.

e Boring a pipeline or conduit through a levee is permitted if certain conditions are met.

e Pipelines open to the waterway must be a minimum of 30 inches in diameter, and must have a
readily accessible positive closure device installed on the waterward side.

e Seepage along pipelines, conduits, and utility lines must be prevented by encasement in reinforced
concrete cast against firm undisturbed earth, or the conduit must have reinforced concrete battered
walls at an inclination of 1H:4V or flatter.

3.2.8.4 Trenching

e The side slopes of trenches excavated for the installation of pipelines, conduit, or utility lines may be
no steeper than 1H:1V; except vertical side slopes may be allowed for shallow (12-inch) installations
above the floodplain and that portion of the trench above the design freeboard.

e The bottom width must be 2 feet wider than the diameter of the pipeline or conduit, or 2 times the
pipe diameter, whichever is greater.

e When practical, pipelines, conduits, and utility lines must have a minimum vertical spacing of 6 inches
when crossing other pipelines, conduits, or utility lines.

3.2.8.5 Jacking

Pipelines, conduits, and utility lines may be installed under a levee or stream channel by tunneling,
jacking, or boring, if the following conditions are met:

e The pipeline, conduit, or utility line is at least 30 feet under the levee.

e The pipeline, conduit, or utility line is verified to have the required cover. A greater depth of cover
may be required based on the feasibility of achieving the required cover or on local soil stability and
channel hydraulics.

e The installation is more than 50 feet below the levee and the entire floodway and streambed; the
CVFPB may waive the requirement for a permit if a letter of intent is filed with the CVFPB prior to
commencement of the project.

e The portal and outlet of a tunnel, jacking, or boring must be a minimum of 10 feet beyond the
projected levee slope without an approved stability and seepage analysis.

¢ Installation may occur during the flood season and when the WSE in the floodway is expected to be
above the elevation of the landside levee toe if adequate containment cells are constructed at the
portal and outlet.
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3.2.8.6 Materials

The following pipe materials are allowed within a levee section when designed to resist all anticipated
loading conditions and properly installed:

e Galvanized iron pipe is allowed if all joints are threaded. Galvanized iron pipe joints must be
protected from corrosion by using PVC or polyethylene tape wrapped to a thickness of 30 mil or
equivalent.

e Schedule 80 PVC pipe may be used if it is entirely buried, all joints are threaded, and the components
have been continually protected from ultraviolet radiation damage or they are newly manufactured.

e Schedule 40 PVC or better may be used as a conduit for power or communication cables.

e High-density polyethylene (HDPE) pipe may be used for pipeline or conduit installations provided the
following conditions are met:

e HDPE pipe or conduit joints must be heat or electrofusion welded (ASTM Standards FI055-93, dated
1993, or D3261-93, dated 1993).

e HDPE pipe and conduits must be designed to resist all anticipated loading conditions, and the design
calculations must be submitted to CVFPB.

e HDPE pipe and conduits must be protected from ultraviolet radiation.

e Cast-in-place reinforced concrete pipes and box culverts may be used above and below the design
flood WSE if the concrete is at least 6 inches thick.

e Precast reinforced concrete pipes and box culverts and concrete cylinder pipes may be used above
and below the design flood WSE if the following conditions are met:

e Precast reinforced concrete pipe meets ASTM Specification C76-90, dated 1990.

e Precast reinforced concrete pipe joints and precast box culvert joints are encased in reinforced
concrete that is cast in place against firm undisturbed earth.

e The cylinders of concrete cylinder pipes are welded and protected against corrosion internally and
externally.

e When installed below the design flood WSE, precast reinforced concrete pipe and concrete cylinder
pipe must be encased below the springline in concrete cast against undisturbed earth.

e Steel pipe may be used for all types of pipeline or conduit installations through a levee above the
design flood WSE if the pipe meets the following requirements:

e The steel pipe is resilient and not materially reduced in quality because of weathering.
e The steel pipe joints are butt-welded or threaded.

e The steel pipe installations are corrosion-proofed externally with a coating of material such as coal-tar
enamel, asphalt-dipped wrap, mortar, PVC tape, or polyethylene tape wrapped to a thickness of 30
mils, high-solids epoxy, or equivalent.

e Steel pipe may convey only noncorrosive material unless it has a continuous internal lining of cement,
mortar, or equivalent that is appropriate for the fluid to be conveyed. Water is considered corrosive.

e Steel pipe installations must be designed to resist all anticipated loading conditions, and the design
calculations must be submitted to CVFPB.
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e Steel pipe meeting the following criteria may be used without submittal of design calculations to the
CVFPB:

¢ Ten-gauge steel pipe that is 12 inches in diameter or less.
e Seven-gauge steel pipe that is between 12 to 30-inch-diameter.
e Three-gauge steel pipe that is between 30 to 48 inches in diameter.

The following materials are not allowed for pipelines or conduits that carry fluids within a levee or within
10 feet of levee toes: aluminum pipe, cast iron pipe, pipe with flanges, flexible couplings, or other
mechanical couplings or pre-stressed concrete.

3.2.9 Access

In general, natural waterways and irrigation channels are used for both irrigation and flood conveyance.
Access is required at every crossing to allow for maintenance, flood patrols, and convenient operations.
The following sections discuss access requirements that should be considered in the design.

3.2.9.1 Levee and Channel Access

Vehicle access from the levee crown to the floodway and/or the landside levee toe beneath the bridge
may be required. Ramps may slope upstream as necessary to provide the access. Title 23 provides
guidelines for patrol roads and access ramps. Patrol roads provide vehicular access along levee crowns
and flood channels for inspection, maintenance and flood fighting. Patrol roads must meet the following
criteria:

e Patrol roads must be surfaced with a minimum of 4 inches of compacted, Class 2 aggregate base
(Caltrans Spec. 26-1.02A, July 1992), or equivalent.

e Patrol road surface material must be compacted to a relative compaction of not less than 90% in
accordance with ASTM 01557-91, dated 1991, with moisture content sufficient to achieve the
required compaction.

e Compaction tests by a certified soils laboratory may be required to verify compaction.

e Ramps provide access to the levee crown from adjacent property and roads, either head-on or via a
side approach:

e Access ramps must be constructed of approved imported material.
e Surfacing for access ramps must be the same as for patrol roads.

e Excavations made in a levee section to key the ramp to the levee must be backfilled in 4- to 6-inch
layers with approved material and compacted to a relative compaction of not less than 90% in
accordance with ASTM 01557-91, and above optimum moisture content.

e Compaction tests by a certified soils laboratory may be required to verify compaction.

e All access ramps must direct surface drainage away from the levee section. Title 23 shows typical
plans for each type of approach ramp, with restrictions and requirements.
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3.2.9.2 Bi-directional Access

In general, access is required to both sides of the HST right-of-way and to both banks of waterways.
Where the HST track abuts an adjacent linear right-of-way, such as the right-of-way for the UPRR and
BNSF railways and SR 99, access need only be provided to the HST right-of-way without existing access.

3.2.9.3 Through Access

Where there is access on both sides of the HST right-of-way, USACE and the irrigation districts prefer
access through the guideway embankment via a box culvert or similar tunnel. Preliminary minimum
dimensions for the box culvert are 8 feet high and 12 feet wide to accommodate a standard large pickup
truck used by ditch riders. The box culvert may be located at or beyond the landside levee toe if access
ramps and right-of-way are provided. Through access may not be practical in all cases, but it is
considered especially important where alternative access requires a detour of 2 miles or more.

3.2.9.4 Turn-Around Access

In general, embankment crests provide insufficient room to turn around. Where there are raised
embankments, narrow rights-of-way, or no through access on both sides of the waterway, the design
should include cul-de-sacs on both sides of the waterbody crossing that extend approximately 30 to

35 feet beyond the HST right-of-way to allow the largest irrigation equipment to cross the waterway and
return on the other side. Unless another waterway crossing is nearby and a properly sized cul-de-sac is
provided for a dead-end turnaround, access across the waterway is required.

3.2.9.5 Maintenance Access

Table 3-3 and Figure 3-1 summarize height and width requirements for maintenance access. Access
points must be able to accommodate maintenance vehicles ranging from large backhoes that maintain a
project levee during a flood to small bulldozers that clear debris from canals during the off-season.

3.2.10 Seasonal Construction Restrictions
3.2.10.1 Natural Channels

CVFPB restricts construction within the floodplain of regulated streams during the flood season. The
following list provides examples of restricted activities listed in Title 23:

e Excavation is not allowed within the floodplain or channel during the designated flood season without
a waiver.

e  Stockpiles of unsecured materials or equipment are not allowed within the floodway during the
designated flood season.

e Pipelines, conduits, utility lines, utility poles, and appurtenant structures may not be installed within
the levee section, within 10 feet of levee toes, or within the floodway during the flood season unless
authorized by the general manager based on reservoir levels, stream levels, and forecasted weather
conditions on a case-by-case basis.

There are two designated flood seasons: (1) November 1 to April 15 and (2) November 1 to July 15.
Except for Mariposa Creek and the San Joaquin River, the flood season for regulated streams and
designated floodways listed in Table 6-1 is from November 1 to April 15. The flood season for Mariposa
Creek and the San Joaquin River is from November 1 to July 15.

Irrigation districts prohibit in-channel construction during the irrigation season, unless provision is made
to maintain irrigation deliveries. The irrigation season varies with the weather and available storage, but
generally begins in mid spring (April) and extends through mid fall (October).
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Together, the flood season and the irrigation season span 12 months, and exceptions would be required.
CVFPB accepts applications for exemptions to flood season construction restrictions. Irrigation districts
determine exceptions to irrigation-related construction.

3.2.11 Irrigation Channels

Discussions should take place with the appropriate irrigation district to determine the acceptable
construction window for constructing irrigation canal crossings. In some cases, a canal may be in
operation year-round, with the following types of functions: primarily irrigation flows in the spring,
summer, and fall; potential conveyance to groundwater recharge facilities or other storage facilities when
irrigation demands are low; and flood conveyance during the wet season. As an example, Fresno
Irrigation District (FID) has indicated that the likely construction window for Herndon Canal is September
and October, but this will depend on the irrigation season in a given year and on other canal operations.
FID has indicated that the construction window will vary from year to year based on the length of
irrigation season, flood routings, recharge deliveries, maintenance projects, and projects funded by
others. FID's typical irrigation season begins on March 1, with FID opening the head gates to fill the
canals/pipelines approximately 8 days prior (approximately February 21). An average irrigation season
lasts 6 months; therefore the season will typically end on August 31. In very wet years, such as 2011, the
irrigation season may go through mid-November.

In general, all construction within canals must occur outside of the irrigation season. A typical maximum
construction window would be September 1 through February 22, with shorter windows probable. The
canals typically take approximately 1-2 weeks to drain.

It should also be noted that many of the impacted canals are also utilized to convey stormwater. For
example, the canals in and near Fresno serve as major arteries of the Fresno Metropolitan Flood Control
District (FMFCD) and USACE flood routing system. The stormwater is a combination of water pumped
from urban stormwater systems and water from foothill flood control projects within and under the
jurisdiction of FMFCD. Once the floodwater enters FID’s canal system, FID routes the water through
various canals (primarily the Herndon and Dry Creek Canal systems) to various basins located on the
west side of FID.

Depending on the canal system, construction schedule, water season, and storm season, a bypass may
be needed during construction. Bypass facilities would be the responsibility of the contractor to install and
maintain at all times.

3.2.12 Other Studies

To issue encroachment permits, Section 408 permits, or building permits, agencies may require additional
information, such as geotechnical explorations, soil testing, hydraulic or sediment transport studies,
biological surveys, environmental surveys, and other analyses. The relevant agency(s) should be
contacted early to confirm the specific information required for each crossing.
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4.0 Floodplains
4.1 Flood Conditions in the Study Area

2012 Central Valley Flood Protection Plan — Regional Conditions Report (DWR 2010) provides a summary
of the hydrologic system of the Central Valley. The FISs for Merced, Madera, and Fresno counties
summarize flood problems. Anecdotal information from irrigation districts (Merced, Madera, Chowchilla,
and Fresno Irrigation Districts) and cities also help identify local areas that are prone to flooding. The
following subsections summarize flooding and major flood control features in the study area. Section 4.2
provides a summary of floodplains along the alternative alignments. Figures 4-1a through 4-1e show the
floodplains crossed by the project. Figures 4-2a and 4-2b show floodplains near the Merced and Fresno
HST station sites. Figures 4-3a through 4-3e show the floodplains near the potential sites for the HMF.

4.1.1 Major Streams in the Study Area

The study area is in the southern portion of the San Joaquin River basin. The basin extends from the
Delta in the north to the northern boundary of the Tulare Lake Basin in the south, and from the crest of
the Sierra Nevada Mountains in the east to the crest of the California Coastal Ranges in the west. The
river basin encompasses about 13,500 square miles. The San Joaquin River basin includes large areas at
high elevations along the western slope of the Sierra Nevada Mountains. As a result, significant snowmelt
runoff feeds the river during late spring and early summer. Flood flows typically occur between April and
June.

4.1.1.1 Merced County Stream Group

Streams in the Merced County Stream Group originate east and northeast of the City of Merced and
includes Black Rascal Creek, Bear Creek, Cana Creek, Owens Creek and Mariposa Creek. A major flood
control project authorized in the 1940s provided a diversion from Black Rascal Creek to Bear Creek, a
diversion between Owens Creek and Mariposa Creek, and channel improvements and levees. Five small
reservoirs east and northeast of Merced reduced flood risks to agricultural areas, the City of Merced,

Le Grand, and other smaller communities.

4.1.1.2 Chowchilla River

The Chowchilla River originates in the Sierra Nevada Mountains and drains approximately 600 square
miles. Because of the low elevation of the watershed, most of the flow in the Chowchilla River results
from rainfall. Immediately east of the study area, the Chowchilla River forms three separate branches.
From north to south, these branches are the Chowchilla River, Ash Slough, and Berenda Slough. The
branches discharge into the San Joaquin River via the Eastside Bypass. The only regulating dam on the
Chowchilla River is Buchanan Dam, which forms H.V. Eastman Lake 15 miles northeast of Chowchilla.

4.1.1.3 Fresno River

The Fresno River originates in the foothills of the Sierra Nevada Mountains and drains approximately
500 square miles. Similar to the Chowchilla River, most of the flow in the Fresno River results from
rainfall. The Fresno River discharges into the Eastside Bypass. The only regulating dam on the Fresno
River is Hidden Dam, which forms Hensley Lake about 15 miles northeast of Madera.
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4.1.1.4 San Joaquin River

Within the study area, the San Joaquin River receives flows from the Fresno and Chowchilla rivers, Bear
and Owens creeks, and Ash and Berenda sloughs. These streams flow through the study area in a
generally southwest direction and discharge into the Chowchilla and Eastside bypass canals that parallel
the river along its eastern side (refer to Figures 4-1a to 4-1e). These bypass canals ultimately discharge
into the San Joaquin River downstream from the study area.

The remaining streams in the study area have basins that lie primarily at lower elevations. In contrast to
the San Joaquin River, flooding in these streams results from intense rainfall events between November
and April. Although flooding caused by snowmelt is longer in duration and generates larger volumes of
runoff, floods that result from rainfall produce the highest peak flows.

Friant Dam controls base flows and floodwater in the San Joaquin River. Historically, flow diversions have
left the lower portion of the river dry for portions of the year; however, a base flow to the ocean is being
restored to support the reintroduction of anadromous salmonids.

4.1.2 Flood Control in the Study Area

A variety of structures provide flood control in the study area. Some of these flood control structures
were constructed as part of state-federal flood control projects. Project flood control facilities are those
flood control facilities that were funded by either the state of California or the federal government. When
funded by the federal government, the state assumed responsibility for O&M after completion and
exempted the federal government from any related claims for damages. Statewide, project flood control
facilities consist of 1,569 miles of levees, hundreds of miles of improved flood channels, and 56 major
flood control works (California Department of Water Resources 2010). CVFPB has responsibility for O&M
of project flood control facilities in the Central Valley. In many cases, CVFPB has turned over O&M to
local flood and levee districts under its jurisdiction.

DWR is currently preparing the Central Valley Flood Management Planning Program, which will identify
improvements to the project flood control facilities and 1,200 miles of designated floodways collectively
called the State Plan for Flood Control (SPFC). The program will also identify flood hazard areas in urban
or urbanizing areas of the Central Valley and recommend levees or other means for protecting these
areas. An urban area is any contiguous area in which more than 10,000 residents are protected by
project levees (Public Resources Code 5096.805). The mandate is to provide flood protection by the year
2025 for urban and urbanizing areas from a 200-year flood event. DWR is currently defining and mapping
200-year flood hazard areas.

This Central Valley Flood Management Planning Program is scheduled for adoption by CVFPB in mid 2012.
Local entities are required to update their general plans and zoning ordinances to control development in
flood hazard areas identified by the program by mid-2015.

Within the study area, the SPFC facilities include levees along the lower portions of Ash Slough, Berenda
Slough, Bear Creek, Fresno River, and levee sections along San Joaquin River. Although the levees for
these five waterbodies are downstream from the Merced to Fresno Section, the upstream portions of the
rivers in the corridor are regulated and managed as part of the overall flood control project.

Chowchilla Canal Bypass and the Eastside Bypass, which parallel the San Joaquin River along its eastern
side, are critical to flood management. The Chowchilla Canal Bypass diverts excess San Joaquin River
flow and sends it to the Eastside Bypass. In addition to the Chowchilla Canal Bypass flow, the Eastside
Bypass intercepts flows from minor tributaries before rejoining the San Joaquin River downstream from
the study area. Two additional diversion canals (from Black Rascal Creek and Owens Creek) are located
between Merced and Le Grand.

The alignments, design options, and wyes of the three proposed alternatives cross two project flood
control structures, the levees on each side of the Owens Creek Diversion Canal. Two design options cross
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this canal 3 miles northwest of Le Grand. Section 5 discusses these crossings, which are uniquely labeled
1126C and 1156C in this report.

Non-project flood control facilities include levees and related facilities constructed by local agencies along
rivers, creeks, and streams in the Central Valley. Many of these facilities are operated and maintained
similar to project facilities, and some connect to project facilities. By definition, they are not part of the
SPFC; however, the non-project levees affect the performance of the SPFC as part of the flood protection
system.

Designated floodways preserve flood capacity under the primary nonstructural flood management
program in California. The program started in 1968 to control encroachments and preserve the flow
regimes of floodways to protect public improvements, lives, and land-use values (California Water Code
[CWC] Section 8609). Designated floodways are defined as follows: (1) the channel of the stream and
that portion of the adjoining floodplain reasonably required to provide for the passage of a design flood,
as indicated by floodway encroachment lines on an adopted map, or (2) the floodway between existing
levees, as adopted by CVFPB or the California Legislature. Floodways are designated by CVFPB and serve
a critical function in protecting life and property from flood risks. Statewide, designated floodway system
includes more than 60 designated floodways and more than 1,300 miles of stream. Within the Merced to
Fresno Section, five streams have CVFPB-designated, mapped floodways: San Joaquin River, Chowchilla
River, Ash Slough, Berenda Slough, and Fresno River. As previously discussed, these five waterbodies
have SPFC levees downstream from the Merced to Fresno Section.

4.1.3 Overview of Study Area Flooding

Stream and river channels tend to be well entrenched and confined when flowing through the foothills
east of the study area. After entering the relatively flat San Joaquin Valley, the channels often become
much shallower and can easily overflow during periods of high runoff. Overflow tends to spread out as
shallow, slow-moving water across large areas. During major storms, much of this water ponds behind
canal, road, and railroad embankments. In the study area, large flood-prone areas exist west of SR 99,
especially near the San Joaquin River. From Merced to Chowchilla, extensive areas on both sides of SR 99
are subject to flooding. South of Chowchilla, widespread flooding generally does not occur east of SR 99.
The City of Merced experiences flooding from several creeks including Black Bear Creek, which flows west
through the city. Upstream from Merced, excess flows overflow the creek banks and flow overland. The
BNSF railway embankment is a barrier to these flows and directs floodwater into the city. This flow
crosses the railroad tracks and SR 99, eventually reaching the Eastside Canal 1 mile to the west (FEMA
2008a). Flood flows in Little Rascal Creek divert to Bear Creek; the former thus causes only localized
flooding. Merced Irrigation District indicated that within their boundaries, Bear Creek is especially flood
prone, and flooding has historically been a concern along Mariposa Creek, Duck Slough and Black Rascal
Creek. As an example outside of the study area, overflows from Fehrens Creek can cause widespread
flooding in the northwest portion of the City of Merced.

The Fresno River flows through the City of Madera. Since Hidden Dam went into operation in 1976,
severe flooding has not occurred in the city (FEMA 2008b). Cottonwood, Dry, and Schmidt Creeks in
Madera County typically have no flow from May through October. However, they have shallow, poorly
defined channels that can readily overtop during high flows and inundate large areas. Ash Slough flows
through the Community of Chowchilla. According to FEMA 100-year flood maps, Ash Slough remains
within its levees during a 100-year flood event. However, Madera Irrigation District indicated that Ash
Slough, Berenda Slough, and the Chowchilla River have historically had flooding issues. According to the
district, Berenda Slough levees were recently decertified and efforts are underway to recertify them.

Several irrigation canals cross the east-west path of streams east of Clovis and Fresno. During periods of
high flow, these canals convey floodwater from these streams through the Clovis-Fresno area to
farmland west of Fresno, with minimal flooding in the cities (FEMA 2009a). Only isolated portions of
Fresno are within a 100-year floodplain.
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4.2 Floodplain Crossings for the Merced to Fresno Section
Alternatives

This section discusses the parts of the HST alignments that cross floodplains. This section also reviews
the floodplain status of the HST stations and potential HMF sites within the Merced to Fresno Section.

4.2.1 UPRR/SR 99 Alternative

Table 4-1 summarizes the lengths of sections of the UPRR/SR 99 Alternative alignment that cross FEMA
100-year floodplains, as shown on Figures 4-1a through 4-1e. Between 15.7 and 18.5 miles of the
UPRR/SR 99 Alternative alignment lies within FEMA 100-year floodplains, depending on the combination
of Chowchilla design options and wyes evaluated. This range is relatively small, which suggests that there
are only small differences among the three combinations of design options and wyes. The access
guideway to the Castle Commerce Center HMF site would cross another 3.2 miles of 100-year floodplain.

Table 4-1
UPRR/SR 99 Alternative Alignment Floodplain Crossings

East East West
Chowchilla Chowchilla Chowclhilla Access Guideway
Design Option | Design Option Design Option to Castle
and Ave 24 and Ave 21 and Ave 24 Commerce Center
UPRR/SR 99 Wye (miles) Wye (miles) Wye (miles) HMF (miles)
Zone A 1.5 3.5 0.8 0.2
Zone AE 0.4 0.4 0.4 0.0
Zone AH 1.7 1.7 1.7 0.0
Zone AO 13.3 12.8 12.8 3.0
Total 100-Year 16.9 18.5 15.7 3.2
Floodplain
Additional 3.3 4.5 3.3 1.2
200-Year
Floodplain
Total Guideway 20.2 23.0 19.0 4.4
Length in
Floodplain
Total Guideway 76.8 75.4 67.4 7.0
Length

The northern 9 miles of the north-south alignment lie almost entirely within floodplain areas. Farther
south and north of Madera, the alignment crosses a 3-mile-wide floodplain associated with Dry Creek and
Schmidt Creek. South of Madera, the alignment also crosses a 4-mile-wide floodplain associated with
Cottonwood Creek. Most of the floodplains crossed by the UPRR/SR 99 Alternative involve shallow
floodwaters.

The UPRR/SR 99 Alternative traverses an additional 3.3 to 4.5 miles of 200-year floodplain that extends
beyond the limits of the FEMA 100-year floodplain (refer to Table 4-1). The access guideway to the Castle
Commerce Center HMF site would add another 1.2 miles of 200-year floodplain near Atwater. From 26%
to 31% of the guideway length under the UPRR/SR 99 Alternative and 63% of the access guideway to
the Castle Commerce Center HMF site lie within a floodplain.

Federal Railroad

High-Speed Rail Authority Administration
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Apart from crossing FEMA floodplains, the UPPR/SR 99 Alternative alignment also crosses the five
designated floodways in the study area: San Joaquin River, Chowchilla River, Ash Slough, Berenda
Slough, and Fresno River. The designated floodways are similar, but not identical, to the FEMA 100-year
floodplains at these crossings.

4.2.2 BNSF Alternative

Table 4-2 summarizes the lengths of sections of the BNSF Alternative alignment that cross FEMA
100-year floodplains, as shown on Figures 4-1a through 4-1e. Between 16.6 and 21.9 miles of the BNSF
Alternative alignment lies within FEMA-designated 100-year floodplains, depending on the Le Grand
design option and wye evaluated. This range of lengths is somewhat broader than for the UPRR/SR 99
Alternative, but is relatively narrow for each of the wye options (16.6 to 19.0 miles using Ave 24 Wye and
19.5 to 21.9 miles using Ave 21 Wye).

Nearly all of the northern 17 miles of the alignment between the Merced Station and Le Grand lies within
floodplains. Most of this area is classified as Zone AO — shallow flowing water, 1 to 3 feet deep. Most of
the remaining floodplain area is Zone A. Although specific flood depths for the latter have not been
calculated, the majority of the flooding would also be shallow. Most of the remaining floodplains along
the BNSF Alternative alignment are relatively narrow and are associated with individual stream crossings.
An exception is a 2-mile length of floodplain crossed by the alignment south of Madera. The BNSF
Alternative alignment crosses the same five designated floodways that the UPRR/SR 99 Alternative
alignment crosses.

The BNSF Alternative traverses an additional 0.6 to 2.3 miles of 200-year floodplain that extends beyond
the limits of the FEMA 100-year floodplain (refer to Table 4-2). From 26% to 32% of the total guideway
length under the BNSF Alternative lies within a floodplain.

Apart from crossing FEMA floodplains, the BNSF Alternative alignment also crosses designated floodways
along the same waterbodies as the UPRR/SR 99 Alternative alignment: San Joaquin River, Chowchilla
River, Ash Slough, Berenda Slough, and Fresno River. The designated floodways are similar, but not
identical, to the FEMA 100-year floodplains at these locations.

Section 4.2.2 discusses the floodplain associated with the access guideway for the Castle Commerce
Center HMF site under the UPRR/SR 99 Alternative.

4.2.3 Hybrid Alternative

Table 4-3 summarizes the lengths of sections of the Hybrid Alternative alignment that cross FEMA
100-year floodplains, as shown on Figures 4-1a through 4-1e. Depending on the wye design option
selected, between 13.0 and 15.5 miles of the Hybrid Alternative alignment lie within FEMA designated
100-year floodplains. This length is less than the length under the other two HST alternatives because
the UPRR/SR 99 alignment has shorter floodplain crossings on the northern end, and the BNSF alignment
has shorter floodplain crossings on the southern end.
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Table 4-3
Hybrid Alternative Alignment Floodplain Crossings

Access Guideway

Total Hybrid Total Hybrid to Castle
(Ave 24 Wye) (Ave 21 Wye) | Commerce Center
(miles) (miles) HMF (miles)
Zone A 1.1 3.8 0.2
Zone AE 0.4 0.4 0.0
Zone AH 0.0 0.0 0.0
Zone AO 11.5 11.3 3.0
Total 100-year Floodplain 13.0 15.5 3.2
Additional 200-year 0.6 1.8 1.2
Floodplain
Total Rail Length in 13.6 17.3 4.4
Floodplain
Total Rail Length 68.8 70.1 7.0

The northern 9 miles of the north-south alignment under the Hybrid Alternative lie almost entirely within
floodplain areas. The floodplains encountered by the UPRR/SR 99 Alternative farther south are largely
avoided because the alignment transitions to the BNSF Alternative alignment at Chowchilla. Like the other
two alternatives, most of the floodplains crossed by the Hybrid Alternative involve shallow floodwaters.

The Hybrid Alternative traverses an additional 0.6 to 1.8 miles of 200-year floodplain that extends beyond
the limits of the FEMA 100-year floodplain (refer to Table 4-3). About 20% of the total guideway length
under the Hybrid Alternative lies within a floodplain.

Apart from crossing FEMA floodplains, the Hybrid Alternative also crosses the five designated floodways
in the study area: San Joaquin River, Chowchilla River, Ash Slough, Berenda Slough, and Fresno River.
The designated floodways are similar, but not identical, to the FEMA 100-year floodplains at these
locations.

Section 4.2.2 discusses the floodplain associated with the access guideway for the Castle Commerce HMF
under the UPRR/SR 99 Alternative.

4.2.4 High-Speed Train Stations and Heavy Maintenance Facilities
4.2.4.1 High-Speed Train Stations

There are two proposed HST stations within the study area, one in Downtown Merced and one in
Downtown Fresno. The following sections discuss the stations at these locations.

As shown on Figure 4.2a, the Downtown Merced Station area lies mostly within the 100-Year Flood
Hazard Zone AO (shallow flooding). The flood insurance rate map for Downtown Merced (FIRM
#06047C0440G — December 2, 2008) indicates flood depths of 1 to 2 feet. Only the southeastern portion
of the HST station area and SR 99 lie outside the floodplain.

In contrast to the Downtown Merced Station area, the Downtown Fresno Station area has two isolated
locations of 100-year floodplain (refer to Figure 4-2b). One is a small area at the southern end of the HST

Federal Railroad

High-Speed Rail Authority Administration
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station area, and the other is a narrow stretch of floodplain along a 2-mile length of SR 99, 1,500 feet
west of the proposed HST alternative routes. Both areas are classified as 100-Year Flood Hazard Zone A.

4.2.4.2 Heavy Maintenance Facility

Five sites between Merced and Fresno are being considered as possible sites for the HMF. They are all
located in the northern portion of the study area, as shown on Figures 4-3a through 4-3e. These figures
also illustrate floodplains and nearby streams at each potential HMF site. The following sections briefly
discuss floodplains at the potential sites for the HMF.

Castle Commerce Center HMF Site

The east side of this site is within the floodplain of Canal Creek. Canal Creek bisects the southeastern
portion of the site.

Harris-DeJager HMF Site

A small portion of the northwest side of the site lies within the Dutchman Creek floodplain.

Fagundes HMF Site

Small portions of the northwest side of the site are within the Chowchilla River floodplain.
Gordon-Shaw HMF Site

The southern portion of this site lies within the 100-Year Floodplain Hazard Zone AH (ponding), with a
flood elevation of 262 feet (FIRM #06039C0900E — September 26, 2008). Berenda Creek borders the
northwest side of the site.

Kojima Development HMF Site

This is the only potential HMF site along the BNSF Alternative alignment. Berenda Slough borders a small
portion of the northwest side of the site.

4.3 Floodplain Impacts and Mitigation
4.3.1 Impacts

As discussed in Section 4.2, the three HST alternatives cross many miles of floodplains, as summarized in
Tables 4-1 to 4-3. The majority of the floodplains have shallow flow or ponding 1 to 3 feet deep that
spreads out over areas that are thousands of feet or miles wide. This shallow flooding is primarily due to
overflow of stream channels when high flows exceed the capacity of the channels. The resulting shallow
flooding tends to be slow moving.

The general gradient of the land in the study area slopes to the west or southwest. The shallow, overland
flooding tends to pond against canal berms, levees, and road embankments that are perpendicular to the
land gradient. If these features lack adequate culverts or other means of cross-drainage, the overland
flows are sometimes diverted long distances before finally overflowing the linear obstacles and continuing
their flow west. An example of this occurs southeast of Merced. Overflow from Bear Creek, east of
Merced, naturally moves in a southwesterly direction. However, a portion of this shallow flow diverts
northwest into Merced along the existing BNSF railway (FEMA 2008a).

Adequate culverts and bridge openings for cross-drainage will be important to prevent the at-grade
guideway berms from excessively diverting shallow flood flows in a similar manner at locations where
embankments do not already exist. The potential for worsening flood concerns is limited where the HST
guideways are adjacent to existing embankments that already create a flood barrier. Potential new
impacts are most likely to require mitigation where the HST guideway does not parallel existing railroad
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or highway embankments. One such segment crosses the Cottonwood Creek floodplain along the
north-south alignment of the BNSF Alternative. The Mission Ave and Mariposa Way design options of the
BNSF Alternative could also divert shallow floodwaters from Bear, Owens and Mariposa creeks.

Where guideways are elevated, there is little potential to exacerbate flooding; however, floodplain
mitigation measures should generally allow adequate flood management without elevating the guideway
solely for flood control purposes.

Apart from the wide, flat, low-gradient floodplains, the project would also cross several stream channels
that have a higher hydraulic capacity. The higher flows in the stream and river channels are
fundamentally different from the shallow, relatively slow-moving floodwater. Floodwater flows within
channels involve deeper, faster-flowing water that can potentially erode stream banks and channel
bottoms. If not properly designed, HST bridge piers and abutments have the potential to restrict flow in
the channels and increase flood depths in adjacent reaches and at nearby structures. Bridge abutments
and piers must be constructed at depths adequate to prevent their compromise and failure because of
channel scouring during flood events.

Five of the streams crossed have designated floodways mapped by CVFPB. From north to south, they are
the Chowchilla River, Ash Slough, Berenda Slough, Fresno River, and San Joaquin River. The cities of
Chowchilla, Madera, and Fresno are situated along the banks of Ash Slough, Fresno River, and San
Joaquin River, respectively. These communities have populations greater than 10,000. Structures within
or spanning these channels should be designed to accommodate the 200-year flood to meet emerging
state requirements in the Central Valley Flood Protection Act (refer to Section 3.1.2) for urban and
urbanizing areas. Table 4-4 shows the longest length of alternative alignments that cross the 200-year
floodplains associated with these streams. In some cases, the alternative may cross a stream in more
than one location. The crossing lengths vary from 470 to 22,500 feet, with the longest length associated
with the Ave 21 Wye, which may or may not pertain to each alternative. Bridges spanning these streams
generally require piers in the channels or floodplains, or both. The piers should be designed to prevent
excessive hydraulic restrictions (refer to criteria in Section 3.2) as confirmed by hydraulic modeling.

Table 4-4
Longest Length of 200-Year Floodplain Crossings at Major Streams and Rivers (in feet)

UPRR/SR 99
Stream Alternative BNSF Alternative Hybrid Alternative
Chowchilla River 780 470 780
Ash Slough 990 570 990
Berenda Slough 22,500 22,500° 22,500
Fresno River 500 720 720
San Joaquin River 1,100 1,100 1,100

4.3.2 Mitigation in Channels

Section 5 includes more information regarding stream crossing impacts. Implementing the design
guidelines presented in Section 3.2 could potentially avoid or reduce adverse hydraulic impacts at bridge
crossings. Hydraulically significant design criteria include the following:

e Bridge piers should be oriented parallel to the expected high-water flow where practical and should
generally line up with piers at adjacent bridges.

Federal Railroad

High-Speed Rail Authority Administration

% CALIFORNIA of Tranaporaion Page 4-21



CALIFORNIA HIGH-SPEED TRAIN PROJECT EIR/EIS HYDRAULICS AND FLOODPLAIN
MERCED TO FRESNO SECTION TECHNICAL REPORT

e Provide a minimum of 3 feet of freeboard between the design high WSE and the bridge soffit to
prevent formation of debris dams.

e Locate abutments where they minimize impacts from channel constrictions.

e Design for proper scour depth.

4.3.3 Mitigation in Shallow Floodplains

The project should include culverts with sufficient capacity and at a sufficient spacing to prevent
substantial ponding against the upslope side of the guideway embankment and project roadway
embankments that could result in deeper ponded conditions and/or lateral diversion of shallow flooding.
However, the location, spacing, and size of existing culverts through adjacent railroad and highway
embankments limits the effectiveness of culverts in reducing local flooding. Where there are opportunities
to improve the combined culvert performance, stormwater hydromodifications and objectives should be
evaluated. Separate reports address stormwater considerations and requirements for Caltrans and the
project as a whole. These are, respectively, the Stormwater Data Report (Authority and Federal Railroad
Administration [FRA] 2011a) and the Stormwater Management Report (Authority and FRA 2011b).

Most of the length of each of the HST alternative alignments is adjacent to one or more existing railroad
embankments. The specific locations and spacing of the HST guideway embankment culverts that would
be developed during the detailed design must account for local topography and shallow flooding
conditions. At a minimum, culverts should match those through the adjacent railroad embankment.
However, additional culverts may be required to avoid known ponding or flow diversion problems, such
as the diversion of floodwaters toward Merced along the BNSF. Where the HST guideway embankment
would be constructed downgradient from an existing railroad berm, simple matching of the culvert
locations and capacities would probably be adequate to allow floodwater to flow downgradient from the
project under existing conditions. However, to accommodate potential future flood improvements, the
project could install additional culverts where it is determined that the existing upgradient embankment
has inadequate flood passage facilities. This would allow hydraulic constrictions to be corrected in the
future when the existing, upgradient railroad tracks are upgraded or abandoned.

A 4-mile length of the BNSF and Hybrid alternatives crosses shallow floodplains southeast of Madera
where there are no significant railroad or highway embankments that restrict floodwater flows. Culvert
placement along this portion of the guideway would be particularly important to assure adequate
floodwater flows across the project without excessively raising the floodplain WSE. Farther north, the
BNSF Alternative East of Le Grand design options are offset from the BNSF railway embankment and
similarly merit special attention because the existing embankment culvert capacity is not necessarily a
limiting factor in local flood passage capacity. Where the four Mission Ave and Mariposa Way design
options generally parallel their respective roads and the BNSF or UPRR railway embankments, the
considerations in the previous paragraph would apply. Close coordination among the city and county
public works agencies, irrigation districts, and levee districts is necessary.

Inlets and outlets should be protected at crossings. Wing walls, riprap, or similar protection should be
placed to protect the guideway embankment and outlet channel from possible erosion. Culverts would
also be needed where new project road embankments or other elevated project facilities impede
floodplain flows.

4.3.4 Mitigation for Rail Stations and Heavy Maintenance Facilities
4.3.4.1 High-Speed Train Stations

The Downtown Fresno Station (refer to Figure 4-2b) would not be located in a floodplain. However, the
Merced HST station would likely be located in a floodplain because most of the downtown area lies within
a 100-year Flood Hazard Zone AO (shallow flooding) (refer to Figure 4-2a). The 100-year flood depths
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near the Merced HST station are 1 to 2 feet. After 2015, the City of Merced and other urbanizing areas
would be required to plan for protection for the 200-year flood event.

4.3.4.2 Heavy Maintenance Facility

As shown on Figures 4-3a to 4-3e, five sites are being considered for an HMF between Merced and
Fresno. The Castle Commerce Center HMF and the associated 7 miles of track would cross four streams:
an unnamed tributary to Canal Creek, Canal Creek, Black Rascal Creek, and Bear Creek. Of these, only
Canal Creek and its unnamed tributary would be crossed by a portion of the site beyond than the 7 miles
of access track. The northwest access guideway of the Harris-DeJager site would cross Dutchman Creek
and the associated floodplain. The Gordon-Shaw HMF site and associated access guideway would cross
Berenda Creek and Dry Creek. The access guideway for the Kojima HMF site would cross Berenda Slough
and Ash Slough. At these sites, an appropriate riparian buffer distance from the stream bank should be
maintained. Access guideway stream crossings are adjacent to crossings of the main track and are
counted as part of the same crossing location in the tables in Section 5 of this technical report.

Approximately one-half of the Castle Commerce Center site lies within floodplains (the eastern side of the
site and approximately 5 miles of the associated track). Of 370 acres, approximately 172 acres are within
the 100-year floodplain and 208 acres are within the 200-year floodplain. To the extent practical, the
floodplain at the Castle Commerce Center HMF site should not be developed; however, much of the
floodplain area at the site may be required for HMF facilities, making encroachment unavoidable. Where
an encroachment is needed, several feet of fill would be required to raise those portions of the site above
the BFE. A hydraulic study should be performed to assure that fill placement does not affect other
properties in this heavily developed area. Specific site boundaries and conceptual HMF layouts may
continue to evolve during early design concept development.

A small portion of the western corner of the Fagundes HMF site lies within the Ash Slough floodplain

(1.1 acres within the 100-year floodplain and 3.2 acres within the 200-year floodplain). The floodplain is
relatively narrow at this location (refer to Figure 4-3c), but the 200-year floodplain splits into two parallel,
separated inundation areas. The first inundation area extends about 160 feet from the southern edge of
the channel, and the second extends up to about 600 feet from the edge of the channel. Adherence to an
appropriate riparian buffer (e.g., 100 feet) would reduce but not necessarily eliminate floodplain impacts
at this site. Overall, however, the majority of the 226-acre site should be available for development
without floodplain encroachment.

Approximately 40% of the Gordon-Shaw HMF site lies within a floodplain. The floodplain is in the
southern portion of the site. Of 364 acres, 144 acres lie within the 100-year floodplain and 156 acres lie
within the 200-year floodplain. The area is classified as Flood Hazard Zone AH (shallow ponding), with a
FEMA base flood WSE of 262 feet (refer to Figure 4-3d) (FEMA 2008a). Where practical, the project
would avoid development of the floodplains within the site; however, if this site is selected, much of the
floodplains within the site may be required for HMF facilities, making encroachment unavoidable. Where
encroachment is unavoidable, the site would need to be raised from approximately 1 foot to 5 feet to
meet the Madera County Code for constructing nonresidential development above the 100-year and
future 200-year design flood elevation. The northwest side of the site would cross Berenda Creek, and
the southwest access guideway would cross Dry Creek. Construction on the northwest side of the site
should be offset back from the stream bank to provide a riparian buffer (about 100 feet). Facilities within
the floodplain, which extends about 250 feet from the edge of the channel within the HMF site, would
need to comply with FEMA and Madera County codes. A hydraulic study should be performed so that the
placement of fill does not violate floodwater elevation criteria (maximum 1-foot incremental rise).

The access guideway on the north side of the Kojima Development HMF site would cross Berenda Slough
and Ash Slough adjacent to existing mainline track crossings. These crossings should be treated in the
same way as those along the main track section. An access guideway on the south side of the site lies
within a floodplain. A portion of the northwest side of the site would border Berenda Slough, and there
should be an appropriate riparian buffer (e.g., 100 feet).
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An access guideway entering the north side of the Harris-DeJager HMF site would lie within a floodplain
and would cross Dutchman Creek. Sections 4.3.2 and 4.3.3 discuss mitigation measures for channels and
shallow floodplains, respectively.
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5.0 Waterbody Crossings

The three HST alternative alignments cross existing natural and constructed waterbodies including rivers,
streams, and irrigation canals. This section provides an inventory of the waterbody crossings, discusses
potential design concepts for waterbody crossings, and summarizes preliminary water crossing design
concepts for selected crossings. In addition, this section also discusses waterbody crossings that require
further consideration during the preliminary design.

Waterbodies are crossed by both the track alignment and the associate permanent project footprint,
including new roads, relocated utility corridors and other associated project features. Culverts would be
needed where new project road embankments or other elevated project facilities impede floodplain flows
or cross small drainages and irrigation features such as private ditches and small canals. In some cases,
roads are envisioned to provide access to land parcels where current access would be blocked by project
features, and these new access roads must cross existing waterbodies. Many concepts for culverts
developed during 15% design are likely to be modified as private farmers decide to reroute or relocate
their ditches to adapt to modified parcel configurations and access roads. Some smaller ditches may also
be temporary, constructed and filled seasonally or depending on crop rotations, to facilitate relocation .

There are also locations were either the track right-of-way or portions of the permanent project footprint
overlap longitudinal sections of natural and irrigation channels that parallel the project or are crossed by
both the track and adjacent roads modifications over a single, continuous reach. At some locations, the
permanent project footprint overlaps several hundred feet of channel. In some cases, the overlap may be
eliminated during final design by refining the project footprint to avoid the waterbodies. At other
locations, especially irrigation channels, it may be more practical to relocate the channel outside of the
project footprint. In order to ensure track isolation safety, no active irrigation channels can remain within
the fenced portion of the HST right-of-way.

5.1 Inventory of Waterbody Crossings
The inventory of waterbody crossings was developed by using data and information listed in Table 5-1.

Table 5-1
Information Sources for Waterbody Crossing Inventory

Data Source ‘ Detail
National Hydrography Dataset High Resolution Primary source
Irrigation District Maps Merced Irrigation District (1973)

Madera Irrigation District (2000)
Chowchilla Water District (No date)

Input from Irrigation District Personnel Personal communication
(Markups of spreadsheet lists and maps)

Aerial Imagery Mapcon Mapping, Ltd. (2007)

Field Reconnaissance In some cases, waterbodies were added, removed or
named based on information recorded by team
members performing site visits.

The names of waterbodies crossed by the alignments were determined by using the best available
information from the sources listed in Table 5-1, topographic maps (U.S. Geological Survey [USGS]
1987), and the California Atlas and Gazetteer (DeLorme 2008). The names of some waterbody crossings
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are different in different sources. Appendix A provides a record of name conflicts in the *“Name and Field
Notes” field.

Each crossing was assigned a unique 3-digit identification (ID) number. After the first three digits, the ID
contains alphanumeric information. The letter immediately following the three digits indicates the
crossing type: streams and rivers (S), constructed irrigation canals (C), existing irrigation pipes (P), or
minor drainage ditches and swales (D). If the name of the waterbody is known, an additional four-letter
designation developed from the waterbody name follows the ID. For example, the Crossing ID 400S-SJRi
indicates that the crossing is at the San Joaquin River (appended - SJRi). This location (uniquely
identified as 400) is a natural stream or river (the letter after three digits = S).

In some cases, canals are named with a number, so a number follows after a dash (for example, ID
321C-242L is named MID 24.2 Lateral).

This report lists waterbodies that would be crossed by the HST track and crossings associated with
project roads and the overall permanent project footprint. Road crossings end in "-A”, for example,
Fresno River crossing 812S-FrRi-A. Where a crossing is widened in an upstream-downstream direction
because it is crossed contiguously by both the HST track and the adjacent permanent project footprint
without a significant gap, the ID ends in “-B" for “both” (for example, the Ash Main Canal crossing ID is
521C-AMCa-B). Thus, an ID ending in “-B” indicates a single crossing that extends over a longer reach
than would be crossed by the track alignment alone.

Table 5-2 lists the number of waterbody crossings under each combination of HST alternative, design
option, and wye. The crossings are quantified separately for natural and irrigation channels, and for the
number of locations crossed by the track as a subset and all crossings crossed by the entire permanent
project footprint. The final two columns provide total crossings when natural waterbodies are combined
with canals and ditches. Depending on the configuration, the number of waterbody crossings would
range from 98 to 113, 88 to 109, and 113 under the UPRR/SR 99, BNSF, and Hybrid alternatives,
respectively. This inventory may not be all-inclusive, because smaller drainage ditches and culverts may
not have been identified. Figures 5-1a through 5-1m show the location of these crossings. Tables 5-3, 5-
5, and 5-7 provide additional information regarding these crossings for the UPRR/SR 99, BNSF, and
Hybrid alternatives, respectively. Appendix A contains a comprehensive inventory of waterbody crossings.

Table 5-2
Waterbody Crossings by Alternative

Canals, Ditches and

i ] Natural Waterbodies Pipes
Alternative, Design
Option, and Wye Main Track Main Track Main Track
Combination Only Only Only
UPRR/SR 99 Alternative
North-South Alighment, Design Options, and Wye Combinations
East Chowchilla with Ave 23 27 53 71 76 98
24 Wye
West Chowchilla with Ave 20 27 53 86 73 113
24 Wye?
East Chowchilla with Ave 19 20 61 85 80 105
21 Wye
Total UPRR/SR 99 19-23 20-27 53-61 71-86 73-80 98-113
Alternative Waterbody
Crossings
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Canals, Ditches and

. ) Natural Waterbodies Pipes
Alternative, Design
Option, and Wye Main Track Main Track Main Track
Combination Only Only Only
BNSF Alternative
North-South Alignment and Wye Combinations
BNSF with Ave 24 Wye 14 17 26 38 40 55
BNSF with Ave 21 Wye 13 16 32 44 45 60
Le Grand Design Options
Mission Ave 11 19 21 30 32 49
Mission Ave East of Le 10 14 22 32 32 46
Grand
Mariposa Way 13 20 14 17 27 37
Mariposa Way East of Le 14 16 13 17 27 33
Grand
North and South Design Options Combined
BNSF Alternative with Ave 24-28 31-37 39-48 55-70 67-72 88-104
24 Wye
BNSF Alternative with Ave 23-27 30-36 45-54 61-76 72-77 93-109
21 Wye
Total BNSF Alternative 23-28 30-37 39-54 55-76 67-77 88-109
Waterbody Crossings
Hybrid Alternative with Wye Combinations
North-South Alignment 21 29 50 84 71 113
with Ave 24 Wye
Hybrid Alternative with 19 23 55 78 74 101
Ave 21 Wye
Total Hybrid Alternative 19-21 23-29 50-55 78-84 71-74 101-113
Waterbody Crossings
Heavy Maintenance Facility Alternatives
Castle Commerce Center 4 4 8 8 12 12
Harris-DeJager 0 0 0 0 0 0
Fagundes 0 0 1 1 1 1
Gordon-Shaw 0 0 0 0 0 0
Kojima Development 0 0 0 0 0 0
®Does not include Le Grand design options.
U.S. Department Page 5-3
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5.1.1 UPRR/SR 99 Alternative

Table 5-3 lists all waterbody crossings for the UPRR/SR 99 Alternative under headings for the north-south
alignment along the East Chowchilla design option, Ave 24 Wye and Ave 21 Wye, and the West
Chowchilla design option where it differs from the Ave 24 Wye (refer to Table 5-3 notes). At a few
locations, crossings may pertain to more than one heading and be repeated. Appendix B contains fact
sheets for the UPRR/SR 99 Alternative natural waterbody crossings that are named. Waterbody locations
crossed by the UPRR/SR 99 Alternative where the alignment matches a portion of the BNSF or Hybrid
alternatives are discussed here and repeated in the subsequent subsections for those alternatives.

Table 5-3 provides information about the waterbody name, type, vertical alignment at completion of
conceptual (15%) design, the waterbody length if it is displaced longitudinally, ownership to distinguish
private irrigation ditches from canals owned by irrigation districts and publically owned natural streams
used to convey irrigation flows, the conceptual (15% design) approach and details, and a map reference
to help locate the crossing on Figures 5-1a to 5-1m. Where the conceptual design approach and details
were left blank, a conceptual approach to the crossing was not provided by the design team and will be
addressed instead during 30% design.

It should be noted that the conceptual (15%) design crossings and footprint are preliminary, based on
current design considerations and limited information. During 30% design, the concepts will be refined
and potentially changed or eliminated based on new information (such as improved survey data,
communication with waterbody owners, and feedback during 15% design review) and general design
progression and advancement. The tabulated approaches should be considered as a whole as
representative preliminary concepts rather than a firm commitment or limitation at any specific crossing
location.

@ CAUFORNA @y i Page 4

High-Speed Rail Authority Ramimistration.



CALIFORNIA HIGH-SPEED TRAIN PROJECT EIR/EIS
MERCED TO FRESNO SECTION

HYDRAULICS AND FLOODPLAIN
TECHNICAL REPORT

A B

< E
“ ‘\ ol i - s
[ \\‘ . H - ': m Vicinity Map
\ ; .
: - B B . Merced
: R , v '
’: ] \x £ ] . .:
2 . R o s . ]
1 . 16@-Cst s B gt \‘I : E |
v H ! .
' :
o : .
’ > Coes + | —— uPRRISR 99
Coctlo TR v 1 B Alternative
Gadpe 'C?"!men':e 5 — BNSF Alternative
Center Site. |

Hybrid Alternative

025P-Polit

-

Source: CWD (n.d.), DeLorme (2008), Merced Irrig. Dist. (1973, 2000), USGS (2010a,b)

HST Alignment

["] Permanent Project Footprint

Potential Heavy

BNSF Waterbody Crossing

[ ] Stream/River

:
MF_TR_WQ_06_a Jun 22, 2011

Hybrid Waterbody Crossing

@)

Stream/River

- . | | Canal
- Maintenance Facility . D Canal
K * Drainage
N ° Station Study Area a Pi O Drai
0 ! C] Oty Limit UPRR/SRIZ)ZW body Crossi o
— - County Boundary laterbody Crossing A Pipe
Miles —+——1 Railroad ©  stream/River
Stream/River u Canal
------ Canal/Ditch @  Drainage
Pipeline A Pipe Figure 5-1a
Waterbody Crossings
U.S. Department Page 5-5
of Transportation

% CALIFORNIA

High-Speed Rail Authority

Administration

Federal Railroad



CALIFORNIA HIGH-SPEED TRAIN PROJECT EIR/EIS

MERCED TO FRESNO SECTION

HYDRAULICS AND FLOODPLAIN
TECHNICAL REPORT

A B [ D E
_|_| P Pl h Vicinity Map
Pid T
em =t m T P !
Phdial N Merced
erced . g : =
P .t !
:
e JTONR
1N : 3 140
~ :
S, "
>
N@ . — UPRR/SR 99
_______ ’D SO ' Alternative
1 il i iy [}
! 040C-LtD \\\\ : —___ BNSFAlternative
p . i
AN foontnt Hybrid Alternative
] 042C-LtD ANS : Y Fresno
: N :
[ e v :
: 3 T F=051C " : :
= N |/ =
: , :
; 049D \(\ " 084C-FILt-B -
ol 1 050C-FaL %480 —) - 710CMiICk-A iRy
i iekelaialaliiiainlialn ekl il Bl FTTess=" = I
: 086C-MiCk | 11sc.8
056S-MCOF \ 02e=A '\
, .
: 055SIMCOF N LT OBECVLt W T ey e
B N ] e
; — & - - sE1EMICK aick 712C-FfLt-A R AR
T T 060 )N 08 o AN - =-""
s=="s —_— - ! = 3
< YN oaos OwCk == ‘ BB <0705 OWCK:, Z 716C-KoLt-A A »
t “ - M .
&~ D= 0B1CKoLt \ 7145-6W:lj(-A | R
A ! ) 091C-HdLt ===
v H . 090D-LtAA S 100D o =* 722S-DuSI-A
& : ' ) C \— 720C-HdLt-A
sl ¢ : . R
! . .-
L . penTees 111S-Dusl \)\ P BNSF
- - 1 - — 4
; : ! 125-Dus| > )5, — 110S-Du 092C-HALLB  ,----- .
' [} L} A '] =3 === _l o
o ; n 113(:-Gths \\D “ : -
R E R i Eha . S : :
: ] { MCEQ ~115¢ .. [
-=-- ) L A, . =4 ' l
PR H aat e “=1116C-SoSI | RERREE N I
N v ' .
H ! H
. ' !
e A T - e (R N N R P
-
~I
4 T e
i - ' H r .’
----- -l - p l"'-I
; ___E. T I 150C- RuLt
: i A
. : AR S S I ek L Rt
: : o : : R 756C-A _]:]\ 754C-A
. : ' T 1 : - : — 2 * RN
' Rk EREEEAEEED bl ARbir b TR T98C-A :
' ' : oo A :
' : ' ' F .l o P R 760C-A ——=
N ' " ' ' ' /o H
: : : H . , , H
: ! ' ' H : : . yd v
' ' ' oy ' ' 1 1 H
R {--- bl ==h e N ' / i H
5 . : : . " . M H o
e ; ' H ' v ' : !
: A : Fretet : : '.
: A : : -
' ' N . ' ' il
; o : : : 2008-Ddck — O\'\%
=t H ' ' 1 '
: - ' : : : \
ource n eLorme erced Irrig. Dist. s s a, _IR_ _U0_! un 2z,
S CWD (n.d.), DeL 2008), Merced Irrig. Dist. (1973, 2000), USGS (2010a,b; MF_TR_WQ_06_b Jun 22, 2011
—— HST Alignment BNSF Waterbody Crossing Hybrid Waterbody Crossing
[""""] Permanent Project Footprint ®  Stream/River O Stream/River
Potential Heavy ™ Canal
B Maintenance Facility ) D Canal
X L ] Drainage
N o Station Study Area ) .
i o A Pipe O Drainage
0 ! ] City Limit UPRR/SR 99 Waterbody Ci i
/aterbody Crossin: ;
i — — - County Boundary y 9 /A Pipe
Miles Railroad @  Stream/River
Stream/River B canal
------ Canal/Ditch @  Drainage
Pipeline A P Figure 5-1b

Waterbody Crossings

CALIFORNIA

High-Speed Rail Authority

U.S. Department
of Transportation
Federal Railroad
Administration

Page 5-6



CALIFORNIA HIGH-SPEED TRAIN

PROJECT EIR/EIS

HYDRAULICS AND FLOODPLAIN

MERCED TO FRESNO SECTION TECHNICAL REPORT
A D E
Vicinity Map
~
Merced—
1
——— UPRRI/SR 99
_ Alternative
S SERREEEE — BNSF Alternative
': Planada Hybrid Alternative
|
______ ' Ly M
e oo - | N I 2 B A ——— ’
. K N
Lemmmnn I P .
Ll I g ‘
. :
R p
ot . 120C 9
— 119C et
g ' P S
), H
e 140S-0wCk e
p -Ow . .
praass = 121C-DbLtB S 1eeeDien
122C-DbLt-B t— 158C-Bult
SR ey /[
; (=, . _124C-DbLt — K
» S D (b ek ; 127C-BuLt
d - 2

]
108C-PILt — |}

3
'
'

107C-PbLt
106C-PbLt

-BNo3-A

'540S-MaCK
544 S-MacK ~,

Y—;MC-LGCa
73

C-BN03

135C-BNo3

1328-MaCk

732S-MaCk-A
1365-Ma(£k

_/

733St_-MaCk-A

Miles

Dist. (1973, 2000), USGS (2010a,b)

HST Alignment

BNSF Waterbody Crossing

MF_TR_WQ_06 ¢ Jun 22,2011

Hybrid Waterbody Crossing

Permanent Project Footprint PY Stream/River O Stream/River
Potential Heavy - e
Maintenance Facility u Canal D
i ®  Drainage Canal
Station Study Area . bi O oo
cLimt UPRR/SRIZZ Waterbody C i e
County Boundary aterbody Crossing A pipe
Railroad @  stream/River
Stream/River @ canal
Canal/Ditch @  Drainage
Pipeline A Pipe Figure 5-1c

Waterbody Crossings

CALIFORNIA

High-Speed Rail Authority

@

U.S. Department
of Transportation
Federal Railroad
Administration

Page 5-7



CALIFORNIA HIGH-SPEED TRAIN PROJECT EIR/EIS
MERCED TO FRESNO SECTION

HYDRAULICS AND FLOODPLAIN
TECHNICAL REPORT

A B [ D E
I\ Vicinity Map
\ Merced—
\
\
1 |
\
\ —— UPRRI/SR 99
\ Alternative
} \ ____ BNSFAlternative
\ Hybrid Alternative
Fresno
| AN
i N
DN
N
2 A
N
AN
~N
~N
~N
N
N
) J 3 3 ~
N -re- Tt 4
\‘ — 139S-MaCk ' J ~|
=T H
185C-LIN3 '
182C-LIN3
734C-LtN3-A
736C-LIN3-A
\1 P-LtN3
180B<LIN3
1955 | aV,
207S-DdCk
2058-DdCk |
204C
223S-DtCk
201S-DdCK
2028-DdCk 580S-DICK 2138 '
738S-DdCk-A A\ 5655 4 \
L - 740S-DtCk-A 2088 \
/== 744D-A
2225-DtCk / |
206S-DtCk —/ ) 746D-A
S T 7428-A \ " I " 748D-A
501D b, 225D
2128 |_\'
=2 500D !
505D \ 2148
506D ==
504D 2248
508D \ 2243
5 517s
512D 5278
513D ‘
7508-A *\ 2178
752S-A
216S-B

Source: CWD (n.d.), DeLorme (2008), Merced Irrig. Dist. (1973, 2000), USGS (2010a,b)

HST Alignment

Permanent Project Footprint Py Stream/River

Potential Heavy ] Canal

[
B8 Maintenance Facility
(il

* Drainage

BNSF Waterbody Crossing

MF_TR_WQ_06_d Jun 22,2011

Hybrid Waterbody Crossing
O Stream/River

D Canal
O Drainage

N Station Study Area .
. . A Pipe
0 1 City Limit )
— - County Boundary UPRR/SR 99 Waterbody Crossing A pipe
Miles Railroad @  stream/River
Stream/River B canal
------ Canal/Ditch @  Drainage
Pipeline A Pipe

Figure 5-1d
Waterbody Crossings

U.S. Department
of Transportation
Federal Railroad
Administration

CALIFORNIA

High-Speed Rail Authority

Page 5-8



CALIFORNIA HIGH-SPEED TRAIN PROJECT EIR/EIS
MERCED TO FRESNO SECTION

HYDRAULICS AND FLOODPLAIN

TECHNICAL REPORT

A B c D E
~ - —
. H ' Vicinity Map
¥ B EEEEE - . \ J
: : , H : ! Seemmhe | Merced—IN—
H : h H 1 ' ~9 \ Y
. i , . : ;
: 45, ..... :-.-.:.--.:,.--: b [ =
11 /R : v
. 7o) N let ! .
! 1 ,? ' e ' )
- 1] ' T
\ ) ! : : o —— UPRRISR 99
i H | | ' ' ' H Alternative
i : : H : lmmmmemn : :
N 1 ' ! ' ' ' —— BNSF Alternative
: ] ' : T d : Hybrid Alternative
1 i E : . L H Fresno
3 1 Il : .
1 S — ! i [ emmmmmimmemioiiooC
99 766S-DtCk-A ! : . -
762S°DtCk-A - ) . : : R
211S-DtCK ! : : -
D —_— . ' U
H : ' : W
2 764C-A : don : : :
209S-DtCk-B 2108-DICk : : ;
: ; : : :
: : : ; '
768C-A 507C-B 215D-SDIC . :
[} ) - 1 L |
772¢-A 2 :
: :
C-A > .- :
778C-A ' '?{9 s
- 208
: 770C:A 7 510C-Lat2-B!
T76C-A : 1509C-Lat2-B ' !
3 . 511C-Lat3-B : 515CtLat3 | _
' ' i " - =
-------------- EGREEEE L EELEEEEEEL EEEEEE R _
' : Harris-DeJage 220S-ChRi WO =
' i o T e—
: E Site — — f.
: : vz RREN
: w : L
Y <
z : Vot *
O Lomms / |
e / G
: [/ F h
: = . 221C-Mntn
, 514C-Lat4 : // Minturn -
5168-ChRi - P T
: N~ : ¢
R ' - -
—.—-- ; i e &’P
: : : »
:
"""""""" > 7 17T 2RT786C-A miniiiait
784C-Latd-A = / /—’\ ! 788C-A
782CFUNA | 518C-CRBP E— 230S-AsSI
780sichRi-A - 519C;CRBR
— e ]
= ~—/ EEEEl R bbb bbbty -- 790C-CRBP-A H
.
= - ! >howchill
5 520C-AMCa-B ! owchilla
521C-AMCa-B !
5238-AsS| :
5228-AsS| i 994C-BtCa-A '
—— @ ;: 3
846C-JuCa-A :
792S-AsST-A ¥ !
""""""""" ——— Y B !

Source: CWD (n.d.), DeLorme (2008), Merced Irrig. Dist. (1973, 2000), USGS (2010a,

HST Alignment
["] Permanent Project Footprint

Potential Heavy
8 Maintenance Facility

N ° Station Study Area
0 1 ] City Limit
— — - County Boundary
—+— Railroad
Stream/River
------ Canal/Ditch
Pipeline

Miles

b)

BNSF Waterbody Crossing

[ ]
|
*
A

Stream/River
Canal
Drainage

Pipe

UPRR/SR 99 Waterbody Crossing

()
[ |
@
A

Stream/River
Canal
Drainage

Pipe

MF_TR_WQ_06_e Jun 22,2011

Hybrid Waterbody Crossing

@)
il

O
A

Stream/River

Canal
Drainage
Pipe
Figure 5-1e
Waterbody Crossings

Federal Railroad

High-Speed Rail Authority Administration

% CALIFORNIA o Transporation

Page 5-9



CALIFORNIA HIGH-SPEED TRAIN PROJECT EIR/EIS HYDRAULICS AND FLOODPLAIN

MERCED TO FRESNO SECTION TECHNICAL REPORT
A B D E
Vicinity Map
Merced—]
7 N
—— UPRR/SR 99
Alternative
— BNSF Alternative
Hybrid Alterative ;}\
== Fresno
MERCED
2 COUNTY = Mes-chRi T ]
o~ — < N~
e ~o T——""< 4 ==
y/ MADERA N Zamn
o COUNTY
=~ 2
%
%
231S-AsS|
3
253S-BeSl|
|
4/\ /_4 ____________________
. cal Kojima
. et Develop
wchilla o Site
240G-HtLt t
250S-BeS| H
.................. "
261C-CALA :
260C-CALA H 466C-CaCa
A ¥ = i —
N\ /g 464C-CaCa
T \ BNSF
Source: CWD (n.d.), DeLorme (2008), Merced Irrig. Dist. (1973, 2000), USGS (2010a,b) MF_TR_WQ_06_f Jun 22, 2011
HST Alignment BNSF Waterbody Crossing Hybrid Waterbody Crossing
] Perma-nent Project Footprint ®  Stream/River O Stream/River
Pot_entlal Heavy y . Canal
[ ] Ma|r_1tenance Facility e  Drainage l:‘ Canal
N o Station Study Area . .
0 1 &1 City Limit A Pipe O Drainage
. — - County Boundary UPRR/SR 99 Waterbody Crossing A pipe
Miles Railroad @  Stream/River
Stream/River B canal
------ Canal/Ditch @ Drainage
Pioeli A Pipe -
petine Figure 5-1f
Waterbody Crossings

% CALIFORNIA of Transporaton Page >-10

High-Speed Rail Authority Ramimistration.



CALIFORNIA HIGH-SPEED TRAIN PROJECT EIR/EIS HYDRAULICS AND FLOODPLAIN

MERCED TO FRESNO SECTION TECHNICAL REPORT
A B C D E
— T :
’\/\ VicintyMap | | eeeeeaeaaaaaa- - = E TTTCATI786C-A
Merced— 784C-Latd-A "/ 788C-A
782C17At4-A % 518C-CRBP st
786slchri-A 519C-CRBP
- —— i _ | _L.L.. o ! . ;
1 [N (_,'— ~./ 790C-CRBP-A :
I= s Vi — .- i
—— UPRRI/SR 99 20C-AMCa-B :
Alternative 521C'AJMC9'B E
) - 5235-AsS| !
— BNSF Alternative 5225-AsS| ] 994C-BtCa-A !
Hybrid Alternative == 0 v
Fresno [I 1
S1-A H
e T s - = sl ) s !
] 842C-A 57 a SedczlucaA 848CANC [ 850S-ASSI-A ( 525C !
--------- %7 . 526S-AsS| . == A :
P 840C--JuCa-A — i 564C-AMCa
HYBRID _UPRR/SRS
— _
AVE 24 WYE BNSF 602C-AMCa  604C-BtCa-B —
gundes
L. S . - v
; i : H
P :
- A ' m ' ’a'
PR 152 : . -
3 ' S /
. ' /
L] 1 1] Ol
25 : ' ! s
___________________ B - S D : ,"
l’ - (4 I ¥ 1 4
J ! i H s
_— : : s ; K
- i : 4 : a
§ : D :
b e T ; R [ S
/ ! ; : : : /
’ ! ] ' - N ¢
‘ ] 4 ’ [} ’
. 4 1 . .
4 i ; ' ; K
4 - ! s 3 : Py
. i 1 1 L4 4
. i J /
. ,
242C-AVLA — i s 244C-AvCa 246C-R11C 48C-BiCa-B
_\_'J—‘i
AVE 21 WYE BNSF N_ 249-8sca L
3 ) «
¢ ) oy .
........ ¢ : .t o’
: : i
K : /) .
e ! 'l 4 e Cmmmmmsmmssmmmee
I' 1 4 * ]
5 i ! . o ‘
Lt ! N '/ ________________ !
. ' v .
Source: CWD (n.d.), DeLorme (2008), Merced Irrig. Dist. (1973, 2000), USGS (2010a,b) MF_TR_WQ_06_g Jun 29, 2011
HST Alignment BNSF Waterbody Crossing Hybrid Waterbody Crossing
1 Perma.nent Project Footprint ®  Stream/River O Stream/River
Potential Heavy n Canal -
@ Maintenance Facility [] canal
! * Drainage
N o Station Study Area N Pipe Q Drainage
° ! ] City Limit UPRR/SR 29 Wiaterbody C i ’
— — - County Boundary erbody Crossing  /\  Ppipe
Miles Railroad @  Stream/River
Stream/River B canal
------ Canal/Ditch @  Drainage
Pipeline A  Pipe
Figure 5-1g
Waterbody Crossings

Federal Railroad

High-Speed Rail Authority Administration

% CALIFORNIA of Transporaton Page >-11



CALIFORNIA HIGH-SPEED TRAIN PROJECT EIR/EIS

MERCED TO FRESNO SECTION

HYDRAULICS AND FLOODPLAIN
TECHNICAL REPORT

A B c D E
-
......... Vicinity Map
Merced—
: .
1] hilla
i
i
: L
; Chowchilla
: —— UPRRI/SR 99
] Alternative
‘ —_ BNSFAttemative
; -
. 2406-HiLt Hybrid Alterative
' 250S-BeS| Fresno
: S/====
! i =i v
H \ . i
: 8025-BESI-A . :
! 8005-BesEK 612C-CalA-= ?99 : :
= , \ ]
2 7985-BesI-A ‘ ...... A\ e 614P \ N\, — 261C-CALA :
X o) s03c.A | 804C-A ] 260C-CALA ' — 466C-CaCa
e =bi B ; —
[ e [V] —
FoY/ — ! - |
—_— e m— == 464C-CaCa
A}E/ZH"Y-- =% TR ~
: ) :\ , 8
," D\/SR 9 *‘"}, 8050-CalY -CaMAZ —_—
egecen — ] ] 9TAL endear
/ BeCaB — : 807C-Cal/
, 606C-BeCa-B . e13c.calas : SNgG-Cals
J/ 856S-BeSI-A -
K 608S-BeS| 15 i
K 8545-BeSI-A —) 152 —+— 264C-CaCa
S svosBest — g .
4 : N\ Fairmead
L} v B
—t A\
ll"l H 1\'? \‘
] \
I e 886C-CL1C-A W
: N\
----------------------- N ——y—— \
: © 281C-3229-B — 890G-3229-A ) \
! i 283C-3229 — -t 4
: ; I
: ' <t :892C-3229:-A. .o .. A N
4 882C-CLIC-A ’ 1 TN
2525-Bes| 463C-CLKIE\ 884C-CaCa-a 20003229 Lessc-a I
ic T 287C-3229)) 2SR !
N -
- D—— I'J—=< T
] AVENUE 21 WYE e il
v
= ‘W’?‘ 9- t‘ 289C-3220 L N
880S-BeSI-A 465C CfGa | 274C- 3&29 B : T
R - 462C-CfCaB 288IP -3229 $ i
: ©276C-3220-8 ] : !
883C—ICLtD ] | 282C-3220-B ‘ : :
7 “ : ' ! :
i : : E : i :
st ! ; ' ! ! | :
i :
JECTERR : : ' : : :
: : : : ; :
......... : : . ' : :
P 1] n 1
: : ‘ : : :
! ' ‘ : % J :
! 1 H N 1 :

Source: CWD (n.d.), DeLorme (2008), Merced lrrig

Miles

Dist. (1973, 2000), USGS (2010a,b)

HST Alignment

BNSF Waterbody Crossing

Permanent Project Footprint P Stream/River
Pot_ential Heavy - = Canal
Maintenance Facility )
. * Drainage

Station Study Area )

I A Pipe
o Lt UPRR/SR 99 Waterbody C i
County Boundary aterbody Crossing
Railroad ( ] Stream/River
Stream/River @ canal
Canal/Ditch @  Drainage
Pipeline A Pipe

MF_TR_WQ_06_h Jun 22,2011
Hybrid Waterbody Crossing
Stream/River
Canal

Drainage

>O 00

Pipe

Figure 5-1h
Waterbody Crossings

CALIFORNIA

High-Speed Rail Authority

U.S. Department
of Transportation
Federal Railroad
Administration

Page 5-12



CALIFORNIA HIGH-SPEED TRAIN PROJECT EIR/EIS
MERCED TO FRESNO SECTION

HYDRAULICS AND FLOODPLAIN
TECHNICAL REPORT

A B c D E
/ Vicinity Map
Jmme-
': Merced—
P
\
1 N .
'
SF .
S S— :
: —— UPRRI/SR 99
% ' Alternative
'
1 — BNSF Alternative
G _ _
+ Hybrid Alternative
\ 251C-322 Fresno
T T T 264C=322 ==

Fairmead

294S-BeCk

296S-BeCk
2938-BeCk

=

301S-DrCk

a4 ‘
: 904¢-
o v
: ==898C3221-A  291S-BeCk
i 277C-3221
1 H
: :
: :
e e .
1 3
] "
: !
L] L]
: :
: !
........... 2 ¥ L i et
5 ] H
: :
......... J S
. e Ete SR
r
!
]
'

306C-242
806C-242-A

310S-ScCr

¥
808S-ScCr-A

.
.

.
2

Madera

.

Source: CWD (n.d.), DeLorme (2008), Merced Irrig. Dist. (1973, 2000), USGS (2010a,b)

HST Alignment

BNSF Waterbody Crossing

MF_TR_WQ_06_i Jun 22,2011

Hybrid Waterbody Crossing

[ Permanent Project Footprint ®  Stream/River O Stream/River

Potential Heavy ™ Canal
B8 Maintenance Facility l:‘ Canal
. * Drainage
N o Station Study Area N Pie O Drainage
¢ i ] City Limit UPRR/SRF;Q Waterbody Crossi ?
— — - County Boundary aterbody Crossing A\ pipe
Miles Railroad @  Stream/River

Stream/River B canal

------ Canal/Ditch @  Drainage
Pipeline A Pipe Flgure 5-1i

Waterbody Crossings

U.S. Department
of Transportation

Page 5-13

CALIFORNIA

High-Speed Rail Authority

@

Federal Railroad
Administration



CALIFORNIA HIGH-SPEED TRAIN PROJECT EIR/EIS HYDRAULICS AND FLOODPLAIN

MERCED TO FRESNO SECTION TECHNICAL REPORT
A B C D E
Vicinity Map
301S-DrCk
Merced—
1 305C-24
306C-242
806C-242-A % A —— UPRR/SR 99
! Alternative
3108-8c€r — | )
T | o —— BNSF Alternative
‘
808S-ScCr-A A Hybrid Alternative
B Fresno
5
! 810S-A
Madera \
~“ N
2 N\
5 N
o
R N
v e | /
330S-FrRi
3 /' ,_l ‘ 814C-MaCa-A
( SRRy Sy~ 812S-FrRi-A
340c-MK}-
% / ;
»’ .
331S-FrRi ,«’/
-t = ,'
- e *
- ~ . - - - b
________ e e - N R ,°
4 _emmtT m—mm—m o a==T : 2 ‘,""
\ "p
H
[ ' '
=N b
]:I 341C-MaN1 —=
---------- - : O ! :
_ol == M S et
5 : [T ! ;
: O ! R
- 1]
| L 353C ’
n N
/ : P e :
Source: CWD (n.d.), DeLorme (2008), Merced Irrig. Dist. (1973, 2000), USGS (2010a,b) MF_TR_WQ_06_j Jun 22,2011
—— HST Alignment BNSF Waterbody Crossing Hybrid Waterbody Crossing
["""] Permanent Project Footprint ° Stream/River O Stream/River
Potential Heavy
N s | Canal
- Maintenance Facility . D Canal
. * Drainage
N o Station Study Area . .
. A Pipe O Drainage
0 ! 0] City Limit UPRR/SR 99 Waterbody C i
i — — - County Boundary aterbody Crossing  /\  pipe
Miles Railroad @  Stream/River
Stream/River B canal
------ Canal/Ditch ®  Drainage . .
Pipeline A Pipe Figure 5-1j
Waterbody Crossings

Federal Railroad

High-Speed Rail Authority Administration

% CALIFORNIA of Transporaton Page >-14



HYDRAULICS AND FLOODPLAIN
TECHNICAL REPORT

CALIFORNIA HIGH-SPEED TRAIN PROJECT EIR/EIS
MERCED TO FRESNO SECTION

D E
Vicinity Map
Merced—
—— UPRR/SR 99
Alternative
— BNSF Alternative
Hybrid Alternative
Fresno
o
278C-6214
279C-6214

Source: CWD (n.d.), DeLorme (2008), Merced lIrrig. Dist. (1973, 2000), USGS (2010a,b)

MF_TR_WQ_06_k Jun 22,2011

HST Alignment BNSF Waterbody Crossing Hybrid Waterbody Crossing

Permanent Project Footprint PY Stream/River O Stream/River
Potential Heavy n Canal —_—
Maintenance Facili
) v ®  Drainage D Canal
N Station Study Area R pi O Drai
X o Limt UPRR/SRlFS);; Waterbody C i e
- County Boundary aterbody Lrossing A Pipe
Miles Railroad ©  stream/River
Stream/River @ canal
Canal/Ditch ©  Drainage .
Pipeline A Pipe Figure 5-1k
Waterbody Crossings
CALFORNIA @y sics Page 515

@

High-Speed Rail Authority

of Transportation
Federal Railroad
Administration



CALIFORNIA HIGH-SPEED TRAIN PROJECT EIR/EIS

HYDRAULICS AND FLOODPLAIN

MERCED TO FRESNO SECTION TECHNICAL REPORT
A C D E
Vicinity Map
Merced—j
1 380C
[ ;
: —— UPRR/SR 99
\ — 826C-A Alternative
e ——— BNSF Alternative
Hybrid Alternative
................ Fresno
2 830C-ML2S- :
s
: RS ;
382C-ML2S
' MADERA
e 7, |COUNTY
7
- - 395C-6292
R AR E e ===
. 396C-6292
3 '
:
'
i 400S-SJRi
401S-SJRi
= =25-°01 /
4
P /
~T . Semmmem
~ &~ ST e /—1/- .«
o =TT
Vo
bl Y
4 ! i
: 1
R .
F3 O A KR N .
e i 99 ! ‘ N .
- . K j - N / .
"""""""""""" ? = ; D\ -
H P 410C-HrCa ’
': :
5 1 o .
1 , :
X o0 o
| N o s A
[ ¥ ’ ' n
: 3 UPRR .- ) n HE
==po 4 4t ——t—t—t+—+ —t =t ' s
k! o= R N . '

Source: CWD (n.d.), DeLorme (2008), Merced lIrrig. Dist. (1973, 2000), USGS (2010a,b)

HST Alignment

[""""] Permanent Project Footprint

BNSF Waterbody Crossing

MF_TR_WQ_06_| Jun 22,2011

Hybrid Waterbody Crossing

L Stream/River O Stream/River
Potential Heavy ™ Canal
- Maintenance Facility ) D Canal
. * Drainage
N o Station Study Area N pi O Drai
ipe rainage
0 ! ] City Limit UPRR/SR;QWt body Crossi ’
— — - County Boundary aierbody Hrossing A Pipe
Miles —+——1 Railroad ©  stream/River
Stream/River u Canal
------ Canal/Ditch ©  Drainage
el A  Pipe -
Pipeline P Flgure 5-11
Waterbody Crossings

U.S. Department
of Transportation
Federal Railroad
Administration

Page 5-16

CALIFORNIA

High-Speed Rail Authority

@



CALIFORNIA HIGH-SPEED TRAIN PROJECT EIR/EIS
MERCED TO FRESNO SECTION

HYDRAULICS AND FLOODPLAIN

TECHNICAL REPORT

E

Vicinity Map

Merced—‘%5

;
y —— UPRR/SR 99
- Alternative

N ——— BNSF Alternative

Hybrid Alternative

Fresno

]

421P-WVCa-B

Fresno

e 180
.
9 ,\"‘
Fresnb &
Station ou
S
23 L
]
_——
Source: CWD (n.d.), DeLorme (2008), Merced lrrig. Dist. (1973, 2000), USGS (2010a,b) MF_TR_WQ_06_m Jun 22, 2011

—— HST Alignment BNSF Waterbody Crossing Hybrid Waterbody Crossing
— Perma-nent Project Footprint ®  Stream/River O Stream/River

Potential Heavy ™ Canal

B8 Maintenance Facility l:‘ Canal
X * Drainage
N o Station Study Area . .
o A Pipe O Drainage
¢ 1 ] City Limit UPRR/SR 99 Waterbody Crossi
: — — - County Boundary aterbody Crossing — /\  pipe
Miles | Railroad @  stream/River

Stream/River u Canal
------ Canal/Ditch @  Drainage

Pipeline A Pipe

Figure 5-1m
Waterbody Crossings

Federal Railroad

High-Speed Rail Authority Administration

% CALIFORNIA Pt

Page 5-17



uonensiuIWpy
peoujiey |ei1epad

Aoyiny oy paadg-ybiy

81-G obed aunedeg S0 VINJOAINVO

€D ‘q1-§ d SN uedspnw/ubijess 2land V/N apelo-y weans ybnojs xonq ISNa-STTT

€2 q1-9 d 210N uedspinw/ubjjes. Alland v/N apesn-1y weans ybno|s xnQ ISNQ-STTT

€D ‘q1-§ driei V/N oSpelD-y uslia aoort

€-2q1-§ dlien V/N opeiD-1v yauda V-V [elsjeT] VVvI1-a060

€-4‘q1-g D 910N HOAIND/pa3ed0[al drei 048 opelD-1vy |eue) |ela3e] JJo F10%-2180

ueds
€-9'g1-§ | ,06-C x0g Sd/dd | uedsnnui/sied0Rl Alland 085S apein-1y weans Y981 SuUsMO XOMO-S080
ueds

2-9'91-S | .06-C X0 Sd/dd uedspnw 2lland V/N apein-y weans %9810 s3I ADIN-S090
T "ON MO[LIRAQ

z-4'91-§ g ®10N HoAIND Alland V/N apesn-1y weans %9810 s3Il 40DI-5550
|elaye

¢-4 'q1-§ dI4e V/N opelD-y [eued dlepwiied V-11P4-210L
|elaye

¢-4 'q1-§ g 910N HIAIND dlie v/N opelD-ly [eued dlepwiied F1P4-00S0

-4 '9q1-S elep ou 91eAlld V/N opelD-y usiid asvo

-0 'q1-S | MOY puoAsq ,0¢ 9]ed09Y drisi v/N opelD-y [eue) v-0¢0L

1-V 'q1-§ g 910N HIAIND dl4e v/N opelD-iy jeue) d |elsje arn-ocro

1-v ‘q1-§ g 910N HOAIND Ao V/N opelD-y jeue) d |el=sjeT dirn-oov0

(yanos 03 yriou pajsi| Ajjesauab ‘suonndo ubisap pue aAm [je 10j sBuisso.d 8G) Judwubily Ynos-yHoN 66 dS/didN

uoijedo1
puD pue
dew 1-5

(# ‘adAy
-uoisuauwip)
siielaa
ubisaq %ST

(pa3ed0jad
‘uedsiyinw
‘ueds 3)buls
‘UaAInd ‘adid)
yoeouddy
ubi1saqg %ST

(ope.b-je
‘I paurejads
‘pajend|d)
Juswubiy
|e21IDA
ubisaq %ST

(jeameu
‘sbeulelp
adid
‘|leued)
adA)
Apoqiayem

(399))
yoeul
0} |9]jeled
yabua
Apoquazem

oweN al
Apogiayem Buisso.a)

(eAnd
PLsig
uonebLT
/191eM
2119nd)
[umo

a4nbig

DARRUIBYY 66 ¥S/dddN — sbuissos) Apogazep Jo Alojuanug
€-99|qel

1¥0d3y TVOINHO3L
NIV1ddOOTd ANV SOI'INVYAAH

NOILD3S ONS34d OL d3DHA
SI3/d13 103(0¥d NIVYL A33dS-HOIH VINYOHITVD



uonensiuIWpy
peoujiey |ei1epad

Aoyiny oy paadg-ybiy

uonjepodsuel] jo
6T-G abed Juswyedeq ‘SN <_ZN_OH__|_<U
e|liyomoyD
1SOM pue
e|liyomoyd
1se3
6-3'q1-§ ueds 921D | ‘@AM HT BAY)
1-¥ '81-G | .0b-T 'x0g Sd/0d ueds ajbuls al1qnd V/N apein-Iy weans uewpesq 30PA-S00¢
6-3'q1-S | T "WeAnd xoq ,zT HaAIND 491eAld V/N opein-Ivy leue) JbST
G-3'q1-G | T "WeAINd X0q 2T HIAIND 4o3enlld v/N apeln-Iy leued oT4°)!
jusunjueqwy
v-a ‘q1-§ g 310N HaAIND ajeAld V/N Aempeoy |eue) V-ObS/
(peot mau)
6-a ‘q1-§ g 310N HaAIMD djeAld V/N apeiD-y [eued V-209/
(peos mau)
6-a‘q1-S | T “WeAnd xoq ,ZT HaAIND 3jeAld v/N apeIn-y |eued v-08S/
(peot mau)
¥-a ‘q1-§ g 310N HaAIMD ajeAld 0SS dpeiD-y |eued v-095/
|eJaje |[9ssny
v-a ‘q1-§ ¢ ‘ueds 00T uedspynw arei V/N dpein-y leue) / ybnojs ynos 1IMY-D0ST
v-a ‘q1-G | T "WeAINd x0q 7T HIAIND arei v/N opeiD-1y [eued g |es3e q1e71-2/11
|esa3e paebun
¥-D ‘g1-§ ¢ ‘ueds 00T uedspnw darei v/N apein-Iy leue) / ybnois yinos ISOS-09TT
$-2 ‘q1-g g 310N HaAInD are V/N dpein-y leue) JSTT
€0 ‘q1-§ g 310N HaAIMD ajeAld V/N dpein-y leue) IbTT
€-2q1-§ d 10N H9ANd/pajed0el (¢} EENY V/N Spei-1y leued |e433e7 SUSAID YINO-DETT
€0 ‘q1-§ d 910N uedsinw/ubijea. 2lland V/N apein-1y weans ybnols xnQ ISNQ-SOTT

uonedoT
puD pue
den 1-9

a4nbig

(# ‘adhy
-uoisusuwip)
s|ieledg
ubisaq %ST

(pajed0jad
‘uedsp|nw
‘ueds ajbuls
‘MaAInd ‘adid)
yoeouddy
ubi1saqg %ST

(eAnd
‘p3sia
uonebLuT
/191eM
2119nd)
aumQ

(3994)
yoeul
0] |ojjeled
yabua

Apoq.uarem

(opeib-je
‘i paurejad
‘pajeAd|d)
Juswubiy
|e21IDA
ubisaq %ST

(jeanmeu
‘sbeujelp
adid
‘leued)
adA)
Apoqiayem

sweN
Apogiayem

al
Buissol)

1¥0d3d TVOINHO3L
NIV1ddOOTd ANV SOI'INVYAAH

NOILD3S ONS3¥4 OL d3DYA
SI3/d13 103(0¥d NIVYL A33dS-HOIH VINYOHITVD




HORELSIIIPY Auoyiny oy psads-ybiy

peoujiey |e1opa4

uonjepodsuel] jo
0¢-S abed wswpedag 's'n <_ZN_ On__n_<u

§-a ‘I1-g

TV ANT-S pajens|p 93eAlld V/N pajensls leued eS¢
§-a ‘I1-g

TV ANT-S pajens|p 9jeAlld V/N pajensls leued Jese
§-a ‘I1-g

TV MIT-S pajens|p djeAld V/N pajensls leue) JSbE

v 'l1-g pajensd aipen v/N pajeAdls [eue) T "ON ulen INeW-OTHE

v 'l1-§ V 310N uedsini ,»land VN pajensls weasns 1oAY ousald rH4-STEE

|elsae

€-g ‘[1-9 pajensip aipew VN pajensls leueD THC I 12be-01ee

€4 l1-g pajeAs|d 93eAld V/N pajeAs|q leue) JSTE

v 'f1-s Vv 310N uedsiniy ,land v/N pajensls weans ¥234D IpIwydS 3D2S-STIE

S-D IT-§ V 310N uedsini ,»Nand VN pajensls weasns yoa10 M@ 301a-s20€

6D 11-§ pajeAs|e 93eAld V/N pajeAs|q leue) JS6¢

-9 '11-9 V 310N uedsiniy Qland 09/¢ pajendls weasns 3931 epusiag 3099-S06¢

(a49y

ulof suondo

ubisaqg

eliyomoyD

1So/\ pue

e|liyomoyd

¥-3 'Y1-§ 1se3 ‘8AM vt

'€V 1T-§ | € ‘WdANd x0q pT HaAnd dIpenw 00T pajensls leueD dAY) 9-259¢

(s1ay

Jds suondo

ubisaqg

uoneson (# odAy (pajed0jad (@rennd (303)) (opeib-je (jeanmeu aweN ar
pMD pue | -uoisudwip) ‘uedsiyinw PL3siq yoedl 14 pauielad ‘abeulelp Apoqiazem Buissol)
dew T-5 s|ieyaa ‘ueds ajbuls uonebLuT 0} |9]jeled ‘pajeAd|d) adid

a4nbig ubisaqg 94,ST | ‘HaAIND ‘adid) [193em yibua Juswubiy ‘leued)
yoeouddy Diqnd) Apoqgiajem |edIMDA adAlL
ubi1saqg %ST Pumo ubisaqg %ST | Apogiaiem

1¥0d3d TVOINHO3L NOILD3S ONS3¥4 OL d3DYA
NIV1ddOOTd ANV SOI'INVYAAH SI3/d13 103(0¥d NIVYL A33dS-HOIH VINYOHITVD



uonensiuIWpy
peoujiey |ei1epad

Aoyiny oy paadg-ybiy

uonjepodsuel] jo
T¢-G abed Juswyedsq ‘S’ <_ZN_OH__|_<U
[_ue) BLIOPIA
7-9 'Wi-§ Ajuo anedai amH or1T peoy speiH-1vy [eued youeld I1Ssp | V-BDAM-DZES
i 'ON
7-9 'Wt-§ adid soe|day adid aH 0cet opeiD-1y adid |eue) eLIOIA g9-eDIN-d0Ch
6-a ‘I1-§ pajeAs|e am v/N [Il4 paulelsy |eue [eued uoputsH BDIH-D0TY
249ymas|e sueds
,0TT ‘[puueyo
MOJJ-MO| DAY
€-411-S Jano ueds ,0ze uedsiniy algnd VN pajeAs|3 weans uinbeor ues TI(S-STOY
€-4 11§ g ©10N HIAIND aipen V/N opelD-1vy leue) S0'S-¢°6-C°9 ¢609-096¢
SC'6
v 11-§ g S10N HIAIND arpen V/N speln-y [eued -C’9 [ed=3e pIW SCIN-DC8E
(peos mau)
G0 MAT-§ | T ‘HaAnd x0q 2T HBAIND aIrpen V/N opelD-1y leued v-08¢8
(peos bunsixa)
G-D M1-§ g 810N HBAIND arpen VN opelD-1y leued V-8
(peos mau)
G-Q AT-G | T ‘HeAMd xoq ZT HaAINd aIpew v/N SpeiD-y leued v-07e8
G-2 M1-§ g 210N HIAIND aIrpen V/N opelD-1y leue J6LE
NECTe)
€-9 N1-9 V 910N uedsiniy 42lldnd v/N pajeAs|3 weans poomuonon AIMD-STLE
€-d M1-§ pajeAs|e aipen V/N pajeAs|3 leue) T "ON ulep CNBW-D09€
€V MA1-§ pajeAs|e 9leAlid v/N pajeAs|3 leued 9213

uonedoT
puD pue
den 1-9

(# ‘adhy
-uoisusuwip)
s|ieledg
ubisaq %ST

a4nbig

(pajed0jad
‘uedsp|nw
‘ueds ajbuls

‘MaAInd ‘adid)

yoeouddy
ubisaq %ST

(eAnd
‘p3sia
uonebLuT
/191eM
2119nd)
aumQ

(399y)
yoedl
0} |9]|eled
yabua
Apoq.uarem

(opeib-je
‘i paurejad
‘pajeAd|d)
Juswubiy
|e21IDA
ubisaq %ST

(jeanmeu
‘sbeujelp
adid
‘leued)
adA)
Apoqiayem

sweN
Apogiayem

al
Buissol)

1¥0d3d TVOINHO3L
NIV1ddOOTd ANV SOI'INVYAAH

NOILD3S ONS3¥4 OL d3DYA
SI3/d13 103(0¥d NIVYL A33dS-HOIH VINYOHITVD




uonensiuIWpy
peoujiey |ei1epad

Aoyiny oy paadg-ybiy

uonjepodsuel] jo
2¢-S =2bed Juswyedeq ‘SN <_ZN_OH__|_<U
€-a ‘Y1-s pajeAs|e amo v/N pa1eAs|y |eue) [eueD ejije) eDJED-D19¢
5-8 J1-§ v
'2-a ‘Y1-s pajeAs|e amd v/N pa1eAs|y eued | |ess)eT elulojied V1vD-209¢
G-V J1-G
T-0 'Yt-§ V 910N uedspnpy ~lland v/N pa3eAs|y weans ybnojs epualag ISeg-S0S¢
G-V J1-G
70 'Yt-§ pajeAs|e amd v/N pa1eAs|y leue) |els1e AspeH 1TH-D0C
p-3 ‘a1-9
1-9 ‘U1-9 V 910N uedspnpy ~lland v/N pa3eAs|d weans ybnols ysy ISSY-S0£C
¥-a ‘91-§ pajeAs|d amo v/N pajeAs|q [eued uImui UUW-OTZT
€-2 'a1-9 ~2lland V/N pajeAs|3 weans JaAry ejiyomoyd YD-5022
NEETle)
-2 °1-9 ~2lland v/N pajeAs|y Yoauqg | uewyding yinos 21dS-AsTe
z-9 ‘°1-G ueds 08T ueds |6uis ~lland 08¢ pa3eAs|y weans | ea1) uewyding 301d-S01¢
(Ajo3ead3S pais)| sbuisso.d 3Am {ynos 03 yyiou pajsi| Ajjesauab ‘sbuissold g) uondo ubisag ejyamoy)d ise3 66 AS/AAdN
MIAIND (Quawnjuequiz
X0q ,S/1°C Aempeoy) ST6
-V I1-9 ‘WBAIND X0q ,ZT | MSAIND/pa3edo|ay aIpen 0£0¢ 14 pauieyny leued -2’9 [el31e] pIN | V-STTN-D0E8
buisso.o G/ "ON Jeued
$-Q ‘Wt-9 anoge ynpanby an v/N apelo mofeg leued d9a1) Mg eDDA-J1SH
€-2 ‘W1-g adid soe|day adid ad v/N apeln-1y adid deey
pauopueqge [eue) eLIOPIA
€-q ‘wr-g si adid — suoN ad 08 apeln-y adid youelg 1S90 | V-DAM-dbES
|eue) BLOWIA
€-9 ‘wi-g adid soe|day adid ard 0S8 dpein-y adid Youeig 1S90 | 9-BIAM-dTZh

uonedoT
puD pue
den 1-9

(# ‘adAy
-uoisusuwip)
s|ieledg
ubisaq %St

(pajed0jad
‘uedsp|nw
‘ueds ajbuls
‘MaAInd ‘adid)
yoeouddy
ubi1saqg %ST

(opeib-je
‘i paurejad
‘pajeAd|d)
Juswubiy
|e21IDA
ubisaq %ST

(jeanmeu
‘sbeujelp
adid
‘leued)
adA)
Apoqiayem

(399y)
yoedl
0} [djjeled
yabua
Apoq.uarem

(eAnd
‘p3sia
uonebLuT
/191eM
2119nd)
aumQ

oweN al
Apogiayem Buisso.a)

a4nbig

1¥0d3d TVOINHO3L
NIV1ddOOTd ANV SOI'INVYAAH

NOILD3S ONS3¥4 OL d3DYA
SI3/d13 103(0¥d NIVYL A33dS-HOIH VINYOHITVD



HORELSIIIPY Auoyiny oy psads-ybiy

peoujiey |e1opa4

uonjepodsuel] jo
£2-S abed wswpedag 's'n <_ZN_ On__n_<u
¥-4 '91-6
1-a ‘B1-G | ¢ "WOAIND X0q HT HaAIMD amd V/N opein-y [eue) b e V-$3e71-0t82
ueds JOATY
v-4 '91-§ | ,0S-£ X0d Sd/2d uedsinw 2land V/N apein-y weans B|liyomoyD rIYD-S91S
v-4 '91-§ g 210N HIAIND amo V/N opeiD-y [eued v e $I1-Db1S
£-9 '91-g g 910N HaAIMD amo V/N apeiD-y [eued € e g-€1e1-0118
€-g '91-9 edwy oN amd V/N opeIn-y [eued T e g-23e71-0605
juswuequiy
€-g 'a1-g yedwy oN 3leAld 0€T Aempeoy [eued V-204L
juswuequiy
€-9 '91-G | £ "‘WaAINd x0q 7T HaAIND 3jeAld o€zt Aempeoy [eued v-22LL
jusunjueqwy
€-9 '91-§ | € “WaAnd xo0q ,ZT HaAIND SjeAld 0z6 Aempeoy [eued V-Dv/L
€V '91-G | T ‘Mannd xoq 2T HaAIND deAlld V/IN dpeiD-y |eued v-09//
€V '91-G | T ‘WaAnd Xoq 2T HaAIND deAlld 0S¢ apeiD-y [eued v-08/L
T-VY 91-§ | T "WeAInd x0q 2T HaAIND SjeAld v/N apeIn-y |eued v-289/
¢-4 '91-§ g 20N HaAIND amo V/N apein-y leue) g-2/08
Z-V '91-§ | MO¥ puoAsq 0z 93209y 9jeAld 08Z1 apeiD-y [eued V-0p9/
ueds NECTe)
TV '91-§ | .09-€ X0d Sd/2d uedspnw lland V/N apein-Iy weans uewyoing | v-301a-Sz9L
ueds PECT)
7-4 '91-S | .0b-€ 'x0g Sd/od uedspnw 2lland V/N apeln-1y weans uewyng |  g9-23a-S60¢
(Aj@3eaedas pajsi| sbuissod Am {yanos 03 yyiou pajsi] Ajjesauab ‘sbuisso.d H)uondQ ubisaq ejjiyamoy) 31soM 66 AS/didn

uoneson (# odAy (pajed0jad (@rennd (303)) (opeib-je (jeanmeu aweN ar
pMD pue | -uoisudwip) ‘uedsiyinw PL3siq yoedl 14 pauielad ‘abeulelp Apoqiazem Buissol)
dew T-5 s|ieyaa ‘ueds ajbuls uonebLuT 0} |9]jeled ‘pajeAd|d) adid

a4nbig ubisaqg 94,ST | ‘HaAIND ‘adid) [193em yibua Juswubiy ‘leued)
yoeouddy Diqnd) Apoqgiajem |edIMDA adAlL
ubi1saqg %ST Pumo ubisaqg %ST | Apogiaiem

1¥0d3d TVOINHO3L NOILD3S ONS3¥4 OL d3DYA
NIV1ddOOTd ANV SOI'INVYAAH SI3/d13 103(0¥d NIVYL A33dS-HOIH VINYOHITVD



HORELSIIIPY Auoyiny oy psads-ybiy

peoujiey |e1opa4

uonjepodsuel] jo
- abed wswpedag 's'n <_ZN_ On__n_<u
juswuequiy

D 'B1-G | V-ISSV-S0S899S | V-ISSY-50S8 99S amd V/N Aempeoy [eued [euBD UIR USY | V-BDWV-O8H8
7-9 '61-G | MOY puoisq 0T 21ed0[2y amod V/N dpein-je [eued leued unsn( | Y-eDNC-DbH8
7-9 '61-G | MOY puoAsq 0T 9)e20[9y amod V/N apesn-y leue) V-27h8
G-V ‘91-§

‘-2 'B61-G | T 'WeAInd x0q ZT HaAIND amod V/N apeiD-y [eued [eued unpsn( | Y-eDNC-D948
G-D '91-§

'2-3'61-G | T "WeAInd Xoq 7T HaAINd amod V/N apeiD-y [eued leue) pyleg | V-eDIG-D¥66
G-g ‘oT-C ueds (peos mau)

'z-a ‘61-S | ,08-S ‘X0d Sd/2d uedsinw Qlland V/N apein-1y weans ybnols ysy V-ISSY-S26/
G-g 'a1-§ ueds

‘T-a ‘61-G | ,0§-S X04 Sd/Jd uedsninw ~2lland V/N dpein-Iy weans ybnojis ysy ISSV-S€¢S
G-d ‘°1-§

1-Q ‘B1-G | € ‘WAAND X0q HT HaAIND amd 09T apeIn-y [eued [eueD ule ysy | 9-eDWVY-ITZS
G-g ‘91-9 ssed-Ag JoAry

‘1-a ‘61-9 g 210N HIAIND amo V/N opein-y leue) B|liyomoyD dgdd-061S
6-) '8T-G (peot mau)

'1-3 ‘B1-G Joedwy oN 3jeAld oS apeiD-y [eued v-288/
G- “aT-G (peos mau)

1-3 ‘B1-G | € ‘WaAINd x0q ZT HaAIND 3jeAld v/N apeIn-y |eued v-2987
¥-9 '91-g Juswjuequy 1Ay

‘1-a ‘61-9 t ‘ueds 00T uedsiniy »lland V/N Aempeoy weans BlliyomoyD | -I4YD-S08Z
¥-g '91-g

1-Q ‘B1-G | € ‘WAAND X0q HT HaAIND amd v/N apeIn-Iy |eued ¥ e V-£3e1-0282

uoneson (# odAy (pajed0jad (@rennd (303)) (opeib-je (jeanmeu aweN ar
pMD pue | -uoisudwip) ‘uedsiyinw PL3siq yoedl 14 pauielad ‘abeulelp Apoqiazem Buissol)
dew T-5 s|ieyaa ‘ueds ajbuls uonebLuT 0} |9]jeled ‘pajeAd|d) adid

a4nbig ubisaqg 94,ST | ‘HaAIND ‘adid) [193em yibua Juswubiy ‘leued)
yoeouddy Diqnd) Apoqgiajem |edIMDA adAlL
ubi1saqg %ST Pumo ubisaqg %ST | Apogiaiem

1¥0d3d TVOINHO3L NOILD3S ONS3¥4 OL d3DYA
NIV1ddOOTd ANV SOI'INVYAAH SI3/d13 103(0¥d NIVYL A33dS-HOIH VINYOHITVD



uonesnsIUIWpPY

peoujiey |e1opa4

Aoyiny oy paadg-ybiy

uonjepodsuel] jo
G¢-S 9beq Juswyedeq ‘SN <_ZN_OH__|_<U
€-a 'Y1-S | ¢ "WeAnd xoq ,ZT HIAIMD amo v/N apelo-1y adid V-d608
G-V 41-§ des ap |nd Jes ap |nD
Z-D 'Y1-G | 10 |eued 23eI0[3Y | HBAIND O 33eD0[R4 amd v/N apesn-y [eued v |essieq eyljed | v-v1eD-DS08
-2 'Ut-S | T 'MeAInd xoq ZT HBAIND amd V/N apein-y |eue) V |essieq eyjed | v-v1eD-D/08
-2 'Ut1-§ g 310N HaAIND amd V/N apein-Iy [eue) Vv |eda3e] ejijed v1eD-0119
G-V J1-G
7D Y1-S | € ‘WeANd Xoq 2T HaAINd 3jeAlld V/N opeln-1y youa asgtg
ueds
2-9 ‘U1-S | ,09-€ X0g Sd/0d uedsnnw »2lland v/N apein-1y weans ybno|s epualag V-1S2g-S208
ueds
2-9 ‘U1-S | ,08-8 *X0d Sd/0d uedsnnw »2lland v/N apein-1y weans ybno|s epualag V-1S2g9-5008
ueds
2-9 ‘U1-S | ,09-€ X0g Sd/0d uedspnw »2lland V/N apein-1y weans ybno|s epuatag 1Seg-S609
ueds
7-9 'U1-S | ,0S-9 :X0g Sd/2d uedsninw Qlland v/N apein-y weasns ybnos epuateg |  v-1S99-S86/
2-9 'U1-§ g 310N HaAIND amd V/N apein-1y leue) [eue) epualag eJ39-2£09
juswuequiy
Z-Y ‘Ut-S | 7 'MeAnd xoq ZT HSAIND amd v/N Aempeoy |eue) leue) epualag | Y-D99-D96/
|edajen
z-3 '61-5 g 310N HaAInd amd oveh apein-y leue) ueunsed | g-1w3-D/09
z-3 '61-8 g 910N HaAInD amd 0992 apein-1y |eue) leued pyRg |  g9-eD19-DS09
z-3'61-9 g 210N HaAInd 91eAld v/N apein-1y [eued JSes
Juswueqw3
-0 'b1-9 9 ‘ueds 00T uedsiny Qland VN Aempeoy weasns ybno|s ysy |  V-ISSv-S0S8

uonedoT
puD pue
den 1-9

a4nbig

(# ‘adhy
-uoisusuwip)
s|ieledg
ubisaq %ST

(pajed0jad
‘uedsp|nw
‘ueds ajbuls
‘MaAInd ‘adid)

(eAnd
‘p3sia
uonebLuT
/191eM

(3994)
yoeul
0] |ojjeled
yabua

(opeib-je

‘i paurejad

‘pajeAd|d)
Juswubiy

(jeanmeu
‘sbeujelp
adid
‘leued)

sweN
Apogiayem

al
Buissol)

yoeouddy
ubisaq %ST

adA)
Apoqiayem

2119nd) Apogiaiem

JRumQ

|ed1dA
ubisaq %ST

1¥0d3d TVOINHO3L
NIV1ddOOTd ANV SOI'INVYAAH

NOILD3S ONS3¥4 OL d3DYA
SI3/d13 103(0¥d NIVYL A33dS-HOIH VINYOHITVD



pEoIEY [Eiopay @z_sﬁé 10y peads-ybiy

euneieg 51 VINYOLIMVO

9¢-9 wDMn_ swpedsq 's'n

ueds NECTe)
7-9 '91-G | .0b-€ 'x0g Sd/od uedspynw lland V/N speln-1y weais uewyding A01a-ST1¢
(3sea 03 3sam uayj pue yinos o3 yiou pajsi| Ajjesauab ‘sbuissotd T€) uondo ubisaqg ejjiyomoy) ise3 3Y3 103 AM HZ 9AY 66 US/AAdN
-3 '61-9 | T ‘WeAmd x0q 2T HaAIND amo 0+0¢ apeln-1y jeue)d [eue) |ayleg g-e019-0+09
G-g ‘91-9 ssed-Ag oAy
‘1-a '61-9 g 910N HaAIND amo v/N opein-1y jeue) e|liyomoyd dg9y0-081S
G-g ‘91-9
1-a '61-9 g 910N HaAIND amd 0cee spelo-1y |eued |eued ulely ysy | g-edINv-20¢S
S-g 'a1-9 ueds
1-a ‘61-§ | .0S-S ‘x0g Sd/2d uedspynw ~llgnd v/N speln-y weals ybnois ysy ISSV-S¢¢s
z-a 'b1-§ g 910N HBAIND 9)eAlld 0¢8¢ opeiD-1y [eued g-0v¢S
-0 ‘B1-G | T ‘MaAnd x0q 2T HaAIND amod V/N Speio-Iy leued [eue) Ulel Usy BDWV-2209
ueds ,05
-0 'b1-9 -GT Xog Sd/Jd uedspnw Sllgnd v/N speln-1y weans ybnols ysy ISSV-S9¢S
-0 'B1-§ d 910N HIAIND amo V/N speln-1y leued jeue) ule|y ysy EDIVY-O19S
ueds ,09
2D 'B1-§ -0T x0g Sd/2d uedspynw ~llgnd v/N speln-y weals ybnois ysy ISSV-S009
-0 'B1-§ g 910N HBAIND 9)eAlid V/N opeiD-1y |eued 8¢S
Juswuequig
z-9 '61-9 g 910N HaAIND 10 aneday amdo V/N Aempeoy [eued leued unsng | y-eJnf--D08
(uondo ubisaq@ ejyamoy) ise3 3Yj 103 SAM Z AV 3Y3 ul paisi| osje d4e sbuisso.ad
9S9Y3} /Yynos 03 Yyiou uadyj pue jsed 03 3sam pajsi| Ajjesauab ‘sbuisso.d TT) uondQ ubisaq ejjiyomoyd 31s9M 243 10J AM 12 PAY 66 AS/HAdN
€-d 'y1-s g 910N HIAIND 9)eAlld v/N opein-1y leued J0¢9

uoneson (# odAy (pajed0jad (@rennd (303)) (opeib-je (jeanmeu aweN ar
pMD pue | -uoisudwip) ‘uedsiyinw PL3siq yoedl 14 pauielad ‘abeulelp Apoqiazem Buissol)
dew T-5 s|ieyaa ‘ueds ajbuls uonebLuT 0} |9]jeled ‘pajeAd|d) adid

a4nbig ubisaqg 94,ST | ‘HaAIND ‘adid) [193em yibua Juswubiy ‘leued)
yoeouddy Diqnd) Apoqgiajem |edIMDA adAlL
ubi1saqg %ST Pumo ubisaqg %ST | Apogiaiem

1¥0d3d TVOINHO3L NOILD3S ONS3¥4 OL d3DYA
NIV1ddOOTd ANV SOI'INVYAAH SI3/d13 103(0¥d NIVYL A33dS-HOIH VINYOHITVD



uonensiuIWpPY
peoujiey |esopaq
uonepodsuel] jo

Aoyiny oy paadg-ybiy

£-S 9bed Jusweds@ 'S’ <_ZN_OH__|_<U
-0 ‘b1-G | T ‘MaAnd xoq 2T HaAINd amod v/N Speio-ly leueD [eueD utely ysy BDWV-2209
ueds ,09
D '61-§ | -ST ‘x0g Sd/2d uedsinw 2land v/N apein-1y weans ybnojis ysy ISSV-S92S
Z-D 'b1-G g 910N HaAInd amod v/N 9pel9-y leueD [eueD ulely ysy BDWY-DP9S
ueds ,09
¢-D ‘B1-G | -0T ‘x09 Sd/Jd uedsninw 2land v/N apeio-1y weans ybnojis ysy ISSY-S009
-0 'b1-5 g 910N HaAnd deAlld v/N 9peI9-y leued 28¢5
juswuequiy
z-4 ‘b1-G g 910N HaAIND Jo dneday amod V/N Aempeoy [eued [eued unpsn( | Y-eDN[--D0+8
G-9 ‘91-9 ssed-Ag Jonry
‘1-a ‘61-G | ¢ "‘WeAnd xoq ZT HaANd amod 09€T apeio-y leueD e[iyomoyD | v-dgdd-006/
ueds JOATY
¥-4 '91-G | ,0S-£ X0gd Sd/2d uedsinw 2lland v/N dpeio-y weass g|liyomouyD YD-S9TS
v-4 ‘91-9 g 210N HIAIND amo v/N opein-y [eued b 1e $Ie1-DP1S
£-g '91-§ g 910N HIAIND amo VN 9peI9-y leued € e €1e7-0G1S
pedw] usunjuequiy
€-9 ‘91-9 - 9)eledas oN 91eAld 0€T Aempeoy leued V-20LL
juswuequiy
€-d °1-G | € ‘WaAnd xoq 7T HaAd deAlld 0€eT Aempeoy [eued V-02LL
juswuequiy
€-d °1-G | € ‘WaAnd xoq 7T HaAd deAlld 0z6 Aempeoy [eued V-OvLL
£-g '91-§ Joedwy oN amd 0902 9peID-IY leued 1| g-ae1-d01s
ueds (peos mau) NECTe)
-9 '91-§ | ,09-€ :X0g Sd/2d uedsninw lland v/N apein-y weans uewyong | v-323d-S99Z

uonedoT
puD pue

den 1-9

a4nbig

(# ‘adAy
-uoisusuwip)
s|ieledg
ubisaq %St

(pajed0jad
‘uedsp|nw
‘ueds ajbuls
‘MaAInd ‘adid)
yoeouddy
ubi1saqg %ST

(eAnd
‘p3sia
uonebLuT
/191eM
2119nd)
aumQ

(3994)
yoeul
0} |9]jeled
yabua

Apoq.uarem

(opeib-je
‘i paurejad
‘pajeAd|d)
Juswubiy
|e21IDA
ubisaq %ST

(jeanmeu
‘sbeujelp
adid
‘leued)
adA)
Apoqiayem

sweN
Apogiayem

al
Buissol)

1¥0d3d TVOINHO3L
NIV1ddOOTd ANV SOI'INVYAAH

NOILD3S ONS3¥4 OL d3DYA
SI3/d13 103(0¥d NIVYL A33dS-HOIH VINYOHITVD




pEoIEY [Eiopay @z_aéé 10y peads-ybiy

uonjepodsuel] jo
8¢-S abed Juswedeq ‘SN <_ZN_ On__n_<u
-3 ‘U1-9
‘e-v 11-§ gS1eALd v/N apein-1y adid d89z
€-a 'u1-g g S10N HaAIND amd v/N apeln-1y |eue) g |eso1e7 BjIeD ga71e2-2/19
€-a 'u1-g g 310N HaAIND amd v/N apeln-y Jeue) g |esa1e7 ejled 47eD-2ST19
€2 U1-§ | € ‘WBAInd xoq 21T HaAIND amd 0£8 apeln-1y |eued v [elsjeT eyled | g-v1eD-DET9
G-V J1-G
-0 'Yt-§ g 910N UIAIND 3jeAld o€zt peoy apeln-y |eue) v-D£08
ueds
2-9 ‘U1-§ | ,09-€ ‘xog Sd/dd uedspinw ~lland v/N apein-1y weans ybno|s epualag V-1S99-5958
ueds
2-9 ‘U1-S | ,09-€ ‘xog Sd/0d uedspnw ~lland v/N apein-1y weans ybno|s epualag V-1So9-S1S8
ueds
2-9 ‘U1-S | ,09-€ ‘xog Sd/0d uedspnw ~lland v/N apeln-1y weans ybno|s epuatag ISed-5809
7-9'U1-S | ¢ 'WeAnd xoq 2T HaAIND amd ove apein-1y [eued leued epuatag | g-8299-1909
7-31'61-G | T 'WBAINd X0q 2T HaAINd amd 0t0€ apeln-1y [eued leued jpyag | g-edid-d+09
G-d ‘91-G ueds (peod mau)
'z-a '61-S | ,05-S ‘xog Sd/2d uedspnw ~lland v/N apein-1y weans ybnols ysy V-ISSV-S26/
G-9 ‘o1-§ ssed-Ag JaAry
‘1-q '61-9 g 310N HBAIMD amd v/N apeln-1y leued e[iiyomoyd dg¥D0-081S
G-g ‘91-§
1-q 'B1-9 g 910N MIAIMD amd 0zee opeln-1y [eued |eued uiely ysy | g-eDIWV-D0CS
G-g ‘a1-§ ueds
‘T-a ‘61-G | ,06-G X0gd Sd/Jd uedsinw 2land V/N Speio-Iy weans uybno|s ysy ISSV-STes
z-a '61-9 g 310N HaAIND 3jeAld 028t apeln-1y leued a-2b¢s

uoneson (# ‘adAy (pajed0jad (@rennd (303)) (opeib-je (jeanmeu aweN ar
pMD pue | -uoisudwip) ‘uedsiyinw PL3siq yoedl 14 pauielad ‘abeulelp Apoqiazem Buissol)
dew T-5 s|ieyaa ‘ueds ajbuls uonebLuT 0} |9]jeled ‘pajeAd|d) adid

a4nbig ubisaqg 94,ST | ‘HaAIND ‘adid) [193em yibua Juswubiy ‘leued)
yoeouddy Diqnd) Apoqgiajem |edIMDA adAlL
ubi1saqg %ST Pumo ubisaqg %ST | Apogiaiem

1¥0d3d TVOINHO3L NOILD3S ONS3¥4 OL d3DYA
NIV1ddOOTd ANV SOI'INVYAAH SI3/d13 103(0¥d NIVYL A33dS-HOIH VINYOHITVD



uonensiuIWpy
peoujiey |ei1epad

Aoyiny oy paadg-ybiy

uonjepodsuel] jo
6¢-S abed yowyede '§'n VINJOAIVD
-2 'U1-g g 910N HaAIND amo v/N opeln-y leued 0'¢-6'6 C'CE 6¢CE-008¢
v 'U1-g BDJD-D59¢% 99S €DJD-D59 99S amo 00¢g speln-y leue) |eue) ejllen g-eDJ0-0¢9%
v-D ‘UT-G | € "WaAINd Xoq 7T HBAIND amd v/N |peln-y leue) |eue) ejllen BD40-059%
$-2 'U1-g €DJ0-059¢% 985S €DJ0-059¢% 985S amd 09¢ peoy speio-1vy |eued |eue) ejlled | VY-eJed-D88
(e
ST PY R LT peoy
b-8 'UT-S | MOY puokeq 0z |  u/q) psjedojal amod V/N apeI-Iy leued a |eJ3e eyjed a¥1D-d€88
|esaje]
v-a ‘U1-9 d¥12-D€£88 995 amd V/N apeln-1y [eued Iids jeued | g-¥1S0-2L9¢%
v-a ‘U1-§ g S10N HaAIND amo V/N peoy speiH-1y leued D |edaje ejijed V-0110-0788
¥-4 'Y1-9 arn-0£88 29S amo V/N apeln-1y leue) D |eda3e] ejljed J11D-D€9%
ueds
v~V ‘U1-S | 09-€ 'x0d Sd/Jd uedsinw Slqnd V/N speln-y wea.ns ybnojs epuateg ISeg-S¢Sc
Jusuuequwiy
G-V ‘UT-§ g 810N HBAIND Slqnd V/N Aempeoy weans ybnojs epualag V-15°d-5088
¥-a ‘61-9 g 910N HBAIND amo v/N speln-1y leued [eue) epualeg e22g9-061¢
¥-a ‘61-g g 910N HBAIND amo 0ST¢ speln-y leued [eue) [ayieg g-e019-08%¢
$-2 ‘B1-G g S10N HaAIND amo V/N apeln-y Jeue) |eue) 1T peoy JTTY-091¢
v-4 ‘b1-G g 910N HBAIND amod v/N opeiD-Iy [eue) [eURD MBIAYSY BDAV-DbbC
v

-9 ‘B1-9 g 90N HaAIND amd v/N apeln-Iy leued [e49387] MIIAYSY VIAY-D2hC
(uondo

ubisaq ejjiyamoy) jse3 ayj o3 saijdde Ajuo {Yynos 03 yiou uayj pue 3sed 03 3sam pa3si| Ajjetauab ‘sbuissold 8€) aAM T 9AY 66 US/AAdN

uonedoT
puD pue
den 1-9

a4nbig

(# ‘adhy
-uoisusuwip)
s|ieledg
ubisaq %ST

(pajed0jad
‘uedsp|nw
‘ueds ajbuls
‘MaAInd ‘adid)
yoeouddy
ubi1saqg %ST

(eAnd
‘p3sia
uonebLuT
/191eM
2119nd)
aumQ

(399y)
yoedl
0} |9]|eled
yabua
Apoq.uarem

(opeib-je
‘i paurejad
‘pajeAd|d)
Juswubiy
|e21IDA
ubisaq %ST

(jeanmeu
‘sbeujelp
adid
‘leued)
adA)
Apoqiayem

sweN
Apogiayem

al
Buissol)

1¥0d3d TVOINHO3L

NIV1ddOOTd ANV SOI'INVYAAH

NOILD3S ONS3¥4 OL d3DYA
SI3/d13 103(0¥d NIVYL A33dS-HOIH VINYOHITVD




uonensiuIWpy
peoujiey |ei1epad

Aoyiny oy paadg-ybiy

0¢-G abed ﬁﬁ%ﬁ%wm <_ZN_ On__._<U
€Y 11-G | T ‘WA x0q 2T HAIND amod V/N pajeAs|a leueD LT1T-TCE 122€-0LLT
(Quawjuequiz

¥-3 'U1-g adojs jo Aempeoy)

'e-v 11-G | 903 doid ‘,000T pa3e20[21 amo 0S8T 4 pauey leued T'0T-C°CE | V-TTCE-D968
§-341-§

'€V 11-§ | € "WaAINd x0q 2T HAIND amod v/N apel-Iy leued z'01-2°CE 122€-D¥8¢
v-3'UT-G | € ‘MaAINd x0q T HAIND amo V/N apei-y leued 1°0-6'6-C°C€ 627E-068C
v-3'UT-§ V/N peoy spesD-Iy adid V-d€68
G-9 J1-9 v [esoe]

'z-a ‘ut-§ pajerspe amo V/N pajeAs|3 leued eluIojieD V1v¥D-019¢
b-A ‘Y1-§ | € “WAIND X0q 2T HAIND amod 0£8T apel-Iy leue) 0'T-6'6-C°C€ | 9-67C€-D78C
b-a ‘U1-§ pedwy oN amo V/N peoy apeiD-Iy leued 6'6-C°CE | V-67CE-DT68
b-a ‘U1-§ | € "‘WeAINd Xx0q 2T Hann amod V/N opeiD-y adid G'T-6'6-C'CE 6¢CE-d88T
¥-a ‘U1-g Jedwr oN amod v/N peoy spesD-1y [eued 6'6-C°CE | V-6TTE-0068
€-a 'ut-s g 20N HAIND amod V/N apel-y leued g |esa3e7 ejied a10-219%
v-a ‘U1-g g 910N HIAIND amo 0S.€ apeI-y leued 6'6-C°CE | 9-6CE-DT8T
¥-a ‘U1-g g 910N HaAINd amod v/N SpeiD-y leued 6'6-C'CE 6CCE-0L8C
b-Q ‘YT-§ | € “WOAIND X0q ,ZT | 93eD0JJ/HBAIND amod 0v9T peoy apei-y leued v-0888
v-a ‘U1-g g 910N Hann amod V/N apel-y leued 6¢CE-OE8C
jusunjuequiy

¥-a ‘U1-g g 910N Hann amod V/N Aempeoy [eue) Jleloeqejied | v-0110-0988
b-D ‘UT-G | € ‘MeAINd X0q 2T HAIND amd 08z apel-y leued 0'7-6'6CCE | 9-672€-098C

uonedoT
puD pue
den 1-9

(# ‘adAy
-uoisusuwip)
s|ieledg

(pajed0jad
‘uedsp|nw
‘ueds ajbuls

(eAnd
sia
uonebLuT

(3994)
yoeul
0} |[9]|eled

(opeib-je
‘i paurejad
‘pajeAd|d)

(jeanmeu
‘sbeujelp
adid

sweN
Apogiayem

al
Buissol)

a4nbig

‘MaAInd ‘adid)
yoeouddy
ubi1saqg %ST

Juswubiy
|eOIBA
ubisad %ST

‘leued)
adA)
Apoqiayem

yabua
Apoq.uarem

ubisaq %ST /193 M
a11qnd)

JRumQ

1¥0d3d TVOINHO3L
NIV1ddOOTd ANV SOI'INVYAAH

NOILD3S ONS3¥4 OL d3DYA
SI3/d13 103(0¥d NIVYL A33dS-HOIH VINYOHITVD



uonensiuIWpy
peoujiey |ei1epad

Aoyiny oy paadg-ybiy

1€-G abed ﬁﬁ%ﬁ%wm <_ZN_ On__._<u
t-a ‘e1-§ S)wi| Spisno 9eAld v/N lIi4 pauielsy adid d1€0
¥-a ‘e1-§ Sjlwi| SpIsIno 2land V/N [Ii4 pauleIay weans o940 Jesg 30eg-S0€0
NECTe)

¥-D ‘e1-g SHwWi| SpIsINo dllqnd V/N pajeAs|3 weans |easey Yoeig %2d9-S020
€D ‘e1-§ SHWi| Spisno aren v/N 9peI9-IY leued [e23e7 3l|yod ¥10d-dS20
z-D'e1-§ aren V/N pajens|3 leued 2600
z-d 'e1-§ Sjwi| apisino ajeCIN v/N pajensls leue) D110
z-d ‘e1-§ g 90N HIAIND aren v/N 9peID-Y leued 200
z-d'e1-§ 9eAld 0491 9peI9-IY leued 2800
z-4d 'e1-g SHWi| SpisINo 2lland 0v0T apelo-y weans 3o3.1D |eueD %2eD-S0T0
¢-9 e1-9 ,S1eAld 066¢ opein-y weans S200
1-v ‘e1-§ 9eAld 0€¥9 9peI9-Y leued D500
1-V ‘B1-§ S| SpIsINo (TN v/N apesD-y leue) [e433e7 pese) 11PD-0910

(yanos 03 yriou pajsi| Ajjesduab ‘sbuisso.td ZT) JWH 193uld) 13WW0) dAse) ay3 10} Aemaping ss320Y
v-a 1T-G Vv 910N uedsnniy ~2land v/N pajens|3 weans 931D epuaiag %099-ST6¢
bV 1T-§ g 910N HIAIND amd 09 peoy apel9-Iy leued TTE LV | V-22€1-0006
bV IT-§ | € "WaAINd X0q 2T HaAIND amd 00¢ peoy speso-1y [eue) v-0206
bV 1T-G | € "WaAINd X0q 2T HIAIND amd 0z8 peoy speiD-Iy leued v-2b06
b-v ‘11§ oedw] oN amo v/N psjensl3 [eued TTE LV TTET-0S8C
€-v 11-§ g 90N Hann amd v/N peoy speiD-Iy leued LT1-TCE | V-TTTE-0868

uonedoT
puD pue
den 1-9

a4nbig

(# ‘adAy
-uoisusuwip)
s|ieledg
ubisaq %St

(pajed0jad
‘uedsp|nw
‘ueds ajbuls
‘MaAInd ‘adid)
yoeouddy
ubi1saqg %ST

(eAnd
‘p3sia
uonebLuT
/191eM
2119nd)
aumQ

(3994)
yoeul
0} |9]jeled
yabua

Apoq.uarem

(opeib-je
‘i paurejad
‘pajeAd|d)
Juswubiy
|eOIBA

ubisaq %ST

(jeanmeu
‘sbeujelp
adid
‘leued)
adA)
Apoqiayem

sweN
Apogiayem

al
Buissol)

1¥0d3d TVOINHO3L
NIV1ddOOTd ANV SOI'INVYAAH

NOILD3S ONS3¥4 OL d3DYA
SI3/d13 103(0¥d NIVYL A33dS-HOIH VINYOHITVD




pEoIEY [Eiopay @z_sﬁé 10y peads-ybiy

euneieg 51 VINYOLIMVO

¢-9 wDMn_ swpedsq 's'n
*X0q passatis-aid ‘ysedaud = xog Sd/Dd *(saxoq WaAnd [enpiaipul Jo Yabuaj 1o ‘yabua| pauiquiod Jayua) syibus| ale suoisuswip LAIND Buissosd Aq Alea sjieisp HaAIN) ©

39340 9y} JO Japuesw ay3 ul dn pud pjnOM SUO[RPUNOS BU} ING “}SES BY3 03 UOIIIIS PaIRAS|D dUj JO
buluuibaq ay3 anow 03 9|qissod aq Aely palinbai 94n3dNIIS BYI SJeuIWID PINOM UOIAS apelb-1e | SH Y3 JO 1SOMYIN0S a3 03 [duueyd 3yl Biys 01 [-/+ ,009] 31D esoduely ubieay 4

"padinbas 24noNJ3s Y3 SeuUIWI@ PINOM UOIDRS apeb-1e ] SH ay3 JO 3SeD ay3 03 [suueyd ay3 Jiys o3 [-/+ ,008] do9.D esoduey ubiesy 3

"|eJa3e] 3Y3 J0j LDAIND U0
pue Aemuiem |einjeu a3 Joj 9bpliq uedsinw suo alinbal | “paJinbal s1 uonodas apelb-1e JSH 9yl JO 1Sam a3 03 [-/+ ,06/] [eia3e] suaAiD pue [-/+ ,065] Yybnojs yong ubieay g

"|eJa3e] SY3 10) 1IDAIND BUO pue
Aemiajem |eanjeu ayj J0j abpuq uedsinuw suo aJinbai |jip “padinbai s uonodas apelb-1e 1SH 2yl J0 15am 3yl 01 [-/+ ,000T] |et21e7 Loy pue [-/+ ,006] X991D SUSMQ JO UORRI0IRY D

L, ubi1sap o,0€ Bulnp paulwiap a9 ||IM Yoeoldde pue syibug| ‘sazis uoydis e ul paoe|d s |eued ay3 a1aym sadid pue ‘speot mau Je sbuissold ydlip [suueyd-uado J0) SUBAIND
adid ‘sjeued Jabuie| 10J SPSAIND X0 31910U0D UIYIM PIASAUOD 3¢ 03 pawinsse aJe syuawubije syl JO SUOIISS ||Ij paulelal 10 Spedb-1e Jayls ulyim /Y 1SH a3 buissold sjeued || g

24Njedy Jojem
93U} Y3IM S)OI11Ju0d pioAe 03 pajsnipe aq pjnom suoddng “spoddns usamiag Y 0ZT-00T usamisq aq 03 pajedpiiue ale sueds sy Aemapinb pajeAs|s uo papoddns si yoeuy asym v

Ayjioey sbeurelp peos Ajuno)

peoJ|ies pue peoJ AJuno) usamiaq sjems abeulelq
Ajoey sbeulelp suel] D,

[SuuByd Jo1em wo3s Jaremiy Jo AD,

PHISIA J31_M SUOJYIY-puURID 37 = AMYD T,
P1sIg uoneblur ousald = AId ¢

Jo13s1q uonebLu] elspely = QIPei,

PHISIF 133 efliypmoyd = AMD ¢

113sIQ uonebLUT pRoJs = QIO .

‘Aemialem aupy 0] 1padsal yim Ajlioyine soueujulew pue [euonesado SwWos aAey Aew pue Aemisiem ayj Saziji3n Jey) 1DLISIP |BJ0] 3y 3edipul
S3)0UJ00) DY "Jo3em UoeBLLUI JO 30URASAUOD J0J WR)SAS UONNGLISIP JLISIP Jo3em Jo uonebiul [ed0] auj Jo Hed [esbajul ue ale ,d1ignd, pajeubisap sAemislem ,[enjeu, au3 JO Auely |

z-a ‘61-5 1edwy oN amd 08¢€¢€ |eue) v-22S8

(Buisso.d T) 4WH sopunbed

uoneson (# odAy (pajed0jad (@rennd (303)) (opeib-je (jeanmeu aweN ar
pMD pue | -uoisudwip) ‘uedsiyinw PL3siq yoedl 14 pauielad ‘abeulelp Apoqiazem Buissol)
dew T-5 s|ieyaa ‘ueds ajbuls uonebLuT 0} |9]jeled ‘pajeAd|d) adid

a4nbig ubisaqg 94,ST | ‘HaAIND ‘adid) [193em yibua Juswubiy ‘leued)
yoeouddy Diqnd) Apoqgiajem |edIMDA adAlL
ubi1saqg %ST Pumo ubisaqg %ST | Apogiaiem

1¥0d3d TVOINHO3L NOILD3S ONS3¥4 OL d3DYA
NIV1ddOOTd ANV SOI'INVYAAH SI3/d13 103(0¥d NIVYL A33dS-HOIH VINYOHITVD




CALIFORNIA HIGH-SPEED TRAIN PROJECT EIR/EIS
MERCED TO FRESNO SECTION

HYDRAULICS AND FLOODPLAIN
TECHNICAL REPORT

The UPRR/SR 99 Alternative crosses 15 natural channels (i.e., streams, slough, or rivers). The Castle
Commerce Center track crosses an additional 3 named and 1 unnamed natural channels. Table 5-4 lists
the crossings from north to south. Including multiple waterbody crossings, there are 27, 20, and 27
natural waterbody crossings along the configurations respectively named East Chowchilla design option
with Ave 24 Wye, East Chowchilla design option with Ave 21 Wye, and West Chowchilla design option
with Ave 24 Wye. These alignment configurations cross 71, 85, and 86 constructed (i.e., canal or
pipeline) waterbodies, respectively.

Table 5-4
Natural Waterbodies Crossed by the UPRR/SR 99 Alternative

East Chowchilla East Chowchilla Waest Chowchilla

Design Option with Design Option with Design Option with

% CALIFORNIA

High-Speed Rail Authority

of Transportation
Federal Railroad
Administration

Natural Waterbody Ave 24 Wye Ave 21 Wye Ave 24 Wye
Access Track to Castle Commerce Center HMF
Unnamed Creek 002S 002S 002S
Canal Creek 010S-CaCk 010S-CaCk 010S-CaCk
Black Rascal Creek 020S-BRCk 020S-BRCk 020S-BRCk
Bear Creek 030S-BaCk 030S-BaCk 030S-BaCk
Total Natural Waterbodies 4 4 4
Constructed Waterbodies® 8 8 8
Total Waterbodies® 12 12 12
UPRR/SR 99 Alignment
Miles Creek Overflow No. 1 0555-MCOF 055S-MCOF 055S-MCOF
Miles Creek 060S-MiCk 060S-MiCk 060S-MiCk
Owens Creek 080S-OwCk 080S-OwCk 080S-OwCk
Duck Slough 112S-Dusl 112S-DusSl 112S-DusSl
111S-DusSl 111S-DusSlI 111S-DusSl
110S-DusSl 110S-Dusl 110S-DusSl
Deadman Creek 200S-DdCk 200S-DdCk 200S-DdCk
Dutchman Creek 210S-DtCk 210S-DtCk
-- - 209S-DtCk-B
-- -- 762S-DtCk-A
211S-DtCk -- --
766S-DtCk-A - --
Chowchilla River 220S-ChRi 220S-ChRi
-- -- 780S-ChRi-A
516S-ChRi -- 516S-ChRi
U.S. Department Page 5-33




HYDRAULICS AND FLOODPLAIN
TECHNICAL REPORT

CALIFORNIA HIGH-SPEED TRAIN PROJECT EIR/EIS
MERCED TO FRESNO SECTION

East Chowchilla East Chowchilla West Chowchilla
Design Option with Design Option with Design Option with
Natural Waterbody Ave 24 Wye Ave 21 Wye Ave 24 Wye
Ash Slough 230S-AsS| 230S-AsS|
-- -- 523S-AsS|
-- -- 850S-AsSI-A
600S-AsSI - 600S-AsSI
526S-AsS| -- 526S-AsS|
522S-AsS| -- 522S-AsS|
792S-AsSI-A -- 792S-AsSI-A
Berenda Slough 250S-BeS| 250S-BeS|
-- -- 7985-BeSI-A
-- - 800S-BeSI-A
-- -- 609S-BeS|
-- -- 802S-BeSI-A
608S-BeS| - -
854S-BeS|-A -- --
8565-BeS|-A -- --
-- 880S-BeSI-A -
-- 252S-BeS| --
Berenda Creek 290S-BeCk 290S-BeCk 290S-BeCk
291S-BeCk
Dry Creek 302S-DrCk 302S-DrCk 302S-DrCk
Schmidt Creek 311S-ScCk 311S-ScCk 311S-ScCk
Fresno River 331S-FrRi 331S-FrRi 331S-FrRi
Cottonwood Creek 371S-CwCk 371S-CwCk 371S-CwCk
San Joaquin River 401S-SJRi 401S-SJRi 401S-SJRi
Natural Waterbodies 27 20 27
Constructed Waterbodies® 71 85 86
Total Waterbodies® 98 105 113
? These values include waterbodies enclosed in pipes, and are greater than values presented for canals and ditches only.

Federal Railroad

High-Speed Rail Authority Administration
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5.1.2 BNSF Alternative

Table 5-5 lists all waterbody crossings under the BNSF Alternative for the north-south alignment, Ave 24
Wye and Ave 21 Wye, and four design options (Mission Ave, Mission Ave East of Le Grand, Mariposa
Way, and Mariposa Way East of Le Grand). At a few locations, crossings may pertain to more than one
heading and be repeated. Design options in Fresno are sufficiently similar that they are not differentiated.
Appendix B contains fact sheets for the BNSF Alternative natural waterbody crossings that are named.
Table 5-5 provides the same types of information as Table 5-3.

The BNSF Alternative crosses 16 named natural channels and 7 unnamed tributaries. Table 5-6 lists these
natural channels from north to south. The number of natural, constructed, and total waterbodies are
listed at the bottom of the table for each BNSF Alternative configuration.

5.1.3 Hybrid Alternative

Table 5-7 lists all waterbody crossings for the Hybrid Alternative. Design options in Fresno are sufficiently
similar that they are not differentiated. Appendix B contains fact sheets for the Hybrid Alternative natural
waterbody crossings that are named. These can be cross-referenced to Table 5-7.

The Hybrid Alternative crosses 16 natural channels (streams, rivers, and sloughs); 15 of the channels are
named and 1 is unnamed. Table 5-8 lists the channels from north to south. The Hybrid Alternative
alignment crosses 29 natural and 84 constructed waterbodies.

5.14 Heavy Maintenance Facility

Figure 5-1 shows the general location of the potential sites for an HMF. Figures 4-3a through 4-3e show
the sites in greater detail. All five sites are potentially affected by waterbody crossings or floodplains. The
following are potential sites for the HMF and the waterbodies adjacent to those sites

e Castle Commerce Center HMF Site — bisected by Canal Creek.

e Harris-DeJager HMF Site — bordered on the north side by Dutchman Creek and bordered by the
Chowchilla River at the southwestern end of the site.

e Fagundes HMF Site — bordered by Ash Slough on the northwest side of the site.
e Gordon-Shaw HMF Site — bordered by Berenda Creek at the northwestern end of the site.
e Kojima Development HMF Site — bordered by Berenda Slough at the northwest end of the site.

As design evolves and more information becomes available, care should be taken to identify if
waterbodies are crossed or within the footprint of site facilities to evaluate the permit requirements that
may pertain.
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Table 5-8
Natural Waterbodies Crossed by the Hybrid Alternative

Hybrid Alternative with Hybrid Alternative with

Waterbody Ave 24 Wye Ave 21 Wye

Access Guideway to Castle Commerce Center HMF

Unnamed Creek 002S 002S

Canal Creek 010S-CaCk 010S-CaCk

Black Rascal Creek 020S-BrCk 020S-BrCk

Bear Creek 030S-BaCk 030S-BaCk

Total Natural Waterbodies 4 4

Constructed Waterbodies® 8 8

Total Waterbodies® 12 12

Hybrid Alignment

Miles Creek Overflow No. 1 055S-MCOF 055S-MCOF

Miles Creek 060S-MiCk 060S-MiCk

Owens Creek 080S-OwCk 080S-OwCk

Duck Slough 112S-DusSl 112S-DuslI
111S-Dusl 111S-Dusl
110S-DusSlI 110S-DusSlI

Deadman Creek 200S-DdCk 200S-DdCk

Dutchman Creek 209S-DtCk-B --

-- 210S-DtCk
762S-DtCk-A --

Chowchilla River 516S-ChRi --

-- 220S-ChRi
780S-ChRi-A -

Ash Slough -- 230S-AsSI
523S-AsS| -
792S-AsSI-A --
522S-AsS| --
850S-AsSI-A --
5265-AsS| -
600S-AsSI --
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Waterbody

Hybrid Alternative with

Ave 24 Wye

Hybrid Alternative with
Ave 21 Wye

Berenda Slough 609S-BeS| --

-- 250S-BeS|

802S-BeSI-A -

-- 880S-BeSI-A

-- 252S-BeS|
Berenda Creek 294S-BeCk --

-- 296S-BeCk
Dry Creek 301S-DrCk 301S-DrCk
Schmidt Creek 310S-ScCr 310S-ScCr

808S-ScCr-A 808S-ScCr-A
Unnamed Creek 320S 320S

810S-A320S 810S-A320S
Fresno River 330S-FrRi 330S-FrRi

812S5-FrRi-A 812S-FrRi-A
Cottonwood Creek 370S-CwCk 370S-CwCk
San Joaquin River 400S-SJRi 400S-SJRi
Total Natural Waterbodies 29 23
Constructed Waterbodies® 85 78
Total Waterbodies® 113 101

@ These values include waterbodies enclosed in pipes, and are greater than values presented for canals and ditches only.

5.2
5.2.1

Typical Design Concepts

Preliminary Waterbody Crossing Design Concepts

This section discusses potential design concepts for waterbody crossings by the HST guideways. HST
waterbody crossing designs can be broadly classified as culverts (circular conduits or concrete boxes),
bridges (typified by an at-grade profile at the abutments and piers or large box culverts in the channel),
or elevated (approaches at the abutments are elevated on piers). Section 3.2 provides specific design
requirements for each design concept.

5.2.1.1 Culvert

Culverts range in size from relatively small-diameter pipe (typically 12 inches to several feet in diameter)
to large precast concrete-box structures (typically 3- to 8-foot-high openings and opening widths of 5 to
24 feet). Culverts can be configured as a single conduit or as multiple parallel conduits. Culverts can be
sized for a wide range of flows typical of small- to medium-size drainages or irrigation channels, with flow
capacities ranging from less than 1 cfs to several hundred cfs depending on the culvert configuration,

% CALIFORNIA

High-Speed Rail Authority

U.S. Department
of Transportation
Federal Railroad
Administration

Page 5-75




CALIFORNIA HIGH-SPEED TRAIN PROJECT EIR/EIS HYDRAULICS AND FLOODPLAIN
MERCED TO FRESNO SECTION TECHNICAL REPORT

channel dimensions, channel slope, and downstream hydraulic constrictions. Each culvert or set of
culverts must be sized individually based on hydrologic (runoff) and hydraulic (capacity) modeling.

In the context of irrigation canals, culverts include pressurized pipes or inverted siphons used to pass
water from an open canal headwork under the HST embankment and adjacent embankments. Where
possible, a straight culvert is preferred rather than a U-shaped siphon. A straight culvert can flush out
sediment and debris more easily.

The culvert design must meet hydraulic conveyance requirements, provide for collection of trash via a
trash rack or adequate capacity to pass the anticipated debris, and have adequate room for inspection
and maintenance when dry. When irrigation flows or runoff cannot be conveyed by a culvert pipe, open
box culverts or a bridge is typically required.

5.2.1.2 Bridge

When a series of closely spaced culvert openings or a single span exceeds 20 feet, including intermediate
supports, Federal Highway Administration National Bridge Inspection Standards 23 CFR 650.305 define
the structure as a bridge. On a practical basis, a typical bridge with abutments, a bridge deck, and
possibly piers becomes a practical alternative to parallel precast box culverts when the required flow
depth or channel depth exceeds economical box culvert dimensions, or the span length requires more
than three or four box culvert widths. This could result in a cost savings by using cast-in-place abutments
and piers with larger heights and spans. This is true for most natural streams, rivers, sloughs, and larger
irrigation canals. In the few possible instances where selection of a bridge instead of culverts is not
obvious, site-specific design considerations would be evaluated to select an economical design.

Bridges are useful in spanning ravines, providing a habitat corridor and conveying debris-laden
floodwater. Hydraulic and environmental impacts typically are minimized when the bridge fully spans the
waterbody; however, economics and practical limitations in span length typically require supporting piers
or columns. Environmental or hydraulic considerations could influence the specific placement of bridge
supports in the primary channel.

5.2.1.3 Elevated Guideway

In locations where the HST guideway is elevated, the structure crosses over the waterbody similar to a
bridge, except without at-grade abutments. Elevated guideways are hydraulically beneficial in wide
floodplains and where adequate freeboard is a concern. Elevated guideways also provide corridors for
habitat. Environmental or hydraulic considerations could influence the specific placement of column
supports in the primary channel.

5.2.2 Preliminary Design Concepts by Water Crossing

The project design team has developed preliminary waterbody crossing design concepts as part of the
15% design submittal for the Draft Project EIR/EIS. The 15% design concept includes the project’s
preliminary (15% design) vertical alignment (i.e., elevated, retained fill, retained cut, or at-grade) and
the preliminary recommended design approach (e.g., pipe or box culvert; single span or multispan box
culvert, bridge or elevated guideway; or relocation of the waterbody to reduce or eliminate the length of
the crossing) based on the following considerations:

e Vertical alignment (elevated, at-grade, or in transition; elevation of the top of guideway in relation to
local topography).

e Existing nearby crossing (culvert or bridge).

e Qualitative waterbody hydraulics (e.g., width and depth of channel at crossing, width of riparian area,
length of longitudinal crossing and ease of relocation, and design flow rate).
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Tables 5-3, 5-5, and 5-7 show the preliminary vertical alignment and the preliminary recommended
design approach and details for each waterbody crossing of the UPRR/SR 99, BNSF, and Hybrid
alternatives, respectively. A final design approach has not been determined for HST waterbody crossings;
rather, these three tables indicate a preliminary design concept that may mitigate or prevent hydraulic
impacts.

5.2.3 Selected Crossings for Further Review

The design team selected preliminary horizontal and vertical alignments based on several potentially
competing or conflicting considerations. The following selected waterbody crossings require additional
review during iterative design because of potential hydraulic or environmental impacts. Modifications to
the HST alignment or relocation of the waterbody may reduce or eliminate hydraulic impacts. Such
changes might include a full-span crossing of the waterbody, a slight shift in permanent project footprint
to avoid a longitudinal channel displacement, careful placement of bridge supports, or realignment of the
channel. In addition to the list below, every longitudinal crossing (i.e., crossings with a length listed
under the heading “Waterbody Length Parallel to Track”) in Tables 5-3, 5-5 and 5-7 should be reviewed
for opportunities to reduce impacts.

5.2.3.1 UPRR/SR 99 Alternative

Owens Creek and Koff Lateral (Watercrossing IDs: 080S-OwCk and 081C-KoLt, UPRR/SR 99
Alternative north-south alignment)

These waterbody crossings are in unincorporated Merced County along the UPRR/SR 99 Alternative
north-south alignment. Owens Creek and nearby Koff Lateral (Watercrossing ID: 2081C-KoLt) parallel the
existing SR 99 and UPRR infrastructure and follows the perimeter of existing agricultural fields; the HST
alignment nearly parallels these waterbodies for several hundred feet. The HST alignment is elevated or
in transition at this location. Placing columns requires special care. Consider realignment of Koff Lateral
and a full span crossing over Owens Creek to minimize impacts.

Duck Slough (Watercrossing IDs: 110S-DusSl, 111S-DuSl, and 112S-DusSl, UPRR/SR 99 north-
south alignment)

Because of meanders in Duck Slough, the UPRR/SR 99 Alternative alignment would cross the slough at
two locations about 400 feet apart. The guideway is at-grade in this location. The length of the crossings
over Duck Slough is approximately 500 feet. The alignment closely parallels the existing UPRR railway,
making its relocation infeasible. Relocating the slough bend 100 to 200 feet to the southeast could avoid
the northern crossings (111S-DuSl and 112S-DuSl). However, relocation would eliminate the slough bend,
reducing the natural sinuosity and the length of the stream locally. Relocation may also exacerbate
impacts to an extensive forested wetland adjacent to the slough. Permits from CDFG and USACE would
likely be required. Also, an existing canal that parallels this slough may have to be relocated. Because of
these complications, further analysis is recommended to better define the environmental impacts
resulting from relocation of the slough. Alternatively, the HST alignment could span the Duck Slough
complex in two parts (250 feet each span) with careful placement of the supports.

San Joaquin River (Watercrossing ID: 401S-SjRi, UPRR/SR 99 Alternative and BNSF
alternative north-south alignments)

At the HST crossing of the San Joaquin River, the river lies within a gorge that contains a broad
floodplain. Within this floodplain the river flows in a low-flow channel. This channel makes a sharp bend
and approximately parallels the HST alignment for roughly 400 feet before making another sharp bend to
continue downstream at an approximately 90-degree angle to the HST alignment. The HST alignments
overlie a portion of this transverse-flowing river segment, resulting in a waterbody crossing approximately
320 feet long. Relocating the San Joaquin River channel to reduce or eliminate this meander may be
difficult from a permitting standpoint. Although it is infeasible to change the HST alignment at this
location, careful placement of bridge supports could mitigate hydraulic and environmental impacts.
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Consistent with this, conceptual design shows a 320-foot free span of the low-flow channel (Figure 5-2),
although alternative span arrangements may be explored by the design-build contractor.
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Figure 5-2
15% Conceptual Design Drawing of San Joaquin River Low-Flow Channel Span

5.2.3.2 BNSF Alternative

Owens Creek Diversion (Watercrossing IDs: 126C-DiCh, 156C-DiCh; BNSF Alternative with
Mission Ave and Mission Ave East of Le Grand design options)

The Mission Ave design option and the Mission Ave East of Le Grand design option cross over a federal
levee project east of the City of Merced. The federal levee project is part of the Merced County Streams
Group Flood Control Project and is a diversion between Owens and Mariposa Creeks. Without sufficient
vertical and horizontal clearance, crossing a federal project with the HST guideway would require a
Section 408 permit from USACE. To avoid the need for a Section 408 permit at this location, the HST
would be elevated through this area with an 18-foot clearance above the levees and a 15-foot horizontal
clearance between guideway piers and the toe of the levee (awaiting final confirmation from USACE on
exact vertical and horizontal clearance requirements). Note that the USACE staff have indicated that the
clearance and setback requirements listed above may be relaxed for this project (refer to Section 3.2.4).
An Encroachment Permit from CVFPB (which fulfills Section 208.10 for USACE) would be required.
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Mariposa Creek (Watercrossing ID: 131S MaCk, BNSF alternative with Mission Ave East of
Le Grand and Mariposa Ave East of Le Grand design options)

BNSF Alternative with Mission Ave East of Le Grand and Mariposa Ave East of Le Grand
design options

The Le Grand design option closely parallels the west bank of Mariposa Creek for 1 mile north of

Le Grand, near Banks Road. A 600-foot length of the corridor appears to be within the riparian portion of
the creek. The alignment would be at-grade in this location. The BNSF Alternative alignment in this area
passes through agricultural land. Riparian impacts could be avoided or reduced if the BNSF Alternative
alignment is moved about 100 feet farther west.

Owens Creek (Watercrossing ID: 140S-OwCk, BNSF Alternative with Mission Ave and

Mission Ave East of Le Grand design options)

The Mission Ave design option traverses Owens Creek for 700 feet. The alignment is at-grade at this
location. The guideway would need to be moved several hundred feet to the north to avoid Owens Creek
and its associated riparian area.

San Joaquin River (Watercrossing ID: 400S-SjRi, UPRR/SR 99 and BNSF alternative north-
south alignments, [see previous discussion])

The San Joaquin River crossing is discussed under the UPRR/SR 99 Alternative.

5.2.3.3 Hybrid Alternative
There are no additional selected crossings for further review that are unique to the Hybrid Alternative.
5.2.3.4  Access Guideway to Castle Commerce Center HMF Site

Canal Creek (Watercrossing ID: 010S-CaCk, UPRR/SR 99 and BNSF alternative north-south
alignments)

This waterbody crossing is within the City of Merced near the northern end of the Merced to Fresno
Section alignment. Near Canal Creek, the access guideway would parallel the west side of the existing
BNSF railway and Santa Fe Ave. The vertical alignment is unknown. Several canals pass through the area,
including Canal Creek. There are also one or more small ponds and at least one irrigation canal control
structure. Combined, these features cover at least 400 feet of the guideway corridor. Relocation of the
access guideway corridor to avoid these waterbodies is likely not feasible. If the alignment is at-grade in
this location, the irrigation features would need to be reconstructed or relocated. Alternatively, an
elevated guideway through this area could minimize impacts.
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6.0 Additional Hydraulic and Hydrologic
Assessments Required for Permitting

6.1 Overview

Hydrologic and hydraulic information and modeling are required for design, endorsement by local
maintenance agencies, and permitting (refer to Section 3.1). Permits potentially requiring hydraulic
modeling include the following:

e Section 408 permits, administered by the USACE and approved at their headquarters. However, note
that conceptual designs for the water body crossings have been configured in such a way that the
designs should not trigger the requirement for a Section 408 permit (see Section 2 and design
requirements in Section 5). When the federal flood control project is not materially modified (by
altering or encroaching on a levee, changing a channel alignment or adversely impacting the flood-
control performance), crossing encroachments can be reviewed at the USACE district level under
Section 208.10, administered by CVFPB via encroachment permits in the San Joaquin River and
Sacramento River watersheds.

e Encroachment permits for waterways within an adopted plan of flood control, administered by CVFPB
under Title 23 (refer to Section 3.2.1) and state—federal flood control project maintenance O&M
manuals; and supported by USACE at the district level under 33 CFR 208.10.

e Local development permits that require conformance with local floodplain ordinances intended to
support the FEMA National Flood Insurance Program and future DWR requirements pertaining to a
200-year base flood in developed and developing areas.

e Location hydraulic studies.
e Borrow permit administered by CVFPB under Title 23.

The three HST alternative alignments cross waterbodies that have an adopted plan of flood control and
FEMA floodplains; therefore, encroachment permits, local development permits, Caltrans location
hydraulic studies, and potentially borrow permits are required. The guideways would be designed to limit
hydraulic impacts at waterbody crossings and floodplains to satisfy regulatory requirements. Hydraulic
modeling is required to evaluate hydraulic impacts, conform to Title 23 design regulations, and
demonstrate to USACE that a Section 408 permit is not required.

This section includes an inventory of the available hydrologic and hydraulic information acquired through
a combination of research, interviews with state and local agencies, FISs, and local hydraulic studies. It
also outlines recommended approaches for obtaining missing hydrologic and hydraulic information and
conducting hydraulic modeling where necessary.

6.2 Encroachment Permits

6.2.1 Early Direction

CVFPB is responsible for reviewing and approving all encroachment permits under Title 23 and California
Water Code Section 8710. Preliminary direction by the CVFPB, consistent with Title 23, was that
encroachments permits are required for encroachment of three types of existing flood-control projects:
leveed streams, designated floodways, and regulated streams. Each of these is associated with a stage in
the development of the CVFPB:

¢ Leveed streams: The predecessor agency of CVFPB (the California Reclamation Board) was
originally established to provide assurance that federal flood control projects constructed by USACE
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are operated and maintained (usually by a local levee maintenance agency) in accordance with the
USACE O&M manuals prepared for the individual rivers.

o Designated floodways: Under the Designated Floodway Program, CVFPB can establish and
delineate floodplains that it regulates, even when not originally part of a USACE flood control project.
The Designated Floodway Program is CVFPB’s primary nonstructural floodplain management
program, with the purpose of controlling encroachments and unwise development within the
floodplains of unleveed streams in the Central Valley.

¢ Regulated streams: In addition to regulating development in designated floodways, CVFPB also
requires encroachment permits for development along regulated streams identified in Title 23.
Regulated streams are distinguished from designated floodways in that there is no established
floodway in regulated streams. The objective is to maintain existing flood capacity within stream
channels by managing encroachments and obstructions that would hinder flood passage.

6.2.2 Updated Direction

In February 2011, the CVFPB made it clear that Encroachment Permits should be obtained by the HST
Project consultants and not left to the design-build team (Taras 2011a).

In April 2011, the CVFPB provided direction that the CVFPB jurisdiction was not limited to regulated
streams as listed in Title 23; rather, that their jurisdiction pertains to all tributaries and distributaries of
the San Joaquin River and the Sacramento River under California Water Law Section 8710, and that
encroachment permit applications should be submitted for “every named slough” that the HST Project
crosses (and that application would not be required for “unnamed trickle creeks” and irrigation canals)
(Taras and Tice 2011). Furthermore, the permit application would include topographical and hydraulic
data. In August 2011, CVFPB clarified that encroachment permits would also be required for irrigation
canals if the canals are designated for use in conveying flood waters. CVFPB has recently deployed a new
web tool to help identify official floodplains, including flood-bearing canals:
http://gis.bam.water.ca.gov/bam/ (Taras 2011b).

6.2.3 Required Encroachment Permits

CVFPB's jurisdiction includes all the tributaries and distributaries of the Sacramento and San Joaquin
River basins. Each waterbody crossing under the UPRR/SR 99, BNSF, and Hybrid alternatives are within
the San Joaquin River basin. All three alignments cross five designated floodways and eight regulated
streams identified in Title 23. The Owens Creek Diversion is constrained by federal flood-control levees,
and there are additional named tributaries to the San Joaquin River that are crossed (see Table 6-1).
These crossings require encroachment permits. Where the BNSF Alternative crosses a Merced County
Stream Group Flood Control Project levee on the Owens Creek Diversion Channel, it would be designed
for minimal impacts to the levee and flood-control capacity to qualify for an encroachment permit from
the CVFPB.

Table 6-1
Named Natural Waterbodies Requiring Encroachment Permits

Flood
Designated Regulated Control
Floodways Stream Project Other Streams
Chowchilla River Canal Creek Owens Creek Miles Creek Overflow No. 1
Diversion
Ash Slough Black Rascal Creek Deadman Creek
Berenda Slough Bear Creek Dutchman Creek

Federal Railroad

High-Speed Rail Authority Administration
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Flood
Designated Regulated Control
Floodways Stream Project Other Streams
Fresno River Miles Creek Berenda Creek
San Joaquin River Owens Creek Schmidt Creek
Duck Slough Cottonwood Creek

Mariposa Creek

Ash Slough?®

Dry Creek

2 Portions of Ash Slough west of SR 99 do not have designated floodways

6.2.4 Multiple Crossings

Tables 5-4, 5-6, and 5-8 indicate that the HST alternatives cross several natural waterbodies multiple
times. In some cases (e.g., Ash Slough, Berenda Slough, Chowchilla River, Owens Diversion Channel,
Owens Creek, Mariposa Creek, Miles Creek, and Dry Creeks), a separate permit is required for each
individual crossing because the crossings are separated. However, where the alignment crosses a cluster
of points in a waterway because of a meander, such as the three Duck Slough crossings under the
UPRR/SR 99 Alternative, only one permit application is required (Taras 2010). The number of
encroachment permits required depends on the alternative alignment selected, the design options and
wye chosen within that alternative, and negotiations with CVFPB over exactly which crossings would
require a permit. The number of permits required would likely be similar to the number of named natural
stream crossings in Tables 5-4, 5-6 and 5-8. The number of crossings identified for possible permit
applications would diminish as the design alternatives for the alignments are defined.

6.2.5 Approach for Obtaining Encroachment Permits

The agencies have generally requested early input on Encroachment Permits. CVFPB has indicated that
they expect submittal in conjunction with 30% design. Caltrans requires location-specific hydraulic studies
in support of environmental permitting, and the studies need to be completed early in the process. Early
completion of the hydraulic assessments also supports 30% design efforts.

The Authority is seeking to balance costs during preliminary design with costs borne by the design-build
contractor. It is recognized that final encroachment permits must generally be submitted or confirmed by
the contractor since permit approval will depend on the final design selected. Preliminary permit
applications or coordination with CVFPB and USACE may occur during early design for some crossings.
This section addresses a phased approach to permit application.

Applications must be completed by using the encroachment permit application form at the end of Title
23. Recommendations for completing each field on the form include the following:

1. Description of the proposed work: A concise, boilerplate description of the project on a program
level. This should be used for each application form, followed by a description of the specific crossing
(e.g., elevated or at-grade; bridge or culvert; size; and details).

2. Location: Use geographic information system (GIS) data to provide the location of the specific
crossing including county, section, township, range, base, and meridian.

3. Applicants’ contact information: Assume that CH2M HILL represents the Authority, and provide a
point-of-contact for permit coordination and ownership.

Federal Railroad

High-Speed Rail Authority Administration
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4. Endorsement signatures or letters of endorsement: Appendix A lists local maintenance
agencies (primarily irrigation districts). Each district would have the option of drafting a single letter
of endorsement for all crossings within their jurisdiction, or separately signing each application that
pertains to their irrigation system. Districts were advised of the eventual need for endorsement
during face-to-face meetings on May 26 and 27, 2010, and asked to provide supporting information
including the following:

e Confirmation that the system of waterways and levees is properly identified and labeled in the HST
database.

e Channel and levee dimensions.

e Design flows.

e Hydrologic and hydraulic models.

e Design high-water elevations.

e Key design considerations and requirements.
e Environmental considerations.

5. List of names and addresses of all adjacent property owners: Obtain this information from
the GIS database of property owners along the HST alignment.

6. CEQA determination and lead contacts: For CEQA documents, applications should be submitted
after publication of the ROD. Check the “YES” box.

7. Timing of construction: Provide the latest construction schedule.

8. Exhibits: Include maps of proposed work; plan drawings, elevations, sections, and details including
profiles of existing and proposed features and color photographs of the proposed HST alignment.
This information would be compiled during a future phase of this project.

9. Contact information for the owner: Provide information for the Program Management Team lead
for the Authority.

10. Completed environmental assessment questionnaire: The permitting team would coordinate
with CH2M HILL to provide site-specific and global environmental summaries.

11. Additional information, as needed: USACE will primarily determine additional information needs.
This would likely include hydraulic modeling for each crossing. In some cases, it may include survey
data, geotechnical investigations, supporting design packages, and information on non-project levees
and irrigation district contacts.

CVFPB requires a separate permit application for each stream crossing, except where crossings are
clustered as a set (e.g., crossing a stream meander or where a guideway begins to separate).

6.2.5.1 Letters of Endorsement

The local agencies responsible for the maintenance of levees within the area of the proposed work must
endorse encroachment permit applications before submitting the applications to CVFPB. This includes
irrigation districts and local levee maintenance agencies. A formal letter of endorsement is not required;
instead, the application form can be signed to indicate endorsement or withholding of endorsement.
Additional information can be included in a letter and submitted with the application.
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If the application is not endorsed or is unreasonably delayed, it can be submitted without the
endorsement with a satisfactory explanation. CVFPB then considers whether the endorsement was
unreasonably withheld.

6.2.5.2 High-Level Workplan
In general, complete the following sequential steps:

1. Summarize available and anticipated hydrology and hydraulic models. Decide on the approach to fill
in inadequate existing hydrologic data to define the design flow rate.

2. Continue to acquire existing data as such data become available.

3. Identify and review existing survey data. Develop a survey plan to obtain missing data for hydraulic
models required for selected crossings. Include surveys of irrigation canals, as needed. Aerial survey
has now been flown along portions of the alignment, and the DWR is finalizing an aerial LiDAR survey
for most of the alignments.

4. Develop hydrologic models for crossings that are missing design flow information. Review with CVFPB
the approach for developing hydrologic models, and the adequacy of existing design flows. This
section identifies the need for additional hydrology.

5. Develop hydraulic models, as needed, for each crossing. Establish the existing design WSE to refine
freeboard elevations for the track profile. Evaluate early design concepts for incremental rise impacts.
Demonstrate that rise criteria are met. The contractor will need to finalize this step based on the
selected final design.

6. Develop permit applications. This can most efficiently be performed for many crossings at once in an
assembly line approach, with designated participants filling in the same sections on multiple
applications.

7. Develop scope, budget, and schedule at two key junctures: (1) to complete acquisition of identified,
available data and (2) to perform surveying and hydraulic modeling and complete draft permit
applications.

6.3 Local Implementation of Federal and State Floodplain
Programs through Development Permits

6.3.1 100-Year Base Flood

The Cities of Merced, Atwater, Chowchilla, Madera, and Fresno and Merced, Madera, and Fresno counties
regulate development within flood hazard areas through floodplain ordinances. These cities and counties
are part of the NFIP and have defined flood hazard areas through a local FIS (refer to Section 3.1.3). For
each jurisdiction, the regulated flood hazard area is the floodplain for the FEMA base flood, with a 100-
year return period. All new development within flood hazard areas must meet the lowest floor elevation
or flood-proofing requirements outlined in Section 3.1.

In some cases, a defined floodway is located within areas of special flood hazard (the FEMA 100-year
floodplain). As indicated in Section 3.2.3, these floodways are different from CVFPB designated floodways
and are defined by FEMA as the area including channel and adjacent land that must be reserved to
discharge the base flood without causing a cumulative WSE rise greater than 1 foot. New developments
that encroach on floodways are prohibited, unless a registered civil engineer certifies that the
encroachments would not cause an increase in BFE during a base flood discharge.
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6.3.2 200-Year Base Flood

As indicated in Sections 3 and 4, California has adopted a new standard for base flood events in the
Central Valley for urban and urbanizing areas. As part of the Central Valley Flood Protection Plan and
California flood legislation in 2008, the 200-year flood discharge and 200-year floodplain would be the
new standard for planning and floodplain ordinances by January 1, 2015, for urban and urbanizing areas.
DWR is still in the process of defining the new 200-year discharge and floodplain under its FloodSAFE
program (DWR 2008c; Taras 2011a). CVFPB has provided direction that original hydrology should be
developed by the HST Project consultants without waiting on the DWR (Taras 2011a).

6.3.3 Required Development Permits

Local development permits include requirements for base floor elevations, floodproofing, and floodway
encroachments. The Merced, Madera, or Fresno FISs reference the streams that flood in these
jurisdictions. Table 6-2 includes streams that should be analyzed for local development permits.

Table 6-2
Waterbodies Pertinent to Local Floodplain Ordinance Development Permits

Merced County ‘ Madera County ‘ Fresno County
Canal Creek® Chowchilla River® San Joaquin River
Black Rascal Creek Ash Slough?®
Bear Creek Berenda Slough?
Miles Creek Fresno River
Owens Creek? Dry Creek
Duck Slough?® Schmidt Creek
Mariposa Creek®
?No modeling information is available for these waterways in the county FIS reports. However, they have
an important role in floodplain management for Merced and Madera counties. For the purpose of this
report, these waterways should be included in analysis for development permit applications.

6.3.4 Approach for Development Permits

Applications for development permits must be obtained before any construction or development within
any special flood hazard zone can begin. To apply for a development permit, all other required state and
federal permits must be obtained prior to the permit review. This includes all appropriate encroachment
permits. However, encroachment and local development permit applications and the associated
hydrologic and hydraulic analysis could be completed in parallel. Encroachment permits require
endorsement of the conceptual design by local endorsement agencies, including cities and levee and
irrigation districts, prior to review by CVFPB.

Development permit applications are obtained through the appropriate municipalities. Typical permits
require the following information (Fresno County Ordinances, Chapter 15.48.060, Flood Hazard Areas
Administration):

1. Plans in duplicate, drawn to scale, showing the following:

a. Location, dimensions, and elevation for the area in question, existing or proposed structures,
storage of materials and equipment, and their location.

b. Proposed locations of water supply, sanitary sewer, and other utilities.
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C. Grading information showing existing and proposed contours, proposed fill, and drainage
facilities.

d. Location of the regulatory floodway when applicable.

e. BFE obtained from the appropriate local FIS. Where not available, the BFE must be estimated
by using local studies or in accordance with Managing Floodplain Development in Approximate
zZone A Areas: A Guide for Obtaining and Developing Base (100-Year) Flood Elevations (FEMA
1995).

f. Proposed elevation, in relation to mean sea level, of the lowest floor (including basement) of all
proposed structures.

g. Proposed elevation in relation to mean sea level to which a proposed nonresidential structure
would be floodproofed according to the local floodplain ordinance.

2. Certification by a registered civil engineer or architect that the proposed nonresidential floodproofed
building meets the local flood proofing criteria.

3. Description of the extent to which any watercourse would be altered or relocated as result of
proposed development.

To establish minimum elevations and grading requirements, the FEMA flood hazard area zones must be
determined for the alignment by using the appropriate local FIRMs. Additionally, BFEs for each flood
hazard area must be obtained by using the appropriate FIRMs, FISs, local hydraulic studies where
available, or through modeling where needed. To ensure that BFEs within regulated floodways do not
increase, the extent of the Fresno River and San Joaquin River regulated floodways at the HST crossings
and the BFEs at those locations must be acquired or developed through hydraulic modeling before
applying for local development permits.

6.4 Location Hydraulic Studies

As discussed in Section 3.1.4, location hydraulic studies must be performed for each of the major stream
crossings to support environmental permitting and local development permits. The following should be
determined and developed for all waterbodies identified in Table 6-2:

e WSE based on the 100-year design flow (or 200-year design flow).

e Map illustrating the FEMA 100-year flood limits (or DWR 200-year floodplain limits) and portions of
the project and existing buildings situated within the floodplain.

e Completion of Forms 804.7A (Technical Information for Location Hydraulic Study) and 804.7B
(Floodplain Evaluation Report Summary) for projects identified to have minor floodplain impacts
(Section 804 of the Highway Design Manual [Caltrans 2009]).

6.5 Hydrologic Information
6.5.1 Existing Hydrologic Information

Preliminary research and interviews were conducted to determine what hydrologic information is
currently available and to assess the quality of that information. The base or design flow is the most
important hydrologic information needed to perform the appropriate hydraulic analyses to support
permitting efforts. Where possible, it is preferred to use existing design floods and peak-discharge flow
rates rather than developing new hydrologic models. The following were inventoried for hydrologic
information:

e USACE O&M manuals for state—federal flood control projects.
e CVFPB Designated Floodway Program documents.
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Local FISs.

DWR Best Available Maps.

Caltrans hydrologic records.

Irrigation district design flows.

USACE Comprehensive Study (USACE 2002) and ongoing FloodSAFE Program.
Local county and municipal records.

Tables 6-3, 6-4, and 6-5 summarize the results for the UPRR/SR 99, BNSF and Hybrid alternatives,
respectively. The references section includes the sources used for this inventory.

6.5.2 Hydrologic Information for Encroachment Permits

USACE levee O&M manuals design capacities and CVFPB designated project design flows are the most
pertinent hydrologic values for encroachment permits. USACE provided the O&M manuals for state-
federal flood control projects (Larson 2010):

e Merced County Stream Group: Operation and Maintenance Manual for Channels and Levees of the
Merced County Stream Group (USACE 1962).

e Buchanan Dam and H.V. Eastman Lake: Operation and Maintenance Manual for Channels and Levees
of the Hidden Buchanan Dam and H.V. Eastman Lake (USACE 1960).

e Hidden Dam and Hensely Lake projects: Operation and Maintenance Manual for Channels and Levees
of the Hidden Dam and Hensely Lake (USACE 1959a).

e Lower San Joaquin River and Tributaries Project: Standard Operation and Maintenance Manual for
the Lower San Joaquin River Levees, Lower San Joaquin River and Tributaries Project (USACE
1959b).

Figures 6-1, 6-2, and 6-3 illustrate the stream reaches included in these projects and the location of some
project levees. The design flows provided in the USACE O&M manuals are based on 100-year flood event
information from studies performed in the 1960s and are fixed by the original authorizing legislation. The
three O&M manuals provide channel capacities for all CVFPB-designated floodways and regulated streams
requiring encroachment permits, except for Canal Creek, Owens Creek, and Dry Creek. Design flows in
the San Joaquin River that are related to the Lower San Joaquin River Flood Control Project, are

8,000 cfs, which is valid from the Friant Dam upstream to the Chowchilla Canal Bypass downstream
(DWR 1964). In this case, the design flow is much smaller than the results of more recent modeling (e.g.,
the FEMA base flood flow rate is 74,300 cfs [FEMA 2009b]), which takes precedence for project
designers.
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CALIFORNIA HIGH-SPEED TRAIN PROJECT EIR/EIS
MERCED TO FRESNO SECTION

Design capacities for the Merced County Stream Group (Bear Creek, Black Rascal Creek, Miles Creek,
Mariposa Creek, and Duck Slough) match the design capacities currently used by the Merced County
Public Works Engineering Department (Jacobs 2010). Additionally, the Chowchilla Water District (CWD)
confirmed the design flows for the Chowchilla River, Ash Slough, and Berenda Slough. Portions of these
three waterbodies are within CWD jurisdiction; therefore, those design capacities are still relevant and
can be used for subsequent hydraulic analysis; hydrologic modeling would likely not be required for the
Merced County Stream Group. However, the levees on Ash and Berenda sloughs have been decertified by
the state, and both sloughs experience a significant reduction in carrying capacity because of vegetation
growth (Welch 2010). This would affect future hydraulic analyses and is further addressed in the
following sections.

CVFPB supplied the 100-year peak discharges for the five designated floodway crossings: San Joaquin
River, Fresno River, Chowchilla River, and Ash Slough, and Berenda Slough (CVFPB Designated Floodway
Program Table, September 1990). These design flows match the capacities provided in the USACE O&M
manuals.

6.5.3 Hydrologic Information for Local Development Permits

The most relevant hydrologic information needed to complete local development permits are flood hazard
zones, BFEs, and 200-year (0.5% frequency interval) design flows (refer to Section 3.1.2). This
information would be used to ensure that the project meets the minimum elevation requirement in
accordance with local floodplain ordinances (refer to Section 3.1.3). Tables 6-3, 6-4, and 6-5 summarize
information compiled from FISs and FIRMs for the UPRR/SR 99, BNSF and Hybrid alternatives,
respectively. Crossings within Zone A (see Table 3-1) lack BFEs and consequently may require hydraulic
modeling to establish the BFE.

DWR is currently working on updating floodplain maps with the new 200-year base flood standard set for
adoption in local floodplain ordinances by 2015. DWR has released the shapefiles used to create the Best
Available Maps depicting estimated boundaries for the new 200-year floodplain based on a preliminary
study (DWR 2008d). The design flows used for defining those boundaries have been requested from
DWR and is still pending. These data are critical if the HST Project adopts the 200-year flood as a
criterion for project design.

6.5.4 Additional Work for Hydrology

Some hydrologic information is available for many of the natural waterbodies (see Tables 6-3 to 6-5);
however, this data is typically several decades old. Curt Taras of CVFPB has indicated that new, original
hydrology should be developed for all of the natural waterbody crossings, and that the available
hydrologic information, including older FEMA flow rates and flood control project designated design flow
rates, are generally not adequate for either design or encroachment permits (Taras 2011a). Further
discussion may be appropriate on a case-by-case basis for specific crossings.

6.6 Hydraulic Information

6.6.1 Existing Hydraulic Information

Encroachment and local development permit applications require evaluation of the project hydraulic
impacts to WSE, freeboard, and scour potential. To determine the levels of hydraulic analysis and
potential modeling necessary to complete permit applications, available hydraulic information was
gathered, compiled, and assessed. Hydraulic information was acquired from several sources, including a
cursory field survey; Merced County FIS, Madera County FIS, and Fresno County FIS; Caltrans as-built
and hydraulic studies; irrigation districts in Merced, Madera, and Fresno counties; hydraulic studies
conducted for local municipalities; and personal communications. Tables 6-6 through 6-8 summarize
available hydraulic information for the UPRR/SR 99, BNSF, and Hybrid alternatives, respectively.
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CALIFORNIA HIGH-SPEED TRAIN PROJECT EIR/EIS
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6.6.2 Hydraulic Information for Encroachment Permits

Encroachment permit applications require demonstrating a minimal WSE rise (0.1 foot) (refer to

Section 3.2). This typically requires hydraulic modeling. Working under this assumption, hydraulic
information was collected that would help facilitate the development and calibration of a hydraulic model
for each waterway crossing that requires an encroachment permit. Three main categories of information
have been compiled: (1) available survey data and existing bridge geometries, (2) existing hydraulic
model cross sections, and (3) historical flooding information for model calibration.

6.6.2.1 Geometry AND Existing Conditions

To evaluate the incremental rise, it is necessary to establish a base WSE profile to assess existing
conditions at each crossing. The base model must be based on surveyed geometry for the channel and
existing structures.

In some cases, existing topographic data may have sufficient resolution to develop cross sections.
Figure 6-4 illustrates a typical cross section based on readily available USGS 10m-DEM elevation data.
However, USGS 10m-DEM elevation data are probably not accurate enough for detailed hydraulic
analyses.

Higher-resolution data, such as aerial light detection and ranging (LiDAR) data, would be preferable for
general development of cross sections to that based upon available topographic mapping. DWR has
developed and processed LiDAR survey data within most of the Merced to Fresno Section as part of its
FloodSAFE Program. According to a grid of surveyed areas provided by DWR, it appears LiDAR survey
data should be available for most or all of the encroachment and development permit waterbody
crossings, and most of the HST alternative alignments between the cities of Merced and Fresno. DWR has
indicated that bathymetric surveys have been or would be obtained for some waterbodies. The status of
existing bathymetry has not been established.

Preliminary field observations were made at most crossings that require encroachment and local
development permits (see Appendix B for fact sheets regarding waterbody crossings). Tables 6-6, 6-7,
and 6-8 summarize key hydraulic characteristics including the type of crossing, evidence of sedimentation
or erosion, and high water marks.

Additionally, field survey data from 1998 were used to update the FIS for the San Joaquin River. That
information may be useful for developing channel geometry and cross sections for a future hydraulic
analysis.

Caltrans bridge crossing as-built drawings for SR 99, which is generally parallel to the UPRR/SR 99
Alternative alignment, may be useful in modeling the geometries of the existing bridges. The drawings
are currently being examined and inventoried.

6.6.2.2 Existing Models

Most existing hydraulic models for streams within the HST alignment are more than two decades old and
were developed for FIRMs, designated floodways, or state—federal flood control projects. In many cases,
the models may no longer be available. An inventory of existing hydraulic models for HST crossings has
been created to identify models that are recent enough for immediate use as a base model or that may
provide useful model inputs, such as the geometric configuration of existing bridges. Designated
floodways are the most strictly regulated type of waterway and are the most likely to require up-to-date
hydraulic modeling.
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Two of the CVFPB-designated floodways that the HST alignment crosses, Fresno River and San Joaquin
River, have HEC-RAS models that were developed in 2006 and 1999, respectively (FEMA 2008b, 2009a).
The Fresno River HEC-RAS model was developed as part of a design hydraulic study (Avila & Associates
2006) conducted for the Westberry Bridge where it crosses the Fresno River. Madera County has not
approved the study. However, the study may be useful in developing a model for the Fresno River. The
San Joaquin River HEC-RAS model was completed as a part of a re-study for the Fresno County FIS in
1999.

There are no known hydraulic models for three CVFPB-designated floodways: Chowchilla River, Ash
Slough, and Berenda Slough. Because of local funding issues, the state has decommissioned
state—federal project levees for Ash Slough and Berenda Slough. Additionally, CWD reported that the
carrying capacity of the sloughs is greatly reduced because of channel constrictions and vegetation
growth. Berenda Slough has a design capacity of 2,000 cfs but can only carry 500 cfs before overtopping
the banks (Welch 2010). There are known significant flooding issues and the lack of readily available
models suggests that new base models would likely need for Chowchilla River, Ash Slough, and Berenda
Slough.

Existing models were inventoried for regulatory streams. HEC-2 models were developed between 1983
and 1986 for Bear Creek, Black Rascal Creek, Miles Creek, Owens Creek, Mariposa Creek, Duck Slough,
Dry Creek, and Fresno River. These models are used in the most current versions of the FISs for Merced,
Madera, and Fresno counties. These models are likely available through FEMA and may be sufficient for
model development and calibration purposes. However, updated cross-section data would likely be
required so that current channel conditions are adequately addressed (refer to Section 6.2.2.4).

No existing model information was found for Canal Creek, which is a regulated stream. In addition, there
is no hydrologic information for Canal Creek; therefore, Canal Creek would likely require original
hydrologic and hydraulic modeling efforts.

6.6.2.3 Historical Flood Information

The FISs provide information regarding historical flooding within the Merced to Fresno Section study
area. Tables 6-6, 6-7, and 6-8 report the dates of historical floods for the UPRR/SR 99, BNSF, and Hybrid
alternative crossings, respectively. No high water marks are available to use for calibration purposes.

Additional information from interviews with local municipalities provides insight into flooding issues for
Merced County. Merced County experienced historical flooding in 1998 and 2006. In 2006, El Capitan
Canal broke, resulting in a flood depth of 3 feet immediately southwest of Bear Creek in the City of
Merced. This is southwest of where the three HST alternative alignments would cross Bear Creek. Merced
County also tends to experience shallow flooding and ponding near the existing UPRR tracks (Jacobs
2010). Section 4 provides additional information on flood-prone areas.

6.6.3 Hydraulic Information for Local Development Permits

Cursory hydraulic analyses are required for local development permit applications. This includes
examining development impacts on the carrying capacity of FEMA-regulated floodways at Fresno River
and San Joaquin River crossings, as well as determining BFEs for flood hazard areas classified as Zone A.
BFEs must be determined for the following waterways:

Canal Creek (UPRR/SR 99 and BNSF alternatives)

Black Rascal Creek (UPRR/SR 99 and BNSF alternatives)
Chowchilla River (UPRR/SR 99 and BNSF alternatives)
Ash Slough (UPRR/SR 99 and BNSF alternatives)
Berenda Slough (UPRR/SR 99 and BNSF alternatives)
Dry Creek (UPRR/SR 99 and BNSF alternatives)
Cottonwood (UPRR/SR 99 and BNSF alternatives)
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e Fresno River (UPRR/SR 99 and BNSF alternatives)
e Schmidt Creek (UPRR/SR 99 and BNSF alternatives)

Existing HEC-2 models listed in Table 6-6 can possibly be used to determine BFEs in Black Rascal Creek,
Dry Creek, and Fresno River; however, the relatively old dates of the models make their acceptance
uncertain. Similarly, information on BFEs for Cottonwood Creek and Schmidt Creek may be determined by
using the HEC-2 models from the most recent Madera County FIS. However, it is unknown at this time if
the HEC-2 models would contain that information. Additionally, a HEC-RAS model developed for
Cottonwood Creek as part of the Environmental Impact Report for the Southeast Madera Development
Project (City of Madera 2010) may be useful in developing BFEs. However, this model has not been
approved by the City of Madera and should only be used for validation purposes.

Widening of SR 99 at Mission Interchange (Caltrans 2002) provides useful information regarding design
flows, WSE, and scour analysis for Owens Creek and Miles Creek. A hydraulic analysis was likely
performed that might be useful in hydraulic analyses for Merced County Stream Group crossings (Jacobs
2010). Hydraulic information and models are currently lacking for Canal Creek, Chowchilla River, Ash
Slough, and Berenda Slough. Determining BFEs for those waterways may require original modeling.

6.6.4 Additional Work for Hydraulics
6.6.4.1 Additional Available Information

Additional information and hydraulic studies may be available from USACE and local irrigation districts.
Follow-up interviews are necessary to determine if the following agencies and projects can provide useful
hydraulic information:

e According to the City of Merced, Merced Irrigation District may have HEC-RAS models of portions of
its irrigation system; however, Merced Irrigation District has not confirmed the existence of the
models. If HEC-RAS models are available, they could potentially be useful in hydraulic analyses for
Merced County Stream Group crossings, particularly Canal Creek (Jacobs 2010).

e USACE updated the Merced County floodplain in 2008 (in whole or in part) as part of the FIRM
updates, but it has not released the models or methodology to Merced County. This information could
be useful for hydraulic analyses for the Merced County Stream Group crossings (Jacobs 2010).

e The Fresno County Multi-Hazard Mitigation District Plan (Fresno County 2009) may provide helpful
information about historical flooding within Fresno County (Guzman 2010).

e Merced Irrigation District indicated that within the last 2 years the City of Merced and the Merced
Irrigation District completed new aerial surveys, which they combined into a single file. Merced
Irrigation District has not yet confirmed if the survey data are available for use by the project.

6.6.4.2 Recommended Project Hydraulic Modeling Efforts

Updated HEC-RAS models are recommended for CVFPB encroachment permits for the five designated
floodways. Adequate models for Fresno River and San Joaquin River appear to exist and can likely be
used for the project hydraulic analyses to satisfy permitting requirements. The input data files from the
most recent hydraulic model run for the San Joaquin River has been obtained from FEMA. However,
hydraulic models have not been identified for Chowchilla River, Ash Slough, or Berenda Slough.

Many of the remaining crossings requiring encroachment permits are part of the Merced County Stream
Group (Bear Creek, Black Rascal Creek, Miles Creek, Owens Creek, Mariposa Creek, and Duck Slough). At
one time, HEC-2 models from 1986 were developed for these waterbodies. Converting the available
HEC-2 models to HEC-RAS models and calibrating with updated information from MID models and
historical flooding may be adequate for encroachment permits for these streams.
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Available information for Canal Creek requires further investigation. Canal Creek is a regulated stream
and an irrigation canal. Therefore, Merced Irrigation District may have information regarding design
capacity and WSEs. However, if there are no more available data, Canal Creek would require substantial
modeling efforts to complete an encroachment permit application.

6.6.4.3 Scour Analysis

Channel modification and scour analysis are important additional considerations for the hydraulic analysis.
If the project design proposes a significant modification or relocation of a channel bed, that would require
modeling as part of the permitting. The modeling most likely would use HEC-RAS. Additionally, evidence
of channel scouring near the proposed crossings would also require modeling as part of the permit
requirements. Scour analysis may also be required in support design of bridge abutments and column
foundations within channels.

6.6.4.4  Surveying Needs

Surveying needs for hydraulic modeling depend on the timing and quality of the LiDAR data and potential
bathymetry provided by DWR; the quality and availability of aerial survey data from Merced Irrigation
District and the City of Merced; and the channel resolution of aerial survey developed by the project
consulting team. According to DWR, LiDAR data exist for each of the waterbody crossings that require
permitting. Post-processing of the LiIDAR data remains incomplete as of this writing. The consultant team
has also obtained an original aerial survey of much of the alignment corridor.

Depending on the quality of existing surveys, additional surveying needs could potentially focus on
obtaining or confirming the geometry of existing structures, high water marks, and channel profiles.
However, if the existing aerial survey data are inadequate for cross sections, field surveys are
recommended. In general, five cross sections are required for each structure at each waterbody crossing:
two upstream, two downstream, and one along the structure to define the road high points and bridge or
culvert openings. Surveying should characterize and define the following (refer to Figure 6-5):

e Define bridge openings and piers (pier centerlines, shape, dimensions, and humber of rows). Rows
should be defined separately if piers do not line up when looking downstream.

o Define road/railroad surface elevations and geometry longitudinally along the apparent linear high
feature (track, curb, crown, or superelevated margin).

e Describe hydraulic barriers that may catch debris (e.g., fences and railings).
e Define upstream and downstream channel transitions near bridges.

e One cross section upstream and one downstream where the ground surface is representative near
the bridge (typically within about 3 to 10 feet).

e One cross section upstream and one downstream where the channel completes a transition to its
representative dimensions.

Cross sections should clearly define the edges of the channel bottom, top of low water bank, top of

ravine, and all significant changes in side slope. They should also extend laterally beyond the top of
ravine to tie in to existing topography for the broad floodplain. Typical extension beyond visible level
ground on each end might be 10% to 20% of the ravine width.

A typical UPRR/SR 99 waterbody crossing has existing twin SR-99 bridges that may be treated as a single
bridge. Typically, there is also a UPRR bridge and a third bridge (e.g., frontage or other road) nearby
upstream or downstream. According to Figure 6-5, channel hydraulics can be defined for three bridges
and the associated channel with approximately 19 cross sections, including bridge decks (9 for the
UPRR/SR 99 complex; 5 for an upstream or downstream bridge; and 5 to define upstream, downstream,
and intervening channels). Where there are no upstream or downstream bridges, 14 cross sections
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should suffice (9 for the UPRR/SR 99 complex and 5 to define extended upstream and downstream
channels). Where the guideway is elevated, a simpler model may suffice—one that does not define the
WSE, but only tests sensitivity of water surface rise. The response of CVFPB and USACE to this approach
is not known. If this approach is accepted, perhaps six cross sections would suffice at elevated crossings
to define the nearest bridge and channel slope. Ultimately, the number of survey cross sections required
depends on the quality and detail of the survey data obtained.
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